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Abstract

المستخدمةالطاقة الكھربائیةلتقلیلواستخدام الخلایا الشمسیة تصمیم الخدمات المیكانیكیةإلىیھدف ھذا المشروع 

وتصمیم ھذا المشروع یشمل عمل حسابات وتجھیز رسومات واختیار المواد والمعدات . أریحالاستراحة حجاج في مدینة 

.والخلایا الشمسیة الحریق وإطفاءوحساب جدول الكمیات لنظام تزوید المیاه ونظام الصرف الصحي ونظام التكییف والتبرید 

This project aims to design the mechanical systems Using PV Cells To Reduce Energy

Usage for Pilgrims rest building in Jericho City. The design of this project include making the

calculations, drawings, material selection and determine the table of quantity for the water

system, drainage system, air conditioning system , the firefighting system and solar cells .

Using PV Cells To Reduce Energy Using PV Cells To Reduce Energy
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1 Chapter 1: Introduction :

In business, industry, schools, hospitals, hotels, theaters, restaurants and

homes air conditioning is no longer auxiliary but an essential part of modern living.

There are four atmospheric conditions. True air conditioning implies that all four of

these atmospheric conditions for human comfort are being met.

The air conditioning system include much more than the control of the inside

temperature of a given space. It include the controlling and maintaining of the

following four atmospheric conditions that affect the human comfort :

1. Temperature of the inside space.

2. Humidity contents of the air.

3. Purity and quality of the inside air.

4. Air velocity and air circulation within the space .

The main goal of plumbing design for building is to safely and reliably

provide domestic water and water for fire fitting. And also to get rid of the wastes.

1.1. Project objectives

The main objectives of the project are:

1. To calculate and design air conditioning, heating and plumbing systems.

2. To prepare the required drawings for each system.

3. To select the required equipments and parts.

4. Design a suitable firefighting system that covers the requirements of the

building.

5. Design Photovoltaic System .
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1.2. Time table:

Table 1-1:Time table for the first semester:

151413121110987654321tasks\week
Choosing the
building plan

Overview
previous
projects
Overall

coefficient
calculations for
walls , ceiling ,
floor ,doors and

windows
Heating and
cooling loads
calculations

Water supply
system

calculations
Plumbing

system
calculations

Printing
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Table 1-2:Time table for the second semester:

151413121110987654321tasks\week
Editing and
modifying

Design the
firefighting

system
Design the VRV

system

Design
Photovoltic

System
Doing bill of

quantity tables

Printing

1.3. Project contents :

Chapter One: Introduction

Includes an overview, the project objectives and time table .

Chapter Two: Cooling Load

Includes a sample calculation for one room in details , the other rooms loads
VRV system

Chapter Three: Heating Load

Includes a sample calculation for one room in details , the other rooms loads
and mechanical ventilation.

Chapter Four: Plumbing System

Includes the calculation of water supply system to determine the total required

amount of water and the drainage system

.
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Chapter Five : Firefighting System

Includes general introduction about each system, and the pipe size calculations
for one branch.

Chapter Six : Photovoltaic System .

Includes calculation and type of photovoltic System .

Chapter Seven: Bill Of Quantity

This chapter includes the total number of quantity for each system and its cost.
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2 Chapter 2: Cooling load

The main purpose of air conditioning is to provide a comfortable atmosphere for people

Inside a closed space. The parameters that govern this comfort are four parameters namely air

temperature, humidity, air velocity and air purity. Therefore, cooling decrease the temperature of

the surrounding air, heating increase the temperature of the surrounding air, humidifying

increase the moisture content in the surrounding air, and dehumidifying decrease the moisture

content in the surrounding air. Ventilation renew and clean the air inside the space.

Human body temperature is normally 37˚C . We are comfortable when the heat level in

our body is transferring to the surrounding air at comfort rate. The rate of this heat transfer

depends on the properties of surrounding air and other factors like the type of clothes the human

put on .Therefore, to maintain the correct rate of heat transfer, the surrounding air must be

conditioned (i.e. changing the properties of the air to suitable ones).

An air conditioner is an appliance or mechanism designed to extract heat from humanly

occupied space air temperature using refrigeration cycle. When air conditioning is available it

may be central air conditioning where all parts of the building including common areas are

cooled or it may be provided only in the specific spaces. In general comfort occurs when body

temperature is held within narrow ranges, skin moisture is low and physiological effort of

regulation is minimized. Comfortable conditions result from a desirable combination of air

temperature, humidity, air velocity, and air purity.

2.1 ASHRAE comfort chart

Research studies have been conducted to show that, with a specific amount of air

movement, thermal comfort can be produced with certain combinations of dry-bulb

temperature and relative humidity. When plotted on a psychometric chart, these combinations

form a range of conditions for delivering acceptable thermal comfort to 80% of the people in a

space. This “comfort zone” and the associated assumptions are defined by ASHRAE Standard
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55, Thermal Environmental Conditions for Human Occupancy. Determining the desired

condition of the space is the first step in estimating the cooling and heating loads for the space.

In this restaurant , We design on [24ºC] dry-bulb temperature and 40% relative humidity as the

desired inside condition during the summer season from the ASHRAE Comfort Chart.

Figure 1: ASHRAE Comfort Chart

2.2Data analysis

(CLTD)corr .=  ( CLTD +  LM )k +  ( 25.5 - T 		) +  (	T , 		- 29.4) f                            (1.1)
Where:

 CLTD: Is called cooling load temperature difference for medium wall construction.

 LM: Latitude correction factor for horizontal and vertical surfaces .



7

 K: Colors adjustment factor such that k = 1.0 for dark colored roofs, and k=0.65 for

Permanently Light colored walls.

 DR: The daily temperature range which equal to the difference between the average

maximum and Average minimum temperature for warmest month of the summer season.

 f: The factor f is attic or roof fan factor such that f =1  if there is no attic or roof fan,

and the value of f = 0.75 if there is an attic or roof fan.

 T 	. :	 The outdoor main temperature

T 	. T 	 	 (1.2)
Then :

T 	. T 	 	 36.64 30.64	˚C		
The following table contains all assumptions needed for the next calculations:-

Table 2-1: Data for outside and inside temperature :

36.64˚C
From the Palestinian code

Outdoor temperature (T )

24˚C
From Figure 1

Indoor temperature (T )

July @ latitude 32˚ North
From Table 9-2

Latitude( LM )

21 day of  july
Day of calculations

Permanent light colour wall
Color of surfaces ( K )
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In the following table is the corrected CLTD for walls and roof and its tabulated as

follow:

Table 2-2 : (CLTD)corr for walls and roof :

CLTDcorr.
FKLM

From table (9-2)
CLTD

From table (9-1)Wall

9.790.750.65-1.66S

11.1550.750.65-0.57SW

12.130.750.6508W

11.1550.750.650.56NW

10.5050.750.650.55N

13.1050.750.650.59NE

14.730.750.65012E

13.1050.750.65-0.510SE

44.24110.535Roof

Table 2-3 : Parameters of (CLTD)corr for walls and roof :

PropertiesParameters

Without suspending ceiling type 2 @solar time 13hRoof

Group B @solar time 13hWall

JULY @Latitude 32cLM

Permanent light colour wallK

The value of attic or roof fan factorf

Double , thickness 3mm , without interior shadingType of glass

Construction medium without inertia shadingCLF

2.3 Calculation of the overall heat transfer coefficient:

2.3.1 Overall heat transfer coefficient for external walls:

The construction of the external walls are explained in details in the following figure:-
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Figuer 2: External wall

Table 2-4:External wall constructions:

Material Thickness(m) R-value ( ². ˚ /W)

Outside air film ------- 0.12

Stone(1) 0.07 0.041

Concrete(2) 0.2 0.114

Insulation(3) 0.03 0.750

Cement Brick(4) 0.07 0.078

Plaster(5) 0.03 0.025

Inside air film ------- 0.08

U , 1 11h ∆xk ∆xk ⋯ 1h 																																																			 1.3
U , 1 10.08 . 071.7 0.21.75 0.030.04 0.070.897 0.031.2 0.12
U , 1 11.2 0.833	W/m². ˚C
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2.3.2 Overall heat transfer coefficient for internal walls:

The construction of the internal walls are explained in details in the following figure:-

Figuer 3: Internal wall

Table 2-5:Internal  wall constructions:

Material Thickness (m) R-value ( ².˚ /W)

Intside air film ------- 0.12

Bleach(1) 0.02 0.02

Brick(2) 0.07 0.65

Bleach(3) 0.02 0.02

Inside air film ------- 0.12

U , 1 11h ∆xk ∆xk ⋯ 1h
U , 1 10.12 0.021 0.070.107 0.021 0.12
U , . 1.075		W/m². ˚C

2.3.3 Overall heat transfer coefficient for ceiling

The construction of the ceiling are explained in details in the following:-
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Figuer 4: Ceiling construction

Table 2-6:Ceiling constructions:

Material Thickness (m) R-value ( ².˚ /W)

Outside air film ------- 0.12

Alphalt Mix(1) 0.02 0.028

Concrete(2) 0.05 0.029

Insulation(3) 0.03 0.75

Reinforced Concrete(4) 0.1 0.057

Plaster(5) 0.2 0.017

Inside air film ------- 0.08

U 1 11h ∆xk ∆xk ⋯ 1h
U 1 10.08 0.020.7 0.051.7 0.030.04 0.11.75 0.021.17 0.12
U 1 11.08 0.925	W/m². ˚C
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2.3.4 Overall heat transfer coefficient for floor, doors and windows

The doors are made from wood, and the windows are double glass Aluminum with a wind

speed range from 0.5 to 5 m/s from table 4-5.U 0.9		W/m². ˚C U 3.2	U	W/m². ˚C U 2.4		W/m². ˚C
2.4 Cooling load calculations

the calculations for restaurant in ground floor which is an area of 398 	m² and can

accommodate 100 people . In the following subsections determined the heat gain that comes

from different resources. And these resources are the walls, sun, occupants, infiltration,

ventilation, and windows.

