


I 

I 
I 

! 

l; 
II 

HIGHER TECHNICAL INSTITUTE 
NICOSIA - CYPRUS 

ELECTRICAL ENGINEERING DEPARTMENT 

DIPLOMA PROJECT 

DESIGN OF THE ELECTRICAL SERVICES OF A 
MULTISTORY BUILDING 

E.1422 

LOIZOU GREGORIS 

JUNE 2007 

HIGHER PROJECT NO 

TECHN ICAl 3'? / G 
. INSTITUTE ~~~~ 



= 

CONTENTS 

Description 

ACKNOWLEDGEMENTS ............................................................................. .I 
SUMMARy ................................................................................................ 11 
INTRODUCTION ....................... , .... , ......................................................... .III 
TERMS AND CONDITIONS ......................................................................... .III 

CHA.PTER 1 ILLUMINATION DESIGN ............................................................................. 1 
1.1 INTRODUCTION ............................................................................................................ 1 

1.1.1 Illuminations level· the lumen method of design ..................................................... 1 
1.1.2 The lumen method of design ..................................................................................... 1 
1.1.3 Maintenance factor .................................................................................................... 1 
1.1.4 Utilization factor ........................................................................................................ 1 
1.1.5 Calculation of the number oflight sources (fittings) ................................................ 2 

1.2 CALCULATION OF ILLUMINATION ......................................................................... 3 
1.2.1 Living room for all flats ............................................................................................ 3 , 
1.2.2 Bedrooms for all flats ................................................................................................ 4 
1.2.3 Kitchen for all flats ................................................................................................... 5 
1.2.4 Main Entrance of the Building .................................................................. : ............... 6 
1.2.5 Corridor 1ST & 2ND floor ........................................................................................... 7 

1.3 ILLUMWATION T ABLE ............................................................................................... 7 
CHA.PTER 2.LIGHTING CIRCUITS ................................................................................... 8 

;:~ ~~g~~!O~LATioN·oF·LIGHTiNG·ciRcillT·Li··FLAT()04:::::::::::::::::::::::::~ \ 
2.2.1 Calculation of Live conductor ................................................................................... 8 \ 
2.2.2 Voltage Drop ............................................................................................................. 8 
2.2.3 Electric Shock Protection - Calculation of the cpc Cross Sectional Area ................. 9 
2.2.4 Thermal Constrains ................................................................................................. 10 
2.2.5 Conduit Size ............................................................................................................ 10 

2.3 LIGHTING CIRCUITS TABLES ................................................................................. 11 
2.3.1 For all flats of ground fioor ..................................................................................... 11 / 
2.3.2 Lighting circuits table for all fiats of 1 st & 2nd floor ............................................... 11 
2.3.3 Lighting circuits table for all fiats of 3rd fioor. ........................................................ 12 
2.3.4 Lighting circuits table ofroof.. ................................................................................ 12 

CHAPTER3.S0CKET OUTLET RING CIRCUITS ... ~ ............................................... 13 
3.1 TYPICAL CALCULATIONS FOR RING CIRCUIT S2 FOR FLAT 001(DB1) ......... 13 

3.1.1 Selection oflive conductor· Overload protection: ................................................. 13 
3.1.2 Voltage drop ............................................................................................................ 14 
3.1.3 Shock Protection ...................................................................................................... 15 
3.1.4 Thermal Constrains ................................................................................................. 16 
3.1.5 Conduit Size ............................................................................................................ 17 

3.2 Table for Socket Outlets Ring Circuits .......................................................................... 18 
CHAPTER 4.FIXED APPLIANCES .... JL.. ....................................................................... 19 

4.1 TYPICAL CALCULATIONS OF COOKER UNIT FOR FLAT 001.. ......................... 19 
4.1.1 Cross sectional area of phase conductor .................................................................. 19 
4.1.2 Voltage drop ............................................................................................................ 20 
4.1.3 Electric shock protection - Calculation of the cpc cross sectional area .................. 20 
4.1.4 Thermal constrains .................................................................................................. 20 



