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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.
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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 theinside air.

4. Air velocity and air circulation within the space .

The main goa 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:
To calculate and design air conditioning, heating and plumbing systems.

To prepare the required drawings for each system.
To select the required equipments and parts.

A w DR

Design a suitable firefighting system that covers the requirements of the
building.
5. Design Photovoltaic System .



1.2. Timetable

Table1-1:Timetablefor thefirst semester:

tasks\week

12|3/4

5

67

8

10

11

12

13

14

15

Choosing the
building plan

Overview
previous
projects

Overdl
coefficient
calculations for
walls, ceiling ,
floor ,doors and
windows

Heating and
cooling loads
calculations

Water supply
system
calculations

Plumbing
system
calculations

Printing




Table 1-2: Timetablefor the second semester:

tasks\week 123145/6/7/8/9/10]11 |12 /131415

Editing and
modifying

Design the
firefighting e e
system

Design the VRV
system

Design

PhOtOVOI t| C I

System

Doing hill of
quantity tables e

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 sampl e 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



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.
















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 arange of conditions for delivering acceptable thermal comfort to 80% of the peoplein a

space. This “comfort zone” and the associated assumptions are defined by ASHRAE Standard



55, Thermal Environmental Conditions for Human Occupancy. Determining the desired

condition of the space isthe first step in estimating the cooling and heating loads for the space.
In this restaurant , We design on [24°C] dry-bulb temperature and 40% relative humidity as the

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

$
q_‘\' 1 3 J'{:l.h.
:{C:\QI I 7 "¥a
b3 i
@ i
X4 | “
7 ok
" ™ :"'l."':'.L
- o '1:.~
comfort zone
e 1
NF : | BO°F
2127 | | RE7°C)

dry-buld temperature

Figure 1. ASHRAE Comfort Chart

2.2Data analysis

(CLTD)corr,: ( CLTD + LM )k + ( 25.5 - TI ) + (Ti:l,lT! - 29.4) f

Where:

v' CLTD: Iscdled cooling load temperature difference for medium wall construction.

v' LM: Latitude correction factor for horizontal and vertical surfaces.

ones Aypuuny

(1.1)



v' K: Colors adjustment factor such that k = 1.0 for dark colored roofs, and k=0.65 for
Permanently Light colored walls.

v" 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.

v f: Thefactor f isattic or roof fan factor such that f =1 if thereis no attic or roof fan,

and thevalueof f =0.75if thereisan attic or roof fan.

v T, m: Theoutdoor main temperature

OR

Tt:-.m = Tt:-u.L _"? (12)

Then:

Tn::uL.m = Tt:-u.L _"D_ER = 36.64 "% =30.64°C

The following table contains all assumptions needed for the next calculations: -

Table 2-1: Data for outside and insidetemperature:

36.64°C

Outdoor temperature (T,,) From the Palestinian code

24°C

Indoor temperature (T) From Figure 1

July @ latitude 32° North

Latitude( LM ) From Table 9-2

5l :
Day of calculations 21° day of july

Color of surfaces (K ) Permanent light colour wall




In the following table is the corrected CLTD for walls and roof and its tabulated as

follow:

Table 2-2: (CLTD)corr for wallsand roof :

CLTD LM K =
wall From table (9-1) | From table (9-2) CLTDcorr.
S 6 -1.6 0.65 0.75 9.79
SW 7 -0.5 0.65 0.75 11.155
W 8 0 0.65 0.75 12.13
NW 6 0.5 0.65 0.75 11.155
N 5 0.5 0.65 0.75 10.505
NE 9 0.5 0.65 0.75 13.105
E 12 0 0.65 0.75 14.73
SE 10 -0.5 0.65 0.75 13.105
Roof 35 0.5 1 1 44.24
Table2-3: Parameters of (CLTD)corr for wallsand roof :
Parameters Properties
Roof Without suspending ceiling type 2 @solar time 13h
wall Group B @solar time 13h
LM JULY @Latitude 32¢c
K Permanent light colour wall

The value of attic or roof fan factor

Type of glass Double, thickness 3mm , without interior shading

CLF Construction medium without inertia shading

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:-



Figuer 2: External wall

Table 2-4:External wall constructions:

21 = o
@ % 2 29 ' Z
| Ptz
O— i IS
Al
| ey
@ ‘,’ﬁ “. _A_f'*//
|| b=
D Z R
/, "'.'*"V.' &

Material Thickness(m) R-value (m2 °C /W)
Outsideair film | eeeeeee 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
Insideair film | e 0.08
1 1
U-.-.'allﬁ,nut = R_i_h_ = 1 AXI AXZ 1 (13]
Rk Tk TR,
U 1 1
wallseut — 5 —
' R .07 02 003, 007 ,0.03
“ 008+17+7175+00a togoy T 1z T012
1 1
= == 2°
Uwallﬁ,nut R”! 12 0.833W/mz°C




2.3.2 Overall heat transfer coefficient for internal walls;

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

— V- Y
; ™
¢ 1 .2 =
T ' ___-‘-r
r— -
( — N
l d_,/ = -
re—— r
- _4;1'
- a3 =
b *\_.::I _,./'I 3
T i = .
=5
A a

Figuer 3: Internal wall

Table 2-5:Internal wall constructions;

Material Thickness (m) R-value (m2.C /W)
Intsdeair film | e 0.12
Bleach(1) 0.02 0.02
Brick(2) 0.07 0.65
Bleach(3) 0.02 0.02
Insdeair film | e 0.12
U 1 1
wallsin — & —
"Ry LD B T
Rttt Tt
U 1 1
wallsin — @ =
R 012+9224 207 4092 1015

Uwallsin = — = 1.075 W/m2.°C

0,93

2.3.3 Overall heat transfer coefficient for ceiling

The construction of the ceiling are explained in detailsin the following: -

10



0O ®POO

Figuer 4: Ceiling construction

Table 2-6:Celling constructions:

Material Thickness (m) R-value (m2.C /W)
Outsideair film |  —eeeeee 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
Insideair film |  eeeeee- 0.08
g 1
CelinE ™ Ry Lida, B, 4t
] 1 Z (§]
U 1 1
Ceiling = " = 0.02 005 003 . 01 .002
th . . . . .
008+57 *+17 *ooa t175 Y117 +012

1

Ul:'u'lln z z
= & R
th

1.08

=0.925 W/m2.°C

11




2.3.4 Overall heat transfer coefficient for floor, doorsand 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.

Untoor = 0.9 W/M2.°C  Upindows = 32 UW/M2°C Uguer = 2.4 W/m2.°C

2.4 Cooling load calculations

the calculations for restaurant in ground floor which is an area of 398 m? 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 (m2) U (W/mz2.°C) AT (°C) QW)
Externa 746 1.179 12.64 11117
Ceiling 398 0.925 12.64 4653
Ground 398 1.03 12.64 5181

Qeotal 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.

12



Table 2-8: heat gain from the sun:

Surface | CLTD LM CLTDcorr | Area(m?) | U (W/m2.°C) | 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
Qtutal 23355

2.4.2 Heat gain from the solar transmitted through windows

In the selected room the al 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 X (SHG) X (SC) x (CLF) (1.4)

Where:
v" SHG : Solar heat gain factor
v SC: Shading coefficient
v" CLF: Cooling load factor

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

Surface | Area SHG SC CLF QW)
(m2) From table (9-7) From table (9-8) | From table (9-10)
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
Qiotal 3478

13



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 .

Qm_': Qm.',:—:t'nﬁ < Qm_',latr:nl (15)

Quesens= # Of Occupants x sensible heat x 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

Qm_',.uen.-.' =100 x % 0.62 = 4.43 kKW

1000

=# Of Occupants % latent heat

ro,sens_

Qoctatent =100 7555 =44 KW
2.4.4 Heat gain from thelights:
there is Twenty lights through this restaurant, so:
Quighes = N %P % CLF,,H,m xDiversity 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“thH =0.69

14



Qiighes =20 % 70 % 0.69 % 0.5 = 0.483 kW.

2.45Heat lossdueto 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:

Qu:ﬂlll'ia!inn =mg X (ht:- - hl) (18)
m =t (19)
¥
Vi = crack length(L) x 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 crack

length of the five double hung metal windows is :

L=5%x2%x 1143 = 41m.
Therefore ;

e B2 m?
Vi =41 x2=82—=——=0.02277 .

h 3600 5

Also, from the psychrometric chart, at the given outside conditions then the specific volume
vy of outside air is:

vy = 0.907 m?/kg

002277
! 0.007

= 0.02511 Kg/s.

Then total heat lossdueto infiltration is:

Qu:ﬂlll'ia!inn =0.02511 x1 x (85 - 46) =0.979 kw

For Doors:

Qlliﬂ'll'ii!iﬂﬂ =My X (hn - hl)
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Vy = crack length x 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 crack
length of the tow poorly fitted foor is :

L=2X%X2% 2+3 +2x 125+3 = 285m.
vy = 0.907 m?/kg

IT'I3

:1"|3 536
=139 — 00427

h aann 5

Vi =285 %54 =1539

00427
I 0.907

= 0.0471Kg/s

Then total heat loss dueto infiltrationis :

Quiﬂllrialicm =0.0471x1 X (85 - 46) =1.838 kW

2.4.6 Heat gain dueto ventilation:

Qventjii!tmn = m'q.-' :’( (hE:l - hl) (111)
YV
m, =— (1.12)
¥
¥, = minimum outside air requirements ventilation No.of persosn (1.13)

minimum outside air requirements ventilation from Table 4-5

V, = 8 x 100=800 I/s. = 0.8 m*/s.

vy = 0.907 m?/kg

16



I
v panT

=0.89 Kg/s.

Then total heat loss due to ventilation is:

Qw_'rltjiiil:mn =0.89 x 1000 x (85 - 46) = 34.6 kW.

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

gain resources..