2.4.1 Heat gain from walls, ceiling and the sun

Table 2-7:heat gain from walls and Ground:

Surface Area ( ²) 	 / ². ˚ ΔT (˚ ) Q (W )

External 746 1.179 12.64 11117

Ceiling 398 0.925 12.64 4653

Ground 398 1.03 12.64 5181

20951

In this step determined the heat gain from the direct contact with the sun, the sun is

directly contact with the all walls and the ceiling for this room, the following table shows the

total amount of heat gain from the sun using the cooling load temperature difference (CLTD)

corr.
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Table 2-8: heat gain from the sun:

Surface CLTD LM CLTDcorr Area( ²) 	 / ². ˚ Q (W)

North wall 5 0.5 10.5 246.174 0.83 2141.2
South wall 6 -1.6 9.79 231 0.83 1873.2
East wall 12 0 14.73 130 0.83 1590.9
West wall 8 0 12.1 145.6 0.83 1462.8

ceiling 35 0.5 44.24 398 0.83 16286
23355

2.4.2 Heat gain from the solar transmitted through windows

In the selected room the all wall is exposed to the sun. heat gain due to solar transmission

through glass window and glass door is estimated by using table 9-7 to 9-11. The values of the

variables are taken from the inserted tables in the appendix.

Q 	=  A (SHG) (SC) (CLF) (1.4)
Where:

 SHG : Solar heat gain factor

 SC : Shading coefficient

 CLF : Cooling load factor

Table 2-9:Heat gain from solar transmitted through the glass:

Surface Area
( ²)

SHG
From table (9-7)

SC
From table (9-8)

CLF
From table (9-10)

Q(W)

S-glass 1 227 0.9 0.57 116
E-glass 15.2 678 0.9 0.35 3246
W-glass 1 478 0.9 0.19 116

3478
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2.4.3 Sensible & latent heat gain from the occupants

The heat gain from the occupants depend on the number of occupants inside the

restaurant .

Q = Q , 	 		Q , (1.5)
Q , = # Of Occupants sensible heat CLF (1.6)

CLF 		cooling	load	factor	due	to	occupants	, for	sensble	heat	gain	, From	Table	9_	16
Sensible and Latent heat From	Table	4 2

Q , 100	 701000 0.62 4.43	kW
Qoc,sens= # Of Occupants latent heatQ , 100 ∗ 441000 4.4	kW

2.4.4 Heat gain from the lights:

there is Twenty lights through this restaurant, so:

Q = N P CLF Diversity factor (1.7)
Where:

N: The number of lights.

P : The power for the lights.

CLF lights : Cooling load factor for the lights , From Table 9 - 14.

CLF = 0.69
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Q = 20 70 0.69 0.5 = 0.483 kW.

2.4.5 Heat loss due to infiltration:

Infiltration is the leakage of the outside air through cracks or clearances around the

windows and doors. We use the crackage method to calculate it as follow:

For Windows :

Q = m (h - h ) (1.8)m (1.9)V =   crack length(L) 	Infiltration through windows (1.10)
Where V is obtained from table 6-1 at 8 km/h as 2m /h per meter of crack. the cracklength of the five double hung metal windows is :

L 5 2 1.1 3 	41	m .
Therefore ;V 41	 2 82 0.02277	 .

Also, from the psychrometric chart, at the given outside conditions then the specific volumev 	of outside air is :v = 0.907 m /kgm . . = 0.02511 Kg/s.

Then total heat loss due to infiltration is :Q = 0.02511 	1 (85 - 46) = 0. 979 kW

For Doors :

Q = m (h - h )



16

m Vv
V =  crack length 	Infiltration through doors .

Where V is obtained from table 6-1 at 8 km/h as 5.4 m /h per meter of crack. the cracklength of  the tow poorly fitted foor is :
L 2 2 2 3 	2 1.25 3 	28.5	m .

v = 0.907 m /kg
V 28.5	 5.4	 153.9 . 	0.0427	 .

m . 	. = 0.0471 Kg/s.

Then total heat loss due to infiltration is :

Q = 0.0471 	1 (85 - 46) = 1.838 kW

2.4.6 Heat gain due to ventilation:

Q = m (h - h ) (1.11)
m (1.12)

	= minimum outside air requirements ventilation No.of persosn (1.13)
minimum outside air requirements ventilation from Table 4-5

= 8 100=800 / . = 0.8 / .

v = 0.907 m /kg
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.. 0.89	Kg/s.

Then total heat loss due to ventilation is :

Q = 0.89 1000 (85 - 46) = 34.6 kW.

 Finally, the total load for this restaurant is the summation of all the heat

gain resources .

. 	kW	
Table 2-10:The cooling load for each room of the building:

Area

(m²)

Cooling

Load (kW)

Name of

room

Area

(m²)

Cooling load

(kW)

Name of

room

First FloorGround Floor

33.01
5.6room1369.45

70shop

31.5
5.1room2398

73.5restaurant

31.5
5.4room3167.57

41.5mosque

31.5
5.2room433.31

7room1

33
5.5room531.5

6.7room2

33.3
6.1room631.5

6.3room3

31.5
5.6room731.5

6.6room4

31.5
5.4room831.5

6.9room5

31.5
5.2room933.31

7room6

31.5
5.3room1066.03

25.7majlis1

33.3
6room1180.34

23.9majlis2

16.5
4.5account

12.4
4.3manag

10.2
3.6secer

21.6
5room
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2.5The VRF system and its calculations

2.5.1 VRF system

The primary function of all air-conditioning systems is to provide thermal comfort for

building occupants. There are a wide range of air conditioning systems available, starting from

the basic window-fitted units to the small split systems, to the medium scale package units, to the

large chilled water systems, and currently to the variable refrigerant flow (VRF) systems.

Variable refrigerant flow (VRF) is an air-condition system configuration where there is

outdoor condensing unit and multiple indoor units. The term variable refrigerant flow refers to

the ability of the system to control the amount of refrigerant flowing to the multiple evaporators

(indoor units), enabling the use of many evaporators of differing capacities and configurations

connected to a single condensing unit. The arrangement provides an individualized comfort

control, and simultaneous heating and cooling in different  zones

.

VRF systems operate on the direct expansion (DX) principle meaning that heat is

transferred to or from the space directly by circulating refrigerant to evaporators located near or

within the conditioned space. Refrigerant flow control is the key to many advantages as well as

the major technical challenge of VRF systems.

2.5.2  VRV components

The VRV  system have some of main components :

1) outdoors units.

2) indoors units.

3) piping connection
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Figure 5: The VRV system components

Outdoors units.-

The outdoor unit contains a heat pump , A heat pump is a machine that by reversing it’s

refrigeration cycle can provide heating instead of cooling. Because a heat pump uses refrigerant

it can upgrade the heat in air at even -15ºC to a usable heat source to heat buildings.

Indoor Units:-

The indoor units were developed to be highly efficient, compact, low noise, and to have user

friendly operation. Care was also taken with the design to make that go well with the interior

decoration and tobe easy to install and maintain. Further, a variety of options are available to

achieve an air conditioning environment that is more desirable from the user's perspective.

-Expansion valve controller:

Thermostatic Expansion Valves (TXV) is very important part to control the flow in vrv
system As the thermostatic expansion valve regulates the rate at which liquid refrigerant flows
into the evaporator, it maintains a proper supply of refrigerant by matching this flow rate against
how quickly the refrigerant evaporates (boils off)in the evaporator coil.
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Advantages  of  VRV2.5.3

- Comfort:

Comfort by providing “even” cooling or heating when and where it is required. Multiple

types of fan coils and sizes provides design flexibility for different applications. Design software

simplifies selecting and piping design.

- Energy savings:

No energy loss due to moving conditioned air in duct work. Equipment handling –Smaller

wire sizes and disconnects Smaller pipe sizes when compared to chilled water.

