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Abstract

This project aims to design a mechanical systems for a sham hotel which is located in Tulkarm city,
Palestine. This building consists of nine floors with a total area of 7700 m?2. In this project, the air conditioning
system type (VRF) is used, since it is efficient,. The design of this project includes making the calculations,
material selection and determining the table of quantity for the air conditioning system, ventilation system,
water system, drainage system and the firefighting system. These services are certainly designed to verify

human comfort.
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CHAPTER ONE
INTRODUCTION




1.1 Introduction:

Throughout the ages human beings tried to improve their lives to be easier and more comfortable,
and as the Wisdom say: “The necessity is the mother of invention” the engineers always try to meet the

needs of humans to achieve the welfare of their lives.

So HVAC engineers develop the mechanical services systems and technologies to achieve the

comfort, which the humans need in the buildings.

For this reason the mechanical system will be designed and documented in this project for  Al-
Sham hotel in Tulkarm city in Palestine.

1.2 Project overview:

Since old time human was looking for comfort conditions . At this time, human has designed
mechanical systems to achieve comfort conditions that he need. and to get these conditions that make

human in comfort conditions , It should be design and control of the following :

1. To design the mechanical services for the building.
2. Design variable refrigeration flow (VRF) air conditioning system for the building.
3. Design firefighting system.

1.3 Building description:

Al-Sham hotel includes one basement, ground and eight floors for guests, the total area of the hotel
is 7700 m? and serves 120 person .



1.4 Project outline:

1. Chapter one: Introduction
This chapter include overview about the project, project objectives, building description and time
planning.
2. Chapter two: Heating Loads:
This chapter consist of the procedures for calculating the heating load.
3. Chapter three: Cooling Loads:
This chapter consist of the procedures for calculating the cooling load .
4. Chapter four: Variable Refrigerant Flow System
This chapter talks about the air conditioning system which is variable air flow (VRF).
5. Chapter five: Plumping System.
This chapter include the water distribution calculation, drainage system.
6. Chapter six: Firefighting system

This chapter contains the fire extinguishing system .

1.5 Symbols:

» HVAC: Heating Ventilation and Air Conditioning.

* VRF: Variable Refrigeration Flow.



1.6 Time table:

Table (1.1): Time estimated to work for first semester

No. of week

Task

Choosing the project

Visit the library to
collect information

Reading books

Put the title

Writing the
introduction and human
comfort

Calculate the heating
and cooling load

Writing HVAC system

Visit supervisor and
takes some notation

Plumping system
calculations

Firefighting

Writing and printing in
a scientific way




Table (1.2): Time estimated to work for second semester

No. of week

Task

Design VRV system

Ventilation system

Pumps calculations

Drawing water system

Drawing drainage
system

Drawing VRV system

Drawing firefighting
system

Bill of quantity

catalog




CHAPTER TWO
Heating and Cooling Loads




2.1 Introduction:

Heating and cooling loads are the measure of energy needed to be added or removed from a

space by the HVAC system to provide the desired level of comfort within a space.

The heating and cooling load calculation is the first step of the iterative HVAC design procedure,
a full HVAC design involves more than the just the load estimate calculation. Right-sizing the HVAC
system, selecting HVAC equipment and designing the air distribution system to meet the accurate
predicted heating and cooling loads begins with an accurate understanding of the heating and cooling

loads on a space.

2.2 Human comfort
2.2.1 Introduction of human comfort
The process of comfort heating and air conditioning is simply a transfer of energy from one

substance to another. This energy can be classified as either sensible or latent heat energy.

Sensible Heat is heat energy that, when added to or removed from a substance, results in a

measurable change in dry-bulb temperature.

Latent Heat (hidden) heat energy that is absorbed or released when the phase of a substance is

changed. For example, when water is converted to steam, or when Steam is converted to water.

In order for the body to feel comfortable, the surrounding environment must be of suitable
temperature and humidity to transfer this excess heat. If the temperature of the air surrounding the body
is too high, the body feel uncomfortably warm. The body responds by increasing the rate of
perspiration in order to increase the heat loss through evaporation of body moisture. Additionally, if the
surrounding air is too humid, the air is nearly saturated and it is more difficult to evaporate body
moisture. If the temperature of the air surrounding the body is too low, however, the body loses more
heat than it can produce. The body responds by constricting the blood vessels of the skin to reduce heat

loss.



2.2.2 Factors affecting human comfort
1. Dry Air: air that has a zero relative humidity.

2. Moist Air: air that is a mixture of dry air and any amount of water vapor generally, air with a
high relative humidity.

Humidity: is the amount of water vapor in the air.

Saturation: the state of being saturated or the action of saturating.

Dry Bulb Temperature: temperature that is usually thought of as air temperature.

o 0~ w

Wet Bulb Temperature: is the temperature a parcel of air would have if it were cooled to
saturation (100% relative humidity) by the evaporation of water into it.

7. Dew-Point Temperature: the temperature at which water vapor starts to condense out of the air
(the temperature at which air becomes completely saturated). Above this temperature the

moisture will stay in the air.

2.3 Outside and inside design conditions:

These conditions include the dry bulb temperature, relative humidity, and the average air speed.

These values were obtained from the Palestinian code and the psychometric chart.

Table 2.1: Outside and inside design conditions

Inside design condition outside design condition

Property

summer winter summer winter

Temperature (°C)

24 24 35 14
Relative humidity (%) 50 50 70 80
Wind speed (m/s) 1.4 1.4



2.4 ASHRAE Comfort Chart

ASHRAE is an abbreviation for the American Society of Heating Refrigerating and Air
conditioning Engineers. Its Standard Thermal Environmental Conditions for Human Occupancy
describes the combinations of indoor space conditions and personal factors necessary to provide
comfort in the effective way. There are no static rules that indicate the best atmospheric
condition for making all the individual comfortable because human comfort is affected by

several factors such as health, age, clothing, etc. Figure (2.1) shows ASHRAE human comfort chart .

Simplified psychrometric chart at 1 atm total pressure

a0 ' ; ! ! 0
Psychrometric chart | :
(separate wet bulb - ‘og
ternperature and : :
enthalpy lines :
25| Ry ) O a5
lzzi Urieli - March 2008 |

M
]

—
t

=
Specific humidity («) grams moisture / kilogram dry air

hurnidity ]
- 10%

4]

_ 085 . 087
0 5 10 15 2022 2527 30 35 40 45 50
Dry bulb temperature *C

a

Figure (2.1): Human comfort chart



2.5 Convection Heat Transfer Coefficient

There are two ways to transfer heat by convection:

i. Forced convection.

ii.  Free convection.

2.6 Calculations of overall heat transfer coefficient U:

The overall heat transfer coefficient is a measure of the overall ability of a series of conductive
and convective barriers to transfer heat.
To calculate the heat gain from walls, ceiling, ground and doors, one need to calculate the value of
overall heat transfer coefficient (U) for each one of them.
The value of U is depend in the kind of material that content in walls ,ceiling.... etc .
The amount of load either heating or cooling (from walls , doors... etc) is directly proportional with the
value of the U.

Uout = Overall heat transfer coefficient for the outside walls of the rooms.

Uin = Overall heat transfer coefficient for the internal walls of the rooms

Uceiling = Overall heat transfer coefficient for the ceiling of the rooms.

Usioor = Overall heat transfer coefficient for the ground of the rooms.

Udoors = Overall heat transfer coefficient for the doors of the rooms.

Ugiass = Overall heat transfer coefficient for the glass of the rooms.

1 1
U = = (2.11)
R 1,.8x Axp . '
th hi+k1 o T +1/hg

10



Where:

Ax: the thickness of the wall [m].

k : Thermal conduction of the metal

h; : Convection coefficient of inside wall, floor, or ceiling (h; = 9.37 W/mz. Co) from the Palestinian code.
h, : Convection coefficient of outside wall, floor, or roof (hy = 22.7 W /m?. C?) from the

Palestinian code.

2.6.1 The heat overall heat transfer coefficient (U):
Calculation of overall heat transfer coefficient for walls, ceiling, floor, glass and door :

1. For external wall:

Table 2.2: Construction of external walls

Materiel Ax(m) K (W/m2°C) |
5 Stone 0.07 1.7
4 concrete 0.13 1.75
3 Polyurethane 0.03 0.04
2 Cement break 0.07 0.95
1 Plaster 0.02 1.2

Figure 2.2: External wall construction
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R in and Royt for the external walls as 0.12 and 0.06(m?.°C /W), respectively from table (A-27)

Ui = 1
wall = R... +2%st. AXcon. AXpoly. Axprick  A¥plaster R
""" Kkst.  kcon.  Kpoly. Kprick Kplaster out
U= : = 0.88 (W/m2.°C
0.07 0.13 0.03 0.07  0.02 — Y .
01244444 7"°10.06

1.7 ' 1.75 ' 0.04 095 1.2

2. For Internal Wall:

Table 2.3: Construction of internal walls

Materiel Ax(m) K (W/m?.°C)
1 Plaster 0.02 1.2
2 Cement break 0.1 0.95
3 Plaster 0.02 1.2
= =
=| | =
1T S T1TE
= | =
2 = | | B
= I =
=| | | E
3 = =
= | =
==
= =
= | =
= | =
= =

Figure 2.3: internal wall construction
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1

U= , AX(cem). AXplaster  AX(cem). .
Rin + k + k + k FRout
cem. plaster cem.
1
U _—

0.02+ 0.1 +0.02
1.2 095 1.2

0.12+ +0.06

U= 3.1 (W/m2.°C)
3. For Ceiling and Roof:

Table 2.4: Construction of celling

Materiel Ax(m) . K(W/m2eC)
1 Asphalt 0.02 0.8
2 Concrete 0.05 1.75
3 Polystyrene 0.05 0.03
4 concrete 0.06 1.75
5 Brick 0.14 0.95
6 Plaster 0.02 1.2
Asphalt
Concret
Polystyrene /////////// ////// ///////////////// /////////// ////// /////////// 7
0, 0.0.0.0‘0.0‘0.0.000.0.0.0’0.0.0’0’0.0‘0.0‘0’0.0.0‘0‘0.0.0.0‘0.0.0.0.0‘0’0.0.0
R 000 0 0 0 00 00 00 S0 S0 Lo Lo Lo e e e e O O O O 0 0ottt te to te te to te Lo e e e te®
Concret detelers- e p‘o‘o.ﬁ0,,;,:,:,:,:‘:,:.:,:,0‘0‘0.0.0‘ o.o‘o.m.o\,:::::::
Brick——]
Plaster S R B Sy o 0 N e S e S T e )

Figure 2.4: Ceiling construction

Because of its construction, the ceiling is divided into two overall heat transfer coefficient one
with brick and the other without.

Rinand Rout for the ceiling are 0.1 and 0.04(W/m?2.°C), respectively from table (A-27) .

13



1

U=
R MXasph. Axconc. A*poly.  Mxconc. , MXBrick , AXPlaster
it Tk k k " kprick  k T Tout
asph. conc. poly. conc. Brick Plaster
1
— — 2
Ui = 0.02 _0.05,0.05,  0.06, 0.14 0.02 =0.491 (W/m=.°C)

0.1+ +0.04

0.8 '1.75 ' 0.03 ' ' 1.75 0.95 1.2

Similarly, U2 =0.953 (W/m?2.°C)

4. For glass From table (A-28), Ug = 3.2(W/m?. °C)for double glass aluminum frame.
5. For door From table (A-29), Uq = 3.6(W/m?.°C) for wood door type.
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2.7 Heating load calculations:

2.7.1 Overview:
Heating load is the rate at which heat energy must be supplied to a space to maintain a given

inside design condition.
The heating load of a building consists of the following components:
I.  Heat loss through all exposed walls, ceiling, floor, windows, doors, and walls between a heated
space and an unheated space (partition walls).
ii.  Heat load required to warm outside cold air infiltrated to heated space through cracks
(clearances) of windows and doors, and outside cold air infiltrated due to opening and closing of
doors.

iii. Domestic hot water load.

Miscellaneous loads such as emergency heating loads and safety factor heating load.

2.7.2 Heat loss calculations:
The main resources of heat loss come from the walls, floor, ceiling, doors, windows and also

comes from the infiltration. To calculate each one of them the following equations are to be use:

Q=AxUxAT (2.12)

Where:
Q : Is the heat transfer rate. [kW]
A: Is the area of the layer which heat flow through it. [m?]
AT: Is the difference between the inside and outside temperatures [°C]

U: Is the overall heat transfer coefficient. [W/m?.°C]
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2.7.3 Total heat load calculations
Total heat load calculations for the sample room shown in figure (2.5)

Aroom = 14 m?

Agathroon = 4 m?

=S

L
[T

=

Z (e ———

Figure 2. : Sample room

Heat loss through ceiling (Qc):

Because of its construction, the ceiling is divided into two areas which are area A; and area Az as

showing n Figure (2.4).
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The area A1 is equal to:

Ac=6*3 - (2*2) = 14 m?
A=2%Ac
5

A= g *14=11.2 m?

And the area A2 is equal to:

A=1Ac
5
A= § * 14 =2.8m?
Q c=Uc AC(Ti - To)
:(UlAl +U2A2)( Ti— Tunc)
Qc = (0.516 x11.2 + 0.953x2.8)( 24-19)

Qc = 42W

Heat loss through walls (Qw):

The heat loss from external wall is :

Quwallex= Z€ro

The heat loss from internal is :

Q wall,int (east)y = Uw Aw (Ti — Tun)
=3.1*14*5 =217 W

Q wallin2 (west)y = Uw Aw (Ti — Tun)
= 3.1%(4*3) *5 = 186 W

Q wall,in (south) = ZEro0
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Heat loss through floor (Qx):

Qf = Us As (Ti — Tun)
=1.93*14*5=135W

Heat loss through windows (Qy):
Qw=Ug Ag (Ti- To)
=(3.2) (3%3) (24-14) =300 W

Heat loss through external door (Qd):
Qi =Uqd Ad (Ti - Tun.)

= (3.6)(2.1x0.9 )(24-19) = 34 W

Heat loss through infiltration (Qinf):
Infiltration is the leakage of outside air through cracks and clearances around the windows and
doors. The amount of infiltration depends mainly on the tightness of the windows and doors on the
outside wind velocity or the pressure difference between the outside and inside of the room.

The total heat load due to infiltration is given by the equation :
Ve
Qint = 17_0 X (hout — hip) (2.13)

Where:
hin: inside enthalpy temperature (kJ/kg).

hout: outside enthalpy temperature (kJ/kg)
Vs: The volumetric flow rate of infiltrated air in (m3/h)

V,: specific volume (m/s)

Vo = 0.84 (outside the room )

hin = 48 kJ/kg

hout = 34 kJ/kg
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Vo= 1.4 (m/s) from Palestinian code
L=2W + 2H for door
La=6m
L=3W +4H for double sliding window
Lw=21m
Therefore;
Vinfd =6 * 5.4
=0.009 m%/s
Vinfw =21 %2
=0.011 m¥s

Qinf= Qinf.d + Qinfw = 150W +183.3 W
Qinf =333.3W
Heat gain due to ventilation:

The ventilation is used for maintaining a healthy indoor air by introducing a fresh air
from outside of the building. And this kind of heat gain can be calculated by using the

following equations:

Qventilation = Myentilation X (hout - hin) (2-15)
%
vO
Vi = Room volume X No. of times the air changes in the hour (2.16)

V. (14#3.52)m3 x(2)
v,  0.822(3600)

mg =0.0333 kg /s

Quentitation = 0.0333 x 1000 x (48 — 35)
Qventilation = 0.433kW

Q tot = Q c +Qw,in + Qw,ex +Qf + Q g +Qd + Q inf + Q vent

= 42 +403+ 0+ 135 + 300 + 34+ 333.3 + 433 = 1680W
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Qtotch+QW,in+ Qw,ex+Qf+Qg+Qd+Qinf+Qvent
= 42+ 403+ 0+ 135 + 300 + 34+ 99.07 + 433 = 1446W

Take a safety factor of 10 % for each space of the residence to cover the miscellaneous and
emergency heating loads then :

Q ot = 1446x 1.10 = 1590 W.

= 1.59kW
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2) Total heating load calculations for the sample room by Rivit software:

Space Summary - 203 bedroom

Input Data

Area (m?) 15.29
Volume (m3) 41.32
Wall Area (m?) 11.09
Roof Area (m?) 16.33
Door Area (m?) 3.45
Partition Area (m?) 0.00
Window Area (m?) 7.72
Skylight Area (m?) 0.00
Lighting Load (W) 150
Power Load (W) 550
Number of People 1
Sensible Heat Gain / Person (W) 85.0
Latent Heat Gain / Person (W) 30.0
Infiltration Airflow (m3/s) 0

Space Type

Living Quarters - Hotel

Calculated Results

Psychrometric Message

The zone this space belongs to had a psychrometric error

Peak Cooling Total Load (W) 2,069.7

Peak Cooling Sensible Load (W) 1,964.8

Peak Cooling Latent Load (W) 104.9

Peak Cooling Airflow -

Peak Heating Load (W) 613.4

Peak Heating Airflow (m3/s) 0

Heating Total Percentage North South East West | Northeast| Southeast| Northwest| Southwest
Components (W) (W) (W) (W) (W) (W) (W) (W) (W)
Wall 44.2 3.11% 6.4 37.8 0.0 0.0 0.0 0.0 0.0 0.0

Window 348.0 24.45% 348.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Door 82.3 5.78% 0.0 82.3 0.0 0.0 0.0 0.0 0.0 0.0

Roof 470.0 33.02% - - - - - - -

Partition 0.0 0.00% - - - - - - - -

Skylight 0.0 0.00% - - - - - - -

Infiltration 73.7 5.18% - - - - - - -

Lighting -74.5 -5.23% - - - - - - - -

Power -273.1 -19.19% - - - - - - - -

People -57.3 -4.02% - - - - - - -

Total 613.4 100% 354.4 120.1 0.0 0.0 0.0 0.0 0.0 0.0
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Table 2.5: The Heating load for each room building:

Room1 0.8 15 room11 2.1 22
Room?2 0.7 15 Room12 2 26
Room3 0.7 16 Room13 2 23
Room4 0.7 15 Room14 2 25
Room5 0.7 15 Room15 2.3 31
Room6 15 16 Room16 2.3 33
Room7 1.7 16 Room17 1.3 18
Room8 1 15 Room18 15 16
Room9 0.9 15 Room19 1.7 16
Room10 14 16 Room20 2.5 17

Table 2.6: The Heating load for each Level building:

Ground 45 1003
Level 1 30 375
Level 2 30 375
Level 3 20 262
Level 4 10 305
Level 5 18 193
Level 6 18 193
Level 7 5 72

Level 8 5 75
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2.8 Cooling load:

The cooling load is defined as the rate at which heat energy must be removed from a

Space in order to maintain a given inside design condition.

To achieve the human comfort conditions it is needed to do some calculation to select the
proper equipment to have the conditions that it is needed and the cooling load is the most important

load that can helps in selecting the equipment’s that needed correctly.

The total cooling load of a structure involves:

1. Sensible heat gain through walls, floors and roof.
2. Sensible heat gain through windows.

3. Sensible heat and latent heat gain from ventilation.
4. Sensible and latent heat due occupancy.

5. Sensible heat gain from the equipment.

2.8.1 Cooling load calculations:

Total cooling load calculations for the sample room shown in figure (2.6).
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Figure 2.6: Sample room

Direct and diffused solar radiation that absorbed by walls and roofs result in raising the
temperature of these surfaces. Amount of radiation absorbed by walls and roofs depends upon time of

the day, building orientation, types of wall construction and presence of shading.
The heat transfer rate through sunlit walls or sunlit roofs is will be calculate from the following

equation:
Q: UA (CLTD) corr. (217)
Where:

(CLTD) corr.: corrected cooling load temperature difference, °C

(CLTD) cor. = (CLTD + LM) K + (25.5 - Tin) + (Tom- 29.4) f (2.18)
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Where:

CLTD: cooling load temperature difference, °C , from Table (A-3) and from Table (A-2)
LM: latitude correction factor, from Table (A-25)

k: color adjustment factor .
Tin: inside comfort design temperature, °C

f: attic or roof fan factor.

Tom: outdoor mean temperature, “C

Tom= (Tmax + Tmin) /2 (2.19)
Where:
Tmax: maximum average daily temperature, °C

Tmin: minimum average daily temperature, "C

Tmax =35 °C and Tmin =20 °C are obtained from Palestinian code.

Applying these values in equation (2.19) to obtain the outdoor mean temperature

To,m: 275 o(j .

