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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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CIIAPTER ONE 

(;ENERAL INTRODUCTION 

1.1 BACKGROUND 

A building structure is just a carcass; it is the infrastructure that breathes life into thc 

buildings to make it not only habitable but also comfortable. Most ofthe 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). 

Thc 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. 
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2. Smoke detector and fire protection 

3. CCTV. Camera and monitor 

Electricity is a form of energy on modem building to provide utility services and 

environmental comfort requirement, its use in a building makes modest demand on space layout 

and structural planning 6fthe building. 

Since 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 appliance~. 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 (lEE) 

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. 
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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 aware 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 and unit for an office building was designed 

based on the provision of lEE 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. 
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1.4 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 

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. i\utoCAD 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 

F= 
EXA 

MFXUF 

Tot'al Luminance 
Number of Lamps, N = = F I cp 

Lu minance I Lamp 
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1 
i P 
~ LINE CURRENT (It) =..ff T 
l 3xcos~Xv 
.~ 

I P.,total power on the distribution board 
~ ,. 
f ll,-line current 
~ i VL-Line Voltage 

~ r 0-cos p.fwhere p.fis the power factor 
: 
t In 

I! h = CaCgCiCC 

~ 
~ 
~' Where In=nominal current 

Ca=Ambient Temperature Factor (Using 3Soc) 

Cg= Group Factor 

I 
! Ci=Insulation factor 
~ 
~ , 
~ 

Cc=Correction factor 
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i CHAPTER TWO 

2.0 THEORETICAL BACKGROUND! LITERATURE REVIEW 

2.1 HISTORY OF ELECTIUCAL 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 domest~c and international market; given the 

right working environment of self-development. [IO].The group stated the provisions ofa broad 

range of convenient and superior service to the client; selecting recherche 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]. 

, 

I 
,I 2.2 THE LITERA TUllE REVIEW 
ii 

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

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

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

The Institution of Electrical Engineers Regulation for Electrical Equipment of Building 

Published 1981 with amendment in January 1983 covers prevention of fire risk arising from 

industrial and electrical installation work of a building.[6] 
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Factories, 1961 ,memorandwn 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 to a suitable point inside the building, from which point the instaUation commences.[8] 

Electrical service design of a five star hotel by Osinowo olusegun Immanuel (1995/1996) 

2.3 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. 
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CIIAPTER 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 

(e) The furnishing or arrangement of machinery 

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

3.2 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 unifomlity 

(d) Constant intensity (no flickering) 

( e) No glaring 

(f) Colour oflight and colour rendering 
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Thc 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 chief 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. 
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3.3 COMMON LIGHTING TERMS 

(a) LUMINOUS FLUX (g> ): 

This is the flow of light energy radiated from a source per second in the fonn of luminous light 

waves. It is a sort of power unit. 'Dle unit is lumen (7m).!t is called flux contained per unit solid 

angle of a source or standard candela The symbol is represented by (<p) . Therefore 1 lumen = 

0.006 watt (approx.) 

(b) CANDELA:' 

It is the unit ofluminous intensity of a source. It is defined as 1/60th of the luminous intensity per 

cm2 of'a blackbody radiator at the temperature of solidification of platinum (20450c
). 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 411 x 1 = 411 lumen 

(c) ILLUMINANCE 

This is the amount of light falling on an area A of a surf~ce. 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 ] 

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

surface from source. 

I.e. E = l/d2 
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(d) LUMINOUS INTENSITY III CANDLE POWER 

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

source oflight in a given direction. 

Luminous flux, [<p= 4nl] lumen. 

(e) 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. 

(t) 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 would be 1 I 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 would 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. 

(j) 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 plane lIm, 

LXW 
Room index. k = 

(L+W)Hm 

I 
II 
] Where L = Room length 

W = Room width 

Hm = Mounting height 

12 



3.4.0 DESIGN OF LIGHTING POINTS 

There are two basic method for calculating size, number, and possible spacmg 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 wil1 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 does 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 bac;;ed on the addition of the cosine factor to the 

inverse square law to account for other surface orientations. 

E 
leos B 

d2 

Where E = illuminance at the receiving surface (lux) 

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

surface. 

p = the angle between a line from the source to the surface and a vector normal to the 

receiving surface. 
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d = distance from the source to the surface 

3.4.2 THF: 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 level 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 lwnen 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. 

E xA 
Lumen required (qJ tot) = U f x M f 

Where E = the illuminance level is chosen after consideration of the I.E.E regulation 

uf = the utilization factor 

mf= maintenance factor 

A=Area 

14 



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

apartment. 

3.5 FACTORS AFFEC1'ING ILLUMINATION 

The inverse square law calculations are only really applicable to point sources or where 

there are no reflecting surfaces such ac:; 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 modem 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 wattage Lwnen Output 

(Initial) (Maintained) 

7 400 320 

--
9 600 480 

13 .f 900 720 

18 1250 1000 

23 1500 1200 

26 1710 1368 

32 2400 1920 

42 3200 2560 

52 4000 3360 

Tablp 1 () 
f 
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3.7 DISCHARGE LAMPS 

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

j They usually have much higher luminous efficiencies than filament lamps, up to 1001mlw. the 

t 
~ > , 
~ , 

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 

~ 
J 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 in~ustrial luminaires 

under defined conditions. 

Type of illumination (Light Illumination efficiency (TJ) or 

------------------------~----------------------~~--------------------~ 
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f 

I 
I 
i 

r 
distribution) utilization factor 

-_. 
A Direct 0.70 -0.45 

b. Mainly direct (semi - direct) 0.65 -0.45 

C Unifonn (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 = ________ ---.:o. ___ ~~ __ 

Maintenance factor x Utilization factor 

EXA 
F= 

MF" X UF 

Total Luminance 
Number of Lamps, N = L. L = F / tp 

ummance! amp 

(1) Conference Hall (210.60 sq.m) 

300 x 210.60 
Total lumens = = 121500 lumen 

0.8 x 0.65 

18 



12150 G 
Number of lamps = = 30.375 

4000 

(2) Meeting Room( 946.978sq) 

Totallumcns = 

Number of lamps 

(3) Waiting Room (68.271 sq.m) 

Total lumen 

= 30 lamps. 

250x 46.978 
----- = 41944.6 lumen 

= 

0.8 x 0.35 

41944.6 

3200 

=13.107687 

13 lamps 

= 
250 x 68.271 
---- = 32,822.5961 

0.8 x 0.65 

32922.S961 
Number oflamps= = 10 lamps 

3200 

(4) Staff Room (46.977sqm) 

Total lumen 

Number of lamps 

(5) Workshop (22.8927m2
) 

Total lumen = 

Number of lumps 

= 

= 

250 x 46.977 . \ 
----= 22, 585.09615 lumen 

0.8l..· 0.65 

22.585.09615 
-----= 5.64637 

4000 

~ lamps 

250 x 22.8927 
-----= 11,006.10577 lumens 

0.8 x 0.65 

11,006.10577 -----= 3.4394 
3200 
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= 4 lamps 

(6) Rest Room (17.154 sq.m) 

Total lumen = 

Number of lamps = 

(7) Kitchen (17.154sq.m) 

Total lumen 

Number of lamps 

(8) Lobby (25.1 04sq.m) 

Total lumen 

Number of lamps 

(9) Toilet/Bathroom (6.574) 

Total lumen 

8247.1153 
----= 8,247.1153 lumens 

3200 

8247.1153 
----= 2.57722 

3200 

2 lamps 

250x17.154 
= = 8 247.1153 lumens 

O.S x 0.65 

8,247.1153 
= 2.57722 = 

3200 

= 2 lamps 

300 K 25.104 
= = 14, 483 .07692 lumen 

o.ax 0.65 

14483.07692 
= = 3.620769231 

4000 

= 4 lamps. 

250x 6.574 
= = 1643.5 lumens 

0.8 x O.6S 

20 



= 
1643.S. 
-- =0.51359 Number of lamps 

3200 

=1 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, 

For general office, (HZ 1 and HZ 2) = 2.1Sm, 

For small reception (I3Z 3 and I3Z 4) =1.8Sm 

LXIV 
Room index, k = 

(L+W)Hm 

Where L = Room length 

W = Room width 

Hm = Mounting height 

For Conference Hall: 
15.60X 13.S0 = 3.36 

2.15(15.60+ 13.50) 
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" .r~·-"!" ..... , ,.;.. .... ~ ,'l'1. .... , .• J 

• • • 
• • • 
• • • 

ARRANGEMENT or UJMINlERS USING CONfERENCE ROOM AS AN EXAMPLE 

POSSIBLE WAYS or ARRANGEMENT 

(i) 30xl= 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 
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POWER 1)l~SIGN 

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 lEE 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 1 mm cables feeding one lamp to a heavy three core paper insulated lead copper cable feeding 

large industrial motors from circuits breakers. 

Five general groups of final subscripts are-

(a) Rating not exceeding 15A 

(h) Rating exceeding 15A 

( c) Rated for 13A fused plugs 

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

(e) Rated for feeding a motor 

3.9.1 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 provisiori 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 n.) of the lEE regulation, it is just a 

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

3.9.2 I'OWER 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 ofthe 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 (except 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 type~ - 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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pennancntly 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 

and 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 - circui~ 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 he achieved where the sub-circuit rating is less 

than 50% of the main circuit rating. 

(f) 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 finaJ 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 (PT) = 11363.60 t- 11349.10 + 11198.40 

= 33911.10W 

LINE VOLTAGE (VtJ = 415V 
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POWER FACTOR (P.F) = COS l{J = 0.8 

LINE CURRENT (IL) = J _ PT --; 
~ 3 x cos .pxt, 

33':J11.10 --.------
1.732 X 415 .'X·0,8 

= 58.97A 

DISTRIBUTION FUSE CIIOSEN FOR DB A = 100A, IOWA YS TPN & N 

From the table in appendix 3 

Total power ()utput(P,) = 10424.50 + 10578.70 + 10581.70 

31584.90 

LINE VOLTAGE (Vd ~= 415V 

~ 

POWER FACTOR (P,F) = COS l{J = 0.8 

PT 
LINE CURRENT (lL) = ---..:.....-

..)3x VL ~C05 qJ 
~.. . 

31584.90 =------
1.732 x 415 x 0.8 

• = 54.93A 

DISTRIBUTION FUSE CIIOSEN FOR DB B = 100A, 10WAYS TPN. 

From the table in appendix 4 

TOTAL POWER OUTPUT (PT) = 14746.80 + 14887.80 + 15059.60 
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= 44694.20 

LINE VOLTASGE (V l ) = 415 

POWER FACTOR (PF) = COS q; = 0.8 

PT 44694.20 
LINE CURRENT (lL) = --

-V3xVL XCOSIP 1.732X41SXO.8 

77.72A 

DISTRIHUTION FUSE CHOSEN FOR DB C = IOOA, 12WAYS TP&N 

3.9.4.1 SUMMARY O~' DISTRIBUTION BOARD DESIGN 

SIN DESCRIOPTION OF CALCULATED CABLE DB FUSE RATING 

DISTRIBUTION BOARD LOAD CURRENT SIZE (A) 

(A) (MM2) 

I DBA 58.97 25 IOO,lOWAT TPN 

'l DBB 54.93 25 100A, 10 WAT TPN .... 