2.5. 4 Design  of VRV system

There are two method to design  of VRV according to daikin company system:

* By xpress program.

*By Table.

*what is the Xpress program?

“Xpress” is a selection software for VRV systems And it can helps your quick selection for

quotation with easy operation.

This program is made from daikin company , the program can help you to choose a lot of very

important thing about VRV system .

* Table is made from daikin company , the table can help you to choose a pipes size , refent

joint, header joint and other thing .

2.5.5 Selection of outdoor and indoor units:

This tables show the characteristics of used unit and cooling load for each room :
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Table2-11:Specification of outdoor and indoor unit for riser 1:

Name of
the room

Cooling
load (kW)

Name of
indoor unit

Capacity
of indoor
unit (kW)

Num. of
indoor

unit

Dim.of
indoor

unit
(mm)

Specifications
Of outdoor unit

mosque
41.5

FXFQ63A 7.1 6

60
X

95
0X

95
0

C
ap

ac
it

y 
ra

ng
e 

: 5
0

hp
C

oo
li

ng
 lo

ad
 : 

14
0

kW
H

ea
ti

ng
 c

ap
ac

it
y 

: 1
56

kW

room1
7

FXFQ63A 7.1 1

room2
6.7

FXFQ63A 7.1 1

room3
6.3

FXFQ63A 7.1 1

room4
6.6

FXFQ63A 7.1 1

room5
6.9

FXFQ63A 7.1 1

room6
7

FXFQ63A 7.1 1

majlis1
25.7

FXFQ50A 5.6 5

majlis2
23.9

FXFQ50A 5.6 4

Table2-12:Specification of outdoor and indoor unit for riser 2:

Name of
the room

Cooling
load (kW)

Name of
indoor unit

Capacity
of indoor
unit (kW)

Num. of
indoor

unit

Dim.of
indoor

unit
(mm)

Specifications
Of outdoor unit

shop 70 FXFQ63A 7.1 10

60
X

95
0X

95
0

C
ap

ac
it

y 
ra

ng
e 

: 5
4

hp
C

oo
li

ng
 lo

ad
 : 

15
0

kW
H

ea
ti

ng
 c

ap
ac

it
y 

: 1
68

kW

restaurant 73.5 FXFQ63A 7.1 11
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Table2-13:Specification of outdoor and indoor unit for riser 3:

Name of
the room

Cooling
load (kW)

Name of
indoor unit

Capacity of
indoor unit

(kW)

Num. of
indoor

unit

Dim. of
indoor

unit
(mm)

Specifications
Of outdoor unit

room1 5.6
FXFQ50A 5.6 1

60
X

95
0X

95
0

60
X

95
0X

95
0

C
ap

ac
it

y 
ra

ng
e 

:3
0

hp
C

oo
li

ng
 lo

ad
 :

83
.5

kW
H

ea
ti

ng
 c

ap
ac

it
y 

:9
3.

5
kW

room2 5.1
FXFQ50A 5.6 1

room3 5.4
FXFQ50A 5.6 1

room4 5.2
FXFQ50A 5.6 1

room5 5.5
FXFQ50A 5.6 1

room6 6.1
FXFQ50A 5.6 1

room7 5.6
FXFQ50A 5.6 1

room8 5.4
FXFQ50A 5.6 1

room9 5.2
FXFQ50A 5.6 1

room10 5.3
FXFQ50A 5.6 1

room11 6
FXFQ50A 5.6 1

account 4.5
FXFQ40A 4.5 1

manag 4.3
FXFQ20A 2.2 2

secer 3.6
FXFQ32A 3.6 1

room 5
FXFQ50A 5.6 1

2.5.6 Selection of pipes and joints

This table show the characteristics of pipes and joints for VRV system .

Table2-14:Specification of pipes and joints for riser 2 .
Name of the

room
Dim. from
indoor to

header (in)

Dim. from
header to refnet

joint(in)

Dim. From
refnet joint to
refnet joint(in)

Dim. From
refnet joint to
outdoor(in)

shop 5/8 X 3/8 1 1/8 X 1/2 -------
1 5/8 X 3/4

restaurant 5/8 X 3/8 1 3/8 X 3/4 -------
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Table2-15:Specification of pipes and joints for riser 1 .
Name of the

room
Dim. from
indoor to

header (in)

Dim. from
header to refnet

joint(in)

Dim. From
refnet joint to
refnet joint(in)

Dim. From
refnet joint to
outdoor(in)

mosque 5/8 X 3/8 1 1/8 X 1/2 ------

1 5/8 X 3/4

room1 5/8 X 3/8

1 1/8 X 1/2 1 3/8 X 3/4

room2 5/8 X 3/8

room3 5/8 X 3/8

room4 5/8 X 3/8

room5 5/8 X 3/8

room6 5/8 X 3/8

majlis1 5/8 X 3/8
7/8 X 3/8 1 1/8 X 5/8

majlis2 5/8 X 3/8

Table2-16:Specification of pipes and joints for riser 3 .
Name of the

room
Dim. from
indoor to

header (in)

Dim. from
header to refnet

joint(in)

Dim. From
refnet joint to
refnet joint(in)

Dim. From
refnet joint to
outdoor(in)

room1 5/8 X 3/8

7/8 X 3/8 1 3/8 X 3/4

1 3/8 X 3/4

room2 5/8 X 3/8

room3 5/8 X 3/8

room4 5/8 X 3/8

room5 5/8 X 3/8

room6 5/8 X 3/8

1 1/8 X 1/2 -------

room7 5/8 X 3/8

room8 5/8 X 3/8

room9 5/8 X 3/8

room10 5/8 X 3/8

room11 5/8 X 3/8

account 5/8 X 3/8

3/4 X 3/8 1 3/8 X 3/4manag 5/8 X 3/8

secer 5/8 X 3/8

room 5/8 X 3/8
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3 Chapter 3: Heating load

3.1 Outdoor and indoor design conditions

These conditions are include the dry bulb temperature, relative humidity, and the average

air speed. We obtain this values from Meteorological and the psychometric chart.

Table 3-1: Outdoor design conditions:

Season ( ) ᶲ % 	 ⁄ 	 	 ) (kj/kg)
Heating 10 66.4 0.845 49

Table 3-2:Indoor design conditions:

Season ( ) ᶲ % (kj/kg)
Heating 24 40 46

3.2 Heat loss calculations

The main resources of heat losses comes from the walls, floor, ceiling, doors, and

windows. To calculate each one of them we use the following equation:

Q = A	 	U T T ) (3.1)
Where:

Q : The heat transfer rate (W).

A : Area of the layer which heat flow through it (m²).

ΔT : The difference between the inside and outside temperatures (°C).

U: The overall heat transfer coefficient (W/ m² . °C).
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3.2.1 Rate of heat transfer from the external walls:

From Table 2-4 and Figure 2 we know the construction of the external walls, then by

using equation (3.1), we can determine the rate of heat transfer for the restaurant as follow :

Q . 	 	 U . 	 	A . 	 T 	T 	Q . 	 0.833	 	746	 	 24	– 	10Q . 	 	11.8	kW
3.2.2 Rate of heat transfer from the ceiling:

From Table 2-6 and Figure 4 we know the construction of the ceiling, then by using

equation (3.1), we can determine the rate of heat transfer for the restaurant from the ceiling as

Follow :

Q 	 	 U 	 	 A T 	T 	Q 	 	0.925 	398	 24	– 10Q 	 	6.9kW
3.2.3 Rate of heat transfer from the ground:

by using the equation (3.1), we can determine the rate of heat transfer for the

restaurant from the ground as Follow :

Q 	 	 U 	 	A T 	 T 	Q 	 	1.038 	398 24	– 	16Q 	 7.8	kW
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3.2.4 Rate of heat transfer from the doors and windows:

By using the equation (3.1), we can determine the rate of heat transfer for the

restaurant from the doors and windows as follow:

Doors:

Q 	 U 	 	A T 	T 	Q 	2.4 	16.5 24	– 	10Q 	0.75		kW
Windows:

Q 	 	 U 	 	A T 	T 	Q 	 3.2	 	15.2	 24	– 	10Q 	 0.9	kW
3.2.5 Heat loss due to infiltration:

Infiltration is the leakage of the outside air through cracks or clearances around

the windows and doors. We use the crackage method to calculate it as follow:

For windows :

Q = m (h - h ) (3.2)m (3.3)V =  crack length 	Infiltration through windows (3.4)
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Where V is obtained from table 6-1 at 8 km/h as 2m /h per meter of crack. the cracklength of the five double hung metal windows is :
L 5 2 1.1 3 	41	m .

V 41	 2 82 0.02277	 .

m . . = 0.0269 Kg/s.

v = 0.907 m /kg
Then total heat loss due to infiltration is :Q = 0.0269 	1 (49 - 46) = 4.3 kW

For Doors :

Q = m (h - h )

m Vv
V =  crack length 	Infiltration through doors

L 2 2 2 3 	2 1.25 3 	28.5	m .