2.8.2 Sample Calculation:

1) Calculation the heat gain from the Guest room in the last floor as a sample :

Heat gain through sunlit roof (Q Rroof):

CLTD=11"°C
LM=5
k = 0.83 for permanently light colored roofs.

f =1 there is no attic or roof fan.
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(CLTD) cor. = (11 + 5) 0.83 + (25.5 - 24) + (27.5 - 29.4) 1
=12.88°C

QRroof = (Ul AL+ U; AZ) (CLTD) corr. (2.20)
Qroof = (0.516 x11.2 + 0.953 x2.8) (12.88)

=108.8 W

Heat gain through sunlit walls (Qwar):

Q.ex,WaII = Q'N = Z€ero

Heat gain through unconditioned walls (Q un.):

From East wall

Quns=UAAT
=31x18x6
=3348W
From west wall
Que=UAAT
=31x12x6
=2232W
Qun = 334.8 +223.2
=558 W

Heat gain due to glass (Q Glass):
The amount of solar radiation depends upon the following factors:

i.  Type of glass (single, double or insulation glass) and availability of inside shading.
ii.  Hour of the day, day of the month, and month of the year.
iii.  Orientation of glass area. (North, northeast, east orientation, etc).
iv.  Solar radiation intensity and solar incident angle.

v.  Latitude angle of the location.
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The maximum cooling load due to the glass window Q giass, consists of transmitted (Qv. and

convicted (Q conv.) cooling loads as follows:

Q Glass = Q tr. + Q conv. (2.21)

Where:
Qv.: transmission heat gain, W

Qconv.: CONvection heat gain, W

The transmitted cooling load is calculated as follows:
Q.= A (SHG) (SC) (CLF) (2.22)

Where:

SHG: Solar heat gain factor: this factor represents the amount of solar energy that would be
received by floor, furniture and the inside walls of the room and can be extracted , from Table (A-12) .
SC: Shading coefficient: this factor accounts for different shading effects of the glass wall or
window and can be extracted from Table (A-10) for single and double glass without interior
shading or from Table (A-11)for single and double glass as well as for insulating glass with
internal shading .

CLF: Cooling load factor: which Represent the effect of the internal walls, floor, and furniture on
the instantaneous cooling load, and extracted from Table (A-8), and (A-9) for glass, and from

Table (A-5) and (A-6), for lights and occupants respectively.

SHG in W/m? ...

A=9m?

SHG = 126 W/m?
SC =0.57... reflective double from
CLF =0.84 at 14:00 o'clock ...

Qu.n=9x 126 x 0.57 x 0.86

= 556W
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Q conv. = UA (CLTD) corr. (223)

Where:

U: Over all heat transfer coefficient of glass (W/m2.K).
A: Out windows Area of heat conduction. (m2).

(CLTD) cor.: is calculated as the same of walls and roofs and the CLTD value for glass is obtained
from Table (A-7)

CLTD =7 °C at 14:00 o'clock
k = 1 for glass
f =1 for glass

(CLTD) cor. = (7 +5) 1 + (25.5 - 24) + (27.5-29.4) 1
=11.6°C
Q conv. = Ux AX( CLTD)corr.
= 3.2x9x11.6
=334 W
Q class = Q tr. + Q conv.
=556+334

=890 W
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Heat gain due to lights (Q Lt):

Heat gains due to lights are sensible loads and are calculated by the following equation:

Qv = light intensity x A x ( CLF) ..

Where:
light intensity = 10-30 W/ m2 for apartment, so we will take 30W/ m?
A: floor area = 14 m?

(CLF)wt: cooling load factor for lights.
(CLF)t. =0.82 ... from Table (A-5)
QL. =30x14x0.82

=344.4 W

Heat gain due to infiltration (Q f):

As the same way in heating load

Vf.
Qinf = V_o X (hout - hin) (2-25)

Where:
hin: inside enthalpy temperature (kJ/kg).

hout: outside enthalpy temperature (kJ/kg)
V¢: The volumetric flow rate of infiltrated air in (m3/h)

V,: specific volume (m/s)
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Vo = 0.87 (outside the room )

hin = 48 k\]/kg

hout =100 k\]/kg

Vo= 1.4 (m/s) from Palestinian code
L=2W + 2H for door

Lg=6m

L=3W +4H for double sliding window

Lw=21m
Therefore;
Vinfd =6 * 5.4
=0.009 m%/s
Vinfw =21 %2
=0.011 m¥s

Qinf= Qinfd + Qinfw = 538W + 622 W
Qinf = 1160 W
Heat gain due to occupants (Qoc.):

Sensible and latent heat gains from occupants must be removed from the conditioned space. The

heat gain due to occupants is the following:

Q oc. = Q sensible Q latent (2.27)

Q sensible = heat gain sensible x No. of people x (CLF) oc. (2.28)
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Where:
(CLF) oc.: cooling load factor due to occupants.
heat gain sensible = 70W very light work ... from Table A(2.18)

No. of people =2

(CLF) oc. = 0.84 at 9 hours after each entry into space is obtained from Table (A-21)

Q sensible = 70 x 2% 0.84
=117.6 W

latent = heat gain latent x No. of people (2.29)
Heat gain latent = 44W... very light work from Table (A-21)

Q fatent = 44 x 2
= 88W
Qo =117.6 + 88
=205.6 W

Heat gain due to ventilation (Qvent):

Mechanical ventilation is required for places in which the inside air is polluted due to activities
that place in these spaces as factories, restaurants, closed parking areas, etc. The amount of outside fresh
air recommended for mechanical ventilation for different applications. The sensible and total cooling
loads required to cool the ventilated air to the inside room temperature is calculating by the following

equation:

Quentilation = Myentilation X (hout - hin) (2'30)

v
my = v—f (3.15)

[o]

Vs = Room volume x No. of times the air changes in the hour (2.31)
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Vi _ (14*3.52)m>x(2)

Vo 0.91(3600) =0.030kg/s

mf=

Qventilation = 0-030 X 1000 X (100 - 4‘8)
Qventilation = 1.56 kW

The total cooling loss from Sample Room is:

QTot = Q Roof + Qwall + Q Glass t Q Lt + Qinf + Q oc. T Q vent
=108.8 W+ 558 W+ 890W+ 344.4\W+44.45W +205.6 W +1564W

= 3715W

= 3.715kW

Take a safety factor of 10 % for each space of the residence to cover the miscellaneous and emergency

cooling loads then:

Qtot = 3715W *1.10

= 4086 W
= 4.086 kW
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2) Total cooling load calculations for the sample room by Revit software:

Space Summary - 203 bedrooms

Input Data

Area (m?) 15.29
Volume (m?3) 41.32
Wall Area (m?) 11.09
Roof Area (m?) 16.33
Door Area (m?) 3.45
Partition Area (m?) 0.00
Window Area (m?2) 7.72
Skylight Area (m?) 0.00
Lighting Load (W) 150
Power Load (W) 550
Number of People 1
Sensible Heat Gain / Person (W) 85.0
Latent Heat Gain / Person (W) 30.0
Infiltration Airflow (m3/s) 0

Space Type

Living Quarters - Hotel

Calculated Results

Psychrometric Message

The zone this space belongs to had a psychrometric error

Peak Cooling Total Load (W) 2,069.7

Peak Cooling Sensible Load (W) 1,964.8

Peak Cooling Latent Load (W) 104.9

Peak Cooling Airflow -

Peak Heating Load (W) 613.4

Peak Heating Airflow (m3/s) 0

Cooling Total Percentage North South East West | Northeast| Southeast| Northwest| Southwest
Components (W) (W) (W) (W) (W) (W) (W) (W) (W)
Wall 40.9 1.98% 4.2 36.8 0.0 0.0 0.0 0.0 0.0 0.0

Window 659.7 31.87% 659.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Door 80.0 3.87% 0.0 80.0 0.0 0.0 0.0 0.0 0.0 0.0

Roof 780.7 37.72% - - - - - - -

Skylight 0.0 0.00% - - - - - - -

Partition 0.0 0.00% - - - - - - - -

Infiltration 103.6 5.00% - - - - - - -

Lighting 74.5 3.60% - - - - - - -

Power 273.1 13.20% - - - - - - - -

People 57.3 2.77% - - - - - - -

Plenum 0.0 0.00% - - - - - - -

Total 2,069.7 |100% 663.9 116.8 0.0 0.0 0.0 0.0 0.0 0.0
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Table 2.7: The Cooling load for each room building:

Room1 2.3 15 room11 9.6 22
Room?2 2 15 Room12 3.4 26
Room3 2.2 16 Room13 3.9 23
Room4 2.3 15 Room14 4.1 25
Room5 2.2 15 Room15 4.4 31
Roomé6 9 16 Room16 5 33
Room?7 9 16 Room17 3.7 18
Room8 3.6 15 Room18 3.6 16
Room9 3.6 15 Room19 3.6 16
Room10 4 16 Room20 7.1 17

Table 2.8: The Cooling load for each Level building:

Ground 196 1003
Levell 74 375
Level2 74 375
Level3 45 262
Leveld 40 305
Level5 35 193
Level6 35 193
Level7 13 72
Level8 10 75
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Chapter Three

Variable Refrigerant Flow System
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3.1 Variable Refrigerant Flow System

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

Currently widely applied in large buildings especially in Japan and Europe, these systems are
just starting to be introduced in the U.S. The VRF technology/system was developed and designed by
Daikin Industries, Japan who named and protected the term variable refrigerant volume (VRV) system
so other manufacturers use the term VRF "variable refrigerant flow". In essence both are same.

With a higher efficiency and increased controllability, the VRF system can help achieve a
sustainable design. Unfortunately, the design of VRF systems is more complicated and requires
additional work compared to designing a conventional direct expansion (DX) system.

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

occupants. There are a wide range of air conditioning systems available, starting from the basic window-
fitted units to the small split systems, to the medium scale package units, to the large chilled water
systems, and currently to the variable refrigerant flow (VRF) systems.

The term VRF refers to the ability of the system to control the amount of refrigerant flowing to
each of the evaporators, enabling the use of many evaporators of differing capacities and configurations,
individualized comfort control, simultaneous heating and cooling in different zones, and heat recovery
from one zone to another. VRF systems operate on the direct expansion (DX) principle meaning that
heat is transferred to or from the space directly by circulating refrigerant to evaporators located near or
within the conditioned space. Refrigerant flow control is the key to many advantages as well as the
major technical challenge of VRF systems.

Note the term VRF systems should not be confused with the centralized VAV (variable air
volume) systems, which work by varying the air flow to the conditioned space based on variation in

room loads
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3.1.2 Split Air-conditioning Systems
Split type air conditioning systems are one-to- one systems consisting of one evaporator (fan

coil) unit connected to an external condensing unit. Both the indoor and outdoor units are connected
through copper tubing and electrical cabling.
The indoor part (evaporator) pulls heat out from the surrounding air while the outdoor

condensing unit transfers the heat into the environment.

Indoor Unit / Evaporator

Conduit for
Refrigerant Lines
& Wiring

Outdoor Unit
/ Condenser

]

Figure (3.1): Split Air-conditioning System

Advantages of using Split Air-conditioners

» Low initial cost, less noise and ease of installation;

* Good alternative to ducted systems;

* Each system is totally independent and has its own control.

Disadvantages

* There is limitation on the distance between the indoor and outdoor unit i.e. refrigerant piping can’t
exceed the limits stipulated by the manufacturer (usually 100 to 150 ft) otherwise the performance will
suffer;

» Maintenance (cleaning/change of filters) is within the occupied space;

« Limited air throw which can lead to possible hot/cold spots;

* Impact on building aesthetics of large building because too many outdoor units will spoil the

appearance of the building
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3.1.3 Multi-Split Systems
A multi-type air conditioning system operates on the same principles as a split type air-

conditioning system however in this case there are ‘multiple’ evaporator units connected to one external
condensing unit. These simple systems were designed mainly for small to medium commercial
applications where the installation of ductwork was either too expensive, or aesthetically unacceptable.

The small-bore refrigerant piping, which connects the indoor and outdoor units requires much
lower space and is easier to install than the metal ducting. Each indoor unit has its own set of refrigerant
pipe work connecting it to the outdoor unit.

Figure (3.2): Multi-Split Systems

Advantages of Multi-splits

* The fact that one large condenser can be connected to multiple evaporators within the building reduces
and/or eliminates the need for ductwork installation completely.

 Multi-splits are suitable for single thermal zone (defined below) applications with very similar heat
gains/losses.

Drawbacks

* Inability to provide individual control;

* Multi-split systems turn OFF or ON completely in response to a single thermostat/control station
which operates the whole system. These systems are therefore not suitable for areas/rooms with variable

heat gain/loss characteristics .
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3.1.4 Variable refrigerant flow description
VREF systems are similar to the multi-split systems which connect one outdoor section to several

evaporators. VRF systems continually adjust the flow of refrigerant to each indoor evaporator. The
control is achieved by continually varying the flow of refrigerant through a pulse modulating valve
(PMV) whose opening is determined by the microprocessor receiving information from the thermistor
sensors in each indoor unit. The indoor units are linked by a control wire to the outdoor unit which
responds to the demand from the indoor units by varying its compressor speed to match the total cooling
and/or heating requirements.

VRF systems promise a more energy-efficient strategy (estimates range from 11% to 17% less

energy compared to conventional units) at a somewhat higher cost.

Electronic expansion valve
/S or
s L Pulse modulating valve

\

\ ~ i //‘ o
\\\\\\\\\\\ ////// \\\\Chﬁdoorakcoobd

condenser

Figure (3.3): VRF System indoor evaporative units

The modern VRF technology uses an inverter-driven scroll compressor and permits as many as
48 or more indoor units to operate from one outdoor unit (varies from manufacturer to manufacturer).
The inverter scroll compressors are capable of changing the speed to follow the variations in the total
cooling/heating load as determined by the suction gas pressure measured on the condensing unit. The
capacity control range can be as low as 6% to 100%.
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A schematic VRF arrangement is indicated below:

—— Separation tube Ilcander\

\
Refrigerant
branch unit
ez
Outdoor unit
Transmission
;ldnplnl'
Indoor unit
" i
= = —
(" controller .|
PC controller ] "-3
|- I L
Central remote ‘:"“r:.l)":‘
controller controller  Wired remote Wired remote  Wired remote

controller controller controller

Figure (3.4): A schematic VRF arrangement
VRF systems are engineered systems and use complex refrigerant and oil control circuitry. The
refrigerant pipe-work uses a number of separation tubes and/or headers (refer schematic figure above).
A separation tube has 2 branches whereas a header has more than 2 branches. Either of the

separation tube or header, or both, can be used for branches. However, the separation tube is never
provided after the header because of balancing issues.

Seperation Tube

=1 \ s
/{ | [\\,3 \k}} /'Z‘/\/‘:%\Frv ~D
\ N2 ) -~ [ N ’
X N ) ) Q
Header Liquid Pipe Header Gas Pipe

Pl Figure (3.5): Separation and header tubes
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Compared to multi-split systems, VRF systems minimize the refrigerant path and use less copper

tubing. Minimizing the refrigerant path allows for maximizing the efficiency of refrigerant work

Cutdoor Linit

Indoor |
it Separation Tube

Incloor
| l= unit
Indoor
= LIt
Outdaar Unit Refrigerant
Line

Indoor| (Indoor| | Indoor| | Indoor

uinit Uit unit unit
Refrigerant Piping in Refrigerant Piping in
Multl-Split System VRF System

Figure (3.6): Difference VRF System with multiple indoor evaporative units

3.1.5 Types of VRF
VRV/VREF systems can be used for cooling only, heat pumping or heat recovery. On heat pump

models there are two basic types of VRF system: heat pump systems and energy recovery.

VRF heat pump systems

VRF heat pump systems permit heating or cooling in all of the indoor units but not operate
simultaneous heating and cooling. When the indoor units are in the cooling mode they act as
evaporators, when they are in the heating mode they act as condensers. These are also known as two-
pipe systems.

VRF heat pump systems are effectively applied in open plan areas, retail stores, cellular offices

and any other areas that require cooling or heating during the same operational periods.
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Heat Recovery VRF system (VRF-HR)
Variable refrigerant flow systems with heat recovery (VRF-HR) capability can operate

simultaneously in heating and/or cooling mode, enabling heat to be used rather than rejected as it would
be in traditional heat pump systems. VRF-HR systems are equipped with enhanced features like inverter
drives, pulse modulating electronic expansion valves and distributed controls that allow system to
operate in net heating or net cooling mode, as demanded by the space.

Each manufacturer has its own proprietary design (2-pipe or 3-pipe system), but most uses a
three-pipe system (liquid line, a hot gas line and a suction line) and special valving arrangements. Each
indoor unit is branched off from the 3 pipes using solenoid valves. An indoor unit requiring cooling will
open its liquid line and suction line valves and act as an evaporator. An indoor unit requiring heating
will open its hot gas and liquid line valves and will act as a condenser.

Typically, extra heat exchangers in distribution boxes are used to transfer some reject heat from

the superheated refrigerant exiting the zone being cooled to the refrigerant that is going to the zone to be

heated. This balancing act has the potential to produce significant energy savings.
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I Figure (3.7): Heat recovery type VRF system

VRF-HR mixed mode operation leads to energy savings as both ends of the thermodynamic
cycle are delivering useful heat exchange. If a system has a cooling COP (Coefficient of Performance)
of 3, and a heating COP of 4, then heat recovery operation could yield a COP as high as 7.



VRF-HR systems work best when there is a need for some of the spaces to be cooled and some
of them to be heated during the same period. This often occurs in the winter in medium-sized to large
sized buildings with a substantial core or in the areas on the north and south sides of a building. This
project deals with VRF heat pump systems.

Refrigerant modulation in a VRF system63.1.
VRV/VRF technology is based on the simple vapor compression cycle (same as conventional

split air conditioning systems) but gives you the ability to continuously control and adjust the flow of
refrigerant to different internal units, depending on the heating and cooling needs of each area of the
building. The refrigerant flow to each evaporator is adjusted precisely through a pulse wave electronic
expansion valve in conjunction with an inverter and multiple compressors of varying capacity, in
response to changes in the cooling or heating requirement within the air conditioned space. [9]

Gas
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Gas Compressar
Low Temp

Low Pressure
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Figure (3.8): Basic refrigeration cycle

The fundamental of an air conditioning system is the use of a refrigerant to absorb heat from the
indoor environment and transfer it to the external environment. In the cooling mode, indoor units are
supplied with liquid refrigerant. The amount of refrigerant flowing through the unit is controlled via an
expansion valve located inside the unit. When the refrigerant enters the coil, it undergoes a phase change
(evaporation) that extracts heat from the space, thereby cooling the room. The heat extracted from the

space is exhausted to the ambient air.
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Refrigeration systems can operate on reverse cycle mode with an inclusion of special 4-way
reversing valve, enabling the absorption of heat from the external environment and using this heat to
raise the internal temperature. When in the heating mode, indoor units are supplied with a hot gas
refrigerant. Again, the amount of hot gas flowing through the unit is controlled via the same electronic
expansion valve. As with the liquid refrigerant, the hot gas undergoes a phase change (condensation),
which releases heat energy into the space. These are called heat pump systems. Heat pumps provide both
heating and cooling from the same unit and due to added heat of compression, the efficiency of a heat
pump in the heating mode is higher compared to the cooling cycle.

Expansion valve is the component that controls the rate at which liquid refrigerant can flow into
an evaporator coil.

As the evaporator load increases, available refrigerant will boil off more rapidly. If it is
completely evaporated prior to exiting the evaporator, the vapor will continue to absorb heat (superheat).
Although superheating ensures total evaporation of the liquid refrigerant before it goes into the
compressor, the density of vapor which quits the evaporator and enters the compressor is reduced
leading to reduced refrigeration capacity.

The inadequate or high super heat in a system is a concern.

e Too little: liquid refrigerant entering a compressor washes out the oil causing premature failure.

e Too much: valuable evaporator space is wasted and possibly causing compressor overheating
problems.

The shortcomings of thermostatic expansion valve (TXV) are offset by the modern electronic
expansion valve. With an electronic expansion valve (EEV), you can tell the system what superheat you
want and it will set it up.

