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Abstract

This project deals with the design of mechanical systems for Palestine Polytechnic
University hospital , which consists of Nine stories with a total area of 20774 (m?).
So that the hospital serves more than (100) thousand people of Hebron city and

villages near.

Mechanical systems include heating, ventilation and air conditioning, Water

supply, Drainage system, Fire fighting and Medical Gases.

This project discuses briefly theory needed for the design of mechanical systems.
Design output is then displaced on drawings. These drawings will include: piping
networks for water distribution, drain and sewage and medica gas system. Also

drawing will detail duct systems and different equi pment required for the hospital.
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CHAPTER ONE

INTRODUCTION



CHAPTER 1

1.1Introduction

Hospitalsin Palestine have an essential and vital rulein enhancing the general health of
the Palestinian people. Hospitals are one of the necessities of treatment and therefore we

should take in consideration the patient's sense of safety and comfort.

The different mechanical installations systems including air conditioning systems ,central
heating systems, water supply systems, drainage system, fire fighting system, and
medical gases systems are not less important for the patients than the medical services
itself so, such installations must be in the best manner in addition to the continuous

mai ntenance needed to guarantee best performance.

The objectives of the project isto study and design the different mechanical systems

needed inside hospital, thisincludes the following main topics:

1. To study the different mechanical systemsinside hospitals.

2. Theoretical calculations and design of HVAC system.

3. Theoretical calculations and design of plumping system.

4. Theoretical calculations and design of Central Heating System.
5. Theoretical calculations and design of Fire fighting.

6. Theoretical calculations and design of medical gases system.

Mechanical design should satisfy all requirements inside hospital taking into account the
economic states on the level of long range, so in this project effort is made to complete all

requirements for designing mechanical systems.



1.2 Hospital Description:

The hospital named (Pal estine Polytechnic University Hospital)is located in Hebron
city, it is planned to service thousands of habitantsliving in the city and near Villages.
It consists of 9 stories with atotal number of (194) bed and atotal area of 20774 (m?).

And it contains the following administration departments:-

1. Medical administration.
2. Managerial administration.

3. Financial department and accountancy.

The hospital also has the following medical departments:-

Delivery department.
Surgery department.
Emergency department.
Labs of medical test.
Radiology department.
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Pharmacy.

In addition to these departments, the hospital contains other service departments
such as maintenance, laundry, stores, and offices. This table to clarify floor Areas
Table (1-1) floor areas:

No Name of the Floor The area (m?)
1 Basement “3” floor 410
2 Basement “2” floor 2965
3 Basement “1” floor 3209
4 Ground floor 3825
5 First floor 2675
6 Second floor 2245
7 Third floor 2245
8 Forth floor 1600
9 Fifth floor 1600




1.3 Project Benéfits:

1. The main benefit is to fulfill the graduation requirements of Palestine Polytechnic
University, and be familiar with al mechanical design of system installed in
building to be ready in working in this field after graduation.

2. To be familiar with all mechanica calculation and design of system installed in
hospital.

3. To befamiliar with the different mechanical drawings.

1.4 Project Outline:

Chapter One:-Introduction

It includes an overview about the project, the importance of the mechanical system inside

the hospital and the reason to work withiit .
Chapter Two: - Heating and Air Conditioning System

It includes comfort conditions needed inside hospital, psychometric characteristics, heat
transfer through building and calculation of the overall heat transfer coefficients for all
structures of hospital. It presents heating and cooling loads calculations for all space in
the hospital.

Chapter Three:-Plumping System

It includes an overview about plumbing systems, water distribution system (cold and
hot water) and how potable water shall be distributed inside hospital by using suitable
pipes and how the pipes could be designed, aso this chapter contains the procedures to
calculate the required quantity of potable water for daily usage to know the quantity of
tanks that required to store this quantity, designing the storm and rain water drainage
system, In addition it includes the design and distribution of drainage system.



Chapter Four:-Firefighting System

Includes overview about Firefighting System, calculation and distribution and drawing

system on different facilities.

Chapter five:-Medical Gases

Includes overview about medical gases system, calculation and distribution and drawing

system on different facilities.

Chapter Six:-Selection
Includes all calculation which are required for design mechanical system, and include
selection of al systems equipment'’s that are needed to be installed inside the building

depending on accurate calculation.

It includes the mechanical system drawing using AutoCAD program.

1.5TheTimeTable

Table (1-2) Timetable.

First semester

Week 1/2, 3,4, 5/6|7|8|9]10 11| 12| 13| 14| 15

Task

Choosing the
Project idea

Choosing the building
and overview
Previous projects

Overall heat transfer
coefficient calculations
for walls, ceiling,
floor ,doors ,windows
and
calculations of Heating
and cooling load

Air conditioning




calculations and design

Water supply
calculations and design

Drainage system
calculations and design

Second semester

Week
Task

Firefighting System
calculations and
design

10

12

13

14

15

M edical Gases
calculations and
design

M echanical
Drawings

Equipment
Selection

Auditing our work
in the project

Project
documentation




CHAPTER TWO

Heating and Air Conditioning System



CHAPTER 2

2.1 Introduction

Hospitals needs ventilation and air-conditioning (HVAC) systems to provide excellent
ventilation effectiveness in order to maintain appropriate indoor air quality, prevent the spread of
infection, preserve a sterile and healing environment for patients and staff and to maintain space

and comfort conditions.

The term air conditioning implies much more than the control of the inside temp of a given

space.

It implies the controlling and maintaining off the following four atmospheric conditions that

affect the human comfort.

Air temperature of the space air
Humidity or the moisture contents of that air

Purity and quality of the inside air

A w DR

Air velocity and air circulation within the space .

Thus, air conditioning is independent of time of the day or season of the year and it should

function effectively under any outside condition.

The combination of processes in this commonly adopted term is equivalent to the current
definition of air conditioning. Because al these individual component processes were devel oped
prior to the more complete concept of air conditioning, the term HVAC (heating, ventilating, air
conditioning, and refrigerating& R) is often used by the industry.



2.1.1 Air Conditioning Systems

An air conditioning, or HVAC, system is composed of components and equipment arranged in
sequence to condition the air, to transport it to the conditioned space, and to control the indoor

environmental parameters of a specific space within required limits.

Parameters such as the size and the occupancy of the conditioned space, the indoor
environmental parameters should be controlled; the quality and the effectiveness of control, and
the cost involved determine the various types and arrangements of components used to provide
appropriate characteristics.

Air conditioning systems can be classified according to their applications as comfort air
conditioning systems.

2.1.2 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 content of a substance are associated with the addition or removal of moisture.
Latent heat can also be defined as the “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.

The necessity for comfort air conditioning stems from the fact that the metabolism of the
human body normally generates more heat than it needs. This heat is transferred by convection
and radiation to the environment surrounding the body. The average adult, seated and working,
generates excess heat at the rate of approximately 450 Btu/hr [132 W]. About 60% of this heat is
transferred to the surrounding environment by convection and radiation, and 40% is released by
perspiration and respiration. As the level of physical activity increases, the body generates more
heat in proportion to the energy expended. When engaged in heavy labor, as in a factory for
example, the body generates 1.450 Btu/hr [425 W]. At this level of activity, the proportions

9



reverse and about 40% of this heat is transferred by convection and radiation and 60% is rel eased
by perspiration and respiration.

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 |oss.

2.1.3 Factors Affecting Human Comfort

1. Dry Air:

The dry air is a complex mixture of several gases such as nitrogen ,0xygen ,carbon dioxide
and other gases such as argon ,carbon monoxide and neon .It does not contain water vapor .the
presence of nitrogen in the air represents about 78% by volume while the oxygen occupies

about 21% by volume .The other gases represent less than 1%.
2. Moist Air:

The moist air is mechanica mixture of dry air and water vapor. Thus, when moist air is

cooled, it loses moisture due to the condensation of the water vapor in the air.
3. Humidity:

The moisture content of the air is referred to as its humidity. This moisture content can be

expressed in terms of volume, masses, and moles of pressure.

10



4 Saturation:

Saturation indicates the maximum amount of water vapor that can exist in one cubic meter of
air at a given temperature. It does not depend on the mass and pressure of the air which may

simultaneously exist in the same space.

5. Partial Pressure:

Low pressure air-water vapor mixture follows closely the Gibbs-Daton law of partial
pressure. This law states that the total pressure of a mixture of gases is the sum of the partial
pressure of each of its constituent gas occupies the entire volume and has the same temperature

of the mixture.
6. Dry Bulb Temperature:

Dry bulb temperature is the air temperature that is measured by an accurate thermometer or

thermocouple where the measuring instrument is shielded to reduce the effect of direct radiation.
7. Wet Bulb Temperature:

The air temperature measured, using a wetted thermometer bulb, is known as wet bulb
temperature. When unsaturated air passes over a wet thermometer bulb, water evaporates from
the wetted bulb. Vaporizing latent heat is absorbed by the vaporizing water and thus causes the
temperature of the wetted thermometer bulb to fall. The instrument used to measure the wet bulb

temperature is called psychomotor.
8. Dew-Point Temperature:

The dew-point temperature is the saturation temperature corresponding to the partial pressure
of the water vapor in the surrounding air. When the dew-point temperature is reached,
condensation starts as the moist cooled at constant pressure .Further cooling results in more
condensation of water vapor. Moreover, at the dew-point temperature or below, the air is said to

be saturated because the air is mixed with the maximum possible amount of water vapor.

11



9. Humidity:
The humidity ratio w, is defined as the mass of water vapor associated with unit mass of dry air .

10. Relative Humidity: its defined as the ratio of the partial pressure of water vapor (H,0) in the

mixture to the equilibrium vapor pressure of water at a given temperature.

2.1.4 ASHRAE Comfort Chart:

Research studies have been conducted to show that, with a specific amount of air movement,
thermal comfort can be produced with certain combinations of dry-bulb temperature and relative
humidity. When plotted on a psychometric chart, these combinations form a range of conditions
for delivering acceptable thermal comfort to 80% of the people in a space. This “comfort zone”
and the associated assumptions are defined by ASHRAE Standard 55, Thermal Environmental
Conditions for Human Occupancy. Determining the desired condition of the space is the first
step in estimating the cooling and heating loads for the space. In this hospital, we will choose
78°%F [25.6°C] dry-bulb temperature and 50% relative humidity as the desired indoor condition
during the cooling season from the ASHRAE code [1].

o
'\
o -
g s E
0" o '-_
_;.:"r..'ﬁ‘ (1] -
) |
B
AN -
-t o
comiort zone
=t I
T - r r I.“ s
: I
2127} | RET'C]

dry-bulh temperature

Figure 2-1 comfort zone for operating and temperature and relative humidity
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2.1.5 Comfort Condition Inside Hospital

All calculation (heating and cooling loads) will be made according to specified values for
inside conditions of hospital design in Table (2-1) below refer to dry bulb temperature and
relative humidity in both summer and winter seasons [1].

Table (2-1) Indoor Design Conditions

Summer Winter
Room or Area Db Degrees C RH Db Degrees C RH
(Degrees F) Percent (Degrees F) Percent
Auditoriums 24 (76) 60 22 (72) --
AIDS Patient Areas 24 (76) 50 25 (78) 30
Autopsy Suites 24 (76) 60 24 (76) 30
Bathrooms & Toilet Rooms 25 (78) - 22 (72) -
BMT (Bone Marrow 24 (76) 50 25 (78) 30
Transplant) Patient Areas
Computer Rooms 21 (70) 40 (+5) 21 (70) 40 (+5)
CT Scanner 24 (76) 50 25 (78) 30
Dialysis Rooms 25 (78) 50 22 (72) 30
Dining Rooms 25 (78) 50 22 (72) 30
Dry Labs 25 (78) 50 22 (72) 30
Electrical Equipment Rooms Ventilation Only 10 (50) --
Elevator Machine Rooms, 36 (94) -- 10 (50) --
Electric Drive
Elevator Machine Rooms, 36 (94) - 10 (50) -
Hydraulic
Emergency Generator 36 (97) -- 4 (40) --
Examination Rooms 24 (76) 50 25 (78) 30
ICUs (Coronary, Medical, 23-29 (75-85) 30-60 23-29 (75-85) | 30-60
Surgical)

13




Summer

Winter

Room or Area Db Degrees C RH Db Degrees C RH
(Degrees F) Percent (Degrees F) Percent
|solation Suites 24 (76) 50 25 (78) 30
Kitchens 27 (82) 60 21 (70) --
Laboratories 24 (76) 50 22 (72) 30
Laundries 28 (84) 60 19 (68) -
Linear Accelerators 24 (76) 50 25 (78) 30
Locker Rooms 25 (78) 50 22 (72) 30
Lounges 25 (78) 50 22 (72) 30
Mechanical Equipment Rooms Ventilation Only 10 (50) --
(MERS)
Medica Media
MRI Units 24 (76) 50 25 (78) 30
Offices, Conference Rooms 25 (78) 50 22 (72) 30
Operating Rooms (O.R.5) 18-27 (62-80) 45-55 18-27 (62-80) | 45-55
Patient Rooms 24 (76) 50 25 (78) 30
Pharmacy 22 (72) 50 22 (72) 30
Radiation Therapy 24 (76) 50 25 (78) 30
Recovery Units 23 (75) 50 23 (75) 30
SPECIAL PROCEDURE ROOM S*

Bronchoscope 24 (76) 50 25 (78) 30
Cardiac Catheterization 17-27 (62-80) 45-55 17-27 (62-80) | 45-55
Colonoscopy/EGD 24 (76) 50 25 (78) 30

Cystoscopy 22 (72) 50 25 (78) 50
Endoscopy 24 (76) 50 25 (78) 30
Fluoroscopy 24 (76) 50 25 (78) 30
Gl (Gastrointestinal) 24 (76) 50 25 (78) 30
Proctoscopy 24 (76) 50 25 (78) 30

14




Summer Winter
Room or Area Db Degrees C RH Db Degrees C RH
(Degrees F) Percent (Degrees F) Percent
Sigmoidoscopy 24 (76) 50 25 (78) 30
Spinal Cord Injury Units 22 (72) 50 27 (82) 30
(SClUs)
Supply Processing Distribution 24 (76) 50 22 (72) 30
(SPD)

Ethylene Oxide (ETO) MERs Ventilation only
Steam Sterilizer MERS Ventilation only

Treatment Rooms 24 (76) 50 25 (78) 30

Warehouses Ventilation Only 15 (60) --

2.1.6 Outside Design Condition
From the Palestinian code[4].

2.1.6.1 Outside Design Condition For Summer:
T dry buib max =35.8 [°C]

Relative humidity = 57 %

Twee =25[°C]

Max wind speed = 1.4 [m/g]

Design month = July

2.1.6.2 Outside Design Condition For Winter :
T dry bulb average =5 [°C]

Relative humidity = 72%

Twe = 2[°C]

Max wind speed = 3 [m/g]

Design month = January

15




2.1.7 Over All Heat Transfer Coefficient “U” :

1

1

U=2= .
Rih 1 Any L Axg ..

A g AN ~+1/hg

ki kiz

[2.1]

h, - Convection coefficient (surface conductance) of inside wall, floor, or ceiling (h; =

9.37 W/m*. C") from the Palestinian code[4].

h, : Convection coefficient (surface conductance) of outside wall, floor, or roof (h,; =

22.7 W /m#. C") from the Palestinian code[4].

Table (2-2) : Overall Heat Transfer Coefficients.

Construction detail Construction Material Thermal U
material thickness conduction | [W/m?.°C]
[m] [W/m.°C]
Outside 1- stone 0.07 1.7
walls 2-Concrete 0.2 1.75
3-Insulation 0.03 0.04
4- Block 0.01 0.95 0.81
5- plaster 0.03 12
1 2 3
4 5
1- plaster 0.02 12
Inside 2- Block 0.01 0.95
walls 3- plaster 0.02 12 2.95
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1- Asphalt 0.02 0.81
2- Concrete 0.05 1.75
Roof 3- Insulation 0.02 0.04
4- Concrete 0.06 1.75
5- Block 0.18 0.95 1.08
6- plaster 0.02 1.2
1-Tiles 0.02 11
2- Concrete 0.12 1.75
3- Mortar 0.02 1.2
ground 4- Sand 0.1 0.7
5- rocks 05 1.05 1.03
Windows § § Double . = 5
Doors 1-wood 0.04 0.17
3.6
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2.2 CoolingLoad

2.2.1 Heat Gain Through Sunlit Walls And Roofs

Q=U.A.(CLTD)corrected- [2-2]
Q: cooling load [kw].

U: over all heat transfer coefficient [W/m?.°C].

A : surface area[m?].

CLTD corr: corrected cooling load temperature deference .

(CLTD)corr= (CLTD+LM)k+(25.5-Ti)+(T0,m-29.4)f [2-3]
CLTD : cooling load temperature deference correction, (from appendix A) Table(1).

LM : latitude correction factor, (from appendix A) Table(2).

k : color adjustment=1 for dark roof and 0.5 for light roof surface.

f: roof fan factor equal 0.75 because thereisan attic .

Ti : inside design wall temp .

Tom : Out design door main temperature .
Note:CLTD value for roofs, walls, are taken depending on U values and time of day from
CLTD table on appendix.

2.2.2 Heat Gain Through Inside Walls and Ground

Q:U.A.AT [2_4]
Q: loading load gain inside walls.
A:insidewalls area.
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U: overdl heat transfer coefficient.

AT: temperature deference between inside air conditioning space and beside air temp space .

2.2.3 Heat Gain Due To Glass Windows

Qu=A (SHG) (SC) (CLF) [2-5]

Q « : Heat gain due to solar transmission through glass windows(Watt)
(a) solar heat gain factor (SHG):

This factor represents the amount of solar energy they would be received by floor, furniture
and the inside walls of the room and can be extracted;(from appendix A) Table(3).

(b) Shading coefficient (SC):

It accounts from for different shading effects of the glass wall or window and can be extracted
(from appendix A) Table (4). For single and double glass, as well as, for insulation glass with
internal shading (venetian blinds, curtains, drapes, roller shades, etc.).The shading coefficient,
SC is defined as the ratio of solar heat gain of glass window of the space to the solar heat gain of
double strength glass.

(c) Cooling load factor (CLF):

This represents the effect of the internal walls, floor, and furniture on the instantaneous
cooling load, and can be extracted (from appendix A) Table(5). For glass with interior shading. It
accounts for the variation of shag factor with time, mass capacity of the structure and the internal
shading.

2.2.4 Heat Gain Due To Occupants

Q total for occupant = Q sensible + Q latent ;( from appendix A) Table(6). [2-6]
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Q latent = heat gain latent * No. of people* Diversity Factor ;( Diversity Factor = 0.5).

Q sensible = heat gain sensible * No. of people* CLF* Diversity Factor ;( CLF = 0.5).

2.2.5 Heat Gain Due To Lights
Q Lt = lighting intensity*A*CLF* ballast factor [2-7]

Lighting intensity: 10-30 w/m? for apartment so we will take 10W/m?.
A : floor area.
CLF = cooling load factor, dimensionless. (From appendix A) Table (7).

Similar to the sensible heat gain from people, a cooling load factor (CLF) can be used to
account for the capacity of the space to absorb and store the heat generated by the lights. If the
lights are left on 24 hours a day, or if the air conditioning system is shut off or set back at night,
the CLF is assumed to be equal to 1.

Ballast factor = 1.2 for fluorescent lights, 1.0 for incandescent lights.

2.2.6 Heat gain Due To infiltration
Qilli = U * h:: == hi [2'8]

Voutside

From psychometric chart we get :-

- Voutside = 0.95 m*
- hu =90 k]/kg
- hy =45 KJ/kg

- Vy > 7L/sec per person.
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2.2.7 Heat gain Due To people
Qpeople (total) = n * total heat gain per person; (from appendix A) Table(8). [2-9]

2.2.8 Heat Gain Due To Ventilation
Q ven=m *C pair *(Tout'Tin)air [2'10]

m’: total flow rate for fresh air (kg/s) = Vi /v
Cpa :Specific heat of air = 1.005 kJ/kg.k.

Tin: the inside temperature C°.
Tout: the outside temperature C°.

Vs : rate of ventilation= no. of people* outdoor air .

outdoor air = (7L/s)/person.

v : specific volume for air @t max = 35.8 C ° and DP=57%;v=095 (m*/kg dry air)
From the Palestinian code[4].

2.3 Heating System
The space heating load is the rate at which heat must be added to a space in order to
maintain the desired conditions in the space, generally adry-bulb temperature.