V 28.5	 5.4	 153.9 . 	0.0427	 .Where V is obtained from table 6-1 at 8 km/h as 5.4 m /h per meter of crack. the cracklength of  the tow poorly fitted foor is :
m . 	. = 0.05 Kg/s.

v = 0.907 m /kg
Then total heat loss due to infiltration is :
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Q = 0.05 	1 (49 - 46) = 2.8 kW

3.2.6 Heat loss due to ventilation:

Q 	 m 	 	 h 	 	h 																																							 3.5
m Vv 																																																											 3.6

V = minimum outside air requirements ventilation No.of persosn 3.6
minimum outside air requirements ventilation from Table  5-4

Also, from the psychrometric chart, at the given outside conditions then the specific volumev 	of outside air is :v = 0.846 m /kg
m 75 ∗ 7l/s0.846 1000 0.62	kg/s
Then total heat loss due to ventilation is :Q 	0.62 1000	 49 	46	Q 	1.86	kW

Finally, the total load for this restaurant is the summation of all the heat

gain resources . 	 . . . . . . .	 . 	
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Table 3-3: The heating load for each room in the building:

Area

(m²)

Cooling

Load (kW)

Name of

room

Area

(m²)

Cooling load

(kW)

Name of

room

First FloorGround Floor

33.01
3.2room1369.45

31.15shop

31.5
2.7room2398

36.2restaurant

31.5
2.9room3167.57

14.9mosque

31.5
2.8room433.31

4.1room1

33
3room531.5

3.4room2

33.3
3.1room631.5

3.4room3

31.5
2.6room731.5

3.4room4

31.5
2.8room831.5

3.4room5

31.5
2.7room933.31

4.1room6

31.5
2.4room1066.03

7.1majlis1

33.3
2.9room1180.34

8.4majlis2

16.5
3account

12.4
2.6manag

10.2
1.9secer

21.6
2.8room

3.3 Mechanical ventilation

The purpose of ventilation is to provide fresh air for comfort and to ensure healthy indoor air quality
by diluting contaminants to provide fresh air, moisture, odors, and other pollutants can build up inside a
home.

Mechanical ventilation systems circulate fresh air using ducts and fans, rather than relying on air flow
through small holes or cracks in a home’s walls, roof, or windows. Homeowners can breatheeasier
knowing their home has good ventilation. ..

3.3.1 How ventilation system work?

A variety of mechanical ventilation systems are available to select, based on local climate and the
home’s heating and cooling system. In addition to one of the primary systems described below, “spot”
ventilation fans should also be provided for kitchens and baths to remove the concentrated moisture and
odors that can occur in these rooms.
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3.3.2 Ventilation benefits

• Better Indoor Air Quality. Indoor air can be many times more polluted than outdoor air.
Ventilation systems can significantly improve a home’s air quality by removing allergens,
pollutants, and moisture that can cause mold problems.

• More Control. When homes rely on air flow through walls, roofs, and windows for ventilation,
there is no control over the source or amount of air that comes into the house. In fact, air leaking
into the house may come from undesirable areas such as the garage. Mechanical ventilation
systems provide proper fresh air flow along with appropriate locations.

• Improved Comfort. Mechanical ventilation systems allow a constant flow of outside air into the
home and can also provide filtration, dehumidification, and conditioning of the incoming outside
air.

3.3.3 Design air ventilation

we used Ventilation Rates Calculator 2015 program to calculate required Ventilation for Kitchen

and bathrooms.

Figure 6:Calculation the Ventilation by program  for kitchen
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Figure 7:Calculation the Ventilation by program  for bathroom

Table 3-4 Description of fans used for air change
Type fan Flow Rate

(L/s)
Working principle Dimension (cm)

Lineo 100 Q V0 43.1 Polluted air outlet 15X23

M 100/4 25 Fresh air inlet and
Polluted  air outlet

15X16

M 120/5 48.6 Fresh air inlet and
Polluted  air outlet

17X18
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4 Chapter 4 : Plumbing System

4.1 Water supply system

4.1.1 Fixture unit load calculations:

In this section calculate the total amount of cold and hot water in the that required for the

restaurant. By using the water supply fixture unit technique. We use this technique because we

have a huge number of fixture units and that make this technique more accurate.

4.1.1.1 Fixture unit load for the collector in restaurant

Table 4-1:The fixture units load for collector A:

Fixture Type
No. of Fixture

unit
Load per

Fixture unit
Total load  for

cold water
Total load

for hot water

Water closet (G) 3 5 15 0
Lavatory (G) 3× 3/4 2 6 4.5

Total (FU) 21 4.5
Total (gpm) 15 5

Table 4-2:The fixture units load for collector B:

Fixture Type No. of Fixture
unit

Load per
Fixture unit

Total load  for
cold water

Total load
for hot water

Water closet (G) 3 5 15 0
Lavatory (G) 3× 3/4 2 6 4.5

Total (FU) 21 4.5
Total (gpm) 15 5

Table 4-3:The fixture units load for collector C:

Fixture Type
No. of Fixture

unit
Load per

Fixture unit
Total load  for

cold water
Total load

for hot water

Water closet (G) 2 5 10 0
Lavatory (G) 2 × 3/4 2 4 3
Kitchen Sink 1 × 3/4 4 4 3
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Shower head (G) 1 × 3/4 5 5 3.75
Total (FU) 23 9.75

Total (gpm) 16 8

Table 4-4:Table for estimating demand for collector 1:

The total amount of cold
and hot water

Total load WSFU Total Demand gpm

Total demand for cold water 21 ---
Total demand for hot water 4.5 ---

Total (FU) 25.5 17

Table 4-5:Table for estimating demand for collector 2:

The total amount of cold
and hot water

Total load WSFU Total Demand gpm

Total demand for cold water 21 ---
Total demand for hot water 4.5 ---

Total (FU) 25.5 17

Table 4-6:Table for estimating demand for collector 3:

The total amount of cold
and hot water Total load WSFU Total Demand gpm

Total demand for cold water 23 ---
Total demand for hot water 9.75 ---

Total (FU) 32.75 22

The total amount of cold and hot water supply fixture unit for collector 3 is 23 WSFU

and 9.75 WSFU. After determined the amount of WSFU we use the table for estimating demand

to calculate the total required amount of cold and hot water which is 22 gallon per minute (gpm).

4.1.2 Friction method

The water velocity in the piping system in building is not preferred to exceed 8fps. Outside

building it may exceed 8 fps. Note: (1m = 3.28 ft).
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Calculate sizing pipe for collector1 cold water.

1) The maximum instantaneous cold water demand is 21, And from table  9-4

by interpolation : 45FU = 15 gpm

2) Static head  =  floor to floor height  +  tank outlet height

– sink faucet outlet height

Static head  =( (2 + 7.95 – 1)/0.33 ×0.433 = 11.74 ft

3) Total Equivalent length (TEL) = ((2 + 1.3+7.95+4.6+1)/0.33 ) × 1.5 = 77ft

4) Minimum flow pressure at the critical fixture = 8psi , from table 9-1

5) friction head = static pressure +min. flow pressure

friction head = 11.74 – 8 = 3.74 psi

6) friction loss = friction head / TEL

=3.74/(0.77 × 100 ) = 4.85 psi/100ft

7) From figure 9-5 steel pipes :-

Flow rate = 15 gpm                                            pipe size = 1"

Friction head loss = 4.85 psi/100ft

Calculate sizing pipe for collector1 hot water:-

1) The maximum instantaneous hot water demand is 21, And from table  9-4

by interpolation : 4.5FU = 5 gpm

2) Static head = floor to floor height + tank outlet height

– sink faucet outlet height

Static head  =( (2 + 7.95 – 1)/0.33 ×0.433 = 11.74 ft

3) Total Equivalent length (TEL) = ((2 + 1.5+7.95+2.4+1)/0.33 ) × 1.5 = 68 ft

4) Minimum flow pressure at the critical fixture = 8psi , from table 9-1

5) friction head = static pressure +min. flow pressure

friction head = 11.74 – 8 = 3.74 psi

6) friction loss = friction head / TEL

=3.74/(0.68 × 100 ) = 5.5 psi/100ft

7) From figure 9-5 steel pipes :-

Flow rate = 5 gpm pipe size = 3/4"

Friction head loss = 5.5 psi/100ft
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4.1.3 Calculation of branch and riser :-

4.1.3.1 Table shows the sizing pipe for cold water

Table 4-7 : The sizing pipe for cold water on the ground floor :

Riser Flow rate
(gpm)

Total
equivalent
length  (ft)

Friction
(psi/100ft)

Pipe size
(inch)

Velocity
(fps)

