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Abstract

This project aims at design a complete and stable electrical installation for a 17 floors
hotel in East Jerusalem, with capacity of for 324 room 4 stars hotel that contains multi
different floors, garage, mezzanine, three floors of parking, restaurant, service floor,
praying floor and roof floor. Where the total energy consumption for load demand hours is
11,858 KWh per day.

Due to large consumed energy and variation in energy demand, 3 transformers are
installed with total capacity of 1000, 1250 and 1600 KVVA. Moreover, 500 KVA backup
generator and 60 KVVA UPS as a backup power source for critical loads and. In addition, a
400KVA capacitor bank for power factor correction is installed. So, a continuity of service,

dependability, and reliability can be achieved.

The total cost of carrying out the electrical works combining hardware installation,
engineering design and implementation for this project is estimated to be $6,569,331.
Where, the hotel annual demand is about 4,328,038 KWh per year; with cost of energy is
$779,046.84 per year.
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1.1 Background

In this practical project, the design of power supply at East-Jerusalem supposed to hotel
project is investigated. In these kinds of projects, the job is usually done in two main stages;
basic design and detail design. In the basic design stage, the location and process of hotel
is studied and a rough estimate of load types and demand is expected. While in the next
step, different kinds of networks and supplies (based on technical and economic situation)
are surveyed and the best choice is selected and basic calculations, drawings and
specifications are consequently provided.

Here, it has been tried to have a comprehensive view on the basic design and the detail
design. To achieve this, main parameters of an electrical system have been discussed and
the methods of design of different parts presented.

1.2 Motivation

Nowadays, electrical energy consumers are considered one of the most challenging
tasks around the globe. Among all of the world’s electrical energy consumers, hotels which
are large consumers of energy and fossil fuels to provide high quality services to guests.
Thus, finding the most optimal and efficient ways to effectively use this important resource
is an essential. Undoubtedly, electrical engineering does have a big influence on this kind
of consumers and many measurements must be taken in order to obtain stable electricity.
Thus, working academically on the above subject and achieving a positive result can be
considered a breakthrough in energy economy and peoples’ lives.

In addition to the above fact, study on this project assists engineers to obtain a profound
knowledge in the power system of hotel building that can be counted as a good path for
considering the design of power supply in similar energy way.

1.3 Objectives

e To obtain deep understanding of electrical systems in the above-mentioned project.

e To know how to design a stable power system in the different projects by using a
relevant software like DiaLux and AutoCAD as example.

e To be able to analyze new power system in case of any possible problems and
capability of finding the issues and solving them (trouble shooting).

e To obtain an ability of predicting the possible problems that may happen in power
system.



1.4 Scope of the project

Having a stable network in this case is crucially important and power outage during
operation could cost lots of money and time. So, an electrical expenditure is considered
with little or no value when it comes in comparison to total above mentioned huge costs.
Therefore, it is worth it spending time and energy during the design of stable networks to
avoid any possible costly failure in the future.

In this project, the electrical system consists of three main transformers as main power
supply with three 11kV feeders and one main voltage level of 0.40 kV have been studied.
The main purpose of this project is to design a power supply with the right selection of
electrical equipment. In addition, other topics such as backup generator, UPS, power factor
correction, grounding, and lightning protection have been discussed in details.

1.5 Description of the Project

The supposed project is located in East-Jerusalem, in front of Al-Quds University. The
project supposed to consist of high-rise building hotel, for 324 room 4 stars hotel that
contains multi different floors, Garage, Mezzanine, three floors of parking, Restaurant,
service floor, Praying floor, 17 floors and finally the roof. With total area 21,268 square
meters. Figure (1.1) is a picture for supposed project, while Figure (1.2) illustrates the
floors of the hotel building.
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Figure (1. 1): Picture of the project.
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Figure (1. 2): perspective of the project.

In general, the total hotel areas divided into many places as following:

a- Public areas and supporting areas (for guest rooms and guest room’s support) with
total areas 14,778 sqm.

b- Public spaces (for restaurants, Waiting Areas, Commercial, Prayer Rooms and
Public Circulation) with total areas 2,197 sqm.

c- Back of the house spaces (for Front office and Security Offices, Part of

Kitchen / F&B Storage,

Miscellaneous and IT / Telephone & Systems Rooms) with total areas 4,292 sgm.

Administrative Offices, Employee Facilities,

1.6 AutoCAD Project’s Floors Layouts

In this section the hotel floors layouts have been shown in appendix A (page 134).
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Chapter Two

Load Estimation & Calculations
I

2.1 Electrical Loads Overview
2.2 Lighting Design
2.3 Load Estimation Study

2.4 Summary



2.1 Hotel Electrical Loads Overview

The electrical design professional should determine a building’s electrical load
characteristics early in the preliminary design stage of the building to select the proper
power distribution system and equipment having adequate power capacity with proper
voltage levels, and sufficient space and ventilation to maintain proper ambient.

Listed hereafter are typical load groups and examples of classes of electrical equipment
that should be considered when estimating initial and future loads.

In the next sections, an overview of the load’s types in the project has been provided, as
well as the value of each electrical load and whether it was estimated or presented in the
information.

2.1.1. Lights Load System

Lighting is provided in industries, commercial buildings, indoor and outdoor for
providing comfortable working environment.

In this project, it has many different types of lighting units used to illuminate all hotel
different zones and areas. In next Light Design section, it will be explained in details how
Dialux Program used in lighting design, and how the equations used to calculate the
required dimensions in the distribution of lighting units on the AutoCAD program.

2.1.2. Socket Load System

Sockets are the electrical outlets, which supply the electrical equipment’s & instruments
by its needed power (current & voltage). Distribution of different types of sockets in a
building depends mainly on the type and use of that building.

%+ Sockets Design according to (IEC884 / 1987-1989):

In hotel socket design, the next steps have been followed:

1. Sockets used to supply the electrical equipment’s must be corresponding to the
specifications of (IEC884 / 1987-1989).

2. Sockets should be fixed at height (35-40 cm), but in kitchen & bathrooms should
be fixed at height (135 cm) that’s from the final ground datum.

3. Sockets are defined at a certain value of voltage & current, there are sockets may
work under different values of voltage, so when the previous two types are used in
the same project, they must be of different terminals to avoid overlap of using them.

4. Sockets must have a strong mechanical & electrical contact with its suitable plug.

5. Sockets must have an earthed contact with size differs from the size of the live &
neutral contacts (terminals).

6. Sockets copper terminals must be prevented from touching during the operation.

6



7. The socket box must contain the value of its rated voltage &current.
8. The socket box is made of rigid insulating material & also nonflammable material
& has high melting temperature.
9. Sockets are either single or double outlet & either recessed or mounted on wall.
10. Each two successive sockets are placed (2.5-3m) apart according to the location
where it is placed.
11. Each circuit contains maximum 8 sockets in order to use cable to the distribution
board 2.5 mm2.

In hotel socket design, according to local market experiencer and constancy a 200VA
for single outlet socket, 400V A for double outlet socket were estimated.

2.1.3. Elevators Load

In hotel project there are two main types of elevators with total load 73KVA, which are
passenger (6 Guests Lift), primarily to serve passengers, and cargo elevators (2 Service
Lift) are mainly intended for the transportation of materials, but may sometimes be required

for the transportation of passengers, only any of these types will be necessary.

2.1.4. Air-Conditioning System

Air conditioning is defined as a process in which air is heated, cooled, cleaned and

circulated and its moisture content is controlled.

Air conditioning consists of three main units- :

a)

b)

Indoor unit (fan coil unit), for closed areas such that shops ,hotel rooms,
offices, gym...etc. In our project, the FCU loads (in VA) for each room or area
have been provided to us, which it changes from 80VA to 600VA depending
on the area it is used in.

Indoor unit (air handling unit), for open areas such as Reception, halls,
coffeehouse, restaurants...etc. This hotel project has six An Air Handling Unit
with loads 67.5 KVA.

FRESH AIR HANDLING UNIT (FAHU) This hotel project has two FAHU
with loads 93 KVA.

Outdoor unit (chiller unit). the provided load values (KVVA) of hotel chillers
are 1029 KVA.

Calorifier Unit, there are three Calorifiers in hotel. with provided load values
of 862 KVA.



2.1.5. Kitchen Equipment’s

The kitchen contains several types of machines used for cooking and food preservation.
It contains ovens, refrigerators, dishwashers, kitchen extract fans and other equipment.
With total loud 252 KVA.

2.1.6. Motor Control Center (MCC)

A motor control center (MCC) is an assembly to control some or all electric motors in
a central location. In this Hotel Project, MCC consist of six pumps, three pumps used as
primary and three used as secondary and PRS. the provided MCC parts loads is 76 KVA.

2.1.7. Pumps

The pump is a device, which can be used to raise or transfer fluids. The pumps may be
used in different fields not raise & transfer fluids only. Types of pumps used in our hotel
projects are:

a) Water Transfer Pump with provided loud 15 KVA.
b) Primary & Secondary Pump, which their loads value was mentioned in MCC.
c) Booster Pumps, in hotel projects, there two types were used. As following:
Emergency Booster Pump: with load of 0.30KVA, Circulation Booster Pump: with
load of 2.10KVA.
d) Fire-Fight Pumps (FF Pumps) The project has one FF pump with provided load
186KVA.

2.1.8. Garbage Compactor Machine

A compactor is a machine or mechanism used to reduce the volume of materials such
as waste materials or biomass through compaction. In the project the provided load is 3
KVA.

2.1.9. Hand and Hair Dryer

These two devices are used in each room toilet in the hotel project, and their loads also
provided in (VA).

a) Hand Dryer: with load 200VA.
b) Hair Dryer: with load of 1200 VA.

2.1.10. Gate Barrier

A Gate barrier is a rod or pole that pivots to allow a boom to block vehicular or
pedestrian access through a controlled point. The provided load of barrier is 3KV.
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2.1.11. Access Door Flat

The access door system in the hotel is installed in each flat entry as known, and the
provided load in VA for each unit is about 200VA.

2.1.12. Laundry Equipment

Laundry Equipment means washers, washer/extractors, dryers, chest-type ironers,
steam boiler, thermal fluid heater for ironer, lint control devices, linen folders, linen carts,
dry cleaning equipment (if required), laundry sinks, air compressors, laundry scales and
similar items used in the laundry operation of the Project. The total hotel loads of laundry
equipment is provided as 488 kVA.

2.2 Lighting Design

Lighting is provided in industries, commercial buildings, indoor and outdoor for
providing comfortable working environment. The primary objective is provided that the
required lighting effect for the lowest installed load i.e., highest lighting at lowest power
consumption.

Lighting layout plan includes lighting, switches and switching layout. There are many
kinds of rooms such as reception room, halls, offices living room, bedroom, dining room,
kitchen, common area, study room and etc. This kind of rooms are not same necessary
lighting lux levels. as shown in table (2.1) recommended light levels indoor in lux (lumens
per sqgm).

Table (2. 1): recommended light levels indoor in lux (lumens per sgm).

Activity lllumination
(lux, lumen/mZ)
Public areas with dark surroundings 20-50
Simple arientation for short visits 50 - 100
Waorking areas where visual tasks are only occasionally 100 - 150
performed
Warehouses, Homes, Theaters, Archives 150
Easy Office Work, Classes 250
Normal Office Work, PC Work, Study Library, Groceries, 500

Show Rooms, Laboratories
Supermarkets, Mechanical Workshops, Office Landscapes 750

MNormal Drawing Work, Detailed Mechanical Workshops,
Operation Theatres

Detailed Drawing Work, Very Detailed Mechanical Works 1500 - 2000

Performance of visual tasks of low contrast and very small
size for prolonged periods of time

Performance of very prolonged and exacting visual tasks 5000 - 10000

Performance of very special visual tasks of extremely low
contrast and small size

1,000

2000 - 5000

10000 - 20000
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The sources normally used in public lighting are;

Incandescent lamps,

Mixed incandescent and high-pressure mercury vapor lamps,
High pressure mercury vapor lamps

Tubular fluorescent lamps,

Mercury-halide lamps and

High-pressure sodium vapor lamps [1].

ok wnE

as shown in Figure (2.1) different common types of Light bulbs (Luminaires).

- 3 ////
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™
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Figure (2. 1): Types light Bulbs.

2.2.1 Emergency lighting:

Emergency lighting is lighting that operates in the event of a power outage, often
as a result of a fire or a power outage. Sudden darkness that can occur as a result of a
major power outage can cause panic and physical danger to building occupants.
Emergency lighting is there to turn on automatically and must give enough light for
people to exit the building safely. With such an important role to play in keeping people
safe, it is essential that this lighting is regularly inspected and maintained, as shown in
Figure (2.2) emergency lighting.

Figure (2. 2): An example for Emergency Light.
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2.2.2

Where:

Fundamentals of lighting & Definitions

Lamp: Energy conversion device that converts electrical energy into light.
Luminous flux (®): is the amount of light produced by a light source. Unit of
measurement [Lm].

Lumen: It is the luminous flux per unit solid angle from a source of candle power

Lumen = Candle Power * Solid Angle (2.1)

Luminous intensity (I): Is the amount of light that a light source emits per unit
solid angle (lumen / steradian). Unit of measurement Candela [cd].

8

= 2.2)

I: Light intensity [cd], @: Light Flux [Lm], w: Spatial Angle Size [rad/sec].

Where:

Illuminance (E): Is the amount of light falling per unit surface area. Unit of
measurement Lux [Ix].

(2. 3)

Tl
Il
RS

E: intensity of illumination, @: Light Flux [Lm], A: area on which the light falls [m?].

Lux: It is defined as the illumination of the inside of a sphere of radius 1 m at the
center of which there is a source of (1) candlepower.

Luminance (L): Known also as (brightness) denotes the intensity of light per
square meter of an illuminated surface. Unit of measurement [cd/m?].
Uniformity: Is the ratio of the minimum to the maximum illuminance.

Luminous efficiency: It indicates the quantity of light a particular light source
emits per watt. Unit of measurement Lumen per watt [lm/w]. Symbol (n).

Lamp efficacy: It is defined as the ratio of the luminous flux to the power. It is
expressed in lumen per watt.

Room index: Defines the relationship between height, length and width of a room.
Maintenance factor (M.F): Due to accumulation of dust, dirt and smoke on lamps,
they emit when they are new ones and similarity that the walls and ceiling 0.9 for
indoor application& (0.7 -0.9) for outdoor application.

Space high ratio: It is defined as the ratio of horizontal distance between adjacent
lamps and bright of their mountains.
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2.2.3 Design Procedure

First, to plan the lighting, we need to choose the body we are going to use and the type of
lamp. After that, you need to focus everything the object data such as the length, width and
height of the room, the level of illumination should be selected according to the standard
or as per the requirements of the scheme, returns from the walls, from the ceilings and the
reduction factor as per schedules. It should also be taken Taking into account the length,
width and height of the body. Its color as well as the type of lamp.

Next, you need to calculate the Hall coefficient (Rg), so that you can calculate the
corresponding luminous flux according to the standard. Considered (Ry) as according to
the following formula:

H"=H-H (2.4)

2xW+L

Ry =
K 6HI

(2.5)

Where:
W: The width of the hall [m].

L: The length of the hall [m].
H*: The height of the light bulb from the illuminated area [m].
H: Height of the hall[m)].

H':lamp height from the illuminated area[ m].

» The next step is to calculate the light flux:

A=WxL (2. 6)
E+xAx100
0. =25 @7

Where:
@;: the flux of light.
K: Reduction factor.

n: Reduction factor.

» After that | will calculate the number of bodies that will give us the desired light
flux.

n=— (2. 8)



Where:
n: number of lamps.
@y.: Light flux of the body.

> After we have calculated the number of bodies that need to be installed on the site,
| will define the conditions for their installation:

S - the maximum distance between one lighting fixture and another.
S*=1.3+H" (2.9)

Finally, we will only have to calculate the distances between the light fixtures and the
distances from the walls to the light fixtures.

w* = —W‘(‘I’IVVLV*“W) (2. 10)
Where:
W*: Distance between one lighting fixture and another in width.
nw: Quantity of lighting fixtures in width.
W,: Width of light fixture.
L= %LL“L) (2. 11)
Where:
I*: Distance between one lighting fixture and another in length.
n;: Quantity of lighting fixtures in length.
1;.: length of light fixture.
d, =% (2. 12)
Where:
d;: Distance of light fixture to walls in length.
dy = = 2. 13)

Where:

dyy: Distance of lighting fixture to walls in width.
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+ Example for calculating interior lighting (calculation for staff canteen in service
floor):

Table (2. 2): Account details for staff canteen in service floor:

A description Abbreviation Data
Room length L 9m
Room width W 13m
Room height H 4m
Worktop height H' 0.75m
Required level of illumination E 5001ux
reduction factor K 0.8
Lighting body length Ly 60cm
The width of the lighting body W 60cm
Body lamp type P 63W
Light flux (manufacturer data) @, 48001m

%

% need to calculate:
e Quantity and order of lighting fixtures.
e What is the power and current consumed.

H*=H-H =4-0.75 = 3.25m

2xW+L 2%1349
Ry =—"——= =7.778
6H 6%0.75

A=W=xL=13%9 =117

_E*A*100_500*117*100
7 Kxn  0.8%69.11

= 105809.579 Im

We assumed that n = 69.11

Having calculated the general luminous flux required, we calculate the number of objects
that will give us this luminous flux:

. & _ 105809.579 — 2204
O 4800
Selected: n = 22
Now calculate the energy consumed:
pt=p*n=63%22=1386 W
Current consumption of data sheet page (37):

Emax _ 1875

= ——=2198
Enin 853

U=

14



Iy = Fr 1386 a6s06a

T Uxcos®#vV3 2198+1xv3 '

The distances between the body and between the body and the wall are also taken into
account.

* =574
Ny 5 m

L—(L; *n 9—(60x4

poltlorm) 9-0028) o0

np, 4

d _L*_57.7_2885

L=5=— =28 cm
W* 57.825

S*=13+H"=13%3.25=4.22m

0,

% Arrange the staff canteen lighting fixtures on the service floor

Figure (2. 3): staff canteen on the service floor

Work has been done to distribute lighting in all buildings based on the previous steps that
were calculated for the staff canteen on the service floor.
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+«»+ Data Sheet for Luminescent Body:

T960m
N | Te10
8.64
/@ Terz
Ta80
600
\9] 1288
540
m o9
Tos0
L I I i 1 Dm
000 120 3.60 6.00 840 860m
Height of Room: 2.800 m, Mounting Height: 2.880 m, Maintenance factor: Values in Lux, Scale 1:124
0.80
Surface | p [%] E,, [Ix] E i [IX] Enax [1X] u0
Workplane ! 593 400 687 0.675
Floor 20 512 278 650 0.542
Ceiling 70 110 82 129 0.745
Walls (4) 50 240 93 409 !
Workplane: UGR Lengthways- Across  to luminaire axis
Height: 0.750 m Left Wall 12 18
Grid: 32 x 32 Points Lower Wall 12 18
Boundary Zone: 0.500 m (CIE, SHR =1.00.)

lluminance Quotient (according to LG7): Walls / Working Plane: 0.404, Ceiling / Working Plane: 0.186.
Luminaire Parts List
No. Pieces  Designation (Correction Factor) @ [Im] P [W]

1 20  Philips IMPALA TBS160 4xTL5-14W/840 HF C3 (1.000) 4800 63.0
Total: 96000 1260.0

Figure (2. 4): Data Sheet for Luminescent Body.

This table (2.3) shows the lighting used in all the buildings, as it was distributed using the
Deluxe program. see in Appendix B (page 135).
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Table (2. 3): The lighting used:

No.

Luminaire

Item Description

Autocad
Symbol

Load (W)

Fagerhult 300652_26
Esplanad Bollard
IXTC-TEL

B4

28

BEGA 8824 4 HME
80w

B5

356

Philips Trilogy 170
FBH170 2xPL-
C/2P26W/840 CON

C1

65.6

Philips Europa 2
FBS120 2xPL-
C/4P18W/840 HF O

C2

38

BEGA 20051 T16
24W

C3

27

TRILUX
1280H/1TCD13+012
800 E Downlights
128...

C5

14

CENTRUMVOORLI
CHTARCHITECTU
UR 21000005
Flowerflux 60cm
3x22W - TL5C 22w
2GX1322 W

C6

78

IVALO 777 HF Sol -
pendant luminaire
11W FSD 2G7

C7

28

10

TRILUX
7403N/TC11 E
Surface-mounted
diffuser luminaires

C8

42

11

CENTRUMVOORLI
CHTARCHITECTU
UR 15015050 W-
1845.0000 - A60
60W E27 60 W

C9

60

17




12

Clearvision
CR6.414/SP
Recessed 4 x 14watt
lay - in luminaire

F1

56

13

14

Philips IMPALA
TBS160 4XTL5-
14W/840 HF C3

F2

63

15

TRILUX
1330F/1580 E
Surface-mounted
diffuser luminaires
1330:--

F3

55

TRILUX
1530F/1580 E
Surface-mounted
diffuser luminaires
1530---

F4

110

16

Philips TMX204
2XTL-D58W/840
CON +GMX430

F5

133

17

Clearvision
ADRG6.240/SP
Recessed 2 x 40watt
A/H lluminaire

F6

80

18

BEGA 8034 1 TC-
TEL 26W

FL

28

19

20

TRILUX 9901/80-
125HME/80W IND
Post-top and bracket-
mounted luminaires
990---

FS

89

21

BEGA 4236 1 TC-D
18w

L2

24

22

Philips Adante
FWG620 2xPL-
C/2P26W/840 CON
A DG

W1

65.6

22

CENTRUMVOORLI
CHTARCHITECTU
UR 15015333 W-
1547.0118 - TC-TE
18W G24 g-2
18 W

W2

19

TRILUX 6541/15 E
Wall-mounted
luminaires for mirror
lighting 65-- -

W3

22

18




2.3 Hotel Load Estimation Study

In order to design an installation, the actual maximum load demand likely to be imposed
on the power-supply system must be assessed. To base the design simply on the arithmetic
sum of all the loads existing in the installation would be extravagantly uneconomical, and
bad engineering practice.

The installed apparent power is commonly assumed to be the arithmetical sum of the
kVA of individual loads. The maximum estimated kVA to be supplied however is not equal
to the total installed kVA. [1]

2.3.1 Factors to Estimate Actual Maximum Hotel k\VA Demand

All individual loads are not necessarily operating at full rated nominal power nor
necessarily at the same time. Factors ku and ks allow the determination of the maximum
power and apparent-power demands actually required to dimension the installation.

a) Maximum Utilization Factor (or Demand Factor) (ku)

It is defined as the ratio of the maximum coincident demand of a system, or part of a
system, to the total connected load of the system.

Maximum Demand
Total Connected Load

ku = (2. 14)

This factor must be applied to each individual load, with particular attention to electric
motors, which are very rarely operated at full load.

The values of ku is as following:[1]

e For motors is 0.75,

e For Lightsis 1,

e For Sockets the factors depend entirely on the type of appliances being
supplied from the sockets concerned we approximate it is 0.8,

e For Electric Vehicle is 1, and these values will be used in our hotel project.

b) Diversity factor (ks)

It is defined as the ratio of the sum of the individual maximum demands of the various
sub circuit of a system to the maximum demand of the whole system.

Sum of Individual Maximum Demands

ks =

(2. 15)

Maximum Demand of the System

The Diversity Factor is applied to each group of loads (e.g., being supplied from a
distribution or sub-distribution board).
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The following tables (2.4), (2.5), (2.6) shows the different applications of diversity
factor in electrical installation system, which we will use in our hotel project design.

Table (2. 4): Example of diversity factors for apartment block:[1]

Number of downstream consumers Diversity factor (ks)
2to4 1
5t09 0.78
10to 14 0.63
1510 19 0.53
20to 24 0.49
2510 29 0.46
30to 34 0.44
3510 39 0.42
40 to 49 0.41
50 and more 0.38

Fig. A11 Example of diversity factors for an apartment block as defined in French standard
NFC14-100, and applicable for apartments without electrical heating

Table (2. 5): Rated diversity factor for distribution boards:[1]

Type of load Assumed loading factor
Distribution - 2 and 3 circuits 09
Distribution - 4 and 5 circuits 0.8
Distribution - 6 to 9 circuits 0.7
Distribution - 10 or more circuits 06
Electric actuator 02
Motors < 100 kW 0.8
Motors > 100 kW 1.0

Fig. A13 Rated diversity factor for distribution boards (cf IEC61439-2 table 101)

Table (2. 6): Diversity factor according to circuit function:[1]

Circuit function Diversity factor (ks)
Lighting 1
Heating and air conditioning 1
Socket-outlets 0.1t0 0.2 [4]
Lifts and catering hoist ] = For the most powerful motor | 1
m For the second most 0.75
powerful motor
= For all motors 0.60

[a] In certain cases, notably in industrial installations, this factor can be higher.
[b] The current to take into consideration is equal to the nominal current of the motor,
increased by a third of its starting current.

Fig. A14 Diversity factor according to circuit function (see UTE C 15-105 table AC)
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In order to calculate the current in each circuit then select cable sizes for the distribution
circuits of an installation, the current I (in amps) through a three-phase circuit is determined
from the equation (2.9), and for single phase circuit from equation (2.10):

kVA x 103
= = (2.16)
3
I= “"A"/‘ 10 (2. 17)

2.3.2 Hotel Floors Loads

In this project, divided the electrical loads has been divided into two main loads, non-
essential loads and emergency (essential & critical) loads.

The Non-essential loads include the loads, which withstand to supply Interruption for
any period of time without causing series Problems, lighting, small power sockets, air-
conditioning.

In other hand, the emergency loads include the loads, which should have a reliable
supply and are secure from power failure as fire alarm system, Elevators, ventilation
system, stair lighting, Pumps, sockets for CCTV camera system, FCU... etc.

2.3.2.1 Ground Floor Loads Example

The ground floor has been taken as example to show the way used in designing and
calculating each floor loads. Also, then drawing the lighting & sockets plan by AutoCAD
for each floor. In addition, as mentioned before loads have been divided into non-essential
loads and emergency (essential & critical) loads.

Then collecting each kind of loads to one group. As example, group A for normal daily
loads, and group B for emergency loads. Then, finally, these groups will finally be
considered as Floor Distribution Board (DB).

Each light, sockets and other loads circuit has a number called circuit number (or CT
No. in tables). The following figures will show distribution for lights and sockets circuits
for ground floor. Figure (2.5) shows the light plan and figure (2.6) also shows the sockets
plane drawn by AutoCAD.

In addition, each light circuit may have more than one type of luminaires, figure (2.7)
shows two types of lamps, F3 and W3 which mentioned in table (2.2) .in the light circuit
13 in ground floor. Also figure 2.31 shows the design of emergency light circuit.

Figure (2.9) shows an example for non-essential loads and emergency loads design for
sockets circuits, DB.GF.EM.30 which is for CCTV, DB.GF.12 for general use of socket,
DB.GF.22 for FCU socket outlet.
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Figure (2. 5): a plane for light circuits for ground floor by AutoCAD.

Figure (2. 6): a plane for socket circuits for ground floor by AutoCAD.

Figure (2. 7): Example for designed light circuit has two types of luminaries.
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Figure (2. 8): Example for designed emergency light circuit.

Figure (2. 9): Example for designed Non-essential & Emergency socket and FCU circuit.

the methodology used in design was as following, for lights, we calculated each
luminaire type load in VA (assuming P.F. 0.8) as Dialux Evo software distributed them in
each zone area, then the lights loads have been distributed into circuits, also calculating
each socket type (estimated normal socket and provided other loads like FCU), then also
divided them into sockets circuits. This way used for non-essential loads and emergency

loads.

Table (2.10) shows the design calculations for the non-essential loads type for lights,
sockets and FCU loads, then named as DB.GF @ GROUND FLR.



In other hand, table (2.11) shows design calculations for emergency loads type for lights,
sockets and FCU loads, then named as DB.GF EM @ GROUND FLR.

Table (2. 7): non-essential loads type ground floor, which named as DB.GF @ GROUND
FLR.

Luminaire Total Total
CT Description | AutoCad Tgtal_ Total Power | Circuit |CT Description Circuit
No. Symbol Luminaire | Load (W) | Factor Load |No. Load
(VA) (VA)
1 LIGHT F2 4 252 0.8 315 2 SOCKET 800
3 LIGHT C2 12 456 0.8 570 4 SOCKET 1200
5 LIGHT C5,F2,F3 7 360 0.8 450 6 SOCKET 400
7 LIGHT C8,W2 6 160 0.8 200 8 SOCKET 800
9 LIGHT C2 10 380 0.8 475 10 SOCKET 600
11 LIGHT Cc2 18 684 0.8 855 12 SOCKET 600
13 LIGHT F3,wW2 5 239 0.8 299 14 SOCKET 600
15 LIGHT C2 14 532 0.8 665 16 SOCKET 1000
17 LIGHT C2 19 722 0.8 903 18 SOCKET 1200
19 LIGHT F1 2 112 0.8 140 20 LV RM-2 FCU 300
21 LIGHT W3,C5 10 172 0.8 215 22 BACK OFF.FCU 80
23 LIGHT C2,C5 17 550 0.8 688 24 | CONTROL OFF.FCU 80
25 LIGHT FL 6 168 0.8 210 26 CORRIDOR FCU 80
27 LIGHT FL 6 168 0.8 210 28 SPACE -
- - - - - - - 29 TEL.RM FCU 300
- - - - - - - 30 BMS RM.FCU 80
- - - - - - - 31 | W.SITTING AREA.FCU| 500
- - - - - - - 32 L.V RM-1 FCU 300
TOTAL CONNECTED LIGHT LOAD (kVA) 6.19 POWER LOAD (kVA) 8.92

Table (2. 8): emergency loads type ground floor, which named as DB.GF EM @
GROUND FLR.

Luminaire Tota! Tota!
CT Description | AutoCad Total Total Power | Circuit |CT Description Circuit
No. Symbol Luminaire | Load (W) | Factor Load |No. Load
(VA) (VA)
GF,MEZZ
1 TO Cc8 10 420 0.8 525 2 SOCKET 800
3PARKING
3 LIGHT F3,W2 8 368 0.8 460 4 OUTLET FOR CR. 200
5 LIGHT W2,W3 6 126 0.8 158 6 OUTLET FOR CR. 200
7 LIGHT C5 5 70 0.8 88 8 SOCKET 600
GF,MEZZ
9 TO Cc8 10 420 0.8 525 10 |OUTLET FOR CCTV,CR.| 600
3PARKING
11 LIGHT C5 12 168 0.8 210 12 SOCKET 600
13 LIGHT F3 2 110 0.8 138 14 SOCKET 800
15 LIGHT F3 4 220 0.8 275 16 SOCKET 800
17 LIGHT F3 4 220 0.8 275 18 SOCKET 800
19 LIGHT C5 7 98 0.8 123 20 LV RM-2 FCU 800
21 LIGHT C5 6 84 0.8 105 22 BACK OFF.FCU 600
STAIR
23 LIGHT Cc8 2 84 0.8 105 24 | OUTLET FOR CCTV 200
25 LIGHT F3,W2 9 423 0.8 529 26 CORRIDOR FCU 800
27 LIGHT F4 8 880 0.8 1100 28 |OUTLET FOR CCTV,CR| 400
29 LIGHT F3 10 550 0.8 688 30 | OUTLET FOR CCTV 200
TOTAL CONNECTED LIGHT LOAD (kVA) 5.30 POWER LOAD (kVA) 8.40
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The total load in kVA for each light, sockets outlet and FCU in ground floor was
illustrated in table (2.7) & table (2.8), same method is used in the other floors to calculate
the loads in kVA. For more details about floors loads, see in Appendix C (page 136).

2.3.2.2 All Hotel Floor loads
In this section, all hotel electrical loads were combined then listed in table (2.9).
Moreover, emergency loads were considered and listed in table (2.10).

For making real load estimation, demand factor (ku) and diversity factor (ks) were used
in both tables referred to table (2.4), table (2.5) and table (2.6).

Total connected loads (KVA), total demand loads (KVA) and total demand loads
current (A) for all hole electrical loads and emergency loads were calculated in both tables.
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Table (2. 9): All Hotel Non-Essential Electrical Loads Types.

Feed Con_nected Connected Ku Ku Ks Demand Demand Total Total
Group Load Light Power . Light Power Load Demand
Floor From | Phase Lights|Power| for
Name (DB) SMDB Load Load Loads | Load | DB Load Load Demand | Ampere
(KvA) (KvA) (KvA) | (KVA) | (KvA) (G
o _ GE'EB(ZZE é 3PH 6.19 8.92 1 0.8 0.9 5.57 6.42 11.99 17.31
5 o o
8 E COMPACTOR % 3PH - 3.00 - 0.75 1 - 2.25 2.25 3.25
FF PUMP E 3PH - 186.00 0.75 |0.75 - 104.63 104.63 151.01
é N DB.MEZ. g 3PH 8.10 9.50 1 0.8 0.9 7.29 6.84 14.13 20.39
E § DB.SHOP1 g 3PH 0.60 2.18 1 0.8 0.9 0.54 1.57 2.11 3.04
% = DB.SHOP2 « 3PH 0.60 2.18 1 0.8 0.9 0.54 1.57 2.11 3.04
2.

k7 g § DB.1st PAR. § 3PH 2.80 4.64 1 0.8 0.9 2.52 3.34 5.86 8.46

a [
[=2]

s 25 £

S g E DB.2nd PAR. § 3PH 3.30 3.16 1 0.8 0.9 2.97 2.28 5.25 7.57
a m
£ 5 | DB.3rd PAR. % 3PH 3.50 4.92 1 0.8 0.9 3.15 3.54 6.69 9.66

2ES8 &

@ S '-; FAHU 3PH - 30.00 - 0.75 1 - 22.50 22.50 32.48
= DB.S.KIT. § 3PH 5.30 4.28 1 0.8 0.9 4.77 3.08 7.85 11.33
E REST. AHU E 3PH - 15.00 - 0.75 1 - 11.25 11.25 16.24
= S.KITCHEN S
§ AHU E 3PH - 3.00 - 0.75 1 - 2.25 2.25 3.25
§ EQKS;(;I\H/IIIEEI\I\IIT % 3PH - 239.50 - 0.75 |0.75 - 134.72 134.72 194.45

DB.RST. % 3PH 14.85 5.30 1 0.8 0.9 13.37 3.82 17.18 24.80
DB.KIT. «» 3PH 3.00 2.40 1 0.8 0.9 2.70 1.73 4.43 6.39
DB.SER. ‘g 3PH 10.55 5.40 1 0.8 0.9 9.50 3.89 13.38 19.32
— 9
. LOUIID\IBD_ARY é 'i%': 3PH 2.30 1.80 1 0.8 0.9 2.07 1.30 3.37 4.86
é LE(L;B:DF":ARY @ % 3PH - 244.00 1 0.75 |0.60 - 109.80 109.80 158.48
8 MAIN ®
g KITCHEN E 3PH - 15.00 1 0.75 1 - 11.25 11.25 16.24
o« AHU 3 5
LOUNDARY E E 3PH - 4.50 1 0.75 1 - 3.38 3.38 4.87
AHU a2
LOUNDARY | 2
EQUIPM.2 o 3PH - 244.00 1 0.75 |0.60 - 109.80 109.80 158.48
DB.G.PR 3PH 7.65 3.10 1 0.8 0.9 6.89 2.23 9.12 13.16
DB.L.PR g 3PH 6.70 2.96 1 0.8 0.9 6.03 2.13 8.16 11.78
§ DB.IT E 3PH 1.90 4.42 1 0.8 0.9 1.71 3.18 4.89 7.06
< G. S
'é PRAYER.AHU g 3PH - 15.00 1 0.75 1 - 11.25 11.25 16.24
£ - =
- w
PRAYER.AHU 3PH - 15.00 1 0.75 1 - 11.25 11.25 16.24
DB.FLAT 1 1PH 2.10 5.38 1 0.8 0.46 0.97 1.98 2.95 12.81
DB.FLAT(2) 1PH 0.60 2.28 1 0.8 |0.46| 0.28 0.84 1.12 4.85
DB.FLAT(3) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85
DB.FLAT(4) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85
DB.FLAT(5) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85
DB.FLAT(6) - 1PH 1.30 3.10 1 0.8 0.46 0.60 1.14 1.74 7.56
- DB.FLAT(7) ‘g 1PH 0.60 2.28 1 0.8 |0.46| 0.28 0.84 1.12 4.85
§ DB.FLAT(8) E 1PH 0.60 2.28 1 0.8 |0.46| 0.28 0.84 1.12 4.85
[ DB.FLAT(9) '3_: 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85
’E DB.FLAT(10) % 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85
=2} DB.FLAT(11) a 1PH 0.90 2.50 1 0.8 0.46 0.41 0.92 1.33 5.80
:c;) DB.FLAT(12) g 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85
- DB.FLAT(13) = 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85
DB.FLAT(14) @ 1PH 0.60 2.20 1 0.8 |0.46| 0.28 0.81 1.09 4.72
DB.FLAT(15) 1PH 1.60 3.10 1 0.8 0.46 0.74 1.14 1.88 8.16
DB.FLAT(16) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85
DB.FLAT(17) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85
DB.FLAT(18) 1PH 0.60 2.28 1 0.8 0.46 0.28 0.84 1.12 4.85
DB.(FF.TO 15F.) 3PH 4.40 1.80 1 0.8 0.46 2.02 0.66 2.69 3.88
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N DB.FLAT(01) | T 1PH 3.40 6.00 1 0.8 |046| 156 221 3.77 16.40
& | DBFLAT(02) §‘5 3PH | 5.40 8.90 1 | 08 [046| 248 | 328 576 8.31
; DBFLAT(03) | @ o | 1PH 2.85 5.98 1 0.8 |046| 131 2.20 3.51 15.27
5 DB.FLAT(04) | S 3PH 6.15 10.78 1 0.8 |046| 283 3.97 6.80 9.81
—
DB.I6FLR | © 3PH 4.00 1.80 1 0.8 |046| 184 0.66 2.50 3.61
S DB.OFFICE § | 3PH 4.95 6.68 1 0.8 |046| 228 2.46 4.74 6.83
0 DBMMAl | 8 & | 3PH 7.00 4.00 1 0.8 |046| 322 1.47 4,69 6.77
= DBWMAJ | 2 £ | 3PH 4.10 2.40 1 0.8 |046| 1.89 0.88 2.77 4.00
~
i DB.17F. — | 3PH 4.05 1.80 1 0.8 |046| 1.86 0.66 253 3.65
GUEST LIFT 2 3PH - 9.00 - |ors |1 - 6.75 6.75 9.74
GUEST LIFT 4 3PH - 9.00 075 | 1 - 6.75 6.75 9.74
5]
GUESTLIFT6| & | 3PH - 9.00 - |ors |1 - 6.75 6.75 9.74
Y
FAHU § 3PH - 63.00 - |ors |1 - 4725 | 4725 | 6820
EM. -
BOOSTER Q | 1pPH - 0.30 - | 075 [075] - 0.17 0.17 0.73
PUMP 2
CIRC.
BOOSTER 3PH - 2.10 - | 075 [075] - 1.18 1.18 1.70
Pump
CALolR'F'ER S 3PH - 287.00 - | 075 [100]| - 215.25 | 215.25 | 310.69
€ .
CALOZR'F'ER ;L_gL 3PH - 287.00 - | 075 [100] - 21525 | 21525 | 310.69
a
CALO?'F'ER 3 3PH - 288.00 - | 075 [100]| - 216.00 | 216.00 | 311.77
MCC-
PRIMARY 3PH - 10.00 - | 075 [075] - 5.62 5.62 8.12
PUMP 1
-
S MCC-
x PRIMARY 3PH - 10.00 - | 075 [075] - 5.62 5.62 8.12
g PUMP 2
3 MCC- 5
b PRIMARY T | 3PH - 10.00 - | 075 [075| - 5.62 5.62 8.12
< PUMP 3 5
=] MCC- 4
SECONDARY g) 3PH - 15.00 - | 075 [075] - 8.44 8.44 12.18
PUMP 1 G
MCC- =
SECONDARY 3PH - 15.00 - | 075 [075] - 8.44 8.44 12.18
PUMP 2
MCC-
SECONDARY 3PH - 15.00 - | 075 [075] - 8.44 8.44 12.18
PUMP 3
PRS 1PH - 1.00 1 | o075 |075] - 0.56 0.56 2.45
CHILLER-1
CKTA 3PH - 171.00 1 07 | 1 - 119.70 | 119.70 | 172.77
CHILLER-L 1 8 | 3py - 172.00 - 07 | 1 - 12040 | 12040 | 173.78
CKT-2 T
CHILLER-2 | ©
o - - -
CKT-1 0@; 3PH 171.00 07 | 1 119.70 | 119.70 | 172.77
CHILLER-2
O - - -
CKT-2 é 3PH 172.00 07 | 1 12040 | 12040 | 173.78
CHILLER-3 | A
CKTA S | 3PH - 171.00 - 07 | 1 - 119.70 | 119.70 | 172.77
CHILLER-3
CKT-2 3PH - 172.00 - 07 | 1 - 12040 | 12040 | 173.78
Total Connected Load (KVA) 3,372.56 Total Load Demand (KVA) 2,558.75 -
Total Load Demand Current (A) - 4,739.31
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Table (2. 10): All Hotel Electrical Emergency Loads Types.