In general, the estimation of heating loads assumes worst conditions for the space. The winter
design outdoor temperature is used for determining the conduction heat loss through exterior
surfaces. No credit is given for heat gain from solar radiation through glass or from the sun’s
rays warming the outside surfaces of the building. Additionally, no credit is given for internal

heat gains due to people, lighting, and equipment in the space.

Many systems are used for this purpose, such as heating by hot water or heating by warm air,
sometime small heaters are used for this purpose, there are many criterias that will be taken to
select the suitable system such as cost, efficiency, flexibility and type of building.

The heating load for a space can be made up of many components, including:

21



1- Conduction heat loss to the outdoors through the roof, exterior walls, skylights, and
windows

2- Conduction heat loss to adjoining spaces through the ceiling, interior partition walls, and
floor

3- Heat loss due to cold air infiltrating into the space from outdoors through doors,

windows, and small cracksin the building envel ope.

When calculating heating loss by conduction through the roof, the exterior walls, and the
windows, no credit is given for the effect of the sun shining on the outside surfaces. With this
assumption, the amount of heat transferred through the surface is a direct result of the

temperature difference between the outdoor and indoor surfaces (A T isused instead of CLTD).

The amount of heat loss through a roof, an exterior wall, or a window depends on the area of
the surface, the overall heat transfer coefficient of the surface, and the dry-bulb temperature

difference from one side of the surface to the other.

The equation used to predict the heat loss by conductioniis:
Q=UxAXAT [2-11]
Q =therate at which heat transfer in watts [W].
U = overall heat-transfer coefficient of the surface [W/m?. K].
A = Area of the layer which heat flow through, which in our project may be an area of wall,
window, or ceiling...,[m?.
AT = desired indoor dry-bulb temperature (Ti) minus the design outdoor dry bulb temperature
(To), [°Cl.

2.3.1 Heat Loss By Infiltration

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
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on the outside wind velocity or the pressure difference between the outside and inside the heat

load dueto infiltration is given by:

Qill[ = "'rn.:it:irdr * h:: = hi [2'12]
Vin = K*L*(0.613(s1 * s2 * v)*2)%* [2-13]

(i theinfiltration heat load [W].
Vs ithe volumetric flow rate of infiltrated air [m?/s].

V,uesiqe:the outside volumetric flow rate [m*/K g dry air].

h, hy: are the outside and inside enthapies of infiltrated air, respectively [KIJK(].
K the coefficient of infiltration air for windows, (from appendix A) Table(9).

L: the crack length [m].

54: the factor that depends on the topography of the location of the building, (from appendix A)
Table(10).

54: another coefficient that depends on the height of the building and terrain of itslocation, (from
appendix A) Table(10).

I,: the measured wind speed [m/s].

These include dry-bulb temperature ( T,,,;) , relative humidity out ( ,,,,;) and average air
speed (v) . these values are usually tabulated weather station reports.

To obtain these values from psychometric chart (from appendix A) figure (1).

Values for outdoor design conditions

Season Towe (°C) out % Vour (M?/Kg dry air) | houe (KJ/Kg)
Heating 5 72 0.854 41
Table (2-3)

Values for indoor design conditions

Season Tiw (°C) in% hin (K]/Kg)
Heating 22 50 5

Table (2-4)
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2.4 Sample Of Heating And Cooling Load

For ground floor.
For room #A1 from clinic room .
2.4.1 Cooling Load Calculation
1-For Roof and Ground, from equation [2-4].
Q=U*A*AT
-Roof
Qr=1.08*(6.45*7.45)* (35.8-22)=716.2 W.

-Ground
Qc=1.03*(6.45* 7.45)* (22-15)=346 W.

2-Heat Gain Through Sunlit Walls, from equation[2-2] & [2-3].
Q=U.A.(CLTD)corrected
(CLTD)conr=(CLTD+LM)k+(25.5-Ti)+(To,m-29.4)f

- East

25.5-22=35C".

35.8 - 29.4=6.4 C°.

(CLTD)eor=(2 + 0.5)*0.83 +(3.5) + (6.4)=12C".
Qne=0.81* (45)* 12=437.4 W.

- North

(CLTD)cor=(0+.5)* .83 + (3.5) +(6.4)=10.4 C°.
Qnw=0.81* (4* 7.45) *10.4=248.6 W.

3-Heat Gain Due To Glass Windows, from equation [2-5].
Quw=A (SHG) (SC) (CLF)

A=3*(1.2)=3.6 m*.

SHG=126 W/m?, (from appendix A) Table(3).

SC =0.83,(from appendix A) Table(4).

CLF =0.69 ,(from appendix A) Table(5).

Qy=3.6*(126)* (0.83)* (0.69)=260 W.
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4-Heat Gain Due To Occupants, from equation [2-6].
Q total for occupant = Q sensible + Q latent

Q latent = 56*4*0.5 =112 W.
Q sensible = 0*15%4*0.5 =0 W.
Qoc=112 W.

5-Heat Gain Due To Lights,from equation [2-7].
Q .« = lighting intensity* A* CLF* ballast factor

Q =10*(48)*.75*1.2 =432 W.

6-Heat Gain Due Tolnfiltration, from equation [2-8].

Wi

Q:r]t = Voititte * hLJ == hl
4 personx7 _
Q:r]t = m * 90 —45 =1326 W

7- Heat Gain Due ToPeople, from equation [2-9].
Qpeople (total) = n* total heat gain per person

Qpeople (total) =4 * (114) =456 W

8-Heat Gain Due To Ventilation, from equation [2-10].

Q ven =M *C pair * (tour-tin)air

et = U 05y

¥ 095(1000)

Q ven=0.03%1.005* (35.8 — 22)=416 W.

Q total Cooling Load =) Q =4.75 Kw .

2.4.2 Heating Load Calculation
1-ForOutside Wall ,from equation [2-11].
wal=UXA XAt
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Q wai=0.81 * [(6.45%4)-(3*1)+(7.45* 4)] *(22-5) =724.3 W
aFor Inside Wall.
Quai=2.95 * [(7.45*4)-(2*0.9)+(6.45*4)] *(6) =952 W
b- For Roof
Qroof. =1%*(48)* (22-5)=816 W
c- For Floor
Q flor=1.03* (48) * (22-5 =840.4 W
d-For Window
Q window=3.2* (3* 1))* (22-5) =163.2 W.
e-For Door
Q door=3.1* (2.1*.9) (22 - 5) = 99.6W.
2- For Infiltration Due Windows, from equation [2-12] &[2-13].
Vini

Qi =5——* hu _h|

Youtside

Vint = K*L*(0.613(s1 * s2 * V]A2)2/3
Vin=0.45%[2*3+1*3] * [0.613* (1*0.65* 3)"2] 23 _6 04 W.

Q 604
b naegy

* 90 —45 =246 W.

Q total heating Load =2 Q =2690.49 =3.8 Kw.

26



2.5 Total Cooling And Heating Loads For Hospital

Table (2-5) Total cooling and heating loads for basement 2floor.

No of room | Name of room Cooling load | Heating Area (m”2)
(Kw) load(Kw)
R1 Treatment room 12.2 8.13 150
R2 Treatment room 19.5 13 110
R3 Doctor room 3.4 3 22.7
R4 Resuscitation room 2.7 1.97 31
R5 Resuscitation room 2.9 2 32
R6 Office room 27.9 16.6 214
R7 Plaster room 1.47 0.98 12.6
a Corridor a 27.6 18.4 271
Total 93.27 63.25 843.3

27




Table (2-6) Total cooling and heating loads for basement 1floor.

No of room | Name of room Cooling load | Heating Area (m”2)
(Kw) load(Kw)
F1 X-Ray room 13.6 9.1 116.8
F2 Processing room 0.91 0.6 7.8
F3 X-Ray room 3.3 2.7 22.2
F4 X-Ray room 6.14 5.4 40.7
F5 Fluoroscopy room 0.9 0.6 8
F6 Processing room 0.5 0.3 6
F7 Store 0.47 0.28 5.5
F8 Classroom 5.75 3.8 49.3
F9 Physiotherapy room 6.2 4.2 53.2
F10 Worker resting 5.3 4.5 36.5
room
F11 Worker room 2.05 13 17.6
F12 Physiotherapy 2.8 18 24
+Reception room
F13 Office 1.2 0.7 17.2
F14 Office 1.2 0.7 17.2
F15 Pathology room 1.9 1.35 28.3
F16 Registration 1.7 1 21
F17 L apatory 4.2 2.7 35.7
F18 Microplogy room 13.67 9.115 117.5
F19 Lapatory 4.46 297 38.5
F20 Kitchen head 35 2.3 30.8
F21 Kitchen 20.8 13.9 179
B Corridor 5.8 3.8 57
C Corridor 4 2.6 40
D Corridor 8.6 5.7 84
Total 118.92 81.32 1053.8
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Table (2-7)Total cooling and heating loads for ground floor.

No of Name of room Cooling load | Heating load(Kw) [ Area (m”2)
room (Kw)
Al Hart clinic 475 3.8 48
A2 Venered clinic 4.5 3 38.65
A3 store 1.1 0.94 13.93
A4 Classroom 4.75 3.8 48.7
A5 clinic 45 3 38.3
A6 store 0.99 0.8 12
A7 Plaster clinic 4.7 4.2 31.5
A8 secretary 3.6 3.2 23.8
A9 Men clinic 4.5 4 30
Al0 Women clinic 4.4 3.9 29.8
All secretary 3.8 34 25.5
Al2 Women clinic 4.5 4 29.89
Al3 Chest clinic 3.6 2.4 41.6
Al4 Skin clinic 5.12 34 50.22
Al5 Children clinic 3.6 2.4 41.34
Al6 Children clinic 3.7 2.5 42.4
Al7 pharmacy 15.2 10.2 131
A22 Meeting room 4.6 3.13 45.9
A23 Admin room 5.2 4.7 35.9
A24 Vice admin 3.8 3.3 25.4
room
e-f-g-h-i Corridor 75.6 50
A26 Office room 5 3.3 49.4
A27 Office room 52 3.4 53.7
A28+29 Office room 6.2 4.3 63.2
A30 Office room 53 3.4 54.5
A3l Office room 6.3 4.4 64.1
A32 Office of public 29 1.9 27.3
relations
A33 Wait room 19 1.3 18.9
A34 Archive 3.1 2.8 20.8
A35 Reception 24 21 16.3
A36 Security room 3.2 2.9 22.2
A37 Gift shop 1.6 1.0 15.16
A38 Barber 1.7 11 17.6
A39 Cdfeteria 3.2 21.3 250.7
A40 Store 0.7 0.5 8.3
Total 247 176.77 2298.75
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Table (2-8) Total cooling and heating loads for first floor.

No of room | Name of room | Cooling load (Kw) | Heating Area (m”2)
load(Kw)
Bl Surgery room 3.5 2.3 30.5
B2 Medicine room 0.5 0.35 4.4
B3 Reception room 14 0.9 10.7
B4 Recovery room 3.9 2.7 33.3
B5 Surgery room 5.8 3.8 57.2
B6 Nurse room 0.7 0.54 11
B7 Store room 0.6 0.48 7.3
B8 Recovery room 2 13 17.6
B9 Reception 21 1.4 18.3
B10 Archive 18 12 16
B11 Recovery room 3.7 2.6 317
B12 Surgery room 5.8 3.8 50
B13 Medicine room 0.82 0.6 7.3
B14 Medicine room 0.82 0.6 7.3
B15 Doctors 0.82 0.6 7.3
Changing room
B16 Doctors 0.82 0.6 7.3
Changing room
B17 Surgery room 7 4.6 60
B18 ICU 17.3 115 148.6
B19 CCU 17.3 115 148.6
B20 Classroom 52 4.4 36.3
B21 Archive 24 21 16
B22 Reception 15 12 10
B23 Staff resting 35 3 23
room
B24 Reception 15 1 16
room
B25 Diaysisroom 13 8.7 112
B26 Cafeteria 16.8 11.2 144
y-j Corridor 29.8 19.8 294
Total 119.76 79.84 1325.7
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Table (2-9) Total cooling and heating loads for second floor.

No of room Name of room Cooling load Heating Area (m”2)
(Kw) load(Kw)
C1 Medical store room 0.6 0.4 9.22
C2 Surgery room 7.8 5.2 67.29
C3 Dressing room of 2.8 17 2291
preparing
C4 Patient recovery 13.2 8.8 113.26
room
C5 Nurse room 14 0.86 11.47
C6 Surgery room 10.47 7 89.98
C7 Archive room 11 0.8 16.40
C8 Reception 1 0.6 15.98
C9 Patient room 2.7 19 35.45
C10 Patient room 3 2.1 35.45
Cl1 Patient room 2.6 18 35.45
C12 Patient room 2.7 1.9 35.45
C13 Patient room 3 2.1 35.45
C14 Patient room 2.6 18 35.45
C15 Archive room 0.9 0.6 10.11
Cl6 Patient room 11 0.7 12.52
C17 Patient room 1.2 0.8 13.47
Ci18 Patient room 14 0.9 13.47
C19 Classroom 4.7 2.8 36.68
C20 Archive room 24 2.1 16.18
C21 Reception 1.5 1.2 10.15
C22 Staff resting room 3.5 3 22.9
C23 Patent room 12 0.8 12.52
C24 Patient room 11 0.7 11.75
C25 Patient room 1 0.65 11.75
C26 Reception room 0.7 0.5 10.13
C27 Surgery room 5.2 3.7 47.95
C28 New Births room 59 3.9 51.38
C29 New birth room 2.8 2.2 41.90
C30 Surgery room 5.2 3.7 47.95
K Corridor 7 4.6 70
L Corridor 7.3 4.8 74
Z Corridor 22.6 15 222
Total 129.6 86.2 930.47
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Table (2-10) Total cooling and heating loads for third floor.

No of room | Name of room Cooling load | Heating Area (m”2)
(Kw) load(Kw)
D1 Store 15.7 10.4 134.2
D2 Manager room 0.77 0.5 23.3
D3 Meeting room 4 2.7 35.64
D4 Secretary room 1.26 0.8 12
D5 Reception 1.03 0.6 9
D6 Secretary room 1.5 1.02 22.3
D7 Office 1.2 0.8 17.7
D8 Office 1.2 0.8 17.7
D9 Secretary 1 0.6 14.7
D10 Men changing room 15 1.02 22.6
D11 Women changing 1.26 0.8 12
room
D12 Resting room 34 2.7 50
D13 Patient room 4.1 2.7 35.45
D14 Patient room 4.1 2.7 35.45
D15 Patient room 4.1 2.7 35.45
D16 Patient room 4.1 2.7 35.45
D17 Patient room 4.1 2.7 35.45
D18 Patient room 4.1 2.7 35.45
D19 Patient room 12 0.8 134
D20 Patient room 14 0.9 13.47
D21 Patient room 11 0.7 125
D22 Class room 5.2 4.4 36.3
D23 Archive 2.4 2.1 16
D24 Reception 1.5 1.2 10
D25 Resting room 3.5 3 23
D26 Patient room 11 0.7 11.9
D27 Patient room 12 0.8 125
D28 Patient room 1 0.65 11.9
D29 Patient room 4.1 2.7 35.5
D30 Patient room 4.1 2.7 35.5
D31 Patient room 4.1 2.7 35.5
D32 Patient room 4.1 2.7 35.5
D33 Patient room 4.7 3.15 40.6
D34 Patient room 4.7 3.15 40.6
m-0-p-q Corridor 46.6 31.3 464
Total 156.3 102.59 932.51
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Table (2-11) Total cooling and heating loads for fourth floor.

No of room | Name of room Cooling load | Heating Area (m”2)
(Kw) load(Kw)
El Patient room 4.1 2.7 35.3
E2 Patient room 4.1 2.7 35.3
E3 Patient room 4.1 2.7 35.3
E4 Patient room 41 2.7 35.3
E5 Patient room 4.1 2.7 35.3
E6 Patient room 4.1 2.7 35.3
E7 Patient room 11 0.7 12.5
E8 Patient room 1.2 0.8 13.4
E9 Patient room 14 0.9 12.9
E10 Class room 4.3 2.8 36.3
Ell Archive 2.1 2 16
E12 Reception 15 12 10
E13 Staff resting room 2.9 19 23
E14 Patient room 1.2 0.8 12.5
E15 Patient room 11 0.7 11.9
E16 Patient room 11 0.7 11.9
E17 Patient room 4.1 2.7 355
E18 Patient room 4.1 2.7 355
E19 Patient room 4.1 2.7 355
E20 Patient room 4.1 2.7 355
E21 Patient room 4.7 31 40.6
E22 Patient room 4.7 3.1 40.6
R Corridor 7.2 4.8 72
S Corridor 22.6 15 222
T Corridor 7.3 4.8 74
Total 105.4 107.2 963.4
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Table (2-12) Total cooling and heating loads for fifth floor.

No of room | Name of room Cooling load | Heating Area (m”2)
(Kw) load(Kw)
El Patient room 4.1 2.7 35.3
E2 Patient room 41 2.7 35.3
E3 Patient room 4.1 2.7 35.3
E4 Patient room 4.1 2.7 35.3
E5 Patient room 4.1 2.7 35.3
E6 Patient room 4.1 2.7 35.3
E7 Patient room 11 0.7 12.5
E8 Patient room 1.2 0.8 13.4
E9 Patient room 14 0.9 12.9
E10 Class room 4.3 2.8 36.3
El1 Archive 2.1 2 16
E12 Reception 1.5 1.2 10
E13 Staff resting room 2.9 19 23
El4 Patient room 12 0.8 12.5
E15 Patient room 11 0.7 11.9
E16 Patient room 11 0.7 11.9
E17 Patient room 4.1 2.7 35.5
E18 Patient room 4.1 2.7 355
E19 Patient room 4.1 2.7 355
E20 Patient room 4.1 2.7 355
E21 Patient room 4.7 31 40.6
E22 Patient room 4.7 3.1 40.6
Vv Corridor 7.2 4.8 72
wW Corridor 22.6 15 222
X Corridor 7.3 4.8 74
Total 105.4 107.2 963.4
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2.6 Central air conditioning system
2.6.1 Introduction

Includes all calculation which are required for design mechanical system, and include
selection of al systems equipment's that are needed to be installed inside the building depending
on accurate cal cul ation.

Includes calculation of fan coils unit (FCU), ducted fan coils design, air handling units (AHU)
design ,ventilation system design ,water system design and distribution of al system in planning

,and drawing the planes of it by using AutoCAD program.

Air and water systems condition spaces by distributing air and water suppliesto terminal units
installed in the spaces. The air and water are cooled or heated by equipment in a central
mechanical room. These systems typically involve air-and-water induction units and fan-coil
units(FCU).There is avariety of installation possibilities for air-water systems, which means that,
for amost every building, variants that meet the most demanding architectural requirements are

available.

We will use this project the two systems for heating and cooling are, fan coils (FCU) in patient
rooms and corridors, and air handling units (AHU) in operation and recovery rooms.

2.6.2Fan Coils With Duct

The terminal units regul ate the volume of air and often heat the air with hot water, steam,
or electric resistance coils in response to space temperature conditions. The terminal units
are equipped with fans (fan-powered) to recalculate room air for energy conservation and
temperature control. The fan-powered boxes may be either constant volume discharge or

variable volume.

In al internal corridors between different sections in the hospital, afan coils with duct

system were installed to serve this area. Each duct contains a number of grills that’s covered
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the total cooling and heating load (CFM).
2.6.3Fan Coils Systems

Fan-coil system units have a finned-tube cail, filter, and fan section. The fan recalculates air
continuously from the space through the coil, which contains either hot or chilled water. Some
units have electric resistance heaters or steam coils, It is controlled either by a manual on/off

switch or by thermostat.