4.1.5 Conduit Size ............................................................................................................ 21 
4.1.6 Cooker Unit Table: .............. : ................................................................................... 21 

4.2 TYPICAL CALCULATION FOR REFRIGERATOR FOR FLAT 001 ....................... 22 
4.2.1 Cross sectional area of phase conductor .................................................................. 22 
4.2.2 Voltage drop ............................................................................................................ 22 
4.2.3 Electric shock protection - Calculation of the cpc cross sectional area .................. 23 
4.2.4 Thermal Constrains ................................................................................................. 23 
4.2.5 Conduit size ............................................................................................................. 24 
4.2.6 Refrigerator Table: .................................................................................................. 24 

4.3 TYPICAL CALCULATION OF WASHING MACHINE FOR FLAT 001 ................. 25 
4.3.1 Design current ......................................................................................................... 25 
4.3.2 Cross sectional area ................................................................................................. 25 
4.3.3 Voltage drop ............................................................................................................ 25 
4.3.4 Electric shock protection - Calculation of the cpc Cross Sectional Area ............... 26 
4.3.5 Thermal constrains .......... \ ....................................................................................... 26 
4.3.6 Conduit size ............................................................................................................. 27 
4.3.7 Table for Washing Machine .................................................................................... 27 

4.4 TYPICAL CALCULA nON FOR WATER HEATER OF FLAT 001 ......................... 28 
4.4.1 Design current - Protective Device ......................................................................... 28 
4.4.2 Cross sectional area of phase conductor. ................................................................. 28 
4.4.3 Voltage drop ............................................................................................... , ............ 28 
4.4.4 Electric shock protection - calculation of the cpc cross sectional area ................... 29 
4.4.5 Thermal Constrains ................................................................................................. 29 
4.4.6 Conduit Size ............................................................................................................ 30 
4.4.7 Table for Water Heater ............................................................................................ 31 

4.5 TYPICAL CALCULATIONS FOR WATER PUMJ> WP2 ........................................... 32 
4.5.1 Design current - Protective device .......................................................................... 32 
4.5.2 Cross sectional area ................................................................................................. 32 
4.5.3 Voltage drop ............................................................................................................ 32 
4.5.4 Electric shock protection - Calculation of the cpc Cross Sectional Area ............... 33 
4.5.5 Thennal constrains .................................................................................................. 33 
4.5.6 Conduit size ............................................................................................................. 34 
4.5.7 Table for Water pumps ............................................................................................ 34 

CHAPTER 5 LIFT MOTOR ................................................................................................ 35 
5.1 CALCULATIONS FOR THE LIFT MOTOR ............................................................... 35 

5.1.1 Design current - Protective device .......................................................................... 35 
5.1.2 Cross sectional area ................................................................................................. 36 
5.1.3 Voltage drop ............................................................................................................ 36 
5.1.4 Electric shock protection - Calculation of the cpc Cross Sectional Area ............... 36 
5.1.5 Thennal constrains .................................................................................................. 37 
5.1.6 Conduit size ............................................................................................................. 37 
5.1.7 Table for motor Lift ................................................................................................. 37 

CHAPTER 6_AIR CONDITION ~ ................................................................................... 38 
6.1 TYPICAL CALCULATIONS OF AIR CONDITION DESIGN FOR AC 1 FLAT 00338 

6.1.1 Calculation of BTU's .............................................................................................. 38 
6.1.2 Calculation of the live conductor ............................................................................ 38 
6.1.3 Voltage Drop ........................................................................................................... 39 
6.1.4 Electric shock protection ......................................................................................... 39 
6.1.5 Thennal constrains .................................................................................................. 40 
6.1.6 Conduit size ............................................................................................................. 40 



6.1.7 Table for Air conditions .... r .................................................................................. 41 
CHAPTER 7_BARRIER GATE.J.t(. ...................................................................................... 43 