Feed Con.nected Connected | ku ku ks De'.“a”d Demand Total Load
Group Load Light . Light Power Total Demand
Floor Name (DB) From | Phase Load Power Lights|Power | for Load Load Demand Ampere (A)
SMDB (KVA) Load (KVA)| Loads| Load | DB (KVA) (KVA) (KVA)
DB.GF EM 3PH 5.30 8.40 1 0.8 0.9 477 6.05 10.82 15.61
S
é '_:;I?ng 3PH - 6.50 - 1 1 - 6.50 6.50 9.38
g GATE BARRIER 1PH - 3.00 1 08 (09 - 2.16 2.16 9.39
S
O] WATER TR.
PUMP 3PH - 15.00 - 0.75 [0.75 - 8.44 8.44 12.18
£
g5
E L_f DB.MEZ. EM. 1PH 3.30 0.60 1 0.8 0.9 2.97 0.43 3.40 14.79
= 5
S5 T
g% I_‘—I_’ DB.1st PAR.EM § 3PH 2.40 3.40 1 08 |09 2.16 2.45 4.61 6.65
Qo 3
c < o
o2 8 Q)
& 5 © | bB2ndPAREM s 3PH 2.90 2.80 1 08 |09 261 2.02 4.63 6.68
Qo ]
i
£5 b
T ¥ 2 | DB3rdPAREM [a) 3PH 2.50 2.20 1 0.8 0.9 2.25 1.58 3.83 5.53
"ET 3
gL
g L_% DB.RST.EM 3PH 4.85 0.80 1 08 (09 4.37 0.58 4.94 7.13
i
3 o
s 8 DB.SER.EM 1PH 3.10 0.80 1 08 |09 2.79 0.58 3.37 14.63
$ (TR
2 <
'é L_% DB.ITEM. 1PH 3.00 0.60 1 0.8 0.9 2.70 0.43 3.13 13.62
o
DB.1.FF.EM 3PH 1.80 3.60 1 0.8 |0.44 0.79 1.27 2.06 2.97
DB.2.FF.EM 3PH 4.00 3.80 1 0.8 [0.44 1.76 1.34 3.10 4.47
DB.1.2F.EM 3PH 1.80 3.60 1 0.8 [0.44 0.79 1.27 2.06 2.97
DB.2.2F.EM 1PH 1.40 2.60 1 0.8 |0.44 0.62 0.92 1.53 6.66
DB.1.3F.EM 5 3PH 1.80 3.60 1 0.8 |0.44 0.79 1.27 2.06 2.97
DB.2.3F.EM E 1PH 1.40 2.60 1 0.8 |0.44 0.62 0.92 153 6.66
DB.1.4F.EM k2] 3PH 1.80 3.60 1 08 [0.44 0.79 1.27 2.06 2.97
DB.2.4F.EM ® 1PH 1.40 2.60 1 0.8 [0.44 0.62 0.92 1.53 6.66
DB.1.5F.EM E 3PH 1.80 3.60 1 0.8 |0.44 0.79 1.27 2.06 2.97
DB.2.5F.EM ; 1PH 1.40 2.60 1 0.8 |0.44 0.62 0.92 153 6.66
DB.1.6F.EM % 3PH 1.80 3.60 1 0.8 |0.44 0.79 1.27 2.06 2.97
DB.2.6F.EM » 1PH 1.40 2.60 1 0.8 [0.44 0.62 0.92 1.53 6.66
> DB.1.7F.EM 3PH 1.80 3.60 1 0.8 [0.44 0.79 1.27 2.06 2.97
§ DB.2.7F.EM 3PH 4.00 3.80 1 0.8 |0.44 1.76 1.34 3.10 4.47
1—: DB.1.8F.EM 3PH 1.80 3.60 1 0.8 |0.44 0.79 1.27 2.06 2.97
E DB.2.8F.EM 1PH 1.40 2.60 1 08 [0.44 0.62 0.92 1.53 6.66
”_.I’ DB.1.9F.EM 3PH 1.80 3.60 1 0.8 [0.44 0.79 1.27 2.06 2.97
k] DB.2.9F.EM 1PH 1.40 2.60 1 0.8 [0.44 0.62 0.92 1.53 6.66
= DB.1.10F.EM 3PH 1.80 3.60 1 0.8 |0.44 0.79 1.27 2.06 2.97
DB.2.10F.EM 1PH 1.40 2.60 1 0.8 |0.44 0.62 0.92 153 6.66
DB.1.11F.EM 3PH 1.80 3.60 1 08 [0.44 0.79 1.27 2.06 2.97
DB.2.11F.EM 1PH 1.40 2.60 1 0.8 [0.44 0.62 0.92 1.53 6.66
DB.1.12F.EM g 3PH 1.80 3.60 1 0.8 |0.44 0.79 1.27 2.06 2.97
DB.2.12F.EM E 1PH 1.40 2.60 1 0.8 |0.44 0.62 0.92 1.53 6.66
DB.1.13F.EM 5 3PH 1.80 3.60 1 0.8 |0.44 0.79 1.27 2.06 2.97
DB.2.13F.EM g) 3PH 4.00 3.80 1 0.8 [0.44 1.76 1.34 3.10 4.47
DB.1.14F.EM g 3PH 1.80 3.60 1 0.8 |0.44 0.79 1.27 2.06 2.97
DB.2.14F.EM g 1PH 1.40 2.60 1 0.8 |0.44 0.62 0.92 153 6.66
DB.1.15F.EM S 3PH 1.80 3.60 1 0.8 |0.44 0.79 1.27 2.06 2.97
DB.2.15F.EM @ 1PH 1.40 2.60 1 0.8 |0.44 0.62 0.92 153 6.66
SDB.EM.ROOF 3PH 0.00 0.00 1 0.8 [0.44 0.00 0.00 0.00 0.00
g L_% DB.16F.EM. 3PH 3.20 2.00 1 08 |(0.44 1.41 0.70 211 3.05
E L_% DB.17F.EM. 3PH 2.90 2.80 1 0.8 |(0.44 1.28 0.99 2.26 3.26
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GUESTLIFT 1 3PH - 9.00 - 0.75 1 6.75 6.75 9.74
GUESTLIFT3 3PH - 9.00 - 0.75 1 6.75 6.75 9.74
GUESTLIFT5 3PH - 9.00 - 0.75 1 6.75 6.75 9.74
SERVICE LIFT 1 3PH - 9.00 - 0.75 1 6.75 6.75 9.74
SERVICE LIFT 2 3PH - 10.00 - 0.75 1 - 7.50 7.50 10.83
CRADLE1 3PH - 3.00 - 0.8 0.90 - 2.16 2.16 3.12
CRADLE?2 3PH - 3.00 - 0.8 |0.90 - 2.16 2.16 3.12
BOOSTElR PUMP 5 3PH - 3.00 - 0.75 [0.75 - 1.69 1.69 244
-
o (=}
9 2
?_5 BOOSTEZR PUMP L»g 3PH - 2.10 - 0.75 [0.75 - 118 1.18 1.70
(< j=}
s 14
S KITCHEN EXTR. ® 3PH - 8.00 - 0.75 [0.75 - 4.50 4.50 6.49
2 FAN 1 s
w
g K'TC';im ';XTR' @ | 3PH - 450 - | 075 |075 - 253 253 3.65
5 =
> STAIR PRESS.1 ) 3PH - 9.00 - 0.75 [0.75 - 5.06 5.06 7.31
STAIR PRESS.2 3PH - 9.00 - 0.75 [0.75 - 5.06 5.06 7.31
STAIR PRESS.3 3PH - 9.00 - 0.75 [0.75 - 5.06 5.06 7.31
LOBBY PRESS. 3PH - 3.00 - 0.75 [0.75 - 1.69 1.69 244
SMOKE EXTR. 3PH - 1.50 - 0.75 [0.75 - 0.84 0.84 1.22
FAN
FRISH AIR
TXF.1@RF 3PH - 13.00 - 0.75 1 - 9.75 9.75 14.07
DB-EM.ROOF 3PH 3.00 4.20 1 0.8 0.9 2.70 3.02 5.72 8.26
Total Connected Load (KVA) 356.05 Total Load Demand (KVA) 200.66 -
Total Load Demand Current (A) - 378.03

2.4 Summary

An overview electrical load has been shown, then the procedures of lights and sockets
outlet design has been discussed, also equations & factors for design and load calculations

were used.

Finally, all kinds of electrical hotel loads were listed in tables. So that the result of Total
demand loads is 2,759.41 (KVVA), and total demand loads current is 4,739.31 (A).
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Chapter Three

Conductors Sizing & Voltage Drop Testing
e

3.1 Methodology

3.2 Cable Sizing

3.3 Protective Earthing Conductor (PE)

3.4 Voltage Drop Testing

3.5 Sizing of Busbar Trunking Systems (Busways)

3.6 Summary
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3.1 Methodology

The cabling and its protection at each level must satisfy several conditions at the same
time, in order to ensure a safe and reliable installation, e.g., it must:

e Carry the permanent full load current, and normal short-time overcurrent,

e Not cause voltage drops likely to result in an inferior performance of certain
loads.

Moreover, the protective devices (circuit breakers or fuses) must:

e Protect the cabling and busbars for all levels of overcurrent, up to and including
short-circuit currents,

e Ensure protection of persons against indirect contact hazards (fault protection).

[1]

The block diagram as shown in the figure (3.1) shows the methodology used for sizing the
cables and protective devices in the project.

Power demand:
- kVA to be supplied
- Maximum load current I

l

Conductor sizing:
- Selection of conductor type and insulation

- Selection of method of installation ]

- Type of overload protection
(circuit breaker or fuse)!

- Application of correction factors according to
service conditions

- Determination of cross-sectional areas using
tables giving the current carrying capacity

I

Verification of the maximum voltage drop:
- Steady state conditions
- Motor starting conditions

J

Calculation of short-circuit currents:
- Upstream short-circuit power
- Maximum values
- Minimum values at conductor end

J

Selection of protective devices:
- Rated current
- Breaking capability
- Implementation of cascading
- Check of selectivity

Figure (3. 1): Flow-chart for the selection of cable size and protective device.
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In cable sizing and protection, there is definitions must to be known:

e Maximum load current (Ig): At the final circuit’s level, this current
corresponds to the rated kVVA of the load.

e Maximum permissible current (I;): is the maximum permissible that the
cabling for the circuit can carry indefinitely, without reducing its normal life
expectancy.

The current depends, for a given cross sectional area of conductors, on several parameters:

a) Constitution of the cable and cable-way (Cu or Alu conductors; PVC or
XLPE insulation; number of active conductors),

b) Ambient temperature,

c) Method of installation,

d) Influence of neighboring circuits.

e Overcurrent’s: An overcurrent occurs each time the value of current exceeds
the maximum load current Ig for the load concerned. Two types of overcurrent
are distinguished: Overloads and Short-circuit currents Igc.

3.2 Cable sizing

There are factors must to be known before determining the needed cable cross-sectional
area.

3.2.1 Methods of Cable installation

It is important to determine the wiring systems and installation methods in any
project, to obtain the current carrying capacity of each cable. Figure (3.3) shows the cable
installation methods.
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ttem No Method of installation Description method of i to be
used to obtain current-carrying
capacity

1 Insulated conductors or single-core cables in Al

conduit in a thermally insulated wall
Room

2 Multi-core cables in conduit in a thermally AZ

insulated wall
Rioom

4 Insulated conductors or single-core cables in B1

conduit on a wooden, or masonry wall or spaced
@ less than 0.3 x conduit diameter from it
5 E Multi-core cable in conduit on a wooden, or B2
5 manscnry wall or spaced less than 0.2 x conduit
/' diameter from it

20 Single-core or multi-core cables: - fived on, or c
sapced less than 0.3 x cable diameter from a
wooden wall

30 Singl or mukti cables: on unp c
tray run horizontally or vertically

3 Single-core or multi-core cables: on perforated EorF
tray run horizontally or vertically

36 Bare or insulated conductors on insulators G

7o FEEFEEEE Multi-core cables in conduit or in cable ducting in | D1
the ground

kil ANE AN AN AN AN Singh e cable in conduit or in cable ducting | D1

LD in the ground

L L

Figure (3. 2): Cable installation methods (part of table A.52.3 of IEC 60364-5-52) [1].
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3.2.2 Correction factors

The cross-sectional area of cables is determined using the current-carrying capacity of
the cable Iz, multiplied by correction factors: Data sheet in appendix D (page 137).

Ilzzlz*Kl*Kz*Kg*K4_ (31)
Where:

I7: "corrected" current carrying capacity of the cable in real installation conditions.
I: Current carrying capacity of the cable in the reference installation method.

K;: Correction factor, ambient temperature.

K, : Correction factor, Ground temperature.

K3: Correction factor, Soil thermal resistivity.

K,: Correction factor, grouping of conductors or cables, table (3.4) shows the values of
correction factor k4 for different configurations of unburied cables or conductors, grouping
of more than one circuit or multi-core cables.

Table (3. 1): reducing agents (k4) [1]:

Arrangement Number of circuits or multi-core cables Reference methods
(cables touching) 1 2 | 3 4 5 6 7 8 9 12 16 20

Bunched in air, on a surface, 1.00 0.80 0.70 0.65 0.60 0.57 0.54 0.52 0.50 0.45 0.14 0.38 Methods Ato F
embedded or enclosed

Single layer on wall, floor or 1.00 (085 [079 |075 |073 |072 (072 (071 |070 | Nofurther reduction Method C

unperforated tray factor for more than

Single layer fixed directly 095 081 |072 (068 |066 |064 (063 |062 |0.61 | ninecircuits or multi-

under a wooden ceiling core cables

Single layer on a perforated 1.00 0.88 0.82 077 0.75 0.73 0.73 0.72 0.72 Methods E and F

horizontal or vertical tray

Single layer on ladder support | 1.00 0.87 0.82 0.80 0.80 0.79 0.79 0.78 0.78
or cleats etc.

3.2.3 Using recommended simplified approach for cables

In order to facilitate the selection of cables, two simplified tables are proposed from
IEC 60364-5-52, for unburied and buried cables.

The tables summarize the most frequently used configurations and provide easier access to
information. Table (3.2) shows the current ampere in amperes for unburied copper cables,
and Table (3.3) shows the current capacity in amperes for buried copper cables.
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Table (3. 2): Current-carrying capacity in amperes for copper unburied cables (table
C.52.1 of IEC 60364-5-52) [1]:

Reference Number of loaded conductors and type of insulation
methods
Al 2PVC 3PVC 3XLPE |2XLPE
A2 3PVC 2PVC 3XLPE |2XLPE
B1 3PVC 2PVC 3 XLPE 2 XLPE
B2 3PVC 2PVC 3XLPE |2XLPE
C 3PVC 2PVC 3 XLPE 2 XLPE
E 3PVC 2PVC 3 XLPE 2 XLPE
F 3PVC 2PVC 3 XLPE 2 XLPE
1 2 3 4 5 6 7 8 9 10 11 12 13
Size (mm?)
Cooper
1.5 13 13.5 145 155 17 18.5 195 22 23 24 26
25 175 18 19.5 21 23 25 27 30 31 33 36
4 23 24 26 28 31 34 36 40 42 45 49
6 29 31 34 36 40 43 48 51 54 58 63
10 39 42 46 50 54 60 63 70 75 80 86
16 52 56 61 68 73 80 85 94 100 107 15 -
25 68 73 80 89 95 101 110 119 127 135 149 161
35 - - - 110 17 126 137 147 158 169 185 200
50 - - - 134 141 153 167 179 192 207 225 242
70 - - - 171 179 196 213 229 246 268 289 310
95 - - - 207 216 238 258 278 298 328 352 377
120 - - - 239 249 276 299 322 346 382 410 437
150 - - - - 285 318 344 371 395 441 473 504
185 - - - - 324 362 392 424 450 506 542 575
240 - - - - 380 424 461 500 538 599 641 679

Table (3. 3) Current-carrying capacity in amperes for copper buried cables (table B.52-1
of IEC 60364-5-52) [1]:

Installation method | Size mm2 | Number of loaded conductors and type of insulation
Two PVC | Three PVC |Two XLPE | Three XLPE

D1/D2 Copper

15 22 18 26 22

25 29 24 34 29

4 38 31 44 37

6 47 39 56 46

10 63 52 73 61

16 81 67 95 79

25 104 86 212 101

35 125 103 146 122

50 148 122 173 144

70 183 151 213 178

95 216 179 252 211

120 246 203 287 240

150 278 230 324 271

185 312 258 363 304

240 361 297 419 351

300 408 336 474 396
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3.3 Protective Earthing Conductor (PE)

The Protective (PE) conductors provide the bonding connection between all exposed
and extraneous conductive parts of an installation, to create the main equipotential bonding
system. These conductors conduct fault current due to insulation failure (between a phase
conductor and an exposed conductive part) to the earthed neutral of the source. PE
conductors are connected to the main earthing terminal of the installation.

3.3.1 Connection of PE

The main earthing terminal is connected to the earthing electrode by the earthing
conductors. PE conductors must be:

e Insulated and colored yellow and green (stripes).

e Protected against mechanical and chemical damage.
The connection of PE conductors must be:

e Not include any means of breaking the continuity of the circuit (such as a
switch, removable links, etc.)

e Connect exposed conductive parts individually to the main PE conductor, i.e.,
in parallel, not in series, as shown in figure (3.3).
e Have an individual terminal on common earthing bars in distribution boards.

PE

Correct

PE

/

# Incorrect

Figure (3. 3): Connection the PE in parallel not in series [1].
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3.3.2 PE Conductor Sizing

There are two methods used in PE conductor sizing, adiabatic method and Simplified
method. In this project, the simplified method is used, which depends on the C.S.A of phase
conductors Spy,. As following formulas:

When,
Spn < 16 mmZ, Spg = Spy, (3.2)
When,
16 < S, < 35 mm?, Spg = 16 mm? (3.3)
When,
Spn > 35 mm?, Spp =22 (3. 4)

3.4 Voltage Drop

The impedance of circuit conductors is low but not negligible: when carrying load
current there is a voltage drop between the origin of the circuit and the load terminals [1].

This section deals with methods of determining voltage drops, in order to check that:

e They comply with the particular standards and regulations in force,
e They can be tolerated by the load,
e They satisfy the essential operational requirements.

In this project, cable voltage-drop between the origin of an installation and any load
point shall be limited to 5% and 8% values according to (IEC60364-5-52 table G.52.1).
Figure (3.4) shows the maximum voltage drop from the source to the load’s terminals.

MV consumer

LV consumer T
'+ o
1 5% l

Figure (3. 4): Maximum Voltage Drop [1].
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3.4.1 Cables Voltage Drop

Equation (3.5),(3.6) shows the calculation of the voltage drop and the effect on the
parameters in a given circle per kilometer of length. Data sheet in appendix D (page

137).

For single-phase system:

2Ig (R cos® + X sin@) L

AV
AvY% = V—nx100% = v

x100%

For balanced 3-phase system:

V3 Ig(R cos® +X sing) L
Uy

AV% = ﬁ—"x100% = x100%

Where:

Av% : Percent voltage drop (%)

AV : Absolute value of voltage drops (V)

V;, . Phase-to-neutral voltage

n . Phase-to-phase voltage

Iz : The full load current in amps

: Length of the cable in kilometers

: Resistance of the cable conductor in Q/km
: Inductive reactance of a conductor in Q/km

=)

e X = =

Note: for Motor: At start-up: cos ¢ = 0.35, in normal service: cos ¢ = 0.85

+ Example 1: - Cable Sizing & Voltage Drop Testing Calculation Criteria:

: Phase angle between voltage and current in the circuit considered.

(3.5)

(3.6)

Note: X is negligible for conductors of cables section area. less than 50 mmz2. In the absence
of any other information, take X as being equal to 0.08 0/km.

This example illustrates using manual calculation, for sizing the cross-sectional cable

and testing the voltage drop for the cable at load terminal.

Ground Fire Fighting Pump Tonnage with Detail Table (3.4):
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Table (3. 4): Ground fire pump tonnage details:

Cable Details

System voltage (V) 400
Type of Insulation N2YX/XLPE
Type of conductor Copper
Cable Length (meter) 44
Load Example Details

Power Rating of motor (KW) 161.82
Efficiency (n) 0.95
Power Factor 0.87
Method of installation F
Correction Factors:

Ambient air temperature (K1) /@ 30 °C 1
Ground temperature (K2)/ @20 °C 1

Soil Thermal Resistivity (K3) / Dry soil 1
Grouping of conductors or cables (K4) / 2 multi core cables | 0.87

Using next equation, Full Load Current:

P
Ig T V3 xUpxnxcos @ (3.7)
I = o182 = 282.4 A
B V3x0.4%0.95x 0.87 '

From table (3.2) for N2XY/XLPE cable used in the project. The current carrying capacity
of the cable I, which is nearest to Ig is 328A, which referred to cross sectional area of
95mm?.

Using Equation (3.1) the "corrected” current carrying capacity and taking K4 from Table
(3.2):

I =1, % Ky *x Ky *x Kgx K,
=328*1*1*1*0.87 = 285.36 A

Note, that I is greater than Ig, which is acceptable!
Now, regarding voltage drop testing, at normal service (at running):
R=0.193 km X =0.08 Qkm @ = 29.54°

cos @ = 0.87 sin® = 0.49
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From equation (3.6):

AV V3 Iz (R cos® + X sin®) L
Av% = 5= x100% = B ( 5 ) x100%
n n

V3 x282.4%(0.193 X 0.87 + 0.08 X 0.49) X 0.044
- 400

x100% =1.12 %

This value is satisfactory value.

Now, testing voltage drop at start-up service, the power factor cos @ will be with low value,
and from equation (3.6):

R=0.193Q/km X=0.08Qkm @ =69.51

cos® =0.35 sin® =0.94

_ V3x2x282.4x(0.193X 035 + 0.08 X 0.94) X 0.044
- 400

x100% = 0.77 %

This value is satisfactory value.

+ Example 2: - Cable Sizing & Voltage Drop Testing Calculation Criteria:

Upload the emergency service database on the service floor with details as follows Table
(3.5):

Table (3. 5): Details of the emergency service database on the service floor:

Cable Details

System voltage (V) 230
Type of Insulation N2YX/XLPE
Type of conductor Copper
Cable Length (meter) 98
Load Example Details

Power Rating of DB (KW) 3.198
Efficiency (1) 1
Power Factor 0.82
Method of installation EorF
Correction Factors:

Ambient air temperature (K1) / @ 30 °C 1
Ground temperature (K2) / @20 °C 1

Soil Thermal Resistivity (K3) / Dry soil 1
Grouping of conductors or cables (K4) / 7 multi core cables | 0.79
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Using next equation (3.7), Full Load Current:

3.198

s = 230x1x082z 10904

From figure 3.5 for N2XY/XLPE cable used in the project. The current carrying capacity

of the cable Iz, which is nearest to Ig is 49A, which referred to cross sectional area of

Amm?.

Using Equation (3.5) the "corrected” current carrying capacity and taking K4 from Table
(3.2):

Ilzzlz* Kl* Kz* K3* K4,
= 49*1*1*1*0.79= 38.71 A
Note, that I; is greater than Iz, which is acceptable!

Now, regarding voltage drop testing, at normal service (at running):

X=0.08Qkm @ =3491" cos® = 0.82 sin@® = 0.57

From equation (3.5):

AV 2l (R cos® + Xsin®) L
vt = 2V 10006 = 218 )L 100%
V, Va
_2x16.96x(4.81x0.82+0.08x 0.57) X 0.098
- 230

x100% = 5.77 %!

This value is not satisfactory value.

So, the C.S.A of cable must be increased to 6 mm?. With new value of R=3.08 Q/km.

2x16.96 x (3.08 x 0.82 + 0.08 x 0.57) X 0.098
230

Av% = x100% = 3.72 %!

This value is satisfactory value.
Table (3.6) and Table (3.7) show the cross-sectional area measurement results for each load

cable and the voltage drop test result for each cable at the load end. Table (3.8) also shows
the same results.
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Table (3. 6): Sizing the cross-sectional cable and testing the voltage drop for non-

essential loads.

Feed Connected | Full Cable
Floor (’3\‘;?_:5 (LDO;)d From |Phase Load Load Ib l:;lf:l?!)ld K4 (I:Zr(,r:) I(;:E?etr(]rﬁ; CSA P(Ifn (r:ni)A (oi::l/eki\) Cos(®@) | Sin(@) | AV%
SMDB KA | @ (mm2)
= DB.GF § 3PH 15.11 21.81 A2 0.82 | 34.44 20.50 4 4 4.51 0.8 0.60 |0.71%
EL_SL CSQEBA@%R é 3PH| 3 433 | A2 |os2| 1886 | 3800 | 15 15 121 | 085 | 053 |0.74%
FFPUMP | B |3PH| 186 | 28260 EorF | 087 |28536| 4400 | 95 50 0193 | 087 | 049 |L12%
T s DB.MEZ. o [PH| 176 | 2540 | EorF |082] 3444 | 7100 4 4 4.51 0.8 | 0.60 [2.86%
N2 [oBsHoPL | S [8PH| 278 | 401 | A2 |082] 3444 | 4900 4 4 451 0.8 | 0.60 |0.31%
=c | oBsHor2z | @ [3PH| 278 | 401 | A2 |082| 3444 | 7200 4 4 451 0.8 | 060 |0.46%
(=3 —
3 E & | pBastpAr. 8 |sPH| 744 |1074 | A2 |075|3150 | 19.00 4 4 451 08 | 060 |0.32%
Qa o5 >
£5 £
2= 2 |DB2ndPAR. | § |3PH| 646 | 932 | EorF [080| 3360 | 2400 4 4 451 08 | 060 |0.35%
O o o0
e X & 9 DB.3rdPAR. g 3PH 8.42 12.15 EorF |0.80| 33.60 29.00 4 4 451 0.8 0.60 |0.56%
&S0 FaHU ® [3PH| 30 | 4330 | EorF |0.80] 60.00 | 19.00 | 10 10 183 | 088 | 047 |059%
. DBSKIT_| 5 |3PH| 958 | 1383 | EorF |080] 3360 | 30.70 4 4 451 08 | 060 |0.67%
E REST. AHU E 3PH 15 21.65 EorF |0.80| 33.60 32.10 4 4 4.51 0.89 0.46 |1.22%
- S.KITCHEN =
£ € | 3pH 3 433 | EorF |080]| 2480 | 3830 | 25 25 741 | o088 | 047 |0.47%
£ AHU %
g EQKL'JTIEQEE':‘T £ |aPH| 2395|4569 | EorF [082|36000| 2800 | 185 | 95 | 00%1 | 085 | 053 |053%
DB.RST. g 3PH 20.15 29.08 A2 0.73 | 39.42 25.80 6 6 3.08 0.86 0.51 |0.87%
DBKIT. | @ [3pH| 54 | 779 | EorF |080] 24.80 | 33.80 4 4 451 | 082 | 057 |0.43%
DBSER | 5 |aPH | 1505 [2302 | Az |079] 4266 | 3960 6 6 308 | 088 | 047 |L.08%
DB- LT
LOUNBARY §§ 3PH| 41 | 592 | A |079| 2449 | 4680 4 4 481 | 083 | 056 [0.48%
5 |LOUNDARY | B g | oo | ous  |35218 | EorF |082|36900| 4860 | 185 | 95 | 00981 | 0.89 | 0.46 |0.92%
2 EQUIPM.
3 MAN | .
2 KITCHEN | € | sPH| 15 | 2165 | EorF [082] 3444 | 2190 4 4 451 | o088 | 047 |0.82%
&2 AHU & 5
LOUNDARY | & ©
AHU gE 3PH 4.5 6.50 EorF [0.82| 25.42 47.20 4 4 4.51 0.89 0.46 |0.54%
"S&\:Em\( 3 |3pH| 244 35218 EorF |082|36900| 4540 | 185 | 95 | 00991 | 0.89 | 0.46 |0.86%
i DB.G.PR § 3PH 10.75 15.52 A2 0.73 | 30.66 25.40 4 4 4.81 0.8 0.60 |0.66%
5 DBLPR | & [3PH| 966 | 1394 | A2 |073] 3066 | 42.0 4 4 481 08 | 060 |L.00%
© DB.IT § [@| 632 | o012 | A [073]3066 | 2040 4 4 481 08 | 060 |0.45%
% PRAYSF'{ AL g 3PH| 15 | 2165 | EorF |0.80| 3360 | 43.50 4 4 481 | 089 | 046 |1.76%
" e AYEF.R. | B || 15 | 2165 | EorF |080| 3360 | 2450 4 4 481 | 089 | 046 |0.99%
DB.FLAT 1 1PH 7.48 32.52 EorF |0.78 | 49.14 46.50 6 6 3.08 0.8 0.60 |3.30%
DB.FLAT(2) 1PH | 2.88 | 1252 | EorF | 078 3822 | 41.40 4 4 481 08 | 060 |L76%
DB.FLAT(3) 1PH | 288 | 1252 | EorF |078] 3822 | 36.80 4 4 481 08 | 060 |L56%
DB.FLAT(4) 1PH 2.88 12,52 EorF [0.78 | 38.22 33.50 4 4 4.81 0.8 0.60 |1.42%
DB.FLAT(5) 1PH 2.88 12.52 EorF |0.78 | 38.22 38.80 4 4 4.81 0.8 0.60 |1.65%
DB.FLAT(6) 1PH | 44 | 1943 | EorF |078] 3822 | 39.10 4 4 4.81 08 | 060 |2.53%
DB.FLAT(7) g 1PH 2.88 12.52 EorF [0.78 | 38.22 36.20 4 4 4.81 0.8 0.60 |1.54%
g DB.FLAT(8) E 1PH 2.88 12.52 EorF |0.78 | 38.22 34.90 4 4 4.81 0.8 0.60 |1.48%
£ [oBFATG | £ [1PH| 288 [ 1252 | EorF [078] 3822 | 3180 4 4 481 08 | 060 |L.35%
= |oBrLAT@0)| & [1PH | 288 | 1252 | EorF 078 3822 | 27.10 4 4 481 08 | 060 |L15%
E DB.FLAT(11) é 1PH 3.4 14.78 EorF |0.78 | 38.22 23.90 4 4 4.81 0.8 0.60 |1.20%
% |oBFLATA)| T [1PH| 288 | 1252 | EorF |0.78] 3822 | 24.40 4 4 481 08 | 060 |L.04%
S [oBFLAT(3)| S [1PH| 288 | 1252 | EorF |0.78] 3822 | 2750 4 4 481 08 | 060 |L17%
DB.FLAT(14) @ 1PH 2.8 12.17 EorF |0.78 | 38.22 32.40 4 4 4.81 0.8 0.60 |1.34%
DB.FLAT(15) 1PH | 47 | 2043 | EorF |078] 3822 | 34.90 4 4 481 08 | 060 |2.42%
DB.FLAT(16) 1PH | 288 | 1252 | EorF |078] 3822 | 3860 4 4 481 08 | 060 |L.64%
DB.FLAT(17) 1PH 2.88 12.52 EorF [0.78| 38.22 43.40 4 4 4.81 0.8 0.60 |1.84%
DB.FLAT(18) 1PH 2.88 12.52 EorF |0.78 | 38.22 46.10 4 4 4.81 0.8 0.60 |1.96%
DB.(FF.TO 15F.) 3PH 6.2 895 | EorF |0.78 | 32.76 | 20.20 4 4 4.81 0.8 0.60 |[0.30%
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o DB.FLAT(01) T 1PH 9.4 40.87 EorF |0.78 | 67.08 40.00 10 10 1.83 0.8 0.60 |2.15%
8 [oeFLAT02)| & . [@PH| 143 | 2064 | EorF [0.78] 32.76 | 32.90 4 4 481 | 08 | 060 |115%
T [DBFLAT(03) gEB 1PH | 883 [ 3839 | EorF |0.78| 67.08 | 22.00 10 10 1.83 08 | 060 |1.11%
g DB.FLAT(04) | = 3PH 16.93 24.44 EorF |0.78 | 32.76 44.90 4 4 4.81 0.8 0.60 |1.85%
~ [ DBi6FR |° [3PH| 58 | 837 | EorF |078] 3276 | 1750 4 4 481 | 086 | 051 |021%
5 | DBOFFICE | & |8PH| 1163 | 1679 | EorF [078] 82.76 | 84.10 4 4 481 | 082 | 057 |0.99%
[ DB.M.MAJ 8 [ 3PH 11 15.88 EorF [0.78| 32.76 43.10 4 4 4.81 0.81 0.59 |1.17%
T [DBWMAI |2 & [3PH| 65 | 938 | EorF |078] 3276 | 22.10 4 4 481 | 082 | 057 |0.36%
S DB.LTF. S [3pH | 585 | 844 | EorF |078] 3276 | 1730 4 4 481 | 086 | 051 |0.26%
GUESTLIFT2 3PH 9 12.99 EorF [0.79| 33.18 28.00 4 4 4.81 0.9 0.44 |0.69%
GUESTLIFT 4 - 3PH 9 12.99 EorF |0.79 | 33.18 22.00 4 4 4.81 0.9 0.44 |0.54%
GUESTLIFTS| S [3PH| 9 | 1299 | EorF |079] 3318 | 18.00 4 4 481 | 09 | 044 |044%
FAHU $ [sPH| 63 [9093 [ EorF [0.79]10033] 3285 | 25 16 0.727 | 088 | 0.47 |0.88%
M. 8
BOOSTER | 5 |1 | 03 | 130 | A |o79|1343| 2570 | 15 | 15 121 | 09 | 044 |0.32%
PUMP a
CIRC. 2
BOOSTER 3PH| 21 | 303 | A |o7o|1817| 2070 | 15 | 15 1221 | 09 | 044 |0.43%
Pump
CA"olR'F'ER 5 |sPH| 287 |41425| EorF |082(41492| 3050 | 185 | 95 | 00991 | 0.92 | 039 |067%
o .
CALO;“F'ER §z8 3PH | 287 |41425| EorF |082|41492| 2040 | 185 95 | 00091 | 092 | 0.39 [0.65%
CALO?'F'ER & |sH| 288 |41569 | EorF |082|41492| 2000 | 185 | 95 | 00091 | 092 | 039 [0.66%
MCC-
PRIMARY 3PH 10 14.43 EorF |0.79 | 33.18 32.30 4 4 4.81 0.89 0.46 |0.87%
PUMP 1
-~ MCC-
S | prIMARY 3PH | 10 | 1443 | EorF |079] 3318 | 3200 4 4 481 | 089 | 046 |086%
4
" PUMP 2
§ McC- 5
S | prIMARY | 2 |sPH| 10 | 1443 | EorF 079 3318 | 3180 4 4 481 | 089 | 046 |086%
< PUMP3 | %
g MCC- 2
) SECONDARY % 3PH 15 21.65 EorF [0.79| 33.18 32.50 4 4 4.81 0.89 0.46 |1.32%
PUMPL | &
MCC- s
SECONDARY 3PH | 15 | 2165 | EorF |079] 3318 | 3220 4 4 481 | 089 | 046 |1.30%
PUMP 2
MCC-
SECONDARY 3PH 15 21.65 EorF |0.79 | 33.18 31.90 4 4 4.81 0.89 0.46 |1.29%
PUMP 3
PRS 1PH 1 4.35 EorF [0.79| 13.43 31.30 1.5 1.5 12.1 0.9 0.44 |1.29%
CHC";("TiR'l 3PH | 171 | 24682 | EorF 079 |25012| 2730 | 95 50 0193 | 092 | 039 |0.61%
Uit | 8 |spH| 172 |24826 | EorF |079|25912| 2065 | 95 | 50 | 0193 | 092 | 039 |0.67%
CRULLER2 | 8 |spH| 1711|2462 | EorF |079|25012| 1750 | 95 | 50 | 0193 | 092 | 039 0.39%
®
CH(;LKI?E?-Z 2 3PH 172 248.26 | EorF |0.79|259.12 17.80 95 50 0.193 0.92 0.39 |0.40%
[a0]
CULLERS | 8 |spH| 171 |24682 | EorF |079|25912| 3280 | 95 | 50 | 0193 | 092 | 039 |0.73%
CrlLERSS 3H | 172 |24826 | EorF [079|250.02| 2750 | 95 | 50 | 093 | 092 | 039 |0.62%
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Table (3. 7): Sizing the cross-sectional cable and testing the voltage drop for emergency