EEV in a VRF system functions to maintain the pressure differential and also distribute the precise
amount of refrigerant to each indoor unit. It allows for the fine control of the refrigerant to the
evaporators and can reduce or stop the flow of refrigerant to the individual evaporator unit while

meeting the targeted superheat.
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Design considerations for VRF system73.1.
Deciding what HVAC system best suits your application will depend on several variables such as

building characteristics, cooling and heating load requirements, peak occurrence, simultaneous heating
and cooling requirements, fresh air needs, accessibility requirements, minimum and maximum outdoor

temperatures, sustainability, and acoustic characteristics. [9]

Building Characteristics

VREF systems are typically distributed systems — the outdoor unit is kept at a far off location like the
top of the building or remotely at grade level and all the evaporator units are installed at various
locations inside the building. Typically the refrigerant pipe-work (liquid and suction lines) is very long,
running in several hundreds of feet in length for large multi-story buildings. Obviously, the long pipe
lengths will introduce pressure losses in the suction line and, unless the correct diameter of pipe is
selected, the indoor units will be starved of refrigerant resulting in insufficient cooling to the end user.
So it is very important to make sure that the pipe sizing is done properly, both for the main header pipe
as well as the feeder pipes that feed each indoor unit. The maximum allowable length varies among
different manufacturers; however the general guidelines are as follows:

e The maximum allowable vertical distance between an outdoor unit and its farthest indoor unit is

164 ft

e The maximum permissible vertical distance between two individual indoor units is 49 ft

e The maximum overall refrigerant piping lengths between outdoor and the farthest indoor unit is

up to 541 ft

Note: The longer the lengths of refrigerant pipes, the more expensive the initial and operating costs.
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Figure (3.9): Design limits in VRF system

As stated, the refrigerant piping criteria varies from manufacturer to manufacture, for example

for one of the Japanese manufacturer (Samsung), the system design limits are: [10]
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1 Figure (3.10): Design limits in (Samsung) VRF system

e L1: Maximum height difference between outdoor unit and indoor unit = 50m
e L2: Maximum height difference between indoor unit and indoor unit = 15m

e L3: Maximum piping length from outdoor unit to first separation tube = 70m
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e [L3+L4+L5+L6]: Maximum piping length from outdoor unit to last indoor unit = 100m
e L6 & L7: Maximum piping length from header to indoor unit = 40m
e Total piping length = 200m (Liquid pipe length)
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Bl Figure (3.11): Pipe sizing for VRF system

e Size of P1: Depends on the total capacity of (Q1+Q2+Q3)
e Size of P2: Depends on the total capacity of (Q4+Q5+Q6)
e Size of P3: Depends on the total capacity of (Q4)

Building Load Profile

When selecting a VRF system for a new or retrofit application, the following assessment tasks

should be carried out:

e Determine the functional and operational requirements by assessing the cooling load and load

profiles including location, hours of operation, number/type of occupants, equipment being used,

etc.

e Determine the required system configuration in terms of the number of indoor units and the

outdoor condensing unit capacity by taking into account the total capacity and operational

requirements, reliability and maintenance considerations
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Building a load profile helps determine the outdoor condensing unit compressor capacity. For
instance, if there are many hours at low load, it is advantageous to install multiple compressors with at

least one with inverter (speed adjustment) feature.

B0 4

700 4 —

i
a8

Percent Load

M,

I % % B0% 9% 100%

Hours per year
gu.

% 5%

Typical Load Protile of an Office Building
Figure (3.12): Work compressor hours per year

The combined cooling capacity of the indoor sections can match, exceed, or be lower than the
capacity of the outdoor section connected to them. But as a normal practice:

e The indoor units are typically sized and selected based on the greater of the heating or cooling
loads in the zone it serves, i.e. maximum peak load expected in any time of the year.

e The outdoor condensing unit is selected based on the load profile of the facility which is the peak
load of all the zones combined at any one given time. The important thing here is that it is
unlikely that all zones will peak at a given time so an element of diversity is considered for
economic sizing. Adding up the peak load for each indoor unit and using that total number to
size the outdoor unit will result in an unnecessarily oversized condensing unit. Although an
oversized condensing unit with multiple compressors is capable of operating at lower capacity,
too much over sizing sometimes reduces or ceases the modulation function of the expansion
valve. As a rule of thumb, an engineer can specify an outdoor unit with a capacity anywhere
between 70% and 130% of the combined capacities of the indoor units.
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Sustainability
One attractive feature of the VRF system is its higher efficiency compared to conventional units.

Cooling power in a VRF system is regulated by means of adjusting the rotation speed of the compressor

which can generate an energy saving around 30%.
A VRF system permits easy future expansion when the conditions demand. Oversizing however,

should be avoided unless a future expansion is planned.
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Figure (3.13): Pipe work schematic

Other sustainability factors include:
e Use of non-ozone depleting environment-friendly refrigerants such as R 410a

e Opting for heat pump instead of electrical resistance heating in areas demanding both cooling

and heating.

Heat pumps offer higher energy efficiency.
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Simultaneous Heating and Cooling

Some manufacturers offer a VRF system with heat recovery feature which is capable of
providing simultaneous heating and cooling. The cost of a VRF-HR is higher than that of a normal VRF
heat pump unit and therefore its application should be carefully evaluated.

More economical design can sometimes be achieved by combining zones with similar heating or
cooling requirements together. For example, the areas that may require simultaneous heating and
cooling are the parametric and interior zones. Parametric areas with lot of glazing and exposure
especially towards west and south will have high load variations. A VRF heat pump type system is
capable of providing simultaneous heating and cooling exceeding 6 tons cooling requirement.

Using VRF heat pump units for heating and cooling can increase building energy efficiency.
The designer must evaluate the heat output for the units at the outdoor design temperature. Supplemental
heating with electric resistors shall be considered only when the heating capacity of the VRF units is
below the heating capacity required by the application. Even though supplemental heating is considered,
the sequence of operation and commissioning must specify and prevent premature activation of

supplemental heating.

First Costs

The installed cost of a VRF system is highly variable, project dependent, and difficult to pin
down. Studies indicate that the total installed cost of a VRF system is estimated to be 5% to 20% higher
than air or water cooled chilled water system, water source heat pump, or rooftop DX system providing
equivalent capacity. This is mainly due to long refrigerant piping and multiple indoor evaporator
exchanges with associated controls. Building owners often have no incentive to accept higher first costs,
even if the claimed payback period is short, as the energy savings claims are highly unpredictable.
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3.1.8 Advantages of VRF system
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Figure (3.14): VRV provides a total solution for integrated climate control

VREF systems have several key benefits, including:
1. Installation Advantages:
VRF systems are lightweight and modular. Each module can be transported easily and
fits into a standard elevator.
2. Design Flexibility:
A single condensing unit can be connected to many indoor units of varying capacity (e.g.,
0.5 to 4 tons [1.75 to 14 kW]) and configurations (e.g., ceiling recessed, wall mounted, floor
console). Current products enable up to 20 indoor units to be supplied by a single condensing
unit. Modularity also makes it easy to adapt the HVAC system to expansion or reconfiguration of
the space, which may require additional capacity or different terminal units.
3. Maintenance and Commissioning:
VREF systems with their standardized configurations and sophisticated electronic controls

are aiming toward near plug-and-play commissioning.
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4. Comfort:

VRF systems enable wide capacity modulation and bring rooms to the desired
temperature extremely quickly and keep temperature fluctuations to minimum. The technology
offers excellent dehumidification performance for optimal room humidity regardless of outside
conditions. Any area in the building will always be exactly at the right temperature and humidity,

ensuring total comfort for their occupants.

* VRF systems are capable of simultaneous cooling and heating. Each individual indoor unit can
be controlled by a programmable thermostat. Most VRF manufacturers offer a centralized
control option, which enables the user to monitor and control the entire system from a single
location or via the internet.

» VRF systems can generate separate billing that makes individualized billing easier.

5. Reduced Noise Levels :

Indoor and outdoor units are so quiet that they can be placed just about anywhere,
providing more flexibility on how to use indoor and outdoor space.

Outdoor units can even be placed directly under a window and quiet indoor units are
perfect in environments that require minimal disruption like schools, places of worship, libraries
and more. When compared to the single split system, a VRF system reduces outside noise levels
by almost 5 dB@1m.

6. Flexible Installation:
* VRF systems are lightweight; require less outdoor plant space and offer spacesaving features.
* Because ductwork is required only for the ventilation system, it can be smaller than the ducting
in standard ducted systems; thereby, reducing building height and costs;
* When compared to the single split system, a VRF system reduces installation cost by about

30%. A VRF system provides reduction in copper tubing and wiring costs.
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7. Reliability.
Continuous operation is possible even if trouble occurs at an indoor unit.
- Indoor Unit
Each indoor unit is controlled individually on the system network. This allows all indoor

units continue to run unaffected even if trouble should occur at any indoor unit in one system.

- Outdoor Unit
Continuous operation is possible even in the event of compressor failure. There is no
immediate system shutdown if trouble occurs in any compressor. The other compressors can

continue to operate on an emergency basis.

8. Energy Efficiency.

VRF technology vyields exceptional part-load efficiency. Since most HVAC systems
spend most of their operating hours between 30-70% of their maximum capacity, where the
coefficient of performance (COP) of the VRF is very high, the seasonal energy efficiency of
these systems is excellent.

Energy sub-metering with VRF systems is relatively simple and inexpensive by placing
an electric meter on one or a few condensing units. This is a very important feature in the multi-
tenant buildings if energy costs are charged explicitly to each tenant rather than being hidden in

overall leasing cost.
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Concluding.....
VRF provides an alternative realistic choice to traditional central systems. It captures many of

the features of chilled water systems, while incorporating the simplicity of DX system
Salient Features:

» Refrigerant flow rate is constantly adjusted by an electronic expansion valve in response to load
variations as rooms require more or less cooling. Also, if reversible heat pumps are used, the heating
output can be varied to match the varying heat loss in a room;

» An expansion valve or control valve can reduce or stop the flow of refrigerant to each indoor unit,
thus controlling its output to the room;

* The overall refrigerant flow is varied using either an inverter controlled variable speed compressor, or
multiple compressors of varying capacity in response to changes in the cooling or heating requirement
within the air conditioned space;

» A control system enables switching between the heating and cooling modes if necessary. In more
sophisticated versions, the indoor units may operate in heating or cooling modes independently of
others;

* A VRF system uses inverters or scroll compressors. They are efficient and quiet. and are usually
hermetically sealed. Small to medium size units may have 2 compressors;

* Ozone friendly HFC refrigerants; R-410-A and R-407-C are typically used;

* Refrigerant liquid lines tend to be about 3/8” in diameter and gas lines about 5/8” to 3/4" in diameter;

* Central control of a VRV system can be achieved by centralized remote controllers.

VRV/VRF technology is based on the simple vapor compression cycle but the system
capabilities and limitations must be fully understood and evaluated carefully to determine its suitability.
Before working with VRV/VRF systems, it is strongly recommended that manufacturer’s product

training be undertaken
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3.9.1 Selection units

This section talks about selection of outdoor and indoor units of VRF system, depending on the
“Samsung VRF catalogue”, since this company product is existing in Hebron.
Outdoor and indoor units are selected according to the thermal load of the building. [10]
Indoor unit

In this project there are many types of indoor units selected, which are wall mounted , cassette
M.S.P duct and slim Duct units.
The figure below shows two types of selected units:

Figure (3.15): 360 cassette and slim duct indoor units
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& Capacity
@ Classification by product group X 1710 KW (3 digits)
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@ P d . 090 9.0 10.0
roduct notatuoh . P P
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MB B 10, 220~240V, 50Hz 5
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type \Nfeo Forte :
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Convertible type FS—— 3 Domestic (KOREA) ! 0-9
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And the selection of each unit done by determining the code of it using the code system from DVM plus

3 technical data book as shown in figure below :

Figure (3.16): code system from DVM plus 3
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The selected indoor units for the building are listed in the tables below:

Table (3.1): nominal and actual outdoor capacity

Room Name Heating  Cooling  Indoor Unit Indoor Unit model
Load Load Type
(Kw) (Kw)
A-Master 0.91 1.74 Cassette AMOO7FNTDCH/AA
Bedroom
A-Bedroom 1 0.60 0.88 Cassette AMOO09FNNDCH/AA
A-Bedroom 2 1.04 1.20 Cassette AMO09FNNDCH/AA
A-Bedroom 3 2.16 1.96 Cassette AMOO09FNNDCH/AA
A-Bedroom 4 1.13 2.23 Cassette AMO09FNNDCH/AA
A-Bedroom 5 1.04 1.50 Cassette AMOO09FNNDCH/AA
B-Master 0.91 1.65 Cassette AMO09FNNDCH/AA
Bedroom
B-Bedroom 1 0.60 0.93 Cassette AMOO09FNNDCH/AA
B-Bedroom 2 1.04 1.14 Cassette AMO09FNNDCH/AA
B-Bedroom 3 2.16 0.93 Cassette AMOO09FNNDCH/AA
B-Bedroom 4 1.13 2.23 Cassette AMO09FNNDCH/AA
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Outdoor unit

After doing the calculation of heating and cooling load for the building , then we have to select
the outdoor units depends on two things ; the total actual cooling load and the capacity ratio , the
capacity ratio is a ratio between the total capacity of the indoor and outdoor capacity , and its ranged

between 70% — 130 % , and the outdoor units selection as follow :

Table (3.2): nominal and actual outdoor capacity

FLOOR Number of Capacity for each system Outdoor selection (code)
VREF system (Kw)
System 1 System 2 System 1 System 2
Ground 1 404 Ll (AM180KXVAGH/TK) ...
(AM220KXVAGH/TK)
(AM300KXVAGH/TK)
First 2 22.9 49.7 3(RVXVRT100GE) 1(RVXVRT120GE)
3(RVXVRT160GE)
Second 2 48.2 53.6 1(RVXVRT120GE) 4(RVXVRT160GE)
3(RVXVRT160GE)
Third 2 48.52 53.3 1(RVXVRT120GE) 4(RVXVRT160GE)
3(RVXVRT160GE)
Fourth 2 35.7 43.4 2(RVXVRT100GE) 1(RVXVRT140GE)
1(RVXVRT120GE)
1(RVXVRT140GE)
Fifth 2 29.6 51.4 1(RVXVRT120GE) 4(RVXVRT160GE)
1(RVXVRT140GE)
sexth
seventh
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3.2 Mechanical ventilation

Ventilation is the process of supplying and removing air by natural or mechanical means to and
from a building. The design of a building’s ventilation system should meet the minimum requirements
of the building (Ventilating Systems) regulations.

There are two ways for Ventilation:

e “Natural ventilation” covers uncontrolled inward air leakage through cracks, windows, doorways
and vents (infiltration) as well as air leaving a room (exfiltration) through the same routes.
Natural ventilation is strongly affected by weather conditions and is often unreliable.

e Mechanical or forced ventilation is provided by air movers or fans in the wall, roof or air
conditioning system of a building. It promotes the supply or exhaust air flow in a controllable

manner.

The air flow rate into a room space, for general mechanical supply and extract systems, is usually
expressed in:
1. Air changes per hour
2. An air flow rate per person

3. An air flow rate per unit floor area

An air change per hour (ACH) is the most frequently used basis for calculating the required
airflow. Air changes per hour are the number of times in one hour an equivalent room volume of air will
be introduced into, or extracted from the room space.

Air flow rate per person are generally expressed as liters per person (L/P), and are usually
used where fresh air ventilation is required within occupied spaces.
Airflow rates per unit floor area are similar in effect to air changes per hour except that the
height of the room is not taken into consideration.

Mechanical ventilation system in this project is just for bathrooms and kitchens.
3.2.1 Purposes of ventilation

Ventilation in a building serves to provide fresh and clean air, to maintain a thermally

comfortable work environment, and to remove or dilute airborne contaminants in order to prevent their
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accumulation in the air. Air conditioning is a common type of ventilation system in modern office
buildings. It draws in outside air and after filtration, heating or cooling and humidification, circulates it
throughout the building. A small portion of the return air is expelled to the outside environment to

control the level of indoor air Contaminants.

3.2.2 Designing of mechanical ventilation
Steps of designing mechanical ventilation:

e Calculate the required ventilating rate of air by using “Ventilation Rates Calculator” software
e Calculate the volume of the room in (m?)

e Calculate the flow rate of air by using air changes per hour method

3.2.3 Sample calculation
Using bathroom:

Figure (3.17): Bathroom layout
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The volume is 13 m®

Rate/person & Rate/Area’ | ACH |

Space

Operating /sutgical cystoscopic rooms, (i), () (o)

Figure (3.18): Ventilation rates calculator
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CHAPTER Four
Plumbing System
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4.1 Introduction

There are two main functions of using plumping systems:
1- Water supply system; which provides the building with the required amount of water.
2- Sanitary drainage system; which removes all the usable water from the building.
It is the plumbing technologists’ responsibility to design the entire water service and distribution

systems for all uses, recognizing the pressure and flow limitations.

Plumping Systems

Woater system Drainage system
Cold Hot Sanitary Storm
Water Water Drainage Drainage

Figure (4.1): Plumping systems

4.2 Water supply system

4.2.1 Overview

There are two type of water distribution system for buildings:
1) Up feed distribution system.

2) Down feed distribution.
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The system that will use to this building is up feed system.

There are two methods commonly used for up feed distribution systems are:
1) The supply of water for the building is received from a city main.
2) Private water supply enters into a pneumatic tank pressurized from approximately 35-60 psi
pump.
The main pressure that provides this building is pump pressure.
The design of main water supply for the building needs to take into consideration the actual and
anticipated future consumption. Moreover, size of water main pipe, and required pressure of water are

essential.

This section will show the calculation of the total, hot and cold amount of water required for the
building by using the water supply fixture unit technique. The cause for selecting this technique is since
there is many number of fixture units in the building and that make this technique more accurate.

The design procedure is as follows:

1) draw a rise (plumbing section) on this riser show:

e Floor to floor height.
e Run out distance to farthest fixture on each floor.

e Lengths of piping from the service point to the floor take off points.

2) Show the WSFU for each fixture and total fixture unit on each piping run out. Use separate

fixture units for hot and cold water.

3) Total the fixture units in each branch of the system. Each hot and cold water riser will require
separate diagram and calculation.

4) Show minimum source pressure and the minimum flow pressure required of the most remote

outlets.
5) Determine the pressure available for friction head loss from service point to the final outlet.

6) Determine the required pipe size in each section using friction head loss data calculated in step 5
and friction head charts.
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4.2.2.1 Fixture units load for the first riser

For a general & private, flush tank system, 1 riser cold water & 1% riser hot water, using Table
A(5.1) has the following:

Table (4.1): Fixture units load for 1%t riser

Total Cold Hot Total Total
Fixture type No. FU | WSFU WSFU WSFU WSFU cold hot
Lavatory, 9 2 18 2x3/4 2x3/4 135 135
general
Water closet, 6 5 30 - - 30 -
general
Bathtub ,private 22 2 44 2x3/4 2x3/4 33 33
Water closet 22 1 22 - - 66 -
private
Lavatory 22 2 44 2x3/4 2x3/4 16.5 16.5
private
Urinal , general 2 5 10 - - 10 -
Total(WSFU) - - 168 - - 170 63

We use the Table (4.2) for estimating demand to calculate the required amount of water :

160 WSFU — 57 gpm 160 WSFU — 57 gpm
170WSFU — X gpm 168 WSFU — X gpm
180 WSFU — 61 gpm 180 WSFU — 61 gpm

X=59 gpm , For Cold water 1% riser

60 WSFU — 33 gpm
63 WSFU — Xgpm

80WSFU — 39gpm
X=34 gpm , For Hot water 1% riser

X=58.5 gpm , For Total water 1% riser
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For a general & private, flush tank system, 2" riser cold water & 2" riser hot water, using Table

A(5.2) has the following:

Table (4.2): Fixture units load for 2nd riser

Total Cold Hot Total Total
Fixture type No. FU | WSFU | WSFU | WSFU WSFU cold hot
Lavatory, 4 2 8 2x3/4 2x3/4 6 6
general
Water closet, 4 5 20 - - 20 -
general
Bathtub, private 30 2 60 2x3/4 2x3/4 45 45
Lavatory, 30 1 30 1x3/4 1x3/4 22.5 22.5
private
Water closet, 30 3 90 - - 90 -
private
Total(WSFU) - 208 - - 183.5 73.5

We use the Table (4.2) for estimating demand to calculate the required amount of water :

180 WSFU — 61gpm

1835 WSFU — Xgpm
200WSFU —  65gpm

X=61.7 gpm , For Cold water 2" riser

200WSFU —  65gpm
20WSFU — Xgpm
225 WSFU -
X=66.5 gpm , For Total water 2" riser

70 gpm

60 WSFU — 33 gpm
73.5WSFU — Xgpm
80WSFU — 39gpm
X= 37 gpm , For Hot water 2" riser

66



For a general & private, flush tank system, 3™ riser cold water & 3" riser hot water, using Table
A(4.3) has the following:

Table (4.3): Fixture units load for 3" riser

Total Cold Hot Total | Total
Fixture type No. FU | WSFU | WSFU WSFU WSFU cold hot
Kitchen sink 4 2 8 2x3/4 2x3/4 6 6
Lavatory, 17 1 17 1x3/4 1x3/4 12.75 | 12.75
private
Water closet, 9 5 45 - - 45 -
general
Water closet, 17 3 51 - - 51 -
private
Bathtub, private 17 2 34 2x3/4 2x3/4 25,5 | 255
Dishwasher 3 1 3 - - 3 -
Lavatory, 11 2 22 2x3/4 2x3/4 16.5 16.5
general
Shower, general 9 4 36 4x3/4 4x3/4 13.5 13.5
Total(WSFU) - - 216 - - 173 74

We use the Table (4.2) for estimating demand to calculate the required amount of water :

160 WSFU — 57 gpm 200WSFU — 61 gpm
173WSFU — X gpm 216 WSFU — X gpm

180 WSFU — 61 gpm 225WSFU — 70 gpm
X=62.2 gpm , For Cold water 3" riser X=69 gpm , For Total water 3" riser

60 WSFU — 33 gpm
74WSFU — Xgpm

80WSFU — 39 gpm

X=37 gpm , For Hot water 3" riser
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Riser Total WSFU Total WSFU

CwW HW
Riser 1% 170 63
Riser 2™ 183.5 73.5
Riser 3" 173 74

4.2.2.2 Sizing of pipes
Using up feed distribution system where the water serve the building by the pump, in this system

the pump pressure will be the main pressure and the equation of the flow will be as following:
Pump pressure = Static head + Friction head + Flow pressure 4.1)
Where:

Static head is to overcome the height.