7.1 CALCULATION OF BARRIER GATE INSTALLATION ........................................ .43 
7.1.1. Design current - Protective device ........................................................................ .43 
7.1.2 Cross sectional area ................................................................................................. 43 
7.1.3 Voltage drop ............................................................................................................ 44 
7.1.4 Electric shock protection - Calculation of the cpc Cross Sectional Area ............... 44 
7.1.5 Thennal constrains .................................................................................................. 45 
7.1.6 Conduit size ............................................................................................................. 45 
7.1. 7 Table for Barrier Gate ... , .... '" .................................................................................. 45 

CHAPTER 8_TELEPHONE DESIGN ................................................................................. 46 
8.1 INTRODUCTION .......................................................................................................... 46 
8.2lELEPHONE TABLES ................................................................................................. 46 

\ 

8.2.1 Table for telephone needs ........................................................................................ 46 

V ~:;:; ~::~~c~r:~!~~~~~·~f·b·~~·~~·~~~~~~d~~~~·~h~·Di~~b~~i·~·~·c~·~~·(~·-;;;;;;)::::::; 1 
J 

10..; 8.3 WIRING SCIIEMATIC ...................................................... ........................................... 48 
8.4 CONDUIT SCIIEMATIC .............................................................................................. 49 

CHAPTER 9_ CENTRAL ANTENNA DISTRIBUTION ................................................... 50 
9.1 INTRODUCTION .......................................................................................................... 50 
9.2 CENTRAL ANTENNA DISlRIBUTION DIAGRAM ...................................... _ ........ 51 

\ I 

9 .3 TABLE FOR CENTRAL ANTENNA INST ALLA nON ............................................ 52 t 
~~TER--1O:EIRE ALARM sYsTEM .................... 7 ...................................................... 53 

") 1 0.1 rnTROD~ .............................................................................. 53 
;; ....,.., 10.2 FIRE ALARM ZONEZ OF PROTECTION.

7
( ........................................................ 53 

10.2.1 Ground Floor Zones of protection .......... z ............................................................. 53 
10.2.2 1st Floor Zones of protection ............................................................................... 54 
10.2.3 2nd Fld0r Zones of protection ............ 1. ............................................................... 54 
10.2.4 3rd Floor Zones ofprotection ......... i.!. .................................................................. 55 

10.3 ZONE OF PROTECTIONS DIAGRAMS ................................................................... 56 
10.3.1 Diagram for Zone1 ..................... ! ......................................................................... 56 
10.3.2 Diagram for Zone2 ................ .. I. ............................................................................ 57 
10.3.3 Diagram for Zone3 ................ ! .............................................................................. 58 
1003.4 Diagram for Zone4 .............. i. ................................................................................ 58 
1003.5 Diagram for ZoneS ............................................................................................... 59 
10.3.6 Diagram for Zone6 ................................................................................................ 59 
1003.7 Diagram for Zone7 ................................................................................................ 60 
1003.8 Diagram for Zone8 .... / ........................................................................................... 60 
1003.9 Diagram for Zone9 ................................................................................................ 61 
10.3.10 Diagrrun for Zone-lO ............................................................................................ 61 

CHAPTER II_DOOR PHONE .•. . ...................................................................................... 62 
11.1 INTRODUCTION ........................................................................................................ 62 } ~ 

I \ 
11.2 DOOR PHONE TABLE .............................................................................................. 62 
11.3 CONDUIT DIAGRAM ......................................................... _ ..................................... 63 

BAPTER 12_LIGHTNING:I!KO.nCUOS DESENJ ........ /. ....................................... 64 
12.1 INTRODDCTION ................................................. !. .... /. ............................................. 64 f • 

12.2 LIGHTING CONDUCTOR ............................... .//. ................................................... 64 ( 
12.3 EFFECTS OF LIGHTING STRIKE ............................................................................ 64 / 

12.3.1 Electrical Effects ................................................................................................... 64 ) 
12.3.2 Side Flashing: ........................................................................................................ 64 