3 DBC 77.72 35 100A, 12 WAT TPN 

I 

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= -

\i3x tr L ;:r co 5 .p 

cos <p = 0.8 

110190.2 

1.732 X 4150.8 

= 191.63A 

DISTRIBUTION FOSE CHOSEN FOR THE MV PANEL IS 200A 

3.9.5 TRANSROMER RATING 

Total load current computed = 191.63 A 

Where line voltage = 415 v 

Power f~lctor = cos q; = 0.8 

, Total power in kw. Pr = ,/3 X VL X IL 

/3" x 415 x ]91.63 

137743.85 W 

KW 
Total rating of load in V A = -F 

P. 

137743.85 

0.8 

172180VA 
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Using Diversity Pactor of 0.6 

172180 X 0.6=1 03,308V A 

Considering 20% of total for planned and unplanned load 

20%x I03,J08VA 

=20661.6VA 

Total V /\=20661.6+ 103,308= 123969.6V A 

123969.6VA 

1000 
J23.97KVA 

Based on the value above, 150K V A,I415VOLT,3-phase, 50HZ transfonner is chosen 

3.9.6 CALCULATIONS OF CABLES TO FEED THE DISTRIBUTION 

BOARDS FROM THE MV PANEL AND THE MV PANEL FROM THE 

TRANSFORMER 

DITRIBlJTION BOARD A 

Tn 
It -----

CaxCgxCcxCi 

Where In=nominal current 

Ca=Ambient Temperature Pactor (Using 35°c) 

Cg= Group Factor , 
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.t 

C~""Insulation Factor 

Cc=Correction Factor 

100 
=-=106.38 

0.94 

From page 117(Appendix 8) of lEE Regulations ISth Edition.4x3Smm2 Multicore Armoured 

PVC Insulated Cable (copper conductor) is chosen. 

DITRIBUTION llOARD II 

It 
in 

CaxCgxCcXCi 

100 
=----106.38 

0.94 

From page 117(Appendix 8) of IEE Regulations 1Sth EditionAx3Smm2 Multicore Armored PVC 

Insulated Cable (copper conductor) is chosen 

DITRIllUTION llOARD C 

[n 
It ------

Ca xeg xCc'XoCi 

100 
::::-=106.38 

0.94 

From page 117(Appendix 8) of lEE Regulations ISth EditionAx3Smm2 Multicore Armored PVC 

Insulated Cable (copper conductor) is chosen 
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MVPANEL 

111 
It 

CaxCgxCcxCi 

200 
:::-:-- =212.765 

0.94 

From page 117(Appendix 8) of lEE Regulations 1Sth Edition.4x9Smm2 Multicore Armored PVC 

Insulated Cable (copper condudor) is chosen 

3.9.7 STAND-BY GENERATOR 

Based on the total connected load 150KV A, 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 ofthe 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 become so important especially in offices and building. 

(b) FOR EFFECTIVE MAINTENANCE AND REP AIR 

It is considered a good practice to inspect generators carefully and periodically 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 futur~ extension of the existing load ~d is 

the nearest available rating in the market 
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are: 

CHAPTER FOUR 

4.0 TESTING AND MEASUREMENT 

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

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

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

(iii)To ensure (by means of regular tests and measurement) that an installation remains in 

a sound workIng condition throughout its life (The lEE 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 

11. 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 SOOV 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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ell) EARTH CONTINUITY CONDUCTOR (ECC) RESISTANCE 

This is the resistance between the earthed pant in the socket outlet and the consumer's 

earthing terminal, measured for each sub-circuit. It should not exceed O.5n where the 

ECC is partly of cable or wholly of cable sheath, steel conduct or metal pipe and 1 n 

where it is a separate copper or aluminum conductor. 

(C) EARTH 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 back 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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1 
I 
J 
I 14.2 AUTOMATIC POWER CHANGE OVER 
.j 

1 
f If the main power supply service fails, equipment must be provided to start the engine of 

I 
, the stand-hy generator and transfer the supply connections from the regular source (PHCN) 

I to the generator. These operations can be accomplished by a control panel as shown in Fig 

helow: 
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RELAY I: voltage sensitive 

RELAY 2: Voltage and frequency sensitive 

Coil: Powered from Regular Source 

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. 

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

2. To allow l:urrent to flow to earth in the events of a faults. so that the protective gear will 
.' 

operate to isolate the fault circuit. 

3. To make sure that, in the event of a fault, apparatus nonnally "dead" cannot reach a 

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

4.3.2 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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Earth 
Electrode 

I I 
I I .' i 

Fig. Earth electrodes sunk in the ground. 

Consumer's 
earth lead --I 

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 

1111s is a protective device consisting of a pointed metallic rod set up on an exposed 

elevation 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 ELC 13 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 modem 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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; 

I 

I 
l throughout the building. A fire alarm circuit as its name implies sounds an alarm in the event of 

t 
~ 

I 
j 
! 
f 
1 
J 
~ , 

lire outbreak. 

4.5.1 FIRE DETECTORS 

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

I that wouJd indicate the development of fire condition detectors are usually mounted at ceiling 
1 
i level or in air dusts. 

} Four stages in the development offire can be produced. 
,J 
j 
! 
} 1. After ignition, when visible product of combustion are being produced. 

,i I 2. When visible smoke is produced. 
i 

} 3. Where there is significant rise in temperature produced by the fire. 

t 
1 4. When flame and heat are being produced. 
'I 

! 
I 
t 

I 

4.5.2 SMOKE DETECTOR 

A well -planned smoke detector system should be put into critical areas and in nwnbers 

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 

4.5.3 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. 
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~ 
1 4.5.4 HEAT DECTECTOR 
i 
~ 

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

~ 
1 within the building to be taken to prevent any disaster. 
I 

4.5.5 ALARM STATION 

A fire alann 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 tum into alarm 

4.6.0 RESULT 

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

were tabulated below: 

SIN DESCRIPTION TOTAL NUMBER 

_.- ----------------
1 Lighting ( Lamps) 220 

2 Distribution board (D.B ) 3 

3 Air Condition ( A.C ) 31 

4 I 3 Amperes Socket outlet 128 

5 i5 Amperes 8 

... 
6 20 Amperes 31 
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7 Switches 178 

8 Fans 149 

9 Hand drier 8 

---- r-.....-----------------------------
10 150KVA Generator 1 

Table 4.0 

-.~ 4.6.1 DISCUSSION OF RESULT 

(l) 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, 150KVA,/415Volt 3-phase,50HZ, generator is 

recommended. 

4.1 LIMIT AT IONS/ 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 

SIN DESCRIPTION UN IT COST QUANTITY TOTAL COST 

( N ) (N) 

.. -
1 1.5mnt'" 5 5 300 16,500.00 

---
2 2.Smrn2 9 150 13,500.00 o 

----2----- f--:., 
3 4rnm ... -- .--

0 200 46,000.00 3 

4 35mmr- 1 o 50 180 189,000.00 

- -.--------r-_. --. 
5 95mm 2 5 00 60 150,000.00 

--
415,000.00 

TOTAL 

.-. 

DISTRIDUTION BOARD 

SIN DESCRIPTION UNIT COST QUANTITY TOTAL COST 

(N) (N) 

1 100A,1O 9000 2 18,000.00 

WAYS,TP&N 

DB 

2 100A,12 9500 1 9,500.00 

WAYS, TP&N 

DB 
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] ____ '---_--1..-

127
_'50_0.00----' 

o SOCKET OUTLET 

SIN DESCRIPTION UNIT COST QUANTITY TOTAL COST 

(N) (N) 

._------____ 0 _____ -
_. __ 0. 

1 13A 160 128 20,480.00 

2 15A 200 8 1,600.00 

c-. 

3 20A 300 35 10,500.00 

32,580.00 

TOTAL 

SWITCHES 

SIN DESCRIPTION UNIT COST QUANTITY TOTAL COST 

(N) (N) 

1 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 
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LAMPS 

DEseRl PTION UNIT COST QUANTITY TOTAL COST 

(N) (N) 

52 watts 800 105 84,000.00 

-"------- ---------'--
2 42 watts 740 74 54,760.00 

, 3 40 watts 700 35 24,500.00 

-------------r-
S 1650 6 9,900.00 4 180 watt 

------
173,160.00 

TOTAL 

-

ACCESSORIES 

SIN DESCRIPTION UNIT COST QUANTITY TOTAL COST 

(N) (N) 

1 Lamp Holder 55 220 12,100.00 

TOTAL 

12,100.00 

OTHERS 

SIN DESCRIPTION UNIT COST QUANTITY TOTAL COST 

(N) (N) 

1 A.C (Air 30,000.00 31 930,000.00 
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\ 
I Condition) I 
I 

i __________ ---------
521,500.00 --12 Ceiling Fan 3,500 149 

3 150KVA 850,000.00 1 850,000.00 

Generator Plant 

TOTAL 2,301,500.00 

GRAND TOTAL=2,301,500+12,100+173,160+25,400+32,580+27,500+415,000 = 

N2.<)87,240.00 
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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 building 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 lEE 

regulations 

5.1 RECOMMENOATION 

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, anyone 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 specified. 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 lEE 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 

INO APARTMENT LENGTH WIDTH AREA MOUNT CEILING WALL ROOM UTILIZATION ILLUM. MAl NT LUMEN N 
(M) (M) (M2) HEIGHT INDEX FACTOR FACT. FACT. FACT. I 

1 CONFERENCE HALL 15.60 13.50 210.60 2.15 0.7 0.5 3.36 0.65 300 0.8 400 30 

2 MEETING ROOM 6.740 6.970 46.978 2.15 0.7 0.5 1.59 0.35 250 0.8 3200 13 

3 WAITING ROOM 5.77 11.832 68.271 2.15 0.7 0.5 1.52 0.65 250 0.8 3200 10 
I 

I 
14 I STAFF ROOM 12.8199 16.659 46.977 2.15 0.7 0.5 1.12 

1
0.65 250 0.8 4000 6 

I r;,. 