loads:
Feed Connected | Full Cable
Floor ?\‘;(::S(I'Do;;j From | Phase Load Load Ib ':An;t:lold K4 (Ilc;r('r:) I(;ZS?:T;; CSA P(En sz)A (oi?zjlleki) Cos(®) | Sin(@) | AV%
SMDB (KVA) ) (mm2)
DB.GF EM 3PH | 1370 | 1977 | A2 |085] 23.80 | 17.50 4 4 481 0.8 | 0.60 |0.58%
g | FRISHAR 3PH| 650 | 938 | A2 |085|1785| 5270 | 25 25 741 | 088 | 047 |1.40%
g IXFL@2P . . . J . ) ) : ) . :
] GATE
c 0,
E BARRIER 1PH | 300 | 1304 | EorF [087| 3132 | 3850 25 25 7.41 0.89 | 0.46 [2.90%
e W’;LE,\':PTR' 3PH | 1500 | 2165 | EorF |087| 2871 | 44.60 25 25 7.41 0.89 | 046 [2.77%
A
g % DBMEZEM.| 5 | 1PH | 390 | 1696 | EorF |0.79 | 3555 | 6950 4 4 481 0.82 | 057 [4.09%
3
£5 DB.1st =
- X . c
BEE| ppnem S |3PH | 580 837 | EorF |079| 3555 | 77.00 4 4 481 082 | 057 [1.11%
[ =3
(G]
=€ 35| DB2nd ©
555 oA EM = |sPH | 570 823 | EorF |079| 3555 | 8200 4 4 481 082 | 057 [1.17%
o —
S 5| bB3d 8
T = L3I
;EE oAREM = |3H | 470 678 | EorF |079| 3555 | 87.00 4 4 481 082 | 057 [1.02%
(=]
Zes
£ 5 S| DBRSTEM 3PH | 565 816 | EorF |079| 3555 | 92.00 4 4 481 0.82 | 057 [1.30%
w
P
2 ¢ 8| DBSEREM 1PH | 390 | 1696 | EorF [0.79 | 4582 | 98.00 6 6 3.08 082 | 057 [3.72%
0 w
£5
FS | oBITEM. IPH | 360 | 1565 | EorF |0.79 | 45.82 | 102.00 6 6 3.08 0.82 | 057 [3.57%
SR
DB.LFF.EM 3PH | 540 779 | EorF | 078 3510 | 3650 4 4 481 0.8 | 0.60 |0.48%
DB.2.FF.EM 3PH | 780 | 1126 | EorF |0.78 | 35.10 | 41.40 4 4 481 08 | 0.60 |0.79%
DB.L2F.EM 3PH | 540 779 | EorF | 078 3510 | 36.80 4 4 481 0.8 | 0.60 |0.48%
DB.2.2F.EM IPH | 400 | 1739 | EorF |0.78 | 3822 | 3350 4 4 481 08 | 0.60 |1.97%
DBL3FEM | 5 |3PH | 540 779 | EorF |078] 3510 | 28.80 4 4 481 0.8 | 0.60 |0.38%
DB23FEM | &= | 1PH | 400 | 1739 | EorF |0.78 | 3510 | 29.10 4 4 481 08 | 0.60 |L71%
DBL4FEM | B [3PH | 540 779 | EorF |078] 3510 | 26.20 4 4 481 0.8 | 0.60 |0.34%
DB24FEM | © [1PH | 400 [ 1739 [EorF [078] 3822 | 240 4 4 481 08 | 0.60 |L47%
DBLSFEM | @ | 3PH | 540 779 | EorF | 078 3510 | 2180 4 4 481 08 | 0.60 |0.29%
DB25FEM | & [1PH | 400 | 17.39 | EorF |0.78] 38.22 | 17.10 4 4 481 08 | 0.60 |L01%
DBL6FEM | © [3PH | 540 779 | EorF | 078 3510 | 13.90 4 4 481 0.8 | 0.60 |0.18%
DB26FEM | ® |[1PH | 400 | 1739 | EorF |0.78 | 3822 | 14.40 4 4 481 0.8 | 0.60 |0.85%
DB.L7F.EM 3PH | 540 779 | EorF |078] 3510 | 1750 4 4 481 0.8 | 0.60 |0.23%
¢ [ DB27FEM 3PH | 780 | 11.26 | EorF |0.78 ] 35.10 | 22.40 4 4 481 0.8 | 0.60 |0.43%
2 | DB18FEM 3PH | 540 779 | EorF | 078 3510 | 24.90 4 4 481 0.8 | 0.60 |0.33%
= | DB28FEM IPH | 400 [ 1739 | EorF |0.78 | 3822 | 28.60 4 4 481 08 | 0.60 [1.69%
5 [DpBloFEM 3PH | 540 779 | EorF | 078 3510 | 3650 4 4 481 0.8 | 0.60 |0.48%
—
% | DB29FEM IPH | 400 | 1739 | EorF |0.78 | 3822 | 41.40 4 4 481 08 | 0.60 [2.44%
<  [DBLIOFEM 3PH | 5.40 779 | EorF | 078 3510 | 36.80 4 4 481 0.8 | 0.60 |0.48%
DB.2.10F.EM IPH | 400 [ 1739 | EorF |0.78 | 3822 | 3350 4 4 481 0.8 | 0.60 [197%
DB.L1IF.EM 3PH | 540 779 | EorF |0.78] 3510 | 28.80 4 4 481 0.8 | 0.60 |0.38%
DB.2.11F.EM IPH | 400 [ 1739 | EorF |0.78 | 3822 | 29.10 4 4 481 08 | 0.60 [L71%
DBLIFEM| 5 [3PH| 540 779 | EorF | 078 3510 | 26.20 4 4 481 08 | 0.60 |0.34%
DB212FEM| © | 1PH | 400 | 1739 | EorF | 078 | 3822 | 24.90 4 4 481 08 | 0.60 [LA47%
DBLI3FEM| & [3PH | 540 779 | EorF | 078 3510 | 2180 4 4 481 08 | 0.60 |0.29%
DB213FEM| @ [apH | 780 | 1126 [EorF 078 8510 | 1710 4 4 481 08 | 0.60 |0.32%
DB.LI4FEM| @ | 3PH | 540 779 | EorF |078] 3510 | 1390 4 4 481 0.8 | 0.60 |0.18%
DB214FEM| @ [1PH | 400 [ 1739 | EorF |078] 3822 | 14.40 4 4 481 0.8 | 0.60 [0.85%
DBLISFEM| S [3PH[ 540 779 | EorF |078] 3510 | 1750 4 4 481 0.8 | 0.60 |0.23%
DB215FEM| @ [ 1PH | 400 | 17.39 | EorF | 078 | 3822 | 2240 4 4 481 08 | 0.60 [132%
SDB'E';"'ROO 3PH | 12130 | 17508 | EorF |0.78 |200.04 | 4850 | 70 35 0268 | 08 | 060 |0.96%
T -
£ S | bBisFEM. 3PH | 520 751 | EorF |078]| 3510 | 3250 4 4 481 08 | 060 |0.41%
— L
T -
F 8 | DB.L7FEM. 3PH | 570 823 | EorF |078| 3510 | 38.70 4 4 481 08 | 0.60 |0.54%
— L
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GUESTLIFT1 3PH 9.00 1299 | EorF | 078 | 3510 | 2750 4 4 481 09 | 044 |0.68%
GUESTLIFT3 3PH 9.00 12.99 | EorF | 078 | 3510 | 26.70 4 4 4.81 09 | 044 |0.66%
GUESTLIFT5 3PH 9.00 12.99 | EorF | 078 | 3510 | 21.80 4 4 4.81 09 | 044 |054%
SERV'(_I'E LIFT 3PH 9.00 1299 | EorF | 078 | 3510 | 2230 4 4 481 09 | 044 |055%
SERV';’E LIFT 3PH | 1000 | 1443 | EorF 078 3510 | 24.60 4 4 4.81 0.9 | 044 |0.67%

CRADLE1 3PH 3.00 433 | EorF |078] 2574 | 33.20 25 25 7.41 086 | 051 [0.40%
CRADLE2 3PH 3.00 433 | EorF |0.78] 2574 | 38.40 25 25 7.41 0.86 | 051 |0.46%
BOOSTER | | 3oy | 300 | 433 | EorF |078| 2574 | 3820 | 25 | 25 741 | 087 | 049 [0.43%
5 PUMP 1 S
S T
€ BOOSTER | & | sy | 210 | 303 | EorF |078| 2574 | 3470 | 25 | 25 741 | 087 | 049 [0.30%
5 PUMP 2 S
g KITCHEN | &
T |exmeans = 3PH 8.00 1155 | EorF | 078 | 25.74 | 35.40 25 25 7.41 088 | 0.47 |1.16%
P KITCHEN |
g |omemz| 8 3PH 450 650 | EorF |0.78| 2574 | 32.10 25 25 7.41 088 | 0.47 |0.59%
STARR &
0,
PRESS 1 3PH 9.00 12.99 | EorF | 078 | 3510 | 16.00 4 4 481 084 | 054 |0.37%
STAIR 3PH 9.00 12.99 | EorF |078 | 35.10 | 29.80 4 4 4.81 0.85 | 0.53 |0.69%
PRESS.2 : : : : : ' : ' :
STAIR 3PH 9.00 12.99 | EorF |078 | 35.10 | 25.80 4 4 4.81 0.85 | 0.53 |0.60%
PRESS.3 : : ' : : ' : ' :
thSBSY 3PH 3.00 433 | EorF |078| 2574 | 37.80 25 25 7.41 0.86 | 051 |0.45%
SMOKE
EXTR. FAN 3PH 150 217 | EorF |0.78| 1872 | 39.80 15 15 121 088 | 0.47 |0.40%
FRISH AR
TXFLGRF 3PH | 1300 | 18.76 | EorF |0.78| 3510 | 33.10 4 4 481 088 | 0.47 |1.15%
DB-EM.ROOF 3PH 7.20 1039 | EorF |0.78 | 35.10 | 20.00 4 4 481 082 | 057 |0.36%
Table (3. 8): Sizing the cross-sectional cable and testing the voltage drop for hotel
SMDB’s:
Total
Full Cable PE
SMDB Name Phase Connected Load Ib Install. Ka C.orre. Length of CSA | csa Cable R Cos(@) |sin@)| Aves
Load ®) Method I'z(A) [Cable (m) (mm2) | (mm2) (ohms/km)
(KVA)
SMDB Ground Floor 3PH 227.27 328.04 | EorF [1.00(382.00| 15.00 120 70 0.153 0.82 | 0.57 |0.36%
SMDB Parking Floor 3PH 52.32 7552 | EorF |1.00[107.00( 20.00 16 16 1.15 0.82 | 0.57 |0.65%
SMDB Restaurant Floor | 3PH 292.63 42238 | EorF [1.00(441.00| 25.00 150 70 0.124 0.82 | 0.57 [0.67%
SMDB-1 Service Floor | 3PH | 264.05 |381.12 | EorF [1.00[441.00| 30.00 150 | 70 0.124 | 0.82 | 0.57 |0.73%
SMDB-2 Service Floor | 3PH | 2635 |380.33 | EorF [1.00 [441.00| 32.00 150 | 70 0.124 | 0.82 | 0.57 |0.78%
SMDB Prayer Floor | 3PH | 56.73 81.88 | EorF [1.00(107.00| 15.00 16 16 1.15 0.82 | 0.57 |0.53%
SMDB (1st-15TH) Floors| 3PH | 66.42 95.87 | EorF [1.00(107.00| 15.00 16 16 1.15 0.82 | 0.57 |0.62%
SMDB 16TH Floor 3PH | 5526 79.76 | EorF [1.00{107.00| 15.00 16 16 1.15 0.82 | 0.57 |0.51%
SMDB 17TH Floor 3PH | 3498 50.49 | EorF [1.00| 80.00 [ 15.00 10 10 1.83 0.82 | 0.57 |0.51%
SMDB-1 Roof Floor | 3PH 924 133.37 | EorF [1.00[169.00| 15.00 35 16 0.524 | 0.82 | 0.57 |0.41%
SMDB-2 Roof Floor 3PH 862 1244.19 Designed to be connected to Bus Riser Directly -
M.C.C @ Roof Floor | 3PH 76 109.70 | EorF [1.00[13500] 1500 [ 25 | 16 [ 0727 | 0.82 | 0.57 [0.46%
MDB.AC @ Roof Floor | 3PH 1029 1485.23 Designed to be connected to Bus Riser Directly -
SMDB'lFEh';"O? Ground | oo | 7145 | 10313 | EorF |100(135.00| 1700 | 25 | 16 0727 | 0.82 | 0.57 |0.49%
SMDB-2 EM@ 1st Floor | 3PH 82.8 11951 | EorF [1.00[135.00| 36.00 25 16 0.727 | 0.82 | 0.57 [1.20%
SMDB-3 EM@ 9th Floor | 3PH | 201.8 | 291.27 | EorF [1.00[328.00| 60.00 95 50 0.193 | 0.82 | 0.57 |1.54%
SMDB EM @Roof Floor | 3PH | 1213 | 17508 | EorF [1.00{207.00| 38.00 50 25 0.387 | 0.82 | 0.57 |1.05%
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3.5 Sizing of busbar Trunking Systems (bus ways)

Busway as defined by NEMA is a prefabricated electrical distribution system
consisting of bus bars in a protective enclosure as shown in Figure (3.6), including straight
lengths, fixtures, hardware, and accessories. Busway transmits electricity and connects to
electrical equipment such as switchgear, panel boards, and transformers.

0,

% Busway components include:

e Bus bars, or conductors, conduct electricity; they are made from aluminum or
copper and vary in size

e Housing, an aluminum or steel enclosure to contain the busbars

¢ Insulating system made of a combination of air, epoxy and mylar; it separates
the conductors from each other to prevent electrical faults

o Fittings such as elbows, offsets and tees help to properly route busway from
one electrical connection or termination

Figure (3. 5): Busbar Trunking Systems (Busways) [2].
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Once the trunking system layout is established, it is possible to calculate the absorbed
current I, on the distribution line. I,, is equal to the sum of absorbed currents by the current
[,consumers:

I, = ZI, (3.8)

The current consumers do not all work at the same time and are not permanently on full
load, so we have to use a clustering coefficient K¢ which is shown in Table (3.9):

I, = (I, .K) (3.9)

Table (3. 9): Diversity factor according to the number of current consumers connected to
Busways [1]:

Application Number of current Ks Coefficient
consumers

Lighting, Heating 1

Distribution (engineering 2.3 0.9

workshop) 4.5 0.8
6.9 0.7
10...40 0.8
40 and over 05

The electrical data of ABB's Wave Pro-I1 bus way, which is used in the project, is shown
in Table (3.10). From this figure, the rated drop of riser current and voltage were
determined.

Table (3. 10): Electrical Data for Wave Pro-11 busway from ABB [2]:

[Data source: calculation]

Rated Rated short-time Rated peak 20°C 100% Rated Load/steady state (50Hz), 20°C Amb.
Current! withstand current  withstand Line-to-line voltage drop (V/m) - Concentrated load,

(lcw) current Resistance Resistance Reactance Impedance 20°C

(Ipk) Amb.?

A kA/s kA (10°Q/m, phase-to-neutral) cos$=0.6 cosp=0.7 cos$p=0.8 cos$p=0.9 cos$p=1.0
400 30 63 1015 116.0 342 120.9 0.067 0.073 0.079 0.083 0.080
630 30 63 88.9 1121 318 116.6 0.101 0.110 0.119 0.125 0.122
800 30 63 711 92.6 28.2 96.8 0.108 0118 0.126 0.133 0.128
1000 50 105 547 722 244 76.2 0.109 0118 0.125 0.131 0.125
1250 50 105 418 57.4 210 611 0111 0119 0127 0.132 0.124
1600 65 143 29.6 435 170 467 0.110 0.118 0.125 0.129 0.121
2000 65 143 22.2 329 14.0 358 0.107 0.114 0.120 0.124 0.114
2500 65 143 16.9 27.0 1.3 29.3 0.109 0117 0.123 0.127 0.117
3200 120 264 14.8 21.9 9.9 24.1 0.117 0.124 0.130 0.133 0.121
4000 120 264 111 7.0 71 184 0.110 0117 0124 0.128 0.118
5000 120 264 85 136 4.4 143 0.101 0109 0117 0.122 0.117
6300 120 264 59 9.6 4.4 105 0.101 0.107 0112 0.115 0.104

The Hotel’s SMDB have been divided into 4 main Bus Risers as shown in table (3.11). The
absorbed current I,, bus riser ampere rating and the voltage drop have calculated for each
one.
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Taking the Bus Riser 1 as example, ks= 0.7, from equation (3.9):
I, =2(I .Ks)
= (81.88+95.87+95.87+95.87+95.87+95.87+95.87+95.87+95.87) x 0.7
=597.18 A
According to table (3.10), the suitable rated current of Bus Riser 1 is 630A.

In addition, according the Wave Pro-11 busway manufacturer, to determine the actual
voltage drop, at cos @ = 0.80 which occurred at any terminal load is:

Actaul Load (A)

Actual (Av) = Voltage Drop from Table x Rated Load (4) X L (3.10)
=0.119 09418 30 = 2499V
-7 % Bagg3 *TN T

From equation (3.10):

AV 9
AvY% = —x100% = 100% = 0.624759
v% UnX Y% 200 X % Y%

This value is satisfactory!

Table (3.11) illustrates the calculations result for each bus riser used in the hotel. Also
shows the size of the Tap-Off units, which used to connect and protect each SMDB load at
each floor. More information about Tap-Off unit will be explained in circuit breaker

section.
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Table (3. 11): calculations result for Wave Pro-11 busway from ABB used in the hotel:

Total Bus Full | . . Bus
SMDB Name RB;:esr Connected L(l)::cllllb Ei‘.)tos.FzFe Load D||=\:crtf>lrty Absorbed| Bus Riser Lerég:? o VOIt(?/%?nI)Drop AV%
No. Load A A In=X Ib (Ks) Current |Rating (A) (meter) | @Cos(8)=0.8
(KVA) " In(A)

SMDB Prayer Floor 56.73 81.88 160A 30.00 0.119 0.62%
SMDB (1ST) Floors 66.42 9587 | 160A 33.50 0.119 0.70%
SMDB (2ND) Floors 66.42 9587 | 160A 37.00 0.119 0.77%
SMDB (3RD) Floors 66.42 9587 | 160A 4050 0.119 0.84%
SMDB (4TH) Floors Rggs || 6642 9587 | 160A | 84883 | 070 | 594.18 630 44.00 0.119 0.92%
SMDB (5TH) Floors 66.42 9587 | 160A 4750 0.119 0.99%
SMDB (6TH) Floors 66.42 9587 | 160A 51.00 0.119 1.06%
SMDB (7TH) Floors 66.42 9587 | 160A 54.50 0.119 1.13%
SMDB (8TH) Floors 66.42 9587 | 160A 58.00 0.119 1.21%
SMDB (9TH) Floors 66.42 9587 | 160A 61.50 0.119 1.28%
SMDB (10TH) Floors 66.42 9587 | 160A 65.00 0.119 1.35%
SMDB (11TH) Floors 66.42 9587 | 160A 68.50 0.119 1.43%
SMDB (12TH) Floors 66.42 9587 | 160A 72.00 0.119 1.50%
SMDB (13TH) Floors | BUS 66.42 9587 | 160A | g2170 | o060 | 56082 630 7550 0.119 157%
SMDB (14TH) Floors |RISER 21 66 42 9587 | 160A 79.00 0.119 1.65%
SMDB (15TH) Floors 66.42 9587 | 160A 82.50 0.119 1.72%
SMDB (16TH) Floor 55.26 7976 | 160A 86.00 0.119 1.79%
SMDB (17TH) Floor 34.98 5049 | 160A 89.50 0.119 1.86%
SMDB-1 Roof Floor 924 13337 | 160A 93.00 0.119 1.94%
MDB'QEO@S Roof Rggs 4| 1105 |1594.93 1594.93 | 1.00 | 1594.93 | 1600 95.00 0.125 2.97%
SMDB-2 Roof Floor nglé: 4| 862 | 12440 124419 | 1.00 | 124419 | 1250 95.00 0.127 3.02%

3.6 Summary

The methodology used in project for cable sizing has been introduced, and factors
which must to be known before determining the needed C.S.A. for cables. The simplified
method used in PE conductor sizing also determined. Then, voltage drop testing calculation
criteria has been shown. Finally, the design of busways system used in project has been

shown.
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Chapter Four

Power Source Sizing & Selection
e

4.1 Introduction.

4.2 Select the Necessary Transformers.

4.3 Backup Generator Sizing.

4.4 UPS Sizing.

4.5 Power Sources Cable Sizing.

4.6 Paralleling Connection for Hotel Transformers.

4.7 Summary.
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4.1 Introduction

In this chapter, work was done on selecting the transformers and generators that were
considered, and studying the UPS system, and each of them was chosen according to the
available data.

4.2 Select the necessary transformers

The hotel has three main panels located on the ground floor, and each panel contains
different loads distributed within the hotel. After distributing the loads, the main breaker
and the cable sectional area for each panel were calculated, the voltage drop was calculated,
and the size of the transformers needed for feeding was chosen.

Each plate was as shown in the following table (4.1) and the transformers were of the
oil type immersed as shown in Figure (4.1) and were chosen from Schneider Company
from Table (4.2) according to the load of each plate. A data sheet for each of the three
adapters is attached in the appendix E (page 138).

Table (4. 1): Transformer capacity per panel:

Low Voltage Total Load | X Total Load | Future Load Transformer
MDB / Riser panel N g Demand Demand |Demand with Rating (KVA)
anel NUmber | vay (KVA) | 20 9% (KvA) 9
BUS RISER1 253.95
BUS RISER2 289.03
MDB-EM LVP-1 200,66 783.94 940.728 1000
SMDB-PARKING 40.30
BUS RISER3 763.05
SMDB GROUND FLOOR LVP-2 137.22 900.27 1080.32 1250
BUS RISER 4 646.50
SMDB.1 SERVICE FLOOR 126.55
SMDB.2 SERVICE FLOOR LVP-3 124.43 1075.16 1290.19 1600
SMDB RESTAURANT FLOOR 177.68
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Figure (4. 1): oil type immersed transformer.

\[mdﬁnger
LV

-8/ L.V Bushi

Figure (4. 2): Transformer installation.
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Table (4. 2): standard apparent powers for Schneider [1]:

Apparent power kVA In (A)
237V A 410V &

100 244 141
160 390 225
250 609 352
315 767 444
400 974 563
500 1218 704
630 1535 887
800 1949 1127
1000 | 2436 1408
1250 3045 1760
1600 3898 2253
2000 4872 2816
2500 6090 3520
3150 7673 4436

4.2.1 Checking the Size Validity of the Transformers

The following example demonstrates Calculate the required tr-r KVA and voltage drop
when the load appears on the motors:

4+ Example: Calculating the voltage drop on the third transformer of 1600 k\VA when
the motors are working together:

Table (4. 3): contains the motors connected to the third transformer of 1600 kVA:

Name of Voltage | Power
Power (KW) Code
motor 3ph (V) | factor
REST. AHU. 13.35 KW 400V 0.89 D
REST. SER. 13.2 KW 400V 0.88 D
» Motors current and starting kVA:
1) Motor Full Load Current of Motor REST. AHU.:
_ Pﬂml*lOOO
Inm1 = 5y 5 (4.1)

__ 13.35 KW+1000

V3%400%0.89 =134
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2) Motor Full Load Current of Motor REST. SER.:

I _ Pﬂmz*1000
flm2 — V3%V +PF

13.2 KW%1000
T \/3+400%0.88 21.64
3) Total drawn current:

Iti—¢ = Ifim1 + Ifim2

=13+ 21.6 = 34.6

4) Where L., . .
according to following table (4.4):

Table (4. 4): design code according:

HEMA kKVAHP Approximate
Code Letter  with locked rotor Mid-Range Value
A 0-314 16
B 3.15-355 33
C 355-31048 38
—_— [ 4.0-449 43
E 4.5-499 47
F 5.0-559 5.3
G 5.6-6.29 5.9
H 6.3-7.00 6.7
J 7.1-7.159 75
ke 80-899 85
L 9.0-999 95
M 10.0-11.19 10,8
M 11.2-12.49 1.8
F 12.5-13.99 13.2
R 14.0-15.99 15.0
s 16.0-17.99
T 18.0-19.99
0] 20.0-22.39
W 224 -and up

Design code D has the range of 4 to 4.49 so let D with m=4.5

Tlocked m1 =m=x lflml

=45%13=5854

Tlocked m2 =m=x lflmZ

=45%21.6=9724
54

is locked rotor current and depends on design code

(4.2)

(4.3)

(4. 4)

(4.5)



5) Motor inrush kKVA at Starting (S;usn):

VLL ey ced m V3
Sinrush ml = . 1(1;0(:) 1 (4.6)
_ 400%585xV3 20.5 KVA
B 1000 o
Vil /3
Sinrush m2 — hlc(l;gc(l) mz (4- 7)
400 * 97.2 /3
= = 67 KVA

1000

6) Total Starting (inrush) KVVA of both motors:
v Sinrush tot = (KVA)m_start

Sinrush tot — Sinrush ml + Sinrush m2 (4- 8)

=40.5+ 67 = 107.5KVA

> Transformer data:

1) Transformer full load current:
_ STr
Ir-n = Zo (4.9)

_ 1600 KVA

= 2309 A
V3 * 400

2) Short current at secondary coils:

Ir_sc = I;;/:l (4. 10)

_ 2309 _ 36944 A
©0.0625

Where:
Z%: Short circuit impedance. Data sheet in appendix E (page 138)
3) Max KVA of Tr. at S.C:

Sy_gq = TS (4. 11)

400 % 36944 V3
B 1000

= 25595.5 KVA

55



4) Voltage drops at Tr.-r secondary due to motor starting:

(KVA)m—s ar
AVstart = (I(T)sctt * AVmax (4- 12)

107.5

O — 0f = 0
25595.5*10/0 0.42%

> Final Check:

1) For safety operation usually the motor current < 65% of Transformer current,
therefore:
Im—allowed = 0.65 * lT—fl (4- 13)
= 0.65* 2309 = 1500.85 4

% Ig_=34.6 A <1500.85A OK
2) The voltage drop Avggr < AVpgx:
% 0.42% < 10% OK

And therefore, the suitable size of transformers is shown in Table (4.5):

Table (4. 5): Shows the size of the transformer and the voltage drop on each transformer if
all the motors were running at the same time:

Total Full load Total Starting Transformer
Transformer Current of (inrush) KVA of Full load Voltage Drop @ Tr.
motor both motors Current
1000 KVA 218 A 865.3 KVA 1443 A 4.30%
1250 KVA 825 A 2376 KVA 1804 A 1.10%
1600 KVA 346 A 107.5 KVA 2309 A 0.42%

4.3 Backup Generator Sizing

The electric generator works in the event of a power outage, and once the power is
restored, it is turned off, and the loads that we need to work in the event of a power outage
are connected to it, such as computers at the reception staff, alarms, emergency lighting,
surveillance cameras, etc.

Sizing backup generator in this project is based on the value of critical (emergency
loads) mentioned in table (2.13), which must be powered with electrical power outage.

In this project, the value of emergency loads was 200.66 KVA and after adding 20%

as a future increase percentage. Thus, needed a generator to feed 240.792 KVA.
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Therefore, an FG WILSON generator (P500-3) with a capacity of 500 kVA was chosen
as shown in Figure (4.3). [3].

Figure (4. 3): generator (P500-3).[3]

4.3.1 Check Sizing of Diesel Generator

To ensure the size of the generator that was previously selected, the starting KVA
was checked on the generator for the loads connected to it, and to see if the loads could be
operated together.

4+ Example: KVA calculation starting from the load in the first main panel (SMDB-1
EM@ Ground Floor) connected to the generator shown in Table (4.6) and the load
is linear.

Table (4. 6): The first load shown in Table (2.10) connected to the generator:

Group Connecte

Full Loud
Loud d Light | Full Loud Run- Start- Full Loud | Full Loud | Starting | Starting
Phase KS DF Power
Name Loud IB (A) cos(e) cos(e) (KVA) (KVA) Current (KvA) Current
(bB) (KVA)
1 DB.GFEM 3PH 5.3 - 0.9 0.8 0.8 4.77 5.9625 |0.014906(7.453125|18.63281
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1) Full load power for the same load category:
Pt1oaa = Py * Dg (4.14)
=53 (KW) * 0.9 =4.77 KW
Where:
Pt-Load1: total power of the loads from the same category
PL: power of the individual load in kW or watts
DF: diversity factor

2) Full load KVA for the same load category:

_ l:’T_load

STload = pp - (4. 15)

_ A7 5.962 KVA
08 7

3) Full load current of Loadl in Amp:

S oa
load = o (4. 16)

—2%2  _ 1494
400

4) Starting KVA of Load:

_ Kst*PT1 10ad
Sstload = PF (4.17)
start

 1%5.962

=75KVA
0.8

Note: Since Load 1 is a linear load therefore Kst=100%

5) Starting current:

_ Kst*IT 10ad
Ist_load - PFart (4- 18)

_1%149
0.8

=18.64

Note: All starting KVVA loads connected to the generator were calculated using the same
method as the previous example, and the result is Total of starting KVA=853 KVA
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Hence the result was that the generator could not run the loads together because the
starting KVA of the loads was higher than the KVA of the generator as shown in Table

4.7).
Table (4. 7): starting loads:

Name panel starting KVA starting

current

SMDB-1 EM({@ Ground Floor 104 KVA 3745 A
SMDB-2 EM@ 1st Floor 273 KVA 1743 A
SMDB-3 EM@ 9th Floor 476 KVA 668 A

Total= | 853 KVA 27855 A

Size of Diesel Generator = Total of starting KVA * future expansion *

average use of equipment

=853%1.1%x0.7 =656.81 KVA

After making the starting KVA calculations and calculating the future increase in
equation (4.19), the generator was selected. But starting KVVA for loads that are more than
the KVA of the generator, and the solution to this problem was to use the timer control
method as shown in Figure (4.4) so that there is a delay of 1 second between the first
electrical panel (SMDB -1 EM @ Ground Floor) and the panel second (SMDB-2 (EM @
1st Floor)) and a one-second delay between the second panel and the third panel (SMDB-

3 EM @ 9th Floor), thus reducing generator load when running.
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GO00A 4P AUTOMATIC MAINS
FAILURE TRANSFER SWITCH
WITH ELECTRICAL & MECHANICAL
INTERLOCK & MANUAL BYPASS SWITCH

FED FROM LVP1

GENERATOR GAPACITY

=/ | 500KVA 400V, 50Hz.
2*(4X120mm2 N2XY/XLPE+
1C 70mm2 GY Cu PE)

Starting Slgnal from Generator
L

NEUTRAL BUS BAR

in

‘o A)AA for Load Starting
| 25KA
7® NSX250B £ NSX2508

cut  oul  eut

£* Nsx4o0F H

. 125AT T, 125AT \

250AF [ 250AF
[ ]

1 8ec. Delay

25kA 25kA
0
\

v K3, 110A i‘-\ K2, 130A
Y )

Figure (4. 4): Emergency Panels Control & Backup Generator Wiring Diagram & Hotel
ATS.

4.3.2 Automatic Transfer Switch (ATS)

In this project, to guarantee that power is supplied to the loads, a fundamental
requirement in an installation is to have a redundancy in supply sources type N+1, usually

consisting of a transformer + emergency generator (or, as an alternative, a second
transformer). [7]

So, to transfer the electric power from normal supply from transformer to the
backup generator, an ATS022 AUTO.TRAN. SWITCH ADVANCED CONTROL with

400A from ABB manufacturer has been used. Figure (4.5) and Figure (4.6) shows the shape
and wiring diagram for ATS022.

Figure (4. 5): an Automatic Transfer Switch Control Unit.[7]
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Figure (4. 6): Wiring Diagram of ATS022 Control Unit. [7]

4.4 UPS Sizing

UPS systems depend entirely on thyristors, as it converts DC current into AC current,
and this way Learn the Inverter method.

In the case of feeding large loads, the UPS is connected to the electric generator to
compensate for the voltage drop.

The loads to be connected to the UPS system shown in Table (4.8). loads were
47kva. When adding 20% for future growth, the total loads became equal to 56.4kva.

Therefore, a UPS was chosen that gives 60 kVA with a current of [8*(20 x 94)] Ah
Long life batteries from Legrand, which last up to 15 minutes after a power outage. The
company's catalog is attached to the appendix and contains the data sheet, and the shape of
the UPS unit as shown in Figure (4.7).[4]
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Table (4. 8): UPS loads:

Feed Con.nected Connected ku Kku ks Del}nnd Demand Total Load
Group Load Light i Light Power Total Demand
Floor Name (DB) From | Phase Load Powerv Lights|Power | for Load Load Demfmd Aumpere (&)
SMDB KVA) Load (KVA)| Loads| Load | DB &VA) &VA) (KVA)
- DB.GF EM 3PH 5.30 8.40 1 0.8 0.9 4.77 6.05 10.82 15.61
e FRISH AIR
E TXF 1@2P 3PH - 6.50 - 1 1 - 6.50 6.50 938
E GATE BARRIER 1PH - 3.00 1 0.8 0.9 - 2.16 2.16 239
= WATER TR. i
o DUNP 3PH - 15.00 - 0.75 [0.75 - 844 844 12.18
g
2
E é DB.MEZ. EM. 1PH 3.30 0.60 1 08 09 297 0.43 3.40 14.79
e
2 5
g3 8
Z; 'g E DB.1st PAREM % 3PH 240 340 1 08 09 216 245 461 6.65
A ep %
55 5
E g E DB.2nd PAREM ® 3PH 2.90 2.80 1 0.8 09 261 202 4.63 6.68
& e =
55 =
E é é DB.3rd PAR EM a 3PH 250 220 1 0.8 09 225 158 383 5.53
ig .
E
& =
g é DB.RST.EM 3PH 485 0.80 1 08 09 437 058 494 7.13
&
g =
E § DB.SEREM 1PH 3.10 0.80 1 08 09 2.79 0.58 337 14.63
3 =
&
E é DB.IT EM. 1PH 3.00 0.60 1 0.8 09 2.70 0.43 313 13.62
Ay

Figure (4. 7): Legrand ups unit model number (3 108 11) [4].
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At the beginning of the operation of the electric generator, it must be taken into
account that the frequency coming out of the generator is set correctly and its vibration is
not so great that the so-called synchronization failure does not occur between the
equipment, the generator and this UPS. Figure (4.8) shows the UPS diagram.

_

y
]
100AT
160AF
26kA

5X16mm2 N2ZXY516/XLPE

&0 KVA
Modular UPS

I SX16mm2 N2XY516/XLPE

Batterles Cablnet
For # min. Power Suaely Appra.
8X {20 x 94 Ah)
Batteries Drawere

Sxdmin2 N2XY5040 Cable
Tx4mm2 N2XY3040 Gable
Sedmm2 N2XYS040 Cable
Sadrn? NOAT5040 il
Sxdmm2 N2XY5040 Cable -
ZBmm2 NZXY3060 Cable
Sxdmm2 N2X15040 Cable
JBmm2 N2XY3060 Cable

(el [ @[l

DB-GEM. DB-MEZZEM DB-1st PAR BM DB-2nd PAREM DB-3rd PAR.EM DEHT.EM DB-RST.EM  DB-SERV.EM
1370KVA 390 KVA 5.80 KVA 5,70 KvA 470 KVA 3.60 KVA 5,65 KVA 3.90 KVA

Figure (4. 8): UPS connection diagram.

4.5 Power Sources Cable Sizing

For the MV/LV 1,000 kVA transformer has a rated voltage of 400 V. according table
(4.2) the full load current for transformer at secondary side is I, = 1,443.4 A per phase.

Using recommended simplified approach for cables mentioned in sub-section 3.2.3,
and from table (3.3) 4 x multi-core N2XY/XLPE insulated copper cables in parallel will
be used. These cables will be buried under the ground according to method D1/D2. Each
phase conductor will therefore carry current up to 396 A. table (3.3) indicates that for 3
loaded conductors with XLPE insulation, the required C.S.A. is 300 mm?2. Table 4.4 shows
the C.S.A used for each power source cable and number of multi-core cables in parallel.
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Table (4. 9): Cables size for each power source:

Power Source Power Source FullLos Install. Cable. ‘Cable EE: |10 SLMultE
Ninos Phase Rating (KVA) Ib (A) Method Corre.| C.S.A | C.S.A | core Cable
@400V I'z (A) | (mm2) | (mm?2) | in Parallel
Tansformer 1 3PH 1000 144338 | D1/D2 |396.00| 300 150 4
Tansformer 2 3PH 1250 1804.22 | D1/D2 |396.00| 300 150 S5
Tansformer 3 3PH 1600 230940 | D1/D2 [396.00| 300 150 6
Backup Generator | 3PH 500 72169 | EorF [346.00| 120 70 2
UPS 3PH 60 86.60 EorF |100.00 16 16 1

4.6 Paralleling Connection for Hotel Transformers

For achieving a continuity of service and reliability for the electrical installation of this
hotel project, the paralleling connection for three different transformers in kVA will be
taken into consideration.

There are various conditions that must be fulfilled for the successful parallel operation
of transformers, as following: same voltage and turns ration, same percentage impedance
and X/R ration, identical position of tap changer, same phase angle shift, same frequency
rating, same Polarity and same phase sequence.

The electrical installation in this project has been designed to operate as Simple Radial
System. However, in the cases of a transformer malfunction or any transformer being out
of service for the purpose of maintenance, the electrical system will operate as Loop-
Primary — Radial Secondary as shown in figure (4.9).
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MV network

Psc = 500 MVA

11/0.40k 11/0.40k 11/0.400

1600kvA 1250kvA 1000kvA

w3 TR2 TRA

Usc=6% Usc=6% Usc=6%

MasterPact 2500A ACB 3P MasterPact .7 2000A ACB 3P MasterPact .0, 1600A ACB 3P
MIZZ3H1 5 3200 AF MIZ2 25H1 /5 2500 AF MIZZ 20H1 5 2000 AF

66 KA | 66 KA 66 KA
2500/5A CT 2000/5A CT 1600/5A CT
25004 TPN BUSBAR 3 o 2500A TPN BUSBAR 2 7 25000 TPN BUSBAR 1
25004 Tie Breaker 1 2500A Tie Breaker 2

e

= SR el TR e S
7" LV-PANEL-3 N " LV-PANEL-2 N\ 7~ LV-PANEL-1
TOTAL CONN. LOAD =1682.18 KVA \\]\\ /}/ TOTAL GOR. LOAD =1335.43 K¥A \\\\\ rr’/( TOTAL CONN. LOAD =165094 KVA \\)\)
\\ /) \ 7} \\ /
N\ B0 EATOY. = 1Tk N\ WLIEROLUD Q0D = AN/ \ HAK DENAED LD @ 960, = W06/
o — R e X >4

o B R S
R oy et e X
R ooty B e

s
——

Figure (4. 9): Loop-Primary — Radial

As mentioned before, three possible cases of transformer malfunction or any transformer
being out of services, have been considered here in this project, as following:

a)

b)

Case no. 1 for TR/1: if occurred a malfunction or being out of services for
maintenance, TR/2 and TR/3 will be entered to service by closing the tie breakers
1&2. Taking into consideration, to minimize and disconnect some loads as MDB-
EM with total loads of 362.95 kVA, then power the MDB-EM by backup
generator. This process can be done manually or through a control circuit.

Case no. 2for TR/2: if occurred a malfunction or being out of services for
maintenance, TR/ 1and TR/3 will be entered to service by closing the tie breakers
1&2. Taking into consideration, to minimize and disconnect some loads as
CHILLER-1, 2 and 3 of CKT-2 with total loads of 516 kVA. This process also
can be done manually or through a control circuit.

Case no. 3 for TR/3: if occurred a malfunction or being out of services for

maintenance, TR/ 1and TR/2 will be entered to service by closing the tie breakers
1&2. Taking into consideration, to minimize and disconnect some loads as
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CALORIFIRE-2, 3 and SMDB-2 SERV. with total loads of 838.5 kVA. This
process also can be done manually or through a control circuit.

4.7 Summary

In this chapter, each of power source for the hotel project has been sized and
determined, and then the automatic transfer switch has been sized. In addition, each cable
for power source has been chosen using the recommended simplified approach for cables
used in chapter 3. Finally, the paralleling connection for hotel transformers for achieving a
reliability and continuity of service has been considered.
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Chapter Five

Short Circuit Study

5.1 Introduction

5.2 Short-Circuit Current at the Secondary Terminals of a MV/LV

Distribution Transformer
5.3 3-phase Short-Circuit Current at Any Point in LV Installation
5.4 Determination of the Impedance of Each Component

5.5 Summary
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5.1 Introduction

A knowledge of 3-phase symmetrical short-circuit current values (Isc) at strategic
points of an installation is necessary in order to determine switchgear (breaking capacity),
cables (thermal withstand rating), protective devices (selective trip settings) and so on...