The use of thistypeisin all patient rooms and administrative departments, clinics and
emergency departments and doctors’ offices and reception rooms and nursing.
2.6.3.1Sample of fan coil :-
For the room (R1) in basement 2 the total load 17.5 kw (5ton)
Quta = Ms* Cp* (Twater out— Twater in) [4-1]
17.5 = Myyrer* 4.18%(7)
Myater =0.6 kg/s
Myyater = 0 * ¥ [4-2]
0.6 = 1000 * v
v= 610"
v= A*V [4-3]
6*107'=A* 0.7
A=857%107"

2 A
=" 2 [4-3]

2 857«107

T 0.03m=1.25

the diameter of the water pipein and out isthe samein the FCU and equal 1.25
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Table (2-13)diameter of the water pips of fan coils in basement 2 floor

Q Q : Diameter
Room :
(kw) (Ton) (kg/s) (in)
Ry 12.20 3.48 0.42 1.25
R2 19.5 55 0.6 1.25
Rs3 35 1 0.116 0.75
R4 2.7 0.77 0.09 0.50
Rs 2.9 0.82 0.09 0.50
Rs 27.9 7.97 0.95 1.50
R7 1.47 0.42 0.05 0.50
Corridor a 27.6 7.9 0.95 1.50
Thetotal load of room (R1) in bacement 2 =12.20 kw PETRA
= 3.48ton Prrpsrbu eyt
from catalogue of fan coil (PETRA) we are selected the (DC18)
] 25058 ] LIl mn s ] iy 4l A28 18284 114 589
i g TR AT A0 WS 20| s A e dl | et wm o BN 8
] 475 417 LALS i b 44pd Lle 4 #6313 41 B% 55
B oM ook e IM | ST SR 1D &3 | s 4 B W
O R T U R T RS 5 - B 11, A TV 1 S [ S 1
—— 4l Wi LAL S Ja5pd Y L1 | 1M 438
e Ik M 1534 i g0 1 i " W i b g 138 LUEDTS |87 L 1
B 0 MR A 1M WM sk 005 B4 | WNE O DS M AN
| MM 1544 g4 18| sun 0 L 23| 4ni gt 11 T T
l i | WM b2 1 I 1 B e I 7. e )y 14 M| 4N hAE TR T R
Wow| owe  wes om | wse e om0 | @ e e 3R
W[ MM 0B 18| O 9B L5 28| MO WM W A ger

(2-2) From Petra catalogue

Table (2-14) The summary of ducts and its fan coil types in the room at basement 2floor .

No Flow F F Flow F
Name | Load KW Dlamete:'r Selection. Fan Caoil
ks inch cfm Type
1 F1 195 0.60 1.25 1224 42CED004
2 F2 195 0.60 1.25 1224 42CED004
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3 F3 12.5 0.42 1.25 1224 42CEDO006
4 F6 27.9 0.95 15 1645 42CEDO004
5 F7 27.9 0.95 15 1645 42CEDO006
Table (2-15) F1 duct and grills specifications.
Branch Flo Velocit A Duct Size
W y Grill size uet siz
NO | Name m*/s Is Inch Inch

1 A-B 2.62 5 12*12 20W * 10H
2 B-C 1.71 5 12*12 16W * 10H
3 C-D 0.87 5 12*12 10W * 10H

Note (the other fan coils and details shows in the drawing )

Table (2.16) summary of ducts and its fan coil types in the corridors at fifth floor.

No Flow i i Flow ;
Name | Load KW Dlametgr Sr(lalectlon. Fan Coil
ko/s e cfm Type
1 F1 7 0.21 1 1224 42CEDO004
2 F2 10.6 0.32 1.25 1535 42CEDO004
3 F3 12.1 0.37 1.25 1535 42CEDO006
4 F4 14.9 0.46 1.25 1645 42CEDO004
Table (2.17) F1 duct and grills specifications
Branch Flow Velocity Grill size Duct Size
NO | Name m>/s Is Inch Inch
1 A-B 2.6 5 6*6 18W *10H
2 B-C 2.2 5 6*6 16W * 10H
3 C-D 1.8 5 6*6 14W * 10H
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4 D-F 15 5 6*6 12w * 10H
5 F-G 11 5 6*6 10w * 10H
6 G-H 0.7 5 6*6 8W * 10H
7 H-1 0.3 5 6*6 6W*10H

Note (the other fan coils and details of the corridors showsin the drawing )

2.6.4 Air Handling Units (AHU)

Air Handling Units (AHU), it’s a plenum centrifugal fan. Intervention in the chilled water
cooling coail cooling occursinside (AHU) centrifugal fan absorbs the air and after piece through
the duct and distributed to the desired location.

An air handling unit system (AHU) comprises alarge insulated metal box that contains afan,
heating and/or cooling elements, filters, sound attenuators and dampers. In most cases, the
(AHU) isconnected to air distribution ductwork; aternatively, the (AHU) can be open to the

space it serves.

The use of thistypeisin Operating Rooms, Intensive Care Unit (ICU) , recovery room and
Critical Care Unit (CCU) . Environmental conditions are mostly determined by the operations

mission done inside the hygienic spaces:

1- Comfort: Temperature, fresh air amount, filtration, pressure difference of septic-aseptic
environments, relative humidity and sound level.
2- Installation cost and the running of cost: Operation expenses (OPEX) and maintenance

costs should be taken into consideration during the economic lifetime.
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3- Service performance and maintenance: |s service and maintenance methods and facility for

the continuous operation

2.6.4 .1 Sample of Air handling units (AHU)

For air handling unit that bransh surgery room B17 at First floor. temperature and relative
humidity of 50%. The supply air temperatureis 38 C°. The inside design conditionsis 16 C°
dbtemperature.

for the surgery room (B17) in the first floor

Ot = Quatent + Psenseble [4-5]
Ot = 7Kw

_Heat from personsNo.of person

Q= 000 [4-6]
Heat from person:- 30w
number of person:- 4 person for each room

30+14
(?fzqziiyz 0.12 kw

Qsenseble = l?total — Qlatent
Qsenseble =7 _0.12=6.88 kw

Qsenseble = M, * Cp* (Tsupply- Tcoil)
Qsenseble = P * U* Cp* (Tsupply- Tcoil)

p:- density of air =1.25 kg/m?
v:- flow rate

Cp:- 1.0 kJkg.K

Tsupply:- 38 ¢

Tcoil:- 16 ¢

6.88 = 1.25 * v *1* (38~ 16)

v= 0.250 m3¥/s
by velocity method , recommended velocities at AHU as following from table(1-4) in
appendix[b] .
-the velocity of air in the supply velocity (main duct) = 8m/s
-the velocity of air in the bransh = 4 m/s
from duct sizer :-
by adding the values of the flow rate (L/m) and velocity (m/s)
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This figure shows how to fined the duct size of the branch by duct sizer program : -

Exit Primt Clear Urnits About

[25°C Air ot S0 AH and 1 atm = I

Fluid denzity 1.171 kgsmi

Fluid wiscosity D DESE  bkoglme b
Specifiic Heat 1. 0048 kifkg"C
E gy Taclor 1.18 W/ C-L=
=l Flow sate [ﬂﬁ-ﬂ' “l L=
ClHead loss [l]. 7SE ] Pafin
=1 Welooity I-_i_ _] mfm
E qusrw alesrml o 1
= | d‘:l'n_nl.nr |292-.‘| | men
Duct size |_3ﬂ|;_| ] mm | 225 i
E guivalent Diasmeter 283 28 wwon
Flowe Moo 00625 m3
Fluid welocily 4. 000 mis
A eynolds Mumbesy F2 A7
Friction Ffactor 002215
Warlocily Pres s 9.37071 Pa
Head Loss 0758 Fa/m
e meguny com
Figure (2-3)

For theroom (B1,B4,B5,B8,B11,B12,B17)
rotal senseble = 3.38 +3.78 +5.68+1.88+3.58+5.68+6.88
= 30.86 kw
the total flow rate ()= 1.122 m3/s
from duct sizer the main duct sizeis (500x300) as shows :-
This figure shows how to fined the duct size of the main duct of AHU by duct sizer
program :-

[25°C Air a1 507 RH and 1 atm =] m

Fluid density 1171 kg/mi
Fluid wizcozily 00656 kafm b
Specific Heat 1.0048 kdikg™C
Energy lacton 1.18 W/ C-Lis

Eflnr—- rale EL‘ 122 ; L/s
[ Head loss I?ﬂl :F"a)-

=l welocity i_ﬂ_- mis
O Eqmvalunl I_EE_E_; —
Eguivalent Diameler 41998 mm
Flow Area 0.138% mi
Flund welocily 8101 m's
Aeynolds Humber 218.534
Fuiction facio n.oari
Velocity Pressurne IR 4334 Pa
Head Loss 1.759 Pa/m
L Al Canditienlng |
WY W ITECQURY. COom
Figure (2-4)

(al air handling unit models were selected from york air system company) from the catal ogue of
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AHU (YMA) , we are selected(YMA 970/950).

AYORK
Table (2.18) The summary of AHU data

NO | Room name location | Total load | Unit | Flow Unit
KW Name L/s selected

Bl | Surgery room | First floor AHU1 | 122 YMA
3.38 970/950

B4 Recovery First floor AHU1 | 137 YMA
room 3.78 970/950

B5 | Surgery room | First floor AHU1 | 206 YMA
5.68 970/950

B8 Recovery First floor AHU1l | 68 YMA
room 1.88 970/950

B11 Recovery First floor AHU1 | 130 YMA
room 3.58 970/950

B12 | Surgery room | First floor AHU1 | 206 YMA
5.68 970/950

B17 | Surgery room | First floor AHU1 | 250 YMA
6.88 970/950

B18 ICU First floor AHU2 | 624 YMA
17.18 970/950

B19 CCcu First floor AHU2 | 624 YMA
17.18 970/950

C2 | Surgery room Second 7.68 AHU3 | 279 YMA
floor 970/950

c4 Patient Second 12.96 AHU3 | 471 YMA
recovery floor 970/950

room

C6 | Surgery room Second 10.35 AHU3 | 376 YMA
floor 970/950

C27 | Surgery room Second 5.08 AHU4 | 184 YMA
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floor 610/750
C30 | Surgery room Second 5.08 AHU4 | 184 YMA
floor 610750
Note :- (Thelocation and details of all AHU shown in the drawing)
Table (2.19) selection and data of grills in first floor
NO of The sensible
room loade (kw) TR CFM Grill size mm
B1 3.38 0.96 384 6*12
B4 3.78 1.08 432 10*12
B5 5.68 1.62 648 6*12
B8 1.88 0.53 212 812
B11 3.58 1.02 408 10*12
B12 5.68 1.62 648 1224
B17 6.88 1.96 784 1224
B18 17.18 4.90 1960 1824
B19 17.18 4.90 1960 1824

Note (Each of grill have avalue of CFM as shown in table(1-5) in appendix B)

Table (2-20) selection and data of grills in second floor

NO of The sensible

room loade (kw) TR CFM Grill size mm
C2 7.68 0.96 384 6*12
C4 12.96 1.08 432 10*12
C6 10.35 1.62 648 6*12
c27 5.08 0.53 212 812
C30 5.08 1.02 408 10*12
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2.7 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.

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

a controllable manner.

2.7.1 Purposes of Ventilation:

Ventilation in a building serves to provide fresh and clean air, to maintain athermally
comfortable work environment, and to remove or dilute airborne contaminants in order to
prevent their 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.

2.7.2 Sample of ventilation system used:

i Vi pen
total number of air change(CFM) = I

n: from ASHRE ventilation for acceptable air quality (CFM/m?2 room)
V: volume of the space

[4-7]

TAHLE 2
CVETTIRE AT REGUIREMESTS POR VENTILATION (Camtbraed )
i CoadsviRCLAL FACILITIES isifiees, stores, shops, hatels, sports faeflities

Table (2-5) from ASHRAE
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Example : For mechanical storein Basement 3 :-
total number of air change (CFM) _V(M3pn

17
total number of air change (CFM) =" Mixl

1.7

=457.6 CFM

from ( fast fan — vortice fan selection ) program

This figure(2.6) shows the fan data from the program :-

A Wortice Products Catalog - Ver 2040 - Database 23053007

FASTFAN -Vertice Fan Selection Program

) Wi T Scied fim

ey r S
B Prondct Sold S Py WIE mih =l A Density 132295 et
h;. B Stag Prasmse 00 il -
T Fan Selection Search b |lhw -l
() Wmstory
2 e roiects ==l
& Saved prsjects —_— ;
& Oveme Performance. |TechncalDeta | Wrking Font|
= Provide a feedback. ; — = = = = =1
ety | | ta |
Sumand
| Prewsure |
|

T B TA 158 [ 1070 |

o5 = 50
o fmah]

i Prant | " Peinl Ta PDF ||| Add is Project
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Table (2-21) Data of the fans selected in basement 2:

#No Room name CFM Fan type
1 Lundary arrange 1200 CA250W
2 washing 2216 E302T
3 Ironing 1115 MPC254M
4 Store 112 MICRO160I
5 Bath room 865 CA160W
6 Store 743 CA200Q
7 Store 303 C1012M5MO
8 Bath room 564 CA160Q
9 Bath room 865 CAl60W
10 Bath room 71 ARIETLI
11 Bath room 71 ARIETLI
12 Bath room 113 MICRO100T

Note ( al other fans selection type are shown on drawings)

2.8 selection of other HVAC system component :-

2.8.1 chiller :

chiller 1inzone 1

QCOOIing =98.35 ton ( the cooling load of AHU & Fan coil in connected to chiller 1)

by multiply of safety factor 1.5

Qeooling = 98:35* 1.5=147.5ton
=516.25 KW

So, the chiller selected from career company is model no. 30XW /30X ¥ T1552.
- Chiller (2) selected from career company is model no. 30XW/30XWHS802.

- Chiller (3) selected from career company is model no. 30XWP/30XWHP562.
Note ( The expansion tank of chiller 400L from table in appendix [A] )
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2.8.2 Boiler:
Boiler (1) connected to the AHU & Fan coil inzone 1.

Qheating = 64 ton (the heating load of AHU & Fan coil in zone 1)
by multiply of safety factor 1.5
Qheating = 64*1.5=96 ton

= 336 KW

So, the boiler selected from ideal company, model no ideal 350V-600H.
Table (2-22) The summary of boiler selection

Boiler No. Location Qheating Model no.
1 Mechanical 344 KW ideal 350V-600H.
store
In basement 3
2 Mechanical 739.2 KW ideal 400V-600H
store
In basement 2
3 Mechanical 390.6KW ideal 400V-600H.
store
In basement 2
2.8.3 Pump:

Pump (2) that connected to chiller (2), which have a Characteristics of flow rate of 507.24gpm
and ahead of 40.2 m

So, the Pump selected from GRANDFOS company , model no. NB 65-160/177 60 Hz.

Table (2-23) The summary of chiller pump selection T
GRUNDFOS ¢
Pump No. Location Flow rate Head[m] Model no.
Q=[gpm]
1 Roof plan 354gpm 40.2m NB 65-200/219 50 Hz
2 Roof plan 507.24gpm | 40.2m NB 65-160/177 60 Hz.
3 Roof plan 402gpm 24. 45m NB 65-142/115 50 Hz

Note: Each chiller have another stand by pump having the same Characteristics .
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Table (2-24) The summary of Poiler pump selection

Pump No. Location Flow rate Head[m] Model no.
Q=[gpm]

1 M echanical 236gpm 40.2m CR 45-3-3 ,3400V-50 Hz.
store
In basement 3

2 M echanical 507gpm 40.2m NB 65-160/177 ,3 400V-
store 50 Hz.
In basement 2

3 store 268gpm 24. 45m CR 45-3-2,3 400V-50 Hz.
In basement 2
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CHAPTER THREE
Plumbing System
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CHAPTER 3

3.1 Introduction
Plumping system consist of two things which are water supply system and drainage distribution

system.

Plumbing design is the system of pipes drains fittings, valves, valve assemblies, and devices
installed in abuilding for the distribution of water for drinking and washing, and the removal of
waterborne wastes, and the skilled trade of working with pipes, tubing and plumbing fixturesin

such systems.

Plumbing fixtures are exchangeabl e devices using water that can be connected to abuilding's
plumbing system, Some examples of fixtures include water closets (also known as toilets),

urinals, bidets, showers, bathtubs, utility and kitchen sinks, lavatory.
3.1.1water supply system

Enough water to meet the needs of occupants must be available for al building further water

needs for fire protection; air conditioning, heating and possibly process use must also be met.
There are two basic types of water distribution systems for building:

1. Up feed distribution system.
2. Down feed distribution system.

In this project we have choose the up feed distribution system for cold water and up feed
distribution system for hot water, the supply of water for the hospital is received from the
municipal then to awater well and to be pumped up to the fixture units, Usually the water
pressure at the supply point of the municipality be between (35-50) psi, this water enters the well
of the hospital and then by using pumps which pumping the water to the fixtures in the building.
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Minimum flow pressure required in the top floor is usualy (8) psi from Appendix B Table -
(9.3)for flush tank and maximum pressure on the lowest floor should not exceed (80) psi
otherwise pressure reducing valves should be used to reduce the pressure.

3.1.2 Up feed water distribution system

There are two methods commonly used for up feed distribution system.

1- Thesupply of water for the building is received from a public street main(usually 35psi

for residential structures ,and about 50 psi for the other buildings).

2- Private water supply entersinto pneumatic tank(pressurized tank)and its pressurized from

approximately 35 to 60 psi and it’s the way to be used.

3.1.2 Drainage system

The drainage or waste system is the most complex member of awell designed plumping system
JIts composed of two parts: the pipes which covey solid and liquid wastes to the house sewer, and
the venting system.

Parts of drainage system

1 - Building sewer: That section of pipe which runs between the house drainage system and the
connection to the public sewer or septic tank.

2-Building drain: The lowest piping in a house drainage system, this pipe receives the discharge
from soil, waste, and other drainage pipes, and then carries such discharge to the house sewer.

3-Soil stack and pipe: Any line of pipe which carries the discharge of water closets. The term
"stack" refersto the vertical runs of such piping.

4-Waste stack and pipe: All pipe receiving the discharge of fixtures other than water closets.
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5-Trap: Refersto afitting or device constructed to prevent the passage of air or gas back
through a pipe or fixture, without materially affecting the flow of sewage or waste water.

6-Vent piping: Provides ventilation to the drainage system and prevents trap siphonage and back
pressure from clogging or contaminating the drainage system.

7-Fixture: Any receptacle intended to receive or discharge water or water-carried waste into the
drainage system.

8-Branch: That part of the plumbing system which extends from the stack to afixture.
9-Leader: Any vertical line of piping which receives and carries rain water.

10-Fitting: Any one of a number of devices used to connect pieces of pipe or change the
direction of pipe.

11-Manhole:manholes are considered as clean -outs ,they are recommended to be installed
around buildings.

3.1.3 Calculation for the water well volume needed for the hospital (used for esrimation ):
(500L/bed/day ) is the amount of water needed taken from ASHRAEcode [1].

We have 194 bed in our hospital

So (500L/1000)** 194=97 ber day

For 3 days

We need 291 mi*

3.2 Calculationsfor hot and cold water system
3.2.1 Water servicesizing for each floor in the hospital:

To determine the water service water size in building, atechnique called water supply fixture
unit (WSFU) is used; WSFU = Water Supply Fixture Unit.

The following Tables shows the water supply fixture unit for the each floor (see next bage):

Using Table (1) for estimating demand: (See appendix (B))
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Table (3.1))Water supply fixture unit for the hospital:

Fixture Type | Demand per | No of fixtures | Total Total
fixture (FU) demand for | demand for
cold water hot water
Lavatory 2*3/4 20 30 30
(General)
Shower 4*3/4 3 9 9
head(General)
Separate 2*3/4 2 3 3
Shower(private)
WC (Genera) 5 12 60 0
flush tank
kitchen sink 4*3/4 4 12 12
(General)
Total for basment 2 114 54
54 (gpm) 35 (gpm)
Fixture Type | Demand per | No of fixtures | Total Total
fixture (FU) demand for | demand for
cold water hot water
Lavatory 2*3/4 13 195 195
(General)
Shower 4*3/4 2 6 6
head(General)
WC (Genera) 5 9 45 0
flush tank
Total for basment 1 70.5 255
36.15 (gpm) 17.3(gpm)
Fixture Demand per | No of Total Total demand
Type fixture (FU) | fixtures demand for | for hot water
cold water
Lavatory 2*3/4 20 45 45
(General)
Shower 4*3/4 1 3 3
head(General)
Urina 2*3/4 4 6 0
(general)
WC (Generd) |5 19 95 0
flush tank
Total for ground floor 149 48
56 (gpm) 28 (gpm)
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Fixture Type | Demand per | No of fixtures | Total Total demand
fixture (FU) demand for for hot water
cold water
Lavatory 2*3/4 28 42 42
(General)
Shower 4*3/4 14 42 42
head(General)
WC (Genera) 5 11 55 0
flush tank
Total for 1st floor 139 84
52 (gpm) 40 (gpm)
Fixture Type | Demand per | No of fixtures | Total demand | Total demand
fixture (FU) for cold water | for hot water
Lavatory 2*3/4 20 30 30
(General)
Shower 4*3/4 12 36 36
head(General)
WC (Genera) 5 14 70 0
flush tank
Total 2rd floor 136 66
52.2 (gpm) 35 (gpm)
Fixture Type | Demand per | No of fixtures | Total demand | Total demand
fixture (FU) for cold water | for hot water
Lavatory 2*3/4 20 30 30
(General)
Shower 4*3/4 16 48 48
head(General)
Separate 2*3/4 2 3 3
Shower (private)
WC (Genera) 5 20 100 0
flush tank
Total for both 3rd 4th and 5t floors 181 81
67 (gpm) 40 gpm)
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3.2.2Water pipesizing:
By friction head | oss method:
1-calculate the head for the fifth floor.(1m = 3.28 ft).

floor to floor height is4 m.
Static head = floor to floor height
Static head = (no.of floors*floor to floor hight)*3.28

Static head = (9*4)*3.28=118 ft.
So then the static pressure = static head * 0.433 psi/ft =118 * 0.433 = 51.1 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 both hot and cold water are using up feed system we will need the follwing equation:

Pump pressure=Friction head + static pressure + minimum flow pressure

The recommended velocity for al fixture units should not exceed 8fps ,except for water closet
With flush valve of 4fps.

a For cold water system:

Total length from pump to riser2 =3.4m .