15 WORKSHOP ! 5.570 
1

4.11 22.8927 2.55 0.7 0.5 0.93 0.65 250 0.8 3200 4 
I i 

6 REST ROOM 
1

5.23 
1

3
.
28 17.154 2.15 0.7 0.5 0.94 0.65 

1

250 0.8 3200 2 
I j 

I: I KICTHEN 1
5•23 

~8 
I 17.154 2.15 . 0.7 0.5 0.94 0.65 250 0.8 3200 2 

4.276 25.104 2.15 0.7 0.5 11.16 1 0.75 300 0.8 4000 1 LOBBY !s.871 
i I I 

9 I TOILET/BATHROOM I 2 
, 

4.574 6.574 2.15 I 0.7 0.5 0.47 
1

0.65 
1

250 0.8 ' 3200 1 
I I 1 

10 BALCONY 
1

5.570 4.11 22.8922 2.15 I 0.7 0.5 1.10 0.65 250 0.8 3200 4 
I 

11 TOILET/BATHROOM 2 4.574 6.574 2.15 0.7 0.5 
1

0
.
39 0.65 250 I 0.8 3200 1 

I 
112 I RECREATION 15.00 5.00 45.00 2.15 0.7 I 0.5 10.90 

1
0

.
48 250 I 0.8 3200 8 

i OFFICE I I I -- I __ 

... 



,13 PARKING LOT 11.610 
I 

7.01 81.397 2.15. 0.7 0.5 0.48 0.36 60 0.8 6200 3 
I 

)14 CHANGING ROOM 3.60 2.50 9.00 2.15 0.7 0.5 0.69 0.26 250 0.8 3200 2 
I 

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 1 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 

J 

19 SECRUITY OFFICE 6.6906 3.345 10.055 2.15 0.7 0.5 0.47 0.36 250 0.8 3200 2 I 

20 STORE 5.23 
1

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 

i 23 i OUTSIDE LIGHT 10.89 15.60 1 170 9.0 0.7 0.5 0.11 0.48 
I 

250 0.8 3200 26 
L i I I 

.. 



APPENDIX 2 

Lighting and distribution schedule for distribution board "A" (DBA) 

I Circuit I description Number of Point load Total load Fuse Diversity Load Cable size Power distribution phase in each phase 

I number point per (W) (w) rating (a) factor estimate (mm2) 

I circuit (w) 

i RED YELLOW BLUE 

I l:- LIGHTING 21 lX52 1115 10 0.9 1003.5 1.5 1003.5 

I L2 ---tuGHTlNG 28 lX52 4499 10 0.9 1003.5 1.5 1349.1 
i I 
. L3 FAN 28 lX42 1176 10 0.9 1349.1 1.5 1044.9 

1Ft LIGHTING 48 lX40 1904 10 0.9 1044.9 1.5 1713.6 

I I LS I 13AS.S.O !8 I 1 X 180 1300 10 1.0 1713.6 1.5 1300 

PSI 13AS.S.O 14 1X200 2750 30 0.9 1300 I 2.5 1650 

I PS2 13AS.S.0 14 I 1 X ZOO 2750 30 0.6 1650 ! 2.5 1650 

I PS3 
I I I I 13-AS.S.O Jll I 1 X 200 2250 30 0.6 1650 2.5 1350 

I 
I 

PS4 I BASSO 
1

13 i 1 X200 2500 30 0.6 1350 I 2.5 1500 
i I 

I PS5 15ASSO 1 
1

1000 1000 
l 

20 1.0 1500 4.0 1000 

I HDI I HAND DRYER 1 jlX 1000 1000 20 1.0 1000 4.0 
I i 

I AC1 I AIR COND~TlONER 1 IlX 1900 1900 20 1.0 1000 4.0 1900 1500 
i 
! AC3 I AIR CONDITIONER 1 I 1 X 1900 1900 20 1.0 1900 

1
4

.
0 

I i I 



AC3 AIR CONDITIONER 1 1 X 1900 1900 20 1.0 1900 4.0 1000 

AC4 AIR CONDITIONER 2 lX 1900 1200 20 1.0 1900 4.0 1900 

ACS AIRCONDITIONER 1 1 X 1900 1900 20 1.0 1200 4.0 1900 

AC6 AIR CONDITIONER 1 1 X 1900 1900 20 1.0 1900 4.0 1900 1900 1200 

AC7 AIR CONDITIONER 1 lX 1900 1900 2020 1.0 1900 4.0 

AC8 AIR 1 11900 1900 20 1.0 1900 4.0 

CONDITIONER1900 

AC9 AIR CONDITIONER 1 lX1900 1300 10 1.0 1900 4.0 1300 1900 1900 

F2 FAN 13 lX40 2750 30 1300 1.5 1650 

PS6 13ASSO 14 lX200 10 1650 2.5 1300 

SPARE 10 1650 

SPARE 10 

SPARE 20 

I SPARE 20 

SPARE I 20 

SPARE 30 

SPARE 
I 

I 30 

SPARE 

I 
TOTAL 

I I 11363.60 11349,10 11198.40 
, I 



APPENNDIX3 

Lighting and distribution schedule for distribution board "B" (DBB) 

Circuit I descrtption Number of Point load Total load Fuse Diversity Load Cable size Power distribution phase in each phase 

number 

I 
point per (W) (w) rating (a) factor estimate (mmZ) 

circuit (w) 

, 
RED YELLOW BLUE 

L1 LIGHTING 
1

6 lX180 1098 10 0.9 988.2 1.5 988.2 

L2 I LIGHTING 122 11X52 1143 10 0.9 1028.7 1.5 1028.7 
i I 

L3 ' LIGHTING 117 11X42 723 10 0.9 650.7 1.5 650.7 
I I 

I Fl FAN i 30 
1

1X4O 1215 10 0.9 1093.5 1.5 1093.5 

I I FAN 

i 
I F2 ! 27 lX40 1085 10 1.0 973.8 1.5 973.8 

i 
I I 

PSl 13AS.S.O i13 /IX200 2500 30 0.9 1500 2.5 1800 1500 
! 

PS2 13AS.S.O 115 ' 1X200 3000 30 0.6 1800 2.5 1350 

PS3 13AS.S.O ill lX200 2250 30 0.6 1350 2.5 
! , 

PS4 13AS.S.O 115 lX200 3000 30 0.6 1800 2.5 1800 

PS5 15AS.S.O 11 1 X 1000 1000 20 1.0 1000 4.0 1000 1000 
l , 

PS6 15AS.S.O i1 J 1X 1000 1000 20 1.0 1000 4.0 
I ! 

- I - ----- '---~-~- '- - -- - L 



PS7 15AS.S.O 1 1 X 1000 1000 20 1.0 1000 4.0 1000 

HDl HAND 1 1 X 1000 1000 20 1.0 1000 4.0 1000 

PRAYER 

HD2 HAND 1 lX 1000 1000 20 1.0 1900 4.0 1000 

PRAYER 

ACl AIR 1 lX 1900 1900 20 1.0 1900 4.0 1900 

CONDITIONER 

AC2 AIR 1 lX 1900 1900 20 1.0 1900 4.0 1900 

I CONDITIONER 
! 

AC3 AIR 1 lX 1900 1900 20 1.0 1900 4.0 1900 1200 

CONDITIONER 

AC4 AIR 1 lX 1900 1900 20 1.0 1200 4.0 1200 1900 

CONDITIONER 

AC5 AIR 2 lX750 1200 120 
I 1.0 1200 4.0 

CONDITIONER I I 
AC6 AIR 2 lX750 1200 20 1.0 1200 4.0 1200 3000 

CONDITIONER I I I 
! 

AC7 AIR 2 ... JX75~J200 30 1.0 1200 4.0 I 

I 

I 
I CONDITIONER 

I I I - -~ '-~ 



AC8 I AIR 2 1X750 1200 20 1.0 1200 4.0 1200 I 

I I CONDITIONER 
I ! 

CCllt I COOKER 2 1X300 6000 45 0.5 3000 6.0 
I 

I CONTROL 

I I 
I UNIT 
I 
I 

SPARE 10 

SPARE 10 
! 

SPARE L 20 

I I SPARE I 20 

i 
SPARE I I I 20 

! I 
SPARE 

I I 
i 30 

! SPARE ! i 30 I f---L I 

I I 
I TOTAL I I 104245 10578.70 10581.70 

l I I ! 



APPENDIX 4 

Lighting and distribution schedule for distribution board "C" (DBC) 

Circuit description Number of Point Toalload Fuseratlng Diversity Load Cable size Power distribution phase Iii each phase 

number point per load (W) (w) (a) fatcor estimate (mm2) 

circuit (w) 

RED ~ YELLOW BLUE 

L1 LIGHTING 28 lX52 1459 10 0.9 1313.1 1.5 1313.1 
i 

L2 LIGHTING 28 lX42 1185 10 0.9 1066.5 1.5 I 1066.5 
I 

L3 LIGHTING 31 .lX42 i 1324 10 0.9 1191.6 1.5 1191.6 I I I i I 
I I L4 LIGHTING 41 

1
1X42 1728 10 0.9 1555.2 1.5 . 1555.2 

I 
LS LIGHTING 42 lX42 1728 10 0.9 1555.2 1.5 1555.2 I , 
Fl FAN 33 lX40 1310 10 0.9 1182.2 1.5 I 1182.6 

i ; I 
F2 FAN 18 i lX40 700 10 0.9 630 1.5 ! i 630 I 

! I I 

PSl 13AS.S.O 10 lX200 2000 I 30 0.6 1200 2.5 1200 
i 

PS2 13AS.S.O 14 11 X 200 2750 30 0.6' 1650 2.5 
I 1

1650 I 

! 
PS3 13AS.S.O 112 i 1 X200 2500 30 0.6 1500 2.5 I B 1350 I ! PS4 13AS.S.O 11 I 1 X 200 2250 30 0.6 1350 I 2.5 

I I 
I HANDDRYE 11 X 1000 

I 

HDl 1 1000 20 1.0 1000 4.0 I 1000 I 

I j 
I ~ 



R 

HD2 HANDPRAYE I 1 1 X 1000 I 1000 20 1.0 1000 4.0 1000 

R 

ACl AIR 1 1 X 1900 1 1900 20 1.0 1900 4.0 1900 

CONDITIONE 

R 

AC2 AIR 1 1 X 1900 I 1900 20 1.0 1900 4.0 1900 

I 'I CONDITIONE 

I . R I I ! 
fAC3 lAIR 1 11 X 1900 11900 120 11.0 11900 14.0 11900 
I 1 CONDITIONE!' I 

I I R I 

I AC4 I AIR 11 

AC5 

AC6 

CONDITIONE I 
R i 

I 
I AIR 1 

I CONDITIONE 

IR 
AIR i 1 

I 

1 X 1900 1 1900 

I 
I 
1 

-11 X 1200 1 1200 

I 

I 
1 

TIX1200 11200 

20 

1

20 

20 

1.0 1900 4.0 1900 

1.0 1200 4.0 1200 

1.0 1200 . 4.0 1200 

1 



CONDITIONE 

AC7 AIR 1 1 X 1900 1900 20 1.0 1900 4.0 1900 

CONDITIONE 

R 

AC8 AIR 1 1 X 1200 1200 20 1.0 1200 4.0 1200 

CONDITIONE 

R 
. 

