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ABSTRACT

This project presents design criteria of electrical services design of an office building
based on cost effectiveness and safety. The use of AutoCAD to achieve the electrical services
design is implemented in the design. The power requirement analysis was carried out based
on the calculation of the installed equipment in the building in other to choose for the actual

rating of the generator plant and number of distribution boards required.
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CHAPTER ONE

GENERAL INTRODUCTION

1.1 BACKGROUND

A building structure is just a carcass; it is the infrastructure that breathes life into the
buildings to make it not only habitable but also comfortable. Most of the works in provision and
maintenance of infrastructure are engineering based, hence the engineering infrastructure or
engineering service. Building service experience is principally concerned with the provision of

utility and environmental comfort for the occupant of the building.

The scope of building service engineering includes all aspects of design, installation, security
and fire prevention, solar collectors, and water supply. This project write up is mainly concerned
with electrical installation and unit (utility and environmental comfort).

The electrical utility services include the design and installation of power distribution system,
communication distribution and fire protection system. The electrical comfort services have to
do with visual comfort, that is lighting design installation. Lighting is necessary for task
illumination, display and ambience, safety and security. This study is necessary for the provision
of lighting to meet various requirements and also to provide an understanding of the various
lighting tools available at ones disposal which is capable of efficient and effective visual
environment. The electrical service design for a proposed office building is targeting a comfort
and to reduce the consumption of electric energy and also to minimize wastage and unnecessary
contrast in the building. |

Thus, it is necessary to provide adequate utility services to a proposed office building such as:

1. Electrical distribution system.




2. Smoke detector and fire protection

3. CCTV. Camera and monitor

Electricity is a form of energy on modern building to provide utility services and
environmental comfort requirement, its use in a building makes modest demand on space layout

and structural planning of the building.

Sinc;: the main source of total energy requirement in building is electricity, this necessitates its
effective utilization and safe installation. Though electricity is for comfort and also exists in a
form that is convenient to harness, however, it could be a great source of danger to building, user
and often the cause of domestic accident (fire outbreak in building, shock) where safety
precaution are not adequately incorporated; use of substandard material in the electrical
installation. It will also be important to install electricity as economically as optimized and

design of the power distribution system should be convenient so as to minimize power losses.

The electrical installation and unit of the apartment is different in terms of illumination level,
number of socket outlets, accessories and electrical appliances. The illumination level of each

portion is different depending on the purpose it is really meant for.

The design was based strictly on the provision of the institution of electrical engineers (IEE)
regulations while adequate provisions was made for flexibility so as to enable any necessary
extension and alteration. Conduit system is chosen for durability so that the design can last for
the life time of the installation. Many factors were put into consideration during the design.

Some of these include safety, flexibility of installation, durability and cost of installation.




An office building contains conference hall, mailroom, library, lobby, staff room, kitchen,
security office, waiting room, entry way, balcony, rest room, changing room/locker room, server

room, workshop, bathroom/toilet, recreation room, and cafeteria.

1.2 AIMS AND OBJECTIVES

1. The aim of our project is to do the electrical service design of an office building so as

to be safe, convenient, economical and environmentally friendly.
2. To promote the works or other activities carried out within the building
3. To create aesthetics in conjunction with the structure and decoration of the building.

4. To learn the electrical wiring information conveyed to the electrician/technician.

5. To develop familiarity with working specifications, electrical symbols and standard
drawing notation used in electrical service design

6. To be awére of the needs for building permits and inspections.

1.3 MOTIVATION

The large extent of fire outbreaks in building due to substandard materials being used
in electrical installation contracts motivated us to carry out this project work. In this
regard. the design of electrical installation énd unit for an office building was design_ed
based on the provision of IEE regulations while adequate consideration was given to
safety, use of standard material and comfort throughout the appliances, the accessories,
the cable rating and the equipment, diligent consideration was given to safety in order to
‘make a shock free and fire-free installation. Also maintainability and durability of the

installation were put into consideration before designing.




114 METHODOLOGY

)

| 1. The whole installation distribution network is studied as a complete system. A selection guide

is proposed for determination of the most suitable architecture of the building.

{ 2. Neutral Earthing arrangement are chosen according to local regulations, constraints related to
1 the power supply and to the type of loads.

3. The distribution equipment (Panel boards, switchgears, circuit connections) are determined

from building plans, from the locations and grouping of the loads.

4.Each circuit is then studied in details from the rated current of the loads, the level of short-
circuit current and the type of protective devices, the cross-sectional area of the circuit conductor
can be determined, taking into account the nature of cable ways and their influence on the
current rating of the conductor.

5. AutoCAD was used to implement the design of the lightings, distribution boards as well as
other electrical outlet.

6. Measurement and Design of each of the office rooms was carried out so as to know the

{ number of lamps in each room and to know the overall total number of lamps in the building.

Also to calculate the number of distribution boards needed.

In the design, the under listed formulas were used:

luminance x Area of working plane

Total lumen =
Maintenance factor x Utilization factor

EXA
MF X UF

Total Luminance

s et

= = /
Number of Lamps, N Luminance/Lamp Fleo
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CHAPTER TWO

2.0 THEORETICAL BACKGROUND/ LITERATURE REVIEW

2.1 HISTORY OF ELECTRICAL SERVICE DESIGN

Electrical service design was propounded by a strong of motivated team of qualified
engineers with basic infrastructure to take on challenging assignments, provide innovative
solutions to make stringent time commitment in the domestic and international market; given the
right working environment of self-development. [10].The group stated the provisions of a broad
range of convenient and superior service to the client; selecting recherché colours, furnishing and
carefully considered the desire to balance traditional and contemporary element to generate
extraordinary interiors that have high-end visual appeal, using the unique ability to bring together

the mirage cultures and the impeccable beauty of the world. [11].

22 THE LITERATURE REVIEW

The following literatures were consulted in the course of this project work:

The federal Ministry of works and Housing (June, 1991) regulation for Standard specification

for Electrical Installation in Government Buildings and Institutions.[1]

The Institution of Electrical Engineers Regulation for Electrical Equipment of Building
Published 198! with amendment in January 1983 covers prevention of fire risk arising from

industrial and electrical installation work of a building.[6]




A o8

Factories,1961,memorandum by senior electrical inspector of factories deals with regulations
that relates principally to design, selections, erections, inspection and testing of electrical

installation, whether permanent or temporary, in and about building generally.[7]

Explanation note on electricity supply regulation, 1937, indicate the requirements to lay supply

cables toya suitable point inside the building, from which point the installation commences.[8]
Electrical service design of a five star hotel by Osinowo olusegun Immanuel (1995/1996)

23 LIMITATIONS/SHORTCOMINGS

(1) Difficulties in obtaining approved equipment for use in designing electrical systems for

hazardous locations.

(2) One of the problems encountered was that we have to go extra mile to familiarize

ourselves with AutoCAD for a proper implementation of the design on a hard copy.

(3) Because of the diversity of our project, many literatures have to be reviewed before we

could come out with our own design.




CHAPTER THREE

3.0 INTRODUCTION

3.1 BASIC DESIGN DATA

The design of a lighting installation entails the knowledge of the following basic design data;

(a) Plan and sectional drawings of a plan.

(b) Details of the ceiling construction

(c) Colours of walls and floors

(d) Usage of the room

() The furnishing or arrangement of machinery

(f) Operating conditions such as the temperature, humidity, dust etc.

32 QUALITY OF LIGHT

The quality of light in an interior illumination depends generally on the followings:
(a) Intensity of illumination (illuminance)

(b) Shadow effect and incidence of light

(c) Local uniformity

(d) Constant intensity (no flickering)

(e) No glaring

(f) Colour of light and colour rendering




The purpose of lighting design with which this chapter is mainly concerned is to enable
people see clearly and comfortably. To design a lighting scheme, the quality depends on the
comfort to eye (glare), space height ratio, and utilization factor, light loss factor (Maintenance)
and colour of light. However, preventions of unnecessary strain and defective vision in the task

of seeing is the utmost aim of the designer.

Lighting device requires more thought than the strategic placing of 60 watts bulb and the
operation of a switch. Therefore, a great need to be creative in one’s ability to display and reveal
the visual scene, such must also have competent in his calculation and understanding of the
lighting tools at his disposal. Thus, to say lighting is purely of human sensation is not

overemphasing which is similar to electromagnetic radiation falling on retina.

The basic requirement for artificial lighting is to permit defective vision and unnecessary

strain in the task of seeing; hence the visual task involved must be well planned while

minimizing energy consumption.

Good lighting is necessary to the purpose of an office building and residential building and has

three chicf aims: these aims are;

(a) Careful planning of the brightness and colour patterns within both the working area
and the surroundings so that attention is drawn naturally to the important area, details is seen

quickly and accurately and room is free from any sense of gloom.

(b) Using directional lighting installation, minimizing flickering from certain types of lamp

and paying attention to the colour rendering properties of light.

(c) Installing emergency lighting system where necessary.




33 COMMON LIGHTING TERMS

(a) LUMINOUS FLUX (@ ):

This is the flow of light energy radiated from a source per second in the form of luminous light
waves. It is a sort of power unit. The unit is lumen (7m).It is called flux contained per unit solid
angle of a source or standard candela. The symbol is represented by (¢) .Therefore 1 lumen =

0.006 watt (approx.)
(b) CANDELA-

It is the unit of luminous intensity of a source. It is defined as 1/60™ of the luminous intensity per
cm? of a blackbody radiator at the temperature of solidification of platinum (2045%). A source of

one candela (cd) emits one lumen per steradian. The unit of solid angle is steradian (sq). The

total flux emitted by it is 41 x 1 =4 n lumen

(¢) ILLUMINANCE

This is the amount of light falling on an area A of a surface. it is denoted by E. it is called

the intensity of illumination, the unit is “ lux”.

(i)  Illuminance, E is directly proportional to the luminous intensity (I) of the source is [E a ]

(i)  The illuminance of a surface is inversely proportional to the square of the distance of the

surface from source.

Le.E = 1/d?

10




(d) LUMINOUS INTENSITY [I] CANDLE POWER

This is the power of source of light energy. In other words, it is solid angular flux density of a

source of light in a given direction.

Luminous flux, [¢@= 4nl] lumen.

() LUMINANCE: It is a measure of the brightness of a surface. It also a measure of the light

which is reflected from a surface. The objects we see vary in appearance according to the light

which they emit towards the eye.

() COEFFICIENT OF UTILISATION

This is a factor in illumination engineering taking care of the utilized flux reaching the
working plane, since source of the emitted flux cannot get to the working plane. The effect of the

above is to reduce the illumination on a working plane or contrarily to increase the power of the

light source in order to achieve a given illumination level. Therefore, coefficient of utilization is

the ratio of the utilized flux to the luminous flux emitted by the lamps.

(g MAINTENANCE FACTOR

Lighting output from lamps could be reduced reasonably by dust and dirt on fittings. The
ageing of lamps contributes to poor output illumination. In fact, maintenance factor is the ratio of
the average illumination on the working plane after a specified period of use of a lighting
installation to the average illumination obtained under the same conditions for a new installation.
The figure could be between 0.7 — 0.8. Sometimes a depreciation factor is given instead of the
maintenance factor. This is merely the inverse of the maintenance factor and for maintenance

factor of 0.8 wouldbe 1/0.8=1.25

11




(i) SPACE TO MOUNTING HIGHT RATIO

The correct mounting height of luminance is important since glare may result if fittings are
placed on the line of vision. Excessive height will result in a rapid reduction of illuminance and
make lamp replacement and maintenance difficult .The correct spacing of luminance is important
since large spaces between them woﬁld be allowed to fall below 70% of the value directly below
the fitting. For electrical services design of an office building, a spacing to mounting height

ration 1 :1,1:2 and 1:1.5 above the working surface is considered adequate for different location.

