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Lhe project is an Environmental commercial tower includes many of the commercial.
administrative and hotel activities in addition to the entertainment slement. The tower consists of
19 Moors with a otal area of 20000m”, and depends on its design and run on alternarive and
renewable energy to provide energy consumption. Includes work in the desizn of mechanical
services of water and sewage networks and air conditioning svsiem provider ol enerzy and the
project includes design of [ire lighling system. and irrigation system hy gray water after
separated and processed.
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CHAPTER ONE:

INTRODUCTION




1.1 Project outline:

Chapter ong;

Includes an nverview about project. project benefits and objectives.
Chapter wi:

Includes an overview about green building dasign standard.
Chapter three;

Includes an overview aboul solar energy.

Chapler lour:

Includes an overview about the cooling and heating svstems, and how to caleulawe cooling lead
from all sources, and variable relrigerunt volume system (VRV),

Chapter five:

Includes an overview abour plumping svstems. water distribution svstem (cald and hat water),
separation and treatment of uray waler.

Chapter six:

Includes averview about irrigation system.
Chapter seven:

Includes overview ahomt firetizhling systemn.
Chapler eight:

lneludes overview about building management system.

1.2 Scope of project:

The scope of the proicct is the design of mechanmical systems and environmental design fora
green lower located gl Bethlehem city including these main wopics:

|, Overview about the natural energy using.
2. Solar energy. design and overview.

3. Design of air condilioning system.

4. Design and overview sbout plumping system.




5, Design and overview about gray water sysiem.
6, Tresign irrization svstem.

7. Programming the Irrigation system, and gray water treatment plant by programmable logic
gontraller (PLC).

1.3 Project objectives:

The nain ehjective ol the project is to develop mechanical services design in green tower.
and the aim ebjectives are:

| . Design the solar energy.

2. Desipn the air conditioning system for all floors.

3, Design the domestic water system und design grid ol pipes 1o sewage and drainnoe system.
4. Design the gray water system.

5. Design the fire fighting system for tower.

6. Programming the irvigation system and gray water plant by programmable logic controller
{(PLC),

7. Digsign irrigation svslem,

1.4 Project benefits:
1~ The main benefit i to fullill the geaduation requirements of Palestine Polytechnic University,

and be familiar with all mechanical design of system installed in tower to be ready in working in
this field alter graduation.

7_"T'a be familiar with all mechanical ealculation and design of system installed in residential
huilding.

1-"T'o be familiar with the different mechanical drawings.

4. 1'c be familiar with solar cells design.




1.5 Tower description:

The tower consists of nineteen stories, and the total arva of the tower is 20,000 m>. it consists
of the following departments:

|. Barking.

2. Games hall for children.

3. Bowling and billiard hall.
4. Restaurant and offices.

5. Learning halls and theaters.

1.6 Time table:

Table (1-1) Time table for the [irst semester,




Table (1-2) Time tahle for second semester,




CHAPTER TWO
Green huilding design standards




2.1: Introduction:

Green building refers to both a struclure and the using of processes that are environmentally
respensible and resource-sfficient throughout a building's life-cyele: from sitting to design,
construclion, operation, maintenance, renovation. and demolition. ITn other words, sreen huilding
desizn involves linding the balance between homebuilding and the sustainahle environment.
This requires clase cooperation of the design team .the engineers, and the client at all project
stages. | he Green Building practice expands and complements the classical building design

concems of cconomy, utility, durability, and comfor:.

Leuadership in Encray and Environmental Design (LEED) is a set of rating systems for the
design, construction. operation, and maintenance of green buildings which was Developed by
the U.5. Green Building Ceuncil. Currently world green building council is doing research on

how green buildings affect health and productivity of their users.

Although new technologies are constantly being develaped 1w complement current praclices in
creating greener structures, the common objective is that green buildings are designed to reduce

the overall impuct of the built environment on human health and the natural environment by:

« FEfficientlv using energy. water. and other resources
+  [Protecting oceupant health and impraving employee productivity

« Reducing waste, pollution and environmental degradation

A similar coneept is natural building, which is usually on a smaller scale and tends to focus on
the use of natural materials that arc available locally, Other related topica include sustainable
design and green architecture. Sustainability may be defined as meeting the needs of present
senerations without compromising the ahility of future generations to meet their needs, Although
same green building programs don't address the issue of the retrofitting existing homes, others
do, especially through public schemes for energy cfficient relurhishment. Green construction

principles can easily be applied to retrafit woerk as well as new construction.

A2008 repurt by the LLS, General Services Administration found 12 sustainubly desipned
outldings cost less to operate and have excellent encrgy perfommanee, Tn addition, occupants
were more satisfied with the overall building than those in typical commercial huildings. These

are eco friendly buildings.




2.2: Goals of green building:

Fizure (2.1)Benefits of green buililing.

Green building brings together a vast array of practices, rechmques. and skills to reduce and
ultimately climinate the impacts of buildings on the environment and human health. It often
emphusizes laking advantage of renewable resources, e.g., using sunlight through passive
solar, active solar, and phetoveltaic equipment, and using plants and trees through green

rocls, rain gardens. and reduction of rminwater run-off. Many other technigues are used, such as
using low-impact building materials or using packed gravel or permeable concrete instead of

conventional comerete or asphalt to enhance replenishment of pround water,

While the practices or technologies emplaved in green building arc constantly evolving and may

differ from region to region, fundamental principles persist from which the methad is derived:
|- Sitting.

2- Srtrocture design efficiency.

3- Fnergy cfficiency.

4- Warer efficiency.

3- Materials efficiency.




b- Indoor environmental guality enhancement.
7= Operations and maintenance optimization,
8- Waste and toxics reduction.

e cssence of green building is an optimization ol one or more of these principles, Alse, with
the proper synergistic design, individual gereen building technologies may work together 1o

produce a greater cumulative eflect.

On the gesthetic side of green architecture or sustainable design is the philosophy of designing a
Auilding that is in harmony with the natural features and resources surrounding the site. There
are severul key steps in designing sustainable buildings: specify 'areen’ building materials from

lncal sources, reduce londs, aptimize systems. and generate an-site renewable CHCTEY.