12.3.3 Thermal Constrains ............................................................................................... 65 
12.3.4 Mechanical Effects .................................. .......................................................... .... 65 

12.4 NEED FOR PROTECTION ......... ................................................................................ 65 
12.5 ZONE OF PROTECTION ........................................................................................... 65 
12.6 DOWN CONDUCTORS ............................................................................................. 66 
12. 7 ESTIMATION OF EXPLOSURE RISK ..................................................................... 66 
12.8 DIAGRAM OF DOWN CONDUCTORS AND AIR TERMINATIONS ................... 67 

CHAPTER 13_DIVERSITY FACTOR .................................................................................... 70 
13.1 INTRODUCTION ........................................................................................................ 70 
13.2 APPLIED DIVERSITY ............................. ..... ~ ........................................................... 70 
13.3 TABLE FOR DIVERSIFIED CURRENTS ................................................................. 71 

CHAPTER 14_MAIN CABLE ......... 7,!. .................................................................................. 72 
14.1 TYPICAL CALCULATIONJ OF MAIN CABLES FOR FLAT 001.. ....................... 72 !~ 

14.1.1 Overload protection .............................................................................................. 72 I 

14.1.2 Voltage Drop: ....................................................................................................... 72 / 

14.1.4 Cross sectional are/ of equipotential bonding conductor: ..................................... 72 (/ 

\ 

14.1.3 Cross sectional area (!)f protective conductor: ........................................................ 72 

14.1.5 Cross sectional ar6a of supplementary bonding conductor: .................................. 73 
14.1.6 Conduit Size: .. ! .................................................................................................... 73 

14.2 MAIN CABLE TABLE ............................................................................................... 74 
14.3 TYPICAL SINGLE LINE DIAGRAM FOR FLAT 001 ............................................. 75 

CHAPTER 15 STORAGE HEATERS .... t. ............................................................. : ............. 76 
15.1 INTRODUCTION .................... .. V .............................................................................. 76 
15.2 SELECTION OF STORAGE HEATERS .................................................... ................ 76 

Typical selection ofSH6 for flat 001 ............................................................................... 76 
15.3 TYPICAL CALCULATION OF SH6 FOR FLAT 001.. ............................................. 77 

15.3.1 Design Current - Protective Device ...................................................................... 77 
15.3.2 Size of the Phase conductor.. ................................................................................. 77 
15.3.3 Voltage drop .......................................................................................................... 77 / 
15.3.4 Electric shock protection ....................................................................................... 78 
15.3.5 Thermal constrains ................................................................................................ 79 
15.3.6 Conduit size ........................................................................................................... 79 

15.4 TABLE FOR STORAGE HEATERS .......................................................................... 80 

C~~~I~6A~Tg~~~~~~E~ =~~t~i·Y·CAB·LE .. FO'R·F·LAT·oo·i .... · 83 

DBIA: .................................................................................................................................. 83 
16.1.1 Storage Heaters Table of flat 001 DBIA: .................................... ......................... 83 
16.1.2 Overload protection: .............................................................................................. 83 
16.1.3 Voltage Drop: ................. ....................................................................................... 84 
16.1.4 Cross sectional area of protective conductor: ........................................................ 84 
16.1.5 Cross sectional area of equipotential bonding conductor: ..................................... 84 
16.1.6 Cross sectional area of supplementary bonding conductor: .................................. 8~ 

J 

16.1.7 Conduit Size: ......................................................................................................... 84 
16.2 TABLE OF MAIN SUPPLY CABLE ......................................................................... 85 
16.3 SINGLE LINE DIAGRAM FOR STORAGE HEATERS FLAT 001 ........................ 86 

ICHAPTER 1 ~WARTHING SYSTEM ................................................................................. 87 
f/I TT System ............................................................................................................................... 87 

f 
.I 

( CHAPTER 18 INSPECTION AND TESTING ................................................................... 88 
) 18.1 WTRODUCTION ........................................................................................................ 88 \ 