(i) MOUNTING HEIGHT

The mounting height of light fitting is defined as their height above the working plane. In

this design a suitable mounting height of 2.2m was used for all the ceiling mounted fittings.

(k) ROOM INDEX (K) :The room index relates the dimension of the room; height I, width

w, with luminance height above working planc Hm,

LXW

Room index. k = m

Where L = Room length
W = Room width

Hm = Mounting height

12
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34.0 DESIGN OF LIGHTING POINTS

There are two basic method for calculating size, number, and possible spacing of
luminaires to provide a given level (foot candle) of illumination on a given plane or surface.

These methods are called the point — by — point method and the lumen method.

3.4.1 THE POINT - BY POINT METHOD

It will utilize the inverse square law for a point source of light to determine what is
needed to produce a given level of illumination on a given area. The method is somewhat
laborious, since it involves computing the contribution from each luminaire in a system to the
illumination of a given area. This method is useful in determining illumination levels produced
by single or multiple fixtures for spot lighting and flood lighting. One of the disadvantages of
this method is that it doele not generally account for inter — inter reflections from room surfaces,

when sued for determining illumination levels for general lighting. In order to be able to consider

non-perpendicular surfaces, the point method is based on the addition of the cosine factor to the

inverse square law to account for other surface orientations.

ICos B
T dz

Where E = illuminance at the receiving surface (lux)

1 = the luminous intensity (cd) at the source when field from the direction to the receiving

surface.

{# = the anglc between a line from the source to the surface and a vector normal to the

receiving surface.

13




d = distance from the source to the surface

342 THE LUMEN METHOD

The design of a general lighting system is determined by room dimensions, structural
features, reflection characteristics of walls and ceiling; and mounting height, intensity
distribution, and maintenance characteristics of the luminaires. The basic goal of general lighting
design is to deliver goal of general lighting design is to deliver a specified average lux leve¥ of

illumination to a working pane or other plane of reference in a room.

However, the light emitted by the sources is variously affected and reduced by the
reflection, diffusion, and absorption of the parts of the luminaire and the walls, ceiling, floor and
objects in the room. The lumen method takes into account many of these variables in

determining the final average illumination level.

Total number of luminaires required to provide a chosen level of illumination at a

surface.

¥ A

Lumen required (¢ ) = UF xMf

Where E = the illuminance level is chosen after consideration of the L.E.E regulation
uf = the utilization factor
mf= maintenance factor

A=Area

14
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In this project the lumen method was used to calculate the lighting point needed in each

apartment.

3.5 FACTORS AFFECTING ILLUMINATION

The inverse square law calculations are only really applicable to point sources or where
there are no reflecting surfaces such as that of outdoor lightening. For interior lighting,
illuminations are produced on the working plane or on illuminated surfaces, by light fittings or

by additional secondary source of light.

The secondary lights are produced by reflections from fitting themselves, walls and
ceilings practical method of lighting calculations are based on using the lumen method, which
considers various aspect of light distribution such as coefficient of utilization, maintenance factor
and spacing height ratio. The lumen method gives a general illumination which may be
supplemental by local lighting. The modern method is to provide for good overall illumination,

and reduce the cost of providing for localized lighting.
The steps in the design can be summarized as:

(i) Choose the illumination (E) required
(ii) Select a suitable lighting fitting.
(iii)Decide on the mounting height.

(iv)Find the room index.

(v)’Read off the calculated utilization factor.

(vi)Calculate the total lamp required.

15




3.6.0 TYPICAL LAMP DATA

Lamp waltage Lumen Output
(Initial) (Maintained)

7 400 320
9 600 480
13 900 720
18 1250 1000
23 1500 1200

| 26 1710 1368
32 2400 1920
42 3200 2560
52 4000 3360
Taple an

16
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3.7 DISCHARGE LAMPS

Discharge lamps are depending upon electric discharge in gasSes and metallic vapours.

They usually have much higher luminous efficiencies than filament lamps, up to 1001m/w. the

colour of the light produced depends upon the type of gas or metallic vapour contained within

the tube. Some examples are given below:

Gases Neon Red
Argon Green/Blue
Hydrogen Pink
Helium Ivory
Mercury Blue
Sodium Yellow
Magnesium Grass Green

Table 3.10 shows gases and metallic vapour with colour produced within discharge lamps.

The table below shows typical values for utilization factors of interior and industrial luminaires

under defined conditions.

Type of illumination (Light

Hlumination efficiency (n) or

17




distribution) utilization factor
A Direct 0.70 - 0.45
b. Mainly direct (semi — direct) | 0.65 —0.45
C Uniform (General diffusing) 0.65-0.35
D Mainly indirect (semi -| 0.45-0.35
indirect)
E Indirect 0.35-0.25
F Indirect (cornice lighting) 0.20-0.15
Table 3.2

3.8 CALCULATION (DESIGN) OF LIGHTHING FOR EACH ROOM

luminance x Area of working plane

Total lumen = - - -
Maintenance factor x Utilization factor

EXA
MF X UF

Total Luminance

= = /
Number of Lamps, N Luminance/Lamp He

(1) Conference Hall (210.60 sq.m)

300 x 210.60
Total lumens = ——————— = 121500 lumen
0.8x 0.65

18




Number of lamps =

12150¢

=30.375

000

(2) Meeting Room( 946.978sq)

Total lumens =

Number of lamps

(3) Waiting Room (68.271 sq.m)

Total lumen

Number of lamps=

(4) Staff Room (46.977sqm)

Total lumen

Number of lamps

(5) Workshop (22.8927m?)

Total lumen =

i

Number of lamps

30 lamps.

250 x 46978
0.8 x 0.35

= 419446 lumen

41944.6
3200

i

=13.107687

13 lamps

250x 68.271
= —— =32,822.5961
0.8 x 0.65

32822.5961

200 = 10 lamps

250 x 46977 - \
= ——————— =122 585.09615 lumen
0.8 x 0.65

22,585.09615
4000

1l

= 5.64637

6 lamps

250 x 22.8927

=11,006.10577 lumens
0.8x 0.65

11,006.10577

=3.4394
3200

19




(6) Rest Room (17.154 sq.m)

Total lumen =

Number of lamps =

(7) Kitchen (17.154sq.m)

Total lumen

Number of lamps

(®) Lobby (25.104sq.m)

Total lumen

Number of lamps

9 Toilet/Bathroom (6.574)

Total lumen

4 lamps

8247.1153

= 8,247.1153 lumens
3200

8247.1153
3200

=2.57722

2 lamps

250x17.154
= —— =8247.1153 lumens
08 x 0.65

8,247.1153

= - =2.57722
3200

I

2 lamps

300x25.104
= =14, 483 .07692 jumen
0.8x 0.65

14483.07692 '
= =3.620769231

4000
= 4 lamps.
250x6.574
= = 1643.5 lumens
0.8 x Q.65

20




1643.5
3200

=0.51359

Il

Number of lamps

=] lamp

The summary of the lighting calculations is in appendix 1

Calculation of Room Index

The following mounting height (Hm) for various building'are suggested by BZ (British Zonal)

system,
FFor general office, (BZ 1 and BZ 2) =2.15m,

For small reception (BZ 3 and BZ 4) =1.85m

LXw
{(L+W)Hm

Room index, k =
Where L = Room length
W = Room width

Hm = Mounting height

15.60x13.50
2.15(15.60+13.50)

3.36

For Conference Hall:

21
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ARRANGEMENT OF LUMINIERS USING CONFFERENCE ROOM AS AN EXAMPLE

POSSIBLE WAYS OI' ARRANGEMENT

0] 30x1=15.60/30 = 0.52
(ii) 15X2=15.60/15=1.04 ~
(iii) ’ 6X5=15.60/6 = 2.6

Final arrangement (iii) was chosen due to its flexibility and suitable

Other apartment lighting is as shown in Appendix 1

22
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POWER DESIGN

3.9.0 INTRODUCTION

In any design for power supply to a building, It is practical to start with the final sub
circuits design. A final sub circuit according to the IEE regulation is defined as an outgoing
circuit connected to a distribution board and intended to supply electrical energy to current using

apparatus either directly to socket outlets or fused spurs boxes.

A final sub circuits make up the greater part of electrical installation it varies from a pair
of 1mm cables feeding one lamp to a heavy three core paper insulated lead copper cable feeding

large industrial motors from circuits breakers.
I'ive general groups of final subscripts are —

(a) Rating not exceeding 15A

(b) Rating exceeding 15A

(¢) Rated for 13A fused plugs

(d) Rated for feeding fluorescent and other discharge — lamp circuits.

(e) Rated for feeding a motor

39.1 DIVERSITY FACTOR

Diversity factor is very important in an electrical installation design and final costing of
materials. The factor is based on the assumption that the whole connected load wouldn’t be ON
at the same time. Diversity factor is applied to sub — mains and mains cables and associated

switch gear. The provision of an allowance or a value for a diversity factor is a matter of special
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knowledge and experience. As it was indicated on appendix (1) of the IEE regulation, it is just a

guide and can be increased or decreased by the engineer based on his experience.

3.9.2 POWER FACTOR

The power factor of an electrical power system is defined as the ratio of the real power
flowing to the load to the apparent power. It is usually expressed as a dimensionless number

between 0 and 1; specifically the cosine of the phase angle between the voltage and the current

3.9.3 FACTORS INVOLVED IN THE CHOICE OF FINAL SUB-CIRCUIT

The following factors are that determine the loading of a final sub — circuit.
(a) CIRCUIT RATED NOT EXCEEDING 15A

Circuits rated under 15A may feed unlimited number of points provided the arithmetic
sum of the total currents demand is not greater than 15A. The points under this category are 15A,
13A, SA. 2A socket outlets, lighting sockets, stationary appliances and other negligence loads.
No diversity factor is applied on final sub —circuit (e)icept for that of lighting points of an office

building which has the diversity factor of 75%).

Current rating of cables must not be exceeded where there is need to increase cable size
to compensate for excessive voltage drop, fuse rating must not be increased, lighting circuits in

domestic installation are rated at 5A while industrial lighting are rated at 15A.

(b) CIRCUIT RATED AT 13A

There are two types — radial and ring circuit, these types of circuit is said to be feed

stationary appliances. The regulation states that all stationary appliances should be connected
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permancntly to a radial or ring final subscript and should be protected with a fuse rating not

exceeding 13A and controlled by a switch.

(c) CIRCUIT RATED OVER 15A

These categories should not serve more than a point except where it is used to feed 13A

switch plug and in cooker control units.

(d) CIRCUIT FEEDING MOTORS

Cables carrying the starting, accelerating and load currents of a motor must be rated at
least to the full load current rating of the motor. If motor is function of frequent starting and
stopping cable size should be increased to allow for increase in conductor temperature. More
than one motor may be connected to 15A final sub-circuits provided the aggregate full load

current is not more than 15A.

(e) FINAL SUB-CIRCUIT PROTECTED

Final sub — circuit protection is by means of fuses and miniatures circuit breakers located
at switches boards and distribution boards. The protection is for over current caused by short
circuit between conductor and earth, or over load. The protective gear should operate without
danger of fire risks or damage to equipment. In large installation like the proposed office
building having a conference hall in question, where there are main circuits, sub-main circuits
z;nd final sub-circuits, discriminating factor in providing protective circuits breakers are used by
setting sub-circuit breaker to operate at a lower over current value and a shorter time lag than the
mains circuit breakers. For instance, if a fault occurs on a final sub — circuit, the final sub —

circuit gear will operate while the main breaker remains closed. If however, the fault persists and
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circuit breaker falls to operate within its specified time, then the main breaker may trip off, in
one or two seconds later. Discrimination can only be achieved where the sub-circuit rating is less

than 50% of the main circuit rating.

® RING CIRCUITS: The ring circuits were used for both the 13A single and double

switch socket outlet and they were reasonably shared in the circuit, while radial circuits were

used for 15A unit and water heaters.