2.3: Energy efficiency:

Cireen huildings often include measures for:

I- Reduce energy consumption

2- Reduce the embodied energy required 10 exlract process, ransport

3- Make less install building materinls and operating energy to provide services such as heating

and power for equipment,

As high-performance buildings use less operating energy. embodicd cnergy has assumed much
greater importance and mav make up as much as 30% of the overall life cycle energy

consumption,

lo reduce aperating energy use, designers use details that reduce air leakage through the
building envelope (the harrier between conditioned and unconditioned space ). They also specily
high-performance windows and extra insulation in walls, ceilings, and floors. Another

strategy, passive solar building design, is vllen implemented in low cnergy homes. Desi aners
arient windows and walls and place awnings, porches, and trees 1o shade windows ond raofs
during the summer while maximizing solar gain in the winter, In addition, effective window
placement ,day lighting, can provide more natural light and lessen the need for eleciric lighting

during the day. Selar water heating further reduces energy costs,

Onsite generation of renewable eneryy through solar pewer, wind power. hyvdro power,

or binmass can significantly reduce the envitonmental impact of the building.




2.4: Water efficiency:

Reducing water consumption and protecting water quality are key objectives in green building.
One critical 1ssue of water consumnplion is thal in many areas, the demands on the supplying
aquiler exceed its ability to replenish itsclf To the maximum extent feasible, facilities should
increase their dependence on waler that is collected. used. purified. and reused an-site. The
protection and conservation of water throughout the life of a building may be accomplished by
designing for dual plumbing that recyeles water in toilet flushing or by using water for washing
of the cars (Gray water reuse specification and details in chapter 5). Waste-water may be
minimized by utilizing water conserving fixtures such az ultra-low flush roilets and low-flow
shower heads. Didets help eliminate the use of toilet paper, reducing sewer tratfic and increasing
possibilities of re-using water on-site. Point of use water treatment and heating improves both
water quality and energy efficiency while reducing the amount of water in ¢irculation. The.use of
non=sewage and eray water for on-site use such as site-icrigation will minimize demands on the
lecal aquifer. Large commercial buildings with water ond energy efficiency can qualify for an

[.EED certification.

2.5: Regulation and operation:

As aresult of the increased interest in green building coneepts and practices, a number of
organizations have developed standards. codes and rating svstems that ler government regulators,
building professionals and consumers embrace preen building with confidence. In some cases,
cndes ara written so local governments can adopt them as bvlaws o reduce the laecal

environmental impact of buildings.
Green building rating svstems:

I- LEED, United States and Canada.
2= BREEAM. United Kingdom.

3- DGNA, Germany,

4- CASREE, Japan,

3= VERDE, Spain.

That rating svstems help consumers determine & structure’s level of environmental performance.
They award credils for oplional building features that support green design in categories such as

location and maintenance of building site. conservation of water, energy, and building materials,

and occupant comiort and health.




Crreen huilding codes and standards, such as the Internarional Code Council™s draft International
Green Construction Code (IGCC). are sets of rules created by slandards development
organizations that ¢stablish minimum requirements for clements of green building such as

materials or heating and conling.

I Tsing simulation software's. and 3D programs Lo put the project under controlling and o be sure
the calculations. Autodesk Ecutect 2011 15 program used to put the building under trug and
actual conditions refer to weather dara for the lncation of buitding, we get some information to

be sure about the contents of the walls and ceiling and ventilation guantities and another data.

Very important thing in green buildings 1s the dircetion of this building. especially building

which based an electricity penerate using cells that generate eleciricity from sun.

Figure (2.2): Sun path throughout the vear

Another tan] in Cemect sottware is the lichtine tme and shadow of buildings that used in the
project 1o be useful for loads calenlation and for electrical engineers to put them calculations as

best e o be power saver, as shown in figure below the shadow range over all the year




Figure (2.3): Shadow range

Figure (2.4): Shadow range

12




Heat rransfer from outside walls and due to solar radiation that used in heating and ennling loads

calculation is very important, figure exported from Feotect software represent total monthly solar
radiafion
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Figure (2.6): Temperature distribution overall year




CHAPTER THREE:

SOLAR ENERGY




3.1 Introduction:

Sularenergy is one of'the largest sources of light and heat un the tace of the earth. This
energy is distributed on the ground parts by its proximity to the equator. and this ling is the area
that has the largest share of that energy, Thermal energy gencrated by Lhe sun's rays utilized by
turning them into (electrical encrgy) by using photovoltaic panels.

3.2 Solar energy use:

|- Electricity generation.

2- Thermal uses {Heatinz water).

3.2.1 Electricity generation.

There are two ways (o generale electricity by solar energy:
- PV cells.

- Thermal conversion of solar radiation.

Note: In the project the way chose is the methed of electricity eeneration via PV cells was
adnpred .

3.2.1,1 Parts of PV cells system:

Figure (3.1) Parts of PV calls svstem,

15




1-Solar panels:

The solar panels (photovoltaic or PV modules) convert daylight o electricity. A number of
modules are connceted logether W inerease Lhe electrical power that ean be senerated,

PV cells have important advantages:

|-Solar cells are characterized as one piece with no moving parts.
2- Don't consumea any energy.

3- Don't poliute the air.

4- It has o long life,

5- Liltle mamntenance.

Sclected PV eells for the system:

HST 60 POLY (Hanwha Solar). Appendix B- C 46, 47, 48-

2- Solar inverter:

A solar inverter, or PV inverter. or Solar converter, converts the variable dircet current (DC)
eutput of a photovoltaic (PV)solar panel into a utility trequency alternating current (A(C7) that can
be fed into o commercial electrical 2rid or used by a local, off electrical network,

Selected inverter: STNNY BOY 1&800TI..
Appendix B- C49-
21 Isolutor:

The DC isolator provides a safe means of disconnecting the solar array from the inverter, for
exumple lor periedic maintenance, Some inverers have integrited DC isolators.,

Sclected DC Isolator:
Telergon DC Isatators for Phatovoltaic applications. from 1PN industrial product,

Model # SS1R8004P50.