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

thal =73.5kw

Name of Cooling load Area Name of Cooling Area
room (kW) (m?) room Load (kW) (m?)
Ground Floor First Floor

shop 70 369.45 rooml 56 33.01
restaurant 735 398 roomz2 51 315
mosque a5 167.57 room3 54 315
rooml 7 33.31 room4 52 31.5
roomz2 6.7 315 room>s 55 33
room3 6.3 315 roomo 6.1 33.3
room4 6.6 315 room7 56 31.5
room>s 6.9 315 room8 54 315
roomo 7 33.31 room9 52 315
majlisl o5 7 66.03 room10 53 315
majlis2 239 80.34 roomll 6 33.3
account 45 16.5
manag 43 12.4
secer 36 10.2
room 5 216

17




2.5The VRF system and its calculations

2.5.1 VRF system

The primary function of al 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 mgjor technical chalenge 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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Figure5: The VRV system components
-Outdoor s 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 a even -15°C 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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2.5.3 Advantages of VRV

- 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 alot 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 Sdection 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 Cooling Name of Capacity Num. of Dim.of | Specifications
theroom | load (kW) | indoor unit of indoor indoor indoor | Of outdoor unit
unit (kW) unit unit
(mm)
mosque 415 FXFQG63A 7.1 6
rooml 7 FXFQG63A 7.1 1 >
room2 67 FXFQ63A 7.1 1 fél =X
. Tp]
room3 63 FXFQ63A 71 1 3 - S
: >
roomé 56 FXFQB3A 71 1 3 =R G
room5 6.9 FXFQG63A 7.1 1 X 208
6 l FXFQG63A 7.1 1 © %% 2
room : =
_ ! OGC 8
majlisl 257 FXFQ50A 5.6 5 T
majlis2 23.9 FXFQ50A 5.6 4
Table2-12: Specification of outdoor and indoor unit for riser 2:
Name of Cooling Name of Capacity Num. of Dim.of | Specifications
theroom | load (kW) | indoor unit of indoor indoor indoor | Of outdoor unit
unit (kW) unit unit
(mm)
232
shop 70 FXFQ63A 7.1 10 $3%
Q 0 QR —
Ie LT
) >
x o=
B 5§83
)] = O =
x b D O
(@} 5 C
restaurant 735 FXFQ63A 7.1 11 " %j £
' Q ' S8 §

21




Table2-13: Specification of outdoor and indoor unit for riser 3:
Name of Cooling Name of Capacity of | Num. of Dim.of | Specifications
theroom | load (kW) | indoor unit | indoor unit indoor indoor | Of outdoor unit
(kW) unit unit
(mm)
rooml 56 FXFQ50A 5.6 1
roomz2 51 FXFQ50A 5.6 1
rooma3 54 FXFQ50A 5.6 1
room4 52 FXFQ50A 5.6 1
room>5 55 FXFQ50A 5.6 1 N E
roomé FXFQS0A 56 1 g2%
6.1 [Sm
room? £ 6 FXFQ50A 5.6 1 @ s
: X D2
rooms8 54 FXFQ50A 5.6 1 @ § -g 3
x 25
room9 5o FXFQ50A 56 1 X 2e §
room10 FXFQ50A 5.6 1 33 .S
roomll 6 FXFQ50A 5.6 1 T
account 45 FXFQ40A 4.5 1
manag 43 FXFQ20A 2.2 2
secer 36 FXFQ32A 3.6 1
room 5 FXFQ50A 5.6 1
2.5.6 Selection of pipesand joints
This table show the characteristics of pipesand joints for VRV system .
Table2-14: Specification of pipesand jointsfor riser 2.
Name of the Dim. from Dim. from Dim. From Dim. From
room indoor to header torefnet | refnet joint to refnet joint to
header (in) joint(in) refnet joint(in) outdoor (in)
shop 5/8 X 3/8 18Xy | -
restaurant 5/8 X 3/8 138X 34 | e 158X 34
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Table2-15: Specification of pipesand jointsfor riser 1.

Name of the Dim. from Dim. from Dim. From Dim. From
room indoor to header torefnet | refnet joint to refnet joint to
header (in) joint(in) refnet joint(in) outdoor (in)
mosque 5/8 X 3/8 11/8X12 | -
rooml 5/8 X 3/8
room2 5/8 X 3/8
room3 5/8 X 3/8
118X 1/2 13/8X 3/4
room4 5/8 X 3/8 15/8 X 3/4
room5 5/8 X 3/8
roomo6 5/8 X 3/8
majlisl 5/8 X 3/8
malis2 58X 38 7/8 X 3/8 11/8 X 5/8
Table2-16: Specification of pipesand jointsfor riser 3.
Name of the Dim. from Dim. from Dim. From Dim. From
room indoor to header torefnet | refnet joint to refnet joint to
header (in) joint(in) refnet joint(in) outdoor (in)
rooml 5/8 X 3/8
room2 5/8 X 3/8
p— 5/8 X 3/8 7/8 X 3/8 13/8X 3/4
room4 5/8 X 3/8
room>5 5/8 X 3/8
room6 5/8 X 3/8
room7 5/8 X 3/8 13/8X 3/4
room8 5/8 X 3/8
room9 5/8 X 3/8 Liex 2z
room10 5/8 X 3/8
roomll 5/8 X 3/8
account 5/8 X 3/8
manag 58X 3/8 34X 38 | 13/8X 3/4
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 Tow  (°C) ¢ Lm0 Vout (m2~kg dry air) hous (Kj/kg)
Heating 10 66.4 0.845 49

Table 3-2:Indoor design conditions:

Season Tin (°C) ¢in% hous (Kj/kg)
Heating 24 40 46

3.2 Heat loss calculations

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

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

Q =AX U X I:TI.H _"Tn::u.L) (31)

Where;

Q : The heat transfer rate (W).

A : Areaof the layer which heat flow through it (m?).

AT : The difference between the inside and outside temperatures (°C).
U: The overal 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 :

Qwall.-i.nul = Uw:-1l|:-i.nuL X Awnllx.nuL X Tl.r:_" Tml.L

Q'n.'.u'Hll."i.EJLLL =0.833 x 746 x 24-10

Q'.'.-'HHH.HLLL = 11.8 kW

3.2.2 Rateof 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 :

Qﬂmsf = Unmgf x Ap_”“[ x Tm—-— Tm”_
Qruai = 0925 x 398 x 24-10
QR:mf = 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 :

Qﬁrnund = Ul.'ir[:lund X Aﬁrnund X Tl.r:_'_ Tml.L

Qcroung = 1.038 % 398 x 24 - 16

Qﬁr::und =7.8kW
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3.2.4 Rateof 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.
Qdunr = Udm:r X Adm:r X T!n_'_ Tml.L
Qdm:r =24%x 165%x 24-10
Qdm:r = 0.75 kw
Windows.

Qwimlnw.'; = Uwim!nwx X Awimlnw.r. X T!r'l_'_ Tt:-u.L

QWinLII:W.‘i =32 % 152 x 24-10

Qwimlnw.'; = 0.9 kw

3.25 Heat lossdueto 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 :

Quiﬂllria!inn =My X (ht:- - hl) (32)
my = lﬁ (3.3)
Vy = crack length x 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 crack

length of the five double hung metal windows is :

L=5%x2%x 1143 =41m.

I IT'I3

3 -
=% —002277

h 3ano 5

V=41 x2 =82

002277
(L8446

= 0.0269 Kg/s.

vy = 0.907 m*/kg

Then total heat lossdueto infiltration is:
Qlliﬂllriilinn =0.0269 x 1 X (49 - 46) =43 kW

For Doors:

Qu:ﬂllrialinn =my X (hn::- - hl)

V; = crack length x Infiltration through doors

L=2%x2x 243 +2x 12543 = 285m.

m® 1539

= = 0.0427

h 3600 5

IT13

Vi =285 %54 =1539

Where V, is obtained from table 6-1 at 8 km/h as 5.4 m*/h per meter of crack. the crack

length of the tow poorly fitted foor is :

00427
! 0846

= 0.05Kgs.

vy = 0.907 m3/kg

Then total heat loss dueto infiltration is:
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Qlliﬂllriilinn =0.05%x1 x (49 - 46) =28kwW

3.2.6 Heat lossdue to ventilation:

Qvuntjii:tmn = mvuntilnllnn X ht:-u.L = htr: (35]
Vy
m.,_. - V_I::l (3-6:'
V,, = minimum outside air requirements ventilation x 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 volume
v, of outside air is:

vy = 0.846 m*/kg

75 (71/s)

m,, _—0.846(1000] =0.62 kg/s

Then total heat loss due to ventilation is:

Q'ﬁ_'rltjiiitmn = 0.62 ¥ 1000 * 49 — 46

Qvuntjii:tmn = 1.86 kW

Finally, the total load for this restaurant is the summation of al the heat
gain resources .
Quota = 11.84+6.9+7.8+075+09+6.2+1.86

Qrutal = 36.2 kw
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Table 3-3: The heating load for each room in the building:

Name of Cooling load Area Name of Cooling Area
room (kW) (m?) room Load (kW) (m?)
Ground Floor First Floor

shop 3115 369.45 rooml 32 33.01
restaurant 36.2 398 roomz2 27 315
mosque 14.9 167.57 room3 29 315
rooml 41 33.31 room4 28 31.5
roomz2 34 315 room>s 3 33
room3 34 315 roomeé 31 33.3
room4 34 315 room7 26 31.5
room>5 34 315 room8 28 315
room6 41 33.31 room9 27 31.5
majlisl 71 66.03 room10 24 315
majlis2 84 80.34 room1l 29 33.3
account 3 16.5
manag 26 12.4
secer 19 10.2
room 28 21.6

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,
thereis no control over the source or amount of air that comesinto 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 a so provide filtration, dehumidification, and conditioning of the incoming outside
air.

3.3.3Design 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 fansused for air change

Typefan Flow Rate Working principle | Dimension (cm)
(L/s)
Lineo 100 Q VO 43.1 Polluted air outlet 15X23
M 100/4 25 Fresh air inlet and 15X16
Polluted air outlet
M 120/5 48.6 Fresh air inlet and 17X18

Polluted air outlet
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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

Table4-1:Thefixtureunitsload for collector A:

AUS I No. of Fixture Load per Total load for Total load
unit Fixtur e unit cold water for hot water
Water closet (G) 3 5 15 0
Lavatory (G) 3x 3/4 2 6 4.5
Total (FU) 21 45
Total (gpm) 15 5
Table 4-2:Thefixtureunitsload for collector B:
FULRETYS No. of Fixture L oad per Total load for Total load
unit Fixture unit cold water for hot water
Water closet (G) 3 5 15 0
Lavatory (G) 3x 3/4 2 6 4.5
Total (FU) 21 45
Total (gpm) 15 5
Table4-3:Thefixtureunitsload for collector C:
ARSI U No. of Fixture L oad per Total load for Total load
unit Fixture unit cold water for hot water
Water closet (G) 2 5 10 0
Lavatory (G) 2x 34 2 4 3
Kitchen Sink 1x3/4 4 4 3
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| Shower head (G) | 1x3/4 5 5 3.75
Total (FU) 23 9.75
Total (gpm) 16 8

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

Thetotal amount of cold
and hot water

Total load WSFU

Total Demand gpm

Total demand for cold water 21
Total demand for hot water 45
Total (FU) 255 17

Table4-5:Tablefor estimating demand for collector 2:

Thetotal amount of cold
and hot water

Total load WSFU

Total Demand gpm

Total demand for cold water 21
Total demand for hot water 45
Total (FU) 25.5 17

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

Thetotal 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 collectorl 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