Power systems with a voltage in excess of 1000 V shall be designed somehow that
the RMS value of the A.C. components of the short-circuit breaking current of the circuit
breakers shall not exceed 25 KA as per IEC 60056. [5]

For power systems with a voltage less than 1000 volt, the RMS value of the A.C
component of the short circuit breaking current of circuit breaker designed shall be as per
IEC 60947-2 and shall not exceed 50 KA.[6]

5.2 Short-Circuit Current at the Secondary Terminals of a MV/LV
Distribution Transformer.
The project’s electrical loads powered by three-separated distribution transformer,

as mentioned in chapter 4. For this case of one distribution transformer and in a simplified
approach, the impedance of the MV system is assumed to be negligibly small, so that:

1,x100
Isc = ; (5.1)
SC
$x1000
I = oo (5.2)

Where:

S = kVA rating of the transformer

U,, = phase-to-phase secondary no-load voltage
I, = rated current of the transformer

Ig¢ = short-circuit current in amps

Ugc = short-circuit impedance voltage of the transformer in %.

Typical values of U for distribution transformers are given in Figure (5.1).
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Table (5. 1): Typical values of Ugcfor kVA ratings of transformers with MV windings <
20 kV: [1]

Transformer rating (KVA) Uscin %
Qil-immersed Cast-resin dry type
50 to 750 4 B
800 to 3200 B B

Table (5.2) shows the calculated short circuit current at the secondary terminal for each
transformer at no load voltage.

Table (5. 2): Calculated short-circuit current at transformer secondary terminals:

No-load| Transformer | Short-Circuit
Low Voltage | Transformer | Usc
Panel Number | Rating (KVA) | in % Voltage | Rated Current | Current Isc
u20 In (A) (kA)
LVP-1 1000 6.0% | 420 1374.6 22.9
LVP-2 1250 6.0% | 420 1718.3 28.6
LVP-3 1600 6.0%| 420 2199.4 36.7

5.3 3-phase Short-Circuit Current at Any Point in LV Installation

The short-circuit current Ig- at any point of three phase installation is given by:

_ Uy
Isc = Fzn (5.3)

Where:
U,, = phase-to-phase voltage of the open circuited secondary windings of the power

supply transformer(s).
Zr = total impedance per phase of the installation upstream of the fault location (in Q).

Each component of an installation (MV network, transformer, cable, busbar, and
so on...) is characterized by its impedance Z, comprising an element of resistance (R)
and an inductive reactance (X). The parameters R, X and Z are expressed in ohms (Q).

The method of calculating Z; consists in dividing the network into convenient
sections, and to calculate the R and X values for each. Where sections are connected in
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series in the network, all the resistive elements in the section are added arithmetically;
likewise for the reactance’s, to give Ry and Xr.

The impedance (Z) for the combined sections concerned is then calculated from:

Iy = /R%+x%

(5. 4)

5.4 Determination of the Impedance of Each Component

The determination of the impedance of each component in LV installation is

explained below:

5.4.1 Network upstream of the MV/LV transformer

The 3-phase short-circuit fault level P, in KA or in MVA is given by the power
supply authority concerned, from which an equivalent impedance can be deduced.

Table (5. 3): the impedance of the MV network referred to the LV side of the MV/LV

transformer. [1]

Psc Uy (V) Ra (mQ) Xa (mQ)
250 MVA 420 0.07 0.7
9500 MVA 420 0.035 0.351

A formula, which makes this deduction and at the same time converts the impedance to an
equivalent value at LV, is given, as follows:

Where:

2
Z_@
a— p

SC

(5. 5)

Z,= impedance of the MV voltage network, expressed in milli-ohms (m).

U,,= phase-to-phase no-load LV voltage, expressed in volts (V).

P,.= MV 3-phase short-circuit fault level, expressed in (kVA).

If more accurate calculations are necessary;

X,=09957, and R, =0.1X,
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5.4.2 Distribution Transformer

The impedance Z;, in (mQ) of a transformer, viewed from the LV terminals, is
given by the formula:

UZOZ Usc
Z = —X — 5 6
o= "5~ %X Jo0 (5.6)

Where:
U, o= phase-to-phase no-load LV voltage, expressed in volts (V).

S, = rating of the transformer (in KVA).
Ugc= the short-circuit impedance voltage of the transformer expressed in %.

The transformer windings resistance R;, and reactance X;.in (mf) can be obtained
from following figure (5.2) for typical oil-immersed transformers.

Table (5. 4): Resistance, reactance and impedance values for typical distribution 400V
transformers (no-load voltage = 420 V) with MV windings < 20 kV. [1]

Rated Power (kVA) Oil-immersed
Usc (%) Rtr (mQ) Xtr (mQ) Ztr (mQ)

100 37.9 95 70.6
160 4 16.2 41.0 441
200 4 1.9 33.2 35.3
250 4 9.2 26.7 28.2
315 4 6.2 215 224
400 4 5.1 16.9 17.6
500 4 3.8 13.6 14.1
630 4 2.9 10.8 11.2
800 6 2.9 12.9 13.2
1000 6 2.3 10.3 10.6
1250 6 1.8 8.3 8.5

1600 6 1.4 6.5 6.6

2000 6 1.1 52 53

5.4.3 Busbars

The resistance of busbars is generally negligible, so that the impedance is practically
all reactive, so the X, here is provided from ABB manufacture for hotel LV busbars.
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5.4.4 Circuit Conductors / Cables
The resistance of a conductor is given by the formula:
L
R.=px S (5.7)
Where:

p = the resistivity of the conductor material at the normal operating temperature.
L = length of the conductor in meter.
S =C.S.A. of conductor in mm?

Table (5. 5): Values of p as a function of the temperature, cable insulation and cable core
material, according to IEC60909-0 and Canelés TR 50480 (in mQ.mm?/m). [1]

20 °C PR/XLPE90°C | PVC70°C
Copper 18.51 23.69 22.21
Alu 29.41 37.65 35.29

Note, the conductor’s reactance here is considered as X, = 0.08 m{Q/meter.

5.4.5 Example

A three-phase short circuit current occurred on 4 core (3x185mm? + 95mm?)
copper cable, at 20 meters away from bus riser 4 which fed by transformer 1 at 20°C .All
sections data are given in the following figure (5.1).

So, using the figure data the short circuit value will be calculated.

11/0.40kV Usc=6% L=95 meter

Rtr=1.4 mQ Riiss =0.0574 mCy/meter * 95meter=>5.42mQ
1600kvA  Xr=65mo Xeor=0.0210 mC/meter * 95meter=1.99mQ CAL ORIFIER-2
TR/1 Ztr=6.6 mQ Zisa=0.0611 mQ/meter * 95meter=5.80mQ 287.00 VA

1250A TP+N~+E Cu IP(55) BUS RISER 4 _4 2‘|
MV network S L=20 meter

_ 4 core copper ( 3x185mm2 +95mm2})
PSC = 500 MVA Ree=18.51*(3) =2.00mQ2

Ra=0.035 mQ = * =
Xa—0 351 mQ Xeate=0,08mQ/meter”20meter=1.6mQ

Figure (5. 1): the example data for each installation’s section.
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As mentioned in section 5.1.2, each component of an installation is connected in series in
the network, all the resistive elements in the section are added arithmetically; likewise, for
the reactance, to give R and X. Figure (5.2) shows the equivalent Z.

a a tr ir riser Tiser

Zr

g

Figure (5. 2): Equivalent impedance seen from fault point.

a) Supply Network:
Z, Obtained From equation (5.5):
U3, 4207
a7 P 500
X, =0.9957, =0.995 * 0.3528 m( = 0.351 mQ
R, =0.1X,=0.1*0.351 mQ =0.0351 mQ

= 0.3528 mQ

b) Distribution Transformer 1:
From figure (5.2), the Ry & X4, for typical distribution 400V transformers:
Ry = 1.4 mQ,
X = 6.5 mQ.
c) Bus Riser 4:
From Table (3.10), the Ryjser & Xyiser are given per meter by the ABB
manufacturer:
Riiser = 0.0574mQ/meter * 95 meter = 5.42 m()
Xriser = 0.0210mQ/meter * 95 meter = 1.99 mQ
d) 4 core copper cable:

From Table (5.4),

L 20
Reable = P * 5= 18.51 * Tos = 2.00 mQ

Xcable = 0.08 mQ/meter * 20 meter = 1.60 mQ
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After calculating each section’s resistances and reactance, the Rt and Xpwill be:

R =R, + Ry + Ryiger + Reapje = 0.0351 + 1.4 + 5.42 + 2.00 = 8.8551 mQ

X7 = Xa + Xir + Xpiser + Xeapte = 0.351 + 6.50 + 1.99 + 1.60 = 10.441 mQ

So, Zt obtained from equation (5.4):

Zp = |R%+ X2 = /885512 + 10.4412 = 13.69mQ

Finally, the short-circuit current, obtained from equation (5.3):

lo. = V2o _ 420
SC™ Bxzr  V3x13.69

=17.7 kKA

Table (5.6) shows the calculated short-circuit current results at each SMDB load point,
where the Ry , Xt and Zg for each section of the LV installation were considered and
calculated.

Table (5. 6): the short-circuit value at each SMDB load’s Point.

SMDB Name RBi:esr Transformer Il;S:gRtlzeorf Length of (éagl: Ra Xa | Rtr | Xtr E;zi; T{:::)'/— Rriser [ Xriser [Rcable [Xcable| RT XT zr Isc
No. No. ™) Cable (m) (o2 | D | D) | @) | @) | | () | @) | m) | m) | () | (m) | (me) (kA
SMDB Ground Floor TRI2 - 1500 | 120 1.8 | 83 231 | 120 | 415 | 9.85 | 10.69 | 22.69
SMDB Parking Floor TR/1 - 20.00 16 2.3 | 103 23.14 | 160 | 2544 | 12.25 | 28.23 | 8.59
SMDB Restaurant Floor | - TRI3 - 2500 | 150 - - - - 3.09 | 200 | 449 [ 885 [ 992 | 2444
SMDB-1 Service Floor TR/3 - 30.00 150 1.4 6.5 370 | 240 | 510 | 9.25 | 10.56 | 22.95
SMDB-2 Service Floor TR/3 - 32.00 150 395 | 256 | 535 | 9.41 | 10.82 | 22.40
SMDB Prayer Floor 30.00 | 15.00 16 3.36 | 0.95 | 17.35 | 1.20 | 23.05 | 12.81 | 26.37 | 9.20
SMDB (1ST) Floors 33.50 15.00 16 3.76 | 1.07 | 17.35 | 1.20 | 23.44 | 12.92 | 26.77 | 9.06
SMDB (2ND) Floors 37.00 15.00 16 415 | 1.18 | 17.35 | 1.20 | 23.84 | 13.03 | 27.16 | 8.93
SMDB (3RD) Floors | BUS 4050 | 15.00 16 454 | 1.29 | 17.35 | 120 | 24.23 | 13.14 | 2756 | 8.80
SMDB (4TH) Floors  |RISER TR/1 44.00 15.00 16 493 | 1.40 |17.35 | 1.20 | 24.62 | 13.25 | 27.96 | 8.67
SMDB (5TH) Floors 1 47.50 15.00 16 5.32 | 1.51 | 17.35 | 1.20 | 25.01 | 13.36 | 28.36 | 8.55
SMDB (6TH) Floors 51.00 | 15.00 16 572 | 1.62 | 17.35 | 1.20 | 25.41 | 13.47 | 28.76 | 8.43
SMDB (7TH) Floors 5450 | 15.00 16 6.11 | 1.73 | 17.35 | 1.20 | 25.80 | 13.58 | 29.16 | 8.32
SMDB (8TH) Floors 58.00 15.00 16 6.50 | 1.84 | 17.35 | 1.20 | 26.19 | 13.70 | 29.55 | 8.20
SMDB (9TH) Floors 6150 | 1500 | 16 2.3 | 10.3 [0.1121]0.0318| 6.89 [ 1.96 | 17.35 | 1.20 [ 26.58 | 13.81 [ 20.95 | 8.10
SMDB (10TH) Floors 65.00 15.00 16 7.29 | 2.07 | 17.35 | 1.20 | 26.97 | 13.92 | 30.35 | 7.99
SMDB (11TH) Floors 68.50 15.00 16 0.035|0.351 7.68 | 2.18 | 17.35 | 1.20 | 27.37 | 14.03 | 30.75 | 7.88
SMDB (12TH) Floors 72.00 15.00 16 8.07 | 229 | 17.35 | 1.20 | 27.76 | 14.14 | 31.15 | 7.78
SMDB (13TH) Floors R?::R R 7550 | 15.00 16 8.46 | 2.40 | 17.35 | 1.20 | 28.15 | 14.25 | 31.55 | 7.68
SMDB (14TH) Floors 2 79.00 15.00 16 8.86 | 2.51 | 17.35 | 1.20 | 28.54 | 14.36 | 31.95 | 7.59
SMDB (15TH) Floors 82.50 15.00 16 9.25 | 2.62 | 17.35 | 1.20 | 28.94 | 14.47 | 32.35 | 7.49
SMDB 16TH Floor 86.00 | 15.00 16 9.64 | 273 | 17.35 | 1.20 | 29.33 | 14.59 | 32.76 | 7.40
SMDB 17TH Floor 89.50 15.00 10 10.03 | 2.85 | 27.77 | 1.20 | 40.13 | 14.70 | 42.74 | 5.67
SMDB-1 Roof Floor 93.00 15.00 35 10.43 | 2.96 | 7.93 | 1.20 | 20.69 | 14.81 | 25.45 | 9.53

BUS
SMDB-2 Roof Floor |RISER TR/3 95.00 - - 1.4 | 6.5 [0.0574|0.021 | 5.45 | 2.00 - - 6.89 | 885 |11.21 | 21.63

4

BUS

MDB.AC @ Roof Floor |RISER TR/2 96.00 - - 1.8 8.3 [0.0435( 0.017 | 4.18 | 1.63 - - 6.01 |10.28 | 11.91 | 20.36
3

SMDB'ISC':’[')(? Ground | TR - 1700 | 25 1259 | 1.36 | 14.92 | 1201 | 19.16 | 1266
SMDB-2 EM@ 1st Floor [ - TRIL - 36.00 25 23 103 - - - - | 2665 ] 288 [28.99 | 1353 [ 31.99 | 7.58
SMDB-3 EM@ 9th Floor - TR/1 - 60.00 95 11.69 | 4.80 | 14.03 | 15.45 | 20.87 | 11.62
SMDB EM @Roof Floor - TR/1 - 38.00 50 14.07 | 3.04 | 16.40 | 13.69 | 21.37 | 11.35
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55 Summary

A brief introduction for short-circuit has been introduced, then Short-circuit
Current at the secondary terminals of the distribution transformer and at any point of the
LV installation also have been determined.

Moreover, the method used to determine the impedance for each installation’s
component has been explained. Finally, an example shows the applied method to determine
each component’s Rp , Xy and Z;.
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6

Chapter Six

Circuit Breaker
1

6.1 Definition

6.2 Types of Circuit Breakers

6.3 Fundamental Characteristics of a Circuit Breaker
6.4 Selection of Circuit Breaker

6.5 Coordination between Circuit Breakers

6.6 Summary
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6.1 Definition

An electrical circuit breaker is a switching device that can be operated manually or
automatically for controlling and protecting the electrical power system. Without a circuit
breaker, there is a high risk of electrical fires, electrocution and electrical shocks.

6.2 Types of Circuit Breakers

There are different types of circuit breakers, which are based on rating current, voltage,
installation location, external design and interrupting mechanism. As shown in table (6.1).

Table (6. 1): Rating currents of different low voltage Switchgears:

Switching . Rated .
I No. . A F Ph
tem No Device bbreviation Current (A) unction 0to
Protection against _}é pe
electric shocks, also ’
— provide sensitive RN
y | Residul-Current| oo op 40,63A |detection (30 mA) of
Circuit Breaker
earthleakage E
current with CB .
tripping WY
X"
Overcurrent

Miniature Circuit A L
2 MCB 10-125A |protection and circuit

Breaker . .
isolation features

Moulded-Case Protect the electrical
3 . MCCB 100-630A circuit from
Circuit Breakers .

excessive current

Protecting low
voltage circuit,

4 Alr Circuit ACB 630-6300A [mainly for energizing
Breakers . .
and cutting off high
current
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6.3 Fundamental Characteristics of a Circuit Breaker

The fundamental characteristics of a circuit breaker are:

Its rated voltage Ve
Its rated current In
Its tripping-current-level adjustment ranges for overload protection (Ir or Irth)

and for short-circuit protection (Im)

type CBs).

Table (6.2) shows the tripping-current ranges of overload and short-circuit protective
devices for LV circuit breakers. Figure (6.1) shows tripping curve of a circuit breaker with

advanced electronic trip unit.

Table (6. 2): tripping-current ranges of overload and short-circuit protective devices for

LV circuit breakers: [1]

Domestic breakers
IEC 60898

Type of protective
relay
Thermal-magnetic

Overload protection

Ir=1In

Short-circuit protection

Low setting type B
JInsims5In

Standard setting
type C
5INnsIim<10In

It short-circuits current breaking rating (Icu for industrial CBs; Icn for domestic-

High setting circuit
type D
10 In<Im< 20 In®

Modular industrial®™ | Thermal-magnetic | Ir = In fixed Low setting type Bor Z Standard setting High setting type D
circuit breakers 32Insfixed<48In type C orK
7Ins<fixed<10In 10Insfixed< 14 In
Industrial® Thermal-magnetic | Ir = In fixed Fixed: Im=7to 10 In
circui} breakers Adjustable: 0.7 In<Ir<In Adjustable:
IEC 60947-2 - Low setting - 2 to 5 In
- Standard setting: 5 to 10 In
Electronic Long delay 04 In<Ir<in Short-delay, adjustable
15Ir<Im<101Ir
Instantaneous (1) fixed
I=1210 151In
t(s) t(s)
|
|
| |
| |
| |
| |
| |
| |
| | |
| | | 7
| | I | |
! | (A l l 1)
(A) Im li leu
Ir Im leu

a) Tripping curve of a thermal-magnetic circuit breaker,
b) Tripping curve of a circuit breaker with advanced electronic trip unit.

a)
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6.4 Selection of a Circuit Breaker

The choice of a range of circuit breakers is determined by the electrical characteristics
of the installation, the environment, the loads and a need for remote control, together with
the type of communications system envisaged.

The principle of overcurrent (Overloads and Short-circuit currents Igc) protection device
is shown in figure (6.2). Which acting to cut-off the current in a time shorter than that given

by the 1%t Characteristic of the circuit cabling, but allowing the maximum load current Ig
to flow indefinitely.

A

Maximum
load
current

It cable
characteristic

Circuit-breaker
tripping curve

Temporary I
|
|

12t cable
characteristic

Temporary |

overload | Fuse curve

overload

z Isce leu ls Ir clz Iz

Figure (6. 2): Circuit protection by circuit breaker and fuses. [1]

In project, general rules laid down in the IEC standards, have been considered:

1. The nominal current I, for (circuit breaker & fuse) is correctly if:

g <I, <I (6. 1)

2. The tripping current 12 for (circuit breaker & fuse) is:

12 < 1.451, (6. 2)

3. The 3-phase short-circuit fault-current breaking rating Iscg for (circuit breaker

& fuse) is greater than the 3-phase short-circuit current existing at its point of
installation:

Isc < Igca (6.3)
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6.4.1 Selection of Circuit Breakers as Main Incomer and Feeders

In the project, according to transformer’s rated currents, which mentioned in table (5.2).
Also, according to rating currents of different circuit breakers mentioned in table (6.1). Air-
circuit breaker (ACB) is suitable for the three main circuit breakers of an installation
supplied through the three 3-phase transformers in the hotel substations.

A Master Pact MTZ2 air circuit breakers (ACB) from Schneider with an adjustable
tripping-unit range of current, and a short-circuit breaking capacity (Icu) of 66 kA would
be a suitable choice for this duty.

Table (6.3) shows the kind of ACB’s used in hotel project, with their suitable breaking
frame current rating and adjusted breaking trip current.

Table (6. 3): Type of ACB used in hotel project:

Low Voltage | Transformer | Transformer Cable Calculated Breaker Erame Breaker Trip Short-Circuit
Panel Rating Rated Current| Catalog Cable C.S.AA(mm2) | Short-Circuit | ACB Type Current Ratin Current Rating |Breaking Capacity
Number (KVA) In (A) Number Current (Isc) 9 (In) (lcu)
MasterPact
LVP-1 1000 1374.6 N2XY4300 | 4x (4x300+150) mm2 22.9 kA MTZ2 20H1 2000 A 1600 66 kA
MasterPact
LVP-2 1250 1718.3 N2XY4300 | 5x (4x300+150) mm2 28.6 kKA MTZ2 25H1 2500 A 2000 66 KA
MasterPact
LVP-3 1600 2199.4 N2XY4300 | 6x (4x300+150) mm2 36.7 kKA MTZ2 3241 3200 A 2500 66 kA

6.4.2 Selection of feeder CBs and final-circuit CBs
Using general rules laid down in the IEC standards, which mentioned above, all circuit
breaker in hotel project have selected based on this rule. For all hotel SMDB’s and DB’s.

Taking SMDB of ground floor as example, the NSX400F MCCB used to protect this
SMDB using these rules as following:

For nominal current I, of NSX400F MCCB:

g <1, <1y (6.1)
328.04 A < 350A < 359A
For tripping current 12 of NSX400F MCCB:
2 < 1451, (6.2)

350A < 1.45x359 - 350A <520.55A

For 3-phase short-circuit fault-current breaking rating Igcg of NSX400F MCCB:
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Isc <

ISCB

22.69kA < 36kA

(6.3)

After applying all previous rules, we conclude that the NSX400F MCCB is suitable for

protection SMDB Ground Floor. Table (6.4) shows all selected circuit breakers for

different SMDB’s, Table (6.5) shows the result quantities for the circuit breakers used from

the transformer secondary side to SMDB panels. Table (6.6) shows all selected circuit

breakers for normal DB’s Table (6.7) shows all selected circuit breakers for emergency

DB’s in hotel. in appendix F (page 139)

Table (6. 4): Type of MCCB circuit breaker used to protect SMDB’s in hotel:

Co-r:z;ilted Full Cable Catalog Cable C.S.A | Calculate Type (.)f Breaker Breaker Trip Short-ci.rcuit
SMDB Name Load Ib Circuit [Frame Current Current Breaking
Load Number (mm2) d Isc (kA) - . )
(KVA) (A Breaker Rating Rating (In) | Capacity (lcu)
SMDB Ground Floor 227.27 | 328.04 | N2XY4120 |[(4x120+70) mm2| 22.69 | NSX400F 400A 350A 36kA
SMDB Parking Floor 52.32 75.52 N2XY516 5x16 mm2 8.59 NSX160B 160A 100A 25kA
SMDB Restaurant Floor 292.63 | 422.38 N2XY4150 |(4x150+70) mm2| 24.44 NSX630F 500A 450A 36kA
SMDB-1 Service Floor 264.05 | 381.12 N2XY4150 |(4x150+70) mm2| 22.95 NSX630F 500A 400A 36KkA
SMDB-2 Service Floor 263.5 380.33 N2XY4150 |(4x150+70) mm2| 22.40 NSX630F 500A 400A 36kA
SMDB Prayer Floor 56.73 81.88 N2XY516 5x16 mm2 9.20 NSX160B 160A 100A 25kA
SMDB (1ST) Floors 66.42 95.87 N2XY516 5x16 mm2 9.06 NSX160B 160A 100A 25kA
SMDB (2ND) Floors 66.42 95.87 N2XY516 5x16 mm2 8.93 NSX160B 160A 100A 25kA
SMDB (3RD) Floors 66.42 95.87 N2XY516 5x16 mm2 8.80 NSX160B 160A 100A 25kA
SMDB (4TH) Floors 66.42 95.87 N2XY516 5x16 mm2 8.67 NSX160B 160A 100A 25kA
SMDB (5TH) Floors 66.42 95.87 N2XY516 5x16 mm2 8.55 NSX160B 160A 100A 25kA
SMDB (6 TH) Floors 66.42 95.87 N2XY516 5x16 mm2 8.43 NSX160B 160A 100A 25kA
SMDB (7TH) Floors 66.42 95.87 N2XY516 5x16 mm2 8.32 NSX160B 160A 100A 25kA
SMDB (8TH) Floors 66.42 95.87 N2XY516 5x16 mm2 8.20 NSX160B 160A 100A 25kA
SMDB (9TH) Floors 66.42 95.87 N2XY516 5x16 mm2 8.10 NSX160B 160A 100A 25kA
SMDB (10TH) Floors 66.42 95.87 N2XY516 5x16 mm2 7.99 NSX160B 160A 100A 25kA
SMDB (11TH) Floors 66.42 95.87 N2XY516 5x16 mm2 7.88 NSX160B 160A 100A 25kA
SMDB (12TH) Floors 66.42 95.87 N2XY516 5x16 mm2 7.78 NSX160B 160A 100A 25kA
SMDB (13TH) Floors 66.42 95.87 N2XY516 5x16 mm2 7.68 NSX160B 160A 100A 25kA
SMDB (14TH) Floors 66.42 95.87 N2XY516 5x16 mm2 7.59 NSX160B 160A 100A 25kA
SMDB (15TH) Floors 66.42 95.87 N2XY516 5x16 mm2 749 NSX160B 160A 100A 25kA
SMDB 16 TH Floor 55.26 79.76 N2XY516 5x16 mm2 7.40 NSX160B 160A 100A 25kA
SMDB 17TH Floor 34.98 50.49 N2XY510 5x10 mm2 5.67 NSX100B 100A 63A 25kA
SMDB-1 Roof Floor 92.4 133.37 N2XY435 (4x35+16) mm2 9.53 NSX250B 250A 160A 25kA
MasterPact
SMDB-2 Roof Floor 862 1244.19 1250A TP+N+E - 21.63 MTZ2 1600A 1250A 42kA
Cu IP(55)
16N1
MasterPact
MDB.AC @ Roof Floor 1029 1485.23 1600A TP+N+E - 20.36 MTZ2 2000A 1600A 42kA
Cu IP(55)
20N1

SMDB'lFEI(';’C')? Ground | 7145 |10313| N2XY425 | (4x25+16) mm2| 1266 | NSX2508 250A 125A 25KA
SMDB-2 EM@ 1st Floor 82.8 119.51 N2XY425 (4x25+16) mm2 7.58 NSX250B 250A 125A 25kA
SMDB-3 EM@ 9th Floor| 201.8 |291.27 | N2XY495 | (4x95+50) mm2| 11.62 | NSX400F 400A 320A 36kA
SMDB EM @Roof Floor | 121.3 | 175.08 N2XY450 | (4x50+25) mm2 | 11.35 | NSX250B 250A 200A 25kA
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Table (6. 5): the result quantities for the circuit breakers from MDB up to SMDB: Data
sheet in appendix G (page 140)

No. Name Of C.B Typeof C.B | Q'TY
1 MasterPact MTZ2 32H1 ACB 1
2 MasterPact MTZ2 25H1 ACB 1
3 MasterPact MTZ2 20H1 ACB 2
4 MasterPact MTZ2 16N1 ACB 1
5 NSX630F MCCB 9
6 NSX400F MCCB 9
7 NSX250B MCCB 5
8 NSX160B MCCB 18
9 NSX100B MCCB 1
10 Acti9 C120H / 3x63A MCB 3
11 Acti9 iC40N / 3x32A MCB 15
12 Acti9 iC40N / 3x25A MCB 1
13 Acti9 iC40N / 3x20A MCB 25
14 Acti9 1C40N / 3x16A MCB 35
15 Acti9 iC40N / 3x10A MCB 9
16 Acti9 iC40N / 1x40A MCB 1
17 Acti9 iC40N / 1x25A MCB 16
18 Acti9 iC40N / 1x20A MCB 17
19 Acti9 iC40N / 1x10A MCB 2

6.5 Coordination between Circuit Breakers

6.5.1 Principles of Selectivity

Selectivity is achieved by overcurrent and earth fault protective devices if a fault
condition, occurring at any point in the installation, is cleared by the protective device
located immediately upstream of the fault, while all other protective devices remain
unaffected, as shown in figure (6.3).

-+

Figure (6. 3): Principle of selectivity. [1]
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From installation point of view, Selectivity is achieved when the maximum short-circuit
current at a point of installation is below selectivity limit of the circuit breakers supplying
this point of installation.

Selectivity shall be checked for all circuits supplied by one source and for all type of
fault: Overload, Short-circuit and Earth fault.

Different solution is provided to achieve selectivity based on current, time, energy and
logic:

1. Current based selectivity: this method is realized by setting successive tripping
thresholds at stepped levels, from downstream circuits (lower settings) towards
the source (higher settings).

2. Time based selectivity: this method is implemented by adjusting the time-
delayed tripping units, such that downstream relays have the shortest operating
times, with progressively longer delays towards the source. In the two-level
arrangement shown, upstream circuit breaker A is delayed sufficiently to ensure
total selectivity with B.

3. Selectivity based on a combination of current & time: A time-delay added to
a current level scheme can improve the overall selectivity performance. The
upstream CB has two magnetic tripping thresholds Im: short-delay electronic trip
& li: instantaneous trip.

(@) §ot (b)

1422430_EN aps

At

AN,
) :
I
|\
[

\ i
IrB IrA 1 [ ImA  liA
IscB delayed instantaneous

Figure (6. 4): Current based selectivity, Time based selectivity, Combination of both. [1]

6.5.2 Example for coordination between two MCCB’s

This example shows how the coordination principle applied in this project. In ground
floor, a type of NSX400F MCCB from Schneider used to protect (SMDB Ground Floor)
& FF PUMP with breaker frame current rating 400A.

The breaker trip current rating (In) for FF PUMP is set to be 320A, while for (SMDB
Ground Floor) is set to be 350A. So here, the current based selectivity has been achieved.
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Now, when determining the tripping time of the circuit breaker, you should take into
account that:

thax >t > 0.1sec (6. 4)
Elimination of the minimum short-circuit current possible in the circuit, in a time
tmax COMpatible with the thermal constraints of the circuit conductors, where:
k2+S2

thmax = —z (Valid for t,,,
SC

< 5seconds (6 5)

X

Where S is the C.S.A of the cable, k is a factor depending of the cable conductor
material, the insulation material and initial temperature. For copper XLPE, initial
temperature 90 °C, k = 143.

Now, for FF PUMP, S for cable = 95 mm2 and calculated I, = 13.14 kA at its load
terminal.

1432x952
tmax = W =1.07 sec (6 6)

And, for (SMDB Ground Floor), S for cable = 120 mm2 and calculated I, = 22.69 kA
at its load terminal.

143%+1202
thax = 22.6—902 = 0.572 sec (6 7)

Based on formula 6.x, the breaker trip time for (SMDB Ground Floor) NSX400F MCCB
is delayed and set to be 500ms. And the breaker trip time for FF PUMP NSX400F MCCB
is set to be 300ms. So here, the Time-based selectivity has been achieved.

6.6 Summary

A definition, types and fundamental characteristics for circuit breakers have been
introduced. Method of circuit breaker selection and general rules laid down in the IEC
standards, also have been considered. The circuit breakers for main incomer feeders and

final circuits have determined and selected.

In addition, the principle of selectivity has been introduced. Finally, the coordination
between project circuit breakers has been done.
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Chapter seven

Power Factor Improvement

7.1 Introduction

7.2 Power Factor Correction

7.3 Powe Factor Correction Calculation
7.4 Hotel Power Factor Correction

7.5 Summary
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7.1 Introduction

Power factor is the ratio of active power to apparent power, and is equal to the cosine
of the phase angle (cos phi) - which is the difference between the voltage and current
angles. Therefore, it is a numerical value that does not have a unit of measurement ranging
from zero to one. In power stations, it is preferred and sought to have the power factor as
large as possible, as it increases the degree of power factor, the amount of effective capacity
increases, and the value of inactive capacity or stored capacity decreases, and the values
of power coefficients range in Power stations that adopt AC system electric loads fall into
one of the following classifications: [1]

o Resistive
o Inductive
o Capacitive

7.2 Power Factor Correction

Inductive power factor correction uses capacitors connected in parallel to counteract
the effects of inductive elements and to reduce the phase shift between voltage and current.
Power factor correction is a technique that uses capacitors as shown in Figure (7.1) to
reduce the reactive power component of an AC circuit in order to improve its efficiency
and reduce current.

Strength factor improvement is of great economic importance. The closer the power
factor is to 1, the smaller it is Simulated power transmitted in the electrical system.

Q1

P1=P2

Figure (7.1) Power Factor Correction using Capacitor.
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¢ Benefits of power Factor correction.

Reduce energy consumption

Electricity bills are reduced

Improve the efficiency of electrical energy

Provides additional kVA of current supply

Reduce losses of transformer and distribution equipment

I A

Low voltage drops in long cables

+ Ways to improve power factor:

Reactive power can be reduced in three ways:
1. Add two pure consumers (to increase the active capacity).
2. Add synchronous (capacitive) motors to the system.

3. Connect capacitors (in parallel to consumers).

+»+ Capacitor connection options to improve power factor:

1. Single installation - connection of a capacitor in parallel to each nearby
consumer or even to connecting clamps.

2. Group installation - connection of a capacitor to groups of consumers that
are not all active at the same time (volume of the capacitor) Determined
according to the average power factor of the group.

3. Central installation - capacitor connection on the main board. This method
improves the power factor of the entire facility, which is the method we will
follow to improve the power factor.

+ Note: To adjust the capacitor capacity to a variable power factor, it is necessary to

install an automatic capacitor regulator.
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7.3 Power factor Correction Calculation

It is very important to calculate the P.F for all loads connected at each main feeder, to
check that the P.F for all connected loads need an improvement or not. Using following
equations, the active Power (P in kW), reactive power (Q in kvar), apparent power (S in

KVA), and the angle (in degree) can be calculated for each load:

Q=Sxsin@® (7.1)
P=Sxcos? (7.2
Stotal = Protal T Qrotal = Ptzotal + Q%otal (7.3)
tan @ = (Srotaly (7.4)

Total
@ = tan~!(Slotal) (7.5)

Total

The method used here to calculate the feeder power is:

1- Collecting the given P.F values for each light and power circuits;

2- Collecting the given P.F for each air-conditioning and motor loads;

3- Calculating the P&Q at each distribution board (D.B) load terminal;

4- Then combine the P & Q for each D.B to find total P & Q at SMDB load terminal,

5- Then doing summation for all P & Q of the SMDB’s, to find Protq; & Qrota
absorbed by each transformer feeder

6- Finally, calculate the P.F at the transformer feeder to check if it needs an
improvement or not.

To explain how this method used, taking SMDB Ground Floor as example. Using data
mentioned in table (3.1). The SMDB Ground Floor feeds four D. B’s, Garbage compactor
and FF Pump. The S (in KVA) and the P.F for each load type have been given as shown in
table (7.1).

88



Table (7. 1): SMDB Ground Floor example data.

Group Load Feed Connected
Floor \'amel‘J(]]B) From |Phase Load Cos(@) | Sin(®)
- SMDB (KVA)
= DB.GF 5 3PH 15.11 0.8 0.60
=2 =
= © GARBAGE =
5 & COMPACTOR E 3PH 3 0.85 0.53
FF PUMP z 3PH 186 0.87 0.49
g . DBEMEZ. ] 3PH 17.6 0.8 0.60
§ § | DBSHOP1 Dé 3PH | 278 0.8 | 0.0
=™ | pBsmor2 | # |3pH| 278 08 | 0.60

Now, the P for each load type will be calculated using equation (7.1):
Pogcr = Sx cos® = 15.11x 0.80 = 12.088 kw

Pcarbage = SXx cos @ = 3x0.85 = 2.55 kw

Per pump = SX cos@ = 186 x 0.87 = 161.82 kw

PopMez = Sx cos@® = 17.6x0.80 = 14.08 kw

Pshop1 = SX cos@ = 2.78x 0.80 = 2.224 kw

Pshop2 = Sx cos@ = 2.78x0.80 = 2.224 kw

801 PTotal = PDB.GF + lDGarbage + PFF Pump + lDDB.MEZ. + PShop 1t PShop2

= 12.088 + 2.55+ 161.82 + 14.08 + 2.224 + 2.224 = 194.99 kw

Now, the Q for each load type will be calculated using equation (7.2):
Qpecr = Sx sin® = 15.11x 0.60 = 9.066 kvar

Qgarbage = Sx sin@ =3x0.53 = 1.59 kvar

QpF pump = SXx sin® = 186 x 0.49 = 91.71 kvar

QpeMmez = Sxsin® = 17.6x0.60 = 10.56 kvar

Qshop1 = Sx sin® = 2.78x0.60 = 1.668 kvar

Qshopz = Sx sin® = 2.78x0.60 = 1.668 kvar

89



S0, Qrotal = Qpe.er + Qgarbage T QrrpPump + QpBMEZ + Qshop1 + Qshop 2

= 9.066 + 1.59 + 91.71 + 10.56 + 1.668 + 1.668 = 116.25 kvar

Stotal Can be calculated using equation (7.3):

Stotal = 194.99 +j 116.25 = 1/194.992 + 116.252 = 227.01 KVA

In addition, the angle @ in degree using equation 7.5:

194.99

11625 ~ 2080

@ = tan~1(

Finally, the P.F at SMDB feeder is:
P.F = Cos(@) = Cos(30.80") = 0.859

Each SMDB result has been shown in table (7.2), table (7.3), and table (7.4). Moreover,
the result value for each SMDB have been collected to find the Proa & Qrotar fOr €ach
transformer feeder.

Table (7. 2): Power Factor Result for total SMDB Connected to Feeder of Transformer 3:

Transformer Total Active | Reactive @ (in
No SMDB Name Phase | Connected | Power P | Power Q | tan (@) degree) Cos(®) Sin(®)
o Load (KVA) | (in KW) ((in KVAR) g

SMDB Restaurant Floor | 3PH 29263 248.99 153.55 0.617 31.66 0.851 0.525
TR/3 SMDB-1 Service Floor | 3PH 264.05 234.60 121.12 0.516 27.31 0.889 0.459
' SMDB-2 Service Floor | 3PH 263.5 234,37 120.43 0.514 27.20 0.889 0.457
SMDB-2 Roof Floor 3PH 862 793.04 337.83 0.426 23.07 0.920 0.392

. P total = 1.510.99 al= | 732.93 Stotal = | 1.679.37
Final Total Resulet o Q ot o OK!

tan (@) = | 0485 0= 25.88 |Cos(@)=| 0.900

Table (7. 3): Power Factor Result for total SMDB Connected to Feeder of Transformer 2:

Transformer Total Active | Reactive @ (in
No SMDB Name Phase | Connected | Power P | Power Q | tan (@) degree) Cos(0) Sin(®)
o Load (KVA) | (in KW) ((in KVAR) g
TR/2 SMDB Ground Floor 3PH 227.27 194,99 116.25 0.596 30.80 0.859 0.512
- MDB.AC @ Roof Floor | 3PH 1105 1014.33 | 437.91 0.432 23.35 0.918 0.396

P total = 1.209.32 | Qtotal= | 554.16 | Stotal= | 1,330.24
tan (P) = | 0458 @ = | 2462 |Cos(@)=| 0909

OK!