3.9.4 DISTRIBUTION BOARD DESIGN

The distribution board is the assembly of fuses on circuit breakers arranged for the
control and distribution of electrical energy to final sub-circuit within a dwelling. Although it can

be applied to the distribution board from a main to sub-mains or other distribution board.

The methods used in designing distribution board and choice of cables sizes for an office

building is clearly shown in below calculation

An office building was grouped and distributed according to the plan. Whereby if there is
problem, the entire building shall not be affected or be out of power supply. Also, if there is main

power failure, the generator would be able to supply power to the desired part of the building.

From the table in appendix 2

TOTAL POWER OUTPUT (Py) = 11363.60 + 11349.10 + 11198.40

=33911.10W

LINE VOLTAGE (V,) = 415V
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POWER FACTOR (P.F)=COS ¢ = 0.8

Pr
V3 xcospxy -

LINE CURRENT (Ip) =

33911.10
1.732 x 415 x0.8

= 58.97A

DISTRIBUTION FUSE CIHOSEN FOR DB A = 100A, fOWAYS TPN & N

From the table in appendix 3

Total power output (Py) = 10424.50 + 10578.70 + 10581.70
= 31584.90
LINE VOLTAGE (V,) = 415V
POWER FACTOR (P.F) = COS ¢ = 0.8

; , Pr 31584.90
LINE CURRENT (1)) = —= - =
V3xVy xcosp 1.732x415x08

v o= 5493A

DISTRIBUTION FUSi@ CHOSEN FOR DB B = 100A, 10WAYS TPN.
From the table in appendix 4

TOTAL POWER OUTPUT (PT) = 14746.80 + 14887.80 + 15059.60

27




o g

= 44694.20
LINE VOLTASGE (V) = 415
POWER FACTOR (PF) = COS ¢ = 0.8

) T PT 4469420
LINE CURREN T (L) = Sy Acosp  1732X415% 08

= 17.712A

DISTRIBUTION FUSE CIIOSEN FOR DB C = 100A, 12WAYS TP&N

3.9.4.1 SUMMARY OF DISTRIBUTION BOARD DESIGN

S/N DESCRIOPTION OF CALCULATED CABLE

DB FUSE RATING
DISTRIBUTION BOARD LOAD CURRENT SIZE (A)
(A) MM?)
1 DBA 58.97 : 25 100,10WAT TPN
2. DBB 54.93 25 100A, 10 WAT TPN
3 DBC 717.72 35 100A, 12 WAT TPN

TOTAL LOAD CURRENT = 191.62A
MAXIMUM DEMAND ON THE MAIN MV PANEL BOARD

=33911.70 + 31584.90 + 44694.20 = 110.190.2
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; P
1=

V3x UV xcosey
©COS =08

, 110190.2
; 1.732 X 415 0.8

= 191.63A

DISTRIBUTION FUSE CHOSLEN FOR THE MV PANEL IS 200A

3.9.5 TRANSROMER RATING

Total load current computed = 191.63 A

Where line voltage =415 v

Power factor = cos ¢ = 0.8
Total power in kw, Py =3 X VL X IL

= v3x415x191.63

= 13774385 W

KW

tal rati fload in VA =——
Total rating of load in P F

137743.85
0.8

= 172180VA
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Using Diversity Factor of 0.6

i

172180 X 0.6=103,308VA

A

g e

Considering 20% of total for planned and unplanned load
20%x103,308VA

+ =20661.6VA

- Total VA=20661.6+103,308=123969.6VA

5 123969.6VA
1000

=123.97KVA

! Based on the value above, 150KV A,/415VOLT 3-phase, SOHZ transformer is chosen

3.9.6 CALCULATIONS OF CABLES TO FEED THE DISTRIBUTION

BOARDS FROM THE MV PANEL AND THE MV PANEL FROM THE

TRANSFORMER

i

DITRIBUTION BOARD A

; [ In
=
; CaxCgxLCex (i

Where In=nominal current

C.=Ambient Temperature Factor (Using 35%)

Cg= Group Factor
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Ci=Insulation Factor

Cc=Correction IFactor

R R B S G

100
s =——=106.38
i 0.94

From page 117(Appendix 8) of 1EE Regulations 15" Edition.4x35mm? Multicore Armoured

e Bl ik

PVC Insulated Cable (copper conductor) is chosen.

+ DITRIBUTION BOARD B

n

L=

caxcgxCex i

100
=——=1(006.38
0.94

TFrom page 117(Appendix 8) of IEE Regulations 15™ Edition.4x35mm? Multicore Armored PVC

Insulated Cable (copper conductor) is chosen

DITRIBUTION BOARD C

In

L=
‘ CaxCgxCexCi

100
=—=1006.38
0.94

From page 117(Appendix 8) of IEE Regulations 15™ Edition.4x35mm? Multicore Armored PVC

Insulated Cable (copper conductor) is chosen
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MV PANEL

In
t.._
CaxCgxCex i

2090
=——=212.765
0.94

{ From page 117(Appendix 8) of IEE Regulations 15" Edition.4x95mm? Multicore Armored PVC

1 Insulated Cable (copper conductor) is chosen

3.9.7STAND-BY GENERATOR

Based on the total connected load 150K VA, 415V, 50Hz Generator is recommended. However,

before any generator has to be installed, the following conditions must be met;

The terminal voltage (effective) of the incoming alternator must be the same as the bus-bar
voltage.
The speed of the incoming machine must be such that its frequency equals bus-bar frequency.

The phase of the alternator voltage must be identical with the phase of the bus-bar frequency.

This means that such must be closed at or very near the instant of two voltages have correct

phase relationship.
The following are the reasons why 150KVA, 415V, 50Hz Generator is chosen, these are;

(a) FOR CONTINUITY OF SERVICE
Continuity of service is one of the most important requirements of any electrical
apparatus. This would be impossible if power plant consist of a single unity because in

event of breakdown of such a unity the whole premises will be in darkness which
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supposes not to occur in an office building. In recent years, the‘ requirement of
uninterrupted service has becorﬁe so important especially in offices and building.

(b) FOR EFFECTIVE MAINTENANCE AND REPAIR

It is considered a good practice to inspect generators carefully and periodicaily to
forestall and possibility of failure or breakdown. This is possible only when the generator

is at rest (i.e. “off position”).

(C) 150KV A Generator was chosen because of future extension of the existing load and is

the nearest available rating in the market
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CHAPTER FOUR

4.0 _TESTING AND MEASUREMENT

Tests and measurements are carried out in an electrical installation for these main reasons

arc:

(i) To locate the exact position of the breakdown.

(i) To find solution to the cause of the failure.

(iii)To ensure.(by means of regular tests and measuiement) that an installation remains in
a sound working condition throughout its life (The IEE regulation attaches
considerable importance to periodic inspection-routing maintenance).

4.1 TEST OF NEW INSTALLATION

Before connecting a new electrical installation to supply some test are required to

indicate the quality of the work. These tests include;

A. INSTALLATION RESISTANCE

This is the resistance between the following parts of an installation.

i. A phase line and the consumer’s earth terminal measured with 500V D.C across the
line conductor and the earth terminal

ii. A phase line and neutral measured with 500V D.C across the line conductor and
the neutral conductor with the neutral link removed.

iii. One phase line and another measured with 500V D.C across the line conductor.
iv. Live part and metal frame of an appliance or equipment with 500V D.C across the
live conductor and the metal frame.

For each sub-circuit, the test is made with lamps and all other appliances and loads
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disconnected and fuses and switches closed. Where the removal of an appliance is not
practical, all the associated local switches should be open. The insulation resistancc in (i-

iii) not less than 1n as measured with a mugger, in IV, it is to be less than 0.5n.

(B)EARTH CONTINUITY CONDUCTOR (ECC) RESISTANCE

This is the resistance between the earthed pant in the socket outlet and the consumer’s
earthing tcrminal, measured for each sub-circuit. It should not exceed 0.5n where the
ECC is partly of cable or wholly of cable sheath, steel conduct or metal pipe and 1n
where it is a separate copper or aluminum conductor.

(CLEARTH LOOP IMPEDANCE

This is the resistance of the part of fault current from the live conductor connection of
the equipment or appliance to the metal conductor parts along the EEC to the to the
consumer’s earthing lead and hence to the consumer’s earth electrode. From here to the part
continues to the general mass and to the PHCN earth electrode connected to the neutral of the
supply transformer through the transformer winding and along the supply line through the
consumer’s wiring backb to the fault. This path is the line neutral loop.

(D)EARTH TESTING INSTRUMENTS

These instruments are used for testing the resistance of the earth electrode resistance
area. The principle involved in testing is passed through the electrode under tests and the
earth to a distance auxiliary electrode. The potential is measured between the electrodes

under test and a center potential electrode. The resistance is obtained by dividing the

voltage reading thus obtained the current flowing in the circuit.
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142 AUTOMATIC POWER CHANGE OVER

If the main power supply service fails, equipment must be provided to start the engine of
the stand-by generator and transfer the supply connections from the regular source (PHCN)
to the generator. These operations can be accomplished by a control panel as shown in Fig

below:
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AUTOMATIC POWER CHANGE OVER EQUIPMENT
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i RELAY 1: voltage sensitive
RELAY 2: Voltage and frequency sensitive
Coil: Powered from Regular Source

1 Coil: Powered from Emergency Source

{ A Voltage sensitive relay is connected to the main power source. This relay (transfer switch)

{ activates the control cycle when the correct speed, a set of contactors is energized to the correct

speed, a set of contactors is energized to disconnect the load from its normal supply and connect

it to the generator output.
43 EARTHING

Earthing is connecting to the earth through on earth electrode to provide a reference
voltage point. The ultimate purpose of earthing is to achieve equi-potential bonding where by all
exposed metal conductive parts are at the same potential as the earth continuity conductor, it is

therefore essential that through as installation the whole length of metal conduit, including
couplers, fittings, boxes and all exposed metal work must be effectively connected to the general

mass of the earth as near as possible to the consumer’s terminal

In this design (Design of electrical installation) and units for a proposed office building the
consumer’s earthing terminal is connected by the earthing lead to an effective earth electrode

using copper strip, buried in the ground near to the consumer’s earthing terminal

4.3.1 FUNCTION OF EARTHING

For all that the earth is an in efficient conductor, it is widely used in electrical work, and

there are three main function of earthing
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4.3.2

. To maintain the potential of any part of a system at a definite value with respect to earth

To allow current to flow to carth in the events of a faults, so that the protective gear will
operate to isolate the fault circuit.
To make sure that, in the event of a fault, apparatus normally “dead” cannot reach a

dangerous potential with respect to earth,(earth is normally takes as OV, no Volt)

EARTH ELECTRODE RESISTANCE

The resistance to earth of an electrode will depends upon its shape, size and resistance of

the soil. A copper rod about 1m long is used as an earth electrode (fig) It is sunk into the ground

at a continent position and then connected securely to the earth- continuity conductor (protective

earth conductor or circuit protective conductor) through the earth head, the connection to the

earth electrode should be from and secure in a “trap” which can be opened for inspection A

warning sign to prevent disconnection of the earth should be displayed.
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Fig. Earth electrodes sunk in the ground.

In addition to the earth, the following are used as earth continuity conductors (protective earth or

circuit protection conductors).

1. Metallic reinforcement of concrete structures
2. Metal Pipe
3. Metal Conduits

4. Metallic sheath

These will have resistance in parallel with the earth electrode resistance
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4.4 LIGHTNING CONDUCTOR

This is a protective device consisting of a pointed metallic rod set up on an exposed
¢levation of a structure and connected to carry the current of lighting discharge to the ground,
Tall structures require a lighting conductor also known as arrestor to protect the installation

from lighting discharge

A thunder — Cloud striking a building structure can result is a transient disturbance of
several thousand volt with respect to the earth, unless the transient current discharge is safely
conducted to the earth, it may damage the electrical installations where there is no light
timing conductor which may cause the EL.C13 to trip; even then some sensitive electronic

gadgets can get damage.