Riser1 15 77 4.85 1" 5

Riser2 15 77 4.85 1" 5

Riser3 16 68 5.5 3/4" 5

Riser4 18 111 6.3 1 1/4" 6

Riser5 18 115 6 1 1/4" 6

Riser6 19 165 3.8 1 1/4" 5

Riser7 19 102 6.17 1 1/4" 6

Riser8 19 90 7 1 1/4" 6

Table 4-8 : The sizing pipe for cold water on the first floor :

Riser
Flow rate

(gpm)

Total
equivalent
length (ft)

Friction
(psi/100ft)

Pipe size
(inch)

Velocity
(fps)

Riser9 17 99 1.2 1 1/2" 3

Riser10 23 94 1.3 1 1/2" 5

Riser11 29 169 0.7 2" 3

Riser12 29 151 0.8 2" 3

Riser13 29 72 1.6 2" 4

Riser14 9 77 3.2 1" 4
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4.1.3.2 Table shows the sizing pipe for hot water

Table4-9: The sizing pipe for hot water on the ground floor :

Riser
Flow rate

(gpm)

Total
equivalent
length  (ft)

Friction
(psi/100ft)

Pipe size
(inch)

Velocity
(fps)

Riser1 5 75 4.98 3/4" 5

Riser2 5 75 4.98 3/4" 5

Riser3 8 69 5.3 1" 5

Riser4 5 113 6.2 3/4" 5

Riser5 5 114 6.1 3/4" 5

Riser6 8 166 3.8 1" 4

Riser7 8 100 6.3 3/4" 5

Riser8 8 92 6.8 3/4" 5

Table 4-10 : The sizing pipe for hot water on the first floor :

Riser
Flow rate

(gpm)

Total
equivalent
length  (ft)

Friction
(psi/100ft)

Pipe size
(inch)

Velocity
(fps)

Riser9 8 100 1.2 1 1/4" 3

Riser10 12 95 1.3 1 1/4" 3

Riser11 15 168 0.7 2" 3

Riser12 15 150 0.8 2" 3

Riser13 15 73 1.6 2" 3

Riser14 2 78 3.2 1/2" 3
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4.2 Drainage system

The wastewater system should be designed, constructed, and maintained to guard against

fouling, deposit of solids, and clogging. And the foul air in the wastewater system should be

exhausted to the outside, through vent pipes.

We made our calculations using the table of drainage fixture unit values for various

plumbing fixture to find the amount of drainage fixture unit (dfu). Then we use the table of

horizontal fixture branch and stuck to determine the diameters of the pipes.

4.2.1 Table shows the drainage fixture unit and sizing the stack

Table 4-11 : Sizing of stack 1:

Stack 1
Horizontal

branch

Section
Total
(dfu)

Pip size
(inch)

Branch
(section)

Total
(dfu)

Pipe size
(inch)

from ground
floor to

manhole drain
----- -----

From ground
floor 24 4

Table 4-12: Sizing of stack 2:

Stack 2 Horizontal
branch

Section Total
(dfu)

Pip size
(inch)

Branch
(section)

Total
(dfu)

Pipe size
(inch)

from ground
floor to

manhole drain
----- -----

From ground
floor 24 4
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Table 4-13: Sizing of stack 3:

Stack 3 Horizontal
branch

Section Total
(dfu)

Pip size
(inch)

Branch
(section)

Total
(dfu)

Pipe size
(inch)

from ground
floor to

manhole drain
----- -----

From ground
floor 20 3

Table 4-14 : Sizing of stack 4:

Stack 4
Horizontal

branch

Section
Total
(dfu)

Pip size
(inch)

Branch
(section)

Total
(dfu)

Pipe size
(inch)

from ground
floor to

manhole drain
----- -----

From ground
floor 6 2

Table 4-15: Sizing of stack 5:

Stack 5
Horizontal
branch

Section
Total
(dfu)

Pip size
(inch)

Branch
(section) Total (dfu)

Pipe size
(inch)

from ground
floor to

manhole drain
----- -----

From ground
floor 30 4

Table 4-16: Sizing of stack 6:

Stack 6
Horizontal

branch

Section
Total
(dfu)

Pip size
(inch)

Branch
(section)

Total
(dfu)

Pipe size
(inch)

from ground
floor to

manhole drain
----- -----

From ground
floor 30 4
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Table 4-17:Sizing of stack 7:

Stack 7 Horizontal
branch

Section Total
(dfu)

Pip size
(inch)

Branch
(section)

Total
(dfu)

Pipe size
(inch)

from first
floor to

ground floor
10 4 From first floor 10 4

from ground
floor to

manhole drain
10 4

From ground
floor ----- -----

Table 4-18:Sizing of stack 8:

Stack 8 Horizontal
branch

Section Total
(dfu)

Pip size
(inch)

Branch
(section)

Total
(dfu)

Pipe size
(inch)

from first
floor to

ground floor
10 4 From first floor 10 4

from ground
floor to

manhole drain
10 4

From ground
floor ----- -----

Table 4-19:Sizing of stack 9:

Stack 9
Horizontal

branch

Section Total (dfu)
Pip size
(inch)

Branch
(section) Total (dfu)

Pipe size
(inch)

from first
floor to

ground floor
10 4 From first floor 10 4

from ground
floor to

manhole drain
10 4

From ground
floor ----- -----
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Table 4-20: Sizing of stack 10:

Stack 10 Horizontal
branch

Section Total (dfu) Pip size
(inch)

Branch
(section)

Total (dfu) Pipe size
(inch)

from first
floor to

ground floor
10 4 From first floor 10 4

from ground
floor to

manhole drain
10 4

From ground
floor ----- -----

Table 4-21: Sizing of stack 11:

Stack 11 Horizontal
branch

Section Total (dfu) Pip size
(inch)

Branch
(section)

Total (dfu) Pipe size
(inch)

from first
floor to

ground floor
10 4 From first floor 10 4

from ground
floor to

manhole drain
10 4

From ground
floor ----- -----

Table 4-22: Sizing of stack 12:

Stack 12
Horizontal

branch

Section Total (dfu)
Pip size
(inch)

Branch
(section) Total (dfu)

Pipe size
(inch)

from first
floor to

ground floor
20 4 From first floor 20 4

from ground
floor to

manhole drain
20 4

From ground
floor ----- -----
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Table 4-23: Sizing of stack 13:

Stack 6 Horizontal
branch

Section Total
(dfu)

Pip size
(inch)

Branch
(section)

Total
(dfu)

Pipe size
(inch)

from ground
floor to

manhole drain
----- -----

From ground
floor 20 4

Table 4-24: Sizing of stack 14:

Stack 12 Horizontal
branch

Section Total (dfu) Pip size
(inch)

Branch
(section)

Total (dfu) Pipe size
(inch)

from first
floor to

ground floor
20 4 From first floor 20 4

from ground
floor to

manhole drain
20 4

From ground
floor ----- -----

Table 4-25: Sizing of stack 15:

Stack 6 Horizontal
branch

Section
Total
(dfu)

Pip size
(inch)

Branch
(section)

Total
(dfu)

Pipe size
(inch)

from ground
floor to

manhole drain
----- -----

From ground
floor 20 4

Table 4-26: Sizing of stack 16:

Stack 12 Horizontal
branch

Section Total (dfu)
Pip size
(inch)

Branch
(section) Total (dfu)

Pipe size
(inch)

from first
floor to

ground floor
20 4 From first floor 20 4

from ground
floor to

manhole drain
20 4

From ground
floor ----- -----
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Table 4-27: Sizing of stack 17:

Stack 6 Horizontal
branch

Section Total
(dfu)

Pip size
(inch)

Branch
(section)

Total
(dfu)

Pipe size
(inch)

from ground
floor to

manhole drain
----- -----

From ground
floor 20 4

Table 4-28: Sizing of stack 18:

Stack 12 Horizontal
branch

Section Total (dfu) Pip size
(inch)

Branch
(section)

Total (dfu) Pipe size
(inch)

from first
floor to

ground floor
14 4 From first floor 14 4

from ground
floor to

manhole drain
14 4

From ground
floor ----- -----

Table 4-29: Building drain:

Branch of building drain
from stack

Total dfu
value from

stacks

Diameter of
building drain

(inch)
Slope % Velocity ft/s

Building drain from stack 1
24 4 1 2 3.86

Building drain from stack 2
24 4 1 2 3.86

Building drain from stack 3
20 3 1 2 3.19

Building drain from stack 4
6 2 1 2 2.43

Building drain from stack 5
30 4 1 2 3.86

Building drain from stack 6
30 4 1 2 3.86

Building drain from stack 7
10 4 1 2 3.86

Building drain from stack 8
10 4 1 2 3.86

Building drain from stack 9 10 4 1 2 3.86
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Building drain from stack 10
10 4 1 2 3.86

Building drain from stack 11
10 4 1 2 3.86

Building drain from stack 12 20 4 1 2 3.86

Building drain from stack 13
20 4 1 2 3.86

Building drain from stack 14 20 4 1 2 3.86

Building drain from stack 15
20 4 1 2 3.86

Building drain from stack 16
20 4 1 2 3.86

Building drain from stack 17
20 4 1 2 3.86

Building drain from stack 18
14 4 1 2 3.86
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5 Chapter 5: Firefighting System

property management is entrusted with the responsibility of protecting and preserving an

institution's buildings, collections, operations and occupants. Constant attention is required to

minimize adverse impact due to climate, pollution, theft, vandalism, insects, mold and fire.