AC9 AIR 1 lX2400 2400 20 1.0 2400 4.0 2400 

CONDITIONE 

R 

ACI0 AIR 1 lX2400 2400 20 1.0 2400 4.0 2400 

CONDITIONE 

jR 

ACl1 AIR 1 lX2400 2400 20 1.0 2400 4.0 2400 

CONDITIONE 

I I 

R 
I I I 

I 

AC12 AIR 1 lX2400 2400 20 1.0 2400 4.0 2400 I 
I 
I 

CONDITIONE 

R 
'--~~---- I 



\ 
I 

AC13 

I 
AC14 

I PSS 

I SPARE 
I 
i SPARE 
I 
! 

SPARE 

SPARE 

I SPARE 

i SPARE 

I SPARE 

i SPARE 
i 

TOTAL 

i 
I 
I 
i 

I 
I 

I 
I 

AIR 1 lX2400 2400 

CONDITIONE 

R 

AIR 1 lX2400 2400 

CONDITIONE 

R 

15A.S.S.0 1 lX 1000 1000 

I 

I 

20 1.0 2400 4.0 2400 

I 

20 1.0 2400 4.0 2400 

20 1.0 1000 4.0 1000 

1.0 

1.0 

20 

20 I I I 
20 

I 
20 I i 

I I 

I 

30 I 
I I 

30 
I 

I 
I 
I 

I I 

I i I 

I 14746.80 I 14887.80 i 15059.60 
I ; I 
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- .-
2. Iiolltillllllrid power 
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," 

4. 
, ' . 
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Installatiolls 
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9. Standard nrrunge-
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wilh Appendix 5 
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Ihan Ihose included 
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.... -

If)"; A'P pt":-I'lf)/ X. . I 
T A IlIJ': ·111 r, ,'\';'f"~}'\':!', '.1). 
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~-----. 
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----.--,-_. 
Indi'iiduul h(llls~hllhi Small S!lnps, SIl)rC~, Smull holl!ls, buurdinll 
in S,III 1111 t lUllS, IlIdll(I~lIn ufflt:c~ lind b IISlnll~~ hllmc~, "lieu h'IIW~', oil!, 
InLllvhJuul (hyllllilll!~ l~f PICllllsUK 
II hlul:k I -

.66% of 10lUi cllr!,llilt, 90% lIf IUIIiI CIIHCIl! '75% Ilr lolul clllltJni , 
Ilelllulid ' . deilllllld dellllllld ----, ...... ~ .... ~----,-- " .. "'_.-
100% of IOh\1 CIIHllllt ' 100% f.l. of hll'lIll~1 10'0% 1".1. of hllBI!SI 
delllllluJ lip 10',0 IIPI)lIun':II ... ,75% f.l. of uppliiince t 130% 1'.1. l.f ~/I 
illllperes.+ 50% or any rell1ainillU IIppliilllces largosl oppllance 
currerI' \lel1lllllll III ' .,.c.fJ% 1'.1. or rel!laill/nl! 
exccs~ i,f I 0 u~lI(leres ~!llh'nc.~g 

I 0 ull\pen~s 100% f.l. of larllC~1 100% f.l. oflulgcslllpplian ce 
i )0% f.l. uf i;olliIC,cl~tI "ppliallce '1-IHl% f.1. of -I- jlO% f,1. of lnd Iilrl!r;~ 
clloking nppliu!,\ccs In 11111 lilrg~slUpl'lIancll nppliance 
excess of 10 IllllplllllS .~ 60'/1, fl. ~r relllililling -I- 60% f.1. of I'C! IIIU III III 
'I, 5 Ulllpelll~ II' ~o(:k.:t .. IIPl'liilll(ll!5 IIpplilllH:C:S 
(lllliel hll:nrp0\'1l1o.'ll III 

-10111--. _____ 

100% 1'.1, IIr hllg~Sl II\OIl))', IUUIlt- 1'.1. Ill' lilrllcH 1l1U11I1 

.~ 80% 1'.1. of Jlld hugesl 'I' SO% 1'.1. 'uf n:llluillin 
1)'0 tlll -j' 60% 1'.1. 0 f rc· 1II01(IIS , 

\l 

llIaillillll nlOhHS 

100% f.l. of lurtle'SI 100% 1'.1. 0 r h\lI\C:~1 I OO'X. 1'.1. III' 1:lIlll1S1 
IIppl/allcn" I OO/X, 1'.1. of appliance ... 100% .... 1. l/f appliance + 100% 1'.1.01' 21 t:I 
211d lareest applillllcC '2ndlurllcsi applianCe! I;lrllcSI n(lpllullce .~ J5% t'l 
+ 2'5% f.1. IIfl'llIHnlnlll1l ... 25% 1'.1, of rUlllu/lliliU I~r rClllalnlill1 JtJlPl/i,n~cs 
IIpplianl;cs nppliallc!!s 

- ''--.,_._-------- -

-
100% of currenl'dClI, ,nd 
of larnesl cit'cllil 
+ ,,0%01' CWlrllIll'tlcmQml 
or every olher circuil 

i 90% of current denlunt.i 
of largest point or 
IIIi1isilti{)11 + 110% or 
;:urrenl dcm;lIld oj' every 
olher polnt-uf U\ilisalion 

no t1h'.:rslly .lIlowahlc.i1' 
". 1 'I, . 

----------
1111 dlvI:II;ily IIlluwalllet . 

110 diversity allowflble't' 
I 

- . 

100% of ClIl!,elli ileJllUlhjof IUIII':$1 cirelli! 
'1: 50% of ClIfI'lllll dUlllllnli Ill' Ilvilry nth!!r dr(;uit 

--
I oO'·~ or currelll demand I oo~, of clIrrenl demand 
llf.i"l~"~t poinl of ~1f largesl puinl llf 
IIIi1ballon + 75%'of lililisiltion '1' 75% or 
curren I demand of livery ~lIrrcnl 'demand of ever 
£lIbel puhll .If IIlilislllicm polnl In 'hiuinfl)Om, 

y' 

;t (di1l11l8 rooms, ':10) + <lu' 
uf cUHcnldellluHd of 
evcr}': .!: r polill Ill" " 
lllilhalilln ' , 

, ,-,----.- , 

t Fur lolocks !,f r"';lJl'lIli~1 uwcllinl>s,'!;ugc llulcls,l;lfllu ~oll1n: :~illll'r~JI\l.;e~, ~llIt flll'tmk), Ihu all"\\,~lIccllire h. b~ U~)c~lc'I'h)"'. 
a comp..;lcnl pelion. 

• For Ihe pUI(l(jSC of Illis :rulolu UII i,isllllll~nCOlls watu.·hc,liel is' ue'clI\I!fllll bu U \\-"lllI·heal.,:r ul allY hlllllillC whkh I,', ,;~w'.,ur, 
only whil" Ihe lap is IUllh:U 011 uncl I.helt!fllfe IUC¥ cll!'t:Ilklly inLclinillulllly. " . 

til is impollalll 10 enslllO 1I101lho '\islilbllli"fI'tlU~".h al" ,If sIITiei""L IIIIJIlIl h' 1Il1.1! Iho'IO\;,II,)",1 cOJlllcclccl io Ihem wllhelll :' 
Ihll ppp!icalioll of any .,ivenity. 

~ __ .~ , .. __ .~_ ._ ••• __ • _____ M-..' .•••..• __ ._-.-...••• ,' 

----------------_.-

I , 

'! I,'," 

,I 

f. I. ' , ' 
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, : 

<: , 
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'. _____ ..... ___ 1......-.._ .• _ ••• R •••• H ____ • ___ ••••• ___ ••••• _ •• ___ • ___ •• _. _____ _ 

~-----------------~----.~ a ·' 
.~a .',', 

., co' ·~o .... '.' , 
. lll~l:~~> ". ..~ 

. . '. . . . l'ADU! ~Dl '. .:' '. fj.p l,~ .'.' .... ' 
, -. 'Jw.Jri'·· . 

cur;cnt-c:il1yhlg cRI1f1c1l1es lind ns~"cllltcd vlllIDge i11'fllls'for $llIl!.te.co~c II.V·.c .. llIslllnled c&hle5. . ·0'-..' I 
. .. .... "",,,,,,,,d , w,,,, '" W':',:':::.;:"'" ('0",,,, ,,,,,d"f"m) . .' / q 
Inu.II.II"", m.,lru,i. A \lI ct 01' 

1'.1,1. 'JA (·End .... ,'·' 
COIltJuciur '---. .:.----.. -r-----

c,uu· 
JC'c,;ulla' 

iHta 

2 c.i,I~ •. single. 
rha •• a.c .. nrLl.~. 

Vul •. 

J or " l·nltle., 
"lIce-phase Q.C. 

tim,. tI .. ,1' 
Cllrr~nl 

lo"ylng 
cnp.<I,y 

l'u ("'Ienl pCI' 

~lIIrrlC: ,:RI!Y'III\ (Hilptre 
IIU l:opucii)' pt!r 

--.--- -----
IIIIII J A 

, 0 14 
1.5 17. . ~ H 
·1 .Il 

I, 41 
10 55 
16 H 
~S 'J7 
)S 119 

50 ·'·U 
70 IllS 
95 '~.JO 

110 2'/.0 
ISO 
'65 

IIICtit 

J 
.. ----.-

m'r 
'12 
2~ 
11 
II 

1.1 
'1.1 . 
1.~1 

1.1 
.I..l' 

l.~. d.c. 
0.97 1).91 
0.71 U,(,] 

i).~li 0.45 
O.~fI OJ(' 

"OlJ 1')0 .' - • 
4/J1J -- - • 
soo .- -':" 

.!:.:!!~- .. ' ~:....---

.---- ---
A mV 

12 J7 
14 14 
H· 15 
3'1 'I.~ 

37 '(,.2 
5 I J.7 
116 . U 
87 . 1.5 

106 1.1 

125 084 
160 0.62 
195 O.4A· 
'.!20. 0.42. 

..... 

j-- . - , - -

liS 6346 
Conductor op'collins teillperature; 70~C 

--'-'-,,;:'-11"-11-•• ;;';;;;;:;;;;;-,,-, '-11 ~;(-'"" ;----'-111-'-.'·'-.-1'-0'-. -,,,-., Iou,i J of 'r"h'~!li 
-ruble 9A ('ClIl'peo1 dl,o(I', . ('D.nu~.I.corldhlorll') 

1 ca!,les •• 11I~lc. 
"h~s~ a ,C 0, (lr d ,c. 

r---------
!'Ia' or vtrllcal (2·tab'e •.• Iusle· Treroll 

J Ilr .t cahles. phase •. .: .• or d.c., or 3 or 4 . Cl c.blu 
lIute.phAse ~.c. ~uhlos Ihr"·l'hKS.) ih,te·phu.c) 

·----,,----I-~-· ._-- -,.-- ---~ 

V,.II Villi Villi drol' per QIII,.ero· Voll 

C""enl 
c.rr~·I"" 
cnl',u!i1y 

6 -----
A 
17 
2 I 
Ji' 
.10 

50 
liB 
90 

118 
10/5 

IH 
220 
270 
JIO 
JS5 
405 

460 
560 
6110 
!lOO 
'/10 

dflll' d/l'I' r.' meue .In)I' 
"cr Cuirrlll ,leI Cirrrerll Cirrlelll 1''' 

alllpere carr)'llIn dl1ll'.er~ 'Rrryh,y SIr".I,. Three: cBlIl'lnjj .m~re 
,le, '"I",ei,>, ,,0" .o .. neil), I.hase <I.i:. p"8Ie cal'lI~hy . pI' . 

melle ",e,i. \. incll. 
7 ~ " '0 II 12 11 14 Is. ----------_. -- .----------

mY. A II\V A illY lilV hlV A, hiV 
,11 16 37 
29 20 14 
J7 Y. J.~ 

II ~/l 9:2 "':"'!'. 