Friction head is to overcome friction in pipes.

Flow pressure is the pressure available at the fixtures when the outlet is wide open and it must be

equal or exceed the minimum fixture pressure.

By friction head loss method:
1-calculate the head for the riser 1.(1m = 3.28 ft).
floor to floor height is 3.5 m.

Static head = ((#.of floors*floor to floor height)*3.28) +3
Static head = ((4+2*3.5)*3.28)+3 =39.08 ft.
So the static pressure = static head * 0.433 psi/ft = 39.08 * 0.433 = 17 psi.
2-Total equivalent length.
we will calculate the equivalent length from the well to the farthest outlet (Sink faucet) at the fifth floor

at farthest collector.

Since water pipes are using up feed system we will need the following equation:
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Pump head pressure =Friction head + static pressure + minimum flow pressure

Must be taken into Account that the velocity for all fixture units should not exceed 8 fps , except for
water closet with flush valve of 4fps.

a- For cold water system:

Total length =71 m.

Total equivalent length=71*1.5*3.28= 350 ft
b- For hot water system:

Total length =70 m

Total equivalent length=70*1.5*3.28 = 345 ft.

3-Minimum flow pressure and friction head:

The minimum required flow pressure at the most remote outlet on the thirteenth floor (Sink
faucet) is 8 psi. From table [3] Appendix B
a- For cold water system:

Pump head pressure =Friction head + static pressure + minimum flow pressure
Friction head = 50 — (17+8)= 25 psi.
Uniform friction loss = friction/100ft = available friction head/ total equivalent length.
Friction/100ft =25 psi/(350.3 /100 ft) = 7.14 (psi/100ft).

Table 4.4: Pipe sizing for cold water riser

Section Flow | Equivalent | Pipe size | Friction(psi | Velocity
number (gpm) | length(ft) (in) /100ft) (fps)
Pump-1% riser 59 350.3 2" 7.14 8.2
2" riser section | 61.7 118.1 2" 4.23 6.5
3" riser section 62.2 265.7 2" 5.64 7.2

The diameter will be select for cold riser is 2 in.

b- For hot water system:
Pump head pressure =Friction head + static pressure + minimum flow pressure
Friction head = 50 — (17+8)= 15 psi.
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Uniform friction loss = friction/100ft = available friction head/ total equivalent length.

Friction/100ft =25 psi/(348.1 /100 ft) = 7.18 (psi/100ft).

Table 4.5: Pipe sizing for hot water riser

Section Flow | Equivalent Pipe | Friction(psi | Velocity
number (gpm) | length(ft) size /100ft) (fps)
(in)
Pump -1%riser | 34 348.1 1.5" 7.18 6.5
2" riser section 37 116.3 15" 8.6 7.8
3" riser section 37 263.4 15" 3.8 5.8

The diameter will be select for hot riser is 1.5 in.

Look at Figure A(4.2) that shows the details of water supply risers.

4. 3 Water tank volume

Calculation for the water well volume needed for the hotel :

Total demand of water for this hotel is 193.5 gpm

So we have a tank Provides a need of water equal 52.8 m3/h

In this hotel building we have a wall. This wall has volume equal 550 m*
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4.4 Water pump selection

In order to choose the details of the required water pump we have to determine two main

conditions, the amount of total flow rate of demand water and the total head.

4.4.1 Head estimation
The pump selected with main pressure provides 50 psi and that already choses in residential

buildings that mean 3.5bar; another way to reach this value is by:
Height of the building for 1% riser = 3.5m * 3floors = 11 m.
Dividing 11 by 10 = 1.1 bar

Adding 1.7 bar for fittings losses the value is almost 2.8 bar

4.4.2 Pump selection
Using dp-select software and with filling data into brackets as follow:

dp pumps cdy
Selection Data sheet My profile Data update My files
Contact +31 172 48 83 88
Search Hydraulic DPV 15/3 B 50H=z
Medium to be pumped Vater ~
Flow [ USGFM ]
Flow © [5e.00 USGPM 0 10 20 30 40 50 80 70 80 80 100
- I T T T I A Y A .
Pressure s0.0 PsI i T T T T T T T T T T Du oint
No of duty pumps 1 |« |[] Freg. Driven &0 * Actual
Mo. of poles 2 Poles e 7 D Required
Application () Constant pressure 50:
(®) System curve — ]
Freguency S0Hz ~ g i
T 304
2 4 s21pml Beg Duty PL
Suggested standard {pre-configured) models 204 55.00 USGPM
Available models Model version @ ~ 10- 50.0 PSI
DPV 15/3 B DPV 15/3B IE2 : 60.00 USGFPM
DPV 25/2 B DPV 15/3B IE3 o
DPV 40/2-2 B DPYV 15/3 B EXM IEC 100
¥ DPV15/2B DPVCF 15/2B IE2 —
¥ DPV40/1B DPVCF 15/3 B IE3 & T84
DPVCF 15/3 B EXM IEC & 504
DPVF 15/3B IE3 v 5
o 25
15 model(s) listed b

Refine =
Installation (ALL) ~ 12

Select on Efficiency ~ =

Waterial (ALL) - z i

Connection (ALL) v £ 4

Motor voltage ALL) - o qn
Connection standard ALLY w -

Efficiency class (ALLY ~

Adijust to duty pt. Freguency (Hz)

Power [ hp ]
- %] w
\

2.0 hp

88
1

w

0 << | 25 >

IIIIIIIII|IIII|IIII|IIII|IIIIIIIII?III||IIII|IIII6II
] 10 20 30 40 50 60 (v] a0 90 100
Flow [ USGPM ]

Figure (4.2): Pump data for cold water 1st riser
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The pump model selected “DPV 15/3B”on 1%t cold water riser: H=52.1 psi, Q = 60gpm , eff. =62.7%
The pump model selected “DPV 15/2B”on 2"%old water riser: H = 32.7 psi , Q = 64.5gpm , eff. =62.6%
The pump model selected “DPV 15/4B” on 3"cold water riser: H = 67.2 psi , Q = 66gpm , eff. =65%
The pump model selected “DPV 10/4 B” on 15t hot water riser: H = 50.6 psi, Q = 38gpm , eff. =66.7%
The pump model selected “DPV 10/3B” on 2" hot water riser: H = 37.7 psi, Q = 38.5gpm , eff. =66.7%

The pump model selected “DPV 10/5B” on 3" hot water riser: H = 63.3 psi , Q = 38gpm , eff. =66.6%

4.5 Drainage system

The main objective of drainage system is to carry the waste water from the fixture unit to
manhole and from the manhole to the septic tank or to the municipal sewage system.
The provision of drainage systems:
e Sanitary drainage

e Storm drainage

72



4.5.1 Drainage system components
The main components of drainage system are:

Vent pipe
exits roof _>

Clean out

Drain line —| . _Trapisan
above last trap é/ Integra.l part
becomes the 4 . of toilet
ot ¥ _.:Fixture units
Floor Drain\
PH’L Traps

/

Drain line ET . Municipal

sewage system

| | | B
Manholes

Figure (4.3): Drainage system components

e Fixture units

o Trap

e Clean out

e Drainage pipe

e Stack and vent pipes

e Manholes

e Septic tank or municipal sewage system

e Accessories

This project deals with two types of waste water which is gray and black water, the separation of

waste water will rationalize consumption of water and reuse it in irrigation and in flushing water closet.
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4.5.2 Sanitary drainage
4.5.2.1 Design procedure and pipe sizing
Pipe size is calculated by using a concept of fixture units (DFU) instead of using gpm of drainage

water. This unit takes into account not only the fixtures water use but also its frequency of use, which is
the DFU has a built—in diversity factor. This enables us, exactly as for water supply to add DFU of
various fixtures to obtain the maximum expected drainage flow. Drainage pipes sized for a particular
number of drainage fixture units, according to Tables (A (4.5), A(4.6) A(4.7)). These tables are built into
the fill factors, which are:

e 50% fill in branches (horizontal pipes)

o (25-33)% fills in stack (vertical pipes)

e 50% fill in building and swear drains

The recommended velocity for drainage piping:
e For branches the recommended velocity is 2 ft/s
e For building pipes the recommended velocity is 3 ft/s

e For greasy flow the recommended velocity is 4 ft/s

Velocity of water flow through drainage piping depends on:
e Pipe diameter

e Slope

Minimum slope requirements for horizontal drainage piping:
e For pipes of diameter < 3" the minimum slope is 1/4”/ft (2%)

e For pipes of diameter > 4" the minimum slope is 1/8”/ft (4%)

Design procedure:
1. Calculation of the number of DFU for each branch by using Table A(4.4)
Calculation of the number of DFU for each stack
Choosing the branch pipe diameter by using Table A(4.5)
Choosing the stack pipe diameter by using Table A(4.6)
Comparing the stack pipe diameter with branch diameter

S T o

Choosing the building drain pipe diameter by using Table A(4.6)
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To achieve the recommended velocities which are 3 fps in building drain, it will be chosen the slope
and flow velocity in building drain by using Table A(4.7).

4.5.2.2 Pipe sizing for waste water:

51
« 90FU
o
9DFU
¢ S2
. 51 DFU
21 DEL
36 DFU,
60 DFU .
p
12 0P 36 DFU
v 36 DFU.
12 DFU 4"
12 DFU
¢ .
.
84 DFU
53DFU 72 DFU
——
.
136DFU 60 DFU.
12DFU T
—~ .
f 132DFU
148DFU
.60 DF 80 DEU:
Av) i
2060FU 192DFU
-
| H1 ol 252DFU

4

B1F

Figure (4.4): Gray water pipe sizing
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Stack Branch
Table (4.6): Sizing of stack 1

Floor Total Diameter Total Diameter
DFU (in) DFU (in)

eightieth 9 21/2 9 21/2
seventh 60 4 51 4

Sixth 72 4 12 3

Fifth 83 4 12 3

Fourth 136 4 53 4

Third 148 4 12 3
Second 208 4 60 4

First 268 4 60 4

Table (4.7): Sizing of stack 2
Stack Branch

Floor Total Diameter Total Diameter
DFU (in) DFU (in)

Sixth 36 21/2 36 21/2

Fifth 72 4 36 21/2
Fourth 72 4 0 11/2
Third 132 4 60 3
Second 192 4 60 3

First 252 4 60 3

Therefore, the stack (1,2) & branches design diameter will be 4™ .

Table (4.8): Branches of building drain

Branch of Total  Diameter Slope Velocity
building drain DFU (in) (in/ft) (ft/s)

H1 268 4 0.25 2.73

H2 252 4 0.25 2.73
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Table (4.9): Building drain

building Total Diameter Slope
drain DFU (in) (in/ft)
Bl 268 6 0.125
B2 520 8 0.125

4.5.3 Storm drainage
The design of the rain collection piping, whether exterior gutters, and leaders, or interior conductors

and drain depends upon three factors:
e The amount of rain fall in a specified period of time
e The size of the area being drained

e The degree of pipe fill, that is whether a pipe or gutter runs 50%, 33% or 100% fill

The general rule for the distribution of floor drains (FD):

Every 100 m? from roof area needs one 4” FD.

4.5.4 Manhole design
The main purpose of the manholes is to carry the water from stacks to various drainage points. This

project contains three types of manhole, which is:
e Sanitary manhole for black water
e Sanitary manhole for gray water

e Sanitary manhole for storm drainage

The design of the manholes depend on the ground and its nature around the building, and so as the first
manhole height should not be less than 50 cm, and the depth of the other manholes will depend on the
distance between the manholes and the slope of the pipe that connecting them.

According to the table below, it will be estimated the diameter of the manhole according to their depth.
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Table (4.10): Diameter of the manhole according to

their depth
Depth Diameter
(cm) (cm)
70-80 60
80-140 80
140-250 100
250-00 125

4.5.4.1 Manhole calculation

The depth of the first manhole is 60 cm, the calculation of the second manhole done according to
the first manhole and so on. The calculations are done by using these equations:
e Depth: (M2 = M1 + (Slope x Distance) + 5 + Level Difference) in cm
e Top level: Manholes face level on the ground
e (Invert level = Top level - Depth) in m

e Outlet level = - (Depth - 0.05) inm

The figure below shows the details of the manholes:

TOP LEVEL

S A

INLET LEVEL
INVERT LEVEL

QUTLETLEVEL||"

Figure (4.5): Manholes details
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Chapter Five

Fire Fighting System
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5.1 Introduction

A firefighting system is probably the most important of the building service, as its aim is to
protect human life and property strictly in that order, Fire is a chemical reaction involves the rapid oxidation
of the combustible materials, also we can divide the causes of fire by four main parts called the fire
tetrahedron and the four ignition components are:

1) Fuel (combustible substances).
2) Air (oxygen)

3) Heat (source of ignition)

4) Chain reaction

CHALINN

RESCTION

Figure (5.1): Fire tetrahedron

The following is a description for this component:

Fuel or combustible substances are the materials flammable to ignition consist of hard, liquid and
Gaseous materials such as woods, gasoline and hydrogen.
Air (oxygen) the percentage of the oxygen in natural air is 21% and the percentage which prevents a fire
production is to keep more than 16%.

Heat it’s the main reason to producing a vapor from materials to occurrence of ignition such as

heat produces from electrical sources, smoking etc.
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Chain chemical reaction, the fire is continues as long as the previous three elements are present correct

percentages, and the result of these elements of effective chemicals known as free radicals.[8]

Fire work is divided into three sections for engineer:

1) Architect engineer: It is specialized in acting fire safety.
2) Electrical engineer: it is specialized in fire alarm.
3) Mechanical engineer: it is specialized in firefighting.

Also in design for firefighting system the main reference is (NFPA) code, national fire protection
association or (LPC) British standard.

5.2 Classification of firefighting systems

Firefighting systems are classified to:
1) Water system.

2) Gas system.

3) Foam system.

5.2.1 Water firefighting system

It's the system which mainly depend in water to protect from the fire , is the most common use in
buildings and factories, also water system can be classified to manual and automatic systems as
following:

1) Manual system

Manual system consists of two types of fire system divided to:

a. Fire hose cabinet.

A fire hose cabinet is a high-pressure hose that carries water to a fire to extinguish it. Indoors, it
can permanently attach to a building's standpipe or plumbing system, most modern hoses use a

synthetic fiber like polyester or nylon filament used in fire hoses that provides additional
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strength, the usual working pressure of a fire hose can vary between 4 and 12 bars that vary

according to the type of fire hose.

b. Fire hydrant.

A fire hydrant is an active fire protection measure, and a source of water provided in most urban,
suburban and rural areas with municipal water service to enable firefighters to tap into the
municipal water supply to assist in extinguishing a fire, the working pressure is 350 kpa (3.5
bars).

All of design factors for manual water system can be determined using NFPA 14 code.
2) Automatic system.

The water automatic system is represented by a sprinklers system which deals with four types as
following:

a. Wet pipe sprinkler system.

A sprinkler system employing automatic sprinklers attached to a piping system containing water
and connected to a water supply so that water discharges immediately from sprinklers opened by
heat from a fire.

b. Dry pipe sprinkler system.

A sprinkler system employing automatic sprinklers attached to a piping system containing air or
nitrogen under pressure, the release of which permits the water pressure to open valve and the
water then flow into the piping system and out to the opened sprinklers.

c. Pre-action sprinkler system.

A sprinkler system employing automatic sprinklers attached to a piping system containing air or
nitrogen under pressure, with a supplemental detection system (heat, flam and smoke) installed
in the same areas as sprinklers.

d. Deluge sprinkler system.
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A sprinkler system employing automatic sprinklers attached to a piping system containing water
and connected to a water supply through a valve that is opened by the operation of a detection
system installed in the same area as the sprinklers, when this valve opens water flow into the
piping system and discharges from all sprinklers.

All of design factors for automatic water system can be determined using NFPA 13 code.

5.2.2 Gas firefighting system

It's the system which mainly depends in several gases to protect from the fire; gas firefighting system
can also be classified to:

1) Manual system

Fire extinguishers

is an active fire protection device used to extinguish or control small fires, often in emergency
situations , fire extinguisher consists of a hand-held cylindrical pressure vessel containing an
agent which can be discharged to extinguish a fire.

In general fire extinguishers can be water, co., foam, wet chemical and dry powder extinguisher.

All of design factor for manual gas system can be determined using NFPA 10 code.
2) Automatic system

Clean agent gases fire extinguisher.

This group of gases are speed in suppressing fires, reducing damages, extinguish a fire quickly
and effectively, no ozone depletion, economic, allowing visibility and doesn't require costly
clean-up.

These gases are FM-200, NAF 125 (HFC 125), ARGON and CO..

All of design factors for automatic gas system can be determined using NFPA 12 code. [8]

5.2.3 Foam firefighting system

Is foam used for fire suppression, its role is to cool the fire and to coat the fuel, preventing its
contact with oxygen, resulting in suppression of the combustion.
Foam system can be manual such as foam extinguisher or automatic such foam- water sprinkler system.
All of design factors for automatic and manual foam system can be determined using NFPA 16 code.
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5.3 System selection and design

For determination and selection of fire protection system within the establishment and buildings
with different objectives and the importance of having a firefighting system, the selection is occurs by

referring to know the hazard level in the building in order to select the appropriate system.

5.3.1 Hazard classification

The classification of hazard varies according to the commodities and application of the project.
Light hazard occupancies shall be defined as occupancies or portions of other occupancies where the
quantity and/or combustibility of contents is low and fires with relatively low rates of heat release are

expected.

Educational Institutional |
Churches | Museums " Residential |

Clubs Offices Theaters |
Hospitals - Restaurant |

Educational |
_ Hospitals_|

Figure (5.2): Light hazard examples

Ordinary hazard occupancies shall be defined as occupancies or portions of other occupancies where
combustibility is low, quantity of combustibles is moderate, stockpiles of combustibles do not exceed 8

ft (2.4 m), and fires with moderate rates of heat release are expected.
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Beverage Glass and glass Dairy products
manufacturing products manufacturing
Canneries manufacturing

Laundries Restal_xra nt
service

| Basement Floors | areas

Bakeries

Electronic
plants

Figure (5.3): Ordinary hazard examples

Extra hazard occupancies shall be defined as occupancies or portions of other occupancies where the
quantity and combustibility of contents are very high and dust, lint, or other materials are present,
introducing the probability of rapidly developing fires with high rates of heat release but with little or no

combustible or flammable liquids.

Printing [using

Aircraft hangars inks having flash | Metal extruding
points below

100°F (38°C)]

particle board Combustible |

manufacturing hydraulic fluid
use areas

Die casting

Figure (5.4): Extra hazard examples
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So, the system hazard in a Hotel building is Ordinary hazard.
According to the Ordinary level of hazard the best appropriate system is fire house cabinet and

sprinklers systems.