Statichead =( (2 +7.95- 1)/0.33 x0.433 = 11.74 ft
3) Total Equivaent length (TEL) = ((2 + 1.3+7.95+4.6+1)/0.33 ) x 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 x 100) = 4.85 psi/100ft

7) From figure 9-5 stedl pipes:-

Flow rate = 15 gpm } pipesize=1"
Friction head loss = 4.85 psi/100ft

Calculate sizing pipefor collectorl 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 x0.433 = 11.74 ft
3) Total Equivalent length (TEL) = ((2 + 1.5+7.95+2.4+1)/0.33) x 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

frictionhead = 11.74-8=3.74 ps
6) friction loss = friction head / TEL

=3.74/(0.68 x 100 ) = 5.5 psi/100ft

7) From figure 9-5 stedl 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 showsthesizing pipefor cold water

Table4-7 : Thesizing pipefor cold water on the ground floor :

Total " o Velocity
S R A S
Riserl 15 77 4.85 1 5
Riser2 15 77 4.85 1 5
Riser3 16 68 55 3/4" 5
Riser4 18 111 6.3 114" 6
Riser5 18 115 6 114" 6
Riser6 19 165 3.8 114" 5
Riser7 19 102 6.17 114" 6
Riser8 19 90 7 114" 6
Table4-8: Thesizing pipefor cold water on thefirst floor :
Total " o Veocity
S s e A S
Riser9 17 99 1.2 112" 3
Riser10 23 94 1.3 112" 5
Riserll 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 showsthe sizing pipefor hot water

Table4-9: Thesizing pipefor hot water on the ground floor

Riser Flow rate eql-Jri(\)/teflﬂent Fr_iction Pipesize Vzlcgcszl)ty
(gpm) length (ft) (psi/100ft) (inch)
Riserl 5 75 4.98 3/4" 5
Riser2 5 75 4.98 3/4" 5
Riser3 8 69 53 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
Table4-10: Thesizing pipefor hot water on thefirst floor
Riser Flow rate eql-Jri(\)/teflﬂent Fr_iction Pipesize Vzlcgcszl)ty
(gpm) length (ft) (psi/100ft) (inch)
Riser9 8 100 1.2 114" 3
Riser 10 12 95 1.3 114" 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 12" 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 showsthedrainage fixture unit and sizing the stack

Table4-11: Sizing of stack 1.

Horizontal
Stack 1 branch
Section Total Pip size Branch Id?‘tl?)l Pipesize
(dfu) (inch) (section) (inch)
from ground From ground
floorto | - | - floor 24 4
manhole drain
Table 4-12: Sizing of stack 2:
Horizontal
SERSZ branch
Section Total Pip size Branch Total Pipesize
(dfu) (inch) (section) (dfu) (inch)
from ground From ground
floorto | @ - | - floor 24 4
manhole drain
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Table 4-13: Sizing of stack 3:

Stack 3 Horizontal
branch
Section Total Pip size Branch Total Pipesize
(dfu) (inch) (section) (dfu) (inch)
from ground From ground
floorto | = - | - floor 20 3
manhole drain
Table4-14: Sizing of stack 4:
Stack 4 Horizontal
branch
Section Total Pip size Branch Total Pipesize
(dfu) (inch) (section) (dfu) (inch)
from ground From ground
floorto | = - | - floor 6 2
manhole drain
Table 4-15: Sizing of stack 5:
Horizontal
SIEECE branch
: Total Pip size Branch Pipesize
LI (dfu) (inch) (section) Total (dfu) | ;o)
from ground From ground
floorto | @ - | - floor 30 4
manhole drain
Table 4-16: Sizing of stack 6:
Stack 6 Horizontal
branch
Section Total Pip size Branch Total Pipesize
(dfu) (inch) (section) (dfu) (inch)
from ground From ground
floorto | = ---—- | - floor 30 4
manhole drain
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Table 4-17:Sizing of stack 7:

Stack 7 Horizontal
branch
Section Total Pip size Branch Total Pipesize
(dfu) (inch) (section) (dfu) (inch)
from first
floor to 10 4 From first floor 10 4
ground floor
from ground From ground
floor to 10 4 floor | - | e
manhole drain
Table 4-18:Sizing of stack 8:
Stack 8 Horizontal
branch
Section Total Pip size Branch Total Pipesize
(dfu) (inch) (section) (dfu) (inch)
from first
floor to 10 4 From first floor 10 4
ground floor
from ground From ground
floor to 10 4 floor | - |
manhole drain
Table 4-19:Sizing of stack 9:
Stack 9 Horizontal
branch
Section | Total (dfu) P('i'f] fhz)e (Ee:cta?c?:) Total (dfu) P'(Fnecﬂ)ze
from first
floor to 10 4 From first floor 10 4
ground floor
from ground From ground
floor to 10 4 floor | - |

manhole drain




Table 4-20: Sizing of stack 10:

Stack 10 Horizontal
branch
. Pip size Branch Pipesize
Section Total (dfu) (inch) (section) Total (dfu) (inch)
from first
floor to 10 4 From first floor 10 4
ground floor
from ground From ground
floor to 10 4 floor | - | e
manhole drain
Table 4-21: Sizing of stack 11:
Stack 11 Horizontal
branch
. Pip size Branch Pipesize
Section Total (dfu) (inch) (section) Total (dfu) (inch)
from first
floor to 10 4 From first floor 10 4
ground floor
from ground From ground
floor to 10 4 floor | - |
manhole drain
Table 4-22: Sizing of stack 12:
Stack 12 Horizontal
branch
. Pip size Branch Pipesize
Section Total (dfu) (inch) (section) Total (dfu) (inch)
from first
floor to 20 4 From first floor 20 4
ground floor
from ground From ground
floor to 20 4 floor | - |
manhole drain
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Table 4-23: Sizing of stack 13:

Stack 6 Horizontal
branch
Section Total Pi_p size Brar_1ch Total Pipe size
(dfu) (inch) (section) (dfu) (inch)
from ground From ground
floorto | = - | - floor 20 4
manhole drain
Table 4-24: Sizing of stack 14:
Stack 12 Horizontal
branch
Section | Total (dfu) P('i"r’] s'hz)e ('Z’écat?g;‘) Total (dfu) P'(f’rfcﬁ)ze
from first
floor to 20 4 From first floor 20 4
ground floor
from ground From ground
floor to 20 4 floor | - |
manhole drain
Table 4-25: Sizing of stack 15:
Stack 6 Horizontal
branch
Section Total Pip size Branch Total Pipesize
(dfu) (inch) (section) (dfu) (inch)
from ground From ground
floorto | = ---—- | - floor 20 4
manhole drain
Table 4-26: Sizing of stack 16:
Stack 12 Horizontal
branch
Section | Total (dfu) P('i'f] fhz)e (zcta?c?:) Total (dfu) P'(Fnecﬂ)ze
from first
floor to 20 4 From first floor 20 4
ground floor
from ground From ground
floor to 20 4 floor | - |
manhole drain
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Table 4-27: Sizing of stack 17:

Stack 6 Horizontal
branch
Section Total Pip size Branch Total Pipesize
(dfu) (inch) (section) (dfu) (inch)
from ground From ground
floorto | - | - floor 20 4
manhole drain
Table 4-28: Sizing of stack 18:
Stack 12 Horizontal
branch
, Pip size Branch Pipesize
Section Total (dfu) (inch) (section) Total (dfu) (inch)
from first
floor to 14 4 From first floor 14 4
ground floor
from ground From ground
floor to 14 4 floor | - | -
manhole drain
Table 4-29: Building drain:
_— : Total dfu Diameter of
Branch of building drain valuefrom | buildingdrain Slope % Veocity ft/s
from stack :
stacks (inch)
Building drain from stack 1 o4 4 1 5 386
Building drain from stack 2 o4 4 1 5 386
Building drain from stack 3 20 3 1 ) 319
Building drain from stack 4 6 2 1 5 243
Building drain from stack 5 30 4 1 ) 3.86
Building drain from stack 6 30 4 1 ) 3.86
Building drain from stack 7 10 4 1 5 3.86
Building drain from stack 8 10 4 1 5 3.86
Building drain from stack 9 10 4 L, 3.86
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Building drain from stack 10

10

3.86

Building drain from stack 11

10

3.86

Building drain from stack 12

20

3.86

Building drain from stack 13

20

3.86

Building drain from stack 14

20

3.86

Building drain from stack 15

20

3.86

Building drain from stack 16

20

3.86

Building drain from stack 17

20

3.86

Building drain from stack 18

14

3.86
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5 Chapter 5: Firefighting System

property management is entrusted with the responsibility of protecting and preserving an
ingtitution'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 al of the following features:

Fire extinguishers.

Fire hosereels.

Fire hydrant systems.
Automatic sprinkler systems.

In the following sections each feature isto be described.

5.1 Fire extinguisher

Fire extinguishers are provided for a 'first attack' fire fighting measure generaly
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
fireis controllable.
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The following table shows the principle use for different extinguishing agent :

ID Typical Extinguisher| Class A | ClassB | ClassE | Class F
sign appearance Type Wood, paper, | Flammable Electrical Cooking oll,
Cylinder textiles etc, liquids, fires animal fats &
contains normal petrol, paints vegetable oils
combustibles
e Dry
Chemical YES YES YES NO
i Powder
ﬂ NO YES YES NO
@ YES NO NO NO
g YES YES NO NO
v Wet
- YES NO NO YES
(g Chemical

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 logicaly 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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5.2Firehosered
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:

Figurel0 : 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 realy 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 materia 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. Commercia

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

system.

Figure 12: Smoke sensor
5.6 Pumpsroom

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 alows only flow in on direction, and isinstalled in
pump discharge line directly to prevent pumps from starting at aload 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 alowable 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.

Therelief 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

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

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

10- Fuel tank Which isused 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 Diesal pump stops after 30minutes after reaching its rated pressure.
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5.7 Pipe size calculation

The fire hose reel system isto be used, so the pipe size for this system will be calculated as
follows:

The minimum flow rate for single cabinet = 23 (I/min) .
Then:

The total flow rate = min. flow rate % No. of cabinet

The total flow rate = 23 % 6 = 138 L/min = 8.22 m?*/h = 36.16gpm

Table 5-1:Pipe schedule for supply piping

Total Accumulated Flow Total Distance of Piping from Farthest Ontlet

L/min gpm <182 m (=50 15.2-30.5 m (50-100 =~30.5 m
ft) ft) (=100 ft)

379 100 2 2 3

382-1893 101-500 4 4 &

1896-283 501-750 5 5 4]

a

2843473 751=1250 ] ] 6

|

4735 1251 and 5 8 3

over
Note: For ST units, 3.785 L'min= | gpm; 0.3048 m =1 ft.