7.1 45 6.2 
4.2 iiI 3.1 
n 81 2.3 ", 1.7 106 1.5 
J.l 1.10 i.1 -

1i.1:. d .c. 
0.9) 11.91 '611 0.82 '195 OM (JIJI 0.85 i10 0.'10 
0.65 0.6.1 2C10 0.59 ~40 0.68 0.63 0.62 210.: 0.59 
0 .. 18 0.45 2·10 OAS lO(l o.n OAS 0,.,9 . 260 ·D.41 
0.<\0 0.36 280 0:J6 jso 0.44 . 0.36 O.-il :'.300 0.3 
0.34 0.29 J~O O.H .jlo 0.39 11.29 OJ9 350 '0.19 
O.2!) 0.24 .165 (I.lD 410 0.35 0.24 0,)6 . :401) 0.15 

0.14 OJU .. l0 o.n 
560 0)' r" Ii lA' 4HO u.n· 

O.2~ 0.14 SilO l\.~S '. 661) o"U 0.14 OJS S1ll 0.19 
0.10 0.12 610 O.~4 BOO' 11.30 0.12' OJ) 6~O 0.17 
0.18 0.086 710 o.}.] 911; . (1.28 O.OSr. 0.31 710 0.16 
11.11 0.0(,8 B~_(J_._ 1I.2~ .!!~.~~-~ .~ Il.JO RCO o.is 

11'0111111311,,11011 n",.;,,,d C.lhu IAbllhtlcl1 v'llullS 1110 "flpllcllhlu ""ly',,, lire IIIrll'.~"(I III II uti jlld.IJIIIII lS\l1I\1'.l'ut "\lllcr Jlzes in 
Ihi! illll.lllalloll ml:,lto.I, seo EllA Hepflrl 69-.111 For c:Jbl'l5 III .lu!:1s III (he fJllClr 1'1' /I 111111<111111. (he ImA rullull$ \IIust be o\lj,lslell 
by lire :rPJlI(J,lrialc flletll' Ii., 1I1l1\,J1e,,( (CllIpcru'"rc. Fllr Inslalhilion IlIclhml D. 11,6 CIIII.ellt·('.nrr)·III~ r:ni)uclik~ fur h~11l ami 
lI'IIliicOIC dlcllthcd cuhles \11 mClhods A In C, lip In 351111l11 ,IIIU ;ll'l'ilc:'lblc h~u '/'I,lrl(; 91)2). • ... 

. ' .. 
• 

NOTES: 1 -'. WIIElU:: TilE CONDIJCTOIt IS TO lIE l'iwTl:C'Ii.m IIY i\ SEMt·ENCl.oslm 
I'USH TO ns ]0]6, gEE ITEI\! '1(11) OF TilE 1'llEFACIi m ntis Ai'I'l£NUlx,' 

l - lhe CII(l'·III·~~rrJ'in/l cill'acillcs in 1!I,hUIIIIN6.allllli are "jll'lJc~hlc In nellibl~ cnhlll! 'u liS 
60()'1 Tuble '(h) when tl.e culrlds IIfC 115.,1 ill (j~cd in'~lhll"II()III. 

FOR AMllIENl' TE~H'EH/.-rURE 
Amhlcn' !f!ll1j'CruIIlIC 
COIrC(I ,.~,;iCl" 

FOil GIlOIII'ING 

25" , 

COHItECTION ft~CTOl{S 

J~;'C 

0.9'\ 
"lI"e 
(l.a7. 

50"(, 
0.71 

55'(; 
(Uri 

Ntc 
(/.~O 

Sec TII',;lc 911 except tha' "'(! t'al:lors l't,.. )'2,]0 all" :: COIIJllcJorS (h,. 1101 IIpply 10 III.-er'l'ilHc . 
.., 

'1, 

'/ 

~ . 
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MAXIMUM DEMAND AND OIVEHSITY 
. (Seo Rooulciliun 3"\1-2) 

Apptlltlix Gives SOllie informalion 011' Ihe llclcflJllnalillll or 1\11.' 'Illux.irlllim dr-muml roc an lUSIallal;1l11 IIn,1 
d~s Ihe clI'nenl dellliinJ III be assumed for 'commolily IIsed .:ljlllpl'1I01l1. II III~o 11I1:\lIdcs SllIlIl! lIolpk 1111 Ih.:' 
calion of 1II1(1WIIIl!:es fur dlvcrsliy. . ' , . 

iniollll:llioll IIl1d Vuhll!5 glvon, In Ihls ,J\pp.endl.~ arc hlilltldcd ollly "lIfgllltla~1CoJl/l!l!illJ~e' it Is illlpuuilJle 10 
',iV Ihe lIpprupriule ,llluwanccs for diversily for evelY Iypll of illstullalion ami such UlllJlVllnCllS call fur sI'J.;i:.1 
, vkJgtl lind expcrlence.' TI~e ligures alvei. ill Tuble .11), Ihen:fOl'I,l, IIII1Y he In<:reiJsial Ill' Ilo~ICII~~11 iI~ lI11dJoLl 
ht enllinccr Icspollsibic for Ihe t1~sil!n Illille 1,'~lilllillill\l ClllIl:lll'll\lll. ' 

'currelll !Iemunt! of a fil1l1l clrclIi! I~ ll'clll(Jlllllutl by 1IIIIIJIIUIIJlB Ihu CIII'I'IlIlI !lll/1U!IIi1¥ u(' all polllis uf l.llllsa· 
11111 ClluiplIICll1 ill thll t:irclIil und,' where !,pproprhllu, nmklnll ilil aIlOIVIIIII!\! for lliv\!l'sily, Typical 'cum:'" 
ods 10 be use" for Ihis summation ar!! gil'en in Table 4A. Fur Ih~ stllndunl circlJits IISillUIlS \Ju] $Ilcl;el 
IS, detailed 'I" i\ppenlUx S, nn u\luwuncc for divcrsilY hilS' been lukllll Inlo accounl IIl1d IIIl iUltlu!r !IIVtlhlly 
I be u(lplie!l. .. , ' 

, . 
uncllt t1elllaml of II circuit sllpplYill~ 1I /lumber lit' IInul circllils lIlay bll asst!sscd by using I'll.: allllwUllces 

; versilY lliVell in Table 411 wllkh ljre IIpplied to thll 10lal current tiClltalilt til' nllihe equiplllent sUlll'lil!lll>y 
ircuil and not by slIlIlmalinll Ihe eunenl IICIlI:llHls ur the illdividual tlnul circllih obl .. ir .. :.1 i1~ (luliinllil 

III Tablc "Illhe allllw"nces lin: expresscil eilhcr us pen;CIlIUIlC!lof Ihe <:1IJ1elll dlllluliid III'. whcre i'lIl1uivc.t 
leiters f.I., liS peII!CIlIn\l(l~ ',,1' Ihe flllilil fulllOllill:lIl'1ClIl III' Ihu CIIHUIII'II~hll; ~qlli(lll .. ml. '!'IIU cureelll 

II 1'''1 :IIIY lillill .:1.<:1111 which is II SIIIJIlhl(IJ cbcuit UClIIIIUlllllcnl cOJllplyill1l wllh APl'o!lIlli.'( 5 I~ Iltu 1'IIIc:d 

,ui llae uVClclIrrcl\1 prulccllvl! dcvkll ill' ,hll! circuit. > 

,I . 

,'fIlalivc Illclhod III' a~sessillg Ihe curren! ,t1tlllHilld 111'11 circuit sU(lplyinu II nlllll\J.:r of fill,,1 I;irl:uits is 10, 
I~ Ihl! diversified Cllrre!1I demands of ,he intiividulIl circ!,/ls IJIHI then IIpply II furlher llllu\Vnnc.: lilr 
)' !'"1 in Ihis IlIclhnd Ihll ulloWllnces given ill T:lblc <Ill art' iloilo he used, IIle valuus til htl dlllslln being 
'on~illiliIY uf Ihe designer of lho insl .. lI:ilion. 

l
UI' Oilier Illclhotls of dll.lefllll;llllg·lII:txu~Il/1Il delllilll!\ is 11£11 plcduded wilen: specified by ,\ ,SUillll 

I eleclricall~nl~ineer. , ' ' . 

~ Ilesigil currenlS for nil lhe ci((:IIi1~ have bll~1I determined, Ilnahlinu lhll 1:1I11l11l~:h)r SILllS III hll dIll 

miry 10 ehcei, Ihalllll· lillllllllinll I~n .Vl)ltu~1l limp Is l\Iill. ", I, I, . 

t.. 'TAnlE4A 
i .Current dCllIillid III be IISSlIIllCd fur'llIlilllS Ill' ulilisliCilln imd (: II f1'U II l'II!i11l11 Ulllllp\ll~llt 

, ------.--~-----:-----------'-.-----~---' -, ------
lllilisilliull 01 CIIrrclll·using equlpnlclIl 

IJllelS Olher Iha/l ~A ~oc~et oUllets 

IOUIlclS 
,j 

luullel· 

i,lIOl!k" eleclric shal'er S\IPI~ly unll .. 
•. '1: wilh ns 3~)S2), shnv.:i socket 0111";\ 

1\ \Vith BS 4573), bclllrllllsfolmer,l\llU 
illg e,quiplIlellt oC a raling Hoi llreal~r . 

I " I"" I cooking appliance '. 

I ' 
lltionaryequipmenl 

I{Uled Clmell\ 

III 1i!11!1I 0.5 ~ 

ClIffent equivulc/ll W Illll ClllllieCIOU 11I~t1, willt it 
minhnlllli pI' WOW pllr lalllpifohlllr : . 