5.3.2 Firefighting network accessories
5.3.2.1 Firefighting network Components:

1. Water source and pumping station
The main sources of firefighting water are Water Tanks Underground.

2. Pipes
a) Black steel
b) Galvanized steel
c) High density polyethylene
d) UPVC poly vinyl chloride

Firefighting pipes should be tested after installation at site to ensure durability of the system.
All pipes, fittings, valves and other accessories should be tested at 4 bars above the working pressure for

two hours according to the NFPA13 code.

10.10.2.2 Hydrostatic Test.

10.10.2.2.1* All piping and attached appurtenances subjected to systemm working pressure
shall be hydrostatically tested at 200 psi (13 .8 bar) or 50 psi (3.5 bar) in excess of the
svstem working pressure. whichever 1s greater. and shall mamtain that pressure without loss
for 2 hours.

10.10.2.2.2 TLoss shall be determined by a drop in gauge pressure or visual leakage.

10.10.2.2.3 The test pressure shall be read from a gauge located at the low elevation point
of the system or portion being tested.

10.10.2.2.4 The permuitted amount of underground pipimng leakage shall be as follows:

1)* The amount of leakage at the joints shall not exceed 2 qt/hr (1.89 L/hr) per 100
g J a P
gaslkets or joints. respective of pipe diameter.

(2)* The amount of allowable leakage specified in 10.10.2.2 4(1) shall be permirtted to be
mcreased by 1 fl oz (30 ml) per inch valve diameter per hour for each metal-seated
valve isolating the test section.

(3) If drv barrel hyvdrants are tested with the main valve open so the hydrants are under

mraceiivra an additianal € Fl Az Gnhan 1SN bl Bnin) AafF laalrasca cshall ha saarssaitradd fae

Figure (5.5): Testing of pipes
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3. Valves

a) Sectional valves: are used to separate specific parts of the firefighting network for

maintenance and repair times and should be automatically supervised.

b) Drain valve: should be placed at the lowest point of the firefighting network to drain

the water network for washing& maintenance of the pipes.
c) Check valve.

4. Standpipes.

5.3.3 Sprinklers
Sprinkler systems are among the most useful tools in your firefighting arsenal. Today’s systems

have been shown to reduce deaths and property loss by more than 65 percent.
For this reason, fire sprinklers are certainly something you want in your commercial property!

But how do fire sprinklers work?

Step 1: Fire Sprinklers Detect Heat
Contrary to popular belief, fire sprinklers are not trigged by smoke. It’s an easy mistake to make,

since heat is carried upward with smoke from a fire. But if smoke was the trigger, simply burning your

toast in the office kitchen could be enough to drench the kitchen with water from a fire sprinkler head.

Fire sprinklers work because high heat triggers the sprinkler system. When a blaze ignites, the air
directly above it heats rapidly. This hot air rises and spreads along the ceiling. When the air is hot

enough and reaches a sprinkler head, it triggers a chain reaction.

Most sprinkler heads feature a glass bulb filled with a glycerin-based liquid. This liquid expands
when it comes in contact with air heated to between 135 and 165 degrees. When the liquid expands, it

shatters its glass confines and the sprinkler head activates.
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Step 2: Fire Sprinklers Douse the Fire

Each sprinkler head is attached to a pipe that connects to a reliable water source outside the building.

When heat activates a sprinkler head, a valve opens, allowing pressurized water from the pipe system to flow out.

It’s important for water in a fire sprinkler system to be pressurized. This allows the water to spray

outward in an arc to more thoroughly douse the fire and prevent it from reigniting.

Maximum Ceiling
Temperature

100 °F f 38 °C

150 *F /66 °C

225°F 1107 °C

300 °F 148 °C

3F5°F 1191 °C

475 °F 1246 °C

625 °F /328 °C

Temperature
Rating
135-170 °F / 57-
77 °C
175-225 °F / 79-
107 °C

250-300 °F / 121-

149 °C

325-375 °F / 163-

191 °C

400-475 °F 1 204-

246 °C

500-575 °F / 260-

302 =C
650 °F / 343 °C

Temperature
Classification

Ordinary

Intermediate

High

Extra High

Very Extra High

Ultra High

Ultra High

Figure (5.6)

x|

Figure (5.7): The liquid in the glass bulb is color coded to its show temperature rating

Uncolored or Black

White

Blue

Red

Green

Orange

Qrange

Color Code (with
Fusible Link)

Liguid Alcohol in Glass Bulb Color

Orange (135 °F / 57 °C) or Red
{155 °F /68 °C)

Yellow (175 °F / 79 *C) or Green
{200 °F /93 °C)

Blue

Purple

Black

Black

Black

: sprinklers classification

So, the sprinklers used in building in ordinary system is pendent sprinkler the liquid glass bulb

color is red and the temperature range is (57-77) C (68 C).
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5.3.4 Fire hose cabinet
A fire hose is a high-pressure hose that carries water to a fire to extinguish it and classified to two

main types that common used:
1. Hose reel: it’s a rubber hose coiled on the reel her arm; it’s commonly used by individuals within

buildings.

2. Hose rack: Is a cloth-reinforced hose riding on rack often used by Civil defense.

HOSE REEL HOSE RACK

Figure (5.8): Fire hose cabinet

Fire hose cabinet is located at the following places:
1) Exit stairs

2) Entrance of buildings
3) Garages entrance

4) Wherever travel distance exceeded 36 meter from another fire hose cabinet.
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5.3.4.1 Fire hose cabinet components
1) Cabinet (wall mounted-recessed), there is three type of cabinet here

a) Exposed: be prominent from the wall and out of it a distance of 25 cm, and Fund riding

on the surface of the wall.

b) Semi predated: be prominent from the wall a distance of 10 cm, and inside the wall 15

cm.

¢) Recessed: be inside the entire wall.

2) Landing valve, a valve to control the water stream, located inside or outside the building.

3) Hose ( 30 meter)

4) Discharge nozzle

5) Fire extinguisher (optional)

5.3.4.2 Fire hose cabinet classes

1)

2)

3)

Class 1: standpipe system provides 65-mm (2%2-in.) hose connections to supply water for use by

fire departments and those trained in handling heavy fire streams.

System limitations are pressure reach 7 bars, flow rate 250 gpm, located at all main entrance and
exits of the buildings and garages, around the wall buildings and the travel distance is 45.7m
with throw distance.

Class 2: standpipe system provides 38-mm (1%-in.) hose stations to supply water for use

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

System limitations are pressure reach 4.5 bars, flow rate 100 gpm, 30m travel distance and
located corridors, theaters, colleges and near elevators.

Class 3: standpipe system provides 38-mm (1%2-in.) hose stations to supply water for use by
building occupants and 65mm (2Y2-in.) hose connections to supply a larger volume of water for

use by fire departments and those trained in handling heavy fire streams.

Class two didn’t need any experience to deal with a system for any user on contra with class one, for this

reason class 2 is more popular and that is the selected class for cabinet.
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5.3.4.3 Technical specifications of fire hose cabinet
The following specifications are installed according to code NFPA 14 for class 2 F.H.C:

e The maximum pressure at any point in the system at any time shall not exceed 24.1 bar (350 psi).
e Maximum Residual Pressure for (1%2-in.) Dia F.H.C=6.9 Bar.

e Hydraulically designed standpipe systems shall be designed to provide the water flow rate
required at a minimum residual pressure of 4.5 bar (65 psi) at the outlet of the hydraulically most
remote 38-mm (1%2-in.) hose station.

e Standpipes size shall be at least 100 mm (4 in.) (Main riser).

5.3.5 Fire extinguishers
Portable fire extinguishers can contain a wide variety of extinguishing agents; the potable fire

extinguishers enable an individual with minimal training to extinguish an incipient fire.
A portable fire extinguisher should not be considered as the sole solution to fire protection analysis of a

building but, rather, only one of many components of a total fire protection plan.

Figure (5.9) Portable Fire Extinguishers
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5.3.5.1 Type of Portable Fire Extinguishers
1. Water extinguishers.

2. Water sprays water extinguishers.

3. Antifreeze solution extinguishers.

4. Foam fire extinguishers, hand and wheeled.
5. Carbon dioxide extinguishers.

6. Clean agent extinguishers.

7. Dry and wet chemical extinguishers, hand and wheeled.

5.3.5.2 Selection of extinguishers
Carbon dioxide extinguishers made by SFFECO Company, all are selected will be distributed in

the suitable spaces as shown in the drawings.

5.3.5.3 Carbon dioxide extinguishers

Carbon dioxide is a gaseous fire protection agent, also known by its chemical designation CO;
normally the air we breathe contains 21% oxygen, 79% nitrogen, and only a trace amount of carbon
dioxide, 0.03%. The presence of significantly higher percentages of carbon dioxide in a room cannot be
detected by human senses because it is colorless and odorless.
The cylinders for CO2 Fire Extinguishers are seamless and extruded from high grade Chrome
Molybdenum Steel or Manganese Steel or Carbon Steel. Carbon Dioxide is discharged as a white cloud
of snow which throttles a fire by eliminating the oxygen. Designed to protect areas where class B

(flammable liquids and gases) or Electrical class of fires could occur.
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Carbon dioxide is 1.5 heavier than air, so it forces oxygen out of a room or significantly reduces the

concentration of oxygen at breathing level.

5.3.6 Firefighting pumps

A continuous water and pumping station supply should always be available and ready to fight
fire, the following three pumps should be connected to a suction header (from water tank), and
discharged to a discharge header (to firefighting network) [8].

Pumping stations should include:

1. Electrical firefighting pump.

2. Stand-by Diesel Firefighting Pump. (No need if an extra electric pump is connected to an electric
generator).

Diesel pump works if:

e The electrical pump is out of service, or if there is a lack of electricity.
e The electrical pump is working but can’t satisfy system water requirements.

3. Jockey Pump: work to make up the system pressure in case of leakage or during the first seconds of
fire.

Pumps are selected to supply the system demands on the basis of three key points relative to their
rated flow and rated pressure; most fire pumps are sized to exceed its duty point requirement.

5.3.6.1 Types of pumps
e Horizontal split case pumps:

This is also called a double suction fire pump because the water pathways direct water to both
sides of the impeller. It is also the most common fire pump on the market partly because of the ratings
available in this style of pump 250 GPM through 5000 GPM.
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| Figure (5.10): Horizontal split case pump
¢ Inline fire pumps
These pumps have expanded in use in the last five years for several reasons, space savings,
Increase in ratings allowable by NFPA 20 from max of 499 GPM, and then to 750 GPM, to today which

is unlimited rating. The largest currently available is 1500 GPM, Cost of installation —these are typically

less expensive to install because there is no base plate that requires grouting.

Figure (5.11): Inline fire pump

e End suction pumps

End suction fire pumps not widely used mostly because they are limited in size per code ,They
are also slightly more expensive than in line pumps ,The one pump application where it is used is small

diesel driven applications 500 GPM or | less.
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Figure (5.12) End suction pump

e Vertical turbine pumps

These are used for vertical turbine pumps these are used for water supplies that are below the
suction flange of a fire pump; NFPA 20 states that you have to have a positive suction pressure to a fire

pump.

Figure (5.13) Vertical turbine pump

5.3.7 Flow rate calculations
The flow rate was calculated using Elite program is equal 317.6 GPM.

So, this building needs 350 GPM
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Figure (5.14): Elite calculations

5.3.8 Head estimation

With 31 meter height of the buildings there are 3.1 bars, adding 4.5 bars for cabinet pressure and

1 bar for loss in fittings, so total head equal 8.6 bars.

5.3.9 Water tank sizing

Water tank is the main source of water that provides the firefighting network and other systems
in the project, size of water tank can be calculated with referring to the NFPA 13 code which mainly
depends on the hazard classification and the expectation duration work for the system.
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Table 11.2.3.1.1 Hose Stream Demand and Water Supply Duration Requirements for
Hydraulically Calculated Systems

Occupancy Inside Hose (gpm) Total Combined Duration (minutes)
Inside and Outside
Hose (gpm)
Light hazard 0, 50, or 100 100 30
Ordinary hazard 0, 50, or 100 250 60-90
Extra hazard 0, 50, or 100 500 90-120

Figure (5.15): Total gallon and duration

To calculate the size of the water tank which is to be in accordance with the degree of risk depending on

the type of threat that we own:

Volume= total flow rate * duration *(3.785/1000)

= 350gpm*60min*(3.785/1000)

=80 m"3
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5.3.10 Pump selection

Total flow rate 350 GPM equal to 80 m™3/h and amount of head 8.6 bars.
The pump installed must satisfy the required flow rate and head, according to the special software for
GRUNDFOS Company the inline pump will choose [7].
Pump type: MPFC 3-45

Pump characteristic curves & Efficiency Head curves:

dp pumps

Selection

Data sheet

My profile

Data update My files

Contact +31 172 48
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Flow = e oot 9 8 0 P A3 A9 PR B
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Figure (5.16): Pump characteristic curve & Efficiency Head curves
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Water Temperature (°C)
Type of Building
Primary Pipe Type

Primary Pipe Roughness Factor (um)

Secondary Pipe Type

Secondary Pipe Roughness Factor (um)

No Receptor Type
5 Fire hose cabinet
9 Sprinkler OH roof

FIRE FIGHTING

Installation Calculations (software)

PIPE
NUMBER OF HOSES DIAMETE
R
1 2
2-3 2
4-5 3
6-10 4
>10 5
MAX NUMBER PIPE
OF DIAMETE
SPRINKLER R
2 1
3 1Y%
5 1
10 2
20 2
40 3
65 3
100 4
160 5
275 6
20
Hotel
Steel Pipes (1)
45
Steel Pipes (2)
45
In.Dia. Pmf Qr Desi
gn
Dens
ity
(mm) (bar) (I/min) (mm/min)
50 45 3785 0.0
20 0.3 0.0 5.0
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Maxim
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sprinkler
(m?)

0.0
12.0

Nominal
K
factor

180.0
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Piping Calculations

Network
Section

Pipe
Length

Type of
Receptor

Receptors
Group

Receptor
Flow

Peak
Capacity

Pipe
Size

Water
Velocity

Fittings
friction

Pipes
friction

Total
Friction

Required
discharge

DP due to
Different

(m) (/min) (I/min) (mm) (mi/s) drop drop Loss pressure Height
(bar) (bar) (bar) (bar) (bar)
1.2 32.2 634.62] 634.620 | DNG65 2.845 0.170 0.371 0.541
2.3 0.6 9 1 47.33 47.330 DN25 1.358 0.005 0.005 0.350 2.65
2.4 3.0 587.29 587.290 | DNG65 2.633 0.104 0.030 0.134
4.5 2.2 539.96| 539.960 DN50 4.079 0.249 0.070 0.320
5.6 1.2 279.69 279.690 | DN40 3.397 0.173 0.036 0.209
6.7 2.0 150.50, 150.500 | DN32 2.478 0.092 0.040 0.132
7.8 4.0 103.17| 103.170 DN25 2.959 0.131 0.158 0.289
8.9 2.4 9 1 55.84| 55.840 DN25 1.602 0.030 0.030 0.350 2.65
8.10 0.5 9 1 47.33 47.330 DN25 1.358 0.004 0.005 0.008 0.350 2.65
7.11 0.4 9 1 47.33 47.330 DN25 1.358 0.004 0.004 0.350 2.65
6.12 24 129.19] 129.190 DN25 3.706 0.206 0.146 0.352
12.13 2.0 9 1 55.72| 55.720 DN25 1.598 0.025 0.025 0.350 2.65
12.14 2.0 9 1 73.47] 73.470 DN25 2.107 0.041 0.041 0.350 2.65
5.15 0.8 260.27| 260.270 DN40 3.161 0.150 0.021 0.171
15.16 2.7 212.94 212.940 | DN40 2.586 0.050 0.048 0.098
16.17 2.3 9 1 58.89 58.890 DN25 1.689 0.031 0.031 0.350 2.65
16.18 3.0 94.66/ 94.660 DN25 2.715 0.110 0.101 0.211
18.19 3.2 9 1 47.33 47.330 DN25 1.358 0.029 0.029 0.350 2.65
18.20 0.8 9 1 47.33 47.330 DN25 1.358 0.007 0.007 0.350 2.65
16.21 1.7 9 1 59.39 59.390 DN25 1.703 0.024 0.024 0.350 2.65
15.22 0.4 9 1 47.33 47.330 DN25 1.358 0.004 0.004 0.350 2.65
4.23 0.6 9 1 47.33 47.330 DN25 1.358 0.005 0.005 0.350 2.65
1.24 28.0 567.81] 567.810 DN50 4.290 0.313 0.985 1.297
24.25 5.6 189.31] 189.310 | DN40 2.299 0.061 0.080 0.140
25.26 4.0 94.66[ 94.660 DN25 2.715 0.110 0.134 0.245
26.27 1.5 9 1 47.33 47.330 DN25 1.358 0.014 0.014 0.350 2.35
26.28 1.5 9 1 47.33 47.330 DN25 1.358 0.014 0.014 0.350 2.35
25.29 1.5 9 1 47.33 47.330 DN25 1.358 0.014 0.014 0.350 2.35
25.30 1.5 9 1 47.33 47.330 DN25 1.358 0.014 0.014 0.350 2.35
2431 15.6 5 1 378.50, 378.500 DN50 2.859 0.049 0.251 0.300 4.500 2.65
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Fire Pump Calculation

Piping and fittings friction drop DPrz (bar ) 1.597
Minimum Discharge Pressure Pfl (bar ) 4.5
Pressure Difference due Elevation Dpgeod (bar ) 2.65

Main pump Head Pe=DPgeod+DPrz+Pfl (bar) 8.747
Average Water Flow rate of Main Pump Qpm (I/min ) 1202.43
Efficiency of Main pump n 0.65

Power on axis of Main pump N=(1/600) * (Qpm*Pe/n) (kW) 26.96835
Efficiency of electric motor Main pump n e 0.83

Power of electric Main pump Ne = N/ ne (kW) 32.49198
Efficiency of diesel Main pump np 0.57

Power of diesel Main pump Np =N/ np (kW) 47.31289
Jockey pump Capacity Qj = 0.02 x Qpm (I/min ) 24.0486
Jockey pump Head Pej=DPgeod+DPrz+Pfl+1 (bar) 9.747
Water Containment into the Network Vtot (1) 269.1555
Pressure Tank Min Volume Vp = 0.04 * Vtot (1) 10.76622
Type of selected Fire Pump MPFC 3-45
Power of Main pump (kW) 33.6 KW
Power of Jockey pump (kW) 2.2 KW
Pressure Tank Volume (1) 500 It

Main pump Capacity (I/min) 60-75-85 m3/h
Main pump Head (bar) 85-80-70 m
Water Tank

Average Water Flow rate of Main Pump Qpm (I/min ) 1202.43
Min Operation Time t (min) 60

Water Tank Min Volume Vmin = Qpm * t/ 1000 (m3) 72.1458

Tank Length a (m)

Tank Width b (m)

Tank Heigh ¢ (m)

Water Tank Volume Vd (m 3) 0
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BILL OF QUANTITIES

Itom NO DISCRIPTION Unit Quality Price/U
nit
1 VRF
1.1 Indoor Units
1.1.1 4- way cassette VRF indoor units. Price includes all required electrical and gas

connections, and operating perfectly. Price includes hangers, isolating valves,
and electrical connection to power source. All connections and installation
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should be executed according to manufacturer instructions. Selection to be
based on medium speed, external air pressure of 0.25 ", indoor temperature of
24 C and outdoor temperature of 31.9 C (summer) 5.7 C (winter)