A lightening conductor should be provided with its own earth electrode, which must not be
connected to any conductor. This is because the discharge current may be so high as to cause

a voltage between the earth and any conductor connected to it.

4.5.0 FIRE ALARM SYSTEM

They say fire could be regarded as a good servant but a bad master; the ruin action of fire to
lives and properties cannot be over-emphases in an electrical installation design of buildings be it
domestic building or commercial building it is on the basis of this that fire alarm system is

essential in all modern buildings.

Fire alarm circuits are therefore defined as the arrangement of cells points, detectors and
sounder. In any commercial building, a case with proposed office building premises adequate

provision must be made for giving warning in case of fire and should be clearly audible
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throughout the building. A fire alarm circuit as its name implies sounds an alarm in the event of

fire outbreak.

4.5.1

FIRE DETECTORS

The function of a fire.detector is to detect one or more changes in the protected environment

that would indicate the development of fire condition detectors are usually mounted at ceiling

level or in air dusts.

Four stages in the development of fire can be produced.

4.5.2

After ignition, when visible product of combustion are being produced.
When visible smoke is produced.
Where there is significant rise in temperature produced by the fire.

When flame and heat are being produced.

SMOKE DETECTOR

A well —planned smoke detector system should be put into critical areas and in numbers

sufficient to assume full coverage of the office complex the smoke detector used for design of

proposal prototype customary court of appeal is smoke sensitive equipment that are sent signal

within its environs .Basically, there are two types of smoke detector, which works on either

Photo electric detectors or ionization detectors. Photo electric detectors are more sensitive to

smoke from taste flames

45.3

ALARM INDICATORS

' Alarm- Indicator device that actually signal fire condition, include audible device such as

bell (vibrating and single — stroke types) horns Chinese, speaker, visual indicator.

42




AP

o i R G il W R R

4.54 HEAT DECTECTOR

The function of heat detector is to give a signal whenever there is a risk in temperature

within the building to be taken to prevent any disaster.

4.5.5 ALARM STATION

A fire alarm station is a normal alarm indicating device and is also referred to as “Pull box” or

“Fire box™ a person must physically activate the station to turn into alarm
4.6.0 RESULT

Upon the calculations carried out on the lighting and power design, the following results

were tabulated below:

S/N DESCRIPTION TOTAL NUMBER
1 Lighting ( Lamps) 220

2 Distribution board ( D.B ) | : 3

3 Air Condition ( A.C) 31

4 13 Amperes Socket outlet 128

5 15 Amperes ' 8

6 20 Ampercs 31
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7 Switches 178
8 Fans 149
9 Hand drier 8
10 150K VA Generator 1
Table 4.0
4.6.1 DISCUSSION OF RESULT

(1) From the design (calculation) it shown that the total number of loads in a building

determine the rating and the number of distribution boards required .

(2) Based on the calculated load in KVA, 150KV A,/415Volt 3-phase,50HZ, generator is

recommended.

4.7 LIMITATIONS/ PROBLEM ENCOUTERED

(1) Difficulties in obtaining approved equipment for use in designing electrical systems for

hazardous locations..

(4) One of the problems encountered was that we have to go extra mile to familiarize

ourselves with AutoCAD for a proper implementation of the design on a hard copy.

(5) Because of the diversity of our project, many literatures have to be reviewed before we

could come out with our own design.
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4.8 COST ANALYSIS OF THE DESIGN

TABLE 4.1: CABLE COST

S/N DESCRIPTION [ UNIT COST QUANTITY TOTAL COST
€)) €2))
1 1.5mm° 55 300 16,500.00
2 2.5mm’ 90 150 13,500.00
3 4mm” 230 200 46,000.00
4 35mm’ 1050 180 189,000.00
5 95mm 2500 60 150,000.00
415,000.00
TOTAL
DISTRIBUTION BOARD
S/N DESCRIPTION | UNIT COST QUANTITY TOTAL COST
) )
1 100A,10 9000 2 18,000.00
WAYS, TP&N
DB
2 100A,12 9500 1 9,500.00
WAYS, TP&N
DB
45




27,500.00

TOTAL
" SOCKET OUTLET
S/N DESCRIPTION | UNIT COST | QUANTITY | TOTAL COST
N) ()
B 13A 160 128 20,480.00
2 15A 200 g 1.600.00
3 20A 300 35 10,500.00
32.580.00
TOTAL
SWITCHES
S/N DESCRIPTION | UNIT COST | QUANTITY | TOTAL COST
() €2}
1 [ Gang 100 86 8.600.00
2 2 Gang 150 62 9.300.00
3 3 Gang 250 30 7.500.00
25.400.00
TOTAL

46




s R R S i

LLAMPS
S/N DESCRIPTION | UNIT COST QUANTITY TOTAL COST
(M) ™)
1 52 watts 800 105 84,000.00
2 42 watts 740 74 54,760.00
3 40 watts 700 35 24,500.00
4 180 watls 1650 6 9,900.00
173,160.00
TOTAL
ACCESSORIES
S/N DESCRIPTION | UNIT COST QUANTITY TOTAL COST
®) ™)
1 Lamp Holder 55 220 12,100.00
TOTAL
12,100.00
OTHERS
S/N DESCRIPTION | UNIT COST QUANTITY TOTAL COST
) (N)
1 A.C (Air 30,000.00 31 930,000.00
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Condition )

2 Ceiling Fan 3,500 149 521,500.00
3 150KVA 850,000.00 1 850,000.00
Generator Plant
2,301,500.00

| TOTAL

N2.987,240.00
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

5.0 CONCLUSION

The design of electrical Installation of a proposed office building was carried out bearing
in mind the economy of the design
Various salient points are involved in a proposed office buﬂding such as the size of the object to
be illuminated. A big object does not need a too high illumination level while glare must be

prevented.

With this electrical service design write-up, we sincerely believe that the implementation
aspect can be carried out with little or no other paper work. In carrying out this aspect, those
charged with the responsibility of purchasing the materials should do so from the recommended
company and the electrical wiring information is conveyed to the technician in order to carry out

a safe installation.

With this design, it is evidence that the building is safe from electric fire outbreak. All
cables presented to be used were calculated to the specified standard in accordance to IEE

regulations

5.1 RECOMMENDATION

No additional, temporary or permanent electrical installation should be made to the authorized
load of an existing installation unless it has been ascertain that current rating and the condition of
any existing conductor which will have to carry the additional load is adequate for the increased
loading. Moreover, any one intending to interpret this design to consult the legend fitting
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accessory or aspect of the design should be read in this project report. Those charged with the
responsibility of electrical installation should strictly abide by the material specificd. On no
condition, should any substandard material be used during the electrical installation of any aspect‘

of this work.

On completion of the work, all the installations must be tested and measured to ensure that the

electrical installation is free from fault and conforms to IEE regulation.

We sincerely welcome advice, criticism and suggestion on the design implementation of
electrical installation and unit of the proposed office building and consultancy service in general

for the promotion of electrical engineering in Nigeria.
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APPENDIX 1

SUMMARY OF LIGHTING DESIGN FOR EACH ROOM

NO | APARTMENT LENGTH | WIDTH |AREA | MOUNT | CEILING | WALL | ROOM | UTILIZATION | IiLLUM. | MAINT | LUMEN | N
(M) (M) (M) HEIGHT INDEX | FACTOR FACT. | FACT. | FACT.
1 | CONFERENCE HALL |15.60 |13.50 |210.60 |2.15 0.7 0.5 336 |0.65 300 |08 400 |30
2 |MEETINGROOM |6.740 |6.970 |46.978 |215 |07 0.5 159 035 250 |08 3200 |13
3 | WAITING ROOM 5.77 11.832 [68.271 215 |07 0.5 152 | 0.65 250 |08 3200 |10
4 | STAFF ROOM 2.8199 |16.659 |46.977 |2.15 |0.7 0.5 1.12 | 0.65 250 | 0.8 4000 |6
5 | WORK SHOP 5570 | 4.11 22.8927 | 255 |07 0.5 093 |065 250 0.8 3200 |4
6 | RESTROOM 5.23 3.28 17.154 |2.15 |07 0.5 094 |065 250 | 0.8 3200 |2
7 | KICTHEN 5.23 3.28 17.154 |215 0.7 0.5 094 |0.65 250 |08 3200 |2
8 | LOBBY 5.871 |4.276 25104 |2.15 0.7 0.5 116 | 0.75 300 |08 4000 |1
9 | TOILET/BATHROOM | 2 4574 |6574 | 2.15 0.7 0.5 0.47 |0.65 250 |08 3200 |1
10 | BALCONY 5570 | 4.11 22.8922 | 2.15 0.7 0.5 1.10 | 065 250 |08 3200 |3
11 | TOILET/BATHROOM | 2 4574 [6574 215 |07 0.5 0.39 |0.65 250 | 0.8 3200 |1
12 | RECREATION 1500 |5.00 4500 | 2.15 0.7 0.5 0.90 |0.48 250 |08 3200 |8
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. 13 | PARKING LOT 11610 |7.01 81.397 | 2.15. 0.7 0.5 0.48 0.36 60 0.8 6200 3
14 | CHANGING ROOM | 3.60 2.50 9.00 2.15 0.7 0.5 0.69 0.26 250 0.8 3200 2
15 | LIBRARY 7.562 6.411 48.374 | 2.55 0.7 0.5 1.36 0.65 0.65 0.8 3200 6
16 | MAIL ROOM 5.467 3.482 19.036 | 2.15 0.7 0.5 0.99 0.65 250 0.8 3200 2
17 | ENTRY WAY 5.570 4,110 22.8927 | 2.15 0.7 0.5 1.10 0.65 250 0.8 3200 4
18 | CAFETERIA 5.871 4.276 25.104 | 2.55 0.7 0.5 0.97 0.65 250 0.8 3200 4
19 | SECRUITY OFFICE 6.6906 | 3.345 10.055 | 2.15 0.7 | 0.5 l0.47 0.36 250 0.8 3200 2
20 | STORE 5.23 3.28 17.154 | 2.15 0.7 0.5 0.94 0.65 250 0.8 3200 2
21 | CENTRAL OFFICE 12.775 6.387 19.163 | 2.15 0.7 0.5 0.47 0.65 300 0.8 3200 3
22 | SECURITY OFFICE 59.50 30.90 90 2.15 0.7 0.5 0.47 0.48 250 0.8 3200 18
23 | OUTSIDE LIGHT 10.89 15.60 170 9.0 0.7 0.5 0.11 0.48 250 0.8 3200 26




APPENDIX 2

Lighting and distribution schedule for distribution board “A” (DBA)

Circuit descripticn Number of | Pointload | Totalload | Fuse Diversity Load Cable size Power distribution phase in each phase
number point per w) (w) rating (a) factor estimate (mm?2)
circuit (w)