MIlY be nCllleclcti 

Thc lint IOi\' of Ille £111011 ClIrlUlli IJhI~ 30')1, of Ihu 
,IUlIlIlhlll\lr Ill' lIit! r:tlcd ClIl'lilut Jlhls SA If II $OCkCl\ 
Ilulletls inco"pol'al~J In 11.e contrul tlnl~ 

,ilritish StllndanJ r.lled curr~J\I, or lIor/lllll cUfJ'enl. 
.~------~--------~~--~------------

IE .. Filial cileuias fur "helluIgll lighling qlU' ulfunl/cd SU UJ III hu Cllp:II,lc III' cuuyt"11 Illc lu,ul SliMly 
CIJ;r~nl, vito Ihal of Ihu lallll'(¥) lind IOnr lIu()c1alc(I IIUIU 1(,"1111;;" Ihclr lillrtllOlilc "ulI~lIh. \VhUJu 
,,,ur~ c~aci inf()fIIluilon b nol avull"hl", Ihe dClIluntl ill VU\t·UIIlI',:tUS I, la~cu Ui II", 1iI,..:,1 1,"111' 
walU IIIUllil'li"" hy nOlles, Ihlln 1.8, Tltb lIIultiplier i> hilscliuplln Ihe a~'"l11plilill Ihul Iltll circuit 
is tIll/cele,' Iu U 1'00v~r fqclor or fI'UI- I~s' i!lon 0.8.5 lallgillll, 1I\ld lakc~ illlO UC~(Iunl fUrJlrulllulir 
IOSICI ~nd h3111IUnic ellC/O/lIS., " ., . ' 

\ 
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APPENDI~ ':5-

STANDAHO CIRCUIT AfU;, .\\jGEMEhITS 
, , 

This appenLlil> U;V\!S {kiail~ 'uf slllIldiJl'tJ l:lft:llit lU'mnl!cllhlllls which salisj'y Ihe flltllllrl!lIlclli,s of Chapter ·13 'lor 
overlOiI\J prulel!lioll' lind Chapler, '10 1'01' isol;1,iun ,!,HI swhchillil. IUllclhcr with Ihe reqlliJt:llh!I\I~ us rCl:\llids 
cuirelll'l:.mylllll cup:lcilills I/f Cllllfhll;lu .. ~ prc~crlhud ill C'hIlP!IlJ' 5~ " t.:lIlJlp~. cUllduclurs II~I!J wltlllU lIIulcrlul~, 

, ' .,' • ' I. . 

/I 15 Iho responslhllity, or I'le designer 'and IUSlllllta when Ii llI'pllng I hese circuli IHrUJlUelllenlS 10 IlIke the'IIPllIO' 
rri~le. measurj:~ 10 I!olllply with Ihe requirements of olher chuplilU or slJcliull~ which ure relevlIl1l. ~1Ir:h liS 

Chapl~1' 41 .. , I'rl:'ICClioll al!:Jins,1 eh:cll'h:. shod" Section .1.\.1 Pruiccliull ul.luill~1 shurl circllit I,;lIrrulll. ('IHIpler 
H - Earthlll!! UlltJ Ill'llhll.'llVII CIIIHluclurK, IIIHI Ihll rIJ111lirUlllllllld uf Chuplur S3 Illhul' Ihllll Ihlls~ cUllcurulllU 
currullt.curryinll capudtill~.' , . ' 

Circuil arrangements other thlul those d~lalletl In thl~ nppondlx ;lr6 nOI precluded where Ihey uljl-'spllclficd by ~ , 
sultublY qualil1ed cillctricul engineer .. ill accordance with Ihe generul requlf~mcnl~ of RllgullllioJl ]14-3. " 

TIle standard circuit nrrilllgemenlS ~re:: 

- Final elrcuilS usinr, soc~et otillels complying with OS 1)63 
'-. Fin.,1 circuils Ilsing socketolltlelS complying with liS 196 
- Final mdial circuits IIsltll:l stickel oUllets complring with US 434) 
- CUC:\;(I fin:al circuits in househoW premi,es, 

filial ci,,;uiu using Jockel outleu complvinQ wilh OS 1363 ... loJ 'und connection unitt 

Geller,,1 

:\ lin~ or uJul .:h':lIit. with 51'1111 i.f :U\y. ite.h ~11I\.u'.~.uls ':,IIU\t,:teJ O:'i"'~il.\):m ~IW JIll \lnhn'.h.:.i numbti ui 
socket out leIS, ' '. - '. t 1, 

. - :-./"'" 
The noor alea served by Ihe.drcuil is delerlllimd by Ihe knllv,n or e~til\laleJ 10.nll1ul does nOI txceet1lh~villlle 
given in Taulu SA: . ' . . 

For hOIlSeJlOld 11I51Ulla1l01l$ II SIt'I,,', 30A rinl! clt'cui! muy ~ervll a nom urull of tip 10 100011 llUI conilcientllon 
should be give" \I) Ihe IQudill1l In kilcliens which lIlay rcquire II sepilfUle' ,:lrCIIII. For o',her Iypes or ,I.::mlscs. 
filial cilcuils'COn)pl)'inll willI Tallie 51\ llIay be IlIslall~d whel'e. owlnllio diverslly; the uIUIliiilUIII LI nlalhl of 
currenl'lI~iilg equipment 10 be connecled is estimaled nut \() excllll~ IIIIl corrcspondlnu f1l1iillls of dte over-

. curren I pcol(:clive device glvIl'!, iI! Ihal tuble, 

Till: lIum!lI:r of socket oulllJls is such liS 10 I!IlSIII'C cornplillncc wilh H<:/:ulllllf)1l 55]-~). cud I ~ockc)1 olld~1 of a 
Iwill Of IIIl1l1iplu suckel oUllcl ulI!1 i)elllll rCllllrdccills Oil!! slIcl,cl qllilel, • 

Divclsity between socket ollllCls ;uid pcnnuncnlly connecled equipmelll hil~ all'll!uJ) LJ.:en li.kcn 11110 lIccOtlll1 ill 
Table 5 A "lid 110 further dlvlJrsily should he IIpplied, 

TAU[.E SA 

. filthl ci:ilils I,sin!lllS Ll63 ~ucl'd oll'lel~: 
----------'--.- ----_ .. ,-_._----.-._'--_._-----,----

M!nlllllufl ClllI,1 u;:ljJr ~j'l" .,: , 
Type of circuit 

I 

Ovurcunenl pro· 
leclive device 

(;oPJl~r I,;ondllclor' 
rub her .. lIr p,v.';.
IlIsul:uec.l cltull!S 

___ ' ______ _ R_ • 

C'lppcrclud illlIl'tillhllll CI)pper C(ll\dlictor J\laxllnllln 
C.)ild,I.:'1Il1 1'p,V',c,., . 1l1inuI'IIHnSlliulcd 11uor afoll 
in5ul'I\I:d o.:,,;'led ,:HI1II:Ii servtd 

--'---'--~ .--... _ .. _-.-. -----------... ,·-----,.----I---oL., 
RUlin!! 

2 
lype 

J 4 6. 7 
---_ .... , .. -,--.-----.~ ----,----- .. --------- '-~:-------I---

1\11 , 
, 100 

--:---------- ,-----.-.-----" ---------·1-
4 2.5 50 ' 

'.'! --.---------.... ,------------- .,..-----~__I.-,- ; 0··· ... · 
1,5 '1.5 20 _____ -'-_______ 1 ___ -,-, ____ • ___ · _______________ • __ _ 

·Th~ whulalc<1 v"llJc~ of conlluclClr 5i1.~ lIlay I)C r~lluccd for fuscd spun, 

--~--.---~~ .. --~ ... --.... -.. -.-;--:----:-.. --------- .... , .. _ .. " .. -_.- ...... _._-_.- - -.- .--.- .. -- .. -~~-.. ---------.-... -.-.- -.. __ ... -.-- ..... - ...... -

'jJf 

: ~ 
i, ,I 

',Il 
,I 

11 

,', 

. 
'1 



I 
J 
i 
1 
I 
j 

j 
l
t 
~ , 

I 
1 
i 
i 
i 
I 
.1 
i , 
I , 
! 
! 
l 

('untlul.!lor 
ernu· 

S.,'lill ••• 1 
tllt!:J 

70 
'J_~ -

, \ r r 1-.' \ PI /"-...J.--.L 

~Ihud. A hI ct ' In51uUalluIIIII 
III' ruhl. !I,\ 

. On\! twin c:lbld. 
wilhlll will"I~1 

PlIllCCllvl 
..:mllludor. 
'ill~lc-I,ha$e 
:I.f., fir ,I.c. 

---- -r.:-
Vuh 
JI"II 

CIIHenl 1",'1 
c;.lIyin" aml,e,., 
cnpa\,;IIY ,,"r 

"'~lIe , , 
J 

(·I!II~lu .. ,j'J 

One Ihrt~""UIl: 
. culile, wllh 01 

wilhllull'llIlecllvt 
.cnn .... lh.:lol: 0, t.lnd 

fllul-cmc cuhle, 
Ihr~~·I'h.5~ 

Vuh 
dr.!p 

fUllcn, pel 
~.")"III" amp~" 

CUI'·dl)' l'4!r 
Indlle 

-1 S 
----- -'---- ----

A mV 
H .. ~ 
iri 111 
:;'1 11 

J~ II 
40 "1.1 
51 ~.J 

1!1 U 

N I 1.11 
'.1:\ I.l 

l 

A 
n 
16 
~I-

:!'J 
]6 

.4') 
(,~ 

70 
116 

IIIV 
11 
!'I 
d 

. 9.1 
6.} 
.1.1 
~.) 

1.6 
1.1 

-
Ilh"llialj,lIlllIu 

01' 1'.hl~ !lA ('l'l 
.. 

One '1V11I':1I111~, 
willi UI whhilul 

pIlll~.:llv~ 
cunduclor • 
slll\llc·pha~~ 
a,c' l u, ,t.c. 

Vuh 
dllll' 

CUllenl Iwr 
~urn'ln8 
·.'31'0CII), 

6 

A 
16 
JO 
1~ 

]e. 
'If) 
.,,1 
liS 

ItJtl 
131 
16] 

lIn 
}51 

-

,""(""(\2 
11"'-

"ha,d 
1 

IIIV 
·n 
:!l1 
P 

II 
7.1 
·1 J 
D 

1.11 
1.3 
0.'1: 

Ji .:. d,e. 
ll.uS (1,{.-1 

(j,·11i n,elll 

One Ihl~~-~'ule 
cuhle, wilh III 

wllhunl (lluleCIlYC 
l!l)l1ll.h;IUI •• ,)( one 

four-cure cal,le, 
Ihre~·l'huJ. 

000 (win cubic, 
wllh 0, whhulil' 

p,olcullv. 
.,:olllindul. 
~illglc'l'llllle 
a.c., or d,c. 

On~ 111I~.":Ult 
CQbl~, wllh III 

wltlmullll.,loc. 
Ive clIlI.lu~illl 01 

one fuui·rur. 
,· .. I"e, ihrec'jlha" 

- -----..----i---..-
Vi.h VIII! Vuh 
Jlol' .i,ol' 

CIIU.lli 
AI,,!i 

Cunelll I'~I ('lIn~III' I'c,. I"'r 
Coli) i"iI, 1I~I'PC,g ~drr)'ln8 ·'"I,,·d ~11,,)'hitl :&(.11U1.,· 

~"I';":IIY (h!"r ca".~h)' I,er C:'1'4tit), I··r 
-1II~IrU lIlell~ Hn:h'" 

/J \l '10 II il 13 

J1 
,10 
51 
71 

1.111 \.u J , 1.6 
115 I.J ll! LI 
I'I'J .o .. ;~ 1·ld 1I·ljl 

.I~.· ,I.~. 