Tota length from floor to floor = 32m.

Total length from riser to collector =7m

Total length form collector to fixture unit =8.7m.
Total length =51.1m.

Total equivalent length=51.1*1.5* 3.28=251 ft.
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b- For hot water system:

Total length from boiler to riserl =8m .

Total length floor to floor =36m.

Total length from riser to collector =6m

Total length form collector to fixture unit =8m.
Total length =58m.

Tota equivaent length=58* 1.5* 3.28=285.36 ft.

3-Minimum flow pressure and friction head.

The minimum required flow pressure at the most remote outlet on the fifth floor (Sink

faucet) is8 psi. From table [3] Appendix B

a For cold water system:
Pump pressure =Friction head + static pressure + minimum flow pressure
Friction head = 74.1-(51.1+8)= 15psi.
Uniform friction loss = friction/100ft = avail able friction head/ total equivalent length.
Friction/100ft =15 psi/(251/100 ft) = 6 (psi/100ft).

b- For hot water system:
Pump pressure=Friction head + static pressure + minimum flow pressure
Friction head = 82.6 — (57.6+8) = 17ps.
Uniform friction loss = friction/100ft = available friction head/ total equivalent length.
Friction/100ft =17psi/(285.36/100 ft) = 6 (psi/100ft).
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3.2.3 Calculation for cold water

Asan examplethe following table (3.2) showsload of fixture unit in which Riser 2 islocated

(back to drawings):

Typeof FU Demand per FU | Number of FU | cold water
Lavatory 2* Y 10 16.5
Water closet 5 4 20
Shower 2* Y 11 15
Total 1% floor 515 Fu
30 gpm
Typeof FU Demand per FU | Number of FU | Cold water
Lavatory 2* 34 12 18
Water closet 5 6 30
Shower 2* 34 6 9
Total 2" floor 57Fu
32 gpm
Typeof FU Demand per FU | Number of FU | cold water
Lavatory 2* 34 6 9
Water closet 5 6 30
Shower 2* 34 6 9
Total 3¢ 4™ and 5™ floor 48Fu
28 gpm

Calculation of Branch connected toriser 2:-

Table (3.3) Thesizing pip of branch for cold water .

Branch’s of riser 2 Flow rate | Total equivalent Friction Pipesize
(gpm) length (ft) (psi/100ft) (inch)
1% floor 30 190.2 7.8 1Y
2" floor 32 228.8 6.5 1Y%
3 floor 28 2115 7 1Y%
4th floor 28 231.2 6.4 1%
fifth floor 28 251 6 1Y%

For the branch 1st floor:-
EL =16 +3+19.66 =38.6 m

Total equivalent length=EL * 1.5 * 3.28 = 190.2 ft.
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friction pipe =15 psi.so Friction/100ft = 15 psi/190.2 * 100 ft =7.8 (psi/100ft).
From chart (9.5) steel pipe :- For ( 7.8 psi )&( 30 gpm) size pipeis 1 %inch.

Pipesizing of riser2:
Table (3.4) Thesizing pipe of riser2 for cold water .

Size of riser 2 Flowrate | Total equivalent Friction Pipesize
(gpm) length (ft) (psi/100ft) (inch)
1% floor 76 190 7.8 2
2" floor 65 228.8 6.5 2
3% floor 55.5 2115 7 2
4th floor 43 231.2 6.4 15
fifth floor 28 251 6 1Y,

3.2.4 Calculation for hot water :

Asan example Thefollowing table table (3.5) showsload of fixture unit in which Riserlis

located (back to drawings):

Typeof FU Demand per FU | Number of FU | Hot water
Lavatory 2* 34 1 15
laundry 3* 3/4 7 15.5
Shower 2* 3/4 2 6
Total for basment 2 23 Fu
15.5 gpm
Typeof FU Demand per FU | Number of FU | Hot water
Lavatory 2* 34 4 6
laundry 3* 3/4 4 12
Shower 2* 34 2 6
Total for basment 1 24Fu
16 gpm
Type of FU Demand per FU | Number of FU | Hot water
Lavatory 2* 34 5 7.5
Total for ground and 1% floor 7.5Fu
6.5 gpm
Type of FU Demand per FU | Number of FU | Hot water
Lavatory 2* 34 5 7.5
Shower 2* 3/4 3 9
Total 2" floor 16.5Fu
12 gpm
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Typeof FU Demand per FU | Number of FU | Hot water
Lavatory 2* 34 9 135
Bathtub 3* 3/4 2 3
Shower 2* 34 7 21
Total 3" 4™ and 5" floor 37.5Fu
24 gpm
Calculation of Branch connected toriser 1:-
Table (3.6) Thesizing pip of branch for hot water .
Branch’s of riser 1 Flowrate | Total equivalent Friction Pipesize
(gpm) length (ft) (psi/100ft) (inch)
basement 2 floor 155 155 10.9 1
basement 1 floor 16 174.6 9.7 1
ground floor 6.5 177.6 9.6 3
first floor 6.5 202.2 84 1
second floor 12 222.3 7.6 1Y,
third floor 24 246 7 1Y%
forth floor 24 265.6 6.4 1Y%
fifth floor 24 285.3 6 1Y,
Table (3.7)Pipesizing of riserl:
Size of riser 1 Flow rate | Total equivalent Friction Pipesize
(gpm) length (ft) (psi/100ft) (inch)
basement 2 floor 65 155 10.9 2
basement 1 floor 59 174.6 9.7 2
ground floor 54 177.6 9.6 1v%
first floor 52 202.2 8.4 1%
second floor 51 222.3 7.6 1v%
third floor 47 246 7 1v%
forth floor 36 265.6 6.4 1Y%
Fifthfloor 24 285.3 6 1Y%
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For riser 1 fifth floor :

EL =14 +36+8 =58 m

Total equivalent length=EL * 1.5=58* 1.5 =87 m =285.3 ft.
friction pipe = 17 psi.

Friction/100ft = 17 psi/285.3 * 100 ft = 10.9 (psi/100ft).

From chart (9.5) steel pipe:-

For ( 10.9 psi )&( 24 gpm) size pipeis 2 inch.

3.3 Drainage Piping sizing

The required pipe sizing are calculated by using a concept of fixture unit instead of using gpm
of drainage water, we will use drainage fixture units (dfu).This unit takes into account not only
the fixtures water use but also its frequency of use, that is the (dfu) has a built—in diversity factor.

This enable us, exactly as for water supply, to add the dfu of varies fixtures to obtain the
maximum expected drainage flow. Drainage pipes are then sized for particular number of
drainage fixtures units, according to Tables.(See appendix (B)) Table(3)& Table(4).

Built into these tables are the fill factors that are :

- Branches (Horizontal Pipes) to run maximum of (50%) fill.

- Stacks (Vertical Pipes) are designed to run at maximum of ( 25%-33%) fill.

- Building drain and swear drains may run somewhat higher (Over 50%) fill.

Table (3.8)thedrainage fixture unit (dfu) for basement 2 stacks:

Fixture unit No. of Fixture | Drainage Fixture Unit dfu value Diameter of
value, dfu (Horizontal Branch) Pipe, in.
Table (4) Table (3)
Lavatory. Stack(D) 5 1 5 1%
WC. Stack(D) 3 6 18 2%
Lavatory. Stack(E) 1 1 1 1Y%
WC. Stack(E) 1 6 2
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Shower. Stack(E) 1 2 2 1Y%
Lavatory. Stack(F) 5 1 5 1Y%
WC. Stack(F) 2 6 12 2%
Lavatory. Stack(G) 5 1 5 1Y%
WC. Stack(G) 2 6 12 2%
Lavatory. Stack(H) 3 1 3 1%
WC. Stack(H) 1 6 6 2
Shower. Stack(H) 1 2 2 1Y%
Lavatory. Stack(l) 1 1 1 1Y%
WC. Stack(l) 1 6 6 2
Shower. Stack(l) 1 2 2 1Y%
Laundry. Stack(V) 2 2 4 2
Laundry. Stack(W) 5 2 10 2%
Lavatory. Stack(12) 1 1 1 1%
WC. Stack(12) 2 6 12 2%
Shower. Stack(12) 2 2 4 1%

Table (3.9) Examplefor how to calculate the diameter for stuck 12:

Stack 4 dfu value Diameter of Pipe, in.
(Stack) Table (3)
From floor 5 9 2
From floor 4 18 2
From floor 3 27 2Y>
From floor 2 36 2Y>
From floor B1 40 2Y%
From floor B2 57 2Y>
To M.H59 57 2%
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Table (3.10) For vertical stack in hospital:

Stack dfu value Diameter of Pipe, in.
(Stack) Table (3)
A 13 2%
B 22 3
C 16 2%
D 22 3
E 9 2
F 17 2%
G 17 2%
H 11 2%
I 21 3
J 32 3
K 38 3
L 13 2%
M 13 2%
N 13 2%
0] 12 2%
P 13 2%
Q 9 2
R 36 2%
S 36 2%
T 36 2%
U 36 2%
\Y 69 3
w 37 2%
X 27 2%
Y 36 2%
X 13 2%
1 15 2%
2 9 2
3 36 2%
4 36 2%
5 36 2%
6 64 3
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7 65 3
8 36 2%
9 78 4
10 9 2
11 58 3
12 53 3
13 34 2%
14 33 2%
15 33 2%

3.4 Sanitary Drainage System
34.1 ManholeDesign

We design the manhole around the building so as that the sewage comes from the stacks flows
in then the sewage flows from one manhol e to another so as reaching the main manhole

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 then we cal culate the height of the
other manhole depending on the spacing between manholes and the slope of drainage pipes
between manhol e to bel.5%.

As aresult of these calculations we estimate the invert level of the manhole that is the depth
of the pipe entering the manhole and we choose the diameter of the manhole depending on the
depth of the manhole as below.

1160 cm for manhole depth (50-100) cm.
1180 cm for manhole depth (100-150) cm.
71100 cm for manhol e depth (150-250) cm.
11120 cm for manhole depth > 250 cm.

3.4.2 Manholes Calculations

We assume the depth of the first manhole to be (80 cm) and we cal cul ate the second manhole
according to it and so on.

For manhole#.1 :
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Top level = +0.00
Depth =0.60 m
Invert level=Top level-Depth = 0.00 - 0.60 = -0.60 m
For manhole #. 2 :
The distance between manhole 1 & manhole 2 is 4.00 m.
Invert level for manhole 2 is:
Y = ((S*Slope) + 5) / 100
Where: Sis the distance between manhole 1 & manhole 2.
Slopeis 1.5%
5 cm, isthe point in manhole 2 where the pipe will be connected.
So:
Y = ((4.00 * Slope) + 5) / 100
= ((4.00 * 1.5) + 5) / 100
=011m
Top level =+0.00
Invert level of manhole 2 = Invert level of M1 - Y=-0.60- 0.11=-0.71 m.
Depth =T.Lyz - I.LM2 = 0.00 — (-0.71) = 0.71 m.

The following table(3.11) shows calculations and dimensions of all manholes that used in our

project:
Invert level | Depth :
Manhole # UeolEle PIE L=t Cover type
(m) (m) (m) (m)
My +0.00 -0.60 0.60 0.60 Medium duty

64



M5 +0.00 -0.71 0.71 0.60 Medium duty
M3 +0.00 -0.84 0.84 0.60 Medium duty
My +0.00 -1.00 1.00 0.60 Medium duty
Ms +0.00 -1.16 1.16 0.80 Medium duty
Mg +0.00 -1.35 1.35 0.80 Medium duty
M7 +0.00 -1.43 143 0.80 Medium duty
Mg +0.00 -1.52 1.52 1.00 Medium duty
Mo +0.00 -1.65 1.65 1.00 Medium duty
M1 +0.00 -1.75 1.75 1.00 Medium duty
M1q +0.00 -1.83 1.83 1.00 Medium duty
M2 +0.00 -1.92 1.92 1.00 Medium duty
M3 +0.00 -2.00 2.00 1.00 Medium duty
M4 +0.00 -2.16 2.16 1.00 Medium duty
Mis +0.00 -2.34 2.34 1.00 Medium duty
Mg +0.00 -2.45 245 1.00 Medium duty
M7 +0.00 -2.61 2.61 1.20 Medium duty
Mg +0.00 -2.80 2.80 1.20 Medium duty
Mig +0.00 -2.93 2.93 1.20 Medium duty
Mo +8.00 +7.40 0.60 0.60 Medium duty
M2 +8.00 +7.40 0.60 0.60 Medium duty
M2, +8.00 +7.30 0.70 0.60 Medium duty
D My +8.00 +7.15 0.85 0.60 Medium duty
D.My4 +7.50 +6.90 0.60 0.60 Medium duty
Mas +7.50 +6.80 0.70 0.60 Medium duty
D.My +7.00 +6.20 0.60 0.60 Medium duty
D.My7 +5.50 +4.90 0.60 0.60 Medium duty
D.Myg +5.00 +4.40 0.60 0.60 Medium duty
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D.Myg +4.45 +3.85 0.60 0.60 Medium duty
D.M3o +0.00 -0.60 0.60 0.60 Medium duty
M3y +0.00 -0.83 0.83 0.60 Medium duty
M3, +0.00 -0.89 0.89 0.60 Medium duty
M3 +0.00 -1.05 1.05 0.80 Medium duty
M3y +0.00 -1.21 121 0.80 Medium duty
M3s +0.00 -1.37 1.37 0.80 Medium duty
D.M3s +0.00 -1.53 1.53 1.00 Medium duty
M3z +8.00 +7.40 0.60 0.60 Medium duty
M3g +8.00 +7.32 0.68 0.60 Medium duty
M3 +8.00 +7.14 0.86 0.60 Medium duty
Mo +8.00 +7.06 0.94 0.60 Medium duty
Ma1 +8.00 +6.91 1.09 0.80 Medium duty
M +8.00 +6.83 1.17 0.80 Medium duty
Mas +8.00 +6.73 1.27 0.80 Medium duty
Mg +8.00 +6.62 1.38 0.80 Medium duty
Mas +8.00 +6.56 1.44 0.80 Medium duty
Mg +8.00 +7.40 0.60 0.60 Medium duty
M7 +8.00 +6.40 1.60 1.00 Medium duty
Mg +8.00 +6.29 171 1.00 Medium duty
Mg +8.00 +6.22 1.78 1.00 Medium duty
Mso +8.00 +6.08 1.92 1.00 Medium duty
D.Ms; +7.00 +6.40 0.60 0.60 Medium duty
D.Ms; +5.00 +4.40 0.60 0.60 Medium duty
Ms3 +5.00 +4.33 0.67 0.60 Medium duty
Msq4 +3.50 +2.90 0.60 0.60 Medium duty
D.Mss +3.50 +2.83 0.67 0.60 Medium duty
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Mse +3.00 +2.40 0.60 0.60 Medium duty
D.Ms7 +3.00 2.32 0.68 0.60 Medium duty
D.Msg +2.00 +1.40 0.60 0.60 Medium duty
D.Msg +2.00 +1.34 0.66 0.60 Medium duty
Meo +1.00 +0.40 0.60 0.60 Medium duty
D.Me1 +1.00 +0.30 0.70 0.60 Medium duty
D.Meo -0.50 -1.10 0.60 0.60 Medium duty
D.Msg3 -0.50 -1.22 0.72 0.60 Medium duty
Meg -2.00 -2.60 0.60 0.60 Medium duty

3.4.3 Selection The Diameter And The Slope Of The Drainage Pipe System

Here we will talk about the choice of diameter and slope of the drainage pipe system and we
will take the following Bathroom as an example of how we will choose the diameter and the
slope of the drainage pipe system.

1. Wewill use pipes (Branches) from fixture unit to the floor drainage (F.D.) with diameter (2")
for lavatory and shower and with slope( 2%).

2. We will use pipes (Building Drains) from fixture unit to the manhole with diameter (4") for
water closet with flush valve and with slope (1% - 2%).

3. Wewill use pipes (Sewage Pipes) between manholes with diameter (6") and with slope
(1.5%), and the waste water will transfer between manholes until it reach the main Manhole.

4. Wewill usefloor trap (F.T.) at the end of the4"branches as a collection box for this pipes and
in order to provide awater seal to prevent odors, sewage gases and vermin's from entering
building.

5. Wewill use clean out (C.O) at the end of the 4"branches in order to clean the pipes from any
things that can blockage and close the pipes.

6. Wewill use a stack with diameter (4") in order to drain the waste water to the manholes.

3.4.4 Drainage Piping Fill

1. Branches are designed to run maximum of 50% fill.

2. Stacks are designed to flow between 25 — 30 % maximum.
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3. Building drains and sewer drains may be designed over 50% fill.

3.4.5 Drainage Piping Ve ocity

1. For branches the recommended velocity is 2 ft/s.

2. For building the recommended velocity is 3 ft/s.

3. For greasy the recommended velocity is 4 ft/s.

Velocity of water flow through drainage piping depends on:

1. Pipediameter.

2. Slope.

For the same diameter large pipe diameter required lower slope

For pipes of diameter < 3" the minimum slope is 1/4 in/ ft.

For pipes of diameter > 4" the minimum slope is 1/8 in/ ft.

3.5 Selection of cold & hot water system pump :

Table (3.12)selection of cold water pump :- Tw
GRUNDFOS
Pump No. Location Flow rate Head[m] | Modéd no. ]
Q=[gpm]
1 Mechanical 125gpm 402m | HYDRO MULTI-E 2 CR 32-3
store 50Hz
In basement 3
2 Mechanical 76gpm 402m | HYDRO MULTI-E 2 CME10-
store 0350 Hz
In basement 2
3 store 105gpm 24.45m | HYDRO MULTI-E 2 CR 32-3
In basement 2 50Hz
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Table(3.13)selection of Hor water pump:

GRUNDFOS® t}
Pump No. | Location Flow rate Head[m] | Model no.
Q=[gpm]
1 Mechanical 91gpm 40.2m | CR 20-6 A-A-A-E-HQQE
store
In basement 3
2 Mechanical 65gpm | 40.2m | CR18-8 A-F-G-E-HQQE
store
In basement 2
3 store 73gpm 402m | CR15-8 A-F-A-E-HQQE
In basement 2
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CHAPTER FOUR

FIRE FIGHTING SYSTEM
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CHAPTER 4

4.1 TheFireTriangle:

Fire: is the rapid oxidation of a material in the exothermic chemical process of combustion,
releasing heat, light, and various reaction products. Slower oxidative processes
like rusting or digestion are not included by this definition.

There are three (3) components required for combustion to occur:

Fuel — to vaporize and burn

Oxygen — to combine with fuel vapor

Heat — to raise the temperature of the fuel vapor to its ignition temperature

The following is the typical “fire triangle”, which illustrates the relationship between these three
components:

Figure (4.1) The fire triangle

4.2 Classifications of Fire:
Fires are classified into five groups as follows:

Class A: Class A fires involve common combustibles such as wood, paper, cloth, rubber, trash
and plastics. They are common in typical commercial and home settings, but can occur anywhere
these types of materials are found.
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Class B: Class B fires involve flammable liquids’ gases, solvents, oil, gasoline, paint, lacquers,
tars and other synthetic or oil-based products. Class B fires often spread rapidly and, unless
properly secured, can reflash after the flames are extinguished.

Class C: Class C fires involve energized electrical equipment, such as wiring, controls, motors,
data processing panels or appliances. They can be caused by a spark, power surge or short circuit
and typically occur in locations that are difficult to reach and see.

Class D: Class D fires involve combustible metals such as magnesium and sodium. Combustible
metal fires are unique industrial hazards which require special dry powder agents.