Final Total Resulet
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Table (7. 4): Power Factor Result for total SMDB Connected to Feeder of Transformer 1:

Transformer _ Total Active | Reactive @ (in .
No. SMDB Name Phase Connectt'ed P.owerP ?owe'r Q | tan (@) degree) Cos(@) Sin(@)
Load (KVA) | (in KW) [(in KVAR)
SMDB Parking Floor 3PH 5232 44.26 27.64 0.625 31.99 0.848 0.530
SMDB Prayer Floor 3PH 56.73 48.08 29.72 0.618 31.72 0.851 0.526
SMDB (15T) Floors 3PH 66.42 53.14 39.85 0.750 36.87 0.800 0.600
SMDB (2ND) Floors 3PH 66.42 53.14 39.85 0.750 36.87 0.800 0.600
SMDB (3RD) Floors 3PH 66.42 53.14 39.85 0.750 36.87 0.800 0.600
SMDB (4TH) Floors 3PH 66.42 53.14 39.85 0.750 36.87 0.800 0.600
SMDB (5TH) Floors 3PH 66.42 53.14 39.85 0.750 36.87 0.800 0.600
SMDB (6TH) Floors 3PH 66.42 53.14 39.85 0.750 36.87 0.800 0.600
SMDB (7TH) Floors 3PH 66.42 53.14 39.85 0.750 36.87 0.800 0.600
SMDB (8TH) Floors 3PH 66.42 53.14 39.85 0.750 36.87 0.800 0.600
SMDB (9TH) Floors 3PH 66.42 53.14 39.85 0.750 36.87 0.800 0.600
TR/1 SMDB (10TH) Floors 3PH 66.42 53.14 39.85 0.750 36.87 0.800 0.600
SMDB (11TH) Floors 3PH 66.42 53.14 39.85 0.750 36.87 0.800 0.600
SMDB (12TH) Floors 3PH 66.42 53.14 39.85 0.750 36.87 0.800 0.600
SMDB (13TH) Floors 3PH 6642 53.14 39.85 0.750 36.87 0.800 0.600
SMDB (14TH) Floors 3PH 66.42 53.14 39.85 0.750 36.87 0.800 0.600
SMDB (15TH) Floors 3PH 66.42 53.14 39.85 0.750 36.87 0.800 0.600
SMDB 16TH Floor 3PH 55.26 44.56 32.64 0.732 36.22 0.807 0.591
SMDB 17TH Floor 3PH 3498 28.81 19.81 0.688 34.52 0.824 0.567
SMDB-1 Roof Floor 3PH 924 81.90 42.74 0.522 27.56 0.887 0.463
SWB’IPEIEE? Grownd | spg | 7145 50.07 | 3855 | 0643 | 3273 | 0.841 | 0.541
SMDB-2 EM@ 1stFloor | 3PH 82.8 66.24 49.68 0.750 36.87 0.800 0.600
SMDB-3 EM@ 9th Floor | 3PH 201.8 161.44 121.08 0.750 36.87 0.800 0.600
Final Total Resulet P total = 1.332.29 | Qtotal= | 959.63 | Stotal= | 1.641.91 -
tan (@) = 0.720 0= 35.76

As shown in table (7.4), the P.F at transformer 1 feeder has low value. Therefore, an
improvement for this value will be applied, in next section.

7.4 Hotel Power Factor Correction.

Correction factor calculation formula:

Qc = P[tan( cos ! PF,q) — tan (cos ™! PFpew)] (7.6)

Where:
Q: Reactive power of the required capacitor (KVAR).

91



P: Total power load (KW).
PF,1q: power factor before improvement.

PF,w: Power factor after optimization.

Current of capacitor (A):

_ Q¢
[ = N (7. 7)

Where:
V: voltage 3ph.

» Calculate the value of the capacitor we need to improve the power factor on the
first transformer (single line diagram-6-):

Power factor old =0.811
cos~1(0.811) = 35.76°
tan(35.76) = 0.7214

Power factor new =0.92
cos™1(0.92) = 23.07°
tan(23.07) = 0.426

Power in full load=1,332.29 (KW)

Q¢ = P[tan(cos ! PF,q) — tan (cos ™! PFpeu)]
=1,332.29x[0.7214 — 0.426] = 393.56 KVAR
So, the 400KVAR capacitor bank will be used.

Now, the rating ampere for the capacitor bank:

Qc
V3V
400 % 10
\/3 %400

I =

= 577354
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After calculating the needed reactive power to improve P.F, the ratings of capacitor
banks have been determined. Moreover, cable for capacitor bank has been determined
using simplified methods used in chapter 3. In addition, the size of circuit breaker has been
determined. Table (7.5) shows the values of capacitor bank used in project and the C.S.A
multi-core cable and the selected circuit breaker.

Table (7. 5): capacitor bank result values, in its cables C.S.A. and circuit breaker:

N Total Reactive Power | Used Capacitor | Current of Cable | Cable | PE Type of Breaker Brea-ker
Low Voltage P.F. | P.F. , , \ Install. N Frame Trip
Panel Numb Conncted ol | N of the Capacitor| Bank Rating | Capacitor Method Corre.I'z| CS.A | CSA | Circuit Current Current
anel Number . ew . . N ) 5 5 ) . T T
Load (KW) (KVAR) (KVAR) Ie (A) A (mm2) |(mm2)| Breaker Rating | Rating (In)
LVP-1 1332.29 | 0.81)0.92 393.5 400.0 577.35 EorF | 599.00 240 120 | NSX630F 630 580

7.5 Summary

In this chapter, an introduction and benefits of correction P.F have been introduced.
Then, the P.F at each D.B, SMDB load terminal has been calculated which resulted to
calculate the Pryra & Qrota) fOr each transformer feeder. Finally, the needed capacitor
bank has been sized; also, the C.S.A of the cable and its protection circuit breaker has been

selected.
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8

Chapter Eight

Earthing & Lightning Protection

8.1 Introduction

8.2 Types of Earthing System

8.3 Earthing System Components
8.4 Earthing System Calculation
8.5 Lightning Protection System

8.6 Summary
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8.1 Introduction

Earthing systems play an essential role in electrical systems in terms of safety for people
in the vicinity against the hazard of electric shocks as well as protection and proper
operation of equipment during the incidence of faults. Both are achieved by providing a
low impedance path that can dissipate fault currents to the conductive mass of Earth [8].

One of the first steps in the design of an earthing system is estimating the total resistance
to earth and determining the proper size and basic layout of the earth electrode required.
The total resistance of this connection should not be greater than the required resistance
value as stipulated in international standards, not be greater than 5 Q or 10 Q.

In this hotel project, the maximum permissible resistance value ranges from 1 Qto 5 Q
for distribution L.V installation depending on the local conditions [9].

8.2 Types of Earthing System
8.21 TT System

One point at the supply source is connected directly to earth. All exposed- and
extraneous-conductive-parts are connected to a separate earth electrode at the installation
point. To prevent a human from electrical shock, a residual current device (RCD) with an
operating current of 30 mA. Figure (8.1) shows the arrangement of a TT earthing system.

TT system L1
secondary of
supply transformer o N
{ L2
T
4 L3
BB EE WINgER
qr E
NevmssssnvnnnMar consume&r:s .........

- . _ =
" installation equipment © terminal

Figure (8. 1): TT earthing system. [10]
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8.2.2 TN-S System

In this (five wires system), the electricity supply company providing an earth terminal
at the incoming mains position. This earth terminal is connected by the supply protective
conductor (PE) back to the star point (neutral) of the secondary winding of the supply
transformer, which is also connected at that point to an earth electrode. The system is
shown diagrammatically in Figure (8.2).

TN-5 system
dary of ; L1
SECON of
supply transformer N
L2
L3
oo PE
= TEE LG G
{1 [ i 5 3 H

. -“--'“---y"--"cmsurners‘L--“------
instailation equipment terminals

Figure (8. 2): TN-S earthing system. [10]

8.2.3 TN-C-S System
The electricity supply company, uses a common conductor for both the neutral and the

earth. This combined and neutral system is sometimes called the 'protective and neutral
conductor' (PEN). Figure (8.3) shows the arrangement of a TN-C-S earthing system.

TH-C-5 system

secondary of 3

supply transformer PEN
L2
L3

Ll Bl Sl Sl il !
iLyLay L3 M 3)
1

St

- - )

. 1
S {‘I* COnsLmers’ “==----
installation equipmen terminals

Figure (8. 3): TN-C-S earthing system. [10]

96



8.2.4 TN-C System
This installation is unusual, because combined neutral and earth wiring is used in both
the supply and within the installation itself. Where used, the installation will usually be the

earthed concentric system, which can only be installed under the special conditions. Figure
(8.4) shows the arrangement of a TN-C earthing system.

THN-C- SYSTEM
L1
L2
L3
PEN
(5 jJ

Figure (8. 4): TN-C earthing system. [10]

8.2.5 IT System

The installation arrangements in the IT system are the same for those of the TT system.
However, the supply earthing is totally different. The IT system can have an unearthed
supply, or one, which is not solidly earthed but is connected to earth through a current
limiting impedance. IT system is shown in figure (8.5).

Source

L1
L2
L3

S

| Consumer |

Figure (8. 5): IT earthing system. [10]

97



8.3 Earthing System Components

Earthing system has three main components:

8.3.1 Earthing Conductors

The earthing conductor is commonly called the earthing lead. It joins the installation
earthing terminal to the earth electrode or to the earth terminal provided by the Electricity
Supply Company. It is a vital link in the protective system, so care must be taken to see
that its integrity will be preserved at all times. [10]

8.3.2 Earth Electrodes
The principle of earthing is to consider the general mass of earth as a reference (zero)

potential. Thus, everything connected directly to it will be at these zero potentials. The
purpose of the earth electrode is to connect to the general mass of earth, see figure (8.6).

T 0
(1L PP
Ij”!]’!r!l:ku”:
|| ¥ Concentrik 11 vy b

[ilearth '}i-iee
;[[shells 1

11
1
[

Figure (8. 6): Earth electrode.[10]
8.3.3 Inspection Points (Earth Pits)

For protection of the earthing rod and earthing conductors and for maintenance and
inspection purposes an earth well is constructed as shown in figure (8.7).
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Inspection cover

Main earthing 300%300 mm

==
EEE / conductor
[ 1]

SAFETY EARTH CONNECTION[]
DO NOT REMOVE

Figure (8. 7): Earth pits.[10]

8.4 Earthing System Calculation

8.4.1 Earthing Resistance Calculation

Calculation The earth resistance (R,) of a single rod (spike), of diameter (d) and driven

length (L) driven vertically into the soil of resistivity (p), can be calculated as follows:

Ry = -2 |In (%) - 1] (8.1)
Where:
p= Soil Resistivity in 2m
L=Buried Length of the electrode in m
d=Diameter of the electrode in m

For any number of rods in parallel, it can calculate the equivalent earthing resistance
from the following equation and table (8.1):

R
Requ = + x4 (8.2)

Where;
N: is the number of rods in parallel.

A: is a multiplying factor that can be taken from the following table8.1. The resistivity (p)
in (22.m) for various types of soils are given table (8.2).
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Table (8. 1): Multiplying factor for parallel electrodes in line as per (BS 7430). [11]

Factors for parallel electrodes in line
(CERLED)]

Number of electrodes Factor (A)
(n)
2 1.0
3 1.66
4 2.15
5 2.54
6 2.87
7 L5
8 3.39
9 3.61
10 3.8

Table (8. 2): Average resistivity values (2. m) for an approximate sizing of earth
electrode.[1]

Type of soil Mean value of resistivity in Om
Fertile soil. compacted damp fill 50
Arid soil, gravel, uncompacted non-uniform fill 500
Stoney soil, bare, dry sand, fissured rocks 3000

Now, for hotel project the earth resistance (R,) of a 3-meter single rod (spike) with
diameter @17,28 mm driven in an earth, with soil type (Fertile soil, compacted damp fill)
with mean value of 50 Qm resistivity, is obtained from equation (8.1):

Rg= -2 |n(5)—1] = 2= |n(22) - 1] = 1654 0

2XTXx3 0.01782

Then, with 3 electrodes in parallel for MDB body the equivalent earthing resistance
Requ. from equation (8.2), where A from table (8.1) 1.66:

Requ =~ x1 = 22 x 1,66 = 9.153 Q

The Requ, = 9.153Q > 5Q , this value is not acceptable!

Therefore, solution could be increasing the number of electrodes in parallel or increasing
the lengths of the electrodes. Because the project has three 300x300x300 mm earth pit for
inspection purpose, increasing the lengths of the electrodes driven in an earth is better
choice. Data sheet in appendix H (page 141)
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So, the length of each electrode will be increased to 9 meters for each earth pit:

R - ﬁ In (S_L) N 1J 2XTX9 [l (&) N 1J 6'4859

Finally, the equivalent earthing resistance R, is

Requ = x4 = 2% x 1,66 = 3.588 )

The of Requ. =3.588Q < 50 , this value is acceptable.

Jr

Each Pit 9meter length of electrode
in earth

Figure (8. 8): Earth pits location in front of the hotel project

8.4.2 Earthing Conductors Calculation
In this section, the sized 150 mm? of earth conductors, which have been selected in
section 4.5, will be checked if it was sized correctly or not.

From the equation 6.5, the earth conductor size PE in mm? is:

Igexvt
K

Spg = (8.3)

Moreover, in LV installation the maximum time for disconnection or clear fault current
is 0.4 sec. so, here the earth conductors will be checked with time of 0.5 sec.

Now, from table (6.3) for LVP-1 (or MDB-1), the earth conductor size PE is:

S _Iscxﬁ 22,900%v/0.5
PE ™ g 143

= 113.24 mm? < 150 mm?, so, it is sized correctly.

For LVP-2 (or MDB-2), the earth conductor size PE is:

Iscxx/_ 28,600x+/0.
Spe = K 143

= 141.42 mm? < 150 mm?, so, it is sized correctly.
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For LVP-3 (or MDB-3), the earth conductor size PE is:

SPE -

ISC:(M = 36‘722§m = 181.47 mm? > 150 mm?, so, it is sized NOT correctly!

Therefore, the next nearest available conductor size will be 185 mm?.

Data sheet in appendix | (page 142).

8.5 Lightning Protection System

This project follows BS 6651 code (Protection of structures against lightning), which
clearly advises strict adherence to the provision of a conventional Lightning Protection
System (LPS) — to the total exclusion of any other device or system for which claims of
enhanced protection are made.

Principle components of a conventional structural lightning protection system, in
accordance with BS 6651 are:

e Air termination network

¢ Down conductors

e Earth termination network

e Bonding (to prevent side flashing).

In this project, the Structural Lighting Protection System (LPS) is complying and
designed to BS 6651. As following: [12]

No part of the roof should be away more than 5m from air termination conductor.
This can be achieved by applying mesh of size (10m x 20m).

On high-risk structures, the mesh forming the air termination network dimensions
to be 5m x 10m so that no part of the roof should be 2.5m away from any air
termination conductor.

The zone of protection offered by an air termination network for buildings with
height less than 20m should not exceed 45°.

The zone of protection for higher than 20m buildings must be determined by rolling
sphere method.

There should be one down conductor for every 20m or part of the building perimeter
at roof or ground level whichever is greater for buildings below 20m in heights.

If the building is above 20m in height or in abnormal risk, the distance between two
down conductors should be reduced to 10m.

The length of down conductor forming the loop should not exceed eight times the
width of its open side (i.e., the distance between two down conductors).
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8- Each down conductor must have a separate earth termination (i.e., earth pit).

9- The resistance to earth of the lighting protection system measured at any point
should not exceed 10 ohms.

10- For each down conductor and for disconnection from the earth, test clamp to be
provided nearest to the earth pit.

11- The individual resistance of each earth pit constituting apart of the earth termination
network should not exceed 10 times the number of down conductors.

12- The combined length of earth rods of LPS should not be less than 9m while each
individual earth rod length should not be less than 1.5m in length.

13- In case of using parallel, earth rods to achieve the 10-ohm resistance. The separation
distance of earth should be between L to 2L, where L is the length of earth rod.

14- All metal works including water pipes, gas pipes, handrails, air conditioning unit’s
metal cladding and metal roofs in the vicinity of the LPS must be bonded to it to
avoid the danger of side flashing.

So, the previous points were applied in this project, as following:

Due to the nature of the building, approximately mesh of size (10m x 20m) method was
selected, and the result number of air termination conductor are 5 conductors.

The hotel building perimeter at roof is about 132 meters. In addition, because the
building is higher than 20 meters, the distance between two down conductors is 10 meters.
So, a 13 down conductor must be used.

In addition, the building height is about 99.2 meter, same to the lengths of each down
conductors forming the loop not exceed eight times the distance between two down
conductors.

For example, the distance between two farthest LPE-1 & LPE-2 points are 12.3 meter,
multiplying 12.3 meter by 8, which is equal to 98.4 meter, so it less than the length of down
conductor, resulting to acceptable value. Moreover, each down conductor has a separate
earth pit.

As mentioned in section 8.5.1, the individual resistance of each earth pit constituting
apart of the earth termination network with a 3 x 3-meter single rod (spike) with diameter
@17,28 mm driven in an earth, with soil type (Fertile soil, compacted damp fill) with mean
value of 50 £2.m resistivity, is obtained from equation (8.1):

Rpie = ﬁ lln (%L) B 1J - 2>:fx9 lln (%) B 1J = 64851}

103



This value is less than the number of down conductors multiplied by 10 times; i.e the
resistance of each earth; 6.485 Q < 10x13 =130 Q.

The equivalent earthing resistance for 13 earth pits obtained from equation (8.2) and
table (8.1), the value of A here is approximated to be with vale of 4:

Ry 6.485
Requ = %X/1= -, Xx4=20

The of Requ. =20 < 50 , this value is acceptable.

In this project, the applied separation distance of earth between L to 2L; i.e the applied
separation distance is between 9 to 18 meter.

o,

«» Addition notes taken into consideration:

e The air termination network conductors consist of 25mm x 3mm tinned copper
tape.

e All roof conductors are to be secured at intervals not exceeding 900mm.

e Vertical copper air terminal height (500mm) shall be provided for the
termination network.

e A minimum of two air terminals separated by 30m to be provided.

e Down conductor rebar will be bonded to foundation steel network underground
stainless-steel tape 25mm x 3mm shall be inter connect all rebar down
conductors at the ground level along the perimeter of the building to comply with
IE-C 61024-2-2 if rebars used as down conductors.

The figure (8.9) shows the project-designed plan for conventional structural lightning
protection system, and figure (8.10) designed components used in project.
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Figure (8. 9): the project-designed plan for conventional structural lightning pro

system.



AT W7E A fean €1

LS

.
DETAIL (TYPICAL) W
G

PARRPET WAL

/\ \\

/

/ /
EARTHING TAPE /
CLAMPED TO VERTICAL .
RE-BAR IN PARAPET

INTERNAL WALL

/ E ) 0 TAPE Qs
{ [

DETAIL (TYPICAL)

LEGEND:

*A TAPE )O?7m04m_u TO TAPE RUN ON

*B BI-METALLIC TAPE CONNECTION TO

CHILLER

/ERED DOWN CONDUCTOR
ING IN EARTH PIT LOCATED
LEVEL

DRCEMENT BAR TO BE USED AS

*® TAPE TO TAPE JOINT

*ememm 3Mm X 26mm COPPER [APE

i INCICATES CHANGE OF LEVELS

* AT LIGHTNING AIR TERMINAL

\_ LBE LIGHTNING PROTECTION FARTH
_\ PIT AT GROUND LEVEL
o

EARTH POINT

CLAMPED TO VERTICAL
RE-BAR VIA TEST CLAMP
IN INTERNAL WALL

TYPICAL DETAIL 'A' OF EARTHING PIT

TYPICAL DETAIL 'B' OF CONNECTION ROOF TAPE

Figure (8. 10): designed components used in project.
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8.6 Summary

Introduction about the importance of earthing system & Lightning Protection system
have been introduced. Types and components of both systems also are illustrated or
displayed. Earthing resistance for determining the proper size and basic layout of the earth
electrode has been calculated, and then checked if it was sized correctly or not. The LPS
was designed and complied to BS 6651. Finally, a plan for conventional structural lightning
protection system and its component has been designed and layer by AutoCAD.
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Chapter Nine

Project Layout
e

9.1 Introduction to Hotel Project SLD
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9.1 Introduction to Hotel Project SLD

A single-line diagram (also known as an SLD or one-line diagram) is a simplified

representation of an electrical system. Symbols and lines are used to represent the nodes

and connections in the system, and electrical characteristics may be included as well.

The methods or steps used to build SLD in this Project, is:

10-

Represents all types of hotels loads into single phase and three phase circuits; Lights
Circuits, Sockets circuits, FCU circuits. . .etc.

Each floor load circuits, represented into distribution Boards (DB).

Classification of DB’s into Non-essential loads DB’s & Emergency loads DB’s.
Non-essential loads DB’s designed to be fed from sub-main distribution board
(SMDB); which designed to be fed from main distribution board (MDB), finally
supplied from transformer (electric network supplier) only.

Emergency loads DB’s designed to be fed from emergency SMDB; which designed
to be fed from emergency MDB, but these loads have two options to be supplied;
from transformer or from standby source as backup generator or UPS in case of
power outage.

The riser diagram for hotel building floors have been represented also;

Connection of power sources for the hotel as distribution transformer, backup
generator and UPS has been showed in the SLD.

The connection of capacitor bank for PF improvement also has been shown.

The protection devices; RCD, CB, MCCB and ACB which used in the project also
shown in the SLD.

Each electrical element component size in the project, represented with details in
SLD with details.

The following figures show the hotel SLD, illustrating all electrical components used in

the hotel project in details. An example for DB.GF & DB.GF EM at ground floor as shown
in figure (9.1).
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Figure 9.1 : SLD for DB.GF &DB.GF EM @ ground floor
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Chapter Ten

Fire Detection & Alarm System

10.1 Introduction
10.2 Hotel Fire Alarm System
10.3 Central Battery System for Emergency Lighting
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10.1 Introduction

A fire alarm system warns people when smoke, fire, carbon monoxide or other fire-

related or general notification emergency emergencies are detected. These alarms may be

activated automatically from smoke detectors and heat detectors or may also be activated

via manual fire alarm activation devices such as manual call points or pull stations. Alarms

can be either motorized bells or wall mountable sounders or horns. They can also be

speaker strobes, which sound an alarm, followed by a voice evacuation message, which

warns people inside the building not to use the elevators. [13]

A fire alarm system consists of many different input and output devices, including:

Control Panel: it is the brains of a fire alarm system, which monitors all the
system’s inputs. It is also responsible for controlling the actions of the system’s

output actions, and relays information to the notification devices.

Power Supply: fire alarm system requires both a primary and backup power

supply.

Initiating Devices: which is responsible for transmitting a signal to the control
panel signaling that there is a possible fire. There are two types:

a) Automatic: consists of detectors that measure or identify the presence of
smoke, heat, CO2, and flames.

b) Manual: these devices need a person to activate them, such as a pull station.

Notification Appliances: notification appliances are made up of visual and audible
devices that are used to alert building occupants of a fire.

Building Safety Components: these components manage certain aspects of the
building safety infrastructure and are meant to assist people in exiting the building.

120



e Others: there are often other aspects of a fire alarm system including fire doors,
sprinklers, elevator recalls, among others. It is also increasingly common to have a
building’s fire alarm system be integrated with the building’s security system or

other smart building technologies.

Figure (10.1) shows the different devices connected to fire alarm control panel (FACP).

Fire Alarm System

Auxiliary Devices:

Smoke Control Systems
Hood Suppression Systems
Clean Agent Extinguishing Systems
Door Release Mechanisms
Elevator Recall

Smoke Detectors
Heat Detectors
Manual Pull Station
Water Flow Switch
Valve Temper Switch

| A

Initiating Device.\er —o 11 Notification Appliances
Off Premise Signaling

(To supervising station)

Buzzers
Bells
Horns

Strobes

+Primary_
Power
Source
Secondary Power
Batteries
Generator

Figure (10. 1): different components of a fire alarm system.[14]

10.2 Hotel Fire Alarm System

The fire alarm system components used in the hotel, are UL 864 & EN-54 approved
systems, which function as standard fire detection and alarm systems, including
extinguishing release services; fireman’s phone; UUKL approved smoke control and

addressable voice evacuation. [15]

The type of fire alarm system used in hotel project is an addressable fire alarm system,
which gives a unique address to each device that is on the system. The following table

(10.1) shows the quantities of fire alarm devices used in the project.
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Table (10. 1): Components of hotel addressable Fire Alarm System.

Item Description Quantity

Addressable Fire Alarm Control Panel ( Master ) 1

Smoke Detector With Built in Sounder 345
Smoke Detector 425
Heat Detector With Built in Sounder 26
Heat Detector 44
Manual Break glass 67
Weather Proof Manual Break glass 13
Weather Proof Speaker with Built-in Flasher 16
Speaker with Built-in Flasher 75
Celling Speaker 203
Fire man Telephone 74
Voice Evacuation Control Panel 1

Interface unit 30

An example for fire alarm system AutoCAD plan for ground floor as shown in figure
(10.2). In addition, the fire alarm riser diagram for the hotel floors from ground to 8" floors
as shown in figure (10.3). Moreover, the fire alarm riser diagram for 9% to roof floors as

shown in figure (10.4).

10.3 Central Battery System for Emergency Lighting

In short, central battery system for emergency lighting means, that the backup power
source for the emergency and exit lights is provided centrally. In other words, each

emergency and exit light does not need to have a battery or super capacitor of their own.

In hotel project, a central battery system is designed to supply 565 Emergency light unit
and 196 Exit Light. A central battery system riser diagram for the hotel floors from ground
to 8™ floors as shown in figure (10.5), and the riser diagram for 91" to roof floors as shown
in figure (10.6).
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Chapter Eleven

Economic Study

11.1 Energy Cost

11.2 Electrical Works Cost Estimating
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11.1 Energy Cost

At the end of the project design, a brief and simple economic cost study has been made.
As mentioned in chapter 2 for hotel load estimation study, the total average energy
consumption for load demand hours is 2,759.41 KWh, which means the hotel consumes
energy of 66,225.84 KWh /day; 24,172,431.60 KWh /year. In other words, this 4-star hotel
with 324 rooms and 21,268 m?, consumes 704,606.3 KWh per room /year or 1,136.56 per
m?/year. Based on many researches these values are unconvincing and unreal.

Hotels in the United States use approximately 185 KWh per m?/year on average.
According to EnergyStar research, on average, America’s 47,000 hotels spend $2,196 per
available room each year on energy [16]. In addition, to estimate the hotel consumed
energy in this report, a large hotel, a 4-star hotel with 311 rooms located near the sea in
Greece was chosen, which on average consumes 222 KWh of per m?/year [17].

Taking into consideration the average of the two pervious values, the 203.5 KWh per
m?/year is used here to estimate the annual hotel consumed energy. Therefore, the result
of consumed energy in this project is 11,858 KWh /day; 4,328,038 KWh /year. With cost
of $2,134 per day and $779,046.84 per year; respectively. Where the cost of consumed
energy for 1IKWh is about $0.18/ KWh for commercial as provide from electric supplier
company.

11.2 Electrical Works Cost Estimating

The cost estimating of electrical works for any project is very important. which can get
an approximation of the material, investment involved and the time to be taken for the
completion of electrical project.

It is necessary to know the needed material and the cost to be incurred before starting
the project to ensure all the materials required for the execution of the project, to avoid the
misuse of money, to save time required for completion of the project and to complete the
project un-interruptedly.

For this project, an electrical works cost estimating has been calculated, for all electrical
works mentioned and not mentioned in this report with result of $6,569,331. For more
details see table the Hotel Project Electrical Works BOQ in appendix J (page 143).
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Chapter Twelve

Conclusions & Recommendations

12.1 Conclusions

12.2 Recommendations
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12.1 Conclusions

As mentioned in the previous chapters, the purpose of this study is to design the stable

electrical system in hotel building. Considering the following items are important key

measurements that ascertain a safe, stable and continuous power supply:

1-

Precise load list in terms of required power, load factors, load type and relevant
feeding type assures a reliable system. Since the main purpose of electrical network
is to energize electrical loads, the better understanding of loads, the better design of
the network.

Taking normal feeding, emergency feeding and vital feeding (for relevant loads)
into consideration are crucially important.

Reliable protections including relays and circuit breakers to protect equipment and
personnel in faulty situation must be paid attention to. In addition, right connection
of electrical protection and relays with other instrumentation systems such as fire
protection system, distribution control system, and emergency shutdown system will
assure safe hotel.

Main studies including load estimation, short circuit and voltage drop assist us to
confirm stability of system. Furthermore, it should be noted that any modifications
to each study will influence on the results of other studies and in the final stages,
entire studies’ results should be checked in order to approve all desired results.
Cable sizing is important in many aspects such as cost, voltage drop and reactive
power losses. Wrong cable sizing can adversely effect on the system by leading to
faulty conditions as well as huge costs of detecting the fault and replacing the cable,
which can be costly, and time consuming.

Although in this project the power factor was acceptable in two feeders according
to design criteria, but capacitor bank is recommended for improving power factor
for the purpose of having lower reactive losses, better control on voltage drops and
lower size of cable. Selecting smaller cable cross section can be more economical.
By adjusting short circuit impedance of transformer, it is possible to control short
circuit current. However, the higher short-circuit impedance, the higher losses. That

is why utilizing transformers with higher sizes are sometimes recommended.
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8- A well-designed earthing system is a necessity to protect a person, reduction of
electromagnetic disturbance and overall network of supply system. So, for
enforcement of safety measures, the faults in any supply system are unavoidable.
So, each electrical equipment’s, system must be earthed to obtain a lower resistance
path for dissipation of fault current in to the earth. It is also clear that value of earth
resistance is directly related to soil property and earthing electrode. The earthing
design for lightning protection system is calculated by considerateness
characteristics of the building, its environment and soil resistivity.

9- The single-line diagram or SLD is an electrical diagram or drawing that represents
the components of an electrical installation system represented by symbols, which
help to describe how the components of the hotel project are related.

10- Early fire detection is crucial and plays a very important role in protecting and
saving lives and properties. Having a fire detection system can significantly reduce

damages and maximize fire control efforts.

12.2 Recommendations

As result of hotel design, the following recommendations must be taken into

consideration:

1- As result of high energy consumption for hotel load demand, a renewable energy
source must be taken into consideration, as photovoltaic system or wind turbine to
minimize the consumed energy cost.

2- Due to the increasing use of electric vehicles in the market, installing a charge unit

in parking floors for electric vehicles as future work is recommended.
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Appendix A:

AutoCAD Project’s Floors Layouts
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A) GROUND FLOOR Layout:
Which consists of hotel entry, hotel main lobby, waiting area, reception desk,

control office, luggage, lifts lobby ...etc. as shown in figure (1.3).
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Figure (1.3) Hotel Ground Floor Layout.
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B) MEZZANINE FLOOR Layout:

Which consists of administration, sitting area, shop 1, shop 2, pantry, electric
room, toilets, lifts lobby...etc. as shown in figure (1.4).
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Figure (1.4) Mezzanine Floor Layout.
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C) 1st PARKING FLOOR Layout:

Which consists of car parking, cargo lift, receiving room, stores...etc. as shown
in figure (1.5).
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Figure (1.5) 1st Parking Floor Layout.
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D) 2nd PARKING FLOOR Layout:
Which consists of car parking, cargo lift, kitchen store, mechanical room .. .etc.

as shown in figure (1.6).
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Figure 1.6 2nd Parking Floor Layout.
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E) 3rd PARKING FLOOR Layout:
Which consists of car parking, chief engineer office, mechanical, electrical,
carpentry and paint workshops...etc. as shown in figure (1.7).
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Figure (1.7) 3rd Parking Floor Layout.
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F) RESTURANT FLOOR Layout:
Which consists of main restaurant, satellite kitchen, toilets, storage room.. .etc.

as shown in figure (1.8).
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Figure 1.8 Restaurant Floor Layout.
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G) SERVICES FLOOR Layout:

Which consists of main kitchen, staff canteen, laundry, housekeeping,

toilets...etc. as shown in figure (1.9).
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Figure 1.9 Services Floor Layout.
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H) PRAYING FLOOR Layout:
Which consists of main gents and ladies praying, toilets, services room...etc. as

shown in figure (1.10).
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Figure (1.10) Praying Floor Layout.
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I) TYPICAL (1ST to 15TH FLOORS) Layout:
The floors from 1% floor to 15™ floor are typical, so one layout for all of them
is considered, which consists of 19 guest rooms for each floor i.e. 285 guest

rooms, with their services ...etc. as shown in figure (1.11).
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Figure (1.11) Typical (1ST to 15TH FLOORS) Layout.
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J) 16TH FLOOR Layout:
Which consists of 9 guest rooms, dining and living rooms, etc. as shown in

figure (1.12).
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Figure (1.12) 16 TH Floors Layout.
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K) 17TH FLOOR Layout:
Which consists of reception, men and women majlis, dining rooms, dining and

living rooms, bedrooms...etc. as shown in figure (1.13).
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Figure (1.13) 17TH Floor Layout.
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L) LOWER ROOF Layout:
This floor has been prepared to have heavy electrical, mechanical, HVAC loads

as chillers, FAHU, pumps; lift lobby ...etc. as shown in figure (1.14).
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Figure (1.14) Lower Roof Layout.
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M) UPPER ROOF Layout:

Same to lower roof, this floor has been prepared to have heavy electrical,
mechanical, HVAC loads as chillers, FAHU, pumps; lift lobby ...etc. as shown
in figure (1.15).

Figure (1.15) Upper Roof Layout.
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Appendix B:

Lighting used in the project
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DIALuUX

Operator
Telephone
Fax

e-Mail

Fagerhult 300652_26 Esplanad Bollard 1xTC-TEL 26W / Luminaire Data Sheet

Luminous emittance 1:

135° 157 1857 180° 165° 1507 135°
&
=
200 @ 1200
k|
05° x w5
%° %07
7 7%
& &0
a5 LY 15° g 15 0* 45"
cd/kim n=37%
——(-Cl80 ——C9%0- QM0
Luminaire classification according to CIE: 76 Luminous emittance 1:
CIE flux code: 17 48 80 76 37
Glare Evaluation According to UGR
Installation A ' Calirg P O N O N I )
Luminaire for assembly on 76-foundation. Can aiso be mounted on an in-situ — N0 I N B N O N B T B
cast fot orona g plate. Supp with acc! 8 o Flecy ™ | » | ;o | m | = | o | ® | o » | 2
Rocen Suw Viewng deecton d nght anges Vienry drection paradel
Connection X ¥ 10 lamp axs 10 by axn
Terminal block 4x10 mm?. ™ M| e 180 1s2 06 m3 | 181 196 187 21 e
™| 209 n 215 P ns 26 ne n3 ns ns
| s ns 42 o ns e na ne Na
Design ] 238 ME M4 255 Ma |29 1no NS Me KS
Black enamelled (RAL9005) body of cast aluminium with stanless steel o] a4 XS5 21 262 10|24 Ne M1 X2 M0
bolted joints. White finish inside. Shade of UV-stabilized, clear ™ ’: ":‘ 2:‘ ’:" ;’ 4 ":: 2" ‘: 4 : : ‘:‘:
- = 3 196 %2 ws L u 0 "s 1
polycarbonate. Ballast integrated in the body. |26 26 23 23 2z |2s »s »s Bs s
- s M 219 a8 X 32 P 19 MNa =7
&) Jas e 256 He 3 M5 =3 3 »a o
Accessories o 256 ne 284 1 my 22 »e »9 »7 e
Base plate or hot-dip galvanized ground bracket ordered separately. ]| 2es m2 w2 e mo|2ws ®ms s »3 ms
- - | M5 MS pis ] %2 | 23 ns ns X3 2
& 2SS P M9 8 254 1 22 b= s
o) M4 nes 22 e m? 23 »e 2 ny %8
uu ) 2rs mo a3 PLUT ] 2 nr mo ;e ns
un | 25 M6 M5 K3 w3 | s ns M5 »3 2
LAY M3 265 o mo 256 2 xa e Do
L R n: 25 K0 Mo 266 o na s me
Varation of ®w cheerver Jouson for $a lanreiw datences 5
S=10mn 01 / A2 sat / o2
$=15 02 [/ 02 03 / 23
S=20n 03 [ 03 «08 | 6
Stanclard tutie 135 B2
. a3 59
Comecons Gace Indcm referrrg to LIOON Tomd Luneous Mux
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DIALuUX

16.02.2008

Operator
Telephone
Fax

e-Mail

BEGA 8824 4 HME 80W / Luminaire Data Sheet

Luminous emittance 1:

s iy
o ol
I TE=
BOF [
1]
a5 a5
120
k) i5® [ i5® ki
edfdm 0= 48%
- CiE) (-
Luminaire classification according to CIE: 99 Luminous emittance 1:
CIE flux code: 45 76 93 90 48
Glare Evaluation According ta UGR
BEGA-Aufsatzieuchts Nr. 8824 -
s Catirgg o | m | s | s | o= 30
o Wil 50 | m | =0 | 3 | = ]
 Piexr | = | | s | m Fl
Aror Soe Virwerg thsection @ right anghes.
X ¥ ke ez ans
F ) Fal 1ra W1 - 81 194 i
= mr me a;a Iz ans
| a8 ne 22
Bl 212 e 229
| s ng 212
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| ril] P LY 250
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B i Wi M1 oLl
L] ri i ME ra i)
Varaton of T4 SOMTes PCEESN bor Te Lireane SEMCEL S
=ar
F.13 -0
Commcied Giaw Irsbrm: wlsrmng w 4000, Toesl Lo P
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DIALux

1E.02.2009

Operator
Telephona
Fax

e-Mail

Philips Trilogy 170 FBH170 2xPL-C/2P26W/840 CON / Luminaire Data Sheet

Luminous emittance 1:

s L
W o
T i
L B
455 &
300

e is® [ L o
wdfkim n= 68%
=——0-Cifd =—(W-0m

Luminaire classification according to CIE: 100 Luminous emittance 1:

CIE flux code: 55 92 100 100 68
‘Glare Evaluation According to UGR
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S5=im SLT | -L3 132 § 18
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Srarelard tatis Bl L]
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Project 1

Operator
Telephone
Fax

e-Mail

Philips Europa 2 FBS120 2xPL-C/4P18W/840 HF O / Luminaire Data Sheet

DIA

LuXx

16.02. 2000

Luminous emittance 1:

L Los®
ar @
o o —
e ="
B B
45 Lo
o L= [ 1= E
cd/kim = 33%
e O] + C1B0 e 05 - 2T
Luminaire classification according to CIE: 100 Luminous emittance 1:
CIE flux code: 47 79 96 100 33
Glare Evaluation According to UGR
Cleg m [ m [ oss | s | x
s it g | = | s [ s | 3
i Hr an | m | = | oo | 20
Foom Sew Wawang tewchicn al ight angha
X A o kg i
n iH 11z ma ns
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H 5% ran
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Project 1

Operator
Telephone
Fax

e-Mail

DIALux

16.02.2009

BEGA 2005 1 T16 24W / Luminaire Data Sheet

Luminaire classification according to CIE: 50
CIE flux code: 12 36 67 50 26

BEGA-2005 Recessed wall luminaire with unshielded light
source. For 1 fluorescent lamp T 16 14/24 W.

With electronic ballast. 1.200M1.750 lumen.

Protection class IP 65.

Luminaire made of aluminium, front panel made of
stainless steel. While safely glass. Luminaires

can be installed horizontally or vertically.

Including recess housing.

Dimensions: B45 ¥ 125 x 125 mm.

Recessed opening: 635 x 115 x 125 mm.

153

Luminous emittance 1:

135+ 15 165% 180 168 15 13%*
0o
B
120+ 120
B
Al
s 105*
50° 80°
o 75
B0® 60°
45 e 15% o 15* e 45
od/kim = 26%
=——0-C180 =—(8%0-C270

Due to missing symmetry properties, no UGR table

can be displayed for this luminaire.



D

ALux

09.08.2009

Operator
Telephone
Fax

e-Mail

TRILUX 1280H/1TCD13+012800 E Downlights 128--- / Luminaire Data Sheet

Luminaire classification according to CIE: 100
CIE flux code: 50 80 95 100 51

Application
Entrance areas, corridors, conference rooms, cafeterias, lounges, hotels,
restaurants and residential areas.

Optical system

Reflector made of UV-stabilised polycarbonate. Aluminised, highly-specular,

for narrow/wide-angle light distribution. With perfectly integrated highly-
specular bezel ring.

Luminaire body
Sheet steel, galvanised. Ceiling recess mounting by means of integrated
spring brackets, does not require tools.