Then the

IS to be used to calculate the pipe size by follow the next procedure. First, the total flow Table
rate is determined which is 138 |/min for our calculation sample. Then the total distance of

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

Table will give the size of pipe supply which isequal 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 2%2-inch hose stations and intended primarily for use by

fire department personnel and not by building occupants.
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Class I1: Provided with 1¥2-inch hose stations and intended for use by building
occupants as well as by fire department personnel.
Class I11: Provided with 1%2-inch and 2¥2-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 classis chose to be class I1. A class
Il referred to NFPA means: standpipe system provides (1%2-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 (1%2-in.) pipesis 6.9 bar.
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6 Chapter 6: Photovoltaic System

Therearetow 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 billsin 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 aswell as a batteries.

Sizing the solar array and the batteries required is complex. Detalled 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

+
| +u“
Figure 13: panel in series

VRaed =N X VMpp (6.1)
N : panel in series (shown on drawings)
Vmpp : Voltage at maximum power from data sheet.
VRaed = 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 = number of panels X area of one panel (6.2
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* Areaof one panel from data sheet (1966mm X 1000mm X 50mm)

Area of panels = 76 X 1.966 = 149 m?

Area Of the roof that we need = ‘%ﬁ'}“““l" = lni: =3725m?

Py =1k X ppv Xare of panel = 1000 X 14% X 149 = 20860m*
module efficiency ppv from data sheet .

P, = pConventional X Pdc = 75% X 20860 = 15645 W

Data Sheet For the Inverter.

Manufacturer: Xanirex Xantrex Xantrex Sunny Boy  Sunny Boy
Maodel: STXRISDOD § STXR2500 PV 10 SBI0OD SH2500
AC power: 1500 W 18,000 W 10,000 W 2000 W 2500 W
AC volinge: 210-26d4 ¥V J211-264 Vi 08 V., 3b |98-25]| V 198-251 V¥V
PV volage range 44-85 V J4-85 V 330-600 WV 125-500 V  250-550 V
MPPT:

Max input voltage: 120 v 120 v GO0V 500 W OO
Max input currcnt: —_ — 19 A 10 A 1 A
Maximum efficiency: 9% Q4 a95% Qe 9l
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7 Chapter 7: Bills Of Quantity

Table 7-1:Bills of quantitiesfor pilgrimsrest building :

No. Work Description . Unit Price | Total Price
Unit | Qut. Us $ Us $

Preamble.

& The contractor shall, when pricing
the rates of thisbill, 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-Thesurplus & 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- Thepriceshall include al 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 quantitiesin conjunction
with the set specifications, drawings,
addendums and contract conditions

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

121

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 .(conceal ed)
cistern ,valves fitting, hard solid seat and
13mm stop angle valve, chrome plated
13mm hose, and accessories, side1 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 al 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 al fittings,
valves, waste pipesto 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.

20

1000

500

2000

10000

124

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.

450

450

Total for this page

32250
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No.

Work Description

Unit

Qut.

Unit Price
uss

Total Price
uss

FORWARDED TOTAL

32250

125

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 al needed to complete work as
specification and directed by Eng.

NO.

57

70

3390

12.8

UPV C 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- Size4-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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No. Work Description Unit Qut Unit Price | Total Price
’ uss uss
FORWARDED TOTAL 69680
12.9 Roof Drains:
Supply, installation and commissioning of
U.P.V.C Rain water(Storm Water) roof NO. 8 80 640

drain (Class A and approved by Palestine
Standards Institution) .

12.10 Rain Water pipes: -

U.P.V.C rain(storm) water pipes downto a
free discharge with wired mesh above
ground level, with al required hanging MR | 180 15 2700
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.

1211 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 @ 50 cm clear size NO. 19 300 5100
a. Manholes @ 60 cm clear size NO. 9 350 2450
b. Manholes @ 80 cm clear size NO. 14 450 4500
d. Manholes @ 100 cm clear size NO. 2 600 1800
12.12 Supply Materias 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 @ 120 cm clear size NO. 1 950 950
Total for this page 18140
TOTAL CARRIED TO NEXT PAGE 87820
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No. Work Description Unit Qut Unit Price | Total Price
’ uss uss
FORWARDED TOTAL 87820
12.13 WATER METER:

Supply and install Water meter inside steel
box, as per specification, drawings and
supervisor engineer.

Priceincludes all galvanized steel main
water pipes (@ %) or more, (Class A and
approved by Palestine Standards Institution) | L.S 1 1000 1000
with asphalt protection (factory covered),
lad 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).

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

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 al is needed to complete the works.

NO. | 11 1600 17600

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 | Water Filter. The unit price shall include,
isolating valves, check valves, pressure

relief valve, automatic back wash and all NO. 1 1000 1000
accessories as called for in the Specification.

Total for this page 39360
TOTAL CARRIED TO NEXT PAGE 127180
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No.

Work Description

Unit

Qut.

Unit Price
uss

Total Price
uss

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 al necessary fittings (Italian made), al
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 al 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 stateis closed for
Solenoid valve includes installation and
electric wires needed to run made by
Spartan Scientific or EA.

NO.

50

250

12.20

Supply and install LIFFTING pumpin
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 pipesfrom pump to roof tanks. All are
according to drawings and specifications
and approval of supervisor engineer. A
50m3/hr & 27m head.

NO.

2500

5000

12.21

Supply and Install PV C White Water Tank
Two 2 Cubic metersin 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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No. Work Description Unit Qut Unit Price | Total Price
’ uss uss
FORWARDED TOTAL 141688

12.22 | Supply and install afire 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 | NO. 6 600 3600

,1 1/2’” linen hose ,and all necessary
accessoriesto be exist inside this fire cabinet
as details on drawings and al according to

specification and Engineer’s approval .

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 (oneis electrical pump, the
second oneis adiesel pump, and the third
oneisajockey pump), and control panel.

The price includes al fittings needed for
installation, such as but not limited to,
strainers, stop valves, flexiblejoints, OS& | NO. 2 22000 44000
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

12.24 Expansion Tank (closed type). The unit NO. |1 200 200

price shall include gate valve, double check

valve, safety valve, drain valve. Expansion
Tank volume: 100 Gallons .

12.25 Supply and install Portable Fire
Extinguisher NO 16 80 1280
each in Location as decided by the Engineer. |
Total for this page 49080
TOTAL CARRIED TO NEXT PAGE 190768
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No. Work Description Unit Qut Unit Price | Total Price
' UsS$ 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- 11/2” 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, 22 50 1100
. NO.
capacity 50 cfm
* wall mounted Exhaust fan, 4 100 400
. NO.
capacity 100 cfm
12.27 b.Supply and install wall-mounted
kitchen hood of size 200cm* 50cm* 100cm.
The hood should be made from 316 stainless | NO. 1 1000 1000
stedl sheets of gauge 14 and equipped with
built-in 500 CFM exhaust fan and gravity
shutter.

12.28 | Supply and installation of solar cells
according to the manufacturer's instructions
and accounts. The price includes al the NO. | 76 300 22800
required equipment, installation and
extension of electric wires and rules for
solar cdlls.

12.29 | Supply and installation of inverter dc to ac
according to the manufacturer'sinstructions | NO. 1 3000 3000
and accounts. The price includes al the
required equipment, installation and
extension of electric wires and devices to
protect network .

Total for thispage 45600
TOTAL CARRIED TO NEXT PAGE 236368
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No. Work Description Unit Qut Unit Price | Total Price

' UsS$ 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. 12000 12000
b- Outdoor unit size 50 HP- for riser 1 No. 32000 32000
c- Outdoor unit size 54 HP- for riser 2 No. 1 35000 35000
12.32 Indoor Units

The around flow cassette type V RF 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:

[EEN

[EEN

a-Cooling Capacity up to 2.2 kW 60cm No 2 1200 2400
x60cm '
b-Cooling Capacity up to 3.6 kwW,60cm NoO 1 1300 1300
x60cm '
e-Cooling Capacity up to 4.5 kW 60cm NoO 1 1450 1450
x60cm '
c-Cooling Capacity up to 5.6 kwW,60cm 21 1500 31500
x60cm No.

d-Cooling Capacity up to7.1 kW,60cm 33 1600 19800
x60cm No.

Total for thispage 135450
TOTAL CARRIED TO NEXT PAGE 371818
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No. Work Description Unit Qut Unit Price | Total Price
' US$ US$
FORWARDED TOTAL 371818
12.33 Centralized controller
Centralized controller for VRF system to
control al indoor units set points, NO. 1 1500 1500

programmed on off operation, and alarms
view, to be connected to 170 indoor units.
12.34 copper piping network

Supply, install & commissioning for copper | NO. | 120 70 8400
valves on both liquid and gas lines
12.35 | All joints Indoore and outdoor unit :

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

»

12.36
Supply and installation of solar cells
according to the manufacturer'sinstructions | NO. | 76 300 22800
and accounts. The price includes al the
required equipment, installation and
extension of electric wires and rules for
solar cells.
12.37 | Supply and installation of inverter dc to ac
according to the manufacturer'sinstructions | NO. 1 3000 3000
and accounts. The price includes al the
required equipment, installation and
extension of electric wires and devices to
protect network .
Total for thispage 38200
FORWARDED TOTAL 410018
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Control of the pumps cycle
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TABLE 3-1 Cudmi load temparature diffierences (CLTD) for suniit roofs, °C,

Roof
Description of

No. Construction

Solar Time, &

13 4 5 678 91011121314 151617 8192021 220D

1 Steel sheet with
254 mm (or 50.8
) insulation
25 mm wood
with 25.4 mm
insulation

1016 mm LW
concreie

50.8 mm HW
concrede 25.4
mm (or 50.8
mm) insalation
25 4 mm wood
with 50.8
insulaiicn

1524 mm LW,
COnCrEte

63.5 mm wood
with 25.4 mm
insulation

§ 2004 mml W
concrete

100.6 mm HW.
concrete with
25.4 mm (or 508
mm) insulation
63.5 mm wood
with insulation
Roof tefrace

10
11

Fy¥stem

1524 mm HW.
concrete with
25.4 mm (or 50.8
mm) insalation
100.6 mm wood
with 25.4 mm (or
50.8 mum)

__ insulation

12

13

1.209
1.170
(0.693)
0619

0897
0.738

0.718

1136
(0L.681)
0.528
0.602
0664

0.602
(0.443)

0-1=-2-2-3-2 311 19

3

-3

12

16

14

1B

19

18
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2

0

-1-2-2-1 2 &
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L T S e S
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12 10 8
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TABLE 8-2 Latitude-Month comeciion facior LM, as appied 1o wails and horizontal roofs, north latitudes.