RED YELLOW BLUE
i1 LIGHTING 21 1X52 1115 10 0.9 1003.5 1.5 1003.5
L2 LIGHTING 28 1X52 4499 10 0.9 1003.5 ‘ 1.5 1349.1
L3 FAN 28 1X42 1176 10 0.9 1349.1 1.5 10449
F1 LIGHTING 48 1X40 1904 10 09 1044.9 1.5 1713.6
15 13AS8.5.0 8 1X180 1300 10 1.0 1713.6 1.5 1300
PS1 13AS.8.0 i4 1X200 2750 30 0.9 1300 25 1650
PS2 13AS.8.0 14 1X200 2750 30 0.6 1650 25 1650
Ps3 13AS.5.0 11 1X200 2250 30 0.6 1650 2.5 1350
PS4 BASSO 13 1X200 2500 30 0.6 1350 2.5 1500
PS5 15ASS0 1 1000 1000 20 1.0 1500 4.0 1000
HD1 HAND DRYER 1 1X 1000 1000 20 1.0 1000 4.0
AC1 AIR CONDITIONER 1 1X1900 1900 20 1.0 1000 4.0 1900 1500
AC3 , AIR CONDITIONER 1 1X1900 1900 20 1.0 1900 4.0
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AC3 AIR CONDITIONER | 1 . 1X1900 1900 20 1.0 1900 4.0 1000
AC4 AIR CONDITIONER | 2 1X1900 1200 20 1.0 1909 4.0 1900
ACS AIRCONDITIONER 1 1X1900 1900 20 1.0 1200 4.0 1900
AC6 AIR CONDITIONER | 1 1X1900 1900 20 1.0 1900 4.0 1900 1900 1200
AC7 AIR CONDITIONER | 1 1X1900 1900 2020 1.0 1900 4.0
AC8 AIR 1 11900 1900 20 1.0 1900 4.0
CONDITIONER1900
AC9 AIR CONDITIONER ;| 1 1X1900 1300 10 1.0 1900 4.0 1300 1900 1900
F2 FAN 13 1X40 2750 30 1300 1.5 1650
PS6 13ASS0 14 1X200 10 1650 25 1300
SPARE . 10 1650
SPARE 10
SPARE 20
SPARE 20
SPARE 20
SPARE 30
SPARE 30
SPARE
TOTAL 11363.60 11349.10 11198.40




APPENNDIX 3

Lighting and distribution schedule for distribution board “B” (DBB)

Power distribution phase in each phase

Circuit description Number of | Pointload | Totalload Fuse Diversity Load Cable size
number point per w) (w) rating (a) factor estimate (mm?)
circuit (w)

RED YELLOW | BLUE
L1 LIGHTING 6 1X180 1098 10 0.9 988.2 1.5 988.2
L2 LIGHTING 22 1X52 1143 10 0.9 1028.7 1.5 1028.7
L3 LIGHTING 17 1X42 723 10 0.9 650.7 1.5 650.7
F1 FAN 30 1X40 1215 10 0.9 1093.5 1.5 1093.5
F2 FAN 27 1X40 1085 10 1.0 973.8 1.5 973.8
PS1 13AS8.8.0 13 1X200 2500 30 0.9 1500 2.5 1800 1500
pPS2 13AS85.0 15 1X200 3000 30 0.6 1800 2.5 1350
PS3 13A8.5.0 11 1X200 2250 30 0.6 1350 2.5
PS4 13AS8.8.0 15 1X200 3000 30 0.6 1800 2.5 1800
PS5 15AS.8.0 1 1X1000 | 1000 20 1.0 1000 4.0 1000 1000
PS6 15A8.5.0 1 1X1000 | 1000 20 1.0 1000 4.0




PS7 15A8.S.0 1X1000 | 1000 20 1.0 1000 4.0 1000

HD1 HAND 1X1000 | 1000 20 1.0 1000 4.0 1000
PRAYER

HD2 HAND 1X1000 | 1000 20 1.0 1900 4.0 1000
PRAYER

AC1 AlIR 1X1900 | 1900 20 1.0 1900 4.0 1900
CONDITIONER

AC2 AIR 1X1900 | 1900 20 1.0 19(;0 4.0 1900
CONDITIONER |

AC3 AIR 1X1900 | 1900 20 1.0 1900 4.0 1900 1200
CONDITIONER

AC4 AIR 1X1900 | 1900 20 1.0 1200 4.0 1200 1900
CONDITIONER

AC5 AIR 1X750 | 1200 20 1.0 1200 4.0
CONDITIONER

ACe AIR 1 X750 1'200 20 1.0 1200 4.0 1200 3000
CONDITIONER

AC7 AIR 1 X750 1200 30 1.0 1200 4.0
CONDITIONER




AC8 AIR 1X750 | 1200 20 1.0 1200 4.0 1200
CONDITIONER

CC111 | COOKER 1X300 | 6000 45 0.5 3000 6.0
CONTROL
UNIT

SPARE 10

SPARE 10

SPARE 20

SPARE 20

SPARE 20

SPARE 30

SPARE 30

TOTAL

104245

10578.70

10581.70




APPENDIX 4

Lighting and distribution schedule for distribution board “C” (DBC)

Power distribution phase in each phase

Circuit description Numberof | Point Toalload | Fuserating | Diversity | Load Cable size
number point per load (W) | (W) (a) fatcor estimate (mm2)
circuit w)

RED YELLOW | BLUE
L1 LIGHTING 28 1X52 1459 10 0.9 1313.1 1.5 13131
L2 LIGHTING 28 1X42 1185 10 0.9 1066.5 1.5 1066.5
L3 LIGHTING 31 1X42 1324 10 09 -1191.6 1.5 1191.6
L4 LIGHTING 41 1X42 1728 10 0.9 1555.2 15 1555.2
L5 LIGHTING 42 1X42 1728 10 0.9 1555.2 1.5 1555.2
F1 FAN 33 1X40 1310 10 0.9 1182.2 1.5 1182.6
F2 FAN 18 1X40 700 10 0.9 630 1.5 630
PS1 13AS.5.0 10 1X200 2000 30 0.6 1200 2.5 1200
PS2 13AS8S8.0 14 1X200 2750 30 06" 1650 2.5 1650
PS3 13AS.8.0 12 1X200 2500 30 0.6 1500 25 1500
PS4 13ASS.0 11 1X200 2250 30 0.6 1350 25 1350
HD1 HANDDRYE |1 1X1000 | 1000 20 1.0 ) 1000 4.0 1000




R

HD2

HANDPRAYE

R

1X1000

1000

20

1.0

1000

4.0

1000

AC1

AIR

CONDITIONE

R

1X 1900

1900

20

1.0

1900

4.0

1900

AC2

AIR

CONDITIONE

R

1X1900

1900

20

1.0

1900

4.0

1900

AC3

AIR

CONDITIONE

R

1X1900

1900

20

1.0

1900

4.0

1900

AC4

AIR

CONDITIONE

R

1X1900

1900

20

1.0

1900

4.0

1900

AC5

AIR

CONDITIONE

R

1X1200

1200

20

1.0

1200

4.0

i

1200

ACé6

AIR

1X1200

1200

20

1.0

1200 .

4.0

1200

i




CONDITIONE

AC7

AIR

CONDITIONE

R

1X1900

1900

20

1.0

1900

4.0

1900

AC8

AIR

CONDITIONE

R

1X1200

1200

20

1.0

1200

4.0

1200

AC9

AIR
CONDITIONE

R

1X2400

2400

20

1.0

2400

4.0

2400

AC10

AIR

CONDITIONE

R

1X2400

2400

20

1.0

2400

4.0

2400

AC11

AIR

CONDITIONE

R

1X2400

2400

20

1.0

2400

4.0

2400

AC12

AIR

CONDITIONE

R

1X2400

2400

20

1.0

2400

4.0

2400




14887.80

AC13 AIR 1X2400 | 2400 20 1.0 2400 4.0 2400
CONDITIONE
R

AC14 AIR 1X2400 | 2400 20 1.0 2400 4.0 2400
CONDITIONE
R

PSS 15A.8.8.0 1X1000 | 1000 20 1.0 1000 4.0 1000

SPARE 1.0 l

SPARE 1.0

SPARE 20

SPARE 20

SPARE 20

; SPARE 20

SPARE 30

SPARE 30

TOTAL 14746.80 15059.60 ;

!
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U Minimum requlrqianta fur lighting In offlcea, sxhools, large shope gnd staros and In teade and nduutiy!)y -
ae |sid down In DIN 6036 aheot 2, 1672 adition.
0 . - ' —
& [Raom putpoad or work Involved Natod Huoroscant lomp Qiaro Planning notus
Hamin- calour colour fiml- - .
ange doalg- runqur- tution
fun nalian clasg
i |nduu
8lasnoml Drogsing rooms 120 ow 1 2 axtea light ovar mitor;
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_conluconce room
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dala pmousnlnu ww 2 :
drawlng olflcas 1000 nw gor i Provldu nduqunia l:uhllshudu ollacl
. opoun-plan oftlices 2 .
Bchaol- gunoml"?Iuo?mam- oo’n'iomnnn 260 nw 1 1 Extra light lor blgckbbard R
100/mn, 1ooma, Hbiarloe, asuombly 100ivs, or . or ‘
luclure muslc roome W 2 {;[ll){l "::8"’“' olvg, ““M‘““N v‘"“““‘ i
00Mme
Indoor gamaea yooms, gymnasia, ;
boglnnors swimmling paula
kilchens : : :
chomlisiry end physica laboralorles, 500 nw i 1 Provide pluckhon{d ]mhllnp Mlh buh
laigge clnnsronmu,luvljn librarias, or or vottical fluminanes.”
roading roomae, hondloiaft rnoms, ww 2
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apecial schools for tha visually handi- iy 05““"“ Numlnn {ar no
copped, lirsl ald rooms »
Exhibition mugoums, it gallailes 260 nw, ww i 1 Providg udoqunl(\ vuitical illumlnanco. :
moms - Avoid ihuetid ghve. '
exhibilion halis and * 600 nw, ww 1.2 Extea lignt for exiubils,
trado falr halla )
Large shopa |} sloraroomnsg 120 nw, Ww 3 2
end.¢loros dugpalch roning 260 W, WW a .
anlosrooma 260 0w, ww 1,2 1 Highot lllumhmucp nuun :uquamd
' mulliplo storoy 500 W, W 1.2 {or sdlo- {)mmaUnu aftget.
_supoimurkly N 760 W, WW 2 ’ /]
ahop windows 1000 - - in hulrimru nlmﬂ muunuwcou unu
! 0y : flowor ShDps ity il "iaturul? lampa.
Hotals and  |-holal rooms, 120 ww 1 - Ex\ﬂinhl ovag mlunw lmm.
reslouranle | reslauranle, cules wilig disghs.
i solraghmenl raoms, self-sarvice, 260 nw, ww 1,2 1 Exlra lluht fer shnw-cnsnu
»holol kitchans :
Thoulros and | clnemas, loyors, thoalres G0 | ww ! o= Co-aidials (ho hnhlmp syslum to llm
cancert halle [“soncarl hals 120 | nwww T ﬂlﬂhﬂﬂculm ot iho o). :
; “Imnquulllnﬂ halls, confarence ronms 260 | nw ww b -
>hurches - on([u"coa a0 _'L]w! ww ‘;2 K - 30 Oldlllh‘tl hﬂ l'uifdn ¢;rlha llyll‘m“
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fooma In Zuar pasldng, gateges, loading rampa 40 of : of naighbouring reoma | ' 0f
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plusiice . | trudars,Injaction maulding machilnos,
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| vulcaniging plant, pressos for 260 nw 2 1 ‘
: . Puwtlc producity, wamn {uhorstorias .
] i : e et