Class K: Class K fires involve combustible cooking media such as oils and grease commonly
found in commercial Kitchens. The new cooking media formulations used form commercial food

preparation require a special wet chemical extinguishing agent that is especially suited for
extinguishing and suppressing these extremely hot fires that have the ability to reflash.

This figure shows the types of fires as classified :-

ommon Wood, Paper,
# m ombustibles | Cloth, Etc.

B/} Flammable Gasoline, Propane
Liquids & Gases | other Solvents

c m Live Electrical | Computers, Fax
Equipment Machmes Etc.
Combustible Magnesium, Lithium,

Metals Titanium

-_—

K E9 §o0ne Oils, Lards, Fats

Figure (4.2) Types of fires as classified
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4.2.1 Classificationsof Hazard:
Light: Class A & little of Class B
Ordinary: Class A & B
Extra: Class A & B but with large quantity.
4.3 The main Fire Fighting systems:
l)water system
a)Automatic
Sprinkler System which includes

- Dry system

- Wet system
- Deluge system
- Pre -action system
b)Manual

which includes [ FHC ,FH, Siamese connection ]
2)Gas system
a) Automatic

-CO2
- FM200

b)Manual
- Extinguisher

3)foam system

a)Automatic
- High pressure( Foam nozzle)
-Low pressure (Foam generator)

b)Manual - Extinguisher
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4.4 Fireextinguisher :-

1-Fire extinguisher classification &UL rating :
-Class A
-Class B
-Class C
-Class D

The UL rating is broken down into class A and class B&C, for example the rating A is a water
equivalency rating (each A=1.25 GPM), the rating B is related to the coverage area for example
(20B:C=20ft?) and the rating C means that its suitable for electrically energized equipment, All
according to NPF10.

Note: the UL rating is found on the extinguisher label

Thefollowing table (4.1) showsthe type of the extinguisher and wher e should it used:

Ezsingwinher Tioe Agent Clan Sammic Applicatioe
Frgroler Diry Cheenical Sodine e arbonae BC Vielcles, Trasmng and Lsborstore
Parple K Dry Chemical Fotsyumm Hararbonate BC Onl Indusery, Asrport Ramps, Militery and Fuel Services
o2 Carbon Dheexude BC Factores wad Food Processng Pl
Halotron Halotrean | ABC & BC Mhlitary, Comyputer Fooe, Awrcrafl snd Moo
Wter HO A Suorerooms, Bame sod Ames
Foam AFFF | FFFP AB Foeling Areas. Mamafactunog sod Constracnon Sars
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2-Hazard classification:

1)

2)

3)

4)

Light (low) hazard occupancy:

Defined as a room, space, or enclosure where the quantity and combustibility of class
A combustibles and class B flammables are considered to be low (less than 1 gallon),
the buildings or rooms occupied as offices, class room, churches, assembly halls, and
guestroom areas of hotels and motels be classified as a light (low) hazard occupancy.

Ordinary (moderate) hazard occupancy:

Defined as a room, space, or enclosure where the quantity and combustibility of class
A combustibles and class B flammables (1 to 5 gallon maximum) is considered to be
moderate, and where fires of moderate heat release are expected, the rooms or
building should be classified as ordinary (moderate) hazard occupancy when the
following are encountered: dining area, mercantile shops( shoe store or supermarket)
and associated storage, light manufacturing, research operations, auto showrooms,
parking garages, and workshop or support service areas (kitchens, storage areas ) of
light hazard occupancies.

Extra (high) hazard occupancy:

Defined as a room, space, or enclosure where the combustibility of contents of the
storage, handling, or manufacturing of class A combustible material in which the
quantity of class A material is high, or where large amount of class B flammables
(more than 5 gallons) are present, and where rapidly developing fires with high rates
of heat release are expected.

Extra (high) hazard occupancies could consist of wood working, vehicle repair, air
craft and boat servicing, cooking areas, individual product displays and storage and
manufacturing processes such as painting, dipping, coating, and flammable liquid
handling.

Mixed occupancies:

Building featuring more than one occupancy may be protected on a room or area
basis, with extinguishers appropriately placed for the occupancy. An example is a
school, which would be expected to be protected with extinguishers rated for class
hazards and light hazard occupancy, but also may contain a laboratory with a
significant quantity of flammable liquid hazard, which would be protected by
extinguishers rated for class B hazards and ordinary hazard occupancy.
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5) Specialized occupancies:
Aircraft hangar.

3-Extinguisher size & replacement:

There are three things important in determining the extinguisher size and place
-Hazard and hazard area.

-Rating &coverage area .

- Distributing the extinguisher per the allowable reveal distance for each type according to
NPFA10.

Thefollowing table (4.2) showsthefire extinguisher size and placement for class A hazard:

Light (Low) Hazard Ordinary (Moderate) | Extra (High) Hazard
Criteria Occupancy Hazard Occupancy | Occupancy
Minimum Rated single extinguisher | 2-A %A 4A
Mazimum floor area per unitof A | 3,000 fi2 1,500 £ 1,000 ft2
Maximum floor area for extinguisher | 11,130 fi2 11,250 f2 11, 230 fi2
Maximum travel distance to T8 T I
extinguisher
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The following table(4.3) shows thefire extinguisher size and placement for class B hazard:

Batic Minimum Extnguither Maximum Travel Distance to Extinguither
Type of Rating
Hazard
Light 5B 30 fr.
(Low)

10-B 50 fr.
Ordinary 10-B 30 fr.
{(Moderate)

0-B 50 fx.
Exura 40-B 30 fr.
(High)

50-B =0 fi.

* Class C extinguisher s are required where energized electrical equipment is potentially directly
involved in or surrounds electrical equipment. Normally Class C fires are in direct location of
Class A and/or B fires, the extinguisher shall be sized per the Class A or B hazard.

Class D Locations

* Fire extinguishers for Class D locations shall not be located more than 75 ft. from the hazard.
Size determination for Class D locations is based on the specific combustible metal, particle size,
area to be covered, and manufacturer recommendations.

ClassK Locations

» Class K hazards shall have a fire extinguisher located where there is a

Potential for a fire involving combustible cooking media (vegetable or

Animal oils and fats). The extinguisher shall be located no more than 30 ft. from the hazard.

Travel Distance for “A” Rating NFPA 10 .

4.4.1 FireExtinguisher color code:

Figure (4.4) Extinguisher color code



4.4.2 Sample on Fire extinguisher:

Thistable (4.4)showsthe extinguisher size and location for basement floor :-

Typeof | Typeof Fire Type of No .of fire Wight (k) Coveragearea
hazard | extinguisher room extinguisher
Ordinary | Co2 Service store | 3 6kg 129m*
Ordinary | Co2 Mechanical |5 6kg 316m*

store
light Dry powder Emergency |7 6kg 471m°
Ordinary | Co2 laundry 5 6kg 1058m*

4.5 FireHose cabinet:
Fire house cabinet categorized into of three classes:

A) Class | Systems:
1) At each intermediate landing between floor levels in every required exit stairway

2) On each side of the wall adjacent to the exit openings of horizontal exits.

3) At the entrance to each exit passageway or exit corridor, and at exterior public entrances to
the mall.

4) Travel distance =46 m (with throw) — general design at 35 m.
B) Class Il Systems:
1) Travel distance =36 m (with throw) — general design at 30 m.

C) Class Il Systems: combined of class I and class II.
Fire house cabinet includes two types:

a) House Reel :

Figure (4.5) House Reel
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b) House Rack:

Figure(4.6) House Rack

Fire Hose cabinet should be installed according to NPFA 14 and shown in drawings:
1-Near escape stairs

2- 30 m(100ft) length of the pipe which is the distance traveled by the pipeline passing barriers
and walls until it reaches the fire place .

3- Next to the main door of the building.
4- Fire house cabinet height above the ground (90-150)cm.

5- The Pipe that enters the cabinet diameter is 1’’or 1.25” and the flow should be 100gpm at
pressure 4.5 bar.

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

4.6 Fire hydrant:

Located in the street and it is used in case that we couldn’t overcome the fire from inside the
building

Fire Hydrant should be installed according to NPFA 14:

-A pipe with 4’ diameter branched into two pipes each with 2.5’ ’diameter with a flow of
250gpm
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Figure (4.7) Fire hydrant

3) Siamese connection:

Installed at the outside wall of the building connected to the water tank to fill it in case it’s empty

4.7 PUMP ROOM

4.7.1 Component and equipment used:

Figure (4.8) Pump room located in basement 2 floor

In any fire fighting system we need water to be pumped until it reaches the desired fire place
1- Gate valve

2- check valve : It prevents back flow, and allows only flow in on direction, and is installed in
pump discharge line directly to prevent pumps from starting at a load or at the system pressure.

3- Suction header: It prevents vortex
4- Discharge header
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5- Diesel pump: It’s a 100% stand-by pump, operates in case of power failure with the failure of
pressure make up process by the electric pump, or to even with the present of power if failure of
pressure make up

process.

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

of a leakage in the system pressure it will makes the system pressure as recommended, and A
jockey pump should be sized to make up the allowable leakage rate within10 minutes or 1GPM
(3.8 L/min), whichever is larger, and is used for this job instead-off starting the electric pump to
protect it from starting until a serious problem occurs.

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

8- Pressurerélief valve

A valve being set at a pressure higher than the system pressure or shut off pressure of the diesel
pump to protect the system from the very high pressure generated by the diesel pump in case of
sudden acceleration.

The relief valve shall be located between the pump and the pump discharge check valve and shall
be so attached that it can be readily removed for repairs without disturbing the piping.

Note: - locations of all gate valves in the pump room are mainly for make ease maintenance for
each component in the room and without loss water in pipes as possible as we can and for make
maintenance which stops the system 100 % is very not possible as we can.

9- Flow switch

It gives signal when a flow happened in a pipe.
10- Fuel tank

Which is used in diesel pump

4.7.2 Shut off of the pumps:
1- The Jockey pumps stops automatically when the pressure in pipes reached its rated pressure.

2- The Electric pump stops after reached the rated pressure by 10 minutes.
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3- The Diesel pump stops after 30minutes after reaching its rated pressure.

4.8 Selectionsof pump room Components:

NFPA20 puts some conditions on fire pump selection and they should take into account at any
selection of the pumps :

1-The pump must verify required flow and the desired head .

2- when the flow increase to 150% the head must not be less than 65%.

3-The shut of head ranges from 101% to 140%.

150 S
Idﬂ&mw rhadcnpnatycum mm 1
H""H._L(""" Elaﬂpost si'lapa pennlssibie |
P » “Flat” head capady mrm |
g LTS |
~ 100 - ST F!ntadlolalhaad-'
= By
E — ~
E M
® ol = = = = S Rated - ™
_5 65 i = = - = - \\
j = \
a
0
0 50 100 150 200
Percent of rated capacity

Figure (4.9) Fire fighting characteristic curve

4.8.1 Firefighting pump Selection:

We have two pump room the first one is in basement 3 mechanical store and the second one is in
basement 2

Q total=Q pump=Q sprinkler +Q FHC+QFH ,we have used only FHC [4-1]
So,
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Q total=Q pump= QFHC
Qt=Q pump =Q elec= Q diesel
Qj= (5-10) % Q p , elec ,diesel

Qj always taken (25-50)gpm from NPFA 20 ,we will take Q=50 gpm for jokey pump

Calculating the flow rate needed the 1* pump room connected with riser 1

which gives (15)FHC each one of them needs 100 gpm

So, The total flow rate= (15*100gpm) =1500gpm.

Calculating the flow rate needed the 2" pump room connected with risers 2,3and 4

The total flow rate for riser2= (10*100gpm) +250gpm (as factor of safety for each riser add to
the first riser “from code NPFA=1500gpm.

Thefollowing table(4.5) showstheflow ratefor each riser connected to the pump room:

No. of pump Name of risers | load (gpm)
1 1 1500

Total load 1500 gpm
No of pump Name of risers load (gpm)
2 2 1250

3 950

4 750

Total load 2950 gpm

The following table shows the pump flow rate and head and type:

Note: Type of pipes used seamless black Steel schedule 40 .

Selecting pump for riser 1:

At 1500 gpm and 6 inch pipe diameter (seamless black steel schedule 40).

The head loses =15ft/100ft (6psi/100ft=0.413bar) from figuer (1) in appendix[B] .

The static head=118ft (51psi=3.5bar).
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The FHC Residual pressure 4.5 bar from NPAF10.

So, we need 1500gpm and 8.413 bar

Table (4.6) selection of pump

No of pump Q total (gpm)and head(m) Selection of pump type
1 1500 gpm&32m Seffco pump100/24
2 2950gpm&32m Seffco pump100/24

See the catalog,

==

PUMPS

Figure (4.10) SFFECO Fire pump

4.9 Selections of fire extinguisher and fire house cabinet:

We will use 6kg of Dry powder Heba fire extinguisher with cabinet for different rooms and

offices (see the catalog) :

Fig (4.11) Fire extinguisher
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And 6 kg of CO2 Heba fire extinguisher with cabinet for mechanical stores (see the catalog) :

Fig (4.12) Fire extinguisher

And Rubber house reel cabinet at the escaping stairs and kitchen (see the catalog):

Fire Cabinet SF 600S

----- Strey Ty

Aocnl SFGOOS .

Figure (4.13) Fire extinguisher

4.10 calculation of water tank volume:
Q=500 gpm

Time =60 m (from NPFAL13 ordinary hazard )

Tank volume=QX Time [4-2]
Tank volume =500X60=30000 Gallon

Tank volume =114 m?®

4.11 calculation of the Fud tank volume needed for the Desial pump:

Q=[( Diesel engine (HP) rating *1(Gal/HP)+10% (factor of safety) ] [4-3]
From catalog the Jokey pump rating is 270HP

Q=[ 270*1Gal/HP+10%]=270*3.785/1000L+10%=1.24m? total fuel tank volume .
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CHAPTER FIVE
MEDICAL GASES
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CHAPTER 5

5.1 Introduction

Hedlth careisin aconstant state of change, which forces the plumbing engineer to keep up
with new technology to provide innovative approaches to the design of medical-gas systems. In
designing medical-gas and vacuum systems, the goal isto provide a safe and sufficient flow at
required pressures to the medical-gas outlet or inlet terminals served. System design and layout
should allow convenient access by the medical staff to outlet/inlet terminals, valves, and
eguipment during patient care Or emergencies.

The plumbing engineer must determine the needs of the health-care staff. As any hospital
facility must be specially designed to meet the applicable local code requirements and the health-
care needs of the community it serves, the medical-gas and vacuum piping systems must also be
designed to meet the specific requirements of each hospital.

Medical-gasis any gasthat used in medical application, medical gases are used every day by
alot of people in different location, these gases such oxygen, nitrous oxide, medical air, medical
vacuum perform acritical rolein healthcare in such location as hospitals, ambulances, dental
offices and more.

There are essential steps to design medical-gas piped system in perfect way, which are
recommended to the plumping engineer:

1. Anayze each specific area of the health-care facility to determine the following items.
A. piped medical-gas systems are required.
B. Number of each different type of medical-gas outlet/inlet terminal is required.
C. Theoutlet/inlet terminals be located for maximum efficiency and convenience.

2. Anticipate any building expansion and plan in which direction the expansion will take
place (vertically or horizontally). Determine how the medical-gas system should be
sized and valued in order to accommodate the future expansion.
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3. Determine locations for the various medical-gas supply sources.
4. Prepare the schematic piping layout locating the following:
A. Zonevalves.
B. Isolation valves.
C. Master alarms.
5. Calculate the anticipated peak demands for each medical-gas system. Appropriately size
each particular section so asto avoid exceeding the maximum pressure drops allowed.

A rie

TR,

Figure 5-2 Medical gas Distribution in Hospital
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5.2 Medical Gases Flow Rate

The flow rates and diversity factors vary for individual stationsin each system depending on
the total number of outlets and the type of care provided.

The flow rate from the total number of out lets, without regard for any diversity, is caled the
total connected load. If the total connected load were used for sizing purposes, the result would
be avastly oversized system, since not all of the stationsin the facility will be used at the same
time. A diversity, or simultaneous-use factor, is used to allow for the fact that not al of the
stations will be used at once. It is used to reduce the system flow rate in conjunction with the
total connected load for sizing mains and branch piping to all parts of the distribution system.

This factor varies for different areasthroughout any facility.

There are three aspects of gas flow to consider when designing the pipeline distribution
system:

a. the flow which may be required at each terminal unit.

b. the flow required in each branch of the distribution system (see the schematic, which shows a

system with several main branches).
c. the total flow, i.e. the sum of the flows in each branch.

Thetota flow for the system is the sum of the diversified flows to each department al flows

arein normal liters per minute (I/min) unless otherwise stated.

5.3 Provision Of Terminal Unit

A typical schedule of provision of terminal unitsisgivenin Table (5.1). Medical treatment
policy is evolutionary, and therefore the project team should review the requirements for

individual schemes.

Mounting heights for terminal units should be between 900 mm and 1400 mm above finished
floor level (FFL) when installed on walls or similar vertical surfaces. When terminal units are

incorporated within a horizontal bedhead service trucking system, which also provides integrated
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linear lighting for general room and/or patient reading illumination, it should be of a design that

does not compromise the convenience of the medical gasfacility.

Terminal units should be mounted in positions that result in the shortest practicable routes for
flexible connecting assemblies, between the terminal unit and apparatus. Terminal units may be
surface- or flush-mounted. They may also be incorporated with electrical services, nurse call
systems, televisions, radio and audio services, in proprietary fittings such as medical supply
units, wall panel systems and pendant fittings etc.

When planning the installation of operating-room pendant fittings, the location of the
operating luminaire and other ceiling-mounted devices should be taken into consideration. When
the operating room is provided with an ultra-clean ventilation (UCV) system, it may be more
practicable (and cost-effective) to have the services (both medical gas and electrical)
incorporated as part of the UCV system partial walls. Terminal units that are wall mounted
should be located as follows as recommended in HTM 0201 code:

!

400 mm
TU separation
135 mm = 2.5 mm
’ between centres,
Terminal unit mounting for 3 or more TUs
height range L
900-1600 mm e i L £
above FFL 6 Jf (o) L..L N
700 mm © T =] TU centreline
(Recommended range 200 mm (i
200-1400 mm p 3
above FFL) =~ i |~ from side walls
\“T' &
L] "'..."'".

TU separation
150 mm £ 2.5 mm
between centres,
for 2 TUs only

900 mm

FINISHED FLOOR LEVEL

Figure (5-3) shows the location as recommended for terminal unit.
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a. distance between centre's of adjacent horizontal terminal units:
1- 135 + 2.5 mm for three or more terminal units.
2- 150 + 2.5 mm for two terminal unitsonly.

b. the distance between the center of the terminal unit and a potential obstruction on either

side(for example when installed in a corner) should be a minimum of 200 mm on either side.

c. care should be taken to ensure that connected medical gas equipment and hoses do not foul

other nearby equipment and services during use.

A sample of thetableinthe HTM 0201 Code:
Note: to determine the No. of terminal unit u need to know the type of room in hospital

Sy 0, [N0| K00, [ MM | U [WC] A o, | oS e
mﬂl*:; lm® | a bpep ™
Eomussam mom, o ey e | 4 3 I I 1w

N O et siches wsle of thae oy gpce. of sl i
S o, oy etk oot e o etrsiaed iy
jpotcuns chun can be pourited rebet adr of B bed g
|.ﬂutmﬁmmpﬂmﬁ1w 1 1 Ip | Ip 1 | | =8 Tlh
Femt azarhe wroery pev tmiey G 1 ) 1 Jen’
Mt b et s ke ol che medey e J maalled =
Srend o, 23 ke o borh e e e sl
a0 be e b wie of o bod gua
ey manyiuache 1 1 | Tl
H” ™
Amsertrn: oo g 1 1 i 1 |
I\l:ln'pln: PCEEEY, |n‘aqﬂL
ot snarsthrrm 3 1 1

| =t pux 1wt por mame
% Ry 2
Hil.w &
Neote Oemhopmed ey o morsulh pesarmed in nporemy
s prendnd web sh-doe reees. Sah oeese et s
e ety o e of melow whes peoeted ek parnad
wal Thew wals sy b cfiosssy wod = sclels rmmal

mst e v be it by opsd ppesork. Soch mstsmons
do e ey Seen rurese pecnese b vhes sl ar e

wguarsd & fgh o
l\;n::ltrm ALY
Lmaryhetza 1 1 1 1 1 | et e mnie I 2 e e
e oy hplp 1
Nemz I emulln-purpeoss peedier pr wad. e v be o
e o pueriormar s of murescsl mook ey e o bue praere iom

and copsuligmns of the Sruibs Coneorng semblan @ e
At gty

Figure (5.4) from HTM 0201 Code
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54 Type Of Medical Gases

5.4.1 Oxygen (Oy)

Oxygen may be used for patients requiring supplemental oxygen viaamask. Usually
accomplished by alarge storage system of liquid oxygen at the hospital which is evaporated into
a concentrated oxygen supply, pressures are usually around 55 psi. In small medical centers with

alow patient capacity, oxygen is usualy supplied by multiple standard cylinders.