<$I ( 18.2 VISUAL INSPECTION ............................................................................................... 88 
) 



\ 
( 

18.3 TESTIN"G ..................................................................................................................... 89 
18.4 CONTINUITY OF RING FINAL CIRCUIT CONDUCTORS ................................... 89 

a) For Earth ................................................................................................................... 89 
b) For Neutral ............................................................................................................... 90 
c) For Live .................................................................................................................... 90 

18.5 CONTINUITY OF PROTECTIVE CONDUCTORS IN"CLUDING ALL METALLIC 
PARTS .................................................................................................................................. 91 
18.6 IN"SULATION RESISTANCE ..................................................................................... 92 
18.7 POLARITY TEST ........................................................................................................ 93 

CHAPTER 19_ COSTIN" G •..•.................•.............•..•...•..•...•..•..•...•........... , ..................•..........• 94 
19.1 INTRODUCTION ........................................................................................................ 94 

\ 

\ 
) 

19.2 METHODS OF COSTING .......................................................................................... 94 ! 
I 19.3 COSTING FORM ........................................................................................................ 95 

CHAPTER 20_ CONCLUSION ............................................................................................. 97 
CHAPTER 21_APPENDIXES ............................................................................................... 98 



LIST OF FIGURES AND TABLES 

Description 

1.3 ILLUMINATION TABLE ............................................................................................... 7 

2.3 LIGHTING CIRCUITS TABLES ................................................................................. 10 
2.3.1 For all flats of ground floor ..................................................................................... 10 
2.3.2 Lighting circuits table for all flats of 1st & 2nd floor ............................................... 11 
2.3.3 Lighting circuits table for all flats of 3rd floor ......................................................... 11 
2.3.4 Lighting circuits table ofroof.. ................................................................................ 12 

3.2 Table for Socket Outlets Ring Circuits .......................................................................... 18 

4.1.6 Cooker Unit Table: .................................................................................................. 21 
4.2.6 Refrigerator Table: ................................................................................... :-. ............. 24 
4.3.7 Table for Washing Machine .................................................................................... 27 
4.4.7 Table for Water Heater ............................................................................................ 31 
4.5.7 Table for Water pumps ............................................................................................ 34 

5.1.7 Table for motor Lift ................................................................................................. 37 

6.1.7 Table for Air conditions .......................................................................................... 41 

7.1.7 Table for Barrier Gate ............................................................................................. 45 

8.2.1 Table for telephone needs ........................................................................................ 46 
8.2 TELEPHONE TABLES ................................................................................................. 46 

8.2.2 List of connections: ................................................................................................. 47 
8.2.3 Internal Dimensions of boxes accommodating the Distribution Cases (in mm) ..... 47 

8.3 WIRING SCHEMATIC ................................................................................................. 48 
8.4 CONDUIT SCHEMATIC .............................................................................................. 49 

9.2 CENTRAL ANTENNA DISTRIBUTION DIAGRAM ................................................ 51 
9.3 TABLE FOR CENTRAL ANTENNA INSTALLATION ............................................ 52 

10.2.1 Ground Floor Zones of protection ......................................................................... 53 
10.2 FIRE ALARM ZONEZ OF PROTECTION ................................................................ 53 

10.2.3 2nd Floor Zones of protection ............................................................................... 54 
10.2.2 1 st Floor Zones of protection ................................................................................ 54 

10.3 ZONE OF PROTECTIONS DIAGRAMS ................................................................... 56 
10.2.4 3rd Floor Zones of protection ................................................................................ 55 
10.3.2 Diagram for Zone2 ................................................................................................ 57 
10.3.1 Diagram for Zone1 ................................................................................................ 56 
10.3.3 Diagram for Zone3 ................................................................................................ 58 
10.3.4 Diagram for Zone4 ................................................................................................ 58 
10.3.5 Diagram for Zone5 ................................................................................................ 59 
10.3.6 Diagram for Zone6 ................................................................................................ 59 
10.3.7 Diagram for Zone7 ................................................................................................ 60 
10.3.8 Diagram for Zone8 ................................................................................................ 60 