Y High Wuminance inproves the vieual task.-Appltosilons not lisled above may be useosvod by wl.mlna o gunilat cutuuunas in the uamd

l T

T

T




k A
S BN U .
¥
gble 8 Minimum roguireiments tor lighting
Room purpose or work involved Aalad luorescend lning | Glure Planiing nolaes
ilymin- | colour | colour fimi- - ‘ .
ance daglg- rancler- . | lation
lax nallon Ing class
Indax
Thonvcol line zoaling, prasciption wotk, 600 nw 1or2 - 1
ndustry, rasenrch lnboralorias )
astics colour tesling " 1000 tw or 1 1 Nole that painled walts and colouwd
nw lumiture can ledd ln efonaoug
| . ‘ color-ldeniilicallon
Jon and Fusnaces nnd {oundrles, sand blasllnu, ' 120 nw "3 -
fleeal drawing ol large dlamelm wire L “or or : .
Pdusty moulding, Injection moulding, rolling -250 ww A 2"
and drawing of medium profiles : .
cora shop, rolling of (hin shaeet sleel, 500 nw, 3 1
drawing of Hine wire, sheel sleel v
quality-caniral shops .
Joctrical _slaclio-pialing, shinplo asaembly 260 nw ad .- 2
utlry ussonibly shops e.g., small molors- 600 nw 2 1
praclsion assembly, nd)usllnu. solling, 1000 '
lesting i Spaclal atisniion la correct
] assombly of eleclronic componenis | 1500 iistribution of light
Hanual work | averape visual Iusks a.g. palnllng. 250 nw ] | )
sawing, planing :
veneeilng, lrench pollshlnﬂ. anamelling, 500 nw or for Arrange fuminaliug so ihel dlslu:blno
upholsiering, leather work, cutiing ww 2 taflaclions are nvolded
leather dysing, hair dyaing . 160 nw, ww 1 1
. L
Hetal forging, large-plece assemhly’ 120 ww 3,4 -
rocassing lurning, deliing, milling, welding 250 nw 3 2 .
; tracing and marking, fine giinding, 500 nw K] 1 vy
selling up machine fools
Praclslon assambly __160 nw 2 1
toolmaking, Jig manulacture 1000 - .
( walchmaking, engraving 2000 waoll-direcled liphi recommendad
Yood and paeling, boiling, slraining, 120 nw 1 - ' .
Mrink suQar und pragervalives Mc(o«y . or or
dustry ww 2
mills, dalries, slaughter housas, 250 nw "tor2 1
sugar relinades, lobacco indugtry :
colouring Inspeclion 1000  Jlwornw | -.1 9 1 rooin syrfaces mus! be nauhal
: . colour
Paper simple bookbinding 250 | nwww | for2 i '
4 d“:'lf}’ and " manual piinting work, block and mnhlx ‘6500. |nworww] t1or2 corract lighl direction and uvn'tluncu :
gaphic anis | making, peinting machinory : ol rellaclive glure assiat mcouullluu
rotouching, madual and maching 1000 nw, ww 1or2 ol "‘“ "’“"“ detalts
composlting o
: Colaur lesiing ' 1500 tw, nw 1 1 ;
T i
Joxlile work with baths 120 Inworww| .3 -
4 n‘h““'“‘“"’ carding, ironing, hamp splnnlng . 250 ’ '
Locessing spinning, lwisting, winding, weavlnn . 600 nw 2 i
; lighl-colour labrics . . .
sawing, kniiting, printing, weaving ‘750
dark-colour fabiics :
ingpactlon of wares, nuliting 1000 tw or nw 1 1 speclaf work plnna tighting L
fino neadiework 1600 racominendud s
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CHDIX
TABLE4 . ©

CAlownnces for diversity

RIPEY SN }4

Purpose of final circuit
{ed from conduciorg or
switchgear to which
diversity applies

Type of pramisest

tndividual household
installations, including
individual dwullings of
1 block

‘Small shops, stoves,

officey und lmt.lnuu
|)ILII]thL

Small hotels, hu.mrdin[;v

houses, guest houses, ele.

I, Lighting - - -

,66% of toial umull

demund .

90% of 1atal curreny
demnnd

"IS’,ml'vlutul curteni v
demand

3

Heating und power
(but see'3 to 8 below)

‘

100% of 1ot cusront -
desmmnd up 1010
amperes +'50% ol any
cuerent demund in”
excess uf 10 amperes

100% .1, of Jurgest
apphiunce +75% Il of
femainipy appliances

100% 1.1, o Jirgesi
applignce + B0% 1.1, ul 204l
lavgest applisnce

+60% L. ufrem-unlng
.\ppll.\nu‘s

3. Cooking'a‘ppliunccfs N

10 amperes

+ 30% £, ol tonnectad
cuoking appllances in
excess of 10 nmperes
15 nmperes I socke-
oulet Incorpogated In
Anig

100% (.1, of largest - -
appliance + B0% {1, of
Ind largest appliance
+ 60% L.I. ol emitining
applinnoes

100%T.1. of lul‘gcst appliance
+ B0% fA. of 2nd lusgest
appliance

+. 60% (..

of remuining
applinnees - )

4. Motors (other'than
lif, motqrs which are
subject to specinl
consideration)

100% (1. of lurgest motor

+ 80% I'L. of 2ad largest
motor + 60% [.1. of re-
maining motors

10U% 1 ). ol fargest wotag
+ 50% (1 ol remaining
motors 3

5. Water-heaters
(instantancous type)*

appliancey

100% (.1, of lurgest
appliance + 100% (4. of
2od largest appliuncé
+2'5% [1, of remuining

100% €1, of laggest
appliance + 100% 1), ui

“20d largest applinoce
+25% L, of remalning
appliances

100% 11, of Lugest
applinnce + 100% 1), of 20
urgest appliuiee +25% ().
ol renidnding jlpplh.nccs

6.  War.r-heaters
{theumostatically
controlled)

no diversity allowabled
T

7. Floor warming
installations

na diversity sllowablet |

8. Thermal storage

space heating
installations

no divcrsny"ulluwnble'r :

9. Standard arrange-
ments ol final cir-
cuils in sccordanee -
with Appendix 5

100% nl cunenl dnu. nd
‘of lurgest chreair .

+ 40% of current demand
of every other circuit

100

% of curgent demund of uigest clredil

4 50% of current despand ol every other cirenii

lu. Socket outlets other
than those included’
in 9 above and
stutionacy equip-
ment ~tiver than
those listed above

100% of currént demand
of largest point of
utilisation + 40% ol
current demiand ol every
other point.of ulilisation

1004 of cunent demand
ol fugest poind of
utilisation + 75% ol
current demand of every

otlier pol of wiilisation

100%. of current demand
ol laigesl poinl ol
ytilisation + 75% ol

v

cutrent ‘demand of every ©

puint in'nigin rooms -
(dining rooms, elo) + 40%
u!'curmnl demnttd of
every : 0 poiin of*

uulmlmn

+ Fur blocks ol rostdeatiol dwellings, I‘ugl. hmcls I.u.;u coms

u t.omp\.l(.nl p:.uul\

* For the purpose of this rublu an mslnnlunwm wiler-beater is dv.unul 10 be u witer-heater of any Iundmg which h N \'.uar ;

only while the up is tusned on and thevefore uses cleciricity intermittently. )

t n is important 1o ensurs that the (llsulbnl;(m buuldx are of sulficient suting 1o tahe ll\u 10tal ol n.onm.uled io them wllhctll REEDE

the’ application of any divesity.
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. |
) Vol \
', ' : . - TABLE 9D1
. ’ 4 . v .
Current-canying capncities and associnted voltage drops for single-core p.y.c.insulnfed cables,
\ noen-armoured, with o withont <} ‘n(h (anpel cnn(luctms)
! b ’
-
it . 248 6004
! : IS 6346 . . . Coond
o : ! Conductor operating temperatire; 70°C © 7
tastallution methods A 10 C§ of fastallntion methuds I 1o bt of Installation method J of Tuble 9A
. ‘ Table 9A (“‘Enclosed’) . Table 9A (*Clipped dicect’} . © (‘Deflned conditlons’)
Conductos - — - - - - - . ;
cross- o ‘ - 1 ¥tat or vertical (2 cables, single- | . Trefolt . |
B sectional 2 cables, single- 3 or 4 cables, 2 cables, single- 3 or 4 cables, phase a.c.,orde.,drJor 4. {3 cubles
X ; area phasc o c..ord.c. | thiee-phase a.c. phasé ac.,ard.e, thsec-phase a.c. cables three-phasc) iliree-phiuse)
. { Vol -~ ’ Vah Vol ot Yol V(v)Il drop pes smpere ] - - Vo\( o '
" i drap . drep drop diop . per meise ’ drop
il Current per Cusgent | per Cutrent per Cujrent | per | Cirrent “[Cutrent | per
: carrylngf  ampese Jemisying fampere } carrying ampere  carrying { umperzjeaccylng | Single- | Three- {catrying {ampere . ,
: I capachy| . per capacily ] per capacity per capuchly | per {eapacity| phase | d.c. | phase Jeapacity| -, pes :
ah . mene .- fmetre : metre metre v inelre
1 t 2 3. 4 5 6 7 [ 9 10 i 121 13 14 15.
l (, mm? A my A my A .omV. Al mV A ‘mv ] omy l'n'\' A :hi\'l ‘
e 1o 14 12 2 37 17 41 1 (e kY] - -1 - N - :
vl L 1 LT BV B U 23 0 | 24 SN IR RSO R B R ;
i I "S 2 1" U IS 3 1 26 (LT - t.-1 - - . o
| il 1 (I mofon2 40 1t 6 9:2 - - 1 - - - S
i 0 Al o |62 | so o pas e o« - <} - T
' N 1] © 58 4.2. 51 1.7 68 4.2 bl 33 - - - - - . i
: l6 74 2.1 66 - 23 90 27 81 23 - -4 - - - - ¢
i ’ - 25 97 - 17 87 - 15 118 b7 106 i5 - - -~ — - - '
1 kM 1y 1.3 106 1.4 14S 13 {30 ’l.l - - - - - - .
I . e de I . se, de, . . o
50 W4y 097 0990 128 084 175 093 091 160 082} 195 [nA9s (09 0.85 170 | 040
70 185 o 0631 160 LD 220 {0.65 063 f200 ° ‘0.59 240 {068 10.63 0.62 2001 059
) N300 §10s6 045]1 195 1 04871 270 1048 045 {240 . 045 00 10.52 1015 049 1. 260 | 04
! . 120 20 (048 0361220, | 042 | 310 040 036 | 280 0.38 50 044 -1036 | 0.43 ’ 3004 0.3
N 150 O ~ S - 358 0.34 029 |30 0.3:4 410 1039 |0.29 0.39 '350 0.29
Comss b - e e e b= 05 Jo2s 04 {365 ) 0ol 470 fo3s Jo2d | 036 | oo {02
i o . N o s ,
| 140 - - - - - 480 {024 048 F40 ] T 027} 5601036 Jo.4B | 038 4801 0.2
M0 - IR - | 560 022004 ]500 Q28] 6eD 1033 1044 [aas ) sT0 1 0.9 {
| ani - e - 600 1020 042 (610 0,241 8OO 10,30 }0.12 ] 0.03 620 | 447
" 500 - - - - ~ .1 800 J0.18 D086{ 710 0231 910 Jo.28 10036 631 |- 770 | 0.16
. [X]4} - - - - - 210 .17 0,068 | 820 0221 10do-{n.26 o068 | 0.30 RGO | U8 1
| - . E
. 1 Faor installation metiod C, the taboluted viluos are applicable only W the ennpe up 1o and inclading I5mm?; ot t.ul,cl" :Ize§ in ’ i
. this installation method, see EIA Repoart 6910, For eables in ducts by the floor of « bulldiag, the ERA mllncs st bl. ndijm{cd . :
i by (e apprapdaje facior foy amblent tempernture. For Instaltation nicthod D, the cupreni: cnnylng rnpucltlc; for hw u and .. A
y nafticore ~x||m|l||ul cabies In mcll\ods Ao C, uplo :\Smmz nee applicable (see h.hk. om) _ e . ;
1 " NOTES: 1 - WHERE THE CONDUCTOR IS TO BE I‘R()Tl C ILU BY A bl’Ml LN OStl) . :
CFUSE TO BS 3036, SEE FTEM 4(i1) OF THE l’RLl'A( IO THIS Al"‘LNUiX.E : %
. IR 1
2~ The cuncat-arrying capacitics In columins.6.and 8 are uppﬂcnhlc 10 fexible eabled to BS o R

L6004 Table 1{b) when the cubles wre used in fixed installations.

'  CORRECTION FACTORS

FOR AMBIENT TEMPERATURE

Amblest tempernture st REN & 49°C 45°C 50°C 55°C 6C o ese
Correci tactor . I 004 0.87. 0.79 07y 0.01 0.50 0335
FOR GROUMING o ' o .