Appendiy B- C43.42-




4-seneration meter:

The peneration meter accurately counts the number of units of electricily created by the PV system. This
it important tor the measurement of the Feed-In TarilT reveniue.

Selected generation meter: DIN il mounted electricity meters,

Appendix B- C44-

3.2.1.2Calculations of the system:

The Rate effective sun hours in Palestine =354 h,

The proposed area of the cells on the southern facade ol the tower = 514m*

Ay

Figure ( 3.2) The southern facade of the tower.




- Every | kWp gives 1600 K'Wh.

-k W kilowatt-peak, a measure of the peak oulpul of phetovaltaic svstem.
-Fvery | kWp needs 10m?® (this area includes the spaces berween the cells),
-The production of slectricity in the system per year = 31.4 kWp = 82240 kWh.

- I'he price of electricity praduced every year = 30988 8 NIS = 14568,25,

The ¢ost of the system:

Every | kWp eguivalent to |450%

Phe total cost of the system in the project = 745308

The time required 1o recover costs= tolal cost / price of electricity every vear

=35, years

3.2.2 Thermal uses (Heating water).

Solar water heating svstems use free heat from the sun to warm domestic hot water.

3.2.2.1 Benefils of solar wuter heating

« 1ot water throughout the vear. The system works all vear round. though it is necessary to
heat the water further with & hoiler or immaersian heater during the winter meonths.

» Reduced energy bills. Sunlight is Itee, so onee you've paid for the nitial installation your
hot water costs will be reduced.

=  [Lower carbon footprint Solar hot water is & green, rénewable heating system and can
reduce vour carbon dioxide emissions.




3.2,2.2 Mlow does solar water heating systems works?

Solar water heating systems use solar parels, called collectors, fitted to vour roof, These
collect heat from the sun and use it to heat up water which is stored in a hat water eylinder. A
bailer or immersion heater can be used as aH'h,L. up to heal the water further to reach the desired
temperature. There are two types of solar water heating panels:

|- Evacuated mbes,
2= Flat plate collectors, which can be lixed on the roof tiles or integrated inta the roof’

3.2.2.3The solar water heating system in the towers:

Solary system: is a forced-circulation. closed-loop system, designed primarily for climates thar
experience annual and persistent hard-freeze conditions.

The parts of system:

Figure (2.3) The parts of system:




1-Solar heater tank: Twu tanks where selected;

- hModel# SUSD-1.

- Capacity 8D GAL.
- [Hignt 38.750 in,

- Diameter 24.500 in.

Appendix B- C40-

I-ExpansionTank: Its used to ahsorb the increased volume of heated Tuids and keeps the
system pressure below setting on relief valves,

- Model # SET-16.
~Capacity 4.8-9.2 gnm.
Appendix R~ C30-

-Pumps: Arc used in g solar system to circulate heat transfer fluid throughout the system
allowing solar heat to be transterred andior collected.
- Twa pumps were selected:

- CIRCULATOR PUMP,
- Model # UPS15-58FCLC.

Anpendix B- C30-
4- Differential controller:Includes an LLCD that provides g varizty of real time infermation
about system operations,

-Model # SETROZ01 L.
Appendix B- C29-

5- Valves:
Have various uses that complete the operations and design of a solar svstem.

-Mode!| #50613.
Appendix B- C30-

6- Solar Pancls:
-Select § COLLECTOR FEMPIRT. STRITS.

-Model # PS/BS21.

Appendix B- C41-




CHAPTER FOUR

ATR CONDITIONING SYSTEM




4.1 Introduction:

The main objective of air conditioning is o maintain the environment in enclosed spaces al
conditions that induce the feeling of camfort to all occupants of the spaces. This leeling of
comfort is influenced by a number of air related parameter which are the temperature inside the
conditioned space, humidity. air motion and its speed and the air purity,

the purity of air and its quality include the absence ol odors, toxic. and suspended particles, such
a5 dust and dirt.

In selecting 4 suilable air conditioning system {or u particular application, consideration should
also be known as fallowing:

s System constraints: cooling load, zoning requirements, heating and ventilation.

= Architectural constraints : size and appearance of terminal devices, aceeptable noise
fevel, space available to house equipment and its location relative Lo the conditioned
space , acceptability of components abtruding into the conditioned space.

¢ linancial constraints: capital cost, operating cost, maintenance cost.

4.2 Heating and cooling load:

Heating load: it is in winter and it is the rute at which heat must be added to the space in order
te maintain the desired conditions in the space.

Cooling load: it is in summer and it is the rate at which heat must be remaved from space in
order fo maintain the desired conditions in the space.

4.3 Cooling load sources:
The cooling loads {ora given space consist of the following heat gains:

1= Heat gains that transmitted through building structures such as walls, floors and eeiling that
are adjacent to unconditioned spaces, The heat tranamitted is cuused by lemperature difference
that exists on both sides of structures.

=~ Heat gam due to solar etfect which includes:

a- Sclar radiation transmitted through the glass and absorbed by inside surfaces and
furiture.

b- Solar radiation absorbed by walls., glass windows, glass doars and roofs that are exposed
to solar radiation.

2= Sensible and lalent heat gains brought in to the space.




4- Sensible heat produced in space by lights, appliances, motor and ather miseellaneous heat
gains.

S-latent heat produced from conking, hot baths,
fi- Sensible and latent heat produced by occupants.

The heating load sourees that affect the air conditioning system design can be made-up of many
components, including the follow:
I}y [lzat loss through the expnsed aveas which consist of the walls, the roofs, windows, doors. and
walls between the space and unheated spaces.
2} Heat required to warm air infiltrated (hrough cracks of windows and doors, and by opening and
closing of deors and windows ar to warm mechanical ventilation air 1o the emperalure of the
ipace.
3 Domestic hot water load.