NNE NE ENE E ESE SE SSE Horizontal

Lat. | Month | N NNW NW _WNW W _WSW SW SSW S  Roofs
16 [December | =22 -33 —44 -44 =22 05 22 50 72 =50
Jan./Nov. | =22 -33 =38 =38 -22 -05 22 44 66 -338
eh./Oct. | =16 =27 =27 =22 =11 00 11 27 38 -22
/Sept. | =16 ~16 ~11 =11 05 -05 00 00 00 -05
\Apr./Aug.| -05 00 -05 =05 -05 -16-16 =27 -33 0.0
(May/ July 22 16 16 00 05 -22-27 -318% -3% 0.0
| Jane i3 22 22 05 =05 =22-33 44 =38 0.0
24 |December | -27 =38 =55 =61 =44 =27 LI 50 66 -94
Jan./Nov. | =22 -33 44 -50 -33 -16-16 50 72 =6.1
Feb./Oct. | =22 =27 =33 =33 =16 -05 1% 38 55 ~-38
Mar/Sept. | <16 -22 -16 =16 -05 -0D5 05 1.1 22 -1.6
Apr./Aug.| 11 <05 00 <05 -05 -11-05 =-11-16 00
[May/July | 05 11 1.1 00 00 =16-=16 =27 =33 0.5
June. 1.6 16 16 . 05 00 =-16-22 =33 =33 0s
k ¥ M =27 =38 =55 <61 44 =27 1.1 50 66 -0.4
an./Nov. | -27 -38 -50 -4 -44 =22 11 50 66 -83
SOt | =22 -33 38 44 22 -1 22 44 6.1 =55
Mar/Sept. | -16 -22 -22 -22 -l1 -05 16 27 38 -27
Apr./Ang.| -1.1 =11 05 -1.1 00 -05 00 50 05 =05
May/ July 0.5 05 05 00 00 -05-05 =16 =16 0.5
Junc 65 11 L1 05 00 =-11-=11 =22 =22 1.1
40 |December | =33 44 -55 =72 -55 -38 00 3B 55 -11.6
Jan./Nov. | =27 -38 -55 66 -50 -33 05 44 6.1 -10.5
Feb./Oct. | -27 -38 —44 =50 -33 =16 16 44 646 =17
|Mar/Sept. | -22 -27 -7 -33 -l6 05 22 AR 55 —4.4
Apr./Aug.| -1.1 -16 -16 ~-1.1 00 00 LI 1.6 22 1.6
/ July 0.0 00 00 00 00 0.0 0.0 00 05 05
05 05 05 05 00 05 0.0 00 =05 1.1
48 [December | -33 44 -61 =77 -72 -55-16 11 33 -138
an./Nov. | -33 44 -61 -72 -61 -—44-05 27 44 -133
eb./Oct. | 27 =38 -55 61 -44 =27 05 44 61 =100
fSept. | =22 -33 -33 -3§ -22 0S5 22 44 6.1 —6.1
SAng.| =16 =16 =16 =16 =05 00 22 33 3% -27
fJuly | 00 =05 0O 00 0S5 0s 16 16 22 0.0
une 0.5 0.5 1.1 08 1.1 05 1.1 1.1 1.6 1.1
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TABLE 94 Cooling \cad tamperature differences (CLTD) for various construchion groups of suniit walis, °C.

North Salar Time k H:;f
Latitude
12345678 91011121314151617 161920 21 2223 24 Max, Min, Max, Difference

£
3
:
2
:
:
:
3

N BEEB777766666666666777TT7T88 2 6 8 A
NE 1111101010 9 @ 9 8§ 8 8§ 9 9 9 9101000000100 0000 01 22 8 1 4
E HMDBRRRR2INWIDIOITINIIZI2I3I313141414140414 22 10 M4 4
5E 131331220 111010010101018 10 0210213131313131313 22 10 13 3
s 111111111010 9 9 9 B B B B B B B 9 9101011100001 23 8 1 3
SW 4141414131312121111101010 9 9101010111213 131414 24 ¥ 4 5
WO 15151514 141413131212 1111101010102011 111213141415 1 10 15 5
NW 121211111111101010 9 9 8 8 8 8 B B B 9 910111111 1 12 4
N 8§ B8 7766655555 5566778 8888 M - 8 3
NME |I1I010 9 98 7 7 77889 910101011 011212121111] 21 7 12 3
E 131312111010 9 B 8 @ 91012131314 1415151515151414] 20 B 15 7
SE 131212111010 9 B B 8 B Q101112031414 14 14 14 14 14 14] 21 B 14 L]
s 12111110 # 9 8 7 7 6 6 6 6 7 8 91011 111212121213 23 6 12 &
SW [I515141313121110 9 9 8 8 7 7 8 9101113 1415150616( 24 7 16 9
W 161615141413 121110 9 9 B 8 B 8 B 911 121415161617 24 ] 17 ¢
NW 131212111110 @ 9 8 7 7 7 6 6 7 7 8B 8 91112131313] 24 & 13 )
N 8776855444445 5667 8999109 98 2 4 10 L
NE 1010 9 87 66667 810101112121213 131313121211 20 & 13 7
E 13121110 9 8 7 7 8 91113141516161717 161616151413 18 7 17 10
SE 13121110 9 B 7 6 7 7 910121415161616161616151413 19 ] 16 10
5 121110 9 B 7 6 6 555568 9111213141414141312 20 3 14 ?
SW 161514121110 9 8 7 7 6 6 &6 7 BI101214161818 181317 22 ] 18 12
W 171615141211 10 9 B 7 7 7 7 7 8B 91113161819201918 22 7 20 13
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TABLE §-5 Dascription of wal construchion groups

Group
N, Description Of Construction

Aar space + 101.6 mm face brick

101.6 mm commoon. brick

25 4 mm insulation or air space + 101.6 mm common

bnck

£0.6 mm insulation + 101.6 mm commaon brick

203.2 mm commaon brick

Insulation or air space + 203.2 mm common brick

»EE MNON

101.6 mm Face Brick + {H.W. Concreic)

Air space + 50.8 mm concrete

50.8 mm insulation + 10]1.6 mm concrete

Air space or insulation + 203.2 mm or moTe CONCTELE
mm Face Brick + (L.W. or H.W Concrete Block)
101.6 mm block

Air space or insulation + 101.60 mm block

203.2 mm block

Air space or 25.4 mm insulation + 152.4 mm or 203.2
mm block

50.8 insulation + 203.2 mm hlock
(Clay

- 2 --Np!

101.6 mm Face Brick + Iile)

101.6 mm nle

Adr space + 101.6 mm tile

Insulation + 101.6 mm tle

203.2 mm tile

Adr space or 25.4 mm insulation + 203.2 mm tie

50.8 mm insulation + 203.2 mm tile

101.5 mm concrete
101.6 mm concrete + 25.4 mm or 50.8 mm insulation
50.8 mm insulation+101.6 mm concrete

203.2 mm concrete

203.2 mm concrete + 25.4 mum or 50.8 mm insulation
203.2 mm concrete + 50.8 mm insulation

3048 mm concrete

304.8 mm concrete + insulation
L.W. and H.W. Concrete Block

+ (Finish)

101 .6 mm block + air space/insulation
50.8 mm insulation + 101.6 mm block

203.2 mm block
203.2 mm block + air space/insulation

=0 0. FO-BN-No¥olel.] N Nelolel-] [-EN-1-R-1.]
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2.033
2.356

0.987-1.709
0.630
1.714

0.874-1.379

1.987
0.658
0.625-0.636

1.811
0.868-1.397
1.335

1.255-1.561
0.545-0.607

2.163
1.595
0.959
1.561
0.806-1.255
0.551

3.321
1.136 - 0.675
0.675
2.782
1.061 - 0.653
0.653
2.3%0
0.642

0.914-1.493
0.596-0.647
1.669-2.282

0.846-0.982



TABLE 9-6 Approximate CLTD values for light, medium, and heavy weight consiruction walls, <C.

Wall construction

Solar Light Medium Heavy

Time N E S W| N E § W|I N E s W
8:00 -l - =] = = = =] = = = =
9:00 - W = =] = 6 — =] — = = =
10:00 - 2 2 — | — 11 = =] — = - -
11:00 S | B R I [ Y . T ——
12:00 - 12 12 -] - 15§ = -] = 5 — —
13:00 2 9 15 5 — M4 5 == 1 —, =
14:00 3 7 16 13| — 12 9 1| — 8 = -
15:00 i 7 14 2 1 10 11 6| — B8 1 —
16:00 4 6 11 271 2 % 12 12| — 8 3 —
17:00 4 5 7 30| 2 8 m 17| — 8 § 13
18:00 5 3 4 27| 3.7 9 22| — 8 &5 7
19:00 2 1 1 17| 3 5 7 23 7 6 10
20:00 — — — 6| 3 3 s 2 7 6 12

TABLE 9-7 Solar heat gain factor (SHG) fu'uurilitgm, Wim2, for a latitude angle of 32 °N.

Month Jan. Feb. Mar, Apr. May Jun. Jul. Aug. Sep. Oct. Nov, Dec.
N 76 85 101 114 120 139 126 117 104 88 76 &9
NNE/NNW | 76 B85 117 252 350 385 350 249 110 88 76 &9
NE/NW 91 205 338 461 536 555 527 445 325 199 91 &9
ENE/WNW | 331 470 577 631 656 656 643 615 546 451 325 265
E/W 552 647 716 716 694 675 678 691 678 615 546 511
ESE/WSW | 722 764 748 691 628 596 612 663 716 738 710 688
SE/SW 786 782 716 3590 489 439 473 571 6B8 754 773 776
SSE/SSW 789 732 615 445 213 262 303 429 59 710 776 795
S 776 697 555 363 233 189 227 350 540 678 767 795
Horizontal 555 685 795 855 874 871 B61 836 770 672 552 498
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TABLE 9-8 Shading coefficient (SC) for glass windows without interior shading.!