Control gear option

[VG].

Covers

Plastic, with concentric detail. Tool-free installation
in downlight. Safe retention by means of bayonet
system. IP 44 from underside. Opal.
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Luminous emittance 1:

1os® 105
K L ud
s EL
w0 (20
«° a5
0
E 15 o 15 30
cd/kim n=51%

——=Cn-Qsm =Ccx-0%0

Due to missing symmetry properties, no UGR table
can be displayed for this luminaire.



DIALux

Operator
Telephone
Fax

e-Mail

CENTRUMVOORLICHTARCHITECTUUR 21000005 Flowerflux 60cm 3x22W - TL5C 22W
2GX13 22 W/ Luminaire Data Sheet

Luminous emittance 1:

135° 150° 165° 180° 165° 150° 135°
160

2r 120 1207
®

105° 105°

%0 %00

75° 75°

@ &

s » 15 o 150 0 «

cd/kim n = 59%
w— )+ C18) 90 - CZ70

Luminaire classification according to CIE: 69 Luminous emittance 1:
CIE flux code: 49 81 97 69 59

raluation According R
Pendant metal kghting fittings for direct and indirect lighting. (standard color s o

a 2 J0 0 0
alu gray RAL 9006). Suitable for T5 fluorescent tubes. e ?_i_a_iﬁz e
Cover opal white acrityc. v ) T Tl s »
[ Viewing dinction at sgit anges Viewn; Sewction sersbel
X Y 50 g dan o lamp axs
™ ™ 1186 us M3 152 180 138 1458 43 183 161

] 151 140 158 167 175 | 1S3 159 158 166 1S
@] 156 164 %3 121 180 | 16 163 163 121 129
e 158 166 366 123 182 | 88 165 165 122 1AL
| 159 155 w6 13 2 1858 188 165 s 12
u| 159 165 86 123 182 | 58 145 168 122 142

- M| 140 48 M7 185 164 | %0 148 148 385 164
M| 157 164 %S 121 180 | 57 183 185 171 180

@] 183 169 3 126 185 | 83 168 w1 126 146

] 186 121 W4 129 189 | %S 120 174 120 188

@] 16y 121 S 19 189 | %6 1221 124 129 149

| 167 172 25 129 189 | ME 121 125 29 189
| 166 169 W2 12 a7 | 84 188 12 1nY A2

] 168 12 Wy 180 191 | Ms 121 176 180 190

g] 169 12 ws 11 192 | ¥e 122 127 180 191

el 120 12 D& a1 192 | %8 122 8 81 191

M an | 186 168 3 126 188 | M4 188 172 126 186

6] 168 121 07 10 190 | ¥s 121 126 129 190
g] 169 172 ws 181 191 | %9 121 128 380 191

s01 | 3
03 | 44
05 | o8

£9

Cormectad Glare Indices sfuring 52 SAOOK Totl Lursooa Pl
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DIALux

16.02.2009

Operator
Telephone
Fax

e-Mail

IVALO 777 HF Sol - pendant luminaire 11W FSD 2G7 / Luminaire Data Sheet

Luminous emittance 1:

1050 1050
w0 a0
% 750
o 60*
45+ 50
kg 15* [ 15° k
cd/kin n=49%
—C0 « C180  —C90 . Q20
Luminaire classification according to CIE: 97 Luminous emittance 1:
CIE flux code: 46 77 93 97 49
< Glare Evaluation According to UGR
SOL -Pendant Luminaire SSTL No. - -
777.001 HF 42009 11 — — =
777.501 HF 42 008 15 e = =
Roorn Saw
IP20 Protection ciass 28 25°C2x TC-E 11 W/2G7 1.7 kg X ¥
> - 14 jLS)
e : : i 2
* To ceiling with suspension hook. o 9.7 s
- s 2.
Connection = -3 p
+3 x 0,75 mm2, with a surface cup ol e b
= Ceding flush mounting with suspension cover, 10 socket outiet a 03 2z
@ 3 s
Construction 2 s n
+ Diameter @ 390 mm, height h 115 mm - ot w04 20
« Housing of impact-resistant white or coated white polycarbonate. o ns ey
« Upper cover of impact-resistant white polycarbonate. A e N
« Lower cover of impact-resistant opal polycarbonate. o 2 S 25
= Hinged intermediate cover of while polycarbonate. o ns 3
« Frame painted aluminium - 3 o
» Two edectronic ballast Varwson of e chures poRion K B Lewurs 3eaec
» Suspension cable 3 m, white MSK 3 x 0,75 mm2 + suspension hook S=1om a1 /) a1 +a1 ) a1
« Surface cup of white plastic $= 15 +02 | a2 +02 ) a3
Selm +03 | as +03 /) ar
Louwe Standend table oas ey
+ Impact-resistant opal polycarbonate. So——— 21 a8
Carwmd Gav o vinreg 1000 T Lewas e

Colours

« Frame colours:

- .000 white, RAL 9016

- .500 grain swiface aluminium grey, RAL 9006

Accessories
= Luminaire will be delivered with lamp. (830)
« Plug is not induded.
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Project 1

Operalor
Telephone
Fax

e-hMail

DIALuX

16.02 2000

TRILUX 7403N/TC11 E Surface-mounted diffuser luminaires 740--- / Luminaire Data
Sheet

Luminous emittance 1:

1350 1507 = e e 1500 13
]
120 g 130
&
105 bl
W L
el 5
&= [
a5 EL 15 " 1= £ a5
cdfkim 0= 51%
— - CLE =50 - 270
Luminaire classification according to CIE: 91 Luminous emittance 1:
CIE flux code: 42 71 89 91 51
Glare Evaluation According to UGR
Circular surface-mounted luminaire with opal diffuser, for 2 compact E T N N N N R
fluorescent lamps 24W, socket 2610, Lumingire body in shest steel, white. “"': AN AR
Degree of protection |P40. With electronic control gear wnits (E). & Flar I T T 2wl ol =] o] ®
[T Wawany teebior af robd areges Vamarg drecle, s ala
® ¥ I larrp ann i= lamp aes
= M 1.2 .5 11 159 145 1rs us Lis e pLE ]
] 15 161 141 B3 L4s H-+
" s o 1430 |1 154 1re
& 1y 178 158 B8 183 1rs
- 1ITs 141 151 m 166 181
LM 1re 182 8% na 1 Lt
] ™ L] 148 1y na 112 s
] L 180 149 =9 154 H-t
- 13 e a0 ws es irs
& mr 148 189 ur 15 ms
- Eb 1al 1t {- RN 1*a ma
LA 1m0 198 18 jLE] jLE] me
& - 1¥e 18 a4 ua =a s
&H BT 19% 15 1\ 181 m3
& 1w 199 aL jr.u. 147 mne
LM mr mns my m2 153 ms
L - 1F¥6 181 164 my 1¥a 182
& EE 194 e m2 183 mne
- LR} P 1 ma |3 =E (L L] na
Narion of the abmsresr pouion for tha kriraes Sateaom 5
S=10H 01 ) o
S=15H 02 a3
S=210H +03 ! 0%
Srarviasd labla =]
'—‘"“"I'j' 18 BE
Carracted Clars Indhom rebaring iz 2550 Tois Lasran Max
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DIALux

16.02.2009

Operator
Teiephone
Fax

e-Mail

CENTRUMVOORLICHTARCHITECTUUR 15015050 W-1845.0000 - A60 60W E27 60 W /
Luminaire Data Sheet

Luminous emittance 1:

135 1500 165° 1800 165° 150° 135
&0
1200 a3 20
40
105° 10s*
w0 €0°
75 75°
&0° &®0*
& 3 15° - 15 £l 52
cd/kim n=30%
——C0-Cl80 —090-QM
Luminaire classification according to CIE: 80 Luminous emittance 1:
CIE flux code: 43 68 86 80 30
Glare Evaluation According to UGR
Made from Smm thick gaivanised steel, sultable for compact fluorescent R TR TR TET ST =
lamps and incandescent lamps. . '::’_‘ —t1= T =1 =
Can also be supplied In colours, on request. - FTO O N O N ®
Roon S Viewing directon at sght anghes
X Y i larg o
o P s PP Ry 122 153 e 159
™ 118 M "2 182 e 159
- 14s s = pL % 1w s
- 154 wa 1’ e 2 154 wr
- 159 w2 \ms A 159 mi
2 163 na wne s pLS ) ms
™ 1 LR
] “e s
- 155 wr
- e ss
- 7 93
o e wr
- 150 1
o™ 7.2 93
- e X0
o Ke 208
- wo =1
- 174 94
- w1 xn2
<01 ) 01
<02 J 03
«02 ) os
L
1.2
Cormcond Gars Indioms rwiering to 7200w Tamed Lurinows Mux
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DIALux

11.04.2009

Operator
Telephone
Fax

e-Mail

Clearvision CR6.414/SP Recessed 4 x 14watt lay - in luminaire / Luminaire Data

Sheet
Luminous emittance 1:
Ui o5~
9% a«r
75 e
100
& [
= 150
“w 200 e
300
E 15° o 15° 0"
ad/kim N~ 56%

Luminaire classification according to CIE: 100
CIE flux code: 57 88 98 100 56

Recessed 4 x 14w T5 module with polarising panel for Tgrid ceilings.

Lamp format: 4 x 14w TS

Gear: High frequency electronic

Optics: VDT Optika polarising lens.
Construction: White powder coated mild steel.
Options: Emergency dimming or both

Ceiling void required: 300mm

Ceiling fix: Lay-in on T-grid

159

— 0 - C180 w90 - (270

Due to missing symmetry properties, no UGR table
can be displayed for this luminaire.



Project 1 D IALux

0B.D4. 2009

Opearator
Telephone
Fax

a-Mail

Philips IMPALA TBS160 4xTL5-14W/840 HF C3 / Luminaire Data Sheet

Luminous emittance 1:

105® st
J e P
ok
T - .,J" -
o - 750
" s 5
=i i
458 59
E L= i a5 3
edfidm = 0%
0 - T80 00 - O30
Luminaire classification according to CIE: 100 Luminous emittance 1:
CIE flux code: 59 92 99 100 70
Glare Evaluation According to UGR
b M M b = 0 m m o 30 p -
2 ‘Maln £ E £ -] E =0 E 30 30 0
[ 2 21 F] F-] ?_l:l 0 1 10 30 -]
R Srm Winwing drection &t right angies “Wimaing cieecton parsiel
x ¥ iz lamp oy [
M H | s e 114 13 uazr 184
- 11 =1 118 173 I e
- 1o 2o 1% ;2 na mr
B 1o LLE 114 1 s e
B | e LLE 114 1 A4 mr
I | os nr 11 1 A ar
H IH | 112 122 1149 7 we 182
™| e 124 e 173 o 14
- e =3 1xa m2 ni e
& e 21 133 1e4 4 e
L ns =1 118 184 e e
M| s 34 114 14 Hi ar
L 4H | 1T 123 L8] w2 .l s
BH] T 121 113 1 m2 e
B 1e 34 113 14 m2 mr
M| 1Le e 121 114 13 14 H2 ar
134 4H | 1T 122 11 e o s
[ nr =1 L 1xa ;1 il e
[ e |24 4 13 ;1 il e
VAN of the abamaT SOLRGnN (o7 e Ly G §
S= 10 413 § 28 <03 § 0%
=13 +15 | 45 LD | -L1
S=10H 40 5 -l L1 | -L%
Seandar tebls Baay L]
Cormcson
Az 54
oA G | e 2 40 o Larenes Fun
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DIALux

18.022008

Orperator
Telephone
Fax

e-Mail

TRILUX 1330F/1580 E Surface-mounted diffuser luminaires 1330-- / Luminaire Data
Sheet

Luminous emittance 1:

135 L5 185% 18 1B5* L5~ 1
Y
it
1 1M
L
B
i =
e e
e e
s 'y
- = it [ L e -
odfkm n= Ta%
—— . CIBS —— - CHT
Luminaire classification according to CIE: 85 Luminous emittance 1:
CIE flux code: 41 71 90 85 72
Apphcation Glare Evaluation
Offices, sales areas, showrams, ounges and eorridars. —— ————
— ® | x| o [ = | x
Oplical sysbem o 5w ‘daaty SR ET pamle
PLEXIGLAS traperium-shaped diffuser, made in one piece, stable and k¥ = e amin
torsionally rigid. Safe retention of the diffuses by means of internal spring ] = nr
clips. Opal diffuses with fine-grained mall surface. - b
- H1
BH HSs
Lurninaie body B nr
Powder-coated sheet steel, white, shm prafile. End caps made of impact- L -a
resstant ABS. - o o
- M1
Conbral gesr o - o
With elecironic control gear (E). 1 T
L] Ll ns
& 3
L] ne
1 ne
1M Ll ne
&H s
L] ne
e e e ]
Srendersl whis
gm -LD -14
ovecm s aioes peberng o B Tom Lunes fias
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DIALux

16.02.2009

Operalor
Telephone
Fax

e-Mail

TRILUX 1330F/1580 E Surface-mounted diffuser luminaires 1330 / Luminaire Data
Sheet

Luminous emittance 1:

135 150° 1E5* 180¢ 165% 150° 135
200
el
1200 L20°
i
a0
100 105®
Ei (e
5 =
& =
a5° £ 150 0 15 £ 45
=] = 72%
— 180 ) 2
Luminaire classification according to CIE: 85 Luminous emittance 1:
CIE flux code: 41 71 90 85 72
Glare Evaluation According to LGR
?ﬁ?np“mml SNOWRCOnTS, | d corid — T R
ces, Sales areas, , lounges. and cormidons. — P I I T N
g Fioor i ) ] m 20 m
Onptical system Room S Wrreers crechon @l toH angEn
PLEXIGLAS trapazium-shaped diffuser, made in one peece, stable and LI = g i
tomsionaly rigid. Safe retention of the diffuser by means of internal sprng ™ M| mr 184 AT ma 174 | 1as
H| A 18y uve ma 18 153
clips. Opal diffuser with fine-gramed matt surtace. i B el e
e | m3 ma 195 na s 174
Lurmenaire hnﬂy | mr ;& X2 ::..: ne | 178
Powder-coated sheet steel, white. shm profile. End caps made of Impact- - ':;‘ ‘:‘: T:: i: ‘: ’:; :u’
resistant ABS. wi|mr e 1y me ms |z
- oW ma e F b ns 120
CDIHIDI gEH DpﬂDn & | 234 na o an.r pray s
| ae ns s na ne 118
With electronéc controd gear (E). i | w4 ns mo ns ns | mao
L.} - nma ma mnz Fo L nse 1%
&H | 29 n4 e .z prd ] a3
B | ns na P oz pily 1w
uH | 22 e ne 13 m1 199 ml e nan ns
1 - nma ma ns Fo L nse 138 12 ms na ms
&H | a0 n4 anr .z pra ) 1as ma mi ni ns
B oy m Ay na paty 129 w4 or w1 ns
s of P chasner goaiton br S ks darsncs §
S=1H +al § a1
EmliH 42 5 Az
Smin 43 § 4%
tdu-cerd e Bers
Co—ect
Y -18 -4
Cod wcmed (aew |nckose TG I 00NN Too Luminaus T
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DIALuUX

16.02.2009

Operator
Telephone
Fax

e-Mail

Philips TMX204 2xTL-D58W/840 CON +GMX430 / Luminaire Data Sheet

Luminous emittance 1:

105" 105"
20" «o
= ==
- -
45" &=
o 15" o 15" kg
cdiklm n= 7%
—m-ClEg —COW-37m
Luminaire classification according to CIE: 100 Luminous emittance 1:
CIE flux code: 46 79 96 100 75
Glare Evaluation According to DGR
s Ll M ] 50__50 ET ] ] 5\]__5\] 30
- Walke 50 E7] ] ] ET 7] £l ) ET] 30
o Fger 20 ] 20 20 Fi F] 2] F] Fii] 28
o Sie Vinrwing directon at right angles Wirareg Sirecian paralied
X ¥ 1o ks aan s v ok
¥l H 195 193 ana 3 w7 ¥ -1i] ns ns
H| ns ns e | 11k ne 20 33
|| 4 e ns 34 1y 5 139
&H || s a s 32 7 B0 M0 M3
M| ns B nae % s Bi i M4
i | xn? B na 33 s B: i M5
- M| M Hi5 Hs & | W3 Hb6 HT prki]
H| @ B3 HBa I3& | r¥ 2R3 L7 BE  MD
|| 23 i AL 3% | 132 4.0 Ba s M7
| 28 na agz M 238 MS M2 9 853
M 2y ni A, M 3% Me M.a 50 54
iM | 7 nHa ns 24 248 M7 M5 X1 x5
B | 28 na a7 M 234 M1 ne Ms M9
&H | 4 Ha HE M4 M1 M6 M5 i Bs
M A s N M5 4.3 B ME n3 w7
M| B2 Bs B Ml ME | ME MO ED Ea B
1M 4H | Ha ni Hi He  Ma 134 4.0 Ba s B
| 3a ns na ny 4.4 Ma ME Mb k50 55
M| 3 ns ns Mo M5 244 M8 M9 53 58
Variston of T e sowborn for the luminaine datences ©
Lm il #0r | OF sii j <1
L= 15H 403 f <04 #13 | A4
w2 «0d | 07 sid | 408
Stardasd Lable B e
Comnaction
Sl 25 —
Camectec Gary Indosy wfering o | 400N Totsl Lurinca Mo
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prject DIALux

26.03.2009

Operator
Telephone
Fax

e-Mail

Clearvision ADR6.240/SP Recessed 2 x 40watt A/H lluminaire / Luminaire Data

Sheet
Luminous emittance 1:
105* 105°
/ \ o %
/ \\\ 75° 7
< N |
~ 5 - /
= «=* a5°
£ 15° [ 15 0
cd/kim n- 55%
w—C0 - C180 (90 - 270
Luminaire classification according to CIE: 100 Due to missing symmetry properties, no UGR table
CIE flux code: 58 87 98 100 55 can be displayed for this luminaire.

Recessed modular 2 x 40w PLL module with polarising panel.
Lamp format: 2 x 40w PLL

Gear: High frequency electronic

Optics: VOT Optika polarising lens.

Construction: Powder coated white mild steel

Options: Emergency, dimming or both

Return air handling: 40 s

Celling voud required: 90mm

Ceiling fox: Side brackets above T- grid
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DIALux

16.02.2009

Operator
Telephone
Fax

e-Mail

BEGA 8034 1 TC-TEL 26W / Luminaire Data Sheet

Luminous emittance 1:

150° 165* 180° 165° 150¢
600
138° 400 13%*
300
120° 120
200
108° 108*
S0° 90*
%e 75
cd/kim n=53%
—C0-Ci180 (90 -C270
Luminaire classification according to CIE: 0 Due to missing symmetry properties, no UGR table
CIE flux code: 00 00 00 00 53 can be displayed for this luminaire.

BEGA-8034 In-ground luminaire. Walk-over and drive-over
luminaire for pressure load up to 2.000 kg. With
-al light 1. For 1 fluorescent
lamp TC-TEL 26 W, with electronic ballast,
1.800 lumen. Protection class IP 68, 10 m.
Luminaire made of stainless steel.
Safety glass. Reflector of anodized pure aluminium.
2 screw cable glands for connecting cable @ 9-15 mm.
The glass surface of the luminaire attains in its
optical centre a temperature of 55°C according to
EN 60598 measured at an ambient temperature of
ta 15°C.
This luminaire can also be supplied with a special
skid-blocking glass. If required you may denote the
article number with additional letter "R".
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DIALux

01.11.2009

Operator
Telephone
Fax

e-Mail

TRILUX 9901/80-125HME/80W IND Post-top and bracket-mounted luminaires 990 /
Luminaire Data Sheet

Luminous emittance 1:

105° 105°
€° awr
s 5
[ 200 60°
300
L 45°
@0
500
ir 15° [ 15 »r
cd/kim 0= 78%
-0 .18 =00 7
Luminaire classification according to CIE: 100 Due to missing symmetry properties, no UGR table
CIE flux code: 36 71 93 100 78 can be displayed for this luminaire.
Luminaire family
Post-top and bracket-mounted luminaires 890
Mounting type
Post-top mounting, bracket mounting pole and wall fixing, wall mounting
Light guidance

Specular reflector, multi-functional mirror optics, aluminium, PMMA diffuser,
transparent. PMMA-diffuser, transparent

Equipment
1 high-pressure mercury vapour lamp HME 80 W or HME 125 W

With inductive baliast

Application recommendation

Streets, inner-city motorways, motorways, main streets and local streets,
collector roads, subsidiary roads, traffic-reduced streets, squares, traffic
areas and traffic circles, parking areas, outdoor working facilities, factory
streets, port facililes and shipyards, storage facilities and container parks,
power plant sites
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Operator
Telephone
Fax

&-Mail

D

AlLux

08.04. 2009

BEGA 4236 1 TC-D 18W / Luminaire Data Sheet

Luminaire classification according to CIE: 37
CIE flux code: 19 41 68 37 85

BEGA-4236 Pillar luminaire (equivalent to BEGA T280).
The sphere. Far 1 fluorescent lamp TC-D 18 W,

1200 lumen. Protection class IP 44.

Aluminium alloy and stainless steal.

Three-ply opal glass - diam. 300 mm.

Height of the luminaire: 580 mm.

Caolour: graphite - article number

white - article number + W
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Luminous emittance 1:
135 150" 185" Le® 165" 150" 135
B
0 120"
()
40
1os® 1o5*
w0 =
TS ="
L L
A5 - 1= o 15" E 5"
odfkim = 85%
—Co-Cle0 —— 80 -0m
Luminous emittance 1:
‘Glare Evaluation According to UGR
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Cesristiisn
o s o8
Corractes iars Iadice refecsing b 1338 Toial Lursinos M




Projoct DIALux

Operator
Telephone
Fax

e-Mail

Philips Adante FWG620 2xPL-C/2P26W/840 CON A DG / Luminaire Data Sheet

Luminous emittance 1:

150° 165° 180° 165° 150°
240

1357 135°
120° 120°
105° 105°
a0° L
750 75
cdfkim 1= 5005
——(D-Cl80 = C30-CZ70

Due to missing symmetry properties, no UGR table

Luminaire classification according to CIE: 0
can be displayed for this luminaire.

CIE flux code: 12 34 64 00 50
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DIALux

16.02.2009

Operator
Telephone
Fax

e-Mail

CENTRUMVOORLICHTARCHITECTUUR 15015333 W-1547.0118 - TC-TE 18W G24 q-2
18 W/ Luminaire Data Sheet

Luminous emittance 1:

139* 150° 165¢ 180¢ 165° 150° 135%
4
1200 - 2
2
Rl 105°
we w0
™0 P
& &
&0 30 15° o 15° E o a5
od/&im n=2M
——C.Ci80 090 -C70
Luminaire classification according to CIE: 95 Luminous emittance 1:
CIE flux code: 39 71 90 95 27
Glare Evaluation According to UGR
Wﬁmmwwmmﬂw.wlmmmmﬁmm - - T B ] - = ST
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TRILUX 6541/15 E Wall-mounted luminaires for mirror lighting 65-- / Luminaire Data
Sheet

Operator
Telephone
Fax

e-Mail

>

Luminaire classification according to CIE: 67

CIE flux code: 31 59 82 67 68

Luminaire family
Wall-mounted luminaires for mirmor lighting 65

Mounting type
Surface mounting o walls

Light guidance
PLEXIGLAS diffuser, opal

Equipment
1 fluorescent lamp 15 'W

With electronic control gear (E)

Application recommendation
Restaurants, hotels. sanitary areas, residential areas

Luminous emittance 1:

35 1507 1s5® 1L 185" 1507 135
Lo
80
L= 1200
&0
o
L= 1os®
ar 50°
e TS
B o
457 e 15" [ 15" e A5
adikim = B8
——m-Cigd ——30- 37
Luminous emittance 1:
Glare Evaluation According to LWGR
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Appendix C:

Details about floors loads
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A) Mezzanine Floor Loads

The listed tables below show the loads divided into DB’s for mezzanine floor.

Table (2.11): normal loads type mezzanine floor, which named as DB.MEZ. @
MEZZANIN FLR:

IEI:;)I-. Description Tﬁgaal dc('\';%'t ﬁ(‘)l’ Description TESI dc('\';%'t
1 LIGHT 800 2 SOCKET 1200
3 LIGHT 1000 4 SOCKET 1200
5 LIGHT 700 6 SOCKET 1200
7 LIGHT 200 8 SOCKET 800
9 LIGHT 500 10 SOCKET 800
11 LIGHT 500 12 SOCKET 600
13 LIGHT 700 14 SOCKET 600
15 LIGHT 650 16 SOCKET 600
17 LIGHT 1200 18 SOCKET 400
19 LIGHT 750 21 ADM.FCU 700
20 LIGHT 1100 22 SETTING FCU 600
- - - 23 | GF WAITING AREA FCU 600
- - - 24 HAND DRAYER 200

LIGHT LOAD (kVA) 8.10 POWER LOAD (kVA) 9.50

Table (2.12) emergency loads type mezzanine floor, which named as DB.MEZ. EM. @
MEZZANIN FLR.

CT Description Total Circuit | CT Description Total Circuit
No. Load (VA) | No. Load (VA)
1 LIGHT 1200 2 SOCKET 200
3 LIGHT 600 4 SOCKET 200
5 LIGHT 700 6 SOCKET 200
7 LIGHT (STAIR UP TO 3 PARK) 800 8 SPACE -
LIGHT LOAD (kVA) 3.30 POWER LOAD (kVA) 0.60

Table (2.13): Shopl and Shop 2 in mezzanine floor, which named as DB. SHOP1, 2 @
MEZZANIN FLR.

CT Description Total Circuit | CT Description Total Circuit
No. Load (VA) No. Load (VA)
1 LIGHT 600 2 SOCKET 400
- - - 3 SHOP FCU 80
- - - 4 SOCKET 600
- - - 5 SPAR LOAD 500
- - - 6 SPAR LOAD 600
LIGHT LOAD (kVA) 0.60 POWER LOAD (kVA) 2.18
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B) 1st Parking Floor Loads

The listed tables below show the loads divided into DB’s for 1st parking floor.

Table (2.14): normal loads type 1% parking floor, which named as DB.1st PAR. @ 1st

PARKING FLR.

ﬁl Description Tﬁgaal dc('\';%'t ﬁ(‘)l’ Description TEEZI dC('\;%'t
1 LIGHT 500 2 SOCKET 400
3 LIGHT 400 4 SOCKET 400
5 LIGHT 400 6 SOCKET 400
7 LIGHT 400 8 SOCKET 600
9 LIGHT 300 10 SOCKET 600
11 LIGHT 200 12 SOCKET 400
13 LIGHT 600 14 SOCKET 1200
- - - 15 DRIVER RM.FCU 80
- - - 16 SOCKET 400
- - - 17 RECIVING FLR.FCU 80
- - - 18 PAR.LOBBY FCU 80
LIGHT LOAD (kVA) 2.80 POWER LOAD (kVA) 4.64

Table (2.15): emergency loads type 1st parking floor, which named as DB.1st PAR.EM

@ 1st PARKING FLR.

CT Description Total Circuit | CT Description Total Circuit
No. Load (VA) | No. Load (VA)
1 LIGHT 300 2 OUTLET FOR CCTV.CR 400
3 LIGHT 400 4 | OUTLET FOR CCTV.CR 400
5 LIGHT 400 6 | OUTLET FOR CCTV.CR 600
7 LIGHT 700 8 | OUTLET FOR CCTV.CR 600
9 LIGHT 400 10 SOCKET 800
11 LIGHT 200 12 SOCKET 600
LIGHT LOAD (kVA) 2.40 POWER LOAD (kVA) 3.40

173




C) 2nd Parking Floor Loads

The listed tables below show the loads divided into DB’s for 2nd parking floor.

Table (2.16): normal loads type 2nd parking floor, which named as DB.2nd PAR. @ 2nd

PARKING FLR.

IEI:;)I-. Description Tﬁgaal dc('\';%'t ISI:;)I— Description Tﬁg’; dc('\';%'t
1 LIGHT 900 2 SOCKET 600
3 LIGHT 500 4 SOCKET 400
5 LIGHT 400 6 SOCKET 400
7 LIGHT 600 8 SOCKET 400
9 LIGHT 600 10 SOCKET 400
11 LIGHT 300 12 SOCKET 400
- - - 13 KIT.STORE FCU 80
- - - 14 SOCKET 400
- - - 15 SPACE -

- - - 16 | PAR.LOBBY FCU 80

LIGHT LOAD (kVA) 3.30 POWER LOAD (kVA) 3.16

Table (2.17): emergency loads type 2nd parking floor, which named as DB.2nd
PAR.EM@ 2nd PARKING FLR.

ﬁ; Description TE;ZI dC('\;%'t ﬁ;l’ Description TE;[)ZI dc('\;%'t
1 LIGHT 300 2 | OUTLET FOR CCTV&CR 400
3 LIGHT 600 4 | OUTLET FOR CCTV&CR 400
5 LIGHT 700 6 | OUTLET FOR CCTV&CR 600
7 LIGHT 600 8 SOCKET 1000
9 LIGHT 500 10 | OUTLET FOR CCTV&CR 200
11 LIGHT 200 12 | OUTLET FOR CCTV&CR 200
LIGHT LOAD (kVA) 2.90 POWER LOAD (kVA) 2.80
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D) 3rd Parking Floor Loads

The listed tables below show the loads divided into DB’s for 3rd parking floor.

Table (2.18): normal loads type 3rd parking floor, which named as DB.3rd PAR. @ 3rd

PARKING FLR.

IEI:;)I-. Description Tﬁgaal dc('\';%'t ISI:;)I— Description TEEZI dc('\';%'t
1 LIGHT 400 2 SOCKET 800
3 LIGHT 500 4 SOCKET 1000
5 LIGHT 400 6 SOCKET 800
7 LIGHT 300 8 SOCKET 400
9 LIGHT 600 10 SOCKET 400
11 LIGHT 300 12 SOCKET 400
13 LIGHT 600 14 SOCKET 400
15 LIGHT 400 16 SOCKET 400
- - - 17 PAR. LOBBY FCU 80
- - - 18 STORE FCU 80
- - - 19 | PAR. CHIEF OFF.FCU 80
- - - 20 PAR.W/SHOP FCU 80
LIGHT LOAD (kVA) 3.50 POWER LOAD (kVA) 4.92

Table (2.19): emergency loads type 3rd parking floor, which named as DB.3rd
PAR.EM@ 2nd PARKING FLR.

CT Description Total Circuit | CT Description Total Circuit
No. Load (VA) No. Load (VA)

1 LIGHT 300 2 OUTLET FOR CCTV. 200

3 LIGHT 200 4 OUTLET FOR CCTV&CR 400

5 LIGHT 800 6 | OUTLET FOR CCTV&CR 400

7 LIGHT 600 8 | OUTLET FOR CCTV&CR 600

9 LIGHT 600 10 OUTLET FOR CR. 200

- - - 11 SOCKET 400
LIGHT LOAD (kVA) 2.50 POWER LOAD (kVA) 2.20
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E) Restaurant Floor Loads

The listed tables below show the loads divided into DB’s for Restaurant floor.

Table (2.20): normal loads type restaurant floor, which named as DB.S.KIT. @ RESTURANT
FLR.

IEI:;)I-. Description Tﬁgaal dc('\';%'t ISI:;)I— Description TEEZI dC('\;%'t
1 LIGHT 1300 2 SOCKET 400
3 LIGHT 1100 4 | OUTLET FOR HAND DR. 200
5 LIGHT 800 6 | OUTLET FOR HAND DR. 200
7 LIGHT 900 8 SOCKET 600
9 LIGHT 600 10 SOCKET 800
11 LIGHT 600 12 SOCKET 400
- - - 13 STORE FCU 80
- - - 14 SOCKET 800
- - - 15 SPACE -

- - - 16 SOCKET 800

LIGHT LOAD (kVA) 5.30 POWER LOAD (kVA) 4.28

Table (2.21): normal loads type restaurant floor, which named as DB.RST. @
RESTURANT FLR

CT Description Total Circuit || CT Description Total Circuit
No. Load (VA) | No. Load (VA)
1 LIGHT 600 2 SOCKET 800
3 LIGHT 900 4 SOCKET 600
5 LIGHT 1150 6 SOCKET 800
7 LIGHT 600 8 SOCKET 600
9 LIGHT 1000 10 SOCKET 800
11 LIGHT 900 12 SOCKET 1000
13 LIGHT 600 26 | RST.LOBBY FCU 700
14 LIGHT 900 - - -
15 LIGHT 600 - - -
16 LIGHT 900 - - -
17 LIGHT 600 - - -
18 LIGHT 900 - - -
19 LIGHT 600 - - -
20 LIGHT 900 - - -
21 LIGHT 1200 - - -
22 LIGHT 500 - - -
23 LIGHT 1200 - - -
24 LIGHT 800 - - -
LIGHT LOAD (kVA) 14.85 POWER LOAD (kVA) 5.30
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Table (2.22): emergency loads type restaurant floor, which named DB.RST.EM @
RESTURANT FLR..

CT Descrition Total Circuit CT Description Total Circuit
No. P Load (VA) No. b Load (VA)
OUTLET FOR
1 LIGHT 700 2 CCTV. 400
3 LIGHT 1050 4 SOCKET 400
5 LIGHT 300 - - -
LIGHT(STRUP TO
6 PRY FLR) 900 i ) i
7 LIGHT 600 - - -
LIGHT(STRUP TO
8 PRY FLR) 600 i ) i
9 LIGHT 700 - - -
LIGHT LOAD (kVA) 4.85 POWER LOAD (kVA) 0.80

F) Service Floor Loads

The listed tables below show the loads divided into DB’s for service floor.

Table (2.23): normal loads type service floor, which named as DB.SER. @ SERVICE FLR.

CT Description Total Circuit | CT Description Total Circuit
No. Load (VA) No. Load (VA)
1 LIGHT 1000 2 SOCKET 800
3 LIGHT 1200 4 SOCKET 800
5 LIGHT 1150 6 SOCKET 200
7 LIGHT 1300 8 SOCKET 400
9 LIGHT 600 10 SOCKET 800
11 LIGHT 1100 12 SOCKET 800
13 LIGHT 900 14 SOCKET 200
15 LIGHT 700 16 SOCKET 400
17 LIGHT 900 18 | OUTLET FOR HAND DR. 200
19 LIGHT 700 20 HSE KPG FCU 100
21 LIGHT 1000 22 CORRIDOR FCU 600
23 SPACE - 24 STAFF CAND.FCU 100
LIGHT LOAD (kVA) 10.55 POWER LOAD (kVA) 5.40
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Table (2.24): emergency loads type service floor, which named DB.SER.EM @ SERVICE

FLR.
CT Description Total Circuit | CT Description Total Circuit
No. P Load (VA) | No. P Load (VA)
1 LIGHT 1000 2 OUTLET FOR CCTV. 200
3 LIGHT 1000 4 OUTLET FOR CCTV. 200
5 LIGHT 300 6 SOCKET 400
7 LIGHT 800 8 SPACE -
LIGHT LOAD (kVA) 3.10 POWER LOAD (kVA) 0.80

Table (2.25): normal loads type service floor, which named as DB.LAU. @ SERVICE FLR.

CT L Total Circuit | CT o Total Circuit
No. Description Load (VA) No. Description Load (VA)
1 LIGHT 600 2 SOCKET 600

3 LIGHT 800 4 SOCKET 600

5 LIGHT 900 6 SOCKET 600
LIGHT LOAD (kVA) 2.30 POWER LOAD (kVA) 1.80

Table (2.26): normal loads type service floor, which named as DB.KIT. @ SERVICE FLR.

CT Description Total Circuit || CT Description Total Circuit
No. Load (VA) No. Load (VA)
1 LIGHT 1200 2 SOCKET 800
3 LIGHT 1000 4 SOCKET 600
5 LIGHT 800 6 SOCKET 600
- - - 8 SOCKET 400
LIGHT LOAD (kVA) 3.00 POWER LOAD (kVA) 2.40

G) Praying Floor Loads

The listed tables below show the loads divided into DB’s for praying floor.

Table (2.27): emergency loads type praying floor, which named DB.IT EM.@ PRAYING FLR.

CT Description Total Circuit || CT Description Total Circuit
No. Load (VA) No. Load (VA)
1 LIGHT 200 2 SOCKET 200

3 LIGHT 300 4 SOCKET 200

5 LIGHT 800 6 SOCKET 200

7 LIGHT 700 8 SPACE -

9 LIGHT 1000 10 SPACE -
LIGHT LOAD (kVA) 3.00 POWER LOAD (kVA) 0.60

178




Table (2.28): normal loads type praying floor, which named as DB.IT @ PRAYING FLR.

ﬁl Description Tﬁg dC('\;%'t ISI:;)I— Description Tﬁg’: dc('\';%'t
1 LIGHT 900 2 SOCKET 600
3 LIGHT 300 4 SOCKET 600
5 LIGHT 400 6 SOCKET 400
7 LIGHT 300 8 SOCKET 600
- - - 9 IT STAFF FCU 80
- - - 10 SOCKET 600
- - - 11 IT ROOM FCU 80
- - - 12 SOCKET 600
- - - 13 FIRE OFF.FCU 80
- - - 14 SOCKET 600
- - - 15 | TRAINIG RM.FCU 100
- - - 16 | TRAINING OFF.FCU 80
LIGHT LOAD (kVA) 1.90 POWER LOAD (kVA) 4.42

Table (2.29): normal loads type praying floor, which named as DB.G.PR @ PRAYING FLR.

CT Description Total Circuit || CT Description Total Circuit
No. Load (VA) | No. Load (VA)
1 LIGHT 1000 2 SOCKET 800
3 LIGHT 600 4 SOCKET 800
5 LIGHT 1200 6 SOCKET 400
7 LIGHT 900 8 SOCKET 400
9 LIGHT 800 10 | OUTLET FOR HAND DR. 200
11 LIGHT 800 12 | OUTLET FOR HAND DR. 200
13 LIGHT 900 14 | GENT ABLUTION FCU 300
15 LIGHT 650 16 SPACE -
17 LIGHT 800 18 SPACE -
LIGHT LOAD (kVA) 7.65 POWER LOAD (kVA) 3.10

Table (2.30): normal loads type praying floor, which named as DB.L.PR @ PRAYING FLR.

ﬁl Description Tﬁgaal dc('\;%'t ﬁ(‘)l’ Description TEE;I dc('\;%'t
1 LIGHT 600 2 SOCKET 800
3 LIGHT 800 4 SOCKET 800
5 LIGHT 1000 6 SOCKET 400
7 LIGHT 700 8 | OUTLET FOR HAND DR. 200
9 LIGHT 1000 10 | OUTLET FOR HAND DR. 200
11 LIGHT 800 12 SOCKET 400
13 LIGHT 1000 14 | LADIES ABLUTION FCU 80
15 LIGHT 800 16 CORR,LOBBY FCU 80
LIGHT LOAD (kVA) 6.70 POWER LOAD (kVA) 2.96
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H) (1ST TO 15TH) Floors Loads

The listed tables below show the loads divided into DB’s for (1st-15th) floors.

Table (2.31): flat (1) loads in (1st-15th) floors, which named as DB. FLAT (1) @ (1ST TO

15TH) FLR.
ﬁl Description Tﬁgaal dc('\';%'t ISI:;)I— Description TEEZI dC('\;%'t
1 LIGHT 600 2 SOCKET 800
3 LIGHT 800 4 SOCKET 800
5 LIGHT 700 6 SOCKET 800
- - - 7 | OUTLET FORE SHAVOR 200
8 | OUTLET FORE SHAVOR 200
9 BED ROOMS FCU 100
10 | OUTLET FOR HAIR DR. 1200
11 LIVING FCU 80
12 | OUTLET FOR HAIR DR. 1200
LIGHT LOAD (kVA) 2.10 POWER LOAD (kVA) 5.38

Table (2.32): flat (2-5,7-10,12-14,16-18) loads in (1st-15th) floors, which named as DB.
FLAT (2-5,7-10,12-14,16-18) @ (1ST TO 15TH) FLR.