£} Miseellanzous heat load such as emergency heating loads and safcty faetor heating load

4.3.1 Solar radixtion:

Solar radiation received at the earth's surface on a plane perpendicular to the sun ravs may
reach at hourly value 900W/m-

On a clear-day. This valuc of solar radiation imtensity oceurs when the sun is direetly over head.
Sofdr radiation inlensity decreases as the suns angle of altitude decreases. The altitude angle is
the angle that the sun rays make with horizontal line in a vertical plane.

Lime of day and altitude of the location are also Tactors that afTect the direct radiation.
4.3.2 Heat gain through sunlit walls and roofs:

Direct and diffused solar radiation that is absorbed by walls and roofs resulting in raising the
iemperature of these surfaces. Amount of radiation absorbed by walls and roofs depend upon the
ume of the day, building orientation, type of wall construction and presence of shading,

The caleulation of this type of heat pain can be obtained by using the following relation for the
neat transiission through the walls.

- 1
U= oo (1)

= Where R are the thermal resistances of the various materials (m®, °C/ ).

The transmitted heating load can be caleulated from the relation:

Q= U*AAT ... (4.2)




= Where:

0): [leat flow through the waliz, ceiling, floor, by conduetion (W),
L: Over all hieat transfer coetlicient (W /m®. K). l
A: is the effective area that heat transmitted through it { m?),

AT: The total cquivalent temperature difference which take in consideration the increase of wall

temparature due o absorption ol selar radiation.

The value of CLTD extracted from table A-1 {appendix’ needs to be correcred, so that the actual
value is found for different cases. and hence it will be called corrected CI.TD and cen be
caleulated from the following equation:

(CLTD)corr = (CLTDHLM)K + (25.5-Ti) + (Tom = 29.4)f .... (3.3)

Where:—=>

LM: Ilatitude correction factor which can obtin from table A-2 (appendix) from relerence for

horizontal and vertical surfaces.

K: Color adjustment factor such that K=1.0 for dark colored rooll and K=0.3 for permanently
light eolored rools.

(25.5-Ti) : a correction factor for indoor design temperature where Ti is the room design
temperature °C.

(Taom —29.4): A correction factor for outdoor mean temperature

It is related to the outdoor design temperature to, according to the relation

To.o= To-DRR2

DR: The dailv temperature range which equal to the difference between the average maximum
and average minimum temperature [or the hotlest menth of the summer season.

F: Roof fan factor such that 1.0 if there is no attic or roof fan & =1 if there is not an attic or
roof fim.

Ower all heat transfer coefficient depends on the lavers which the building is consist of and the

indonr and outdoor conveetion heat rransfer coctficient.

S ever all heat transfer enefficient can be calculated hy the following equation:




1

U= — S o (14
hfin km hf"uu‘.t
= Whers:

U: over all heat transfer coelficient {W/im® K).

K: conduction heat transfer coefficient (W/m K.

X: layer thickness (m).4

- Indoor vonveetion leat transfer coefficient (W/m® Kl iy

- Dutdoor conveetion heat transfer coefficient (Wim® KRy,

4.3.2 Heat transfer through glass:
Solar radiation which [alls on glass has three components which are:
1- Transmitted componient:

1t represents the largest component, which is transmitted direetly into the interior of the building
or the space. This component represents about 42 10 7% of incident solar radiation. depending
on the glass transmissibility value.

2-Absorbed component:

This eomponent is absorbed by the plass itself and raises its temperature. Aboul 5 Lo 50% ol
solar radiation is ahsorbed by the gluss depending on the absorptive value of glass,

1-Reflected companent:

This component is rellected by glass to the outside of the building. About 8% of the solar encrgy
15 reflected back by the alass.

The amount of solar radiation that can be transmitred through glass depends upon the [ollowing
Lactor:

I-Type of glass. (Sinzle, double or insulation glass).

2-Availability of shading (such as drapes, venetizn blinds. construction overhang, wing wall,
etc).

3-Time of the day.

4-Orvientation of glass arca (north, northeast, east orientation, etc).

3-Solar radiation intensity and incident angle.




6-Latitude angle of the location.

4.3.2.1 I'ransmission heat gain:

The transmitted cooling load can be caleulated [rom the relation:

Qtr = A(SHG)(SC) (CLF) .... (4.5)

=>Where is:

a) Solar heat factori SHG):

Is & factor represents the amaount of solar energy [rom table A-3 (appendix).
b) Shading coetficient(SC):

Ihis factor accounts for dillTerent shading effects of the glass wall or widow and can be extracted
from special tables for single and double glass without inside shading or for single and double

glass s well as for insulating glass with internal shading form table A=4-2 (appendix).

c)Conling load factor (CLF):

Represent effvet of the internal walls, floar. and fumiture on the instantaneaus cooling load, we
find it from table A-5-1{appendix) for glass, and from rable (A-6-1). (A-6-2) (appendix) for

lights and oeoupants respectively .

4.3.2.1 Conveetion heat gain:
The value of the convection hear gain kv the gluss ean be caleulated from Lhe equation:

Qeonv. = U¥A*(CLTD)eorr ....(4.6)

= Where: CLTT} is the temperature dillerence for the glass and can be extracted from table A-7

(eppendix) Its designed tor inside room temperature of 25.5°C and cutside mean temperature of

20 4°C. 15T and To.m are dilTerent [rom 25.5°C apd 29470 | then & correction must b added to
the value of CLTH,




4.3.2 llcating gain duc to equipment:

Sensihle and latent heat loads arising from various equipment and appliances that are installed
m a conditioned space. The indicated heat dissipation rates from such eguipments and appliances
should be inclined when the cooling load is estimated. Care must be taken when considering

such dissipation rates all sensible or latent or partly sensible and partly latent.
4.3.4 Healing gain due to lights:

Heat gaing duc to lights are sensible loads. Such loads must be carefully analyzed specially
for supermarkets, department stores and other commereial applications that are usually brightly
uminated, The peak Lighting hear gains for some applications such as hospitals, restaurants and
office will not oceur simultaneously with the p2ak heat sain from other source. This fact should

be cansidered when calculating the peak load for certain application.