Nominal Solar |Shading Coefficient, W/m*K
Type of Glass Thickness, mm | Trans. k=227 h=17.0
Clear 3 0.84 1.00 1.00
6 0.78 0.94 0.95
10 0.72 0.90 0.92
12 0.67 0.87 0.88
Heat absorbing 3 0.64 0.83 0.85
6 0.46 0.69 0.73
10 0.33 0.60 0.64
12 0.42 0.53 0.58
Regular 3 == 0.90 =l
Plate 6 — 0.83 —-
Reflective 6 = 0.20-0.40 —-
Clear 3 0.71 0.88 0.88
6 0.61 0.81 0.82
Heat abwrbing' 6 0.36 0.55 0.58
TABLE 3-10 Cooling load faciors (CLF) for glass windows without interior shading, north latitudes,
Glass Building Solar Time, h
Facing Construction| | 3 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17
L 0,17 0.14 0.11 0.09 0,08 0.33 0.24 0.48 0.56 0.61 0.71 0.76 0.80 0.82 0.82 0,75 0.75
N M 0.23 0.20 0.18 0.16 0.14 0.34 0.14 0.46 0.53 0.59 0.65 0.70 0.73 0.75 0.76 0.74 0.75
Shaded H 0.25 0,23 0.21 0.20 0.19 0,38 0.45 0.49 0.55 0.60 0.65 0.69 0.72 0.72 0.72 0,70 0.70
L 0.06 0,05 0.04 0.03 0,03 0.26 0.43 0.47 0.44 0.41 0.40 0.39 0.39 0.38 0.36 0,33 0.30
NNE M 0.09 0.08 0.07 0.06 0.06 0.24 0.38 0,42 0.39 0.37 0,37 0.36 0.36 0.36 0.34 0.33 0.30
H 0.11 0.10 0.09 0.09 0.08 0.26 0.39 0.42 0.39 0.36 0,35 0.34 0.34 0,33 0.32 0.31 0.28
L 0.04 0.04 0.03 0.02 0.02 0.23 0.41 0.51 0.51 0.45 0.39 0.36 0.33 0.31 0,28 0.26 0.23
NE M 0.07 0.06 0.06 0.05 0.04 0.21 0.36 0.44 0.45 0.40 0.36 0.33 0.31 0.30 0.28 0.26 0.24
H 0.09 0.08 0.08 0.07 0.07 0.23 0.37 .44 0.44 0.39 0.34 0.31 0.29 0.27 0.26 0.24 0,22
L 0.04 0.03 0.03 0.02 0.02 0.21 0.40 0.52 0.57 0.53 0.45 0.39 0.34 0.31 0.28 0.25 0.22
ENE M 0.07 0.06 0.05 0.05 0.04 0.20 0.35 0.45 0.49 0.47 D.41 0.36 0.33 0.30 0.28 0.26 0.23
H 0.09 0.09 0.08 0,07 0.07 0.22 0.36 0.46 0.49 0.45 0.38 0.31 0.30 0.27 0.25 0.23 0.2]
E 0.04 0.03 0.03 0.02 0.02 0.19 0.37 0.51 0.57 0.57 0.50 0.42 0.37 0.32 0.29 0.25 0.22
E M 0.07 0.06 0.06 0.05 0.05 0.18 0.33 0.44 0.50 0.51 0.46 0.39 0.35 0.31 0.29 0.26 0.23
H 0.09 0.09 0.08 0.08 0.07 0.20 0.34 0.45 0.49 0.49 0.43 0.39 0.32 0.29 .26 0.24 0.22
L 0.05 0.04 0.03 0.03 0.02 0.17 0.34 0.49 0.58 0.61 0.57 0.48 0.41 0.36 0.32 0.28 0.24
ESE M 0.08 0.07 0.06 0.05 0.05 0.16 0.31 0.43 0.51 0.54 0.51 0.44 0.39 0.35 0,32 0.29 0,26
H 0.10 0.09 0.09 0.08 0.06 0.19 0.32 0.43 0.50 0.52 0.49 0.41 0.36 0.32 0.29 0.26 0.24
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Waw

HEEZr HEer EDEr pEcr mEe

HE

L

0.05 0.04 0.04 0.03 0.03 0.13 0.28 0.43 0.55 0.62 0.63 0.57 0.48 0.42 0.37 0.33 0.28
0.09 0.08 0.07 0.06 0.05 0.14 0.26 0.38 0.48 0.54 0.56 0.51 D.45 0.40 0.36 0.33 0.29
0,11 0.10 0.10 0.09 0.08 0.17 0.28 0.40 0.49 0.53 0.53 0.48 0.41 0.36 0.33 0.30 0.27

0.07 0.05 0.04 0.04 0.03 0.06 0.15 0.29 0.43 0.55 0.63 0.64 0.60 0.25 0.45 0.40 0.35
0.11 0.09 0.08 0.07 0.06 0.08 0.16 0.26 0.38 0.58 (.55 0.57 0.54 0.48 0.43 0.39 0.35
0.2 011 011 0,10 0.09 0,12 0.19 0.29 0.40 0.49 0.54 0.55 0.5 0.44 0.39 0.35 0.31

08 0.07 0.05 0.04 0.04 0.06 0.09 0.14 0.22 (.34 0.48 0.59 0.65 0.65 0.59 0.50 0.43
12 0.11 0.09 0.08 0.07 0.08 0.11 0.14 0.21 0.3]1 0.42 0.52 0.57 0.58 0.53 0.47 0.41
13012012 0.11 0.10 0.11 0.14 0.17 0.24 0.33 0.43 0.51 0.56 0.55 0.50 0.43 0.37

0.10 0.08 0.07 0.06 0.05 0.06 0.09 0.11 0.15 0.19 0.27 0.39 0.52 0.62 0.67 0.65 0.58
0.04 0.12 0.11 0.09 0.08 0.09 0.11 0.13 0.15 0.18 0.25 0.35 0.46 0.55 0.59 0.59 0.53
0.150.14 0.13 0.12 0.11 0.12 0.14 0.16 0.18 0.21 0.27 0.37 0.46 0.53 0.57 0.55 0.49

0.120.10 0.08 0.06 0.05 0.06 0.08 0.10 0.12 0.14 0.16 0.24 0.36 0.49 0.60 0.66 0.66
40.15 0.14 0.12 0.10 0.09 0.09 0.10 0.12 0.13 0.15 0.17 0.23 0.33 0.44 0.53 0.58 0.59
0.15 0,14 0.13 0,12 0.11 0.12 0,13 0.14 0.16 0.17 0.19 0.25 0.34 0.44 0.52 0.56 0.56
0.12 0.10 0.08 0.07 0.05 0.06 0.07 0.09 0.10 0.12 0.13 0.17 0.26 0.40 0.52 0.62 0.66
0.150.13 0.12 0.10 0.09 0.09 0.10 0.11 0.12 0.13 0.14 0.17 0.24 0.35 0.46 0.54 (.58
015014 0,13 012011 0.11 0,12 0.13 0,14 0.15 0,16 0.19 0.26 0.36 0.46 0.53 0.56

{0.12 0.10 0.08 0.06 0.05 0.06 0.07 0.08 0.10 0,11 0.12 0.14 0.20 0.32 0.45 0.57 0.64

1Mummmmmmmwmmmmmmmmmwqummmm,

Fenestration

i

Solar Time, &

1

2

3 4 5 &6 7 . 8 9 10 11 12 13 14 15 16 17

FRERFEFRL LTI EER

0.08 0.07
0.03 0.03
0.03 0.02
0.03 0.02
0.03 0.02
0.03 0.03
0.03 0.03
0.04 0.03
0.04 0.04
0.05 0.04

0.06 0.06 0.07 0.73 0.66 0.65 0.73 0.80'0.86 0.89 0.89 0.86 0.82 0.75 0.78
0.02 0.02 0.03 0.64 0.77 0.62 0.42 0.37 0.37 037 0.36 0.35 0.32 0.28 0.23
0.02 0.02 0.02 056 0.76 0.74 0.58 0.37 0.29 027 0.26 0.24 0.22 0.20 0.16
0.02 0.0z 0.02 0.52 0.76 0.80 0.71 0.52 0.31 0.26 0.24 0.22 0.20 0.18 0.15
0.02 0.02 0.02 0.47 0.72 0.80 0.76 062 0.41 0.27 0.24 0.22 0.20 0.17 0.14
0.02 0.02 0.02 D.41 0.67 0.79 0.80 D.72 0.54 0.34 0.27 D.24 0.21 D.19 0.15
0.02 0.02 0.02 0.30 0.57 0.74 0.81 0.79 0.68 (.49 0.33 D28 025 0.22 0.18
0.03 0.03 0.02 0.12 0.31 0.54 0.72 0.81 0.81 0.71 0.54 0.38 032 0.27 0.22
0.03 0.03 0.03 0.09 0.16 023 0.38 058 0.75 0.8B3 0.80 0.68 0.50 0.35 0.27
0.04 0.03 0.03 0.09 0.14 0.18 0.22 027 0.43 063 (.78 0.84 0.80 0.66 046

0.05 0.05 0.04 0.04 0.03
0.05 0.05 0.04 0.04 0.03
0.05 0.05 0.04 0.04 0.03
0.05 0.05 0.04 0.03 0.03
0.05 0.04 0.04 0.03 Q.03
0.05 0.05 0.04 0.03 0.03
0.06 0.05 0.04 0.04 0.03

0.07
0.07
0.06
0.07
0.07
0.1
0.12

0.11

0.14

0.10 D.12
0.09 0.11
0.10 D.12
0.11 0.14
0.17 0,22
0.27 D.44

0.16 0.19
0.14 D.16
0.13 0.15
0.14 0.16

0.22 0.38 0.59
0.17 0.23 044
0.16 0.17 0.31
0.17 0.18 0.22

0.17 0.19 0.20 0.21 022
0.26 0.30 0.32 0.33 0.4
0.59 0.72 0.81 0.85 0.85

0.75
0.64
0.53
043
0.30
0.34
0.81

0.83
0.78
0.712
0.65
0.52
0.39
0.71

0.81
0.84
0.82
0.80
0.73
0.61
0.58

0.69
0.78
0.81
0.84
0.82
0.82
0.42
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COOLING LOAD CALCULATIONS 320

TABLE 9-44 Cooling load facior (CLF)u , foe fights. 2

Mumber of hours Fixture X* Fixture ¥*
after lights are __h-g_ﬁ_ofupmﬁnn hours of o i
tumed On 10 16 10 16
0 0.08 0.19 0.01 0.05
1 0.62 0.72 0.76 0.7%
2 0.66 0.75 0.1 0.83
3 0.69 0.77 0,84 0BT
4 0.73 0.50 0.88 0.9
5 075 0.82 0,90 091
& 0,78 0.84 0.92 0.93
7 0.80 DS 0.93 0.94
8 .82 087 0.95 0.95
g 0.84 0.E8 0.54 096
10 0.5 089 0.97 0.97
11 0.32 0.90 D.22 098
12 0.29 (i) 0.18 n.o8
13 0.26 092 D14 0.98
14 0.23 0.93 0.12 0.99
15 0.21 0.94 0.09 0,99
16 0.19 0.94 0.08 0,99
17 0.17 0.40 0.06 024
18 0.15 0.36 0.05 0.20