1.1.1.1 nominal capacity 14 NO. 8
1.1.2 slim DUCT VRF indoor units. Price includes all required electrical and gas
connections, and operating perfectly. Price includes hangers, isolating valves,
and electrical connection to power source. All connections and installation
should be executed according to manufacturer instructions. Selection to be
based on medium speed, external air pressure of 0.25 ", indoor temperature of
24 C and outdoor temperature of 31.9 C (summer) 5.7 C (winter)
1.1.2.1 nominal capacity 3.6 NO. 48
1.1.3 360 CST VRF indoor units. Price includes all required electrical and gas
connections, and operating perfectly. Price includes hangers, isolating valves,
and electrical connection to power source. All connections and installation
should be executed according to manufacturer instructions. Selection to be
based on medium speed, external air pressure of 0.25 ", indoor temperature of
24 C and outdoor temperature of 31.9 C (summer) 5.7 C (winter)
1.1.3.1 nominal capacity 5.6 NO. 3
1.1.3.2 nominal capacity 4.5 NO. 21
1.1.3.3 nominal capacity 7.1 NO. 1
1.1.34 nominal capacity 9.0 NO. 2
1.1.35 nominal capacity 11.2 NO. 4
1.1.3.6 nominal capacity 14.0 NO. 8
1.2 Out Door
1.2.1 nominal capacity 180 NO. 3
1.2.2 nominal capacity 220 NO. 1
1.23 nominal capacity 240 NO. 1
1.24 nominal capacity 300 NO. 3
1.3 Piping network
Supply and install drain and insulated copper pipes for refrigerant 410 between
indoor units and outdoor unit with sizes according to manufacturer instructions
and calculations. Price includes all required fittings, hanging, insulation and
digging.
1.3.1 6.35mm M.L 250
1.3.2 9.52mm M.L 102
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1.3.3 12.7mm M.L 420
134 15.88mm M.L 219
1.3.5 19.05mm M.L 157
1.3.6 22.22mm M.L 143
1.3.7 28.58mm M.L 130
1.3.8 34.92mm M.L 96
1.3.9 41.28mm M.L 97
1.3.10 53.98mm M.L 70
1.4 Accessories
14.1 Refnet Joint No. 96
1.4.2 Refrigerant Amount (R410 A) Kg 177
2 VENTLATION
Centrifugal Exhaust Fans set (one duty and one stand-by), complete as per
drawings and specifications.
2.1 72.21/s SET 69
2.2 165 I/s SET 12
2.3 87.31/s SET 5
3 Water System
3.1 Pumps
Supply, install, test & commission water pump set including motor,
interconnecting pipe work, complete with all valves, vents, manifolds, gauges,
control panel, level switches, pressure vessel & frequency inverter etc., as per
specifications and drawings.
3.1.1 L.P. (Lifting pumps set /2 pumps) SET 1
3.1.2 C.W.P.-1 (Set/2 booster pump) with SET 1
3.1.3 C.W.P.-2 (Set/2 pumps feeds floors from roof tanks) with 1000L pressure vessel SET 1
3.14 S.C.W.P.-1 (Set/2 pumps directly feeds floors and feeds hot water boiler with SET 1
softened water) with 1000L pressure vessel
3.15 RA.W.P. (Set/2 (From rainwater well to sand filter and floors) SET 1
3.1.6 H.W.P (Set/2 (Directly feeds floors with hot water) SET 1
3.2 Pipes
Galvanized steel pipes to BS1387 of various sizes for domestic cold and hot
water above false ceiling, in walls, etc. Including fittings, supports, expansion
loops, thermal insulation cladding of all external and trenches pipes.
3.21 16 mm dia pipe (1/2") ML 8,500
3.2.2 20 mm dia pipe (3/4") ML 4,480
3.2.3 25 mm dia pipe (1") ML 4,000
3.24 32 mm dia pipe (11/4") ML 3,100
3.2.5 40 mm dia pipe (11/2") ML 2,130
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3.2.6 50 mm dia pipe (2") ML 1,175
3.2.7 65 mm dia pipe (21/2") ML 1,500
3.2.8 80 mm dia pipe (3") ML 300
3.2.9 100 mm dia pipe (4") ML 300
3.3 Water Manifolds
Supply, install, test and commission wall hung type steel hot and cold water
copper manifolds 16 mm dia outlets. The unit price shall include plug and
washer, adaptors with O- rings, brackets, drain cocks, isolating ball valves with
T-handle on all outlets, automatic air vent on each manifold, and all accessories
and works required to complete the work as shown in the drawings and
engineers instructions.
3.3.1 25 mm dia collector, 5 outlets (average) No. 464
4 Flre’rlghtlng System
4.1 Fire hose reel cabinet (double compartment) including isolating valve with No. 20
SS304 fully recessed cabinet, 19 mm dia x 25 m rubber hose, ABC 6 kg powder
extinguisher and 4.5 kg CO; extinguisher.
4.2 Fittings
4.2.1 Tee (1.5") No. 30
4.2.2 Elbow (4") No. 120
4.2.3 Cross(1.5") No. 180
4.24 Reducer (1"-1.25") No. 150
4.2.5 Reducer (1.25"-1.5") No. 160
4.2.6 Reducer (1.5"-2") No. 88
4.2.7 Reducer (2"-2.5") No. 70
4.2.8 Reducer(2.5"-3") No. 35
4.2.9 Reducer(3"-4") No. 12
4.3 Black seamless steel pipe.
4.3.1 25mm dia pipe (1") ML 1280
43.2 31.25 mm dia pipe (1 1/4") ML 640
4.3.3 37.5 mm dia pipe (1 1/2") ML 384
43.4 50mm dia pipe (2") ML 120
4.3.5 62.5 mm dia pipe (2 1/2") ML 112
4.3.6 75mm dia pipe (3") ML 224
4.3.7 100 mm dia pipe (4") ML 86
4.3.8 150mm dia pipe (6") ML 67
4.4

Pumps

Supply, install, test and commission fire pumps set, complete with all
components including duty pump, split case (electric driven), emergency pump
(diesel), jockey pump, centrifugal (electric driven). Price shall include electric
control panels, pressurized tank, cork and foundation bed, controllers,
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accessories for all pumps including wiring connections, all components, water
measuring devices including flow meter and sensor, pressure gauges, relief
valves, gate valves, check valves etc., all electrical works needed to complete
the work according to engineer’s instructions.

44.1 Electrical pump : EP-01 No. 1
4.4.2 Diesel pump : DP-01 No. 1
443 Jockey pump : JP-01 No.
4.5 Fire Extinguisher
4.6 K-type dry powder fire extinguishers. No. 23
4.7 COxz fire extinguishers. No.
4.8 Self-automatic extinguisher. No.
4.9 Siamese connection assembly complete with non-return valves. Outlet of 100m No.
dia, and inlet of 65mm dia.
4.10 Supply and install landing valve, complete with fire hose rack. No. 13
411 Supply and install clean agent system with all accessories such as valves, control, Set 18
nozzles, etc. All complete as per detailed specifications and drawings.
412 Supply and install Fire hydrant, pedestal type and maintain stand spot fitted No. 4
with 75mm twin faced flanged fire hydrant, complete with isolating valve, an
automatic shut-off valve, complete with all necessary mechanical fittings.
4.13 Supply and install Fire hydrant Cabinet, complete with all needed equipment’s., No. 3
4.14 Supply, lift into position, install, test, set to work, and commission sprinkler No. 670
head as following and as per drawings Sprinkler head pendent recessed center
link type, Part No. 13577W/B (% Inch)56 diameter - ORIFICE 15 mm (% Inch)
NPT male connection bronze finish UL/FM approved.
4.15 Supply and install fire system for kitchen consists of 6 nozzles, heat detector Set 1
sense fire and activate the wet chemical cylinder and wet chemical cylinders all
according to drawings and specifications.
> Drainage System
5.1 Counter Recessed Wash Basin No. 69
5.2 Water Closets
5.2.1 Supply install and test European water closet, heavy duty seat and cover, No. 88
connection to treated cold water supply and drainage network and all fittings
and works required to complete the work as per drawings and as per engineer's
instructions. Price shall include hand spray hose (connected to domestic cold
water), holding paper, and paper basket.
5.3 Shower Tray
5.3.1 Supply install and test shower tray (80cmx80cm) White Vitreous China No. 78

connected to domestic cold and hot water supply and drainage network and all
fittings and works required to complete the work as per drawings and as per
engineer's instructions. Price shall include chrome plated shower mixer, chrome
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plated hand shower completes with flexible hose 150 cm long and chrome
plated shower hanger, Pax pipes, 2" and 4" UPVC pipes needed to connect the
tray to the nearest main drainage and supply it with water, Single robe/clothes
hook with concealed mounting type

5.4 Kitchen Sinks
5.4.1 Supply and install stainless steel single bowl kitchenette sink 60x50 cm, No. 5

complete with faucet with mixer connection to domestic cold and hot water

supply and drainage network and all fittings and works required to complete the

work as per drawings, specifications and as per engineer's instructions.
5.5 Laboratory Sinks
5.5.1 Supply and install laboratory molded sink 46x46 cm made of anti-corrosion No. 21

polypropylene with high resistance to acids, alkaline and base chemicals. Price

shall include incorporated overflow, complete with threaded drainpipe, made as

a single piece without joints. All according to drawings and specifications and as

per engineer's instructions
5.6 UPVC Pipes

Supply, install, and test UPVC pipes and fittings for waste, soil, and rain water

drainage services. Price includes all kinds of digging in concrete slabs and walls,

supports, hangers and all rubber joints and sealants, syphon and connection to

floor drain and flexible connections and all types of fittings. All done according

to drawings, specifications and engineer's instructions.
5.6.1 110 mm dia. (4") ML 268
5.6.2 150 mm dia. (6") ML 186
5.6.3 200 mm dia (8") ML 20
5.6.4 50 mm dia. (2") ML 74
5.7 Floor Drains

Supply, install, and test Floor drain 4" threaded 15x15cm chrome plated cover

multi inlet adjustable with trap. All complete with floor clean out plug, HDPE

syphon and all types of fittings. The rate shall include excavation and backfilling

for all connections with drain pipes and fixtures. All done according to drawings,

specifications. Floor Drain, Floor Trap & Floor Gully
5.7.1 FT-HDPE and with chromium plated cover, mesh and all accessories needed No. 172
5.7.2 FD-HDPE and with chromium plated cover, mesh and all accessories needed No. 90
5.7.3 FG-HDPE No. 13
5.8 Floor Cleanouts

Supply, install, and test heavy duty nonadjustable 11x11 cm floor clean out with

HDPE body, with gas and water tight ABS plug and frame, complete with all

needed elbow and all types of fittings, all done according to drawings,

specifications and the approval of the engineer.
5.8.1 FLOOR C.0O HDPE with chromium plated cover, mesh and all accessories needed. 70
5.8.2 WALL C.0O HDPE with chromium plated cover, mesh and all accessories needed. 110
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5.9 Roof Drains
Supply install and test (HDPE) Roof rain water drain size 4" with cover of 20x20
plastic mesh to be connected to rain water vertical pipes with all required
fittings, price shall include the piping works until the connection to the vertical
rain pipe, all done according to drawings, specifications and the approval of the
Engineer. Roof drain HDPE with cover (RD)
5.9.1 50 mm dia. (2") No. 13
5.9.2 100 mm dia. (4") No. 20
5.10 Roof Vent
Supply and install (HDPE) Roof vent with screened cap for vent stacks including
connection to the vent pipe by solvent welding. The rate includes all needed
connection accessories, all done according to drawings, specifications and the
approval of the Engineer. Roof vent cap HDPE
5.10.1 100 mm dia. (4") ML 1150
5.11 Manholes
Supply install and test precast concrete manholes of 15 cm thickness for walls
and bottom slab with C.I. cover (medium cover) and frame all necessary
excavation, blinding of 15cm thickness, back filling as specified to the required
depth complete with iron steps, benching and plastering as shown in drawing
and in accordance to specification, drawings, and approval of supervisor
engineer. with C.I. cover (medium cover) and frame, iron steps as detailed on
the drawings.
5.11.1 Depth 60 cm - 80 cm Dia 60 cm No.
5.11.2 Depth 80 cm - 140cm. Dia 80 cm No.
5.11.3 Depth 140 cm - 250 cm. Dia 100 cm No.

Appendix - A

A-1: Description of wall construction groups
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TABLE 9-5 Description of wall construction groups.

Group Us..
No. Description Of Construction W/ m?*°C
SRR 01 6 mm Bace Bricki - (Brick) 3
C Air space + 101.6 mm face brick 2.033
D 101.6 mm common brick 2.356
C 25.4 mm insulation or air space + 101.6 mm common
brick 0.987-1.709
B 50.6 mm insulation + 101.6 mm common brick 0.630
B 203.2 mm common brick 1.714
A Insulation or air space + 203.2 mm common brick 0.874-1.379
st e 016 mm FaceBrickir (HaWasGoncrete)
C Air space + 50.8 mm concrete 1.987
B 50.8 mm insulation + 101.6 mm concrete 0.658
A Air space or insulation + 203.2 mm or more concrete [ 0.625-0.636
101:36'mm Face Brick + (IL-WaZor HoW Goncrete Block):
E 101.6 mm block . 1.811
D Air space or insulation + 101.60 mm block 0.868-1.397
D 203.2 mm block 1.555
C Air space or 25.4 mm insulation + 152.4 mm or 203.2
mm block : 1.255-1.561
B 50.8 insulation + 203.2 mm block 0.545-0.607
SR EE 0196 mm Face Brick = (Clay Tile) 2=
D 101.6 mm tile 2.163
D Air space + 101.6 mm tile 1.595
C Insulation + 101.6 mm tile 0.959
C 203.2 mm tile 1.561
B Alir space or 25.4 mm insulation + 203.2 mm tile 0.806-1.255
A 50.8 mm insulation + 203.2 mm tile 0.551
R & AT W Concrete Wall £ (Finish) i 54
E 101.5 mm concrete 3.321
D 101.6 mm concrete + 25.4 mm or 50.8 mm insulation |1.136 - 0.675
C 50.8 mm insulation+101.6 mm concrete 0.675
C 203.2 mm concrete : 2.782
B 203.2 mm concrete + 25.4 mm or 50.8 mm insulation |1.061 - 0.653
A 203.2 mm concrete + 50.8 mm insulation 0.653
B 304.8 mm concrete 2.390
A 304.8 mm concrete + insulation 0.642
£ LW oand H. W - Concrete:Block' A (Einish) =
F 101.6 mm block + air space/insulation 0.914-1.493
E 50.8 mm insulation + 101.6 mm block 0.596-0.647
E 203.2 mm block 1.669-2.282
D 203.2 mm block + air space/insulation 0.846-0.982
; : 2 Clay Tile =+ (Finish) 3
F 101.6 mm tile 2.379
F 101.6 mm tile +air space 1.720
F 101.6 mm tile + 25.4 mm insulation 0.993
D 80.8 mm insulation + 10.4 mm tile 0.825
C 203.3 mm tile + air space/25.4 mm insulation 0.857-1.312
B 50.8 mm insulation + 203.2 mm tile 0.562
i Metal Curtain Wall
G With/without air space + 25.4 mm/58 to 76.2 mm
insulation 0.516-1.306
g2 Frame Wall- ¢
G 24 .4 mm to 76.2 mm insulation 1.010 - 0.459

A-2: Approximate CLTD values for light, medium, and heavy weight construction walls
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TABLE 9-6 Approximate CLTD values for light, medium, and heavy weight construction walls, °C.

Wall construction

Solar Light Medium Heavy

Time N E S W| N E S W E S W
8:00 e g e el as s owm oz == N
9:00 S [ NSNS (ST " PO T R
10:00 e 2 B Bl T e ome e me
11:00 —_ 18 .7 | = 1 — s 3 .., B
12:00 —_— 12 12 - = 15 = = 5 e e
13:00 2 9 15 5| — 14 5 — y/ ST
14:00 37 16 13| — 12 1 8 — —
15:00 37 14 21 1 10 11 6 8 1 —
16:00 4 6 11 27| 2 -9 12 12 8 3 —
17:00 4 5 7 30| 2 8 11 17 8 5 3
18:00 5 3 4 211 3 7 9 2 8 6 7
19:00 2 1 1 17 3 5 7 23| 7 6 10
20:00 — — — 6| 3 3 5 2 7 6 12

A-3: Approximate CLTD values for sunlit roofs

TABLE 9-3 Approximate CLTD values for sunlit roofs, °C.

Roof Construction
Solar Time Light Medium Heavy
10:00 5 — —
11:00 12 —_ e
12:00 19 3 0
13:00 25 8 2
14:00 . 29 14 5
15:00 31 19 8
16:00 31 23 10
17:00 29 25 12
18:00 24 26 14
19:00 19 25 15
20:00 11 22 16

A-5: cooling load factor (CLF), for lights
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Table (A-8) Cooling load factor (CLF)w , for lights. 2

Number of hours Fixture X¢© Fixture Y
after lights are hours of operation hours of operation
turned On 10 - 16 10 16
0 0.08 0.19 0.01 0.05
1 0.62 0.72 0.76 0.79
2 0.66 0.75 0.81 0.83
3 0.69 0.77 0.84 0.87
4 0.73 0.80 0.88 0.89
5 0.75 0.82 0.90 0.91
6 0.78 0.84 0.92 0.93
Z 0.80 0.85 0.93 0.94
8 0.82 0.87 0.95 0.95
9 0.84 0.88 0.96 0.96
10 0.85 0.89 0.97 0.97
11 0.32 0.90 0.22 0.98
12 0.29 0.91 0.18 0.98
13 0.26 0.92 0.14 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 0.24
18 0.15 0.36 0.05 0.20

3 Adapted from Stoecker and Jones, 1982, “Refrigeration and Air Conditioning”, 2054 ed.,
MacGraw Hill. (Fixture X = not vented recessed lights and Fixture Y = vented or free-hanging light.)
4 Adapted from Jones, 1979 “Air Conditioning applications and Design”, Edward Arnold.

A-6: Cooling load factor due to occupants (CLF), for sensible gain

Table (A-6-2) Cooling load factor due to occupants (CLF)ecc. , for sensible heat gain.

Hours after Total hours in space
each entry into
space 2 4 6 8 10 12 14 16

1 049 049 050 0.51 0.53 0.55 0.58 0.62
2 058 059 060 0.61 062 064 0.66 0.70
3 0.17 066 067 0.67 069 070 0.72 0.75
4 0.13 0.71 072 072 074 075 0.77 0.79
5 0.10 027 076 076 0.77 0.79 0.80 0.82
6 0.08 0.21 0.79 080 080 0.81 0.83 0.85
7 007 016 034 0.82 083 084 0.85 0.87
8 006 014 026 084 0.85 0.86 0.87 0.88
9 0.05 0.11 0.21 0.38 087 0.88 0.89 0.90
10 . 0.04 0.10 0.18 0.30 0.89 0.89 0.9 0.91
11 0.04 008 015 0.25 042 091 0.91 0.92
12 0.03 0.07 013 0.21 034 092 092 0.93
13 0.03 0.06 0.11 0.18 028 045 093 0.94
14 002 006 010 0.15 023 036 094 0.95
15 0.02 005 008 0.13 020 030 047 0.95
16 0.02 004 0.07 0.12 0.17 0.25 0.38 0.96
17 002 004 006 010 0.15 0.21 0.31 0.49
18 0.01 0.03 0.06 0.09 0.13 0.19 0.26 0.39

A-7: Cooling load temperature differences (CLTD) for convection heat gain for glass windows
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Table (A-T) Cooling load temperature diferences (CLTD) for convection heat gan for glass windows,

Time

Oy ) 3 5678 9 NIRIBIISIENIERHY

CLTD
'€

T10-1-1-1-1-1 012457 788776432121

A-8: Cooling load factor (CLF) for glass windows without interior shading

Table (A-5-1)  Cooling load factors (CLF) for glass windows without interior shading, north latitudes.

Glass

Facing Construction

Building

Solar Time, h

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

N
Shaded

WSW

L
M
H

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 0.79 0.75
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
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

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
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
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

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
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
0.09 0.08 0.08 0.07 0.07 0.23 0.37 0.44 0.44 0.39 0.34 0.31 0.29 0.27 0.26 0.24 0.22

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
0.07 0.06 0.05 0.05 0.04 0.20 0.35 0.45 0.49 0.47 0.41 0.36 0.33 0.30 0.28 0.26 0.23
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 0.21

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
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
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 0.26 0.24 0.22

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
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
0.10 0.09 0.09 0.08 0.08 0.19 0.32 0.43 0.50 0.52 0.49 0.41 0.36 0.32 0.29 0.26 0.24

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 0.45 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 0.55 0.57 0.54 0.48 0.43 0.39 0.35
0.12 0.11 0.11 0.10 0.09 0.12 0.19 0.29 0.40 0.49 0.54 0.55 0.51 0.44 0.39 0.35 0.31

0.08 0.07 0.05 0.04 0.04 0.06 0.09 0.14 0.22 0.34 0.48 0.59 0.65 0.65 0.59 0.50 0.43
0.12 0.11 0.09 0.08 0.07 0.08 0.11 0.14 0.21 0.31 0.42 0.52 0.57 0.58 0.53 0.47 0.41
0.13 0.12 0.12 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
0.14 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
0.15 0.14 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

0.12 0.10 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
0.15 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
0.15 0.13 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 0.58
0.15 0.14 0.13 0.12 0.1 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
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A-9: cooling load factors for glass windows with interior shading

Table (A-5-2) Cooling Load factors (CLF) for glass windows with interior shading, North latitude.