Oxygen is generally supplied from:
1. A liquid source such as alarge vacuum-insulated evaporator (VIE).
2. Liquid cylinders or compressed gas cylinders.
3. A combination of these to provide the necessary stand-by/back-up capacity.
Oxygen can a so be supplied from an oxygen concentrator (pressure-swing adsorbed). Such
systems are usually installed where liquid or cylinders are expensive, unavailable or

impracticable.

To calculate the amount of hospital oxygen gasthereisa Table (5.2) from HTM 0201 Code.
Where n number of beds, Q the flow of oxygen and L/M space you need to know which the

diameter of the pipeis.

Thistable(5.1) showsthe flow of oxygen (O.)in HTM 0201 code
Department Design flow n Diversified flow Q (L/min)

for each
terminal unit

(L/min)

I n-patient accommodation (ward units):

Single 4-bed rooms and 10 0 Qw=10+[(n-1)6/4] = 0
treatment room

Ward block/department 10 0 Qd=Qw[1+(nW-1)/2]=| O

Accident & emergency:
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Resuscitation room, per 100 0 Q=100+[(n-1)6/4] = 0

trolley space

Major treatment/plaster 10 0 Q=10+[(n-21)6/4] = 0

room, per trolley space

Post-anesthesia 10 0 |Q=10+[(n-1)6/8] = 0

recovery, per trolley

space

Treatment room/cubicle 10 0 Q=10+[(n-21)6/10] = 0

Operating:

Anaesthetic rooms 100 0 Q = no addition made

Operating rooms 100 0 Q=100+ (nT-1)10= 0

Post-anesthesia recovery 10 0 Q=10+(n-1)6= 0

M ater nity:

LDRP rooms:

Mother | 10 | 0 |Q=10+[(n-16/4= |0

‘Baby | 10 | 0 |Q=10+[n-1321= | 0 |
Operating suites. | | | |
Anesthetiss | 100 | 0 |Q=100+(nS-1)6= | 0 |
 Pediatrician | 10 | 0 |Q=10+(n-13= | 0

Post-anesthesiarecovery | 10 | 0 |Q=10+[(n-1)34= | 0 |
In-patient | [ | ]

accommodation:

Singlemulti-bedwards | 10 | 0 |Q=10+[(n-1)66]= | 0 |
 Nursery, per cot space | 10 | 0 |Q=10+[(n-1)321= | 0 |
 Specid carebaby unit | 10 | 0 |Q=10+(n-1n6= | 0 |
'Radiological: | | |
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All anesthetic and 100 0 Q=10+[(n-12)6/3] = 0
procedures rooms

Critical careareas 10 0 Q=10+[(n-1)6]3/4 = 0
Coronary care unit 10 0 Q=10+[(n-1)6]3/4= 0
High-dependency unit 10 0 Q=10+[(n-1)6]3/4 = 0
(HDU)

Renal 10 0 Q=10+[(n-12)6/4] = 0
CPAP ventilation 75 0 Q=75nx75% 0
Adult mental illness

accommodation:

 Electro-convulsive | 10 | 0 |Q=10+[(n-1)6i4= | 0 |
therapy (ECT) room

 Post-anesthesia, perbed | 10 | 0 |Q=10+[(n-1)64= | 0 |
Space
Adult acute day care
accommodation:

Treatmentrooms | 10 | 0 |Q=10+[(n-1)64= |0
Post-anesthesiarecovery | 10 | 0 |Q=10+[(n-1)64= | 0 |
per bed space

‘ora 1 1 1
surgery/orthodontic:

Consultingrooms, type | 10 | 0 |Q=10+[(n-1)621= | 0 |
1

| Consultingrooms, types | 10 | 0 |Q=10+[(n-1)6/31= | 0 |
2&3

| Recovery room, per bed | 10 | 3 |Q=10+[(n-1)66]= | 12 |
Space

Out-patient:
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Treatment rooms 10 ’ 0 ’ Q=10+ [(n-1)6/4] = ’ 0 ‘

5.4.2 Nitrous Oxide (NO,)

Nitrous Oxide isamedical gasthat used for anesthetic and analgesic purposes, being mixed
with air, oxygen, and nebulizer agents. It delivered to the hospitals in standard tanks. System
pressures around 50 psi.

Table (5.2) Nitrous Oxide calculation are the same as the oxygen calculation but here

thereisadifferencein flow rate equation as shown

Department Design flow for n Diversified flow Q (L/min)
each terminal
unit
(L/min)
Accident & emergency: 10 0 Q=10+[(n—1)6/4] = 0
resuscitation room, per trolley
space
Operating 15 0 Q=15+ (nT-1)6= 0
Maternity: operating suites 15 0 Q=15+ (nS—-1)6= 0
Radiological: all anesthetic and 15 0 Q=10+[(n—1)6/4] = 0
procedures rooms
Critical care areas 15 0 Q=10+[(n—1)6/4] = 0
Oral surgery/orthodontic: 10 0 Q=10+[(n—1)6/4] = 0
consulting rooms, type 1
Other departments 10 0 No additional flow 0
included =
Equipment service rooms 15 0 No additional flow 0
included =
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5.4.3 Medical Air

Medical Air isprimarily used for respiratory therapy. it supplied by a special air compressor

to patient care areas using clean outside air. Pressure are maintained around 55 psi.

Table(5.3)Medical Air gas calculations are the same asthe previous gas but the

difference between them isthe flow rate equations as shown:

Department Design flow n Diversified flow Q (L/min)
for each
terminal unit

(L/min)

I n-patient accommodation (ward units):

Single 4-bed rooms and 20 0 Qw=20+[(n-1)10/4] = 0
treatment room

Ward block/department 20 0 Qd=Qw[1+(nW-1)/2]=| O

Accident & emergency:

Resuscitation room, per 40 0 Q=40+[(n-21)20/4] = 0
trolley space

Major treatment/plaster 40 0 Q=40+[(n-21)20/4] = 0
room, per trolley space

Post-anesthesia 40 0 Q=40+[(n-21)40/4] = 0
recovery, per trolley

space

Operating:

Anaesthetic rooms 40 0 Q = no addition made
Operating rooms 40 0 Q=40+ [(nT-1)40/4] = 0
Post-anesthesia recovery 40 0 Q=40+[(n-1)10/4] = 0
M ater nity:
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LDRP rooms: 40 0 Q=40+[(n-1)40/4] = 0
‘Baby | 40 | 0 |[Q=40+[(n-1)40/4= | O
Operatingsuites | | | |
Anesthetiss | 40 | 0 |Q=40+[(nS-1)10/4]= | 0 |
 Post-anesthesiarecovery | 40 | 0 |[Q=40+[(n-1d0i4= | |
 Neonatal unit (SCBU) | 0 | o [@=4n |
 Radiological: | | |

All anesthetics and 40 0 Q=40+[(n-1)40/4] = 0

procedures rooms

Critical careareas 80 0 Q=80+[(n-1)80/2] = 0

High-dependency unit 80 0 Q=80+[(n-1)80/2] = 0

(HDU)

Renal 20 0 Q=20+[(n-1)10/4] = 0

Oral

surgery/orthodontic:

' Major dental/ord | 40 | 0 |Q=40+[(n-1)402)= | 0 |
surgery rooms
| All other departments | 40 | 0 [Noadditiond flow | 0 |
allowance to be made

Equipment service 40 No additional flow 0

rooms included

5.4.4 Medical Vacuum

Medical Vacuum Primarily used for patient treatment in surgery, recovery, and ICU to
remove fluids and aid in drainage, but it doesn’t used in Infectious Diseases Unit (IDU). Medical
vacuum systems operate low flow rates at the terminal units (~40 L/min), it usually supplied to
hospitals by vacuum pump systems. Continuous vacuum is maintained around 22 inches of

mercury.
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Table (5.4)Medical vacuum gas calculation similar to the previous gasbut thereisa

deferencein flow rate as shown

Department Design flow n Diversified flow Q (L/min)
for each
terminal unit

(L/min)

I n-patient accommodation (ward units):

Ward unit 40 0 Q=40 0

Multiple ward units 40 0 Qd=40+[(n-1)40/4] = 0

Accident & emergency:

Resuscitation room, per 40 0 Q=40+[(n-21)40/4] = 0

trolley space

Major treatment/plaster 40 0 Q=40+[(n-21)40/4] = 0

room, per trolley space

Post-anesthesia 40 0 Q=40+[(n-1)40/4] = 0

recovery, per trolley

space

Treatment room/cubicle 40 0 Q=40+[(n-21)40/8] = 0

Operating:

Anaesthetic rooms 40 0 No additional flow 0
included

Operating rooms:

Anesthetist 40 0 Q=40

Surgeon 40 0 Q=40

Operating suites 40 0 Qs=80+[(nS-1)80/2]= | O
Post-anesthesia recovery 40 0 Q=40+ [(n-1)40/4]
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Maternity:

LDRP rooms:
‘Mother | 40 | 0 |Q=40+[(n-1)40/4= | O
'‘Baby 40 | 0 |Noadditiona flow | 0 |
included
 Operating suites: | | ]
‘Anesthetiss | 40 | o |Jo=40 | 0 |
| Obstetrician | 40 | 0o Q=40 0 |
Operating suites | 80 | 0 |Qs=80+[(nS-1)80/2]= | O |
Post-anesthesiarecovery | 40 | 0 |Q=40+[(n-140/4= | 0 |
In-patient | 1 |
accommodation:
Ward unit comprising | 0 | o |@e=40 | 0 |
single, multi-bed and
treatment room
Multi-ward units | 40 | 0 |Q=40+[(n-1)4021= | 0 |
Nursery, per cot space | 40 | 0 |Noadditionaltobe | 0 |
included
'scBU 40 | | Q=40+[(n-1)4014 =
' Radiologica: | | |
All anesthetic and 40 0 Q=40+[(n-21)40/8] = 0
procedures rooms
Critical care areas 40 0 Q=40+[(n-1)40/4] = 0
High-dependency unit 40 0 Q=40+[(n-1)40/4] = 0
(HDUL)
Renal 40 0 Qd=40+[(n-1)40/4] = 0
Adult mental illness



accommodation:

 Electro-convulsive | 40 | 0 |Q=40+[(n-1)40/4= | 0 |
therapy (ECT) room

 Post-anesthesia, perbed | 40 | 0 |[Q=40+[(n-1)40/4= | 0 |
space
Oral
surgery/orthodontic:

Consultingrooms, type | 40 | 0 |Dentdvacuumonly | 0 |
1

| Consultingrooms, types | 40 | 0 |Dentdvacuumonly | 0 |
2& 3

 Recovery room, perbed | 40 | 0 |[Q=40+[(n-1)40/8] = | O
space

Out-patient:

Treatment rooms | 40 | 0 |[Q=40+[(n-1)40/8] = | O |
Equipment service 40 Residual capacity will be
rooms, sterile services adequate without an
etc additional allowance

5.4.5 Anesthetic Gas Scavenging Systems

Anesthetic Gas Scavenging System (AGSS) used for example in anesthetic and operating
room. Used to capture and carry away gases vented from the patient breathing circuit during the
normal operation of gas anesthesia or analgesia equipment. AGSS incorporate a mechanical

pump to assist with the disposal of the waste gas.
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Table(5.5)AGSS gas calculation are the same asthe previous gasbut thereisa

differencein flow rate equation as shown:

Department Design flow for n Diversified flow Q (L/min)
each terminal
unit (L/min)
Accident & emergency 130 0 Q=V+[(n-1)V/4] =
resuscitation room (per
trolley space)
Operating departments 130 0 Q=V+(nT-1)V=
Maternity operating 130 0 Q=V+(nS-1V=
suites
Radio diagnostic (all 130 0 Q=V+[(n-1)V/M4] =
an aesthetic and
procedures room)
Oral 130 0 Q=V+[(n-1)V/4] =

surgery/orthodontic

5.5 Calculation Of Medical Gases

5.5.1 Flow Of Gases, And Sample Calculation Of Basement Floor. For Room #R5

From Resuscitation Room

1- Oxygen (Oy)

Q=100+(n-1)6/4. From Table (6.2).
Q: Theflow of oxygen gases(L/m).

n: Number of beds.

Q=100+(2-1)6/4

Q=101.5L/m
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2- Nitrous Oxide (NO,)
Q=15+(n-1)6/4. From Table (6.3). [5-2]
Q: Theflow of nitrous oxide gases(L/m).
n: Number of beds.
Q=15+(2-1)6/4
Q=16.5L/m

3- Medical Vacuum
Q=80*2+[(n-2)80/2]. From Table (6.5). [5-3]
Q: Theflow of medical vacuum gases(L/m).
n: Number of beds.
Q=80*2+[(2-2)80/2] =160 L/m

Thistable(5.6) showsthe flow of medical gasin the all of thefloors of the hospital.

Floor Oxygen Nitrous Medical Medical | AGSS
[L/m] Oxide Air Vacuum | [L/m]
[L/m] [L/m] [L/m]
Basement2 164.5 165 1040 1080 840
Basement 1 24.4 - - - -
Ground 25 . 140 140 .
First Floor 105 33 619 240 2520
Second Floor 100.5 33 980 290 480
Third Floor 131 L 1440 350 _
Fourth floor 131 _ 1440 350 .
Fifth floor 131 L 1440 350 L
Total 812 231 7751 2100 3840
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5.6 Calculating theradius of the medical gas pipes:
To choose the appropriate pipe diameter is necessary to know the following things:
a- System pressure: Thistable(5.7) shows Nominal pressure which istaken from
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s
(hal®ad
Chuypen Crperavirg mosirns ane rodoms i which M0 s Y
providod har anacsihotic pucposcs
All calsew drcus ALHY
P idruin samialc Adl arcas A
Pl riroas ok e/ LR {labraar, delivery, reoovery, post-praceumm} & i
swypEen minture | i
Al cxher arcas ST
helocdical ain Chperating: rooms #HY
Sy LI =
Critieal care arcas, noonatal, high dopendonoy uni JOHTH
Chiher arcas SOHY
Serrgiezal aird Odrihopacslie aned neuromurgical oporating coosms T
HresEcn
Yacumam Al arcas E TR e TR
Hg brelow
i pives gl ba
prossre
Helinmfoxygen | Cnvlcal care arcas HUHD
mim e

b- Equivalent length of pipe: which’s can be calculated be knowing the length of the pipe
and replacing all the fitting used by their actual length form HTM 0201 code.

Thistable(5.8) showsthe Equivalent length for different type of fittings.

Gmm | Emm | 10mm | 12 mm | 15 mm | 22 ;0w | 28 ;om | 35 mm | 42 mm | 54 mm | 76 mm
Ball valve 0.10 AT 0,240 0.30 0.30 (X EH 054 .50 1.10 1.20 1.20
Tee (Tha') 0.12 015 018 0.21 0.32 042 0.54 0,70 0.52 1.05 1.56
Tee (Branch) | 046 0.52 0.70 080 0.95 1.26 1.60 210 245 114 4.67
0° Elbow 017 (.20 023 .33 047 (L .80 1.05 1.23 1.58 236

c- Theallowed loses of pressurein pipe:
To calculate the loss in pressure alowed

Must know the equivalent length of pipe and pressure allowed in addition to the flow rate
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Note: the maximum pressure loss allowed is 5% of the nominal pressure of the system

except for vacuum system.

Table (5.9) below showsthelossin the Red copper piping systems oper ating

pressur e of 400 kpa.

Example:

Red cupper pipeto transfear O2 gas with an equivalent length of [12 m],an outside
diameter of [15mm ]and aflow rate of 800[ L/m]

BSEN 1657 R250, Table X. Distance from warce (m) . 7o U4, 2 kP (1, 2,3 pai) pressare lows| 4
Owide [P bon | 8[(T15) o] &) o] um] oas] wms] as] ] ] s as] W8] we| aml s
Dismeser ;
1
my —‘® | ] W] %] B] & o] # o w w| B M u| ¥ »
" 155 h“ nEl 1 e W n ™| oN| wa| % 5 1] % ] 45 2]
— bl SA| 2| sel v ta] ur| ) W s8] | T @] & &) W] & 5
B | W 7| ] ]| w| w| m| w| B | @ 6] @ B %
1 | ws] %ol we| w0 wr| ws| | ] | us] el i w] w] w| 6] m
(2 Jacb-somtd=11) 4| 03| 2 ]| w| m| s8] wr]| aw] | | | ] e] e
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1)The nearest value for the equivalent length is[15m].

2)The nearest value for the flow rateis[771 L/M].

3)from these points we have pressure loss of[ 21 KPal).
Or By using a known equation from HTM0201 code

The pressure drop Ap across the pipe can be calculated from the formula:

Measured length of pipe

Design flow

" Nearest length of pipe trom lable Al

r

2

w 21

= 21.3 kPa.
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5.7 Mechanical Equipment

5.7.1 Oxygen Cylinder.

The amount of oxygen gas L/h = Fx60 min. From Medica Gas. [5-4]
F : The amount of oxygen gas flowing in all hospital L/m. also add to them 8% for futher
demand

The amount of oxygen gas L/h=1461.6x60=87,696 L/h.
The amount of oxygen gas L/Day assuming 8 hours of demand 87,696 *8=701,568L/Day

- Number of cylinder Oxygen gases = The amount of oxygen gas L/Day capacities of oxygen
gas cylinders m®,

- Capacities of oxygen gas cylinders =6540 Liters.
- Number of cylinder Oxygen gases =701,568/6540

=27 Cylinders.

5.7.2 Nitrous Oxide Cylinder.

The amount of Nitrous Oxide gas L/h = Fx60 min. From Medical Gas.
F : The amount of Nitrous Oxide gas flowing in all hospital L/m.

The amount of Nitrous Oxide gas L/h=213x60=13860 L/h.
The amount of Nitrous Oxide gas L/Day assuming 8 hours of demand 110880 *8=27,720 L/Day

- Number of cylinder Nitrous Oxide = The amount of oxygen gas L/Day capacities of Nitrous
Oxide gas cylinders m”.

- Capacities of Nitrous Oxide gas cylinders =8900 Liters.
- Number of cylinder Nitrous Oxide gases =27,720/8900

=3 Cylinders.
5.7.3 Compressor of Medical Air.

The amount of medical air gas m%h = Fx60 min/1000 Lit. From Medica Gas.
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F : The amount of medical air gas flowing in al hospital L/m.

The amount of Medical Air gas m*h =7751x60/1000 = 465 m*/h.

-We need three compressors can compress 155 m*/h (for each) of the medical air gases.
These compressors distributed as shown on drawings.

5.7.4 Pump Of Medical Vacuum.

The amount of medical vacuum gas m*h = Fx60 min/1000 Lit. From Medical Gas.

F : The amount of medical vacuum gas flowing in all hospital L/m.
The amount of Medical Vacuum gas m*/h =2100x60/1000 =126 m/h.
-We need three pumps to be able to suction 42 m%h (for each) of the gasto the outside air.

These pumps distributed as shown on drawings.

5.7.5 Pump (AGSS).

The amount of (AGSS) gas m*/h = Fx60 min/1000 Lit. From Medical Gas.
F : The amount of (AGSS) gas flowing in al hospital L/m.

The amount of (AGSS) gas m*/h = 3840x60/1000
=230 m¥/h.
- We need three pumps to be able suction 77m*h (for each) of the gas to the outside air.