Because of the speed and totality of the destructive forces of fire, it constitutes one of the more

serious threats. An uncontrolled fire can obliterate an entire room's contents within a few minutes

and completely burn out a building in a couple hours.

The first step toward halting a fire is to properly identify the incident, raise the occupant

alarm, and then notify emergency response professionals. This is often the function of the fire

detection and alarm system. Several system types and options are available, depending on the

specific characteristics of the protected space.

Fire fighting systems and equipment vary depending on the age, size, use and type of

building construction. A building may contain some or all of the following features:

 Fire extinguishers.

 Fire hose reels.

 Fire hydrant systems.

 Automatic sprinkler systems.

In the following sections each feature is to be described.

5.1 Fire extinguisher

Fire extinguishers are provided for a 'first attack' fire fighting measure generally
undertaken by the occupants of the building before the fire service arrive. It is important that
occupants are familiar with extinguisher type to use on fire. Most fires start as a small fire and
may be extinguished if the correct type and amount of extinguishing agent is applied whilst the
fire is controllable.
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The following table shows the principle use for different extinguishing agent :

Figure 8: Fire extinguisher rating guide

Fire extinguisher locations must be clearly identified. It is the policy of the Community

Safety ,  Department that fire extinguishers be logically grouped at exits from the building, so

that occupants first go to the exit and then return to fight the fire, knowing that a safe exit behind

them away from the fire. In some instances this will be at odds with the prescriptive

requirements of Australian Standard AS2444 Portable fire extinguishers and fire blankets -

Selection and location which simply specifies a distance of travel to a fire extinguisher rather

than their location in relation to escape paths.
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5.2 Fire hose reel

Fire Hose cabinet should be installed according to NPFA 14 and shown in drawings:

1-Near escape stairs

2- 30 m(100ft) length of the pipe which is the distance traveled by the pipeline passing barriers

and walls until it reaches the fire place .

3- Next to the main door of the building.

4- Fire house cabinet height above the ground (90-150)cm.

Note: all Fire Hose cabinet distribution is shown on drawings..

Fire house cabinet includes two types:

a) Hose Reel :

Figure 9: Hose Reel

b) Hose Rack:

Figure10 : Hose Rack

5.3 Fire hydrant system

Located in the street and it is used in case that we couldn’t overcome the fire from inside the
building .
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Fire Hydrant should be installed according to NPFA 14:

-A pipe with 4’’ diameter branched into two pipes each with 2.5’’diameter with a flow of 250
gpm.

Figure 11: Fire hydrant

5.4 Automatic sprinkler system

Time is essential in the control of fire. Automatic sprinkler systems are one of the most

reliable methods available for controlling fires. Today's automatic fire sprinkler systems offer

state of the art protection of life and property from the effects of fire. Sprinkler heads are now

available which are twenty times more sensitive to fire than they were ten years ago.

A sprinkler head is really an automatic (open once only) tap. The sprinkler head is

connected to a pressurized water system. When the fire heats up the sprinkler head, it opens at a

preset temperature, thus allowing pressurized water to be sprayed both down onto the fire and

also up to cool the hot smoky layer and the building structure above the fire. This spray also wets

combustible material in the vicinity of the fire, making it difficult to ignite, thereby slowing

down or preventing fire spread and growth.

When a sprinkler head operates, the water pressure in the system drops, activating an

alarm which often automatically calls the fire brigade via a telephone connection .
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5.5 Smoke sensor

A smoke detector is a device that senses smoke, typically as an indicator of fire. Commercial

security devices issue a signal to a fire pump to open Automatically as part of a fire alarm

system.

Figure 12: Smoke sensor

5.6 Pumps room

5.6.1 Component and equipment used

In any fire fighting system we need water to be pumped until it reaches the desired fire place .

1- Gate valve

2- check valve : It prevents back flow, and allows only flow in on direction, and is installed in

pump discharge line directly to prevent pumps from starting at a load or at the system pressure.
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3- Suction header: It prevents vortex

4- Discharge header

5- Diesel pump: It’s a 100% stand-by pump, operates in case of power failure with the failure of

pressure make up process by the electric pump, or to even with the present of power if failure of

pressure make up process.

6- Jockey pump :It’s the first pump to start in case of fire, It operates as a pressure maintenance

pump so in case of a leakage in the system pressure it will makes the system pressure as

recommended, and A jockey pump should be sized to make up the allowable leakage rate

within10 minutes or 1GPM (3.8 L/min), whichever is larger, and is used for this job instead-off

starting the electric pump to protect it from starting until a serious problem occurs.

7- Electric pumps : It’s the second pump to start in case of fire; it's the 100% duty pump.

8- Pressure relief valve : A valve being set at a pressure higher than the system pressure or shut

off pressure of the diesel pump to protect the system from the very high pressure generated by

the diesel pump in case of sudden acceleration.

The relief valve shall be located between the pump and the pump discharge check valve and

shall be so attached that it can be readily removed for repairs without disturbing the piping.

Note: - locations of all gate valves in the pump room are mainly for make ease maintenance for

each component in the room and without loss water in pipes as possible as we can and for make

maintenance which stops the system 100 % is very not possible as we can.

9- Flow switch It gives signal when a flow happened in a pipe.

10- Fuel tank Which is used in diesel pump

5.6.2 Shut off of the pumps

1- The Jockey pumps stops automatically when the pressure in pipes reached its rated pressure.

2- The Electric pump stops after reached the rated pressure by 10 minutes.

3- The Diesel pump stops after 30minutes after reaching its rated pressure.
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5.7 Pipe size calculation

The fire hose reel system is to be used, so the pipe size for this system will be calculated as

follows:

The minimum flow rate for single cabinet = 23 (l/min) .

Then:	The	total	flow	rate min. flow	rate	 No. of	cabinetThe	total	flow	rate 23	 6 138	L/min 8.22		m /h 36.16
Table 5-1:Pipe schedule  for supply piping

Then the

Tableis to be used to calculate the pipe size by follow the next procedure. First, the total flow

rate is determined which is 138 l/min for our calculation sample. Then the total distance of

piping from farthest outlet is to be chose. Finally, the intersection between the two values in

Table will give the size of pipe supply which is equal to 3''.

Standpipes are classified in NFPA 14 into the following three groups on the basis of hose size

and use:

 Class I: Provided with 2½-inch hose stations and intended primarily for use by

fire department personnel and not by building occupants.
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 Class II: Provided with 1½-inch hose stations and intended for use by building

occupants as well as by fire department personnel.

 Class III: Provided with 1½-inch and 2½-inch hose stations and intended for use

by building occupants as well as by fire department personnel.

Then to determine the outlet pipe size from pipe supply to hose connection the class of the

building must be chose from the NFPA. For this building the class is chose to be class II. A class

II referred to NFPA means: standpipe system provides (1½-in.) hose stations to supply water for

use primarily by the building occupants or by the fire department during initial response.

According to the NFPA 14 the pressure required for the (1½-in.) pipes is 6.9 bar.

.
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6 Chapter 6 : Photovoltaic System

There are tow system :

 On-Grid system

 Off-Grid Solar system

6.1 On grid solar

Definition: On-Grid Systems are solar PV systems that only generate power when the

power grid is available and interface with the grid to send excess power out when you are over

producing so you can bank it for later use.

Benefits: These are simplest systems and the most cost effective to install. These systems

will pay for themselves by offsetting utility bills in 6-10 yrs.

Downside: These do not provide power during a grid outage.

6.2 Off grid solar

Definition: These systems allow you to store your solar power in batteries for use when the

power grid goes down. Additionally, they provide power to offset the grid power whenever the

sun is shining and will even send excess power to the grid to bank if for later use.

Benefits: Provides power for critical loads when they power grid is down.

Downside: Cannot be expected to provide power for all loads since the cost and volume of

batteries would be prohibitive. Off-Grid systems require a lot more specialized equipment to

function that is more costly and more complex to install. Specifically they require a

central/string inverter, a charge controller as well as a batteries.

Sizing the solar array and the batteries required is complex. Detailed analysis of

requirements will be needed to provide for minimal critical needs. You'll also need to rewire you

main electrical panel to isolate the "critical loads" so that only they are provided power in an
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outage. This means that your well pump, refrigerator and a few lights are provided power while

your air conditioners and TV and other non-essential loads are not.

This is definitely not a homeowner installable system. Installing it is both dangerous and

complex. Also, batteries are expensive, require ongoing maintenance and periodic replacement.