Fenestration Solar Time, &
Facing 1 2 3 4 5 6 7.8 -9 10 11 12 13 14 15 16 17
N 0.08 0.07 0.06 0.06 0.07 0.73 0.66 0.65 0.730.80'0.86 0.89 0.89 0.86 0.82 0.75 0.78

NNE 0.03 0.03 0.02 0.02 0.03 0.64 0.77 0.62 0.42 0.37 0.37 0.37 0.36 0.35 0.32 0.28 0.23
NE 0.03 0.02 0.02 0.02 0.02 0.56 0.76 0.74 0.58 0.37 0.29 0.27 0.26 0.24 0.22 0.20 0.16
ENE 0.03 0.02 0.02 0.02 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

E 0.03 0.02 0.02 0.02 0.02 0.47 0.72 0.80 0.76 0.62 0.41 0.27 0.24 0.22 0.20 0.17 0.14
ESE 0.03 0.03 0.02 0.02 0.02 0.41 0.67 0.79 0.80 0.72 0.54 0.34 0.27 0.24 0.21 0.19 0.15
SE 0.03 0.03 0.02 0.02 0.02 0.30 0.57 0.74 0.81 0.79 0.68 0.49 0.33 0.28 0.25 0.22 0.18
SSE 0.04 0.03 0.03 0.03 0.02 0.12 0.31 0.54 0.72 0.81 0:81 0.71 0.54 0.38 0.32 0.27 0.22
S 0.04 0.04 0.03 0.03 0.03 0.09 0.16 0.23 0.38 0.58 0.75 0.83 0.80 0.68 0.50 0.35 0.27

SSW 0.05 0.04 0.04 0.03 0.03 0.09 0.14 0.18 0.22 0.27 0.43 0.63 0.78 0.84 0.80 0.66 0.46
SW 0.05 0.05 0.04 0.04 0.03 0.07 0.11 0.14 0.16 0.19 0.22 0.38 0.59 0.75 0.83 0.81 0.69
WSW  10.05 0.05 0.04 0.04 0.03 0.07 0.10 0.12 0.14 0.16 0.17 0.23 0.44 0.64 0.78 0.84 0.78
w 0.05 0.05 0.04 0.04 0.03 0.06 0.09 0.11 0.13 0.15 0.16 0.17 0.31 0.53 0.72 0.82 0.81
WNW  10.05 0.05 0.04 0.03 0.03 0.07 0.10 0.12 0.14 0.16 0.17 0.18 0.22 0.43 0.65 0.80 0.84
NwW 0.05 0.04 0.04 0.03 0.03 0.07 0.11 0.14 0.17 0.19 0.20 0.21 0.22 0.30 0.52 0.73 0.82
NNW  10.05 0.05 0.04 0.03 0.03 0.11 0.17 0.22 0.26 0.30 0.32 0.33 0.34 0.34 0.39 0.61 0.82
HORIZ. |0.06 0.05 0.04 0.04 0.03 0.12 0.27 0.44 0.59 0.72 0.81 0.85 0.85 0.81 0.71 0.58 0.42

A-10: Shading coefficient for glass with interior shading

Table (A-4-2) Shading coefficient (SC) for glass windows with interior shading.
Type of Interior Shading

Nominal | yenetian Blinds Roller Shade
Thickness, Opaque Translucent
Type of Glass mm Medium  Light Dark  White Light

Clear, regular
Clear, plate 6.0-12.0 — — — — e
Clear Pattern 3.0-12.0 0.64 0.55 0.59 0.25 0.39
Heat Absorbing| 3 — — — — 2K
Pattern or 5.0-5.5 — — - =
Tinted(gray
sheet)

Heat 5.0-6.0 0.57 0.53 0.45 0.30 0.36
Absorbing,
plate
Pattern or 3.0:5.5 — — — — —
Tinted, gray
sheet

Heat Absorbing 10 0.54 0.52 0.40 0.82 0.32
Plate or Pattern|
Heat Absorbing|

Heat Absorbing| — 0.42 0.40 0.36 0.28 0.31
or Pattern

Reflective — 0.30 0.25 0.23 — =
Coated Glass

— 0.40 033 0.29 — —

Regular 3 0.57 0.51 0.60 0.25 -
Plate 6 0.57 0.51 0.60 0.25 —
Reflective 6 0.20- — - —
Clear 2.56.0 0.57 0.51 0.60 0.25 0.37
Heat Absorbing|  5.0-6.0 0.39 0.36 0.40 022 0.30
Reflective — 0.20 0.19 0.18 —
Coated

= 0.30 0.27 0.26 — -
— 0.40 0.34 0.33 — —

A-11: Shading coefficient for glass windows without interior shading
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Table (A-4-1)  Shading coefficient (SC) for glass windows without interior shading. !
Nominal Solar |Shading Coefficient, W/m*K

lear '

Heat absorbing

Regular

Plate — 0.83 —
Reflective 6 — 0.20-0.40 —
Clear 3 071 | 088 |

6 0.61 0.81 0.82
Heat absorbing” 6 0.36 0.55 0.58

Type of Glass

Thickness, mm | Trans.
T iiigle Glass: 0

3 0.84

6 0.78
10 0.72
12 0.67
3 0.64
6 0.46
10 0.33

0.42

1.00
0.94
0.90
0.87
0.83
0.69
0.60

B=227 |

053 |

0.90

A-12: Solar heat gain factor for sunlit glass

Table (A-3) Solar heat gain factor (SHG) for sunlit glass, W/m2, for a latitude angle of 32 °N.

Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
N , 76 8 101 114 120 139 126 117 104 88 76 69
NNE/NNW | 76 85 117 252 350 385 350 249 110 88 76 69
NE/NW 91 205 338 461 536 555 527 445 325 199 91 69
ENE/WNW | 331 470 577 631 656 656 643 615 546 451 325 265
E/W 1552 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 786 782 716 590 489 439 473 571 688 754 773 776
SSE/SSW 789 732 615 445 213 262 303 429 596 710 776 795
S 776 697 555 363 233 189 227 350 540 678 767 795
Horizontal 555 685 795 855 874 871 861 836 770 672 552 498

A-13: Values of infiltration air coefficient for windows
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TABLE 6-2 Values of infiltration air coefficient K.@ for windows.

. Infiltration Air Coefficient K

Window Type : Average Minimum Maximum
Sliding .

Iron 0.36 0.25 0.40

Aluminum 0.43 0.25 0.70
Hung

Iron 0.25 0.10 0.60

Aluminum (side pivoted) 0.36 0.07 0.70

Aluminum (horizontal pivoted) 0.30 0.07 0.50

PVC 0.10 0.03 - 0.15

A-19: Values of the factor S1

TABLE 6-3 Values of the factor S of Eq. (6-7).

Value

Ne  Topography of Location of §,
1 Protected locations by hills or buildings (wind speed = 0.5 m/s) 0.9
2 Unprotected locations such as sea shores, hill tops, etc. 1.1
3 Locations other than that listed in item (1) or (2) of this table. 1.0
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A-20: Values of the factor S2

TABLE 6-4 Values of the faclor S of Eq. (6-7).

Location Class Class 1 Class 2 Class 3 Class 4

Building Height, A B C [A B C |A B C|A B ¢
m

0.47 0.520.56 |0.550.60 0.64 [0.63 0.67 0.72 [0.73 0.78 0.83
0.50 0.5 0.60 [0.60 0.65 0.70 [0.70 0.74 0.79 [0.78 0.83 0.88

10 0.58 0.62 0.67 [0.690.74 0.78 [0.83 0.88 0.93 [0.90 095 1.00
15 0.64 0.69 0.74 10.780.83 0.88 [0.91 0.95 1.00 [0.94 0.99 1.03
20 0.70 0.750.79 [0.850.90 095 (0.94 098 1.03 [0.96 1.01 1.06
30 0.79 0.850.90 {0.920.97 1.01 (098 1.03 1.07 [1.00 1.05 1.09
40 0.89 0.930.97 0.951.00 1.05 |1.01 1.06 1.10 |1.03 1.08 1.12
50 0.94 098 1.02 |1.001.04 1.08 [1.04 1.08 1.12 [1.06 1.10 1.14
60 0.98 1.021.05 |1.021.06 1.10 [1.06 1.10 1.14 |1.08 1.12 LIS
80 1.03 1.07 1.10 {106 1.10 - 1.13 |1.09 113 117 |11 115 L18
100 107 L10 113 (109112 116 |1.12 1.16 L19 |L13 117 120
120 L10 L13 LIS [LIT LIS 118|114 118 121|115 1.19 1.22
140 LIZLISL17 (L13117 112 |116 119 122 |117 120 124
160 LI4 LI7L19 (LISLI8 121 {118 121 1.24 |1.19 122 125
180 116 1191.20 (1.17120 1.23 |1.19 1.22 1.25 |1.20 123 126
200 118 121 1.22 (118121 1.4 |1.21 1.4 126 [121 124 1.27

A-21: Instantaneous heat gain from occupants

TABLE 4-2 Instantanagus heat gain from occupants in units of Watiss),

Total
Total Heat | Adjusted™| Sensible| Latent
Typical Dissipation Heat Heat, Heat,
Type of Activity | Application Adult Male | Dissipation] W W
Seated at rest Theater :
MMatinee 111.5 4.0 H4.0 30.0
Evening 111.5 100.0 T0.0 30.0
Seated, very Offices, hotels,
ight rlc apartments,
fight wo restaurants 128.5 114.0 70.0 44.0
MModerately
active office Offices, hotels,
work apartments 1355 128.5 71.5 S7.0
Department
store, retail
Standing, light store,
work,gwalk:i.n,g supermarkets 1537.0 | 143.0 71.5 . TLS
Walking, seated | Drug store 157.0 143.0 71.5 71.5
Standing,
alkin,
rlowl:rg Bank 157.0 143.0 TL.5 715
Sedentary work Restaurant - 168.5 157.0 TRS FE5
Light bench
l%kcn Factory 238.0 214.0 78.0 136.0
Small-Farls _
Moderate work assernbly 257.0 Z43.0 B7.0 156.0
Moderate . _
dancing Dance halls 257.00 243.0 B7.0 156.0
Walking at [.5
mSs * Factory 286.0 2B5.0 107.0 178.0
Bowling
(participant) Bowling alley 428.5 414.0 166.0 248.0
Heavy work Factory 428.5 414.0 166.0 248.0

- {2} Adjusted heat dissipation is based on the percentage of men, women and children
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A-25: Latitude- month correction factor LM

Table (A-2) Latitude-Month correction factor LM, as applied to walis 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 7.2 -5.0
Jan./Nov. | =22 -33 -38 -38 22 -05 22 44 6.6 -38
Feb./Oct. | =16 -27 =27 =22 ~1.1 00 1.1 2.7 38 -22
Mar/Sept. | -1.6 —-1.6 ~1.1 -1.1 <05 =05 00 00 00 -0.5
Apr./Aug. | -0.5 00 -0.5 05 05 -16-16 =27 -33 0.0
May/July 2.2 1.6 1.6 00 -05 -22-27 -3.8 -38 0.0
June 33 22 2.2 05 -05 -22-33 —44 -38 0.0
24 |December | —-2.7 -38 -5.5 -6.1 -44 =27 1.1 50 6.6 -9.4
Jan./Nov. | =22 =33 —4.4 —-50 -33 -16-16 50 7.2 -6.1
Feb./Oct. | =22 =27 =33 -33 —-16 05 16 38 55 -3.8
Mar/Sept. | —-1.6 -22 -1.6 -16 -05 -05 05 1.1- 22 -1.6
Apr./Aug.| -1.1 —05 0.0 -05 -05 ~1.1-05 -1.1 -16 0.0
May / July 0.5 1.1 1.1 00 00 -16-16 =27 -33 0.5
June. 1.6 1.6 167« 08 00 -16-22 -3.3 =33 0.5
32 |December | -27 -38 -55 -6.1 -44 27 1.1 50 6.6 -9.4
Jan./Nov. | -2.7 -38 -50 -6.1 -44 -22 1.1 50 6.6 -8.3
Feb./Oct. | —2.2 -33 -38 44 -22 =11 22 44 6.1 -5.5
[Mar/Sept. | <1.6 22 -22 =22 -1.1 =05 1.6 27 38 -2.7
Apr./Aug.| -1.1 -1.1 -0.5 —1.1 0.0 -05 00 50 05 -0.5
May / July 0.5 0.5 0.5 00 00 -05-05 -16 -1.6 0.5
June 05 1.1 1.1 05 00 -11-1.1 =22 =22 1.1
40 |December | —3.3 44 -55 -72 =55 =38 00 38 55 -11.6
Jan./Nov. | 2.7 -38 -55 -66 -50 -33 05 44 6.1 -10.5
Feb./Oct. | 2.7 -3.8 —44 -50 =33 -16 16 44 66 -7.7
Mar/Sept. | =22 2.7 =27 -33 -1.6 05 22 38 55 —4.4
Apr./Aug.| ~-1.1 —-1.6 -1.6 -1.1 0.0 00 1.1 1.6 22 1.6
May /July 0.0 0.0 0.0 00 0.0 00 00 00 05 0.5
June 0.5 0.5 0.5 05 00 0.5 0.0 0.0 05 1.1
48 |December | -3.3 -44 -6.1 -77 <72 -55-16 1.1 33 ~13.8
Jan./Nov. | -33 —-44 -6.1 ~7.2 -6.1 -44-05 27 44 -13.3
Feb./Oct. | -2.7 -38 -5.5 -6.1 44 =27 05 44 6.1 -10.0
Mar/Sept. | -22 -33 -3.3 -38 -22 ~05 22 44 6.1 -6.1
Apr./Aug.| -16 —-16 -16 -1.6 -0.5 00 22 33 38 -2.7
May/ July 00 -0.5 0.0 0.0 0S5 05 1.6 16 22 0.0

June 0.5 0.5 1.1 0.5 1.1 0.5 1.1 1.1 1.6

A-26: mechanical ventilation

TABLE A(2.20)Minimum outside air requirements for

mechanical ventilation
Maximum Ventilation Air
Occupancy Per Requirements

Application 100 m? L/s/Person | L/s/m’
Bath, toilets™ — 10.0 =
Hotels and morels:
Bedrooms —_ —_— 7.5-15

L/s/room
Living rooms . — 5-10

L/s/room
Bathes — — 15-25

L/s/room
Lobbies 30 2.5-75 -
Conference rooms 50 3.5-17.5 —
Assembly rooms 120 3.5-17.5 -
Dormitory sleeping areas 20 8.0 e
Gambling casinos 120 15.0 —_
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A-27: inside & outside film resistance

Table Inside film resistance, R

Al2.2) R,
Element Heat Direction Material Type m*°C/ W
Construction materials 0.12
Walls Horizontal :
Merals 0.31
Construction materials 0.10
ili 1) d
;ellm,gs and Pwar: Metals 021
oors -
Downward Construction materials 0.15

Table Outside film resistance, Ra.

Af2.3) Wind Speed Less than 0.5 More than
b m/s 0.5-5.0m/s __ 5.0m/s
Element Material Type Outside Resi ce R, , m*-°C/W
Construction
0.08 . 0.03
Walls materials . 006
Metals 0.10 0.07 0.03
C tructi
i oRseaan 0.07 0.04 0.02
Ceilings materials
Metals 0.09 0.05 0.02
C tructi
Exposed floors i ! fHes 0.09 — —
materials

A-28: overall heat coefficient for windows

TABLE  Overall Heat Transfer Coefficient for Windows, Wim2°C

Aed Wind Speed, m/s

Material ' Double Glass, 6mm air
Type and Single Glass gap

Frames <05  05.50 >50 [<05 05-50 >50
Wood 8 43 50 | 23 25 21
Aluminum 50 5.6 6.7 30 32 3.5
Steel 50 5.6 67 | 3.0 32 35
PVC 38 43 50 | 23 25 AT

A-29: overall heat coefficient for wood and metals door

TABLE Qverall heat transfer coefficients for wood and metal doors, W/m2-°C.

A(2.5) Without  With Wood  With Metal
Door Type Storm Door Storm Door Storm Door
25 mm-wood 3.6 1.7 2.2
35 mm-wood 3.1 1.6 1.9
40 mm-wood 2.8 1.5 1.8
45 mm-wood 2.7 1.5 1.8
50 mm-wood 2.4 1.4 1.7
Aluminum 7.0 — —
Steel 5.8 e —_
Steel with:

Fiber core 3.3 — —
Polystyrene core 2.7 — —
Polyurethane core 2.3 —_ —
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Appendix (B)

TableA@.1)Water Supply Fixture Units 2rd Fiviurs Branch Sizes

. Type of Fixture * Min. Size of v
Fixture® Use Supply Control Units® Fixture Branch?® in
Bathroom group* Private Flushometer 3 e
Bathroom group*© Private Flush tank for closet 6 =
Bathtub Private Faucet 2 e
Bathtub General Faucet 4 th
Clothes washer Private Faucet 2 th
Clothes washer General ; Faucet 4 *h
Combinaticn fixture Private Faucet 3 Ya
Dishwasher?! Private Automatic 1 Y,
Drinking fountain Offices, etc. Faucet % in. 6.25 /T
itchen sink - - Private Faucet 2 h
Kitchen sink General Faucet 4 2
Laundry trays (1-3) Private Faucet 3 ke
Lavatory - 7 Private Faucet 1 e
Lavatory ° General Faucet 2 "
Separate shower Private ~ Mixing valve 2 W 2
Service sink : A General Faucet = 'h
Shower head - Private Mixing valve 2 Y2
Showerhead - General Mixing valve 4 2
Urinal General Flushometer 5 Vet
Urinal s Genera! Flush tank 3 a
Water closet Private Flushometer 6 i
Watercloset Private - Flushometer/tank 3 h
Water closet Private - Flush tank 3 a
Water closet Gereral Fiushomieter 10 1
Water closet - G:nf;al' Flushometer/tank 5 Ya
Water closet General Flush tank S 2
Water supply outlets not listed above shall be computed at their maximum demand, but in no case less than the
values: . .
Number of Fixture Units
Fizturg Eranch* Frivawe Use Genera! Uze .
Y e . 5 s
V: * 2 . 4 < ». H b ®y A a
e 3 6 R
1 6 10 :
*For supply outlets likely to imp i d d i conti supply separately and add to total dcmud .
for forvares.

*The given weights are for total demand. For fixtures with both hot sind cold water supplies, the weights for mLumu.gn
demands roay be taken as three-quarters the listed demand for the supp!

“A bathroom group for the purposes of this table consists of not more than one w-l-r cloget, one lavatary, one bathtub, cnc i
ghower stall or one water closet, two lavatories, one bathtub or one upaule shower stall.

“Notmizal 1.D. pipe size. i

*Some may require larger ¢l f; er's instructions -

Dets extracted muu Table BS2.

Source. Reproduced with permission from The National Standard Plumbing Code, published by The National
Associstion of Plumbing Heating Cooling Contractors,
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Friction Head Loss for Water in Plastic Pnpé (Scheduie 80)

R T 7 S5 NP ANIVAD NEY, I
!g - 20 ,‘ N ?P'lc|// b M / ‘ 0 // \\J ~|
L il R <A 'IT{(Y 7@& / l/?;.f/:
55 10 \,\ N / ‘é / : \ SZ
[ —— ——
= 5 8 = R R
i S 7 =
S S A
pew PYVARS B
E ® gl 74
= TRA AT
05 |- N & !
| A | L !
0.4 |- s :
e ~ 7 7 \I:\‘ ) -
; : . i
022 0.5 2 A INVTVANT 7 7T N TR \i,’ D
O I~ 2 34 6 8J0 20 3040 6080100 200 300400 &0 W0 1000

Flow rate, U":S. gal/min (water @ 60°F
Figura@.1)Chart of riction head loss in § lastic pipe for water at 60°F,
in feet of water and si per 100 ft of equivalent pipe length. Pipe sizes are nominal
(Reprinted by perm. ision of th.e American Society of Heating: Refrigerating and Air-

Conditioning Engin ers, Atlanta, Georgia, from the 1993 ASHRAE Handbook—Fun-
damentals.)