10.3.9 Diagram for Zone9 ................................................................................................ 61 
10.3.1 0 Diagram for Zone1 0 ............................................................................................ 61 

11.2 DOOR PHONE TABLE .............................................................................................. 62 
11.3 CONDUIT DIAGRAM ................................................................................................ 63 

12.8 DIAGRAM OF DOWN CONDUCTORS AND AIR TERMINATIONS ................... 67 

13.3 TABLE FOR DNERSIFIED CURRENTS ................................................................. 71 

14.2 MAIN CABLE TABLE ............................................................................................... 74 
14.3 TYPICAL SINGLE LINE DIAGRAM FOR FLAT 001 ............................................. 75 

15.4 TABLE FOR STORAGE HEATERS .......................................................................... 80 

16.2 TABLE OF MAIN SUPPLY CABLE ......................................................................... 85 
16.3 SINGLE LINE DIAGRAM FOR STORAGE HEATERS FLAT 001 ........................ 86 

19.3 COSTING FORM ........................................................................................................ 95 



ACKNOWLEDGEMENTS 

I would like to express my sincere appreciation to my project supervisor Mr. A Georgiou, 
Lecturer of the Higher Technical Institute, for his help, advice and constructive criticism and 
comments generously given throughout the project work. 

Also I would like to thank C Georghiades, Senior Instructor of Engineering Practice Department 
for Electrical Engineering of the Higher Technical Institute, for his valuable help with his 
experienced advices in Electrical Installations. 

Finally I thank all those who helped in any other way such as providing necessary information 
and data-sheets for the proper completion of this project. 

-1-

, 



--~ ....... ------------------------------------
Gregoris Loizou - Design of the electrical services of a multistory Building 

SUMMARY 

The purpose of the electrical installation proj ect is the design of electrical services in a modem 
multistory building, providing all the comforts to its occupants and which must be carried out 
according with responsibility in order to provide safety to them under the worst case. 

The electrical installation design of the building is carried out according to IEE Regulation of 
Sixteenth Edition. 

The design of the building is explained in details in the book. The book has been divided into 
different chapters. The contents of the hook and of each chapter are given at the beginning. All 
the electrical design calculations are including in architectural drawings which provided. At the 
end of the book there are appendices. In each appendix there are tables and manufacturers data 
used in the design for each equipment. 

HTI June 2007 -u-



INTRODUCTION 

The title of this project is "DESIGN OF THE ELECTRICAL SERVICES OF A 
MULTISTORY BUILDING". Many times we can see that in some installations because 
of wrong calculations in the electrical design it can be caused fire, electric shock to 
peoples, low efficiency of the lighting and many other. 

The objectives of this project are: 
To design the complete and correct installation of a multistory building which include 
the following: 

1. Illumination Design 
2. Lighting 
3. Power 
4. Lightning protection system 
5. Telephone design 
6. Central antenna distribution 
7. Fire alann system 
8. Storage Heater 

To provide all necessary calculations, drawings and costing including labor. 

The main purpose of electrical services of a multistory building is to install an electrical 
installation with: 

1. Minimum cost 
2. Maximum safety 
3. Maximum reliability 
4. Maximum flexibility in changes, usage and expansions 

TERMS AND CONDITIONS 

1. Architectural drawings will be provided. 
2. The lEE Regulation Sixteenth Edition and all EAC conditions of supply should be 

considered. 
3. Three-Phase supply 415V, 50Hz and IT earthing system must be used. 
4. Levels of illuminations must be in according with the CIBS code. 
5. All switches are mounted l.2m above the floor and sockets are mounted D.4m above 

the floor. Distribution boards are mounted 1.5m above the floor 
6. External earth fault impedance is chosen to be Ze = 1.0 

-111-