Given the additional specialized equipment required and the fact that it required expert

installation, expect a off-grid system to cost four(4) times as much to install per watt and to

require ongoing maintenance outlays.

6.3 Calculation

Figure 13: panel in series

VRated =N x Vmpp (6.1)

N : panel in series (shown on drawings)

Vmpp : Voltage at maximum power from data sheet.

VRated = 2 x 36.1= 72.2 volt/string.

the inverter range from data sheet is (44-85) volt so is 72.2V Acceptable.

We can use 76 panel on different surfaces of the Building.Area	of	panels = 	 	 	 	 	 	 	 (6.2)
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Area of one panel from data sheet (1966mm X 1000mm X 50mm)*Area	of	panels = 76  X 1.966 = 149 m2

Area Of the roof that we need =
	 	. . 372.5	

= 1 	 	µpv	 	 	 1000	 	14%	 	149 20860	module	efficiency	 µpv 	 	 	.	µConventional	 	Pdc 	75%	 	20860 15645	
:
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7 Chapter 7: Bills Of Quantity

Table 7-1:Bills of quantities for pilgrims rest building :

PLUMBING, SANITARY AND MECHANICAL WORKS
No. Work Description Unit Qut. Unit Price

US $
Total Price

US $
Preamble.

a- The contractor shall, when pricing
the rates of this bill, take into
consideration to include and allow
for the costs and expenses of all
requirements stipulated herein
below, drawings and the
specifications of the tender.

b- The contractor should visit the site to
verify the amount of work and
familiarize himself with the nature of
work for proper construction of the
new floors.

c- c-The surplus & demolished
materials shall be removed out from
the site to a dump site approved by
the municipality through a pre-
coordinated manner to ensure
minimal noise and dust pollution
within the vicinity and to avoid
obstruction for building activities.
The contractor should coordinate
with the client for any possible
materials or elements that need to be
preserved and handed over to the
client stores.

The contractor is requested to equally
consider the following notes when
quoting his prices:

1- The price shall include all required
chipping in concrete walls, cutting
holes (any diameter), excavation,
backfilling and cement covering as
specified.

2- The Contractor is requested to read
the bill of quantities in conjunction
with the set specifications, drawings,
addendums and contract conditions

3- (S & I) implies supply and install,
including testing, adjusting,
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balancing, ….all the way to a
successful operation, including the
commissioning.

12.1 Supply and Install porcelain wall
mounted W.C white color European type or
E.A. Price shall include all fixation and
hanging bracket, 8-LT Capacity .(concealed)
cistern ,valves ,fitting, hard solid seat and
13mm stop angle valve , chrome plated
13mm hose , and accessories , side 1 m
length 13mm chrome plated hand shower for
W.C (heavy duty ) with spring nozzle outlet
and all other required materials, including
connection to drainage system and water
system including 3/8” angle valve
(European type or E.A) and paper holder.
All to be done as per drawings,
specifications and the approval of the
Engineers.

NO. 33

600

19800

12.2

12.3

ditto , but for handicapped toilet (creavit
type),including all necessary fitting and
accessories as shows on drawings and in
specifications. price includes supplying and
installing 40 * 60 cm mirror

Supply and install porcelain wall hung semi
pedestal wash basin European type class A,
size (45* 55) cm. Complete with all fittings,
valves, waste pipes to nearest floor trap, taps
(mixers) (Class A and approved by Palestine
Standards Institution), connection to water
distribution, traps, with soap holder and any
other necessary parts as Specification and as
directed by Eng. Price including supplying
and installing 40*60cm Aluminum framed
mirror.

NO.

NO.

2

20

1000

500

2000

10000

12.4 Supply and Install White Vitreous
European Sink (30 cm. Deep) double bowl.
(Class A and approved by Palestine
Standards Institution). Complete with all
necessary valves, Goose neck taps (mixer)
(Class A and approved by Palestine
Standards Institution), connection to water
distribution, fittings, anti-chemical waste
siphon, and any other necessary parts and
accessories to complete works per
specifications and as directed by Engineer.

NO. 1 450 450

Total for this page 32250
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PLUMBING, SANITARY AND MECHANICAL WORKS
No. Work Description Unit Qut. Unit Price

US $
Total Price

US $
FORWARDED TOTAL 32250

12.5 a. Supply and Install 4” PVC Floor Trap.
“With
Quality approval Tag” Price to include
siphon to
be fixed in reinforced concrete, (20*20) cm
double
Chrome plated cover one grated and one-
closed, the connection with 2’’ pipe) And all
other fittings needed to comply with
specifications and as directed by Engineer.

NO. 45 80 3600

12.7 Supply and Install (Clean Out) UPVC
4’’, of Drainage Network. “With Quality
approval Tags” In size and location shown
in the drawings and where necessary,
including all needed to complete work as
specification and directed by Eng.

NO. 57 70 3390

12.8 UPVC Drainage Pipe and UPVC  Fittings:
Supply, installation, testing and
commissioning of UPVC drainage and
ventilation pipes down to manholes with all
required fittings including excavation, back
filling, incasing with concrete and roof vent
caps, including connections as shown in
drawings and in accordance to
specifications.

a- Size 2-inch diameter.
b-

MR 220 12 2640

c- Size 4-inch diameter.
d-

MR 100 19 1900

d- Size 6-inch diameter.
e-

MR 290 35 10150

e- Size 8-inch diameter.
f-

MR 350 45 15750

Total for this page 37430
TOTAL CARRIED TO NEXT PAGE 69680
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PLUMBING, SANITARY AND MECHANICAL WORKS
No. Work Description Unit Qut. Unit Price

US $
Total Price

US $
FORWARDED TOTAL 69680

12.9 Roof Drains:
Supply, installation and commissioning of
U.P.V.C Rain water(Storm Water) roof
drain (Class A and approved by Palestine
Standards Institution) .

NO. 8 80 640

12.10 Rain Water pipes: -
U.P.V.C rain(storm) water pipes down to a
free discharge with wired mesh above
ground level, with all required hanging
accessories, fittings and vent caps, all as
shown in drawings, specifications, and
approval of supervisor engineer.
U.P.V.C Pipe of 4 -inch diameter.

MR 180 15 2700

12.11 Supply Materials for , and Construct
Manholes
In compliance with specifications and
Drawings.
Price to include excavation, concrete works,
block works, back filling, cement plaster,
benching, Cast Iron cover of weight not less
than 50 kg, and bearing capacity load for the
cover not less than 8 ton. And all necessary
works to comply with drawings and
specifications.

a.      Manholes Ø 50 cm clear size NO. 19 300 5100
a.      Manholes Ø 60 cm clear size NO. 9 350 2450
b. Manholes Ø 80 cm clear size NO. 14 450 4500

d. Manholes Ø 100 cm clear size NO. 2 600 1800
12.12 Supply Materials for , and Construct

Manholes Oil separator
In compliance with specifications and
Drawings.
Price to include excavation, concrete works,
block works, back filling, cement plaster,
benching, Cast Iron cover of weight not less
than 50 kg, and bearing capacity load for the
cover not less than 8 ton. And all necessary
works to comply with drawings and
specifications.

Manholes Ø 120 cm clear size NO. 1 950 950
Total for this page 18140

TOTAL CARRIED TO NEXT PAGE 87820
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PLUMBING, SANITARY AND MECHANICAL WORKS
No. Work Description Unit Qut. Unit Price

US $
Total Price

US $
FORWARDED TOTAL 87820

12.13 WATER METER:
Supply and install Water meter inside steel
box, as per specification, drawings and
supervisor engineer.
Price includes all galvanized steel main
water pipes (Ø ¾”) or more, (Class A and
approved by Palestine Standards Institution)
with asphalt protection (factory covered),
laid underground with all necessary fittings
e.g. elbows, T’s, unions, stop valves, non-
return valves, automatic air vents, of best
quality (Class A and approved by Palestine
Standards Institution).

L.S 1 1000 1000

12.14 Supply and install of approved quality
local made solar heating unit including 2
solar plates 0.90*1.90m and 200 Lit
Cylindrical double jacket galvanized steel
tank with glazed lining And also it works in
electric powered water heating , the price
also includes automatic air vent and all
required fittings and connections.

NO. 11 1600 17600

12.15 Galvanized cold & hot water supply
pipes:
Supply and installation of cold water
distribution network of galvanized pipes of
various diameters, (Seamless piping as per
standard ASTM-A53schedule 40). From
roof to sanitary fixture collectors and
external water distribution network. Price
includes all fittings, T’s, elbows, insulation,
etc., and all is needed to complete the works.