N

;TableA@.3) Minimum Pressure Required by

“Typical Flumbing Fixtures
La

T
’F xtyre Type Minimum Pressure, psi
Sink and tub faucets 8
Shower ! 8
Water closet—rank flush 8
Flush valve—urinal 15
Flush valve—siphon jetbowl
floor-mounted 15
wall-mounted” - : 20
Flush valve—blowout bowi
floor-mounted 20
wall-mounted 25
Garden hose
sk-in. sill cock 15
3/e-in. sill cock 30
Drinking fountain 15

Source. EPA Manual of Individual Water Supply System,
1975 and manufacturers’ data. =
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Actucl Inside

Diameter of Discharze,
Pige, in. gom

ite 3.40 1.78
i 3.i3 1.34 4.44 1.30
it ER 1.4 5.53 2.01
1% 221 150 6.80 2.12
2 842 1.72 11.9 2.43
2 108 141 153 152 216 2.82
: 174 159 248 225 - 351 312
4 2670 1356 372 183 334 273 75.5 3:
s 433 1538 £33 223 964 3.16 137. 247
& 785 1.78 111 2.52 157. 357 222, 5.04

£ 175, 2.17 240. 307 349, 434 430. 6.13
i0 255, 252 436, 358 816, S04 872. 7.12
12 500. 243 707. 401 233, 367 1413 8.02

*Computed for the Manning Formuls for #-full pipe, n=0.015.
#3{31F Full means Siled to 2 depth egual 10 one-half the inside diameter. '
y discharge by 0.34
1

Note: For e full, multiply discharge by 0.274 and multiply velocity by 0.701. For % Rull, multipl
2nd multiply velocity by 0.80. For ¥ hull, multiply discharge by 1.82 and multiply velocity by 1.13. For full. multisly
by 0.015 and

discharge by 2.00 and multiply velocity by 1.00. For smoother pipe, multiply discharge and velocity
P Py g )

divide by n value of smoother pipe.
Source. Feprinted with pcr:r.is‘!::c:z froms the National Standard Plumbing Code, Published by The National Associa-

ilon of Plumbig Hrsting Cooling Contractors
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TableA@.4)Drainage Fi e L
nage Fixture Unit V :
Various Plumbing Pixtures o

Type of Fisture Drainage 75
%% : . ge Fixture
Table A@.2)Table for Estimating Demand or Group of Fiztures . Unit Value, dfy
Automatic clothes washer- :
Supply Systems Supply 5)”’-"”’3 (2-in. standpipe end trap required, direct
Predominantly jor Predominantly for & GOnneCdon)- s % B 3
Flush Tanks Flushometers - Bathtub group consisting of a water closet;
lavatory &nd bathtitb or shower stal): - 5
Load, Demand Load, Demand, g};h:“b (with or without'overhead shower)® - w2
‘ ? e ide 4 .
WSFIJ* gpm WSFU spm Clinic’st : ;
== A Clothes washer (¥ ¥ 2
6. 5 = - Combingtion sifik-and-tray with food waste
i 8 10 &L grinder. 2 4
15 11 is 31 Cgmbinstion sink-and-tray with one 1-in. -
SR i4 20 35 o Ltrap s : : 2
£) 5% 18 * Combination sink-and-tray with separate 1- ;
25 17 2% kL “in.trep. Lo g i
Mg ¢ 20 30 41 Dental unitof cuspidof < : T
40 25 40 47 Dental lavatory ¢ g
5 29 s¢ 51 Drinking fountain .-~ "
4 e = " . Dishwasher, domestic’ . . 2
(il b 33 & = Floor drains with 2-in. waste - 3
80 : 39 84 B Kitchen sink, domestic, with one
100 68 1-p.trap . -~ 2 2
100 44 viest 2 :
o Sl 9 74 ¥iechen sink, demestic, with food wasts
120 i e 2 grinder ; . e ]
140 ¢ 53 140 8 Kitchen sink, domestic, with food waste - :
160 s7 160 83 *. grinder and dishwasher -
- el 186 87 1-in. trap i o 3
180 @ i 93 Kitcheén sink, domestic, with dishwasher1-jn’ 3
200 05 299 ool " wap et . etV 3%
225 7 225 2 Lavatory with I-in. waste i 1
;;(I 73 230 Latindry tray (1 or 2 compartments) - 7
E i 300 Shower stall, domestic s 8l
3o 52 r Showers (group) per head 2
400 103 400 Sinks, .. ‘. e
300 125 500 surgecn's . : 3
750 170 750 flushing rim (with valve) 6 -
750 £ 00 service (trap stendard) : » 3
1000 2 100 service (P trap) 2
12350 240 1250 _* pot, scullery, etc. 4
| ,'60 270 500 Urinal, syphon jet blowout 6
= o0 1750 ~ Urinal, wall lip o 4
1750 “ e Wash sink (circular or multiple) each set of
R 32 2000 faucets - PR ER; ; 2
2500 380 2500 " Water closet, private 4
AR 1€ 2000 Water closet, general use 3
& Fixtures not already listed
4000 525 40600 .,-,..‘.:.. Uifa te .y..l,.. 2% |
000 o003 5000 wap snze 4% 0. 2
SO 6 5 ALGL wap size 2 in, 3
COI'” ?;,:-, 7000 rap size 24 in. 4
o e St trap size 3 in. 5
5416 P30 St trap size 4 in. 6
T " aii \_r.‘!:.n} ; ”‘ -
fobois 245 HELLY * ‘shower head over a bathtub does pot increase the fixture
B e L S0 ¥ o d i (orasiom = e 2 RS2 unit valoe, ‘ 2
s f Cetuaes At Soureé, Keprinted with permission from ine Nauooal
hdif ;‘\'L'I:j : ;s penussion from The Nz S1zndard Plumbing Code, Pullished by The Nationsl
m’“u' fgrodiced witle pRIISS O B9 8 0 s ociation of Plumbing Heating Cooling Contractors.
28] Cranda~d vlnmhing (s nublished by T he Na- Association of g Z & £
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Table A@.5) Horizontal Fixture Branches anc Stacks
Maximum Nuptber of Fixture Units That May Be comme
Crnrlee 1oith More 1
One Stack of Bomiieh Hiil
3 Three Branch ~  ———

Diameter Any Horizontal Intervals o1 Total for Fotal at {J
of Pipe, in. Fixture Branch,® dfu Less, dfu Stack, dft Arasch It !
1 = 3 4 8 2
Z 6 10 24 6
242 12 20 42 9
4 204 48 72¢
4 160 240 500 on
5 , 360 540 1100 200
6 620 960 1900 150
8 1400 2200 3600 son
10 2500 1800 5600 000
12 3900 A000 8400 1500

15 + 7000
“eDoes not include branches of the building drain.
Not more than two water closets or bathroomn groups within cach branch interval nor more than six atet tlhsets bt
bathroom groups on the stack.
4 load at each story or branch

accumulated connecte

Note: Stacks shall be sized according to the total
. diameter of half of the larpaet

interval and may be reduced in size as this load decreases to a minimun

size required.
Source. Reprinted with permission of The National Standard Plum
Association of Plumbing Heating Coofing Contractors.

n

bing Code, ;nﬂ-!ithrd by The Mational

Table A@.6)Building Drains and Sewers”
Units That May Be Connecied

Meaximum Number of Fixture
to Any Portion of the Building Drain or the Building Sewer

Slope per Foot

Diamneter
of Pipe, in. e in. s in. e i, " in
2 71 26
22 74 1)
3 43¢ > 50’
4 180 216 - 250
5 3e0 480 - 575
6 700 R40 1000
8 1400 1600 1920 2300
10 2500 2900 31500 4200
12 2900 4600 5600 a700
15 7000 : 8300 10,000 12,000

e()q site sewers that serve more than one building may be cized according to the

eirvent stundards and Sprern L asiuny 1 e Adninis Gl v Ao ey o po
tNot over two water closets or two bathroom groups, exept that in single family

dwellings, not over three water closets of three bathroom grovps may be installed.

Source. Reprinted with permission from The National Standard Plumbing
e 13 b L Maslaast Neeriatinn of Plirmhine Heating Cooling

v
AL BV e

- 1

Contractous.
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Appendix (C) A

Kak o e foloving Vet ca s e of ing and pumping sylms o v,

Pie Dimension
AGS] I A
Liaui Absolute Viscosity ' s w6
quid
(Pas) { | 8§ | |
Alr 1.983%10° S
Water 1x 103 J T {1
= : (] 1%
Olive Oil il
2L 0 T
Glycerol 1x10 : i "
Liquid Honey 1x 10! 0 % )
Golden Syrup 1% 10 f N
Glass 1x 1040
cg“;g@ *) at room temperature
g 5. of e o oo o e o e long vl BY) e
Appendix
L e (D) S
ot m s f e
1 i 15 15 T
¢ [ 4 & |0
) BB s
: ] ki 1 %’:LTZ?;Z?Z?
b (] 16 2
| Il It 1}
0 il 19 ]
f i 14 {5
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Absolute Roughness Coefficient

k
(m) 10°
0.001-0.002
0.0015.- 0007
0015
0.045-009
0015
0045
015
015-4
025-08
08-15
15-25
001-0015
03
03-1
03-5
018-09

(feet)
333-6710%
05-23310%

5108

15-310%

5108

15104
510
5-13310
g-2710%
27-510%
5-8310%
333-510%
1103
1-33310°
1-16710°
6-3010%
167103



room | "°°™ | Required Capasity Total Nominal Capacity
area NOMINAL SPACE NAME Unit type Model Name
N9 1 (m) | Cooling | Heating | capaciTY | Cooling | Heating
14.0 16.0 360 CST (Circle) | AM140KN4DEH/TK
14.0 16.0 360 CST (Circle) | AM140KN4DEH/TK
gr01 260 52.12 10.3 56.00 Stage Room -
14.0 16.0 360 CST (Circle) | AM140KN4DEH/TK
14.0 16.0 360 CST (Circle) | AM140KN4DEH/TK
14.0 16.0 360 CST (Circle) | AM140KN4DEH/TK
gr 02 193.4 38.69 7.86 42.0 14.0 16.0 Cafeteria 360 CST (Circle) | AM140KN4DEH/TK
14.0 16.0 360 CST (Circle) | AM140KN4DEH/TK
14.0 16.0 4 way cassette | AM140FN4DEH/TK
14.0 16.0 4 way cassette | AM140FN4DEH/TK
gr03 | 167 50.27 9.7 56.00 Lobby Room
14.0 16.0 4 way cassette | AM140FN4DEH/TK
14.0 16.0 4 way cassette | AM140FN4DEH/TK
14.0 16.0 4 way cassette | AM140FN4DEH/TK
14.0 16.0 4 way cassette | AM140FN4DEH/TK
gr04 177 53.24 10.1 56.00 Hall Room
14.0 16.0 4 way cassette | AM140FN4DEH/TK
14.0 16.0 4 way cassette | AM140FN4DEH/TK
Meetin
or 05 _ . 32 14.0 14.0 160 | Room & 360 CST (Circle) | AM140KN4DEH/TK
o
gro6 | 3157 631 24| 71 7.1 5.0 R:)rsrcrfor 360 CST (Circle) | AMO71KN4DEH/TK
o7 | 189 278 L 4 4 i1 ngﬁfor 360 CST (Circle) | AMO45KNADEH/TK
Direct
or 08 163 326 1 as as 31 R:)rs;or 360 CST (Circle) | AMO45KN4DEH/TK
Bed room SlimDuct | AMO36FNLDEH/TK
F101 15.75 3.15 1.2 3.6 3.6 4.0 No.1
Bed room
Slim Duct LDE
F102 | 15.62 3.22 1.3 3.6 3.6 40 |No.2 imbuct | AMO36FNLDEH/TK
Bed room
Slim Duct LDE
F103 | 15.84 3.48 1.4 3.6 3.6 40 |No3 imDuct | AMO36FNLDEH/TK
B
104 | 15.57 3.19 1.2 s 3.6 0 Nid4r°°m slimDuct | AMO36FNLDEH/TK
F105 | 20.4 3.7 1.8 3.6 3.6 4.0 |Bedroom Slim Duct AMO36FNLDEH/TK
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No.5

Bed room

F106 | 22.3 3.9 20 36 36 40 |[Nos Slim Duct | AMO36FNLDEH/TK
F107 | 252 4.1 22| a5 45 5.0 zi%room 360 CsT (Circle) | AMOA45KN4DEH/TK
FLo8 | 26 4.2 2| as 45 5.0 ziésroom 360 CST (Circle) | AMOASKNADEH/TK
F109 22 8.6 31| 90 4.5 10.0 ﬁli%room 360 CsT (Circle) [ AMO9OKN4DEH/TK
F110 | 15.4 35 15| 45 45 5.0 Ei‘.jfooom 360 CsT (Circle) | AMOA45KN4DEH/TK
F111 | 16.4 3.4 14| 36 3.6 4.0 Ei‘.jffom SlimDuct [ AMO36FNLDEH/TK
F112 | 15.2 32 18| 36 36 4.0 szlrzoom Slim Duct | AMO36FNLDEH/TK
F113 | 1619| 36 17 36 3.6 | 40 Effgoom Slim buct | AMO36FNLDEH/TK
F114 [ 1538 3.2 13| 36 3.6 | 40 Ei‘.jffom Slim Duct | AMO36FNLDEH/TK
F115 | 16.6 3.1 16| 36 36 4.0 szl?om Slim Duct | AMO36FNLDEH/TK
F116 | 16.1 3.1 16| 36 36 4.0 szllreoom Slim Duct | AMO36FNLDEH/TK
F117 | 166 3.2 17| 36 3.6 4.0 E((a;llr;)om Slim Duct | AMO36FNLDEH/TK
F118 | 156 3.1 12| 36 36 4.0 E@i?om Slim Duct | AMO36FNLDEH/TK
F119 | 16.1 33 14| 36 36 4.0 z(:fllrgoom Slim Duct | AMO36FNLDEH/TK
F120 | 152 32| 201 36 3.6 4.0 Zzézr(;mm Slim Duct | AMO36FNLDEH/TK
Bed room simDuct | AMO36FNLDEH/TK
F201| 1575| 3.15 12| 36 3.6 40 |No.1
F202| 15.62| 3.2 13| 36 36 | 40 szzmom slim Duct | AMO36FNLDEH/TK
F203] 1584 3.8 14| 36 36 | 40 zi(.jsroom slim Duct | AMO36FNLDEH/TK
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F204]| 1557 % L2 36 36 | 40 ﬁl?4room Slim Duct | AMO36FNLDEH/TK
205 204 37 18| 36 36 1 40 ziiroom Slim Duct | AMO36FNLDEH/TK
06| 223] 39 20| 36 36 | 40 ziéeroom Slim uct | AMO36FNLDEH/TK
F207]| 252| 41 22| 45 a5 | s0 ﬁlff;oom 360 CST (Circle) | AMO45KN4DEH/TK
e . N a5 | o, Ei‘?'gmc’m 360 CST (Circle) | AMO45KN4DEH/TK
F2 09 22 8.6 31| 9.0 %0 | 100 zi%room 360 CsT (Circle) | AMO9OKN4DEH/TK
F210| 15.4 3.5 15| 45 45 5.0 szlr(;)om 360 CST (Circle) - | AMOA45KNA4DEH/TK
F211| 164 34 14| 36 36 | 40 ﬁffffom SlimBuct | AMO36FNLDEH/TK
F212]| 152 3.2 18| 36 3.6 | 40 Ei‘.jfzoom Slim uct  AMO36FNLDEH/TK
F213] 16.19 3.6 17| 36 3.6 | 40 szl;oom slim uct | AMO36FNLDEH/TK
F214| 1538 3.2 13| 36 3.6 | 4.0 szlrfom Slim Duct | AMO36FNLDEH/TK
F215| 166 3.1 16| 36 3.6 4.0 ﬁl?lrsoom SlimDuct | AMO36FNLDEH/TK
216 161]| 31 16| 36 36 | 40 z(:fllreoom slimBuct AMO36FNLDEH/TK
17| 166 32 17 36 36 | 40 Eﬁf‘ffom slimBuct AMO36FNLDEH/TK
F218| 156[ 31 12| 36 36 | 40 ﬁl?l?om slimBuct | AMO36FNLDEH/TK
F219| 161 33 14| 36 36 | 40 z(:fllrgoom slimBuct AMO36FNLDEH/TK
F220] 152 32| 201 36 3.6 | 40 ﬁi(.jzré’om slimBuct | AMO36FNLDEH/TK

| | | | | | | Bed room Slim Duct | AMO36FNLDEH/TK
F301 | 15.75[ 3.5 12 36 36 | 40 [Noa
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Bed room

Slim D
302 | 1562 3.2 13| 36 3.6 | 40 |No2 mbuct | AMO36FNLDEH/TK
Bed room
Slim D
F303 | 15.84| 3.8 14| 36 3.6 | 40 |No3 imBuct | AMO36FNLDEH/TK
Bed room
. . . Slim D
200 | 1557 319 12| L. 3.6 so |noa imDuct | AMO36FNLDEH/TK
Bed room
. Slim D
F305 | 204 3.7 18| 36 ¢ | 40 |nNos imBuct | AMO36FNLDEH/TK
Bed room
Slim Duct
F306 | 223 3.9 20| 36 3.6 | 40 [Nos imBuct | AMO36FNLDEH/TK
Bed room
60 CST (Circl
;307 | 252 41 22| a5 45 | 50 |No7 360 CST (Circle) - | AMO4SKNA4DEH/TK
Bed room
. 360 CST (Circl
F3 08 26 4.2 2| as 4.5 50 |nNos (Circle) | AMO45KNA4DEH/TK
Bed room
. 360 CST (Circl
F3 09 22 8.6 31 90 4.5 100 | No.o (Circle) | AMO9OKN4DEH/TK
Bed room
360 CST (Circl
F3 10 15.4 3.5 15| 45 45 50 |No.10 (Circle) | AMOA45KN4DEH/TK
Bed room
Slim D
F311 16.4 3.4 14| 36 3.6 40 |[No.11 imDuct | AMO36FNLDEH/TK
Bed room
Slim D
312 | 152 3.2 18| 36 36 | 40 [No.12 imDuct AMO36FNLDEH/TK
112 | 125 | Gymclub 360 CST (Circle) | AM112KNADEH/TK
11.2 12.5 | Gym Club 360 CST (Circle) | AM112KN4DEH/TK
F401 | 300 40 10 44.8
112 | 12.5 | Gym Club 360 CST (Circle) | AM112KNADEH/TK
112 | 12.5 | Gym Club 360 CST (Circle) | AM112KNADEH/TK
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Bed room

F501 204| 37| 138 3.6 3 | 40 |Nox Slim uct | AMO36KNADEH/TK
F502 22.3 39| 20 3.6 36 | 4.0 zic.jzroom Slim Duct | AMO36KNADEH/TK
F503 25.2 41| 22 45 45 | 5.0 Ei(.j?,room 360 CST (Circle) | AMOA4SKNADEH/TK
F5.04 26 Ll as 25 | o, zic_j4r°°m 360 CST (Circle) | AMO4SKNA4DEH/TK
F505 »| ssl 31 - 25 | oo zi‘_jsroom 360 CST (Circle) | AMOYOKN4DEH/TK
F5 06 154| 35| 15 4.5 45 | s0 E?eroom 360 CST (Circle) - | AMO4SKN4DEH/TK
F507 164| 34| 14 3.6 36 | 40 El?7room Slimbuct | AMO36KNADEH/TK
F508 15.2 32| 18 3.6 36 | 4.0 Eliésroom slim Duct | AMO36KN4DEH/TK
3.6 Bed room slimDuct | AMO36KNADEH/TK
F601 204 37| 18 3.6 4.0 |Noa1
F602 22.3 3.9 2.0 3.6 36 | 40 zifzroom Slim Duct | AMO36KNADEH/TK
603 | 252| 41| 22|  as ie | o lecy®om™ | ssocsTiciie) | AMOASKNADEH/TK
F6 04 26 22| 2 45 451 50 El?4room 360 CST (Circle) | AMOA5KNADEH/TK
F605 22| 86| 31 9.0 *> | 100 ETSroom 360 CST (Circle) - | AMOSOKN4DEH/TK
F6 06 15.4 35| 1.5 45 45 | 5.0 ziéeroom 360 CST (Circle) | AMO45KN4DEH/TK
F607 164 34| 14 36 36 | 40 Elit.j;oom slimBuct | AMO36KNADEH/TK
F608 152| 32| 138 3.6 36 | 40 z(fsroom slim Duct | AMO36KN4DEH/TK
F701 ss2]  s0] 30 9.0 9.0 | 100 | Hall Room | 360csT(circle) | AMO9OKNADEH/TK
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F702 31.3 50| 2.0] 5.6 5.6 63 | Kitchen | 360csT(Circle) | AMOS6KNADEH/TK
5.6 Bed room - 5co cst(circle) | AMOS6KNADEH/TK
801 36| so| 20 5.6 ' 63 |Noa1 |
Meeting .
360 CST (Circl
802 37] 50| 20 5.6 56 | 63 Room (circle) | AMOSEKNADEH/TK.
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