TABLE 915 Diversity factoe for selected applications.*
—

Diversity Factor
Application Lights | People
Peripheral aras of offices with glazing area of 20%-50% p.70-0.85 | 0.7-0.8
Core areas of offices and peripheral areas with Jess than 0.90-1.00 | D.7-0.8
20% glazing
Apartments and hotel bedrooms 0.30-0.50 | 0.406
Public rooms in hotels 0.90-1.00 | D406
Diepartment stores and supermarkets p.o0.1.00 | 0.81.0

9.9 MISCELLANEOUS HEAT GAINS L
These heat gains or heat hss:smcﬂnsidmdpannfthctmﬂmﬁngload and
include the following:

(. Supply and return duct Sysiem heat losses;

" All supply and return duct systems, if they are located outside the conditioned

space, must be well insulated to minimize this heat loss and to prevent moisture

3 Adapted from Stoecker and Jones, 1982, “Refrigeration and Air Condirioning”, 2* 4.,
MacGraw Hill Fimmx=nmvmmdumadﬁghumd Fixture ¥ = -r:nied:ufm-hmg'mgﬂzhr-}
4 Adapted from Jones, 1979 “dir Conditioning applications and Design”, Edward Amold,
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-} S COOLING LOAD CALCULATIONS
P

TABLE 8-16 Cooling load facior due 1o occupants (CLFjex , for sensible heat gain

Hours after Total hours in space
each entry into
space 2 4 & ] 10 12 14 16

D49 049 050 051 053 0355 058 06
D58 059 060 061 062 064 066 2 OT
017 066 067 067 062 070 072 OF
D13 o7 072 072 074 075 077 O
0.J0 027 076 07 077 079 080 0K
Dog8 021 079 080 080 081 08 OE
007 016 034 082 083 0B84 0B85 0§
006 014 026 084 085 086 087 08
00s 011 021 038 087 088 089 09
004 010 D18 030 089 D&Y 09 0.9
004 008 015 025 042 091 091 09
003 o607 o012 021 034 092 052 09
po3 006 011 018 028 045 053 05
002z o006 010 015 023 036 094 09
g0z o005 008 013 020 030 047 09
g0z 004 007 012 017 025 038 09
po2 o004 006 010 015 021 031 04
0.01 po3 006 009 013 013 026 0.3

BN R E D = D00 =10 LR

The recommended duct insulation thickness Aw,, for this purpose must sa
fllow; Jition:

Row = (Towp = Tacig)/47.3) = (At /i) {(9-8)

where R, is the thermal resistance of the insulation, T,.. is the average su
temperature and Ta.p is the surrounding air temperature. Thus, if the tem
differenice (T, = Tiney) and the thermal conductivity k., , of the insulating mai
given or known then the required insulation material thickness can be calculal
Eq;{g-s}.

The heat loss from the duct system Oy, , is calculated by using the following e

Qre= Un AlT . — pd,-n:J (9-9

where, U/, is the duct overall heat transfer coefficient and 4, is the duct outsid
area.
(2)  Supply duct air leakage into non-conditioned space:
1t occurs due to poor construction and workmanship of duct connection:
(3 Heat generated by fans and blowers:
Such heat gains are added to the air stream if the fan is located on the ¢
of the cooling coil.

9.10 COOLING LOAD FORM
The calculation of various components of the cooling load of a building must b
out on a room-by-room basis, as the case for heating load calculation. The coo

¥ Stoecker and Jones, 1982, “RefHperation and Air Conditioning™ 2 ed. MeGraw Hill.
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TABLE &2 lnstmlamhulgablﬂ'mmpmuhmﬁw.

Total
Total Heat | Adjusted™| Sensible| Latent
Typical Dissipation Heat Heat, Heat,
Type of Activity | Application Adult Male | Dissipationl W w
Scated at rest Theater
Matinee 111.5 94.0 64.0 30.0
Evening 111.5 100.0 70.0 30.0
Seated, very Offices, hotels,
light work apantments,
restaurants 128.5 114.0 70.0 44.0
Moderately
active office Offices, hotels,
work apartments 135.5 128.5 715 7.0
Department
store, retail
Standing, light store,
work, walking | supermarkets 157.0 143.0 71.5 71.5
Walking, seated | Drug store 157.0 143.0 71.5 71.5
Standing,
walking
slowly Bank 157.0 143.0 71.5 715
Sedentary work | Restaurant 168.5 157.0 78.5 78.5
Light bench
work Factory 238.0 214.0 78.0 136.0
Small-Parts
Moderate work | assembly 257.0 243.0 B7.0 156.0
Moderate
dancing Dance halls 257.0 243.0 B7.0 156.0
Walking at 1.5
m/s Factory 286.0 2850 | 107.0 178.0
Bowling
(participant) | Bowling alley 4285 4140 | 166.0 248.0
Heavy work Factory 428.5 414.0 166.0 248.0
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Tuble 9.3 Water Supply Fixtuse Unite and Flotse Brench Sies

Typeof Fittirg Min. Sige of

Fizture® se Supply Conitral Unies® Fizture Branch® in.
Bathroam group” Private Flushameter ] —
Bathroom group*® Private Flush tank for closet & -
Bathtub Frivate Fauset 1 iy
Bathtub General Fuucet 4 iy
Clathes washer Private Faucet | ify
Clothes washer General Fauest 4 W
Combioation fxture Private Faucet 2 W
Dishk Private Automatic 1 Wi
Drinking fountaln Offices, ete. Eaucet ¥i in. 025 W
Kitchen sink . Private Faucetl i ify
Kitchen sink Genersl Paucet 4 a
Laundry trays (1-3) Private Faucet 3 '
Lavatory ; Private Faucet 1 ¥
Lavatory ' General Faucet 2 ]
Separate shower Private Mixing valve i Yz
Service sink i General Faucet . § Ys
Shqwu' head - Private Mixing valve rl Ya
Shower head - Cenerel Mixing val%= ] "
Urinal . General Flushometer - 5 Nt
Urinal General Flush tank 3 s
Water closet Private— Flushamster & i
‘Water closet Privats Flushometes/tank 3 1
Water closet Private - Flush tank 3 ih
Water closst Geferal - Flushomieter 1] 1
Water cloget - Genfpal Flushometer/tank 5 e
Water closet General Flush tank 5 Wz

Water supply cutlets not listed above shall be computed at thelr muximum demand, but tn o case less than the
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Table 9.4 Table for Estimating Demand

[ T I p——

Supply Systems Supply Systems
Predominanily for Predominantly for
Flush Tanks Flushometers
Load. Demand, Load, Demand,
WSFu* gpm WSFU pm
6. 5 o =
10 8 10 27
15 11 15 k1]
: 20 14 X0 15
! % 17 25 | 38
it n 41
15 40 47
50 9 50 1]
&0 i3 & 55
B0 i 80 62
100 A4 100 . 68
120 49 120 T4
140 . 1 | 140 18
160 57 150 B3
180 ] 180 zf
pie 1] &5 100 i H
225 70 s 95
250 75 150 100
300 85 300 ¥ 110
400 o] 400 125
300 125 500 140
150 170 150 175
1000 210 1000 218
12540, 2d0 .- 1150 240 -
1500 <10 i Swog 20
1750 3ob 1730 300
2000 12§ 3000 125
*‘ 2500 380 2500 380
3000 435 3000 435
4, %000 525 4000 528
¢ 5000 &00 5000 &00
= H000 - &30 S000 450
-? M 11 | | il - ﬂu‘. By el TIAT 'm_'— - a0
BOOO Ti0 B0 730
] 70 B i T
AR L L) Bl L) 790
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Table 9.5 Demand at Individual Water Outlets

Type of Quilet Demand, gpm
Ocdinary lavatory faucet ' 2.0
Self-closing lavatory faueet 15
Sink faucet, Ysor ain. 4.5
Sink faucet, % in. . 6.0
Bath Faucet, Vi in. 5.0
Shower head, Yz in. - 5.0
_Laundry faucet, ' in: S50
Ballcock in water closet flush lank 3.0
l-in. flush valve (25-psi flow pressure) 35.0
l-in. Aush valve (1 5-psi low pressure) 27.0
¥.-in. flush valve (I 5-psi flow pressure) 15.0
Drinking [ountain jet 0.75
Dishwashing machine (domestic) 40
Laundry machine (8 or 16 Ib) 4.0
Aspirator (operating room or laboratory) 25
Hose bibb or sill cock (* in.) 5.0

Source. Data reproduced with permission from Na-
tional Standard Plumbing Code, published by the Na-
tional Association of Plumbing, Heating, Cooling Con-
tractors. '

Table 9.i% Esliinated Hot Water Gemand

Magimiumi
nm i . Storage Heating
uralion Capaciry, Capacity
_— Hat Water* Partion of of Peak Partion of Portion of
: ing per Person, Daiby Usa, Load, Daily Daily Use,
¥ne galiday gal hr Use, gal gk
Residences, '
I-Pl-t'ﬂfl-ﬁll.
hotels : 20-40 I 4
Office hlﬂ]ﬂiﬂp 2-3 iy 2 E r
Factory buildings 5 iy [ %y '4"'
. []
“ar 140°F. ’

*Allow additional 15 gal per dishwasher and 40 gl per domestic clothes warhes,

Source From Ramsey and 5§ .
fohn Wiley & Sons. leeper, Architectural Graphic Standards, §th ed., 1989
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rable 10.1 Approximate Discharge Rates and Valocities® in Sloping Drains Flowing Half Ful

.I.*

o o intft re 7 e At ) Y. a indft 2.7, e ntft
5 YL Slope Slope Siope

Actual [rrids pe *, 4 —_
Dizmeter of Discharge, ¥ dulry Discharge,  Velocliy, Duchare Veloeity, Discherge,  Valozdy,
Pipe, in EFm fet o fps g fos gpin fns )

e | 1,40 1.78

s | 3 134 &4 1.50

Ive i85 1.42 551 .01

1% \ 48] 150 500 212

2 151 113 143

s 10.8 14l 189 PN A2

3 X 17T.8 1.59 2% ° b1 | cHL

4 2670 138 378 193 . 755 3.86

5 183 1.58 a3 313 e 137 447

4 785 178 1L g CA5T; 21 5 04

2 170, 217 240 7 :I_‘Jﬁ 430, 8.3

10 ne, 157 43E. 3.56 &8, 304 g71. 741

k2 500. 143 . o7, 401 999, 5.47 1813 302

Table 102 Drainage Fixture Unit Values for

Various Plumbing Fixtures

Type of Fisture .
or Growp of Fistires -~ |

Dr‘nhn:l Fisture
Uniy Value, dfu

 Automatic clothes washer-

(2-n. iundplpl and trap rlqu.lnnl direct
cdnnectlon)