The heat gain due to fluorescent lamps is obtained by multiplying the rated veltage of lamp by

1.2 while that for ordinary lamp is obtained from its rated voltage directly.

Lighting intensity differs from one gpplication to another. It ranges from 100 30 W/m?  of
floor arca for apartments, hospitals, hotels ete. and from 30 to 60 W /m? for class rooms, offices,

barbershop and similar application.

These lighting intensitics can be used to estimate the heat gain from lights if the exact Lighting

power 15 not known.

The heat gain from lights it is not an instentaneous load on the air conditioning equipment, The
radinnt energy from lights is first ohserved by walls, Noor and [umiture of the space causing

there temiperature to increase with time. As time passes, heal is converled [rom these surfaces,

This result in a time delay berween turning the light on and the enerey from the Lighl to have an
effect on the cooling load. To accommaodate for this lact, the lollowing equation can be used to

calculate the heat gain due to the lights.

Qv =Pu *A*(F*Fb) (CLF)it voee(4.7)
= Where:,




Pii: The lump rated power in watts per m*(60W/m?*).

A: Area of zone,

Fu: The fraction of lamps that are in use (Fi=1)

Fi: The ballast factor that equals te 1.2 for fluorescent lamps and cquals to 1.0 lor ordinary
lamps, (Fr=1.2).,

(CLF)e: The light coaling load factor fram tahle A-6-1(appendix) 10 hours turncd on and 10
howrs of operation, C1LF=0.85.

4.4 Heatl and human comfort

The indoar design requirement are chosen o meet human body needs. so human body feeling
with relax under known condition of temperature and relative humidity, in order to know these
conditions of comfort it is very essential to understand the principle of heat transfer and body
emperature.

The normal body temperature is 37.2°C which is mostly higher than ambient teniperature thus
heat is transferred from the human body to ambient air by the difference in temperature. For
reaching equilibrium the human body must generate heat equal to the heat loss by the body, the
lollowing equation describes the heat balunce:

M-P = E+R+C+S ... (4.8)

Where:

M: mietabolic rate,

P: mechanical work done by the bady.

F: rate of tetal evaporation loss,

R: is the rate of heat dissipated by radintion from the hody.

C: is the rate of heat dissipared by convection from the bhady.

S: rate of heat storage of human body.

The amount of heat generated by the body depends on the type of personals activity. this heat is

produeed by metabolizing the Tood we gal, the process is known as metabolism, | met = szatad

guiet person (100 W if body surface arca is 1.7m’" ),




4.5 Couling load calculations:

4.5.1 Over oll heat reansfer coelMicient fur various sectiong in the tower:

1) Caleulation of overall heat transter coafficiant for outside walls:

)
L]

N
3
N
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Figure (4.1) Construction of outside wall.

Table (4. 1) The thermal resistance & thickness (Ax) for the outside walls,

Lavers material AX (m}) Rth(m’."C/W)
Inside air film 0.12
1 Stone 0.07 0,041
2 Concrete 0.2 0.141
3 Polypropylene (.03 D.75
4 Cement brick 0.07 0.078
5 plaster (.03 0.025 |
putside air film 0.06
| U=0.402W/m*. C
1
b=y =1
e in hm hfout
1 .
= 0402W/m'. C

0.12+0,041+1.41+0.75+0.078+0.025+0.06
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2) Caleulation of overall heat transfer coefficient for inside walls:

Figure (4.2) Construction of inside wall,

Table (4.2) The thermal resistance & thickness (Ax) lor the inside walls.

Lavert | material AX(m) Rth(m*.*C/W)
Inside air film
0.12

1 plaster 0.03 0.025

2 block 0.1 0.192

3 plaster 0.03 0.025
inside air film 0.12

U=2.07W/m*. C




3) Caleulaton of overall heat transler coelfficient [or ceiling between twa Noors:

1

NE
¢

O ¢

Figure (4.3) Construction of ceiling between two floors.

Table (4.3) The thermal resistance & thickness (Ax) for the ceiling berween twa floars,

Layer# imaterial AX(m) Rih{m®."C/W)

Inside air film = 012

1 tiles , 0.01 0.0083
2 sand : 0.1 i (.33

3 concert | 0.25 0,029
4§ block 0.2 : 0.21
5 polvpropylene (.03 0.75

) plaster (1,03 0.025

- outside air film 0.12

U-0.63W/m-. C




+.5.2. Sample calculation fur Flaor Nao, 12:

Inside Design Condition: T, =20°C o =50%

Duiside Design Condition:  T,=30°C, =53 %

Table A-9 and figure| (appendix).

Cooling load:
Table (4.4) Cooling load for Naor Na.12.
Area(m?) [UWnLO [ (Ti=T)C | Qi (kW)
Walls
S-Wall 102.6 0.402 10 0.485
E-Wall 46.5 0,402 11} (L1187
W-Wall 465 0402 L0 0187
N-Wall [ 392 0.402 10 0.157
1.6 0.402 12 | 0056
175.6 0.402 6.667 0.422
27.0 0.402 | X 0.089
63.6 0.402 | 2 0.051
Ceiling
Ceiling 4945 | 063 ] 0 | 0
Eloor _ _
O-1'loor 153.7 0.63 10 0.968
I-Flaor : 340.8 0.63 ] ]
Windows
e 5 2034 3.2 10 0.651
E 279 32 1 1.893
I W 27.9 3.2 10 0.893
N 8.4 3.2 12 0,323
G [ 32 L0 | 0512
Doors )
Morth | 3 2 0.024
8 1.468 10 G117
3.6 468 6.667 0.035 |
Qeni= 3.05