1- 1/2’’ pipe size MR 30 14 420
2- 3/4’’ pipe size MR 180 18 3240
3- 1’’ pipe size. MR 200 26 5200
4- 1, 1/4’’ pipe size. MR 90 30 2700
5- 1, 1/2’’ pipe size. MR 50 35 1750
6- 2’’ pipe size MR 150 43 6450

12.16 The unit price shall include,Water Filter.
isolating valves, check valves, pressure
relief valve, automatic back wash and all

.Specificationaccessories as called for in the
NO. 1 1000 1000

Total for this page 39360
TOTAL CARRIED TO NEXT PAGE 127180
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PLUMBING, SANITARY AND MECHANICAL WORKS
No. Work Description Unit Qut. Unit Price

US $
Total Price

US $
FORWARDED TOTAL 127180

12.17 Supply and install Hot and cold-water
collectors with aluminum box price includes
copper collectors, automatic air vent and
with all necessary fittings (Italian made), all
according to drawings specifications and
Engineer’s approval.

1- size 3/4’’ for EYES 24 NO. 14 250 3500
12.18 Supply and install the outlets for hot and

cold water feeding lines to the sanitary
fixture units (Class A and approved by

Palestine Standards Institution), the price
includes all needed Pex. Pipes of 16mm
diameter and a 2.2mm thickness (type
Vesbo or equivalent ), with a network

connection not less than 75% and a 10 bar
pressure ,and isolated by a 1’’ PVC pipe for
protection , and that’s from collector to the
sanitary outlet, and copper bent16mm*1/2’’

all with its plastic box, all according to
drawings specifications and Engineer’s

approval.

NO. 31 18 558

12.19 Solenoid valve Supply and installation of
works by 220 volts natural state is closed for
Solenoid valve includes installation and
electric wires needed to run made by
Spartan Scientific or EA.

NO. 5 50 250

12.20 Supply and install LIFFTING  pump in
the mechanical room  of approved
manufacture, including all valves, strainer,
pressurized tank, electrical power supply
complete with concrete base and
connections to rising main, the price include
all pipes from pump to roof tanks. All are
according to drawings and specifications
and approval of supervisor engineer. A
50m3/hr & 27m head.

NO. 2 2500 5000

12.21 Supply and Install PVC White Water Tank
Two 2 Cubic meters in size for water

system. Price to include well-painted steel
stand, automatic float valves, valves,

fittings, vents, watertight cover, lock and all
necessary works to complete works as per

Specifications and drawings.

NO. 13 400 5200

Total for this page 14508
TOTAL CARRIED TO NEXT PAGE 141688
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PLUMBING, SANITARY AND MECHANICAL WORKS
No. Work Description Unit Qut. Unit Price

US $
Total Price

US $
FORWARDED TOTAL 141688

12.22 Supply and install a fire hose cabinet  , made
of galvanized steel of thickness 1.5 mm ,
price includes hinges lock, pipes ,valves

,extinguisher Co2 , nozzles ,1 1/2’’hose reel
,1 1/2’’ linen hose ,and all necessary

accessories to be exist inside this fire cabinet
as details on drawings and all according to

specification and Engineer’s approval .

NO. 6 600 3600

12.23 Supply, install, test and commission package
type electric driven split case end suction

multi-stage booster pump, LPC Approved,
for firefighting  system. The set is composed
of three pumps (one is electrical pump, the
second one is a diesel pump, and the third
one is a jockey pump), and control panel.
The price includes all fittings needed for
installation, such as but not limited to,

strainers, stop valves, flexible joints, OS &
Y valves, non-return valves, ……. On

addition to reinforced concrete bases, anti-
vibration isolators, pressurized tank,

pressure switches, pressure gauges, electric
floating valve installed inside well, 2X8”

headers at both suction and discharge ports,
test line with flow switch with all related

accessories, and all needed pipes and fittings
inside pumps room, supplying and installing

6” chimney for diesel pump, The pumps
specifications are:

Electrical Pump 16m Head &138 L/min
Water Flow

Diesel Pump 16m Head & 138L/min Water
Flow Rate

Jockey Pump 16m Head &138 L/min Water
Flow Rate

NO. 2 22000 44000

12.24 Expansion Tank (closed type). The unit
price shall include gate valve, double check
valve, safety valve, drain valve. Expansion

Tank volume: 100 Gallons .

NO. 1 200 200

12.25 Supply and install Portable Fire
Extinguisher
each in Location as decided by the Engineer. NO.

16 80 1280

Total for this page 49080
TOTAL CARRIED TO NEXT PAGE 190768
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PLUMBING, SANITARY AND MECHANICAL WORKS
No. Work Description Unit

Qut.
Unit Price

US $
Total Price

US $
FORWARDED TOTAL 190768

Supply and install a Sch-40 fire water
pipes (Seamless piping as per standard

ASTM-A53 schedule 40). grooved or
screwed connections, including all the

requested fittings and supports UL/FM
approved

1- 3’’ Sch-40 fire pipes. MR 100 65 6500
2- 1 1/2’’ Sch-40 fire pipes. MR 240 45 10800

12.26 a. Supply and install in-line Axial fans
of approved manufacture (Vortices or
equally approved).  Price includes the
making necessary holes in glass and fixing,
electrical connections. All is according to
nearest power point and disconnect switch,
drawings, specifications and approval of
supervisor engineer.

* wall mounted Exhaust fan,
capacity 50 cfm NO.

22 50 1100

* wall mounted Exhaust fan,
capacity 100 cfm NO.

4 100 400

12.27 b.Supply and install wall-mounted
kitchen hood of size 200cm*50cm*100cm.
The hood should be made from 316 stainless
steel sheets of gauge 14 and equipped with
built-in 500 CFM exhaust fan and gravity
shutter.

NO. 1 1000 1000

12.28 Supply and installation of solar cells
according to the manufacturer's instructions
and accounts. The price includes all the
required equipment, installation and
extension of electric wires and rules for
solar cells.

NO. 76 300 22800

12.29 Supply and installation of inverter dc to ac
according to the manufacturer's instructions
and accounts. The price includes all the
required equipment, installation and
extension of electric wires and devices to
protect network .

NO. 1 3000 3000

Total for this page 45600
TOTAL CARRIED TO NEXT PAGE 236368
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PLUMBING, SANITARY AND MECHANICAL WORKS
No. Work Description Unit

Qut.
Unit Price

US $
Total Price

US $
FORWARDED TOTAL 236368

12.30 VRF SYSTEM Supply, install &
commissioning for Heat pump VRF
(variable refrigerant Flow) system ,of type
Daikin or equivalent Korean brands .
Refrigerant R410a.Complete with the
outdoor and indoor units, piping & wiring
network, control system and all necessary
parts needed according to drawings and
specifications.

12.31 Outdoor Units
Variable refrigerant flow outdoor unit, scroll
compressor with invertors drive, refrigerant
R 410 A, Outdoor design conditions  24C
summer indoor temperature,36C summer
outdoor temperature.

a- Outdoor unit size30 HP- for riser 3 No. 1 12000 12000
b- Outdoor unit size 50 HP- for riser 1 No. 1 32000 32000
c- Outdoor unit size 54 HP- for riser 2 No. 1 35000 35000

12.32 Indoor Units
The around flow cassette type VRF indoor
units with filter, Wall mounted thermostat
including on-off, real time clock, schedule
timer, fan control, Darin UPVC piping
network2’’ to nearest floor trap,  and
temperature set and display. Indoor design
conditions 24 C cooling, 50%relative
humidity at high speed flow. According to
the following capacities:

a-Cooling Capacity up to 2.2 kW 60cm
x60cm

No.
2 1200 2400

b-Cooling Capacity up to 3.6 kW,60cm
x60cm

No.
1 1300 1300

e-Cooling Capacity up to 4.5 kW 60cm
x60cm

No.
1 1450 1450

c-Cooling Capacity up to 5.6 kW,60cm
x60cm No.

21 1500 31500

d-Cooling Capacity up to7.1 kW,60cm
x60cm No.

33 1600 19800

Total for this page 135450
TOTAL CARRIED TO NEXT PAGE 371818
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PLUMBING, SANITARY AND MECHANICAL WORKS
No. Work Description Unit

Qut.
Unit Price

US $
Total Price

US $
FORWARDED TOTAL 371818

12.33 Centralized controller
Centralized controller for VRF system to
control all indoor units set points,
programmed on off operation, and alarms
view, to be connected to 170 indoor units.

NO. 1 1500 1500

12.34 copper piping network
Supply, install & commissioning for copper
valves on both liquid and gas lines

NO. 120 70 8400

12.35 All joints Indoore and outdoor unit :

a. Refnet NO. 6 150 900
b. Header NO. 8 200 1600

12.36
Supply and installation of solar cells
according to the manufacturer's instructions
and accounts. The price includes all the
required equipment, installation and
extension of electric wires and rules for
solar cells.

NO. 76 300 22800

12.37 Supply and installation of inverter dc to ac
according to the manufacturer's instructions
and accounts. The price includes all the
required equipment, installation and
extension of electric wires and devices to
protect network .

NO. 1 3000 3000

Total for this page 38200
FORWARDED TOTAL 410018
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