CT Description Total Circuit | CT Description Total Circuit
No. Load (VA) No. Load (VA)

1 LIGHT 600 2 SOCKET 800

- - - 3 FLAT FCU 80

- - - 4 | OUTLET FORE SHAVOR 200

- - - 5 OUTLET FOR HAIR DR. 1200
LIGHT LOAD (kVA) 0.60 POWER LOAD (kVA) 2.28

Table (2.33): flat (6) loads in (1st-15th) floors, which named as DB. FLAT (6) @ (1ST TO

15TH) FLR.
CT Description Total Circuit | CT Description Total Circuit
No. Load (VA) No. Load (VA)
1 LIGHT 600 2 SOCKET 800
- LIGHT 700 4 SOCKET 800
- - - 5 FLAT FCU 100
- - - 6 OUTLET FORE SHAVOR 200
- - - 7 SPACE -
- - - 8 OUTLET FOR HAIR DR. 1200
LIGHT LOAD (kVA) 1.30 POWER LOAD (kVA) 3.10
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Table (2.34): flat (11) loads in (1st-15th) floors, which named as DB. FLAT (11) @ (1ST TO

15TH) FLR.
CT Description Total Circuit | CT Description Total Circuit
No. Load (VA) | No. Load (VA)
1 LIGHT 500 2 SOCKET 600
- LIGHT 400 4 SOCKET 400
- - - 5 FLAT FCU 100
- - - 6 | OUTLET FORE SHAVOR 200
- - - 7 SPACE -
- - - 8 OUTLET FOR HAIR DR. 1200
LIGHT LOAD (kVA) 0.90 POWER LOAD (kVA) 2.50

Table (2.35): flat (15) loads in (1st-15th) floors, which named as DB. FLAT (15) @ (1ST TO

15TH) FLR.
CT Description Total Circuit | CT Description Total Circuit
No. Load (VA) | No. Load (VA)
1 LIGHT 800 2 SOCKET 800
- LIGHT 800 4 SOCKET 800
- - - 5 FLAT FCU 100
- - - 6 | OUTLET FORE SHAVOR 200
- - - 7 SPACE -
- - - 8 | OUTLET FOR HAIR DR. 1200
LIGHT LOAD (kVA) 1.60 POWER LOAD (kVA) 3.10

Table (2.36): emergency loads type 1st floor, which named as DB.2.FF.EM@ 1st FLR.

cT Description Total Circuit | CT Description Total Circuit
No. P Load (VA) | No. P Load (VA)
LIGHT (ELC. SOCKET (ELC.
1 TEL,ROOM) 400 2 TEL,ROOM) 400
3 LIGHT (CORRIDOR) 300 4 OUTLET FOR CCTV 400
5 LIGHT (LIFT LOBBY) 300 6 OUTLET FOR CCTV 400
7 LIGHT (CORRIDOR) 400 - - R
LIGHT (STAIR 2. FF
8 TO 6F) 1200 - - -
LIGHT (STAIR 1. FF
9 TO 6F) 1200 - - )
10 LIGHT (CORRIDOR) 700 - - N
LIGHT (STAIR 3. FF
11 TO 6F) 1200 - - .
12 LIGHT (CORRIDOR) 700 - - N
13 | LIGHT (FLAT LOBBY) 200 - - N
LIGHT LOAD (kVA) 6.60 POWER LOAD (kVA) 1.20
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Table (2.37): emergency flats load, which named as DB.1 (FF.EM. TO 15F.EM.) @ TYP

FLR. (1st TO 15th).

CT Description Total Circuit | CT Description Total Circuit
No. Load (VA) | No. Load (VA)
1 | LIGHT ENT. FLAT 1 100 2 | ACCESSDOORFLAT1 200
3 | LIGHT ENT. FLAT 2 100 4 | ACCESS DOOR FLAT 2 200
5 | LIGHT ENT. FLAT 3 100 6 | ACCESS DOOR FLAT 3 200
7 | LIGHT ENT. FLAT 4 100 8 | ACCESS DOOR FLAT 4 200
9 | LIGHT ENT. FLAT5 100 10 | ACCESS DOOR FLAT5 200
11 | LIGHT ENT. FLAT 6 100 12 | ACCESS DOOR FLAT 6 200
13 | LIGHT ENT. FLAT 7 100 14 | ACCESS DOOR FLAT 7 200
15 | LIGHT ENT. FLAT 8 100 16 | ACCESS DOOR FLAT 8 200
17 | LIGHT ENT. FLAT 9 100 18 | ACCESS DOOR FLAT 9 200
19 | LIGHT ENT. FLAT 10 100 20 | ACCESS DOOR FLAT 10 200
21 | LIGHT ENT. FLAT 11 100 22 | ACCESS DOOR FLAT 11 200
23 | LIGHT ENT. FLAT 12 100 24 | ACCESS DOOR FLAT 12 200
25 | LIGHT ENT. FLAT 13 100 26 | ACCESS DOOR FLAT 13 200
27 | LIGHT ENT. FLAT 14 100 28 | ACCESS DOOR FLAT 14 200
29 | LIGHT ENT. FLAT 15 100 30 | ACCESS DOOR FLAT 15 200
31 | LIGHT ENT. FLAT 16 100 32 | ACCESS DOOR FLAT 16 200
33 | LIGHT ENT. FLAT 17 100 34 | ACCESS DOOR FLAT 17 200
35 | LIGHT ENT. FLAT 18 100 36 | ACCESS DOOR FLAT 18 200
LIGHT LOAD (kVA) 1.80 POWER LOAD (kVA) 3.60
Table (2.38): emergency flats load, which named as DB.2.FF.EM@ 1st FLR.
CT Description Total Circuit || CT Description Total Circuit
No. Load (VA) | No. Load (VA)
1 LIGHT (ELC. TEL,ROOM) 400 2 | SOCKET (ELC. TEL,ROOM) 400
3 LIGHT (CORRIDOR) 300 4 OUTLET FOR CCTV 400
5 LIGHT (LIFT LOBBY) 300 6 OUTLET FOR CCTV 400
7 LIGHT (CORRIDOR) 400 - - -
8 LIGHT (CORRIDOR) 700 - - -
9 SPACE - - - -
10 LIGHT (CORRIDOR) 700 - - -
LIGHT LOAD (kVA) 2.80 POWER LOAD (kVA) 1.20
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Table (2.39): normal flats load, which named as DB. (FF.TO 15F.) @ TYP FLR. (1st TO

15th)
CT L N
NoO Descrintion Total Circuit CT Descrintion Total Circuit
P Load (VA) | No. P Load (VA)
LIGHT (HOUSE SOCKET (HOUSE
1 KEEPING) 300 2 KEEPING) 400
3 LIGHT (TOILET) 300 4 SOCKET (CORRIDOR) 400
5 LIGHT (LIFT LOBBY) 400 6 SOCKET (CORRIDOR) 400
7 | LIGHT (CORRIDOR) 500 8 FCU (CORRIDOR) 300
9 | LIGHT (CORRIDOR) 1150 10 FCU (CORRIDOR) 300
11 LIGHT (CORRIDOR) 1150 - - -
12 LIGHT (CORRIDOR) 400 - - -
LIGHT (SERV.
13 CORRIDOR) 200 i i i
LIGHT LOAD (kVA) 4.40 POWER LOAD (kVA) 1.80
1) 7TH Floor Loads
The listed table below show the loads divided into DB for 7th floor.
Table (2.40): normal 7th flat loads, which named as DB.2.7F.EM@ 7th FLR.
CT Description Total Circuit || CT Description Total Circuit
No. P Load (VA) | No. P Load (VA)
1 LIGHT (ELC. TEL,ROOM) 400 2 SOCKET (ELC. TEL,ROOM) 400
3 LIGHT (CORRIDOR) 300 4 OUTLET FOR CCTV 400
5 LIGHT (LIFT LOBBY) 300 6 OUTLET FOR CCTV 400
7 LIGHT (CORRIDOR) 400 - - -
8 LIGHT (STAIR 2. 7TF TO 12F) 1200 - - -
9 LIGHT (STAIR 1. 7TF TO 12F) 1200 - - -
10 LIGHT (CORRIDOR) 700 - - -
11 | LIGHT (STAIR 3. 7F TO 12F) 1200 - - -
12 LIGHT (CORRIDOR) 700 - - -
13 LIGHT (FLAT LOBBY) 200 - - -
LIGHT LOAD (KVA) 6.60 POWER LOAD (kVA) 1.20
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J) 13TH Floors Loads

The listed table below show the loads divided into DB for 13th floor.

Table (2.41): emergency flats load, which named as DB.2.13F.EM@ 13th FLR.

CT Description Total Circuit || CT Description Total Circuit
No. Load (VA) No. Load (VA)
1 LIGHT (ELC. TEL,ROOM) 400 2 SOCKET (ELC. TEL,ROOM) 400
3 LIGHT (CORRIDOR) 300 4 OUTLET FOR CCTV 400
5 LIGHT (LIFT LOBBY) 300 6 OUTLET FOR CCTV 400
7 LIGHT (CORRIDOR) 400 - - -
8 | LIGHT (STAIR 2. 13F TO RF) 1200 - - -
9 | LIGHT (STAIR 1. 13F TO RF) 1200 - - -
10 LIGHT (CORRIDOR) 700 - - -
11 | LIGHT (STAIR 3. 13F TO RF) 1200 - - -
12 LIGHT (CORRIDOR) 700 - - -
13 LIGHT (FLAT LOBBY) 200 - - -
LIGHT LOAD (kVA) 6.60 POWER LOAD (kVA) 1.20

K) 16 TH Floors Loads

The listed tables below show the loads divided into DB’s for 16th floor.

Table (2.42): flat (1) loads in 16th floor, which named as DB. FLAT (01) @ (16TH) FLR

CT Description Total Circuit | CT Description Total Circuit
No. Load (VA) | No. Load (VA)
1 LIGHT 750 2 SOCKET 600

3 LIGHT 800 4 SOCKET 800

5 LIGHT 200 6 SOCKET 600

7 LIGHT 800 8 SOCKET 800

9 LIGHT 850 10 | OUTLET FOR HAND DR. 200

- - - 11 OUTLET FORE SHAVOR 200

- - - 12 OUTLET FOR HAIR DR. 1200

- - - 13 | OUTLET FORE SHAVOR 200

- - - 14 | OUTLET FOR HAIR DR. 1200

- - - 15 BED ROOMS FCU 100

- - - 16 LIVING FCU 100
LIGHT LOAD (kVA) 3.40 POWER LOAD (kVA) 6.00

184




Table (2.43): flat (2) loads in 16th floor, which named as DB. FLAT (02) @ (16 TH) FLR.

ﬁl Description TEEZI dc:('\;%'t ﬁ(‘)l’ Description TESI dc('\';%'t
1 LIGHT 500 2 SOCKET 600
3 LIGHT 200 4 SOCKET 600
5 LIGHT 700 6 SOCKET 600
7 LIGHT 200 8 SOCKET 600
9 LIGHT 1000 10 SOCKET 400
11 LIGHT 100 12 SOCKET 400
13 LIGHT 900 14 SOCKET 600
15 LIGHT 800 16 SOCKET 600
17 LIGHT 1000 18 SOCKET 800
- - - 19 | OUTLET FOR HAIR DR. 1200
- - - 20 | OUTLET FOR HAND DR. 200
- - - 21 | OUTLET FORE SHAVOR 200
- - - 22 | OUTLET FOR HAND DR. 200
- - - 23 DINING FCU 500
- - - 24 | OUTLET FOR HAIR DR. 1200
- - - 25 BED ROOM FCU 100
- - - 26 LIVING FCU 100
LIGHT LOAD (kVA) 5.40 POWER LOAD (kVA) 8.90

Table (2.44): flat (3) loads in 16th floor, which named as DB. FLAT (03) @ (16TH) FLR.

CT Description Total Circuit | CT Description Total Circuit
No. Load (VA) | No. Load (VA)
1 LIGHT 1000 2 SOCKET 600

3 LIGHT 200 4 SOCKET 800

5 LIGHT 800 6 SOCKET 600

7 LIGHT 850 8 SOCKET 800

- - - 9 | OUTLET FORE SHAVOR 200

- - - 10 | OUTLET FOR HAIR DR. 1200

- - - 11 | OUTLET FOR HAND DR. 200

- - - 12 | OUTLET FOR HAIR DR. 1200

- - - 13 | OUTLET FORE SHAVOR 200

- - - 14 LIV.&DINING FCU 80

- - - 15 BED ROOMS FCU 100
LIGHT LOAD (kVA) 2.85 POWER LOAD (kVA) 5.98
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Table (2.45): flat (4) loads in 16th floor, which named as DB. FLAT (04) @ (16 TH) FLR.

IEI:;)I-. Description Tﬁgaal dc('\';%'t ISI:;)I— Description TEEZI dC('\;%'t
1 LIGHT 400 2 SOCKET 600
3 LIGHT 100 4 SOCKET 600
5 LIGHT 200 6 SOCKET 200
7 LIGHT 1000 8 SOCKET 600
9 LIGHT 750 10 SOCKET 800
11 LIGHT 850 12 SOCKET 800
13 LIGHT 900 14 SOCKET 600
15 LIGHT 950 16 SOCKET 400
17 LIGHT 800 18 SOCKET 600
19 LIGHT 200 20 SOCKET 400
- - - 21 | OUTLET FORE SHAVOR 200
- - - 22 OUTLET FOR HAIR DR. 1200
- - - 23 OUTLET FOR HAND DR. 200
- - - 24 | OUTLET FORE SHAVOR 200
- - - 25 OUTLET FOR HAND DR. 200
- - - 26 OUTLET FOR HAIR DR. 1200
- - - 27 | OUTLET FORE SHAVOR 200
- - - 28 OUTLET FOR HAIR DR. 1200
- - - 29 | DIN,KIT,BREAK RM FCU 100
- - - 30 BED . FCU 80
- - - 31 BED RM1,2 FCU 100
- - - 32 LIVING FCU 300
LIGHT LOAD (kVA) 6.15 POWER LOAD (kVA) 10.78

Table (2.46): emergency flats load, which named as DB.16F.EM. @ 16th FLR.

CT Description Total Circuit | CT Description Total Circuit
No. Load (VA) No. Load (VA)
1 LIGHT ENT. FLAT 1 100 2 | ACCESS DOOR FLAT 1 200
3 LIGHT ENT. FLAT 2 100 4 | ACCESS DOORFLAT?2 200
5 LIGHT ENT. FLAT 3 100 6 | ACCESS DOOR FLAT 3 200
7 LIGHT ENT. FLAT 4 100 8 | ACCESS DOOR FLAT 4 200
LIGHT (ELC. SOCKET (ELC.
; TEL,ROOM) 400 10 TEL,ROOM) 400
11 | LIGHT (CORRIDOR) 300 12 OUTLET FOR CCTV 400
13 | LIGHT (LIFT LOBBY) 300 14 OUTLET FOR CCTV 400
15 | LIGHT (CORRIDOR) 700 - - -
16 | LIGHT (CORRIDOR) 400 - - -
17 | LIGHT (CORRIDOR) 700 - - -
LIGHT LOAD (kVA) 3.20 POWER LOAD (kVA) 2.00
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Table (2.47): flat 16 loads in 16th floor, which named as DB.16F. @ 16th FLR.

CT o Total Circuit | CT L Total Circuit
No. Description Load (VA) | No. Description Load (VA)
LIGHT (HOUSE SOCKET (HOUSE
. KEEPING) 200 2 KEEPING) 400
3 LIGHT (CORRIDOR) 400 4 | SOCKET (CORRIDOR) 400
5 LIGHT (LIFT LOBBY) 400 6 | SOCKET (CORRIDOR) 400
7 LIGHT (CORRIDOR) 1150 8 FCU (CORRIDOR) 300
9 LIGHT (CORRIDOR) 500 10 FCU (CORRIDOR) 300
11 LIGHT (CORRIDOR) 1150 - - -
12 LIGHT (CORRIDOR) 200 - - -
LIGHT LOAD (kVA) 4.00 POWER LOAD (kVA) 1.80

L) 17TH Floors Loads

The listed tables below show the loads divided into DB’s for 17h floor.

Table (2.48): office loads in 17th floor, which named as DB. OFFICE @ (17TH) FLR.

CT Description Total Circuit | CT Description Total Circuit
No. Load (VA) No. Load (VA)
1 LIGHT 1500 2 SOCKET 800
3 LIGHT 300 4 SOCKET 800
5 LIGHT 1200 6 SOCKET 1200
7 LIGHT 1000 8 SOCKET 800
9 LIGHT 750 10 SOCKET 600
11 LIGHT 200 12 SOCKET 400
- - - 13 | OUTLET FOR HAND DR. 200
- - - 14 | OUTLET FOR HAIR DR. 1200
- - - 15 | OUTLET FORE SHAVOR 200
- - - 16 | OUTLET FOR HAND DR. 200
- - - 17 BED RM.FCU 100
- - - 18 OFFICE FCU 100
- - - 19 RECEPTION FCU 80
LIGHT LOAD (kVA) 4.95 POWER LOAD (kVA) 6.68

187




Table (2.49): men majlis loads in 17th floor, which named as DB.M.MAJ @ (17TH) FLR.

ﬁl Description TE;ZI dc:('\;%'t ﬁ(‘)l’ Description TEEZI dC('\;%'t
1 LIGHT 1200 2 SOCKET 600
3 LIGHT 500 4 SOCKET 600
5 LIGHT 200 6 SOCKET 600
7 LIGHT 200 8 SOCKET 800
9 LIGHT 1500 10 SOCKET 600
11 LIGHT 1200 12 | OUTLET FOR HAND DR. 200
13 LIGHT 600 14 MENS DINING FCU 600
15 LIGHT 200 - - -
17 LIGHT 1400 - - -
LIGHT LOAD (kVA) 7.00 POWER LOAD (kVA) 4.00

Table (2.50): women majlis loads in 17th floor, which named as DB.W.MAJ @ (17TH) FLR.

CT Description Total Circuit | CT Description Total Circuit
No. Load (VA) No. Load (VA)
1 LIGHT 1000 2 SOCKET 600
3 LIGHT 200 4 SOCKET 600
5 LIGHT 1000 6 SOCKET 600
7 LIGHT 200 8 | OUTLET FOR HAND DR. 200
9 LIGHT 1200 10 | WOMEN MAJLIS FCU 300
11 LIGHT 500 12 MAEN DINING FCU 100
LIGHT LOAD (kVA) 4.10 POWER LOAD (kVA) 2.40

Table (2.51): emergency flats load, which named as DB.17F.EM.@ 17th FLR.

CT Description Total Circuit | CT Description Total Circuit
No. Load (VA) | No. Load (VA)
1 LIGHT (RECEPTION) 100 2 | ACCESS DOOR (RECEPTION) 200
3 | LIGHT (SH.SOLIMAN OFF.) 200 4 | ACCESS DR. (SH.SOL. OFF.) 200
5 LIGHT (MEN MAJLES) 200 6 | ACCESS DR. (MEN MAJLES) 200
7 LIGHT (MEN DINIG) 200 8 ACCESS DR. (MEN DINIG) 200
9 | LIGHT (WOMEN MAJLES) 200 10 | ACCESS DR. (WOM. MAJLES) 400
11 LIGHT (WMEN DINIG) 200 12 | ACCESS DR. (WMEN DINIG) 400
13 | LIGHT (ELC. TEL,ROOM) 400 14 | SOCKET (ELC. TEL,ROOM) 400
15 LIGHT (LIFT LOBBY) 300 16 SPUR OUTLET FOR CCTV 400
17 LIGHT (CORRIDOR) 700 18 SPUR OUTLET FOR CCTV 400
19 LIGHT (LIFT LOBBY) 400 20 SPACE -
LIGHT LOAD (kVA) 2.90 POWER LOAD (kVA) 2.80
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Table (2.52): flat 17 loads in 17th floor, which named as DB.17F. @ 17th FLR.

CT - Total Circuit | CT . Total Circuit
No. Description Load (VA) No. Description Load (VA)
LIGHT (HOUSE SOCKET (HOUSE
1 KEEPING) 200 2 KEEPING) 400
3 LIGHT (CORRIDOR) 400 4 SOCKET (CORRIDOR) 400
5 | LIGHT (LIFT LOBBY) 400 6 | SOCKET (CORRIDOR) 400
7 | LIGHT (CORRIDOR) 1150 8 FCU (CORRIDOR) 300
9 LIGHT (CORRIDOR) 500 10 FCU (CORRIDOR) 300
11 LIGHT (CORRIDOR) 1200 - - -
12 | LIGHT (CORRIDOR) 200 - - -
LIGHT LOAD (kVA) 4,05 POWER LOAD (kVA) 1.80
M) Lower Roof Floor Loads
The listed table below show the loads divided into DB for lower roof floor.
Table (2.53): lower roof floor.
CT - Total Circuit | CT . Total Circuit
No. Description Load (VA) No. Description Load (VA)
1 LIGHT 400 2 SOCKET 800
3 LIGHT 400 4 SOCKET 400
5 LIGHT 600 6 SOCKET 400
7 LIGHT 600 8 SOCKET 400
9 LIGHT 500 10 SOCKET 600
11 LIGHT(UPPER ROOF) 500 12 ELE.RM.FCU 300
13 - - 13 GSM RM.FCU 300
15 - - 14 MACH.RM FCU 500
13 - - 15 PUMP RM.FCU 500
LIGHT LOAD (kVA) 3.00 POWER LOAD (kVA) 4.20
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Data sheet of Cable
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((% Chck here for more information

N2XY IEC 60502-1 XLPE PVC 0.6/1kV Cable

Eland Product Group: A2N

APPLICATION

These power and fixed wiring cables are used for electricity
supply in low voltage installation systems. They are well
adapted to underground use in industrial applications with an
additional mechanical protection. These cables can be fixed on
cable trays, within conduits or fixed to walls.

T

ASTICS

CHARAC

Voltage Rating Uo/U
0.6/1kV

Temperature Rating
During installation -5°C to +50°C
Fixed Installation: -20°C to +90°C

Minimum Bending Radius
Fxed: 12 x overall diameter

CONSTRUCTION

Conductor

RE: Class 1 solid copper conductor

RM: Class 2 stranded circular or circular compacted
SM: Class 2 stranded sectoral shaped

Insulation
XLPE (Cross-Linked Polyethylene)

Bedding
PVC (Polyvinyl Chlonde)

Sheath
PVC (Polyvinyl Chloride)

Core Identification

3 core: @ Green/Yellow @ Blue @ Brown

4 core: @ Green/Yeliow @ Brown @ Black @ Grey

5 core: @ Green/Yellow @ Blue @ Brown @ Black ® Grey
7 cores and above: @ Black cores and O White numbers

Sheath Colour
@ Black

IEC 60502-1, VDE 0276-603, IEC/EN 60228
Flame retardant according to IEC/EN 60332-1-2

C 17025 LABORATORY TESTED

This product is subject to the Quality Assurance protocols of The Cable Lab®,

an ISO/EC 17025 accredited cable testing laboratory. Testing includes vertical
flame, conductor resistance, tenside & elongation, and dimensional consistency,
verified to published standards and approved product drawings.

UKas) =S ) ( ) )m )

) s Araar pp—
REGULATORY COMPLIANCE

This cable is compliant with European Regulation EN 50575, the Construction
Preducts Regulaton.

This cable meets the requrements of the Low Valtage Directve 2014/35/EU
and tha RoMS Directive 201 1/65/EU. RoHS compliance has been tested and
confemed by The Cable Lab* as meesng the requirements of the BSI RoHS
Trusted Kitemark™.

@ G (€
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Product data sheet

S

HpECiRCalons

Transformer, Minera, IEC, oil type,
1000kVA, 11kV, on load, cable
box MV connection bus duct LV
connection, convertional tank, loss

level2

MIN10001 1559700001

Main

Product range Minera

Product or component type Trarsformer
Transformer type il bype: transfarmer
Dielectric liquid Mineral ail
Network type AC

Standards IS 1180

Type of installation Indoorouldoor
Maximum altitude = 1000 m

Cooling mode

O AN (ol natural 3 nabural)

Winding material

Copper

Degree of protection P00 conventional 1S 2089
IPO0 conventional IS 3347
IP55 low voltage cable box

Mounting mode Ground mounbed

Complementary

Directives 2015201 4/54BEC- ecadesign
Phase 3 phases

Rated power 1000 kVA

Rated frequency 50 Hz

Rated primary voltage 11 kY

Secondary voltage | at no-load)

Operationfoading as per IS standard: 433 V

Insulation voltage to Industrial
frequency ( 50 Hz 1 mn)

28 KV primary
3 kW secondary

Rated insulation level

Primary circuit: 12 kW
Secondary circuit: 1.1 kY

Lighting impulse whistand TS kW
voltage ( BIL) , 1.2/50 ps

Vector group Dyniit

HV tappings (off clrcuit) 15 5x26%
Short circult impedance 5%
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Product data sheet

Specifications

MINERA TRANSFORMER 1250

kKVA-

MIN125015

@ Discont

15-20kV/410V AoBKk

201133

nued on: 31 March 2022

Product range

Minera

Product or component type

il type ransformer

Dielectric liguid Kineral oil
Mebtwork type AC
Standards MF EM

EM GOGAR-1
Type of Inatallation Indoar
Maximum altitude < 1000 m

Cooling mode OPAN (il natural air nabural)
‘Winding material Aluminium
Degree of protection P00

IP21 low valtage cable box

Mounting mode

Ground mounted

Complementary

Directives AMERD14/548/EC- ecodesign
Phase i phases

Rated power 1250 kWA

Rated frequency 50 Hz

Rated primary voltage 1520 kY

Secondary voltage | at no-oad)  Moload: 410V

Insulation voltage to industrial 50 kV primary

frequency | 50 Hz 1 mn) 3 BV secondary

Rated insulation level

Primary crcuit: 24 kv
Secondary circuit 1.1 &V

Lighting impulse whistand 125 kW
voltage ( BIL) , 1.2/50 pa

Vector group Dyn11

HV tappings (off circuit) H-2x2E6%
Short clreuit impedance B%
Mo-load losses 10825 W
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Product data sheet

Specifications

Transformer, Minera, IEC, oil type,
1600kVA, 11kV, off circuit, cable
box MV connection bus duct LV
connection, convertional tank, loss
level2

MIN1G001 1558700001

Main
Product range Minera
Product or component type Trarsfarmes

Transformer type

Ol type transformer

Dielectrie lguid Mineral oi
Netwark type AL
Standards IS 1180

Type of installation

Indoar‘cutdoar

Maximum altibwde

= 1000 m

Cooling mode

CAM (il natural air ratural)

Winding malterial

Copper

Degres of protection

P00 corentional 1S 2099
P00 correentional 1S 3347
P55 low waltage cable box

Mounting mode Ground mouried
Complementary

Directives 20157201 4/548/EC - ecodesign
Phase 3 phases

Ratad power 1800 kA

Rated frequency &0 Hz

Rated primary voltage 11 kW

Secondary voltage | at no-load)

Operationloading as per |5 standard: 433

insulation voltage to industrial
frequency { 50 Hz 1 mn)

28 kV primary
3 k' secondary

Rated insulation level

Primary arcuit 12 &Y
Secondary cinouit: 1.1 kW

Lighting impulse whistand TSRV
veltage [ BIL) , 1.250 pa

Veclor group Dym11

HV tappings (off circuit) 10..5x25%
Short circult impedance 625 %

195



Appendix F:

Table (6.6) selected circuit breakers for normal DB’s
Table (6.7) selected circuit breakers for emergency DB’s
in hotel.
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Table (6. 6): Type of MCB &MCCB circuit breaker used to protect normal DB’s in hotel:

P Feed |Connected| Full Type of Breaker Breaker Trip | Short-Circuit
Floor DlstBr;:ru;mn From Load Load Ib Cal:\llzn?zzlog Ca?r:.lemCZ.)S.A Circuit Frame Current Current Breaking
SMDB (KVA) A Breaker Rating Rating (In) | Capacity (lcu)
g DB.GF 1511 | 2181 | N2XY5040 Sxammz | ACU9IC4ON/ . 32A 10kA
2 3x32A
= |[GARBAGE | & ACti9 IC40N / -
£ |compacror| & 3 433 | N2XY5015 | 5x1.5mm2 MOV 10A 10kA
5 FFPUMP | E 186 | 28260 | N2XY495 | (4x95+50) mm2 | _NSX400F 200A 320A 36kA
5
s DBMEZ | & 176 | 2540 | N2XY5040 scammz | A AN/ ; 32A 10kA
o [
E 3
€ |oBsiops | = | 278 | 401 | Noxvsoao | sxammz | AU ICON/ - 16A 10kA
g
g 3
g DB.SHOP2 278 | 401 | N2XY5040 sxammz | ACt9IC4ON/ . 16A 10kA
3x16A
%% 5| ppastear 744 | 1074 | N2XY5040 Sxammz | ACU9IC4ON/ 16A 10kA
A5 - ] : : 3x16A )
O o> E
£5 = o
2% g |pB2ndPAR | £ 6.46 | 932 | N2XY5040 sxammz | A9 ICHONS - 16A 10kA
a o 5 X16A
@ 19iC40N
B |oBadpar | © 842 | 1215 | N2XY5040 sxammz | A0 IGIN/ - 20A 10kA
° S5 2
££8 L
A N 30 |4330 | N2xys10 saomma | A1 C120H/ - 63A 10kA
DB.SKIT. 958 | 1383 | N2XY5040 5x4 mm2 A‘"fx'zcof'\” - 20A 10kA
o N 3x
8 |restau| 15 | 2165 | N2xYs040 | sammaz | A ISAN - 32A 10kA
£ [SkimchHEN | & ACtio IC40N /
g & ]
g e g 3 433 | N2XY5025 | 5x2.5mm2 DO 10A 10kA
Z KITCHEN z
2 |coupment § 295 |34569| N2XY4IS0 |(450+70) mmz NSXe30F 500A 350A 36kA
DB.RST. = 20.15 | 29.08 | N2XY5060 sxemmz | A9 IC4ON/ - 32A 10kA
& 3x32A
DBKIT. 5.4 779 | N2XY5040 5x4 mm2 AC"SX;%‘LUN/ ; 16A 10kA
_ 3
pBSER. | 8 1595 | 2302 | N2XY5060 sxemmz | ACU9IC4ON/ ; 32A 10kA
: 3x32A
DB 35 ACti9 IC40N /
s |iovmmary | 28| 41 592 | N2XY5040 5x4 mm2 MOV - 16A 10kA
S o
£ [LounpArY
T =
: covem | 3 244 | 35218 | N2XY4150 |(4x150+70) mm2| NSX630F 500A 400A 36kA
H MAIN N o
& KiTcHen | & 15 | 2165 | N2xY5040 sxammz | A0 IGIN/ - 32A 10kA
AHU &5
LOUNDARY | & S ACtio IC40N /
oD 2T | 45 | 650 | N2xvsod 5x4 mm2 DO - 16A 10kA
H
LSQLJL;‘:EmY 3 244 |35218| N2XY4150 |(4x150+70) mm2| NSX630F 500A 400A 36kA
DB.GPR 1075 | 1552 | N2XY5040 5x4 mm2 A“fx'zco‘f”/ - 20A 10kA
DBLPR | 5 066 | 1394 | N2XY5040 Sxammz | ACUOIC4ON/ - 20A 10kA
,_ 5 3x20A
5 2 3x
e DB.IT 5 632 | 912 | N2xY5040 5x4 mm2 AC“SQX'&‘?N ! . 16A 10kA
= g
B &
= G. @ Acti9 iC40N /
© -
£ |oraveranu| B 15 | 21.65 | N2XY5040 5x4 mm2 DO 32A 10kA
w
F ACti9 iC4ON /
RAYER AHU 15 | 21.65 | N2XY5040 5x4 mm2 AN ; 32A 10kA
DBFLAT1 748 | 3252 | N2XY3060 Bemma | A AN ; 40A 10kA
DBFLAT(2) 288 | 1252 | N2xY3040 3x4 mm2 AC“fX'Z%‘LON/ - 20A 10kA
DBFLAT(3) 288 | 1252 | N2xY3040 3x4 mm2 Ac"fx'z%f'\” - 20A 10kA
DB.FLAT(4) 288 | 1252 | N2xY3040 3x4 mm2 A“'lgx'zcof'\” - 20A 10kA
DBFLAT(S) 288 | 1252 | N2xY3040 3x4 mm2 A‘“lgx'zcof'\” . 20A 10kA
DB.FLAT(6) 44 | 1913 | N2xY3040 axammz | ACti9ICAON/ : 20A 10kA
1x20A
DBFLAT(7) 288 | 1252 | N2xY3040 x4 mmz | ACti9ICAON/ . 20A 10kA
1x20A
DBFLATE) | o 288 | 1252 | N2xY3040 3x4 mm2 A‘“fx'zco‘f'\” . 20A 10kA
g
o S L
S |oBraTe | T 288 | 1252 | N2xY3040 x4 mmz | ACti9ICAON/ . 20A 10kA
T I 1x20A
T |oBrATRO)| 3 2.88 | 1252 | N2XY3040 3x4 mm2 Ac“lgng'\' ! - 20A 10kA
& £ 1
% |oBRATAY| @ 34 | 1478 | N2xv3040 3x4 mm2 A‘:“fx'zco‘f"‘ ! - 20A 10kA
= >
DBFLAT(2)| @ 288 | 1252 | N2XY3040 Bammz | A ICANS ; 20A 10kA
DB.FLAT(13) 288 | 1252 | N2XY3040 sammz | A ICANT ; 20A 10kA
DB.FLAT(14) 28 | 1217 | N2XY3040 3x4 mm2 Ac“fx'z(;‘f'\” - 20A 10kA
DB.FLAT(15) 47 | 2043 | N2xY3040 3x4 mm2 Ac“fx'z(;‘f“/ - 25A 10kA
DB.FLAT(16) 288 | 1252 | N2xY3040 3x4 mm2 AC"fX'Z%‘fN/ - 20A 10kA
DBFLAT(17) 288 | 1252 | N2xY3040 3x4 mm2 A“'lgx'zcof'\” : 20A 10kA
DB.FLAT(18) 288 | 1252 | N2xY3040 3x4 mm2 A‘"lgx'zcof'\” - 20A 10kA
DB.(FF.TO 15F) 6.2 895 | N2XY5040 5x4 mm2 Ac“sgx'fe‘f'\” - 16A 10kA
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Acti9 C120H/

DB.FLAT(01) 9.4 | 4087 | N2xys10 5x10 mm2 ean - 63A 10kA
5
. |DBFLAT(O2)| 2 143 | 2064 | N2XY5040 Sxammz | ACU9ICAON/ - 25A 10KA
3 = 3x25A
T |oBRLATOY)| & 8.83 | 3839 | N2XY510 sx0mmz | Acti9 C120H/ - 63A 10KA
= ; 3x63A
= =Xt
S |oeratog| S | 1693 | 2444 | Noxvsodo | sxamma | ACU9ICHON/ - 32A 10kA
2 3x32A
DB.16FLR 58 837 | N2XY5040 5x4 mm2 A“'ng'lce‘f'\” - 16A 10kA
DBOFFICE | 5 1163 | 1679 | N2XY5040 Sxammz | ACH9ICAON/ - 20A 10kA
5 3x20A
- 2 X
2 | bBmMmMA) | I 11 | 1588 | N2XY5040 Sammg | ACHOICAON/ - 20A 10kA
I E 3x20A
T bl Acti9 iC40N /
= -
S DBW.MAJ é 6.5 938 | N2XY5040 5x4 mm2 on 20A 10kA
DBATF. o 585 | 844 | N2XY5040 5x4 mm2 A‘“;’x'zco‘f’\” - 20A 10kA
GUESTLIFT2 9 1299 | N2XY5040 5x4 mm2 Ac“gx'zco‘f’\” - 20A 10kA
GUESTLIFT4| _ 9 12.99 | N2XY5040 5x4 mm2 Ac“gx'z%‘f'\‘ ! - 20A 10kA
g Py
GUESTLIFTE| I 9 12.99 | N2XY5040 Sxammz | ACHS IC4ON/ - 20A 10kA
5 3x20A
FAHU € 63 | 9093 | N2XY425 | (4x25+16) mm2 | NSX2508 250A 125A 25kA
EM. by N
BOOSTER | 9 03 | 130 | Naxvsolss | 3asmm | AU ICHON/ - 10A 10kA
= 1x10A
PUMP n
CIRC. N
BOOSTER 21 303 | N2XY5015 | 5x1.5mm2 A“'ng'lco‘f"” - 10A 10kA
Pump
CA“O?'F'ER 5 287 | 41425 | N2XY4185 |(4x185+95) mm2| NSX630F 500A 450A 36kA
[s .
CALO?'F'ER 28| 287 |41425| NaXvaiss |(4xi85+95)mm2| NSX630F 500A 450A 36kA
[a)
CA"O?'F'ER 3 288 | 41569 | N2XY4185 |(4x185+95) mm2| NSX630F 500A 450A 36kA
MCC- N
PRIMARY 10 | 1443 | N2XY5040 5x4 mm2 A“";’x'zcof'\” - 20A 10kA
N PUMP 1
5 MCC- -
o PRIMARY 10 1443 | N2XY5040 5x4 mm2 ACUC?XIZ%X]N/ - 20A 10kA
g PUMP 2
S
El MCC- _
] PRIMARY | S 10 1443 | N2XY5040 Sxammz | ACU9ICAON/ - 20A 10KA
= T 3x20A
g pumps | &
5 MCC- S o
=] 4
SECONDARY| @ 15 | 2165 | Noxvso0 | Sammz | ACUDICIN/ - 324 10kA
PUMP 1 o
McC- 2 o
SECONDARY| = 15 | 2165 | N2XY5040 5x4 mm2 A“'BQX'SCZ‘XJN’ - 32A 10kA
PUMP 2
MCC- -
SECONDARY 15 | 2165 | N2XY5040 5x4 mm2 A‘“gx'scz‘f'\” - 32A 10kA
PUMP 3
PRS 1 435 | N2XY3015 | 3x1.5mm2 A‘“&ﬁ‘f”’ - 10A 10kA
CH(':"K"TT'I 171 |24682| N2XY495 | (4x95+50) mm2| NSX400F 400A 320A 36kA
CHC'LKLTZR‘l ! 172 |24826 | N2XY495 | (4x95+50) mm2| NSX400F 400A 320A 36kA
CH(':LKLTiR‘Z 8 171 |24682| N2XY495 | (4x95+50) mm2| NSX400F 400A 320A 36kA
1 ©
CH(';"K"T'f 2l ¢ 172 |24826| N2XY495 | (4x95+50) mm2| NSX400F 400A 320A 36kA
i
CHC"‘K"TTG S 171 |24682| N2XY495 | (4x95+50) mm2| NSX400F 400A 320A 36kA
CH(I:;LT%ZRG 172 |24826| N2XY495 | (4x95+50) mm2| NSX400F 400A 320A 36kA
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Table (6.7): Type of MCB &MCCB circuit breaker used to protect emergency DB’s in
hotel.