4.5.2.1 Caleulation of the value of (CLTD) corrected:

Table (4.5) the value of (CLTD) corrected,

; . u Area CLTD l CLTD curr I Q
Surf - : ! e
e wmteo)n | (mY (©) oy © | (kW)
Ii-wall 0402 T4.4 |8 i 1825 ' 0544
W -wall 0.402 744 FE] 0 3305 0,605
M-wall 0402 59,87 11 0.5 1175 0283
S-wall 0,402 114,75 16 -1.6 14.65 0676
E-{Giass 32 278 | 2 0 .25 0,201
W-Glass <A 27.9 4 0 225 0207
MN-Cilass Rl 10.58 2 0.5 2515 0,097
N{3lass 3.2 17.64 2 -1.6 0.65 DoaT
Total=| 2m
4.5.2.2 Calculation of trunsmitted heat gains:
Table (4.6) transmitted heat ains.
Surface | Area(m?) | SIG | SC [ CLF | Quaw (kW) |
M-Gilass 16 126 0.57 0.1% 0,207
S-Gilass 15.84 237 0.57 057 1168
E-(lass 279 678 057 | 024 258K
W-Glass | 279 678 0.57 0.1 1.078
Total= 3.041

4.5.2.2 Cooling load from sccupancy:

There is latent heat & sensible heat from people:

For ench person:

From table (A-8). (appendix)

(s ner person = 70 Wiperson.

Oy per person =44 W/parson




Sensible heat gain:
s — Nu. of person * Qs per person * CLFs: [W].... (3.9
CLFuee: Cooling factor for accupants from Table A-6-2(appendix).
CLFi= 087
Qs = 128*70*0.87=77952 W
Latent heal gain:
Qu = No. of persen * . perperson ... (4.10)
Qu = 100%44 = 4400 W
total heat gain from people (larent heat & sensible heat):
Qu=0s+ Qr.... (4.11)
=7793.2 + 4400 = 121932 W

4.5.2.4 Cooling load from ventilation:

Nx¥xih
2600V,

Q .- (4.12)

* |0 persons in the floor

N: number of coom air change per hour,
V' volume of room.

vy: Specific volume for outside air.

[,=30°C Ti=20°C
0 ,=537% P =30%
Tahle A-10 and Figurel (appendix).

From psychometric charl:

hiw =39 kI'kg dry air,

h o = 67.7 klke dev air.

=0.84 mkg dry airz

= 0,878 m¥ke dry aire,

_ 1.5X2.75%494.5%(67.7—39)
360020878

X1000=18.52 kW

Q
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4.5.2.%5 Cnoling load from infiltration:

The air is leaking because of passing air through walls and around the doors and it has
sensible heat, in large buildings that use central air-conditioning system usually use the amount
of air required for ventilation instead ol leak air in inliltralion as treated in this project,

About infiltration caleulations is given by [just equarions expiain |
0 = m=*AH
e

M=t

V' = (number of air change/hour®*volume

h_']'li —huﬂ

Where:
i, 1 0s the mass Tow rate o air doe o ventilation,

V. 1 Is the volumetric flow rate of air dus to vemtilation.

v, 2 15 the specific volume at ourside condition.
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4.5.2.5 Total conling load caleulation for the tower:

Table (4.7) Total cooling load caleulation Tor the tower.

4 Tlaor Cnoling Load in [KW]
) | 0
-1 | i ;
GF | 255,75 |
| ] 260.27
2 77,33
3 54.94
1 54.94
5 54.94
& 17.83
== 7 37.83
8 54,94
9 54.27
10 17,94 =
I T
12 54.94
13 54.94
14 | 54.94
5 _J 41.35
16 | 31.75
_ 17 | 0
Quiia ‘ 1256.76
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4.6 Heating load caleulations:

Inside Design Condition: Ti —20°C .p =50%
Outside Design Condition:  Ta=4.7°C, 0 =T1.1 %
Table (A-9). (A-10) and figure] (appendix).

Table (4.8) heating load [or Moor No.12.

b Area(m®) [ UWmlC | (Ti-T)C | O prem (kW)
Walls '
S-Wall 102.6 0.402 15.3 0.631
. E-Wall 46.5 0.402 153 0.286
W-Wall 16.5 0.402 153 0.286
N-Wall 392 0.402 15.3 0.241
1.6 0402 12 0.063
75.6 0.402 6,667 0.471
[ 27.6 0,402 B (.089
63.6 0402 2 0.051
Ceiling
Ceiling 945 | 06 | @ [ 0
Floor _
0-Flaor 153.7 (.63 15.3 1.482
[-Flgior 340.8 0.63 a 4]
Windows
S 20.34 3.2 15.3 0.996
E 27.9 32 13.3 1.266
. W 27.9 12 153 1.366
N 8.4 iz 15.3 0.411
16 32 15.3 0,783
Doars
Door | 4 3 | 2 0.024
North 8 1.468 153 0,180
| 3.6 1468 6.667 0,035
Ventilation | - - - 18.52
Q total — 27.27

a3




4.7 Variable refrigerant volume syvstem (VRV)
4.7.1 Introduction about VRV:

VRV is variable centrol of capacity by inverter, refrigerant volume can be controlled or
modulating by electronic expansion valve, VRV system can control each zone alone wilh regand
to other spages, a variation of this system, often referred to as a multi split, includes multiple
indoor units connected o a single condensing unit.

This svstem also ductless which means heat is lransferred w or from the space direetly by
circulating refrigerant to evaporators located near or within the conditioned space. In contrast,
conventivnal systems transfer heat [rom the space to the refrigerant by circulating air (in ducted
systems) or water (in chillers) throughout the building.

4.7.2 VRV benefits
VRV svstems have several key benefits, including:

- Installation advantages. Chillers often require ctanes for installation, but VRF systems
are light weight and madular. Fach moduls can be ransported easily and it into a
standard clevator, Muluples of these modules can be used ta achieve cooling capacitics
of hundreds of lons. Each module (or sel ol twe) 15 an independent refrigerant loop. but
they are contralled by a comman control system.

An additional installation advantage is that the piping conneetions between vutdoor and
indoorunit have total length of (1000 m). which is make the svstem applicable in large
and higher buildings, and the number of indeor unit that connected e one outdoar unit

reaches to (64),

Maintenance and commissioning

VRV system with their standardized configurations and sophisticated electronic controls
are aiming towand neatr plug-and-play commissioning.