These pumps distributed as shown on drawings.
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Itom NO DISCRIPTION Unit | Quality | Price/Unit
1.1 DRAINAGE WORKS

1.11 Supply and installUPV C pipes S.N.8 for rain water ,drain

pipes vertical ,horizantal under ground ,suspended to the

ceiling ,price include al fittinges such as welding

sockets, T,elbowes,reducers,electro fusion adapters, clean out

closersinthe end of thelines, digging and removing dirt

installing concrete on the under ground pipes ,holder for

suspended pipes 2.5 hilti type ,and HDPE expansion joint

each 4 meters maximum, holes by coring machine, price

shall include all the scaffoldings.
1111 6" L. M 335
1.1.1.2 4" L.M 525

om L. M 206
1.1.2 Supply and install 4" PV C floor trap (siphon) FT4" complete

with floor collector with vertical outlet 110 mm for the 2",1

1/2" PV C pipes and chrome plated cover 15x15 cm
1.1.3 Ditto but clean out unit 108
1.1.4 Ditto but floor drain 4/2" unit 220

FORWARDED TOTAL

1.2 COLD AND HOT WATER SYSTEM

1.2.1 Supply and install Galvamized stedl pipes sch.40 with all the

fittings ,elbowes,reducers, T, unions including copper to steel

adapters where there is connection between copper and steel

for pipes above ceiling, in walls, and under ground. Price

include all the digging and holes and removing dirt's and

sleeves through walls, concrete layer for pipesin ground and

walls ,pipes suspended to ceiling has Hilti holders each 1.5m

,pipes connection to existing steel heating pipes ,all holes by

coring machine and through sleeves.
1.2.11 2" L.M 150
1.2.1.2 11/2" L. M 50
1.2.13 11/4" L.M 80
1.2.14 1" L. M 100
1.2.1.5 3/4" L. M 240
1.2.1.6 1/2" L.M 65
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1.2.2

Supply and install 13 mm insulation wrapped by 10 cm PVC
tape for the hot pipes diameters

1221

11/4"

L. M

80

1.2.2.2

1||

L.M

100

1.2.23

3/4"

L. M

240

1224

1/2"

L.M

65

123

Supply and install copper water collector with branch valve
for each exist, suspended in ceiling or in cabinet or fix to
wall ,price include shut of valve with records ,air vents ,end
piece,collecter holders, branch valve with copper nipple 16
mm , all as drawings and details as a complete job

1231

copper collector 3/4"

unit

60

1.2.3.2

copper collector 1/2"

unit

20

Total Carried To The Next Page

FORWARDED TOTAL

13

SANITARY FIXTURES

Supply and ingtall the following sanitary fixtures with the
required origina fixing accessories and materials, the price
of the sanitary fixture shall include supply ,connection and
install of al the2" PVC pipes from the sanitary fixture to
the floor drain connection box ,or sewage pipes .

131

Supply and install wall hung W.C bowel class A, white
color with the necessary original connections,including
cocealed flush valve for wall ,with steel reinforcing legs and
. price includes cover seat from same type ,boltes and nuts
connection to cold water and drainage and casting reinforced
concrete B 250 20cm thick, @ 8mmx20x20 cm around
thesteel reinforced legs as acomplete job

unit

1.3.2

Supply and install wash basin class A white color with semi
pedistal size55x42  with 2 angle valves 1/2"-3/8" Nil type
complete with chrome plated siphon Art siphon asa
complete job

unit

161

133

Supply and install chrome plated mixer for the wash basin
typeideal standard price include connection to water outlets
and two angle valve 1/2"-3/8" type Nil as acomplete job

unit

161

134

Supply and install Top filling basin mounted soap dispensers
price include al fixing accessories and stainless stedl screws
coring in the granite as a complete job

unit

161

13.5

Supply and install stain less steel kitchen sink size 60x40
complete with original siphon and 1/2"-3/8" valve and
connection to cold & hot water as a complete job

unit

1.3.6

Ditto but scrub sink with chrome lever mixer as specification

unit
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1.3.8

Supply, install, test and commission Porcelain shower of
size 80x80 cm.

unit

88

1.3.9

Supply, install, test and commission Chrome plated gear
mixer type

unit

88

Total Carried To The Next Page

FORWARDED TOTAL

1.3.12

Supply, instal, test and commission Recessed soap disk .

unit

1.3.14

Supply, install, test and commission Caretoilet seat open
front with cover white color specially used for handicapped
people.

unit

1.3.15

Supply, install, test and commission Stainless steel Paper
holder for singleroll fixed to wall.

unit

125

1.3.16

Supply and install surface mounted multi-roll toilet tissue
dispenser . priceinclude all fixing accessories and stainless
steel screws as a complete job

unit

26

1.3.17

Supply and install surface mounted wall hand dryer stainless
steel cover with al the necessary fixing acessories and
screws and connecting to power socket asacompltejob

unit

125

1.4

HVAC SYSTEM

141

Supply and install black steel sch.40 with all the fittings
,elbowes,reducers, T, unions including copper to steel
adapters where there is connection between copper and steel
for pipes above ceiling, in walls, and under ground. Price
include all the digging and holes and removing dirt's and
deeves through walls, concrete layer for pipesin ground and
walls ,pipes suspended to ceiling has Hilti holderseach 2.5 m
,pipes connection to existing steel heating pipes ,al holes by
coring machine and through sleeves,price also include 13
mm vedioflex insullation wraped with 10 cm PV C tape

1411

4||

LM

31

1.4.1.2

3"

LM

23

14.13

2"

LM

35

1414

11/2"

LM

44

1.4.15

14"

LM

163

1416

1"

LM

56

1.4.1.7

3/4"

LM

121

1418

2"

LM

550
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1.4.2

Supply and install air cooled liquid chiller , complete with
reinforced concrete base of 20 cm thick, spring type shock
absorbers, neoprene pads between the base and the slab, and
50x50x5 mm angle around the base.The chiller shall be
equipped with the followings:* high/low pressure switch
*internal thermal and over current * compressor protection
*internal thermal and over current motor protection

* compressor short cycling delay relay * control circuit fuse
*thermal expansion valve and filterdrier *control circuit fuse
*chilled water tempurature control thermostat * automatic
defrost control *anti freeze (water )thermostat *main
disconnect switch * thermal board alows for field
connection of operation indicator and safety pilot lights
*price shall includes for electrical connections according to
electrical drawing

14.21

Approved manuf. As materials approval hydronic module of
capacity 515 Kw

unit

1.4.2.2

Approved manuf. As materials approval hydronic module of
capacity 740 Kw

unit

1.4.2.3

Approved manuf. As materials approval hydronic module of
capacity 568Kw

unit

143

Supply and install rectangular galvanized steel metal sheet
manufactured in thickness according to ASHRAE, including
2” acoustic glass fiber insulation of density 48 kg/m3
connection to F/C unit.

sqm

1150

1.4.4

Same as item 1.4.3 but not insulated duct for fresh air and
cladding for the exposed duct work on roof. The price shall
include for special sealant for the duct joints

sqm

1232

145

Supply and install closed expansion tank 1400 |. as shown on
drawings complete with all fittings such as automatic air
vent,valves,unions,etc..Price includes pressure reducing
valve, gate valve, T, union piping installation for water and
expansion from main cold water pipe. Maximum pressure of
tank is 6 atm.

unit

1.4.8

Supply and instal flexible tubes 8" to connect between
ceiling diffuser and main exhaust duct including all
necessary clamps.

unit

600
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1.4.10 Supply and install air ceiling difusers and grilles , four-way

type or two-way, complete with removable core key

opposed-blade volume damper and equalizing grid,suitable

for mounting flush with false ceiling. The unit price shall

include connection to duct,and all accessories and works

required to complete the work as shown on the drawings

such as al openings in walls, wooden frame, plastering, and

as per the preambl es, the specifications and supervision

engineer's requirements
1.4.10.1 12"x12" unit 200
1.4.10.3 9"x9" unit 60
1.4.10.4 6"x8" unit 100
1.4.11 6"x10" unit 40
14.11.1 10"x12" unit 100
1.4.12 Same as item 22.8 but for fresh air grills and grilles.
1.4.12.1 Size 6"x8" unit 100
1.4.14 Supply and install fan coil unitsincluding the followings:

* 3 rows heating cail.

* 1/2" copper tubes with aluminum fins.

* 3 speed fan.

* 3 way motorized valve.

* Flexible connection between fan coil and grille.

* Bronze shut-off valves.

* Air filter.

* Supply and return grilles.

* Contron Panel (wall mounted) with 3 speed switch.

* Thermostat- honeywell or Satchwell

* Manual summer/winter change over.

* |nsulated drain pans.

* Connection to drain piping.

* |nstallation above the suspended ceiling all electrical

connections and wiring from fan coil to thermostat including

the supply of wires and conduits in addition to service door

in false ceiling.

Ceiling Suspended mode!:
1.4.14.1 PETRA.3KW unit 31

PETRA.5KW unit 15

PETRA.7TKW unit 24
1.4.14.2 PETRA.12KW unit 32
1.4.15 Supply and install horizontal multi space mini central air

handling unitsincluding:

Ceiling suspension installation.
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15 HP fan motor.

Rigid construction of galvanized sheet metal.

Y fiber glass internal insulation.

12” copper tubes, 10 FP1 aluminum fins heat exchanger.

Washable air filter.

Duct insulation with flexible duct connection adapter.

Disconnect valves.

Three way solenoid.

14.15.1

MFCI-10/3 7.8 kwatt cooling capacity

unit

1.4.15.2

MFCI- 12/ 3 8.2 k watt cooling capacity

unit

1.4.15.3

MFCI- 12 /4 22 k watt cooling capacity

unit

1.4.15.4

MFCI-12/6 30k watt cooling capacity

unit

1.4.16

supply and install circulation vertical in- line (centrifugal)
pumps 15m3/h& 13m.h for heating .price includes supply and
install all complete shut- off valve and pressure gauges on
both side off pump and check valve connected of the
discharge side and a strainer on the suction side. price to
includes connected all wires and cables to complete job.

unit

27

1.4.17

Supply and install Exhaust Fan 1000 cfm with 0.25 S.P.
Ventilation of sturdy , galvanized stedl parts and aluminum
impeller, al fans are direct drive and all motorsare |.P 65,
380V/50Hz, 850rpm. Price shall include all needed material
for complete installation and shall be as per detailed
drawings, including weather proof disconnect switch for
service and maintenance.

unit

1.4.18

Supply andinstall inline extract fan of capacity 120cfm
for toilets . Price includes all upvc plastic pipesto roof with
vent cap and external exhaust grille and all opening in
coring machine,and all necessary works all as completen job
and site engineer request

unit

45

1.5

FIRE FIGHTING

151

Supply and istall galvanized steel pipesto ASTM-A53 grade
"A" schedule-40 for fire fighting system pipework, inside
building. The unit price shal include valves, fittings, and all
accessories and works required to complete the work and as
per preambles, specifications, and the supervision of
engineer's requirements. The unit price shall also include the
connection to existing system in boiler room complete with
cutting, taking branch, etc..

15.1.1

6"

L. M

65

1.5.1.2

4"

L.M

165

1.5.13

11/2"

L. M

62
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15.2

Supply and install dry powder fire extinguishers, capacity 6
kg, complete with pressure gaug as per lahavot* . Location to
be determined by architect

unit

103

15.3

ditto but CO2 6 kg

unit

30

153

Supply and install stainless steel gauge 22 fire cabinets size
80x80 cm.The cabinet shall be divided to two compartments;
one for the hose reel and the other for the fire extinguisher
and shall include the following:

Fir hose 3/ 4” in diameter, 25 meter long, light weight, made
of red rubber with working pressure of 150 psi.

Hose redl of the swinging type, up to 180 degrees full swing
complete with guide arm.

Chrome plated 3/ 4” in diameter nozzle capable of complete
shut-off

Gate valve 1” in diameter.

Fire hose 2” in diameter, 15 meter long, light weight, made
of linen.

Chrome plated 2” in diameter nozzle capable of complete
shut-off.

Angle valve 2” in diameter of best quality.

Hose adapter 2” in diameter.

3 Kgs. Chemical fire extinguisher with spray hose and
nozzle.

unit

30

1.6

M edical gasworks

16.1

MEDICAL AIR PLANT

Supply, install, test & commission modular medical air plant,
complying fully to the requirements of both C11 and
HTMO0201. Using at least three number, directly-driven, oil
lubricated rotary-vane air compressors, duplex desiccant
dryers & filter assembly & steel receiver vessel(s). Suitable
for 3 phase 50Hz electrical supply.

1.6.2

Retractable Pendent

Intended to distribute medical gases AGSS

and electrical servicto the Operating table.

Ceiling mounted Height adjustable columns Compl ete

with first fix plate and ceiling shroud

The height of undesired of pendent can be adjusted

300mm predetermined rang.

A maximum of 9 medical gas and AGSS termina unit

unit

194

1.6.3

Celiling pendent

Multi movement type with

Motorized ARM for anesthesia and
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Two Oxygen outlets. unit 45
Two VAC outlets unit 16
Two Air outlets. unit 18
Price includes all type of Valves and Fixation plates.
1.6.4 ZONE SERVICE UNITS
Supply, install, test & commission Emergency isolation
valve complying to HTM 2022 and C11, housed within a
lockable box with 'break glass safety feature emergency
access, including NIST connection ports.
unit 50
ZSU Assembly -- All Gases
1.6.6 COPPER PIPE LINE
1.6.6.1 N20Pipework c/w fittings & brackets - 22mm LM 220
1.6.6.2 A4& O2 Pipework c/w fittings & brackets - 22mm L. M 320
1.6.6.3 ASSG Pipework c/w fittings & brackets - 28mm LM 220
1.6.6.4 vac Pipework c/w fittings & brackets - 42mm L. M 220
16.7 Supply abd install combined local darm with non-breakable
front panel including:
* Shut-off valves
* pressure gauges
* Polycarbonate box front mounted on auminum profile.
the system must be german original manuf.
greggesen- or draiger
1.6.7 02 cylinders unit 27
N20 cylinders unit 3
pump for medical air with total amount of 42m3/h unit 3
pump for AGSS gas with total amount of 230m3/h unit 3
medical air compressor with total amount of 155m3/h unit 3
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Table(2)

TABLE 8-2 Latitude-Monih comection factor LM, as apptied 1o walls urudﬁaimual roals, |mtitudes.
NNE NE ENE E ESE Horizontal
Lat. | Month N NNW NW WNW W WSW SW SSW  § Roofs
16 |December | -22 -33 44 44 -22 N5 221 50 71 =50
Jan./Mov. | =22 =33 -3i -3 -22 -05 22 44 66 -3
Feb./Oet. | 1.6 -27 -27 -21 -11 00 11 27 38 22
Mar/Sept. | —16 16 -11 -1 -05 -5 00 00 00 D5
Apr./Aug.| 0.5 00 D& -05 -05 =lé6-16 -27 -1} 0.0
May/July | 22 16 16 00 -05 -22-17 =1E -1¥ 0.0
Tune 33 22 22 05 D5 -22-33 44 38 oo

24 |December | =27 =338 =55 —61 -44 =27 1.1 50 66 -3.4
Jan./MNov. | —2.7 -33 —44 =50 =33 -16-15 50 72 6.1
Feb./Der. | -22 -27 =33 =33 -1& 035 1& 38 55 33
Mar/Sept. | —16 =22 -1& 16 D5 =05 05 1.1 2.2 ~1.6
Apr.fAug.| -1.1 05 00 05 -035 -11-05 -11 -1& 0.0
May/ July 03 1.1 1.1 a0 00 -l6-16 =27 -33 0.5
June. 1.6 L 16 - 05 00 -16-22 -33 =13 0.5

32 |December | -2.7 -33 -353 61 -44 27 11 50 66 ~B.4
Jan./Mav. | -2.7 -38 50 61 —44 22 11 50 A6 8.3
Feb./Oct. | 22 =313 -8 -44 -22 -1.1 12 44 6.1 —5.5
Mar/Sept. | =16 -22 -22 =22 -11 -05 L& 27 38 =23
Apr./Aug. | =11 -1 =03 -l 0o 05 00 50 05 0.5
May/July (.5 05 05 oo 00 0505 16 -l6 0.5
June 0.5 1l .1 05 00 -11-=11 =22 =22 1.1

Table(3)

TABLE 9-7 Salar heatgain factor (SHC) for sunlit glass, Wim?, for a [atilude angle of 32 °

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 53
NNT/NNW | 76 85 117 252 350 385 350 249 110 88 6 &9
NE/NW g1 205 338 46] 536 555 527 445 325 199 91 @9
ENE/WNW | 331 470 577 631 656 555 643 615 3546 451 325 165
E/W | 532 647 716 716 694 675 678 691 678 613 546§l
ESE/WSW | 722 754 748 691 628 596 512 063 TI6 738 TID 689
SE/SW 786 732 716 590 489 43¢ 473 571 688 74 773 776
SSE/SSW | 780 732 615 445 213 262 303 428 59 710 776 795
5 176 697 535 363 233 180 227 350 540 678 767 795
Horizontal | 555 685 795 35 874 871 861 836 770 672 552 498

119



120



Table(4)

TAELE 9-8 Shading coefiiclent {E"“] for glass windows without Interior shasjmg 1

Nﬂminnl

P

T}pt-nf(}lnss s T]uclmess,

Vit P
.....

Clr:ar ;

Heat absorbing”

Shading. Cm:ﬂicimt, W/ m I

" - =227 i l'?ﬂ '

121



Table(5)

TAELE 8-10 Cooling load faclors {CLF) for glass windows witholil interor shading, norh laliludes, -

Glazs

Facing ConstrucHon

Building

Solay Tleie b
1 2 31 4 5 6-7 B 910 11 12 13 14 15 14 17

')
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a=

S5E
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5

TEW
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M
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HEt+ WEC h.-'f:'fl"

R

HES BE

My b

-
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0.03 .04 £.02 003 0.02 0.17 0.54 0.45 0.56 0,61 .57 048 D441 0.36 0.32 028 034
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il o0 n.i0 009 0,08 007 0.25 040 049 .53 033 0.48 O.21 0.36 33 0530 0,27

0,07 005 0.04 304 0.03 006 035 028 043 055 063 (.64 0.80 0.25 0,45 0,40 0.35
0.1} 007 c.OF 007 0058 008 0.1& 025 0.38 .58 0.55 0,57 0.54 D2E 0.43 0.3% 0.35
012 011 0.11 0,30 007 .12 9.19 0.2% 040 0.4%9 .54 0.55 0.51 044 D39 0.35 0.31

A0R A7 NOT 204 .04 004 0.0 0.14 0.22 D34 D.43 059 OL&65 D.65 (L39 U500 0,45
0.12 il 008 0.0 0.07 008 OEl G0 021 0.3E 047 052 057 0,58 .53 0.47 .41

LLIE 008 0.0y 006 005 008 009 011 15 0.9 .27 0.39 0532 0062 .67 0.63 0.358
014 032 0211 D60 o0 800 421 0.13 0.15 6,08 0.25 025 046 O.55 .59 050 0.53
M5 0084 013 .12 0,51 0,12 0,14 016 0185 0.2 0.27 D37 D45 D.53 .57 D53 049

MLT2 T4l B fLaa CLas 08 0.08 010 0L12 014 0.16 024 035 0.S% O.g0 O.60 0,65



Table(6)

TABLE 5-13 Heal gain rale fram miscellaneous appliances, W.50

Without Hood | With Heod

Appliznces Sensible - Latent - Tg?s,l Al Jcealhie
. Halr dryers (Blower type) i Jllg 650 ~
Halr dryers (Helmet type) | . 530 Py 290 95

Coffee rewer (clectrical) 22z 210 700 415

Coffee brewer (gas). . 40 335 1.465 —

Water heater 1,130 150 1:415 440

Coffee umn (electrical) 1.075 pr 2 085 als,,

Coffes urn (gas) " 1"23 1.030 1*'_;5{] 730

Deep fat fryer (electrical) Y P 4,160 830

Deep fut fryer (gas) ?'055 05 1,760 440

Tonster 1:‘131! 1200 alﬁ]u . =

Domestic gas oven 500 120 B0 e

HRoastlog oven X cen 400 1,050 400

Food warmer (gas) 1'335 - 210 555 -

' Egg_hail:r : 13.600 7,200 20,800 4,150

Frying griddle 1.550 1,060 2,610 180

Hotplate i~ " 56 -

Neon sign, per meter length 190 350 540 -

Steddlizer X 470 120 500 —-—

Leboratory bumer : 6D = 1,760 o

Small copy machine 1,7 . 22 3,515 =

Large copy machiac e :

Motors: —
400-2,000 W 1,100 - ;'ﬂg =
2,000-15,000 W 23 : v

Table(7) TABLE %-14 Coofing load factor {(CLF)y , for lights, 3
Number of hours Fixmre X* Fixture ¥

after lights are | hours of operation hours of operation
turned On 10 16 10 16

0 0.08 0.12 0.01 0,05

1 0.62 0.712 0.78 0.79

2 0.66 (.75 . 0.81 0.33

k| 0.69 037 0.84 0.37

4 - .73 | 0.80 0.88 (189

5 0.75 0.82 0.50 .51

& 078 | 0.34 0.92 0.93 -

7 0.80 0.85 0.93 0,94

8 0.2 0.87 0.95 0.95

") 0.84 0.38 0.%95 0.76

10 .85 0.89 0.97 0.97

11 0.2 0.90 0.22 0.9§

12 029 | D.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 T0.1g 0.54 . 0.08 0.29

17 0.17 0.40 .05 .24

18 0.15 (.36 0.05 0.20
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Table(8)

- 7
IABLE 4-2 |nslantaneous heal gain from cecupants in units of Warlst)
Total
Total Heat | Adjusted"”| Sensible| Latent
Typical Dissipation Heat Heat, Heat,
Fype of Activity | Application Adult Male | Dissipation] W W
Seated at rest Theater :
Matinee LLLS 94.0 84.0 30.0
Evening 1115 100.0 70.0 30.0
Seated, very Offices, hotels,
l1uht worle Epartments,
resraurants 128.5 114.0 0.0 | 4.0
Muoderitely
active office Offices, hotels,
werk dpartments 135.5 128.5 T1.5 57.0
Department
store, retil
Standing, light store,
wark, walking | superma-kets 15710 1430 715 715
Walking, seated | Drug store 157.0 143 () 715 71.5
Standing,
walking
slowly Hank 157.0 1430 i B 71.5
Sedentary work | Restaurant 168.5 157.0 8.3 78.5
Ligh! bench
wark Factory 238.0 2141 78.0 136.0
Small-Parts
Moderate work | assembly 251.0 243.0 37.0 156.0
Moderate
dancing Danceshalls 2570 243.0 87.0 156.0
Walking at 1.5 "
/s Factory 286.0 285.0 107.0 178.0
Bowling
(participant) bowling alley 428.5 4140 166 0 2480
Heavy work Factory 428.5 414.0 166.0 248.0

(4) Adpasted heat dissipation 1s based on the percentage of men, women and children for the application.
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Table(9)

TABLE 6-2 Values of ifillration air cosflicenl K.1? for windows.