" Bathtub group  consisting of & witer :.'lnm, P

lavatory and bathtib or shower stalk:
Bathtub (with or withoutoverhead shower)* -

Bl:ht “

C;T:lm.ﬂnn ;ﬁ:.':emd.-my with .Eancl waste
Cdmbinatich link-ln&m with m 14w,
[rRp

I'.‘-mhlmﬁm slnk-and-tray with separate 1-

mn] u.nlt"u! mipmnf e
Dental hﬂm il
fountain .-

Dishwasher, domestlc’ .
Fhﬂ'dn-lmwllhl-h.ww i
Kitchen sink, domestle, with one .
1-4n. trap | ’

¥ieshan siak, demestic, with food wists
grinder ) :
Kitchen sink domestic, with loed waste -

- ®

. grinder nod dishwasher

1-in. trap

Eitchen li.u.'t. dnmu'ﬂu, wtlh d.ilhw:.iher:l-in
trap
_I-lvltunr with I-in, waste -

Lacadry tray (1 or 2 compertments) -
Shower stall, domestlc
Showers f;rw:p] per I:u-i
Sinks , T e
surgeon’ '
Hushiag rim (with nI-u]
service (trap standard)
service (F trap)
pot, scullery, ete
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Table 10.3 Minimum Size of Nonintegral Traps

. °.  TrapSizs,
.-nbmrtum . S

!:I}ﬂuh (with or mﬂ!uulw:rhudlhwnr) B
Bidet | oW
. Clothes washing machire standpipe W SR

Combination sink and wash (ll:.md:ry} tray 1w -
Combination sink and wash Illmdr)r}tny .

 with food waste grinder unit® 1%
Comblnation kdtchen sink, domestic,

dishwasher, and food waste grinder S ' TS
Dentdl unit or euspldor’ 7 e
Deatal lavatory A L
Drinking fountain . ' S ('
Dishwasher, commerelal - Y .
Dishwasher, dumuﬁ:{maimgpﬂmp} T 1A
Floor drain 2
ﬂodwqmptndw commercial S T [
Food waster grindér, domestic o, 1
ntdumdnk. dnmu'ﬂr.'.wllh food waste . .
grinder uni - 1L
I.'.ituhnlhk. T . N
Kitchen. sink, ﬂ.ﬂc. with d‘.hhwu‘hﬂ . ‘14
Lavatory, common i '
Llum’jfhlrhulhnp hnut:.r p.l.riww S
surgeon’ ;
Lavatory, muldplml{wh Enunul‘nor -

wash sink) A €
Laundry tray (1 w! numpl.rmu} BRI £
Shower stall or'drain . © 2

i ushing b {ﬂuih al mpplliei] ;%
Siak B rim type valve
Einktlmrlutyphdth floor outlet &l : ‘:' .

- - Fs !

Siui ze trap with P trap) R 2

Stuk.mmmdnl{pal.snd.lcq orslmﬁu

type) g
Eini: commercial {wilh food Fl.nd:r unit) &
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Table 10.5 Building Drains and Sewers®

Maxirnum Number of Fixture Units That May Be Comnected
to Any Portion of the Building Drain or the Building Sewer

Blisiises Slope per Foot : i
of Pipe, in. e 1. He in. | i :&_,En.'?."- ty in.
AP I 21 26
2 24 il
3 428 50°
4 - ) 80 <216 - 250
3 390 480 - 575
6 700 840 1000
8 . 1400 1600 1920 2300
< 10 2500 2900 . 35Q0 4200
12 ° 2900 4600 5600 © &700
15 7000 ' 8300 10,000 12,000
Table 16.7 Size and Length of Vents ,
;I.::f'_ = Diameter of Vent Reguired, o7 ‘
Soil or Fizars - 14, It 2 2 3 4 5 § i
Wesie Unity
Stack, in Conmectad - Maximum Length of Vent. ft
—1 g—— & 53 - :
2 12 30 78 200
2 20 6 50 150
1% 41 30 100 300
3 10 0 100 100 600
3 0 &0 200 500
5 . &0 . 50 & 400
L] 100 35 100 260 1000
4 200 30 o0 250 §00
4 500 10 70 180 700
5 200 35 80 350 1000
5 500 ° 30 70 300 200
5 1100 i 50 100 700
- g TR T - _—— . 2% TS50 ‘00 ~:400- 1300
& il i3 3 12% X 1100
4 560 u 100 150 1000
6 1900 20 0 00 700
s 200 50 150 500 1300
8 1400 Lo o @ 100 400 1200
e 2200 ok 30 80 asg 1100
) -.3 _S_EI}D o i5 &0 B 250 ) 700
10 1000 7% 125 1000
10 2500 50 109 500
10 3800 2 0 350
10

5400 2t &) = 2%0
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SF260 | Poly x-tra

Five Key Features

1 Guaranteed quality: 12 year product warranty,
25 year linear performance warranty *

2 Predictable output: Positive power sorting of
O +5W

3 Innavative solutions: Anti-reflecting coating for
high sunlight absorption

£} Robust design: Module certified to withstand high
snow loads, up to 5.4 kN/m? **

5 Long term responsibility: Free module recycling in
PV Cycle member countries

ferr 1oy Hamaha Sotar Product Wasranty Tor details

pase refer io Hanwha Sodar Module imssailation Gulde

« 150 2001 quality standards and 150 14001 envirenmential standands Hinwia Solar 5 a vertically integrated marufacturer of photovaltaie

+ OHSAS 18001 Bocl I R e — madules designed to meet the needs of the glnbal energy consumes

« [EC 1215 and {EC 61730 Ciass & cartifications « High reliabiiity, guararteed quslity, snd sxealient cost-eficency due
« Confarmity to CE to vertically integrated production and control of the supply chain

« Optirmization of product perfarmance and manufaciuning processes
throwgh a strofg commitment to ressanch and developrmsnt

f& Yy - " 3 « Global presence throwgholt Europe. North America, and Asla,
lrn-n.—.!.-} i B ce I‘[f_; "E;“ f-ﬁ' Tl
pe—

affering réglonal technical and sabes suppan

LQ Hanwha Solar
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SF260 | Poly x-tra

Electrical Characteristics at Standard Test Conditions (STC} MNamencatue
SFR60-36-1 Paxl
xxx represents the power class
IGTY : Bt & "
; b ¥ TR AT wriarmance at Low radiance
706 A AT A aeh A 234 The ehapge i

o e R L S !m efficlency.ab an irmadiance of 200 W/m’

: : 15E%  IROW  16I%  165% 1“‘-'5___1?-1'“_ it felatian bo 1000 W/ (bath ar 25 T
Pl W B Wi ] o, il oy SV i et achiesen-of 1300 WY 1AM 1.5 5ol 1PRCTIUNS and sesvparsiane 155 3 °C aned Al 1.5 spectrumi islessthan 5 %,
oot iy

[ESEY
Electrical Characteristics at Mormal Operating Cell Temperature (NOCT)

Wk T

B Wt s e 70T g v i HROICT

Temperature Characteristics

T58 o 158 mm
i of Cals (e n2bx iy =
‘hinctionfiou T protection class P67 with bypass-diode Il |

cble 4 e lengeh 1200 mm || gt )

@Hﬂrﬂ}h! Solar bt Ralaefim i, {1 s s e e s (23 g WIS TIPSR ki 11101
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FERG 2vank

v The round flow camsette provides a mare comfortable evironment and offers
greater sasings in energy consumption toshop, office and estaurant owners

+ 360°ak discharge envures unform airflow and temperstue disribution

v Modemstyle deco ttion pand s svailable in 3 diferent variiions pue white

[RALS0 0) ato deaning pand, pure white [RAL 5010 standad parel with

gy louvers and pure white [RALSD 10) standard panel with white louwers

Duikin intod uces firtauto clesaning cassetis to Ewopean marhet.

Hig her efbciency and comban thanks to daily suto cleaning of the flte:

Lower mantenance costs tharks 1o auta chearing funcion.

Easy clist remowd with vacuum dearer without cpening the unit.

The presence senuor [optional) adjusts the st peint with stardard 1°Cfro

o ndetwcind in the mom, it b possble 1o ad st the wt pointwith 2. 3

ardC (optional. i ako automatically directs 3k flow away from any peson

W e W W

10 aveid draught.

v The floor serser [optional) detects the merage Moor temperatume ard
ensumes even iemperatune d stributicn between ceiling and foor, Gold feet

will become histang

v Indiddua fiap contecl :one or more flaps cn beeasily dosed viathe wired remote
contmller ERC1ESA in caw you would rfurbith of reamange your interior
v Low energy conmumgption thanks 1o spedally d eveloped srmal tbe hest

exchanger, DOC fan maiora nd disin pump
v Freshair intake up to 20%
v Lowinstallation height: 214rmm for dass 20463
v Standard dran pump with 8508mm il
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ESK Koala Oil/Water Separator

Oil Storage
Volume(Gal) |
72
72
T2
72
133
133
265
269
436

2144
2144
2144

Total
251
251
251
251
298
298
588
588

1199

2131
2444
2454

w|w|w|w| ol

Outlet Pipe

r —
I
Outlet Min

7
37
37
a7

Inlet Min

Cover Depthiin)(Cover Depth{in] OD Dia{in} |[Volume(gal

90

Sump
Depth{in)
3
32
32
32
E.]
38
48
48
2]

Max. Structure
iD{in)
48
48
48
48
48
48
B0
B0
72

Flow (gpm)
24
48
a5
159
238
317
476
63
793

1744
2219
4755

31

ESK
Maodel
15
E]
L]
10
15
20
30
40
50
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KIN@IANT

INDUSTRY
CENTRIFUGAL PUMP

CMI Series

COMNSTRLACTION:

PUMP Centrifugal - Big Capacity
Purp Sody. Cast iron

Irgedller: Brass | Cast ron M
Pdechanical Seal Carbon | Cemmir / Sixnkess sinesl

EBOTOR Smghe Phase Heavy Dty Contnoooas Work

o Houming: Alsmaniam USES « Mormislos horizominl cesindugal puemps, corminucied o EM 733 sinndards, widaly used

Shat Carbon Sies { Siimiees Siest in wabst suppiles, pressurisation and fine-Sghbing wystems, siandard supply with courer-
flange

Irssuintion: Class B/ Clans F

[ ————T Minin pppication: Household waler pUMpIng, Cireuinbon and domastic DOWer Dot

Ciaxaiing: Exinral werrdiation High basilding walsT aupphing Doastening

Induslry waler supping croulasng boostering
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Fire fighing isnits with harizortal pumps Back puill-odit type, made acconding fe Fira fighiing umits st hocizontal pumps back pull-cut type, made according o
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