J'l6 (1.1' < CI.b·1 lllIi fJ.i 1 
115 (1,·1:; II.-Iu 1n 0·11 

l~~ '~l J~ ':Jj! '~". ~~g 
}~O- - - - . - '150 
.10.1 - -- .. ' - 5 JO 

_-1_(u~ •. ___ - _. - : .•• - '. •• _ 600 _ 

0)''''.)6 'oj 1 "." tUl ~:i JIlJ ,(; 1\1 
Il.l!! /.,' J-Jti h,~4 
.I.U 11.1.. ·111_ 1l.':>0 
U.B 0.1-1 ·11·1. 11111 
o.;!~ lUI s·w () 11 
~---''''-''' -- -_.-

, . 
0.411 (l.lL U5U (U.J·I ]0., lI.n O.:!1i 1/1 r 11.}9 Jolt! 
o .~\J 0.1.1 jJu IJ:~'I 'Itl,) 
U ~s O.!U 391 ,; ~o 47-\ 
O.D 0.1 'I - oJ~() lUll 5·111 
1J.1~ 0.11 SlO 0.17. IiJJ 

--.-.-- .- --- --
t Fur IMlaUalion IIlclhod C, .ho Inbilialcd yuhle, nrc IIPI'llcnblll olily III Ihe rOllgllllll'O all!llnchlilillll15 1111U~. FUI" 1.1I~':r llzrs 
ill \hl> imlllUaliur. '. ;ho.I, N~C I:ltA \lel'o" 69 -lO. F'lr ~abl~1 III ,III~I~ in Ihe n .... or "I' a IIlJIIJillll, II.~ I!IlA nlillil' 1111111 be UII·, 
iU~I~,j hy Ihe ul'pollliu\l! fa~lu, fur ullIbicrll lellll'oJ,ullirc. . 

NOTES: I - \VitElli! nl~ CONllllCTOIt IS 10 liE l'IWTEcTEuny A SEMF·HNCLOSEO 
FUSE TO US 3036, SEH IT1~M 4(1i) OF TIlE l'IU!I"ACE TO TillS Al'I'ENUIX. 

2 - The Cllllell' curr)'i~Il'carucillc, III C()hl"'115 6 antI Ii UII' IIl'pli~,.bl~ IU' nlll.jbll) cut.I<l! III lJS 
60tH Tubl.: I (b) whel~ Ihe cllbl~. UN uSo:"llln Ihell hUllillallulIJ. - -

fOR AMUIENTTEMPERATLJRE 
AllIlJi..:n( lemperalure . lS·C 

. COlleqioll raclor . 1.06 

ron. GROUI'INC; 
See Table 90. 

COIUtE.CTION fACTOIlS 

]~"- , 

I. ~ , 

,we 
0.87 

'15"C 
0.79 

I· 

50'C 
0.71 

S5
ue 

0.61 
60'C 
O.SO 

6S'C 
0.35 

' _____ ~ __ ----------------------------------p.. ,. 

U6 
I,' 

~ 
' : 
I" 

:1: 
-, 
" : I ~ ott , ' 
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,TADLE 91H 

Current·canying capocities and /lssocillted ''''(hillc drollS' for twin OIHlllIilhlcotc' 8~ntoilj'ed 
p.v.c'-\nsu'.,lcd cablcs (coll\lcr conductors) 

'IlS 6),16 ., . 
C(lnuuchl( operallng t'emperaIUrc!' 70'C ' ' 

• Inslallallon melhods E, r IIlId Gl of Table 9A InsinUation methoL! K of Tobie 9A 
Contlui:lor ('CIII'ped d ireet ') ('Defined conditions') 

cross· 
s<!clional 

area 

I 

1ll/1\1 

1.5 
2.5 
'1 
6 

10' 
16 
25 
)5 
50 

70 
95 

120 
150 

185 
2·10 
JO( 
400 

I 

I 

Onc twin cable, . 
slnglc.Jlhllse II·.C., 

or d .c. 

Current Volt drol}J 
currying per u mpere 
capllclly per nietre , 

.2 3 

til 
A' mV . 

20 29. 
29 18 
)7 12· 

, 48 7.4 

66 4.1 
Illi 2.7 

115 J.1l 
142 1.3 
1611 0.92 

n.c. d.c. 
209 0.65' 0.64 
257 0,48 ' 0.,46 
295 OAO. 0.36 
337 0.32 0.25 

390 0.29 0.23 
461 0.25 0.18 
52J 0.23 0.14, 
58C) O.ll 0.11 

-
One three- or four. 

core cable, 
' three·phase 

-
pment 'Volt limp 
currying per ampcre , 
cllpoclly per melre 

4 5 

A mV 
III 25 
24 16 
3! 9.6 
41 ' 6:3 

'56 3.8 
73 :U 
97 1.6 

119 1.1 
147 0.81 

IBO 0.57 
219 0.42 
257 0.34 
295 0.29 

333 0.24 
399 0.20 
'151 0.18 
5iJ 0.17 

One twill cable, 
, single·"hase a .C., 

oe d.c. 

Currenl Volt droll 
carr}'ln~ I>cr ampcre 
cllpnclfy per metre 

6. 1 ._---, , 
A IlIV 
.- -
.- .-
'- -

50 7.3 

6? ' 4.3 
90 2.7 

. 121 1.11 
149 \.J 
180 ,0.92 

h.C. d.c. 
220 O.M 0.64, 

'270 OAS 0,46 
310 . 0.'10 ,0.36 
355 0.32 0.25 

, 
410 
485 
5S0 
6~0 r 0.2] 

O.;l5 n.IO 
tL13 0.1'1 
0.22 0.11 

Olle thecc- or r 
core cllble i 
three·phase 

Current 
cor.rylhll 
cap/lclty 

n 

A 
-
-
-
42 

S8 
TI. 

102, 
l;25 
155 

190 
230 
270 
310 

350 
420 
475 
550 

Volt, drop 
lj>ero 
eIre 

vetarl 

perin 
. , 9 

III V 
-
-
-

6.3 

3.8 
2.3 
1.6 
1.1 
o.Bi 

057 
OA2 
0.34 ' 
0.29 

0.24 
0.2U 
o,lll 
0.17 

: 1 

I For inllallalion melh,," C,rce EllA i\~')Orl 69-30. Forc;,bles Ie; ducl. \11 Ihu noor r,~ a l>ull;("III. tho EnA luling. lIiiis' 'b~',· ' 
Jlljlls'ctllJy Ihe apl'rojlrlalc fueinr 1'111 8lilhlcR' ICII,!,Crulllre., . 

NOTE"': WHERE TilE CONDUCTOR IS TO DE rnOTECTl!f) IIY A SEI\II·ENClO!iEI> ' 
fUSE T? 'IIS 3036, SEE ITEM 4 (iI) Of Tim I)~EFAC~ 'TO TIUS APPENDIX. 

" 

('OR AMIIIENT TEMPERATURE 
Amb jen 1 I cmperallllfJ 25'C 
Curro':lloll racllll' 1.06 

FOR GII.OUI"NG 
Sec Tahle 911. 

cOIUtEf:nON fACTons 

/I 

JS'C 
0.94 

40'C 
n.B1 

45'C 
0.79 

5l)'C 
0.71 

,5S'C (j()'C 

(l.61 ' 0.50 
,WC 
CI.JS 

.' 

~ 
~-

.. ~ 
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ilL 

IKL 

SI'Cf:IAL CllAnl\CTEniSllCS 

Shnrp Oli!!.:s, slronU cornurs 

SIIpor ulliplicnl (;IIU(l09 • 

-----------------
Mirror IUllIilluiro willi ollllhllli soclwl oullul . . 

,I 

Mirror IUllIhmiro wllh 0111111011 nocknl oullol 

Molhlll:ryltiltl III/Iiclloll mouldlllll, occlllolo 
priSlilUllc 101111011011, good IIUhllllU "uIIIIIV-

Schools, 01111:09, slaops 

Sl:lIools, ol/leos, shops 

"uvoro, (llIblic f()Ofl)U, Bhopo, alllln:DOOG, II/Ileus. 

. Cluqkl'oollls, IHllhroorn&, lullola. holol rooths. 

Clonkrooms. billhroortls. illilols, hOlel rooms. 

UGhuul!i, ollleDs. shOIlS: IIIIIorolorlus. 
________ ~-----------. --------r---

Accllrnlo tlislrilHlllolI olllUhl, low lillI/II lIu:IOI' 

Two 101111 tlfJ!iIUIl: SIHlIp oduos, strOIlU cOrllors 

Two 10110 11051011, necllrnlo 1111"1 dlslrilJIIliOll, 
low Ulm\! rilclo!. 

~-,Ii", CUI IIleo 1IIIIIInlliros oplll 

Slilll cuili,,!! IUflllllnillls 10 mnlch EIlL 

Slilll corllieo 11lIl1ll1l1lrll9 wllh rolloclors, 
:1!:t:lII alo liohilibldbliliun. 

Slilll clJilil1l1ll1llilnllirus wHh rnllOl:lols 10 
IIlnleh EII1.5 

f3ehoolu, ollicoo. shops, lohornlorills. 
------: 

Schools, olilclIS, 1!lIoP9, holols 
---:-~----

Schouls, ollicao, uhops, holals 

I· ---.-.. ~---------
Snhools, offlcos, shop:l. 

nchools, ulllc05, shupil. 

--------
School5. orflces, uhop!l. 

r----I-----------------------------+---------·--.. _----·-----
Ecollllillicili. !Iood 0101'0 prolOdloll_ SdlOuls, olllell!!, 11\111111110 SlurllS, sllpor-Il\Ulkol:;. 

T W() IOno dosillll, uood IIUIt! <iislrlhllliull .. Schoul5, offlc09. shopl;, IiJlCllls clllllnl8. 
1----------------------------- .. ----. -·------·-:----·-___ .,. __ -..,.... ____ 1 . .' 

MiliOI hlilV/O t:OII!:IrUf:lioll. UXGIIIIIJIII I. II/JUIIIl0rios, Dehuols, 011l(;u9, shops, 11011115. 
li!Jltl dbllilJlllIOlI, hillh IIlIidulH:Y .. . , 

Mil fur IOlfVlI1 GUIISIr IIclioll. o~calllllil Lllho~1I101109, shops, offices, holnls. /Jllllks IO~l)rs. 
IiUhl tlislrihulioll. hiUh ollidullcy. --I ________________ I __ .. ______ ~..;....",;:_"'_"c.:: __________ 1 

Isocoll 10\l\'fll, IIcr.llrillo mirror cOllr.lrut:flon, foy~rs, SIIOIIO, bUlltlqull9, holllis 
tJKCll1I1!1I1 Ii!!ht cli!illilllilioll. 