Floor Group Load :re:i CDE';:;Ied L(')::dlllb Cable Catalog |Cable No.* C.S.A| Type of Circuit Brzzl:i;:t”p Sh;rrté;(li?gu't
h
Name (OB) | qnipg | (kva) A Number (No* mm2) Breaker Rating (In) | Capacity (Icu)
DB.GFEM 1370 | 1977 | N2XY5040 5x4 mm2 At oA/ 32A 10kA
.
5 e
B FRISH AIR Actio ICA0N /
T XEro2p 6.50 938 | N2XY5025 5x2.5 mm2 o 16A 10kA
s GATE Acti9 iC40N /
g BARRIER 3.00 1304 | N2XY3025 1x2.5 mm2 YN 20A 10kA
WATER TR. Actio iCAON /
e 1500 | 21.65 | N2XY5040 5x4 mm2 AN 32A 10kA
- 5 —
2 £ 8 |DBMEZEM.| 2 3.90 16.96 | N2XY3040 1x4 mm2 ACti9 IC4ON 25A 10KA
= [ = 1x25A
£s DB.1st 3 Acti9 iC40N /
- X S . =3
ZEE| parem & 5.80 837 | N2XY5040 5x4 mm2 o 16A 10kA
S 5| DB2nd & Acti9 iCAON /
o= g .2n i9 i
°E 8
S E L; PAR.EM E 5.70 8.23 N2XY5040 5x4 mm2 3X16A 16A 10kA
[a)
£ 8 DB.3rd 3 Acti9 iC40N /
£ 8 :
BEE| earem 470 678 | N2XY5040 5x4 mm2 o 16A 10KA
e —
% 5 S | DBRSTEM 565 816 | N2XY5040 5x4 mm2 Acti9 IC4ON/ 16A 10KA
g E2 3X16A
e —
2 8 3 | DBSEREM 3.90 16.96 | N2XY3060 3x6 mm2 Acti9 IC4ON/ 25A 10KA
(%] [ 1x25A
= = —
g 28| DpBITEM. 3.60 1565 | N2XY3060 3x6 mm2 Acti9 IC4ON/ 25A 10kA
ges 1x25A
DB.1FFEM 5.40 779 | N2XY5040 5x4 mm2 A“';’X'lcs‘f"" 16A 10kA
DB.2.FFEM 780 | 11.26 | N2XY5040 5x4 mm2 At Ioaon 20A 10kA
DB.1.2F.EM 5.40 779 | N2XY5040 5x4 mm2 Amfx'lce‘f'\” 16A 10KA
DB.2.2F.EM 4.00 17.39 | N2XY3040 3x4 mm2 Ac“fx'zcs‘fN/ 25A 10kA
DB.13FEM 5.40 779 | N2XY5040 5x4 mm2 A"";X'l%‘i_(\”\” 16A 10kA
DB.2.3FEM 400 | 1739 | N2xY3040 3x4 mm2 At 1A/ 25A 10kA
DB.1.4F.EM é 5.40 7.79 N2XY5040 5x4 mm2 ACtI39XI1C6‘}£N/ 16A 10kA
= 3x
DB24FEM | o 4.00 17.39 | N2XY3040 3x4 mm2 A‘:"fx'zcs‘f'\” 25A 10kA
= 1x
DBLSFEM | U 5.40 779 | N2XY5040 5xd mm2 A“"gx'lcs‘f'\” 16A 10KA
[sa]
& 3
DB25FEM | S 4.00 17.39 | N2XY3040 3x4 mm2 Acti9 IC4ON/ 25A 10KA
3 1x25A
DB.1.6F.EM 5.40 7.79 N2XY5040 5%4 mm2 AC[I39XI1C64A0N/ 16A 10kA
DB.2.6FEM 4.00 17.39 | N2XY3040 3x4 mm2 A‘:"fx'zi‘i(\)'\” 25A 10kA
DB.1.7FEM 5.40 779 | N2XY5040 5x4 mm2 At ICaoN/ 16A 10kA
o DB.2.7F.EM 7.80 1126 | N2XY5040 5x4 mm2 ACti9 IC4ON/ 20A 10KA
4 3x20A
S 3x:
T | DB1.SFEM 5.40 779 | N2XY5040 5x4 mm2 A‘:";"X'li‘f’\” 16A 10kA
I
z 3x
5 | DB28FEM 400 | 1739 | N2XY3040 3x4 mm2 ACti9 IC40N / 25A 10kA
= 1x25A
3 2
= | DB1.9FEM 5.40 779 | N2XY5040 5x4 mm2 Amfx'lcsf'\” 16A 10KA
DB.2.9F.EM 4.00 17.39 | N2XY3040 3x4 mm2 AC“EX'ZCS‘QN/ 25A 10kA
DB.1.10FEM 5.40 779 | N2XY5040 5x4 mm2 A"";(ﬁ‘i_(\)'\” 16A 10kA
DB.2.10F.EM 400 | 1739 | N2xY3040 3x4 mm2 At ICaoN/ 25A 10kA
DB.1.11F.EM 5.40 7.79 N2XY5040 5%4 mm2 AC“??XI]-CB‘lAON/ 16A 10kA
DB.2.11FEM 4.00 17.39 | N2XY3040 3x4 mm2 A‘:"fx'zcs‘fw 25A 10kA
DBL12FEM| S 5.40 779 | N2XY5040 5x4 mm2 Acti9 IC40N / 16A 10kA
T 3x16A
= 3
DB212FEM| & 4.00 17.39 | N2XY3040 3x4 mm2 Acti9 IC4ON/ 25A 10KA
© 1x25A
g 1x:
DB.113FEM| 5.40 779 | N2XY5040 5x4 mm2 ACti9 IC40N / 16A 10kA
e 3X16A
) —
DB213FEM | 2 7.80 1126 | N2XY5040 5x4 mm2 A"";(;%‘i_(\)'\” 20A 10kA
w
DB.1.14F.EM 5.40 779 | N2XY5040 5x4 mm2 A“';’X'l%f'\” 16A 10KA
DB.2.14F.EM 4.00 17.39 | N2XY3040 3x4 mm2 Am'fx'zi‘f”/ 25A 10kA
DB.1.15F.EM 5.40 7.79 N2XY5040 5x4 mm2 ACII39XIICS4AON/ 16A 10kA
DB.2.15F.EM 400 | 1739 | N2xY3040 3x4 mm2 At ICaoN/ 25A 10kA
T = 9
= S | DB.I6FEM. 5.20 751 | N2XY5040 5x4 mm2 Acti9 IC4ON / 16A 10KA
— 3X16A
I = P
E 8 | DB17FEM. 5.70 8.23 N2XY5040 5x4 mm2 Acti9 IC4ON / 16A 10kA
— 3X16A
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Appendix G:

Data sheet of Cricket Bricker
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Product data sheet

Specifications

Circuit breaker, ComPacT
NSX100B, 25kA/415VAC, 3 poles,
MicroLogic 2.2 trip unit 100A

C108320100

Main

Range ComPacT new generation
Product name ComPacT NSX new generation
Device short name NS00

Product or component type Circuil breaker

Device application Distribusion

Poles description P

Protected poles description o

[In] rated current 100 A at 40 °C

[Ue] rated operational voltage

690 W AC 50560 Hz

Network type

AL

Network frequency

50060 Hz

Suitability for isolation

Yes conforming fo ENIEC 608472

Utilizsation category

Calegory A

[leu] rated ultimate short-circuit

40 kh, low at 220/240 W AC 5080 Hz conforming io |EC 80947-2

breaking capacity 26 ik ow at 3B0M415 W AC 50080 Mz conforming 1o IEC 80847.2
20 kA o at 440 WAL SI0G0 Hz conforming fo IEC 6064 7.2
16 ki lcw at 500 W AC 50060 Hz conforming fo IEC 60847.2

Performance level B 25 ki 416 V AC

Trip unit name Micralogic 2.2

Trip unit technology Electronic

Trip unit protection functions LZal

Control type Toggle

Circult breaker mounting mode  Fixed

Complementary

[Wi] rated insulation voltage

BOO W AC S0VE0 Hz

[Wimp]) rabed impulse withstand
voltage

BkV

[leg] rated service short-circuit
breaking capacity

A0 keh 2t 2205280 Y AC 5080 Hz corforming o IEC B0947-2
25 At 30415 W AC 5080 Hz corforming o IEC 60847-2
20 kA 2t 440 V AC 50080 Hz confarming fo IEC 80947-2

T kA at 500 W AC 500 Hz conforming to IEC G0947-2

Mechanical durability

50000 cydes

201



Product data sheet

Specifications

Circuit breaker, ComPacT
NSX160B, 25kA/415VAC, 3 poles,
MicroLogic 2.2 trip unit 160A

C16B32D160

Range

ComPacT new generation

Product name

ComPacT N3X new generation

Device short name NSX 1608
Product or component type Circuil breaksr
Device application Distribution
Poles description P
Protected poles description 0

[In] rated current 180 A at 40 °C

[Ue] rated operational voltage

G630 W AC 50060 Hz

Metwork type

AC

Metwork frequency

S0G0 Hzx

Suitability for iolation

‘e conforming o ENJIEC 60947-2

Utilization category

Categary A

[leu] rated ultimate short-circuit
breaking capacity

40 kA lcu at 2200240 V AC 50080 Hz confiorming to [EC 80947-2
25 kA lcu af 3800415 W AC 5060 Hz conforming o IEC 809472
20 kA leu a1 440 W AL SIVED Hz confarming ba IEC B0847-2
15 kA lcu at 500 AC SOVE0 Hz confarming bo IEC 60847-2

Performance level

B35 kALISVAC

Trip unit name Micralagic 2.2
Trip unit technology Elecironic

Trip unit protection functions LSl

Control type Togghe

Circuit breaker mounting mode  Fixed
Complementary

[Wi] rated insulation voltage B00 W AL 50060 Hz
[Wimp] rated impulse withstand & kv

voltage

[Ies] rated service short-circuit
breaking capacity

40 kA at 2207240V AC 50080 He conforming to I[EC 80947-2
25 kA at 3800415 W AC 50080 Hx confarming to IEC 80947-2
20 kA at 440 AC S0/60 Hz confarming to IEC 802472
15 kA at 500 W AC S0/60 Hz confarming bo IEC 808472

Mechanical duralsility

40000 cycles
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Product data sheet

Specificabons

Circuit breaker, ComPacT
NSX250B, 25kA/415VAC, 3 poles,
MicroLogic 2.2 trip unit 250A

C258320250

Main

Rangpe CamPacT new generation
Producl name CamPacT NEX new generation
Device shorl name HEX2508

Producl or compoanent bype Circuit breaioer

Device application Distribution

Poles description P

Protected poles descriplion an

[in] rated eurrent 260 A at 40 *C

[Ue] rated operational veltage

650 W AC BUB0 He

Metwork lype

AT

Metwork frequency

50/60 Hz

Suitability for izolation

e conforming io EMAEC 608472

Utilisation calegery

Categary &

[leu] raled ultimate shorl-circuit

40 kA low 2t 2200240 W AC BUB0 Mz conforming fo IEC 608472

breaking capacity 25 ke lou at 3B0415 W AC BUBD Mz conforming 1o IEC 60847.2
20 kA, lcu at 440 W AC B080 He conforming 1o IEC 609472
15 ki lou at 500 ¥ AC 5080 Hr conforming fo IEC 60847-2

Performanee kevel B 25 ki 416V AC

Trip unit name Micralogic 2.2

Trip unit techmnology Elecironic

Trip unit protection functions LSal

Cantral type Toggle

Circuil breaker mouwnting mode  Foed

Complementary

[Ui] rated insulation voltage

BOO W AC BUB0 He

[Uirnp] rated impulse withstand
woltage

BV

[leg] rated service short-circuil

A0 kA at 220240 AC B0WED Mz condorming o IEC 80847-2

breaking capacity 26 ki at 38015 W AC S00ED Hz conforming to IEC 80947.2
20 kA at 440 W AC 500 Mz confarming ta [EC 80847.2
15 kA at 500 W AC 5060 Mz confarming ta IEC 80847.2
Mechanical durability 20000 cycles
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Product data sheet

Specificabons

Circuit breaker, ComPacT
NSX400F, 36kA/415VAC, 3 poles,
MicroLogic 2.3 trip unit 400A

CA0F3ZD400

Main

Range ComPacT new generation
Produel name CamPacT NEX new generation
Device shorl name HEX400F

Product or component type Circuit breaker

Device application Distribution

Poles description ap

Protected poles description an

[n] rated current A0 A 2 40 *C

[Ue] rated operational veltage

B0 W AC SOB0 Hz

Metwork Lype

AL

Metwork fregquency

SOBD Hz

Suitability Tor isolation

 e=s confoeming 1o EMAEC 608472

Utilisation calegery

Categary i

[leu] rated ultimate short-circuit

40 kA lou at 2200240 V AC 5080 Hz conforming to IEC G0847-2

breaking capacity 36 ki lou at 380415 W AC SUB0 Hr conforming 1o IEC 605472
30 ki o at 440 W AC 5060 Mz conforming o IEC 608472
26 kA lou at 500 VW AC B080 Hz conforming o IEC 60847.2
20 kA low at 525 W AC S080 Hz conforming o IEC 60847.2
10 ki lou at BE0BS0 V AC BUB0 Hz conforming to IEC G0847.2
20 kA, at 600 W AC 500 Mz conforming ta LAL 508
Performance level F 36 ki 415V AC
Trip unil name Micralogic 2.3
Trip unil technology Electronic
Trip unil protection functions LZal
Control type Toggle
Circuil breaker mounting mode  Foed

Complementary

[Ui] rated insulation voltage

BOO W AC BUB0 He

[Uirnp] rated impulse withstand
woltage

BV

[leg] rated service short-circuil
breaking capacity

A0 kA at 220240 AC B0VWED Mz condorming to IEC 80847-2
36 kA at 380418 VW AC B0VED Mz conforming to IEC B00947-2
30 kA at 240 AC S0080 Mz confarming b |EC 80347-2
25 kA at 500 W AC 50060 Mz conforming b |EC 80347-2
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Product data sheet

Specificalions

Main

Circuit breaker, ComPacT
NSX630F, 36kA/415VAC, 3 poles,
MicroLogic 2.3M trip unit 500A

CEIFZIMS00

Range

ComPacT new generation

Producl name

ComPacT N2X new generation

Device shorl name

NEXELIF

Produet or component bype

Circuit breaiosr

Device application

Muotor probecion

Poles description i
Protected poles description n
[In] rated eurrent 500 A af B85 *C

[Ue] rated operational veltage 850 WV AC BB0 He
Metwark type AL
Metwark frequency SO0 Hz

Suilability for isolation

¥ e conforming io EMAEC G084 7.2

Utilisation eategory

Categary &

[leu] rated ultimale short-circuil
breaking capacity

40 ki lou at 20240 W AC BLB0 Mz conforming to IEC 608472
36 kA lou at 3800415 W AC BLB0 Hz conforming to IEC G0947-2
30 ki lou at 440 Y AC 5080 Hz conforming to IEC 608472

25 kA Icu at 500 W AC BWE0 Hz conforming io IEC G0847-2

20 kA lcu at 525V AC BIB0 Hz conforming io IEC 608472

10 kA lcu at BELVESD W AC BUB0 Hz conforming 1o IEC G0947-2
20 kA at G00 V' AL 50060 Mz conforming b UL 508

Perlormance bevel F 38 ki 415 W AT
Trip umit name Micralagic 2.3
Trip unil teehnology Eleciranic

Trip unil prolection funetions LZal

Control type Toggie

Cireuit breaker mounting mede  Foed

Complementary

[i] rated insulation vollage

BOO WV AC BUUBD H

[Wirnp] raled impulse withstand
wollage

BV

[les] rated serviee short-circuil
breaking capasity

A0 kA, at 2200240 ' AC BOVED Mz condorming to |EC B094T-2
365 ki, at 380415 V' AC BOVGD Mz condorming to |EC B0947T-2
30 kb, at 440 Y AL B00E0 Mz conforming to IEC 80847-2
26 ki, at G500 Y AL B0 Mz conforming ta IEC 80847-2
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Specfications

Circuit breaker frame, MasterPact
MTZ2 16N1, 1600A, 42kA/440VAC
50/60Hz (lcu), 3P, drawout, without

control unit

Lva48a7T2

Range

Masterpact

Product narme

MasterPact MTZ2

Device short name MTZ2 16 N1
Product or component type Circwit breaier
Device application Profection
Poles description Ly

Metwork type AC

MNetwork frequency SOIED Hz
Breaking capacity code M1

Suitabllity for isolation

‘Yes conforming o IEC 809472

Selectivity category Cabtegony B

Complementary

Control type Push-bution

Mounting mode Dirawaut

Mounting suppart Base plate
Rails

[In] rated current 1600 A at 40 °C

[Wi] rated insulation voltage

1000 % AC SO0/80 Hz cordorming to |EC 60847-2

[Uimgp] rated impulse withstand
voltage

12 kV conforming to IEC G0847-2

[lem] rated short-circuit making
capacity

BB kA 20015 Y AC 2t BB Hz
BB kA 240V AC at 50060 Hz

BB kf SDOE25 Y AC at BUED Hz
BB kA GE0ES0 W AC at BUED Hz

[Ue] rated operational voltage

G830 AC 50/60 Hz conforming o IEC 605472

Circuit breaker CT rating

1600 A

Performance level

42 kA lcw at 2200415 W AC S00B0 Hz corforming ta [EC 60947-2
42 kA lcw at 440 W AC 50060 Hz conforming to IEC 60847-2

42 kA lcw at GO0VS2S5 W AC S0VE0 Mz conforming to [EC 60847.2
42 kA lcw at GB0VES0 W AC S0VB0 Hr conforming to [EC 60:947-2

[les] rated service breaking
capacity

42 kA at 2200415 W AC 5080 Hz conforming to IEC 80947-2
42 ki at 440 AC 50060 Hz conforming to |EC 60947 -2

42 kA at S0OVE2S W AC 5080 Hz conforming to IEC 80947-2
42 kA at BEOVESD W AC S0VEBD Hz conforming to IEC 80947-2
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Speciicalions

Circuit breaker frame, MasterPact
MTZ2 20N1, 2000A, 42kA/440VAC
50/60Hz (lcu), 3P, drawout, without

*"'FEEH
Premium

control unit

L\VE4AB2BE
Main
Range Masterpact
Producl namea MasterPact MTZ2
Device shorl name MTZ220HM1
Product or component type Circust breaker
Device application Protection
Poles descriplion L
Network bype G
Network frequency SONED Hz

Breaking capacity code

M1

Suilakility for isolalion

¥es condorming fo IEC 60847T-2

Seleclivily calagary Catageey B
Complementary
Conlrol type Push-busion
Mouwnting mode Drawout
Mounling support Rails
Base plae
2000 A 2 40°C

[in] rated eurrent

[Ui] rated insulation veltage

1000 AC BQB0 Mz conforming to [EC 608472

[Uirng] rated impulse wilhstand
vollage

12 kW conforming io IEC G0947.2

[lem] Pated short-cireuil making
capacity

B kA 22095 W AL at BUVED Hz
88 kA 440 AL at SUB0 Hz

88 kA SOOVE2E W AL at BUVED Hz
88 kA GEOMS0 W AL at BOVED Hz

[Ue) rated aperational voltage

&80 % AC BOMD Mz corfarming ta IEC B84T.2

Circuil breaker CT raking

2000 &

Performance level

42 kA lou at 2200415 W AC 50060 Mz conforming o IEC 808472
42 ki lou at 40 V' AC 56D Hz conforming to IEC 608472

42 ki lou at 500525 v AC BOMED Mz conforming o IEC 808472
42 kA lou at GB0MES0 Y AC 50060 Mz conforming to IEC 605472

[lea] rated serviee bresking
capacity

42 kA at 220415 W AC S0VED Mz conforming 1o IEC B084T.2
42 ki at 440 W AC BUB0 M conforming 1o IEC SG0847.2

42 kA at BOUERS W AC S0/ED Mz conforming to IEC 608472
42 kA at BEUE0 W AC S0/ED Mz conforming to IEC 608472
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Specificatons

Circuit breaker frame, MasterPact
MTZ2 32H1, 3200A, 66kA/440VAC
(lcu), 4P, drawout, right Neutral,

o

without control unit

Lva4dad43T
Main
Range Maszierpact
Producl name MasterPact MTZ2
Device shorl name MTZ2 32 H1
Product or component type Circuit breaker
Device application Protescon
Poles description aF
Neutral position Rigit
Metwork type AL
Metwork frequency BOVBD Hz
Breaking capacity code H1

Suitability Tor isolation

¥e=s conforming o IEC 609472

Salactivity category Caiegary B

Complementary

Conlrol lype Push-burtien

Mounting mode Dvarwout

Mounting suppart Base plate
Rails

[in] rated eurrent 3200 A at 40 °C

[Ui] rated insulation vollage

1000 v AC 5080 Mz conforming to IEC 60947-2

[Uirng] rated impulse withstand
voltage

12 kv conforming to IEC 60847T-2

[bem] rated short-circuil making
capacily

145 kA 2206415 W AL at S0B0 Hx
145 kA 440 W AL at SIVE0 Hx

145 kA SO0ERE W AC at 080 Hz
145 kA BEOES0 W AL at S0B0 Hx

[Ue] rated operational voltage

850 AL 5080 Mz conforming fo IEC 609472

Circuil breaker CT raling

3200 A

Performance level

B8 ki lcu at 2206315 W AL BUB0 Mz conforming 1o IEC G0947-2
86 ki lcu at 440 W AC 5080 Hz conforming o IEC 608472

B8 ki, lou at BOWEES W AL HUB0 Hz conforming to IEC G0547-2
B ki lcu at BEWES0 W AL SUB0 Hr conforming 1o IEC 605472

[leg] rated service breaking
capacily

B kA at 220415 Y AC B0ED Mz conforming o IEC 808472
B6 ki at £40 % AC 50060 Mz conforming to IEC 80847-2
B6 ki at S000525 Y AC 50D Mz conforming to IEC 60847-2
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(% Click here for more information:

ELAND’
e -l=l  UX 0.6/1kV Earth Cable

Eland Product Group: ASH

APPLICATION STANDARDS

Insulated conductor for earthing and bonding services. MUD MNEK 606
resistant in accordance with NEK TS 808.

ISOSIEC 17025 LABORATORY TESTED

CHARACTERISTICS This product is subject o the Quakly Assurance protacols of The Cable Lab®,
an IS0VIEC 17025 accredited cable testing laboratary. Testing includes vertical
vo‘“” RIHI'IQ Uo/Ul flame, conductor resistance, tensike & elongation, and dimensicnal consestency,
R:TRIAY werdied io published standards and approved product drawings.
Temperature Rating ISEUIEC bei. N, 150 150 150
L TS i 0 a0 5000
+90°C UKAS o ity Emineta Dtapimad
Lieattary ' Hargermmt Mammerre Hashh and Soiwy
Mauprar
L FRATITRS BuLATISEE I R

COMSTRUCTION
Conductor REGULATORY COMPLIANCE
Class 2 stranded tinned copper conductor This cable meets the requirements of the RoHS Directive 201 1/65/EL. RoHS

compliance has been fested and confirmed by The Gable Lab®™ as meeting the

Insulation requirements of the BS| RoHS Trusted Kitemark™.

SHF2 compound -
Insulation Colour Y s

@ Green/Yellow

210



Appendix I:

Data sheet of EARTH ELECTRODES

211



> 254 pm COPPERBOND EARTH RODS

Aplicaciones Tecnolégicas, S.A. uses copperbond earth rods of a high quality
which comply with even the most demanding regulations in order to achieve
long-fasting earthing. All these earth reds are electrolytically coated with copper
which is 254 pm thick and 89.9% pure, with a proven resistance to corrosion.
This type of electrolytic coating prevents cracks or fissures, which may be
caused in the outer |ayer of the earth rods with mechanical coating.

Numerous reguiations specify that the copp ing on the copp
electrodes should be at |east 250 pm:

bond earth

BS 7430: Implementation guide for earthing systems (Great Britain)

UL 467: Grounding and bonding equipment (United States)

Section 250 of National Blectrical Code (NEC) (United States)

Technical Gwde for implementing no. 18 of the Spanish Low Voltage

El J Regulati

IEC 62305-3 (inten | lightning p ion dard)

EN 50164 (IEC 82561-2 (international standard on components of lightning
protection systems)

Using the appropriate accessories, threaded copperbond earth rods enable the
electrode to extend in order to obtain better sarth resistances.

©16x 1200 1423 Two 58" threads 1.50
©16 x 1500 1423 Two 5/8" threads 1.50
©16 x 1800 1423 Two 53" threads 228
016 x 2000 1423 Two 5/8" threads 253
@16 x 2400 1423 Two 5/8" threads 3.00
016 x 3000 1423 Two 53" threads 380
01423 x 1200 1423 No thread 1.50
01423 x 1500 1423 No thread 1.50
01423 x 1800 1423 No thread 228
01423 x 2000 1423 No thread 253
01423 x 2400 1423 No thread apoo
©14.23 x 3000 1423 No thread 380
019 x 1200 1728 Two /4™ threads 215

019 x 1500 1728 Two 3/4” threads
ALOTTH @19 x 1800 1728 Two 344" threads
AT042H 019 x 2000 r2s Two 34" threads
AroraH 019 x 2400 1728 Two 3/4" threads
Ar01eH 019 x 3000 iv2s Two 3/4" threads
AT-OT9H 01728 x 1200 1728 No thread
AT-081H ©17.28 x 1500 1wazs No thread

017.23 x 1800 17.28 No thread

017,28 x 2000 1728 No thread

01728 x 2400 1728 No thread

017.28 x 3000 1728 No thread
Other copper ako Flease us.

~ ACCESSORIES FOR COPPERBOND EARTH RODS

5/8" threaded coupiing [©16 mm) 018 x 70 Gurmetsd 124
5/8" threaded driving stud (016 mm) 54x22 St et B0
Trreaded chmp 3/4° (@19 mm) ©24 x 70 Gurmetad 182
Threaded dving stud 3/4* (219 mm) uxa ] 130
Compte B S04 620,85 6 02 o
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The slectrodes should be placed at a depth of at least

50 em.

It is preferable to use saveral conductors conveniantly
out rather than one very long conductor.

In the case of an earthing system made up of various

interconnected electrodes, it is recommended that:

> The buried earth rods must be placed in a triangle or
line and spaced out at s distance of at least that of
their buried depth.

> The buried earth rods are connected by an identical or
compatible conductor to the one used for the down-
conductor.

> The cenductor joining the earth rod should be buried
at a depth of at least 50 em.

> Apply the ground enhancing product CONDUCTIVER
PLUS (AT-010L) o the buried electrodes in order to

obtain a lower earth resistance.

ATO4TH
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o ) ] Rate: Amount:
Item Item Description Quantity | Unit USD(S) USD(S)
ELECTRICAL WORKS
Supply and install the complete Electrical Installation as indicated
on drawings, strictly in accordance with general and particular
specification, including but not limited to the following items:
Incoming supply in accordance with specifications and Authority
requirements :
HT & LT cables by supplying and installing UPVC sleeves, and
A cable trays in a complete route from entry point up to RMU, 1 LS. | $285,714 $285,714
Transformers and to MDB's
Main Low Voltage Distribution Boards
A LWP - 1. 1 No $42,857 $42,857
B LWP - 2. 1 No $42,857 $42,857
C LVWP - 3. 1 No $42,857 $42,857
D MDB-AC 1 No $22,857 $22,857
E MDB-EM 1 No $18,571 $18,571
Power Factor Capacitor Bank
A | Capacitor Bank 400 kKVAr. 1 No $25,714 $25,714
Automatic Change Over Switch
A | 800A 4P ATS. 1 No | $10,000 $10,000
Sub-Main Distribution Boards (SMDB)
A SMDB-1 SER. 1 No $6,857 $6,857
B SMDB-2 SER. 1 No $5,143 $5,143
C SMDB-REST 1 No $9,429 $9,429
D SMDB-GF 1 No $6,000 $6,000
E SMDB-PARK. 1 No $4,286 $4,286
F SMDB-PRAY 1 No $5,143 $5,143
G SMDB-(1ST to 15TH) FLR 15 No $6,857 $102,857
H SMDB-16TH FLR 1 No $5,143 $5,143
| SMDB-17TH FLR 1 No $5,143 $5,143
J SMDB1-ROOF FLR 1 No $5,143 $5,143
K SMDB2-ROOF FLR 1 No $7,714 $7,714
L SMDB-1.EM 1 No $7,714 $7,714
M | SMDB-2.EM 1 No $6,000 $6,000
N SMDB-3.EM 1 No $6,857 $6,857
0 MCC 1 No $6,000 $6,000
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Distribution Boards (SMDB)

ZEIN<KXE<CH0DOTOZZIrAe-—IOTMMUO®>

AC

DB-GF.

DB-MEZZ.

DB-SHOP-1

DB-SHOP-2

DB-G.PRAYER
DB-L.PRAYER

DB-IT

DB-SERV.

DB-LAUNDRY

DB-S-KIT.

DB-REST.

DB-KIT. At SER. FR
DB-OFFICE

DB-M.MAJ

DB-WM.MAJ

DB-1st PAR.

DB-2nd PAR.

DB-3rd PAR.

DB-FLT.1 (1st TO 16th) FLR
DB-FLT.2 (1st TO 16th) FLR
DB-FLT.3 (Ist TO 16th) FLR
DB-FLT.4 (1st TO 16th) FLR
DB-FLT.5 (1st TO 15th) FLR
DB-FLT.6 (1st TO 15th) FLR
DB-FLT.7 (1st TO 15th) FLR
DB-FLT.8 (1st TO 15th) FLR
DB-FLT.9 (Ist TO 15th) FLR
DB-FLT.10 (1st TO 15th) FLR
DB-FLT.11 (1st TO 15th) FLR
DB-FLT.12 (1st TO 15th) FLR
DB-FLT.13 (1st TO 15th) FLR
DB-FLT.14 (1st TO 15th) FLR
DB-FLT.15 (1st TO 15th) FLR
DB-FLT.16 (1st TO 15th) FLR
DB-FLT.17 (1st TO 15th) FLR
DB-FLT.18 (1st TO 15th) FLR
DB-(1F TO 17F)

DB-G.EM

DB-(1F TO 17F)

DB-G.EM

DB-MEZZ.EM

DB-1st PAR.EM

DB-2nd PAR.EM

DB-3rd PAR.EM
DB-REST.EM

DB-SER. EM.

DB-IT.EM.

DB-1.FF EM. (Ist TO 15th) FLR
DB-2.FF EM. (1st TO 15th) FLR
DB-16F EM.

DB-17F EM.

DB-ROOF

PR RPRPRRPRRPRRPRPRRPRPRERRERRRRRRR

S A A e e N S
~ ~N OO ool o1 o1 o1 ool ol ol ool Oolo o oo

N I N i

=
o »

= e

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Nos
Nos
Nos
Nos
Nos
Nos
Nos
Nos
Nos
Nos
Nos
Nos
Nos
Nos
Nos
Nos
Nos
Nos
Nos
Nos
No
No
No
No
No
No
No
No
No
No
No
Nos
Nos
No
No
No

$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686

$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$686
$10,971
$10,971
$10,971
$10,971
$10,286
$10,286
$10,286
$10,286
$10,286
$10,286
$10,286
$10,286
$10,286
$10,286
$10,286
$10,286
$10,286
$10,286
$11,657
$686
$11,657
$686
$686
$686
$686
$686
$686
$686
$686
$10,286
$10,286
$686
$686
$686
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Busbar Trunking Systems (BusWays)

A 1600 A BUS BAR. 1 Set | $250,000 $250,000
B 1250 A BUS BAR. 1 Set | $250,000 $250,000
B 630 A BUS BAR. 2 Set | $230,000 $460,000
C 100 A TAP OFF UNIT 19 Nos | $10,000 $190,000
Feeding Cables
A 3X1.5mm2 N2XY/XLPE Cable 2,450 m $10 $24,304
B 3X2.5mm2 N2XY/XLPE Cable 2,000 m $11 $22,080
C 3X4mm2 N2XY/XLPE Cable 480 m $20 $9,600
D 3X6mm2 N2XY/XLPE Cable 370 m $24 $9,058
E 5X1.5mm2 N2XY/XLPE Cable 900 m $20 $18,000
F 5X2.5mm2 N2XY/XLPE Cable 350 m $25 $8,736
G 5X4mm2 N2XY/XLPE Cable 932 m $30 $27,587
H 5X6mm2 N2XY/XLPE Cable 630 m $34 $21,571
| 5X10mm2 N2XY/XLPE Cable 450 m $44 $19,800
J 5X16mm2 N2XY/XLPE Cable 420 m $53 $22,176
K 4X25mm2 N2XY/XLPE+1C 16mm2 GY Cu PE Cable 150 m $63 $9,456
L 4X35mm2 N2XY/XLPE+1C 16mm2 GY Cu PE Cable 86 m $72 $6,192
M 4X50mm2 N2XY/XLPE+1C 25mm2 GY Cu PE Cable 50 m $78 $3,912
N 4X95mm2 N2XY/XLPE+1C 50mm2 GY Cu PE Cable 80 m $87 $6,976
(¢} 4X120mm2 N2XY/XLPE+1C 70mm2 GY Cu PE Cable 75 m $97 $7,272
P 4X150mm2 N2XY/XLPE+1C 70mm2 GY Cu PE Cable 95 m $111 $10,564
Q 4X185mm2 N2XY/XLPE+1C 95mm2 GY Cu PE Cable 90 m $125 $11,290
R 4X300mm2 N2XY/XLPE+1C 150mm2 GY Cu PE Cable 50 m $140 $6,976
ISOLATOR
A 2500 AT/3200AF, ACB 1 Nos $3,000 $3,000
B 2000 AT/2500AF, ACB 1 Nos $3,000 $3,000
C 1600 AT/2000AF, ACB 2 Nos $3,000 $6,000
D 1250 AT/1600AF, ACB 1 Nos $3,000 $3,000
E 450 AT/500AF, MCCB 9 Nos $2,500 $22,500
F 350 AT/400AF, MCCB 9 Nos $2,400 $21,600
G 160 AT/250AF, MCCB 5 Nos $2,300 $11,500
H 100 AT/160AF, MCCB 18 Nos $2,200 $39,600
| 63 AT/100AF, MCCB 1 Nos $2,000 $2,000
Small Power Points
A p0|.nts such as radial/ring ckt. for 16 amps 3pin socket outlet & DP 3720 | Nos $75 $279,000
Switches for water heater wired
Wiring Accessories
A 16A Single, switched socket outlet. 1,800 | Nos $49 $87,429
B 16A Double switched socket outlet. 115 Nos $50 $5,750
C 16A Single switched Socket Outlet, Weather Proof. 50 Nos $86 $4,286
D 16A Universal socket outlet. 394 Nos $57 $22,514
E 16A Data Point. 35 Nos $114 $4,000
F Flex outlet for Hair Dryer. 295 Nos $114 $33,714
G Flex outlet for Hand Dryer. 18 Nos $86 $1,543
H Flex outlet for FCU. 375 Nos $86 $32,143
| Shaver socket outlet. 295 Nos $86 $25,286
J TV. Outlet 370 Nos $86 $31,714

216




Light Points

Points including conduit , PVC boxes , G.I boxes and single core

A wires and all associated work to complete the job as per 6,270 | Nos $57 $358,286
specifications and drawings.
B | One Gang One Way, Light Switch, 10A. 655 | Nos $30 $19,650
C | Two Gang One Way, Light Switch, 10A. 660 Nos $30 $19,800
D Three Gang One Way, Light Switch, 10A. 60 Nos $30 $1,800
E One Gang Two Way, Light Switch, 10A. 15 Nos $30 $450
F Multi Gang Switch panel. 17 Nos $86 $1,457
G Motion Detector. 200 Nos $86 $17,143
H Light push button switches for stair cases, 10A. 80 Nos $171 $13,714
| Light Control Panel 25 Nos $86 $2,143
Light Fittings:
Fix only of the following light fixtures
A | Type (F1) 55 | Nos $186 $10,214
B | Type(F2) 195 | Nos $171 $33,429
C | Type(F3) 175 | Nos $129 $22,500
D | Type (F4) 70 Nos $129 $9,000
E | Type(C2) 2,320 | Nos $143 $331,429
F | Type(C5) 1,395 | Nos $143 $199,286
G | Type (C6) 25 Nos $200 $5,000
H | Type(C7) 20 | Nos $286 $5,714
| Type (C8) 195 Nos $171 $33,429
J | Type (W1) 5 Nos $171 $857
K | Type (W2) 35 | Nos $286 $10,000
L | Type (W3) 430 Nos $229 $98,286
M | Type (Bl) 1,335 | Nos $714 $953,571
N | Type (FL) 15 Nos $571 $8,571
Telephone System:
Maintain a complete Telephone System as per Bezeq regulation
including all necessary cabling and terminations
A | MTR 1 No | $42,857 $42,857
B IDF 25 No $4,286 $107,143
C | Telephone Outlet ( Voice ), RJ-45 626 No $100 $62,600
D | Dual Outlet ( Data & Voice ), RJ-45 555 No $100 $55,500
E ONU 282 No $114 $32,229
F 60 x 60 x 80 Manhole with grade "A" cover 1 No $286 $286
Cable Tray Risers:
A | Cable Tray size 450 x 50 mm 2,845 m $29 $81,286
B Cable Ladder size 300 x 50 mm 100 m $23 $2,286
C | Cable Ladder size 200 x 50 mm 100 m $21 $2,143
D | 1Cx16 mm?, PVC/ Copper Cable. 80 m $3 $274
E Earth Pit 2 No $2,857 $5,714
F Earth Bar 50 x2.5x1cm 1 No $143 $143
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Fire Alarm System:

A | Addressable Fire Alarm Control Panel ( Master ) 1 No $10,857 $10,857
B Smoke Detector With Built in Sounder 345 No $129 $44,357
C | Smoke Detector 425 No $114 $48,571
D Heat Detector With Built in Sounder 26 No $129 $3,343
E Heat Detector 44 No $114 $5,029
F Manual Break glass 67 No $129 $8,614
G Weather Proof Manual Break glass 13 No $200 $2,600
H | Weather Proof Speaker with Built-in Flasher 16 No $200 $3,200
| Speaker with Built-in Flasher 75 No $200 $15,000
J Celling Speaker 203 No $86 $17,400
K | Fire mnn Telephone 74 No $114 $8,457
L Voice Evacuation Control Panel 1 No $857 $857
M | Interface unit 30 No $571 $17,143
N | Emergency Light 565 | No $29 $16,143
0 Exit Light 196 No $171 $33,600
Standby Diesel Generator Set:
A 500KVA st.and by ge.neratoir with complete installation including all 1 Set | $175.000 $175,000
necessary pipes and insulation ...etc
Earthing System:
earth point for MDB body with at least 3 meters long copper rod in
A | 300x300x300 mm earth pit with inspection cover complete in all 3 No $5,714 $17,143
aspects.
2X150 mm2 copper conductor in 32 mm diameter UPVC pipe as
B earth leads between MDB body and earth pit complete with clamps 50 m $50 $2,500
and accessories.
Miscellaneous:
A | Car Gate Barrier System. 1 item | $30,000 $30,000
B | Access Control System. 1 item| $35,000 $35,000
C CCTV System. 1 item | $45,000 $45,000
D BMS System. 1 item| $300,000 $300,000
Central Battery Emergency Lighting System including wiring & CBU-
E Monitor and investors (including Emergency & exit lights as per 1 item | $90,000 $90,000
Civil Defense Approval)
Lightning Protection System for the building structure complete with
Air Terminal Networks, Earth Termination Networks, Down
F Conductors, Air Rods, Tapes and all necessary accessories inclusive 1 item| $85,000 $85,000
of bonds, brackets, cable clips, saddles, clamps, couplings,
waterproof earth pits, etc.
G INTERCOM system. 1 item | $38,000 $38,000
Total Estimated Cost for Hotel Electrical Works ($) $6,569,331
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