Because they are DX systems, maintenance costs for a VRV sheuld be lower than for
water-conled, chillers, so water treatment issues are dvoided. Normal maintenance {or a
VIV, similar to that of any DX svstem, consists mainly of changing filters and cleaning
cails.,

Comfort. Many zones are possible. each with individual set point control, Because VRF
svslems use variable speed compressors with wide capacity modulations capability, they
can maintain precise temperature control, generally within = 1 °F

(+ 0.06 "C}, according to manufactures' literature,

Energy elliciency, the cnergy officiency of VRV systems derives from several factors.
The VRV essentially eliminates duct losses. which are often estimated to be between
1095 to 20% of total airflow on a ducted system, VRV svstams typically include two to

a8




three compressors, one of each is variable speed, in ench condensing unit, cnabling wide
capacity modulation. This appreach yields high parl-load efficiency, which translates inte
high seasenal energy efficiency. because, because HVAL systems Lypically spend most
of their operating hours in the range of 40% o 8% of maximum capacity, so through
using inverter technology and contrel of each zone separately the operating cost be lower
with using madulating valve that eentrol the amount of flowing refrigerant with changing
load.

4.7.3 Applications

VRV systems are generally best suited o buildings with diverse. mulli ple zones requiring
individual control, such as affice building, hospitals, or hotels a VRV system does not
compete well with rool lop systems in 4 large low-rise building such as a big bax retail
store. Although VRT heat pumps operate at ambient temperatures as low as “F(-18
"C), a6 in all heat pumps, their efficiency drops off considerably al low temperatures, so
they are less cost effective compared o gas heating in very cold elimates.

4.7.4 Sample calculation:
For floor 12, cooling capacity 24,93 KW.

Table(4.9) Sumple calculation for loor 12.

Caoling Total conling

Linil tvpe No. el model No. af units capocity (kW) | capacity (cW)

Wall moumted

: B¢ SF
unit bedie

3

2.8 5.6

Wall mounted
uriit

Wall mounted
Lt

FXAQZOF 8

[~
(]
=
o

FRAAQSOP

-
b
(=5
=N
=

Round flow
casselle

Round flow
Cassetle

PXTQ63A 2 7.1 14.2

FXFQ3ZA 3 16 0.8

- Appendix B—C.14,C.19
Retnet header (hranch kit), model number KIIRP2Z6M35H. appendix B-C.17
Refiet joint (hranch kit), model number KHRP2SM35T. appendix B-C.18
MAX-Fan. fan model 10" MAX. Hlow 920 cfm. length 8 1/2". appendix B - C.7. C.0
- grill 13¥22.5 cm. appendix B-C.12, C.13
Fisable duct . appendix B-C.11



CHAPTER FIVE

PLUMBING SYSTEM




5.1 Plumbing system:

Plumbing: is the art of installing in buildings the pipes, fixtures and other apparatus for
bringing in the water supply and removing liquid and water-carricd wastes.

Plumbing fixture: are recepiacles intended 10 receive and discharge water, liquid or water carried
wastes into a drainage system with which they are connected.

Minimum plumbing facilities:
All code state the minimum plumbing facilitics that are required in each huilding types.

Hydraulics: hydraulics 1s study of the physical principals that govern behavior of Tiquid a1 rest
and motion there are twa separate and distinel types of liguid Aews with which were concemed:

-Flow in closed pressurized system: a system that is now here open 1o the atmosphere and
operates above atmospheric pressure. This is the type of flow that occurs in domestic water
s¥slems:

|- Cold watcr system.

2- Hat wearter svstem.

Flow oeeurs in all drainage systems (graviry flow)
- Sanitary drainage svslem.

1- Storm drainage system.

This type of flow (gravity flow) is caused simply by the slope of pipe containing the lguid These
svslems are open o 1he atmospherie the pipes containing the liguid in gravity flow almost abvays
run anly partially full (as compared 10 completely full in pressurized systems).

Slatic pressure:

Siatic pressure is caused by the weighl o water above any point the system.
P=EfA = WA,

W: weight.

A area.
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5.1.1 Plumbing materials:

The knowledge of plumbing materials is necessary [or the proper design of efficient safe,
reliable and economical plumbing systems.

All materials used in plumbing systems should meet the requirements of at least one of the
standand related to this topic.

Piping materials and standard fittings:

I- Ferrous metal pipe (iron sieel).
2- Nonlerrous metallic pipe {conper. brass).
3~ Plastic pipe:
ABS (acrylenitrile butadiens system)
PE (poly ethylene)
VO (polyvinyl chloride!
CPVC (chlorinated polyvinyl chloridzs)
4- Nonmetallie pipe other than plastic.
Vitrified clay (term cotta)
Ashestos cement
Concrete pipe
5= Joints hetween dissimilar.

Thermal expansion:

For hol water and stream piping, the problem of thermal expansion is important especially in
high rise building or in structures with long horizontal runs due 0 emperature difference, the
length of pipe expands depends on the pipe type. expansion joints and loops are installed
every soft depending on pipe size lusts Lhe expansion coelTicients and typical expansions for
common piping materials.

5.2 Water supply, distribution:
There arz two basic types of warer distribution systems for building:
I- Up feed distribution system.
2- Down feed distribution system.
»  Up feed distribulion system:
I'here are two methods commonly used [or up feed distribution system:

I- The supply of water for the building is reeeived from a public street main (usually 35 psi
lor residential structures, and aboul 50 psi for other buildings)

1- Private water supply enters into a pneumatic tank (pressurized tank) and is pressurized
from appreximately 25 o 60 psi.
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- Hydro-Pneumatic tank sizing und selection:
Sizing:

Srep |

1- Pump delivery rate: 130013 gpm

2- Desired minimunt pump run Ume: 2 minutes

3- Number of gallons = 130,13%2 = 264,26 gallon

Step 2:

1= Maximum drawdown required — 260,26
Minimum svstem pressure (pumip cut in) = 57.85 psi
Maximum system pressure (pump cut out) = 65,1 psi
Air pre-charge pressure = 59 psi

2- From tablc # in appendix drawdawn factor = (1,01

3- The minimum total velume required:

¥ =260.26/0.01 = 2602.6 pallon

Selection:

ASME bladder type hydro-pneumatic tarnk
Muodel number JOPR-22-024

Fank volume — 2640 gallon

Diameter = 72 in

Crver head = 1464 in

Syslem connection =2 172"

Weight = 2211 kg

Appendix B-C49,
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*  Duown feed diseribution system!