: . Infiltration Air Coefficient X
Window Type Average Minimum Maximum
Sliding £

Iron ; 0.3 0.25 0.40

Aluminum 0.43 0.25 =~ 070
Hung

'Tron ' 0.25 0.10 0.60

Aluminum (side pivoted) 0.36 0.07 0.70

Aluvminum (horizontal pivoted) 0.30 0.07 0.50

PVC , 0.10. 0.03 0.15
Table(10)

TABLE 5--3 Values ol lhe laclor 51 of Eq, (6-7).

\ Value
e ' Topography of Location - . % of 5
1 Protected locations hy hills or buildings (wind speed =0.5m/5) 0.9
2 Unprorected locations soch a5 seéa shores, hill tops, ete. - 11
3

Locations other than that listed in item (1) or (2) of this table. 1.0
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Table(11)

TABLE 6-4 Values ol the faclor 5 ol Eq. (6-7).

Loeation Class Class 1 . Class2 . Class 3 Class4 _
BuildingHelght, |[A B € |A B C.|A. B .C A B C
m ‘- |
3 0,47 0.52 0.56 |0.550.60 D.64 [0.63 D.67 0.72 [0.73 0.76 0.83
: 0.50 0.55 0.60 {0.60 0.65 0.70 {0.70 0.74 0.79 |0.78 0.83 0.88
10 D.58 0.62 0.67 |0.690.74 0.78 {0.83 0.88 0.93 [0.90 0.95 1.00
15 0.64 0.60 0,74 |0.78 0.83- 0.88 [0.91 0.95 1.00 [0.94 0.99 1.03
20 0.70 0.75 0.79 |0.850.90 095 [0.04 098 1.03 |0.86 1.01 1.06
30 0.79 0.85 0.90 [0.92 6.97 1.01 |0.98 1.03 1.07 [1.00 1.05 -1.09
40 |0.89 0.93 0,97 [0.951.00 1.05 {L.01 1,06 110 {1.03 1.08 1.12
50 l0.94 0.98 1.02 {1.001.04 1,08 |1.04 1.05_1.12 [1.06 110 L.14
60 0.8 1.02 1.05 [1.02 1.06 1.10 [1.06 1.10 1.14 [1.08 1.1Z 1.5
80 ©  [1.03 1.071.10 {1.06 1.10 - .13 |1.09 113 117 [L.11 115 1.18
100 1.07 1,0 1.13 [1.09 142" 116 |1:12 1.16 1.19 [1.13 1.17_ 1.20
120 - (110 113 115 111 115 118 [1.14 118 1.21 |15 119 122
140 112 1.15 1.17 {113 117 LI12 {116 1.19 1.22 {117 1.20 1.24
" 160 1.14 1.17 1.19 {115 .18 1.21 |L.18 121 1.24 {119 1.22 1.25
180 LI16 1.191.20 {1.171.20 1.23 {119 1.22 1.25 |1.20 1.23 1.26
200 118 1,21 1.22 {18121 1.24 [1.21 1.24 126 [1.21 1.24 127
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Table(1)
B0 7 WATER SUPPLY, DISTRIBUTON AND FIRE SUPPRESSION

Table 9.3 Water Supply Fixture Units and Fixture Branch Sizes

Tvpe af Fixfure Min. Size of

Fixture* Uise Supply Control Unifts® Ficture Branich? in.
Bathroom group® Private Flushometer B -
Bathroom group® Private Flush tank for closet & i
Bathtub Private Faucet z i
Bathtub General Faucel 4 '
Clothes washer Private Faucet 1 iy
Clothes washer General Faucet 4 L
Combination fixture Private Faucel 3 1
Dishwasher! Private Automatic | 1
Drinking fountain Offices, ete. Faucet % in, 0.25 h
Kitchen sink Private Faucet 2 n
Kitchen sink General Faucet 4 1
Laundry trays (1=3) Private Faucet k] ty
Lavatory Private Faucel 1 s
Lavatory General Faucet 2 Hy
Separate shower Private Mixing valve 2 1
Service sink General Faucet 3 by
Shower head Private Mixing valve 2 Iy
Shower head General Mixing valve 4 1
Urinal General Flushometer 5 Yyr
Urinal General Flush tank 3 by
Water closet Privaic Flushometer & 1
Water closet Private Flushometerftank 3 Uy
Water closet Private Flush tank 3 Uy
Water closet General Flushometer 10 |
Water closet General Flushometerftank 5 Ify
Water closet General Flush tank 5 i
Water supply outlets not listed above shall be computed at thetr maximum demand, but in no case less than the

following values:
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Table(2)

Table 9.4 Table for Estimating Demand

Supply Sysferns Supply Systerns
Predorminarntlv for Pradooriranitly for
Flleexh Tearnks Fleesbromuters
Laosael, Erermacarnd, Lenanad, Drerracaned,

WSFL= Eyrert WSFU'= &
& 5 — —_

o 8 1o 27
15 11 15 Y |
20 14 20 as
25 7 Z5 38
30 20 =0 41
S = S0 47
5Ch it =0 g1
e 33 &0 55
& aq B0 [
DO - (Lo} .3
12C 49 120 T4
i<k 53 4 TH
Bl LT (] 83
150 ol I EO By
20K 65 e i 21
225 70 F25 05
250 75 Z50 1100
300 85 20 110
400 105 L] 125
SR 125 SOH 1=
T50 i TS0 175
NOHCH 210 (L n il 218
1250 250 12540 240
| S0nh 270 I S0mb 230
1750 A0 1750 300
20040 325 2000 325
25000 380 25000 380
20000 435 3000 435
MM 525 LW 525
SCan i) DO ]
LMl 650 L] &50
T M L ik T T
L2 L] 730 BOOD Ti0
GO Tl DO Ted
1 0 CHinD Ta0 DOk 00 Too
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Table(3)

;Table $.1 Minimum Pressure Required by
;-iypzcal Plumbmg Fixtures

~".F txiyre Type Minimwmn Pressure, psi

Sink and tub faycets 8
Shower ) 8
Water closet—rank flush 8
Flush valve—urinal 15

Flush valve—siphou jer bow| ;

ﬂﬁc}r—mnunled 15

wall-mounted” - : 20
Flush valve—blowout bow]

floor-mounted 20

wall-mounted 25
(Garden hose

sh-in. sill cack 15

Ye-in. sill cock 30
Drinking fountain 15

Source. EPA Manual of Individual Water Supply System,
1975 and manufacturers’ data.
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Figure (1)
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Table (4)

TABLE 10-1 Recommended and maximum air velocities used [n warm air heatirg systams?,

Recommended Velocity, m/s Maximum Velocity, m/s
" Residence Public Industrial Residence  Public Industrial
Description Buildings  Buildings  Buildings | Buildings  Buildings Buildings
Dutside air 25 2.3 2.5 4.0 4.5 &0
intale
Heating coils 2.3 2.5 3.0 25 3.) 38
Cooling coils 2.3 2.5 3.0 25 3.0 35
Fan suction 3.5 £0 5.0 4.5 50 7.0
[Fan outlet 5.0-80 6.5-1C.0 8.0-12.¢ 8.5 T.5-11.1 8.5-140
Miin duet 4.0-4.5 5.0-6,5 f.0-5.0 4.0-6.0 55-3.0 f.5:11.0
Aranch ducts 3.0 3.0-4,5 d4.0-5.0 3,550 4 0-5.5 5.09.0
Aranch risers 2.5 3.0-3.5 4.C 3549 4 0-n.0 5.0-8.0
Table (5)
b 15T CEB T
Froen 151 - 230 CFBk -l BT ek
From Z31-2040 CFd 58 lnch

Froem 251554 CFM
Frem 32e-a40 CFta
From 441 550 CFa
Frgon Gk 160 CEM
F ream G2 5200 TF M
Fraem T51 820 TFM
Erem BE1 1000 LAl
From 10T T63 CER
From 1T5T-5008 CFd
From 14013803 S M

TR E o BT B O e
10518 o B30 oo
620 ar 19724 £¢ T0T0 Inch
B0 o A0 Ees
3 ar 1334 o 155D eth
1922 Bnch,

TR0 o AT erh
TOCIE or 120 30 or TA-DA Inch
FE 36 oo T340 Insp by
pACEA o TE 3 ek
18" 35 g
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1) Catalogue of chiller

VA TE R r'n1|,:-'|:'.\-t|r_?|.:||:1-r|-u|.||'=! o>

THE PRODULCT OF EEXPERIENCE

TECHNICAL DATA 20XW  20XWH

Standard range W% R B W M@ 6100 1S 11 NS0 NS WS ISR 18 TR
Mominal coaling capaciy® KW 476 535 S48 658 TIY 780 (B3 1016 1060 1155 123 1345 1475 1566 1638 1704
Energy etficiency ratio [EERI WVAW 56 56 55 56 66 56 56 56 54 58 58 5B 58 54 56 57
EURDOVENT clags, cooling A A ADADTRITAT K A A AR TR R R
European Seasanal Enargy Eficiency Ratio [ESEER) BF 64 67 B4 B3 63 B2 67 74 75 72 %) 70 66 BE 65
Hesating capacily” KW 506 580 616 D= o 081 11271 284S SO
Goefficient of performanca |{COF) VAW 46 47 48 BSRREREEERTN §F 45 40 BeERTE
ELROVENT elass, heating BoA A BRAESERENAN 4 A 4 EAESUEESE A
Refrigerant -+ F134a -
Nb refrinerant circuit/Comprassor L P OO 1 T A T T A T A A
Length mm 2742 2742 2142 3048 3046 3048 2768 4065 4085 403 4796 4796 479 4B0S 4872 aE7
Width mm 936 936 935 1098 1008 1038 1050 1036 036 1036 1153 1153 1153 1153 1683 1663
Heigh mm 1593 1693 1695 1900 1800 1800 1950 1870 1670 1576 2108 2100 2100 2100 1798 1738
Operating weight kg M0 SO RESGL - - - - EERORRROEBIO0G . - = -

Sound power leval Lw dbjd] 99 93 @ N e I 0 M2 ie s e
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2) Catalogue of boiler
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3) Catalogue of AHU

YMA
Custom  Aar Handling Ulnats
A completerange from 0.25 1o 50 m¥/'s

YMA “Quick Size” Guide

CIAEERe Jeaf [

PF MF GB EC HC CCioE)
Damper  Inlet Box Mixing Box Combined Pre Man Gas  Elettnie  Hegting  Cooling
Mixing Boa Flter 'Flher  Bumer  Coll Coil Coail

s | e Tpualow] mwy | w0 | ouow |

610750 025044 610 100 W0 9 30 4 S0 43 1000 71 350 3¢ 900 86 | NA| s |4%0 350
0900 (042-07M | 690 100 900 | 12 | 6 350 49 | 500 49 1000| B2 350 39 800 | 76 | NA| # |450| 84 | 350
6001050 (055095 | 690 | 100 [1050| 15 | 8 | 350 | 57 [ 500 | 56 (1000| 93 | 350 | 44 900 | 66 | NA| # | 450| 93 | 350

910950 (075139 | 970 | 100 | 950 | u| 9 ]min 1m|iﬁ]m¢] 111|3$a| ﬂ[m[u[ m[m[m
(9701150 [108-190 | 970 | 100 (1150] 22 | 11 | 350 | 70 |00 | 75 |1200| 124 | 350 | 32 | 800 | 9% | 50| 153 | 3%
90150 137240 lmjmluml 26| 5[] |m| ot [1200] 138 350 | 58 [ 900 109 D
:mu:-'.}lm‘sﬁ 1210| 100 (1250] 27 | 14 | 350 | &2 -m:: 103 | 1600] 181 | 350 | 60 | 800 "1'1'1':. 430 | 181 | 350
2101500 | 211370 imnnm]um;n u|m1n|m|mumim|m| rm[m} 450 209 | 3%0
1161700 | 230437 |1210 100|100 | 39 | 19 | 3%0 | 104 | 800 | 123 1600 215 | 350 | 72 | 800 13 | 450 | 7] 3%0
12102000 |3.07-5.38 Imn‘mimluI::Im11u!m]m1m1m|mIHlmlm[ 3 50 | 265 | 330
(15301300 (277485 [1530] 100 1300 30 | 20 [ 350 | 106 1000 150 | 2000 268 | 330 | 72 g 4% | 320 | 350
1m'1m13.m.m imm 100 | 11m|u|14 m]mumnm:m,m mq WENT"!-: ‘:'ﬂ 550 | 33| 350
IJJI:I'IW'J 403706 'mu’_mu ."':'W, - o 350 131 | IDW 13 ]DW 310 | 350 | 87 171 5! -IED:BSE:ETEI

15302200 | 434794 | 1530] 1002200 59| 29| 350 | 142 (1000 185 2000 | 531 | 350 | 95 |iun|;nu1 E§ 50| 369 350
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4) Catalogue of fan coil unit
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5) Catalogue of cooled water pump
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7) Catalogue of ventilation fan

Description

= Suitable for commersial and industrial applications: Kitc hans. bathrooms, offices. laboratorks, factories, stores. dry
claanars. shops., restaurants, hors. theatres. dance halls, otc.
+ Bal-twarmg-mounied molor with exbemal moldf motlor and hand-operated ressttable theomal oul oul

Specifications

Maight (kg

Max Absorteed Current

{
[ Min Absomhed Fower (W)
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FASTFAHN - Vortice Fan Scsiocilon Frowrmm
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8) Catalogue of ciller pump
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9) Catalogue of boiler pump

GRUNDFOS 2\ Submittal Data
PROJECT LINIT TAG CQUANTITY:
TYPE OF SERVICE.
REFPRESENTATIVE SUBMITTED BY: DATE
ENGINEER APPROVED BY'! DATE:
CONTRACTOR ORDER NO DATE
CR 45-3-2

Vertical, multistage centrifugal pump with suction and
discharge ports on the same level. The pump head and base
are in cast iron. All other wetted parts are in stainless steel

(EN 1.43‘]1}
Ham Pren o Lo e ey S R o et
Conditions of Service Pump Dta Motor Data
Fliras 28 LIS GPM Max e of sbsbed eeg 16 baw | 120 *C | | Riotod posensr - P2 11 KW
IHagin A3 m Lmquin] lsssrapon lams fiarngps =31 130G Hertenll vudlbamps F20- 40 D3R0-415 Y Y
EMcusncy, Manimum ambeenl lemporature: 0 *C Masrdi roquency: 0 Hz
Ligueet. Heabng water | | Approvals CE.TR Erclosure class b Dustidetting
Temporature BOC Shafl voal HOOE Ireikation class ¥
NS et . Flawrge standard Dis Moo profectson PIC
Wimcomity 1 il Py consmsction DM 80 Ml bypos 160MB
Specific Cravity Proscugt nabs 961750 Molor_aficsncy 9M252%
H [or 4832, 3400 v, S | ota
) 105 % = 70N LTS M ™
e e e e = Heddm
104 noe 104 %
o4 g bl @ bt wakis
o Liusd beerperabure = 60 °C
- vty = L 3 i o
% e
2. — L 70
04 i-—__ | e
254 % 1)
20. A0
1t e
104 —— Ela purnp = sl 6 % b0
’n" i Ef pumpemotor = 61 % _",“
i I . . L . L L T, . T
P NPEH
| | il
10 I 3 k10
=
Lg ' P1=112k% S
T Wl e BT W
—— NP = 4 G2 m B
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10) Catalogue of greasetank in kitchen

Dimensional Data (inches and [ mm )
B B ¢ D E F

17 1432) (17 [432) |16 172 a19] 113 12 [343) |3 144 [82) |17 114 1438)
25 635 |26 (635) | 20 [08] | 17 [432) |3 14 (82) [25 112 (648
33 (838 [33(838) | 28[11)| 25635 | 4 [102] 34 [sed]
40 [1016] |40 [1016)| 35(889] | 320813 | 4 (102 41 [1041]
45 [1143) [45 (1143]| 40 (ro1e] 36 fon) | S [ram] 46 [168)
s (129 [ae 2| a3piosz] sspeny | spem| 4e ey
s2(1321) [s2 (132n)| 47 (11sg 431082 5 (em|  S3 [1348)
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11) Catalogue of Fire extinguisher (Fir fighting)

1t

HEBA —
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12) Catalogue of medical gas

KEMEBLA* MEDICAL GAS TUBE TO BS EN 13348

Nominal | Nomimal Mass Tength Tube Safe Waorking Lamgrhe
Duameter Thickness (kg / 5.8m) Temper Pressure * per
{mm) (o) . (Pa) Sundle
10 | 08 | 1.20 HD | 2100 100
15 0.7 163 HH 4500 100
2 | 0% | 309 HH | 3900 50
28 0 3908 HH 3100 50
35 | 12 | 66l HD 3300 50
42 12 798 HD 2700 50
54 | 12 | 1033 HD | 2100 30
&7 12 1281 HD 1700 25
76 | 15 | 1824 HD 1800 25
108 | 15 | 2604 HD 1300 10
133 | 15 | 215 HD 1000 10
159 | 20 51.18 HD 1200 5
xs Bazed oo xeme aled wmper sier branay for weperatmmes of 50°C
[ HD 90 - haed dryen), HH (R250 - kol haed)
MEDICAL GAS TUBE IDENTIFICATION Faraning
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specifications

The Digital Medical Gas Manifold shall be an Amica Aler-2 Heavy
Dty series. This manifold shall atse include a five-year warmanty which
warrants a defect-free product.

Tha Manifeld shall maummlwmwammu sawinch
frowmn “Bank in Use” to” Reserva” bank withaout Nuctuation in delivery
supply line pressure and without the nead for external power. After

the switch-over, the "Reserve” bank shall then became the “Bank
in Use"™ and the "Bank in Use" shall bacamae the "Reserve” bank. The
manifeldd shall have a rocessor based digital d

Thee unit wllibemnu:::fmeng 16- ﬂ&'hlqh b8 | b;z"‘aflﬂ'm
desp,

The control panel iInCorporates three large, red, iluminated LED
displays for the Left Bank, the Right Bank and for the Supply Pressure.
The controd panal also uses six LED's, two Green for “Bank in Usa]
twed Ambar Tor “Bank Ready” and Two Red For "Bank Empty;

FLEASE NOTE:

= Tha manifald shall be equippaed with a 3/4" outlat shutolf valve,
The valve comes complete with a 3/47 type 'K 6- 37471172 mm]
lesma Dbt axtmnsinn and 1787 Dodt for An ootionall nressomes sewinch.

0t dualine reuatr- NEPA

features

alert - 2 medical gas manifold
digital dual line regulator - NFPA
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