1-----··_-_·_-------_·_------------ --
0111009, st:llools, shop9. 

-----_._-- .--.----~--------------I---.,...-

FIlIsh wilh ctlilill{l. !Jood lI\lhl distriblliioll. orrlcos, ocltools, shopg: . 

UtiI/o"" !illhl dinlrihlllloll 01/lC1l9, schools, shops. _________ ___ I 

Good liulll rllulrllJulioll -----_ ... _------
Shllllnw rot:U!ouod IUlllllllllro UIII/o,," IIUhl (\llIlrl\JlllloII 

Shalluw ror:tJ~!lod 1111111111111'0 Ulll/olIIl !lUhl dlollll.lll\loll 
------...,....----.---~ 

Good !iUhl rlilihlblllloll 
:t-~-I-----

Mirrol' IOUVIII cOlIslrucl/O/l, oKcollonl IIUhl 
. lIislrlhlllion, hlUh ol/Icl!mcy. 

Mirror IOllvru conslrucllon, oxcollonl !lU"I 
dl!,lribll\lOll, ItIUIt. ollieioney. 

lroocoll IUllvrn, 1I00lifOIo mirror cOIIslnHlllolI, 
OKculloll1 IiUhl dislrlhullon. 

/2. 5' 

Orrl009; 6chools, OhOp9. 

0lil009, schools. shollo. 

Ollicos, nehoolll, shops. 

f. 

---- --;-,~-;.;-,..; ... 

O/llC06, !lllhools,.shops spoil cOi\lto9. 

l.uiJorol(lrlo9, schools, Oil/COli, ShOPIl, lu;J(uis,. 
. .1 

L.nhol'lliorlos, shops, OtrlCQD, hololo, I.llmlta, foyors. 

JinlnrfnillllJJ\ 1)11 ~1I.11l'lIhIOlr~B' pholollloh Ie curvns nlld 11111 1I09(;rlpl/oll9 lIrO III Iho "Tucllllll:1I1 }\Pllund!>( In 
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TABLE 5.' EFFECTIVE CEILING AND FLOOR REFLECTANCES 

PerCort: ,---- I J ",.::::.c., 90 !SO 70 60 50 

'":~I90 80 70 60 SO 4(j 30 20 111 0 90 80.70 SO ~ .010 30 20 10 0 ! !O 80 10' 60 50 .010 30 20 10 0 !IO 80·10 80 SO 4(j 30 20 10' 0 90 80 7Q 60 SO 040 30 20 10 0 

Ca¥lly Reo . I' . 
0.2 89 88 88 87 &6 85' 85 8.( 8.( 82179 76 18 TT TT 76 76 15 7~ n 70 69 sa sa 67 67 66 66 55 ~ °60 59 S9 59 58 57 56 56 55 53 50 50 '9 ~g 48 48 ,., 46 46 "'" 
O~. 88 87 8& lIS 8C 83 81 80 79 76 79 TT 76 75 70\. 73 n 71 7(j 68 69 sa 87 66 6S 64 53 1!2 61 58 60 59 59 58 57 55 501 53 52 SO SO (9 oil! oil! I.., 046 45 (5 "'" <12 
0:6 87 86 Sol B2 80 79 TT 76 704 73 78 76 75 i3 '" 70 52 56 55 63 69 67 6S Sol 63 61 59 58 57 5001 60 58 S7 56 ~~ 53 Sf 51 50 «; 50 48 47 046 {S "'" <13 042 " 38 
0.8 r. es B2 80 77 7S i3 71 69 fit I 78 75 73 71 69 67 65 63 61 57 68 66 604 &: 60 58 56 55 53 SO 59 57 56 55 5001 51 048· C 0\0 (3 SO 048 47 "5 (oC "2 040 39 311 36-
1.lJ ,86 83 80 77 IS n 69 66 54 62 i 77 .,,( 12 Ii9 Fi7 65 S2 SO 57 55 68 65 62 60 58 55 53 52 SO 47 59 57 5S 53 S, 048 4S 404 o4:J ... , , 50 oIS 016 404 <13 41 38 :r1 36 304 

t..2 I' es 82 78 75 n 69 66 63 60 57176 73 70 67 ~ 61 58 55 53 51 57 60C 61 59 57 Sol SO 48 046 "" 59 56 5001 51 .. g ole .4<1 42 .010 38 ISO '7 45 <13 "" 3S 36 35 30C 29 
I." as 80 77 'i:l SS 65 e:z 59 57 52· 76 n 68 es 62 59 55 53 5/) 48 07 63 60 58 55 51 J,7 (5 ""'., 59 58 53 "9 47 "'" 41 39 38 36 50 1,7 .. 5 1,2 .010 38 3S 30C 32 Z7 
1.5 8" 79 75 7, 67 63 S9 56 53 50 1S 71 Oi 63 60 57 53 SO ,(., (oC 57 62 59 56 53 (7 45 ~ 1" 38 59 5S 52 <4e. ~5 ~2 39 $T 3S 33 .:;0 '7 "'" '" 39 36 33 32 30 26 
i.8 183 78 n 6S 64 60 56 53 50 .t8 '175 70 65 62 5& So< 50 '1 "'" 41 66 61 58 So4 51 ~ (2 <10 38 3S 58 55 51 ~7 ~ 4(j :r7 3S 33 31 , 50 '6 '3 (0 38 3S 31 30 28 ZS 
2.0 I 83 77 72 b1 62 56 53 SO ~7 oC3 7 .. 69 601 60 56 52 A8 ~S 1,1 38 66 60 56 52 "9 ~5 4(j 311 311 33 58 Sol 50 4G (3 39 25 33 31 29 I 50 016 (3 40 $T 304 30 28 2& 2.\ 

2.2 'I 52 76 70 55 59 So4 50 (7 ~ 4(j ,. 71. 68 63 58 501 1.9 (5 ,(2 38 35 66 60 55 S 1 48 I.;; 38 36 30C 32 58 ~ (9 (5 (<! $T 3( 31 2S 28\' 50 (5 I.Z 38 36 33 29 ZT 2( 22 
2.~ • , lIZ 75 6S 60( 58 53 -48 (5 <I $T 73 b1 61 56 52 '7 <13 .oIQ 38 33 55 60 So4 50 046 J,1 $T :lS 32 30 58 53 48 "'" ~,. 36 32 30 27 26 50 <16 <Z :r7 3S 31 Z7 25 23 21 
2.£ I al 704 b1 52 56 51 046 042 311 25 7:l 65 SO 5S 50 "5 '" 311 301 31 65 59 501 .. 9 "5 1.0 3S 33 30 28 58 53 oIS .0 39 :!S 31 2S 26 2"1 SO 016 4' $T 3.( 30 26 23 2'1 20 
U ~i36560S04~M.oI0363017365~53048<133938322965$53~<I33833302S265853~~~~2SZT~22SO~n3633~~23~~ 
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3.2 79 n 63 56 SO (5 4C 36 32 28 i n 55 57 51 (5 4(j 3S 33. 2S 16< 58 51 1.6 40·35 31 26 25 23 Sf 51 <15 41 3S 31 z: 23 22 1S SO 44 3S 3S 31 27 23 20 IS 16 
3.4 '19 10 62 So4 0\0 .(3 38 30C 30 ZT 171 64 56 1.9 4.( 39 301 32 Z7 2~ 64 57 50 (5 39 3S 29 ZT. 2' 22 57 51 "S <10 3S 30 26 23 20 '17 50 (4 3!1 3S 30 26 22 19 17 IS 
3.6 78 lI9 61 53 1,7 1.2 36 l2 28 25 71 63 So4 048 <13 38 32 30 25 23 63 56 '9 404 38 33 28 25 22 20 57 50 "'" 39 30C 2S 25 22 19 16 50 404 39 304 29 25 21 18 16· ,. 
3.8 7! 69 60 51 "5 1.0 3S 31 Z7 23
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?O 62 53 .. 7 4' 3S 31 29 2. 22 '163 56 49 43 Tt, 32 Z7 21. :n 19157 50 .0 38 33 2S 21. 21 19 15 . 50 "'" 38' 304 29 25 21 17 IS IS 

4,n 77 E9 S8 51 .... 39 33 2!! 25 22 70 61 53 loS 1.0 3S 30 26 22 20 63 55 ~ 42 36 31 26 23 ~" 57 '9 1.2 :r7 .:32 28 23 20 18 1( 50.4<1 38 33 28 24 20 17 15 12 

... - (,2 177 62 57 50 43 :fi32 28 2< 21 , 69 60 52 4S 39 304 29 2S 21 IS 62 55 C oC, 35 30 ZS 22 19 161' 56 <19 '2 :fi 32 27-Z2 19 17'. 50 ~ 37 32 2S 2.( 20 17 '" 12 
U 176 61 55 49 .c2 36 3,' Z7 Z3 20 11 69 60 51 "'" 38 33 28 2.( 20 17 62 50C 4fi 40 3" 29 2~ 2'l 18 15 56 4P .(2 36 31 Zi Z2 '9 16 13 SO 43 :t7 32 :tl 23,S 16 13 n 
4.6 176 60 55 47 <&(J 35 30 26 22'9 69 59 SO ~ :t7 32 17 23 ,S 15 62 53 ,(5 39' 33 2S 24 21 17'.. 56 ~S 41 35 30 26 21 18 16 13 SO.Q 3S 31 2S ZZ 18 I!> 13 ~O 
1,£ 175 59 504 046 Jg SO; 2S 2S 21 la De 58 49 1,2 35 31 26 22 18 11. 62 SS <IS 38 32 'Ei 23 2D 16 13 56 48 "1 3<t 29 2S Z1 10 IS 12 59.Q 36 ,31 ~ Z2 18 IS 12 !l9 
5.0 . 75 59 53 oC5 36 33 28 24 20 16168 sa 4B '" 3S 30 25 Zt 16 I" 51 52 £4 36 31 26 22 19.,6 12 55 048 .co 30C 2S 2~ 20 17 1<1" 50.c2 35 30 25 21 17 ,. 72 09 
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B.iI liB 55 1,2 35 Z7 23 Ie 15 12 06 6250 3832.2S 21 17 10(' 11 os 57 ~ 3S 29 2319 15 13 10 os 53 ,,2 3:i 2& Z! 18 '4 ·'1 08 04 "'9.010 30 2S 19 IS 12 10 D7 03 
!I.D 6B 52' 38'31, .25 21 16 T .. II 05 61 .. 9 3G 30 23 19~tS 13. 10 04 56"5 33 Xl 21 18 ,. 12 os 04 52 1.0 31 26 20 16 1~ 10 07 03 .ca 39 29 21. 18 15 11 09 D7 03 

10.0 E S1 36 29 2Z_l! 15 Tl 09 04 59 (633 27 21 IS. ,<I t1 _ 06 03lss <13 31 25 19 _ 16 12 10 DB·03 I 51 39 29 24 18 IS " 09 07 C2 ,,(7 :J1 Z7 22 l7 '" 10 08 os C2 
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