See Table 90 except that e Gactors for 32, 30 and % conductars de not apply 1o Uiree-pliase,

. us
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MAXIMUM DEMAND AND DlVEH lTY
" (See Ragulation 311-2) :

8 Appendix gives some informution on' the dc(umln.nmn ol the ‘maximum (l(‘muml {or un inuull.umn und,

des the current demand 19 be assumed for conmmnly used qmpuwnt i ulm hu.lmh.s sugie no(uu on the'
cation of ull()wum es for divegshty. -

¥ information nnd virtues glven in lhls Appendix are imended uuly for guldunce because it Is impossibie 1o
‘§uy the appropriste allowances for diversity for every type of instullation and such alluwances eall for special

vledge and experfence. The ligures glvcn in Tuble 4B, thevelore, may be h\uw:cd og deciensed a5 ducidod
{he engineer responsible for the design of the lml.ﬂl.mnu caneermed,

Jeurrent demand of a inal circuil s dcwrmhwd by ssunting the uuwul demunds of .»II pulnh ol utilisa-
and eyuipment in the clreuit nnd, wheré uppropriste, making an allowunce for diversity. Typival curreny
Ands 10 be used lor this summation are given in Table 4A. For the standird clreuits using BS 1363 socket

5, detailed in Appendix S, an ullowdnce [or diversity has been taken nto account and no Turther divessily
W be -lppll!.(l . S . ) :

arrent demand of a circuit supplying a number of Ginal ciccuits may be asséssed by using the allowances
frersity given in Tuble 48 which are applicd 1o the toial current demand ot all the equipment supplivd by

ircuit and not by swumatiog the careent demands of the individual Ginad cireaits oblained as outlined
In Table 48 the allowunces are expressed eitlier as percentuges of the curceng demand or, wheee folloived
% letters 1.1, ns percentages of the pted full lond cunenn of the current-using equipment. The current

d lin any lm.:l circult which is o standagd chcuit aornngement complying with App..ndn § Is the guied
1ot the overcurrent pmleulw‘ device ul that circult.

Jemative method of assessing the current demund ul a circuit supplylng a number ol linal vircuiss is lu

te the diversified current demands ot the individual cirepits und then upply a durther allowance for
3y hut in this methnd the allowances given in Table 41 ace not (o be used, the values (o by \Ium.n hieing
honsibility ol the designer ol the mslull.mnn .

) un.u methods of duenninlng i lxunum deniand is not precluded whcrc spuulu.d hy i suital

1 electrical engineer. . y

¢ design currents for all the circuits have been determined, enabling (he conducior sizes 10 ha-cha

essary Lo cheek that the limitntion on vollage drop {s ey, .

TABLE 4A
Current demand to be assumed for pmuls of ulllisn(mn iind current- q-.lng eripment

Current dennnd to be as :.unu.(l

'

milisu\iun or currepl-using equipment

putlets other than 2 A socket ouilets Rated current oL *

tlouilets | o L w lcu-.u a.5A

vullet* ‘ L (‘uncm equiv..lcm lu uu. umm.uul loud, wnh i
i o ’ minimum of 100W per l.unphol(h.r

lock, electric shaver supply unit

P with BS 3052), shavei sockel outley
B with BS 4573), bell wrapsformer, aiid
3ing equipment of a rating not greaier

|

May be neglected

v

The first LOA of the rated curient plus 30% of the
Jromginder of (he eated current plus SA I o sockei
ouwtled Is incorporated in the control unit

cooking appliance

Jutionary equipmcm' ~ British Standard rated curvent, ar normal current.

PTE - Finul circuits lor \llsdmmu lighting mie u:runm.d su ug 1o be capable of cusrylpg the tutal sicady
“enrrrent, viz, that of the lamp(s) wnd uny wssochated gear nad atso their wrmonle cancats, Whuie
mare exact informalion is not avulluble, the demund in volt-umpraus i taken as the sated Luap
watts multiplicd by not less than 1.4, 'lhls mulliplier is based upon the assumprion thuy the cireuit
is corrected o u power factor of uuklt-!h thun 0.83 l.u,gmg, upd fukes mlu uccouni control gear
tosses and harmonic currents..
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‘ APPEN!)I):‘. - s,
l
STANDAHD CIRCUH ART NHGEMENTS . .l
This appendix gives details of stndard cleenjt arrungements which sausly the n,qulu.pm,uh ol Chaprer 43 “lor
overload protection” and Chapter. 4o fo¢ isolajion apd switching, together with (he requirements as uguuls : i
umcnl carrying c,up.u.ilw'. ufumduuuu preseribod i in¢ hupter 52 -~ Cablps, conductors nud wiring materlals. ) i
: , S Pl
It Is the responsibility of lhe dcsluner and installer when i supting (hese clreull nerungements (o tuke Whe' uppros -
priale.measmcs to comply with the requirements of other chapiers or sections which dre relevant, jiich us 4
Chapter 41 - Protection against electrle shock, Section 404 Pratection against shorl circuit eupread, Cluiprer ]
.54 - Lurthlng und protective umduunru. und thy mmhunwulu ol Chaptor 53 ullm i those wnwmhiu ‘
+current-carrying capucities.
" Circuit arrangements other thin tllo:.e detalled ln this .nppcn(llx are ot prculudcd where they nrp- spet.llu.d by n v
sultably qualified electrical en(,mt.er in .u.coulum,c with the génerl rcqulremuux of Regulution 314--3.
The standard clrcuit artangements sgre s ) : i
~ Final circuits using socket outlers complying with BS 1363 o Co e |:'
- Final circuits ysing socket outlers complying with 8§ 196 ' ' R _I!
— Final vadial circuits using socket autlets complying with 1S 4343 )

— Cocker final circuits in household premises.

Final circuits using socket outlets complying with BS 1363 wal fused connection units

Ceneral

kY

A ribg of radial vircain, \th spass if any | ltcd: peinuansaly coaneaed Cqu.,’lu“»ﬂl aind an urdunited numbel oi
sockel outlets. '

| R

The ﬂoor area served by the circuit is determined by the known or estimgied lo.ul but does not exceed ihe value
given in Table SA.

For houséhold instullations u sin_ >()A ring LIlLlIl( may seeve a floor arey of iip lo 100m? lml conslderasion
should be given to dhe loading in kitchiens which miy require a separate: circuls, for ojher types of _1zmises,
final circuits complying with Table 5A muy be installed where, owing 1o Jivershy, ‘the maxifmim U mamd of

current-using equipment 1o be connecped is estimated not to exceed (he corresponding nilmus ol the ovei-
.current prolcc[lvc device glvenyin lhul mbl-. .

The numhvr of socket umlus Is such ng to ensure complinnce with R%ulnllun 553~ l) tach socket umh,l of a
twin or multiple socker outded unit being regarded us one socker autlet,

"

i Divessity betwcen socket oullcu aid pulnuncnlly connected eqmpmcnl luas .xlu..ul) been tuken lmo uccuuul ln
: Table § A and no further divusuy should be npplu.d

C L YABLESA  © - - ,, S
- “Finad ci cuits wsing DS 1363 socket ontlers”
¥ ; : B E
' i o Minimuin conduvctpr siee® : N i
| “Type of civcult | OQvercurrent pro- | Coppor conductor Cc)pp«.rcl.ul alumiulum Copper conductor | Maximiviy -
teciive device | ribber- o pvas coidadtorp.y.e mineral-tnsulnied. Hloor ared T
. fnsulated cables insulated -.wles cables seryed o
Ruting  Type S ' _ . v L Cl
1 o 2 3 ' 4 5. . 6. - -7
- : - - - : - : I
A Comn? mm? nm? m oo
Al Ring J0or32 Any - |- 25 4 1.5 qe0. "
A2 Radial - {300r32 Canvidge|. . 4 € 25 | so
’ fuge or o : v
cirenit . 4 :
. breaker . i
A3 Radial | 20  Any 25 1 1.5 200
*The tabaluted vadues of conductar size may pe reduced Tor l'u;ud spuss.

PN ————

R [}
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. ¢ [ / w -
’ SABLE 92 L : # “7 .
Curenbeaeying cap: elties snd agsociated voliage Jdeopy for !wm nnd umllLure p.v.cinsuluted vublrs (,. q, ",
. uon-arinouregd (cop|u v t.omluu'm) ) P (" ' l", '
. o “ [
ns omm o . ) .'.;
" NS 636 . ! . {
Copductor aporating femperntuse: 70°C J
tastellstivn methods A W C} .- Dutallation methods B lt - tastadlailon mothid K - .vl ‘
. ] ol Tublk YA (Bnclusud’) ol Tubls VA (CClipped shicexi’) - of ‘fuble VA (‘Delined unditlong'f
Conducior fp—— -
Crods _Ooe win cable, | Oune threecore One pwin calyls, One theee-pore - One win cable, Oue thezecore " I H
. sectional with or withoul - cable, with or with 05 withoul cabe, with or with or whhout - cnhlc.\vllh oy :
urey ~ proteciive withput protecilve prate:tive without protecuve - protective withoul protec.
couductor, conducior, of one vonductor, comdyclug, or vne. Lconducion, tve cnmhiqiut uf
single-phase foug-care cubls, single-phage lour-cote cabile, single-phase one four-gore
ac,orde, theee pliase a.¢,, 01 e, © threc-phuse . ae,orde, vihle, ihreé-phase
var | | vai Vult : Vil ' Volt v
diop drap diop drop drop .y dhop
Current peg Curreny pes Custeng pec Curient pey Curent per, Curvent| por -
cantying | ampens | canyiog | ampere | corrylng ampy ey cageyiag | nnpeto | ouirying apeis eugsyhtig] amipare
capacny pey cupachy per capucily per ] eapuaty | per capacity pee c ) caputhy}  per’
X meue : | wmetre messe ©p mskre . anegre I R
1 ‘a R S 5 6 7 .8 9 L0 h 12 13
aen? A my | A v ] A my A oV, A my ALy
10 - [ E] 42 12 37 16 42 : 13 37 - - - -1
15 i 18 16 | M 20 ag - - 17 |24 - - -1
2.3 4 [} A ) 4s 24 17 24 15 - - - - ‘,““'
. s : cy. ]
4 32 1 RO R B | la il 32 92 - : .- - - loadi
6 40 14 ). 36 .62 a6 ol 10 6.1 - - - - ’
(K] 53 42 49 R | ol I I 51 N e -
16 0 27 62 2] a5 20 n 3. - LI - -
25 ™ w7 16 .| 10w . 90 o | o 1y s bre
3. 94 () s | 1 132 13 ] s 1.1 13 ] bl
50 - - ~ e 161 092 9 |05 | an S L0s2 t4d | w4l
. ' . c Wi de, | R R o e
n I - - - 7 N.65 064 176 w37 2Id 0F€ 0.6 3:1¢) ni1r -t
ys - - = e 250 G.an 040 s D42} 165 Ods odef 27 ey
(] - . - T~ Rl 0.0 .36 251 0.1 o TR HERNTA ud. | 04
150 - ~ - - I3 1032 005 mwy L1y My o) 23 RIULI A R LV
165 - - I - 3o 103y 003 k2D 0.2 AUK) 0 6 ] M !
1400 - - ~ - - 450 0 0l ] M L 20 174 LB o] 131020 .
00 - -~ Coe P ] 320 ] 023 609 450 0. Sall (.23 04 A, | uis ' i‘
400 - SIS R B 0.22 o] 52 047 . 632 fe2r | sw oo A
’ ' . . ) . ‘ l :
{For installation medhod C, the tnbulated yalies nre applicable only to the sange up 10 sad including 35 i, Fox Lnger slzes T
in this installatior, - . ihod, see ERA Report 6930 For cables fn duets in she Naor ol u buthding, the ERA ratings tinst be ud-, i
justed by the .Appopn.:h: f.u,uu for ambient lunp»mluu ’ . )
] NOTE_S: - WlIERE THE CONDUCTOR IS TO BEPROTECTERN NY A SEMI-ENCLOSED ) I
FUSETO ns 3036, SER ITEM ‘l(h) OF THE PREFACE 'IQ THIS AI’I‘LN[)IX N
o2~ The current uuym|, ‘capacities In colwnns 6 und 8 wre upplh:ublc 19 llu).]blc vubiles jo BS . ' : }
6004 Tuhl.. |(b) wherc the cables aro used In tixed ln:mll.uluns , ) ol :
. . :
, CORRECTION FACTORS ' '
FOR AMBIENT TEMPERATURE A : . ' ' L .
© Ambient temperature C25°C ¢ 38" 40°C 43°C © 50°C 55°C c&0°C 65°C L .
. Counection facror 1.06 et ¢ 087 0.79 071 0] (50 0.5 R
B C . . ‘ : . . L : N
M sy .
FOR CROUPING ’ O - S N .
See Table 91, S . : o T i
l ‘ ) . .. o '. S ,:
. . 1] - ——'J
il I
b
Y i B
i
I



PRI SEC RPN

Current-carvying capacities and associated v~ ltage drops for twin and muliicore armoured

- ApPEADIRAS

SETLN P

TABLE 9133

3

.

p.v.c-dnsu' aed cables (copper conductors)

‘N5 6346

Conductor operating l'cmpcram_tg:' w'e W . ;

* Installation methods E, F and Gt of Table 9A Installation method K of Table 94
Conductor (‘Clipped direct') ’ (‘Defined conditions’) ‘
Cross- - - T -
sectional One twin cable, - One theee- or four- One twian cable, One theee- or fout- -
area stngle-phase a'c., core cable, . single-phase a ¢, ‘core cible; ‘
ord.c. * three-phase ord.c. three-phase
Curient | Volt drop] Current | "Volt dvop { Current | Volt drop | Curreni VqlLdrpb S
carrying | per mpere | carrylng | per ampere | canryinp | per ampere | carryling | perampers -
_ capaclty | per nietre . | capaclly | permetre | capacity | per metre |capaclly | per imelre-
! .2 3 T4 5 i 6. 7 8 9 e
. . . y N . 0 - B "
mm? A .mV A mv A W A wmv
1.5 20 29. 18 25 ‘ - . - -~ - :
2.5 29 I8 24 16 - e - -~
q 37 12 3 9.6 e - -~ —
6 . 48 74 41 63 50 13 1?2 6.3
1o 66 4.3 56 18 6y - 43 56 | 38
L6 . fi6 21 13 23 90 22 77 2.3
25 s 18- 97 1.6 T2t 1.8 102. 1.6
35 142 i3 19 N 149 1.3 125 i1
50 168 092 147 0.481 180 N9z 155 1 08i -
§ ac. de - ac. d.eo. . "
70 209 0.65. 0.64 180 0.57 220 0.65. D.64. 190 051 <
95 257 {n48 046 | 219 " 042 +270 048 046 230 0.2
120 295 0.40. 036 | 257 0.34 310" lo4do 036 | 270 034.
150 337 032 025 ] 295 029 355 032 0.25 310 0.29
185 390 029 023 333 024 410 - |D29 023°] 350 0.24
240 461 025 G.48 | 399 020 485 025 0.18 420 0.20
300 523 - 1023 0.4 | 451 0.18 550 023 0.4 475 AT .
400 589 1022 0.0 | 523 0.17 620 {022 044 | 550 0.17

{For installation method C, see ERA l\_éporl 69-30. For.cables In ducts
sdjusted by the appropriate fucior for ambient temperature, |

NOTE = WHERE TiIE CONDUCTOR IS TO BE PROTECTED BY A SEMI-ENCLOSED .
FUSE TO BS 3036, SEE ITEM 4 (ii) OF THE PREFACE TO THIS APPENDIX,

FOR AMBIENT TEMPERATURE

. CORRECTION FAC'TO'RSA

Ambient temperature . . 25°C 35°C 40'C
Correction Rictor .06 0.94 087
FOR GROUPING
Scc Tuble 98,
[N

W7

as'c

in the floor afa bullding, the ERA ratlngs lri'ijsl".bé"'.v' ;

50°C

0.79 071

. 55'C
0.61

+ :

65°C
0,35

~60°C
£ 0.50

YA



- - Appendix 164

SPLCIAL CHARACTERISTICS APPLICATON
Sharp edyed, slrong cormbrs _ .| Schools, officos, shops
Shorp adqes, strong cornors Schools, ofllces, shops
Supor ollipticnl shapos : Foyors, public rooms, shops, stulrensues, olljces.
14N Mircor hominnire with snrthad sackot outlel - Clogkiooms, bathrooms, tollels, holal rooris.
. " : _ :
ke Misror luminairo with emthed sockot oullot - Clonkrooms, balhiroars, luitels, hotel rooms,
- : , : - »
: Muthaerylita Injdction moulding, nceurale ) |
prismatic fotmation, gootd liphting quality. ' Schooly, offices, shops, lnhoratorles,
: Accurnlo distribulion of "[]lll, low (lllllll factor SC'I()OIB, ()[“cm]. 5'\0[15, lahorntorlos.
; T . . . * N - -
Twao lone design, sharp adges, stiong cornars Schools, officos, shops, holols o g /
! ; i )
Two tone deslgn, accurata llyht distribution, Scliouls, olffices, shops, holols
low glaru factor. : : i
Slim comicn Juminaires opal . , Sehooly, ‘ollices, shops. v
e T N .
TH -1 . . . " :
Stim ceiting luminaires to malch ENL Schools, olfices, shops. .
' Slim cornico luminalras with raflectors, Schoaols, olilcus, shqpu.

accurata ight dishibutlon,

Slim ceiling luminaires with refloctors to Schools, olfices, shopy,
match ENLS .
Economical, good glara protoction. Schools, ofiices, mulliple stares, super-markels, -~ -1
Two lone design, good light distiiindion. | Schoals, officos, shops, sports conlrus,
Mitror Jouvio construction, axcollonl 1 Luboratarles, schools, offlcus, shaps, hotols,
) fight distiibution, high olliciency. - ' . !
) )

Mirtor louvin consliuction, oxcollent Luboratarlas, shops, offices, halols, banks 'luvum.
light distriibulion, high eflicloncy. el : s
Isacon lowvrg, nc‘numl.o mirrar construction, Foyors, shaps, huullqiﬁw, hotlols

excollent light distibution, :

Flush with ciling, unbform light distibution, Olficos, schools, shops,

Flush will cnilin(:]. gaod ligh (lislailm.llnn. Dlllcos, -Sclmols. shops, . e

Unilmm fight distribution Dflicus, schbol:};, shopéi- = ‘ . |

Goad fight distelbtton o Dificos; schools, shops. ' S
Shullow recossed luminatra Unifann llght distributlon _‘t‘)!flcos, schools, shops, - _ o
Shallow rocesaod luminalrs Uniform light distribution .| Ofllces, schools, shops, '

Goad Iiu!nl distetbution ' -] Officos, guhools;"shups spoii coiltos.

Mirror louvin cbnslmullnn. oxcollant fluhi t.nlmrnlm‘l.ns, schoaols, dlllcou, shops, hotuis, ‘

~distribution, high olflclancy,

Mirror louvin conslructlon, oxcallont Hht Laboralarlas, shops, oflices, holels, banks, foyers.”
distribullon, high elliclancy. ' ' '

Jsacon louvin, ncowrata milrror consliuction, Foyois, shops, boullques, holals,
axcullont fight distributlon,

- f

s

t

§iulnunil||nn on all luntolros, photomolie curvas and (ull descriptions oro In the Toechnlcal Apnpoendix o
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RRI22 [FARAR (A3 [ARIRR |BRRRD [RY 29N
RALYs |BRNGK [BRANK |Rtway
NHRLT 198885 [AREN |§geee
RAGI (VBG83 RL |NQNKR
REGIL|ITBRN ANSRE |[REQIR [PURSR [Sexer
GHAS2|2IVYB 58238 53R |RhKEs xR
BLRVXG [SISLITIVL8E5 |883RN NS08 [RayRe
RBRUA ALY |2IPVY 98B {RBUSN |ERERY
ABGRA |ANUGR {TIIVY VLIV |VYSS(hREER
BRRGE |SBURX IVARAY |SoBRT |29 |eoyen
BEBAA (AABGRR |RBARG [GRGELG [SRBBR (W3UNa
IRIRS |¥888 [H8RLN (BRY e2yee gLy
VaLdR 2383 [SMRBAR [NLNER [2ncee juregR
BUBLN |99V98 |RUBR0 |BRUIN [NEERD
LOURA |RSYVL 59NN [SRSRE (B LAY
GIGRBARLEY V5985 (4905 |BUERE
GBBIB |GRASL|RLLQVIIANLR|BANNS
BBIUYB [RRRIY |5ReeN|9oygv|senys
BLUIN |GRARL |33 |3222|vevey(snas]|
BEGRY |AVUSR IBERAR|AGRAR (RIRUAH 598y
PIBBB |GLEEBS (BYBEY [I3VBB (YUY [BRLRA]
RBRGRIATISR(UNSAL [QIBNR [2he ey 25838
XRRG5 |U35Y5 (883N [ARQIN [RBe2e juyney
LPreBg (ARINY Y988 (BNSSE |AXANG (D
- FDREH L RELES TR DES-RE 1 TR B
CRREY [CAGAN [ILYIV(SBBRY |IANRB [N
EdrBG 28838 38895 23959 (88688 |5
ERRrBLERUB R8N |65 |9IVVT |BBHER
PRrpN |38 (05883 GBI (M58 T (I8
PREQY IONERB BG83 (D300 |BRBRR [8ABYY
PRRRR |RRRe XRURN INCERR |BERER (830G
PG IGRRIV 95838 |BROAN |sR22e =8R8y
IPNBIIRLARS |ITRRI [NSERY [XANRE gy
IBLFBIBRBAZ |G VYIB |BINER [SRLUT [Reo s
GoRPRE |BNRRA [RFLIV |98RAB INGSL8 [Apnee
apeeNlagasR {ARLLS |Y0V98 (B8YER |RLARY
BIBREL INBLIW [BRRAY [RISLY VYIRS [IRKAN
GORRR (ORCBG [BINIY (BARER (RO YL ITHARE
BLINR |RNLLN IRELBI (UNERR (GRASD VYRS
BHEEOD [YKPER [LOIRK |LPRB0 (VEBS (RANA
] BRELEE (88188 a1=m RRREL IRERYR INRRAY

S 11

27 22 20 18 16
30 26 2 18 17 15 .
29 25 21 18 16 14 . -
29 25 21 17 15 13
3 24 20 17 1§ 12

24 20 17 % 12

23 18 1% 1

22 18 1 13 30

22 18 15 12 0@
25 21 17 ¥4 2 09

1

2

28
k74
28
b]

3

S0 80 70 60 S0 40 30 20 10 0 {90 80.70 80 50 40 30 20 10 O {50 80 70 S0 50 40 30 20 W0 O
18 17 4
12 18 13
18 16 13
7
1
1
1
1

21 18 15 12
4 11
132
03
08
o7
a7

70
2218 1513
21 18 14 12
18 16 12 10

26 22 17 14

22
29
-
2

35 28 22 19 16

21

P )

Wae~ -

EFFECTIVE CEILING AND FLOCR REFLECTANCES
50 80 70 60 50 40 30 20 10 0 |90 80 70 60 50 40 30 20 10 ©

e

qmang 1G [aanq
- e - N} O P od O

22

T Y O
i I Ba R e e B Bl

‘R

* Vaiyes in s table sre besed on 8 iength 10 wdth rawo of 1.6.

4 Ceing. oo, o foor of cavry.

Source: From IES Lighting Handbook 1984 Reference Volume, Fig. 9-39. pp. 9-19-5-30. Used with permission.

TABLE 5.1
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Reflectance
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