The water from the gravity tank on the reol serves the floors below by down feed
distribution (gravity) svstem.

Minimum press required on the top floor is usually is 15 psi (for flues valve), and
max press on the lewest floor should not exceed 50 psi, otherwise pressure-rending
values are used to reduce the pressure,

Zoning multistory building:

In a multistory building it is logical and economical to limit the height of the water zone 1o 15
storics each, [or example a 45 story building can be divided into three zones.

Flow pressure: the pressure available at the fixtures when the outlet is wide open it must be equal
or exceed the minimum fixture pressure,

In adequate pressure: the pressure is the said to be inadequate when the eity main pressure is
msufficient to provide the required minimum [low pressure. In this casc u pressurized
(prcumatic) lank or and over mot tank (oravity tank) is to used.

Far the flow gondition

Main pressure = static head + friction head + Tow pressure.

5.2.1 Water service sizing:

Wt water supply fixture unit [wslu) il is used o ealeulate the probable maximum water
demand (max requirement of water for huilding).

This wsfu technique is used and bevumes more nccurate as the number of fixture increase
because the system is hased on diversity between [ixlure in use.

water supply fixture unil: leehnique should never be applicd installations with only a few fixture,
because in such installations, the additional use of single fixture can drastically change the Lol
usage pattern,

In this case, i.e. for small installation such as residences and small stores use the unite of
bathroom groups and converted to 2pm plus individual fixture flow rates (in gpm).

3.2.2 Water pipc sizing:

1= By [riction head loss.
2- By velncity limiration,
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Water pipe sizing hy friction head loss:
The procedure is as [ollows:
“Step | draw rise (plumbing seetion), On this riscr show:

—  Floor to floor heights.
_  Run oul distance to tarthest fixture on each floor.
— Lengths of piping frem service point o the floor take ofl points.

Step 2: show the wslu for each fixture and fixture unit total on cach pipe run cul. Use separate
fixture units for hot and cold water where applicable.

-Step 3: lotal fixture units in each branch of the system, show both hot and cold water lixture
anits. {1t is understood that hot water pipe sizing will require a separate diagram and caleulation),
add the continuous water loads.

-Step 4: show source pressure (mirimum) and the minimum low prassure requires of the most
remate outlets.

-Sten §: determine the pressure available for friction head lass from the service point to the final
outlet,

-Step 6: determine the required pipe size I ench seclion using the friction head loss data
caleulsted in step 5 and friction head charts, Section is normally based an unilorin frietion head
loss per foot throughout anid maximum water veloeily —usually 8fps, cxeept that branc hes
feading quick closing deviees such as flush values should be limited about 4 fps to avoid water
Rammer.

32,3 Water pipe sizing by velocity limitation:

As said before the water velocity in the piping system in huilding is not preferred Lo exceed
gps. Ourside building it may excecd 8 fps.

Velacity af water for sudden open (flush values, eic.. =4 fps for building where available water
pressure is mare than sdequate to supply all the [xture. where exists a simplified pipe sizing
methad hased on water veloeity considerations,

Thix method is normally applicable to all private residences, multiple residences and commercial
and industrial building up Lo three stories in height,

To determine the method applicability. a rapid pressure calcularion is made. Ifthis calculation
shows that pressure is adequate, use the fallowing procedure:

-Step |: prepare a building riser diagram chow all fixture loads in wsfuand gpm in each pipe
<ection include all continuous lnads in gpm figures.
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-Step 2: identify all branch piping that feeds quick-closing devices such as flush valoes. sofenaid
values (as in clothes washers) and sclf-closing fauccts, the velagity in these branch pipes must be
limited 1o 4 ths to avoid water hammer.

-Step 3: size all individual fixtuee branches according to the code minimum requirements,

-Step 4: sizz all other parts of the piping system in accordance with water velocity limitation for
the type of piping selecied.

5.2 Domestic hot water:

Almaest all plumbing fixture except flush-type unit (eloset bowls and urinals) require hot water
as well g3 cold.

The usual point of use temperatures are:

| avatories, showers and tubes; (35-40 °C)
Residenrinl dishwashing and laundry: (30-60) *C).
Commercial and institutional kitchens: (60 “C).
Commercial and instilulional laundrics: (80 °C).
Sanilizing use

Nuote:

That these are fixture water temperatures depending on the design and length of the supply
piping from the hot water heater, the water heater outler temperature will be § to 20 T higher than
fixture tempernture 1o compensate for temperature loss in the supply piping.

Note

Water healing svslem |5 designed to provide ot water at the minimum required temperalure
beeause:

I- Lower the heat loss in piping.
2- Slower scale formation in piping,
3~ Avoidance,

5.3.1 Types of hot water heaters:

|- Instantanecus water heater:
a.  Almore
h, (ies boiler
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2- Tank type water heater

3%
Instantaneous walter heater:
When hot water faucer opens or other fixture demands hot water they are reforred to as
tank less heaters because they do not use any sort of storage tank, should be large enough
10 provide maximum hot water demand immediately at reguired temperature.
Tank type water heaters: arc the most common used units, their advantages are they
makes or provide large quantity of heated water available up on demand.
Circulating systemn are usually provided when the piping run is about 100 f} jong,
1- Thermos phone circulation system (the taller the building the better the thermo

siphan),

2- Voreed circulation syster (low and long building).

¢
5.3.2 Sizing of hot water boiler:
Sample calculation for boiler capacity (3™ Noor);
Number of person = 50 person.
Daly consumption = number of persons * hot water per person
= 30%2 gal/day = 100 zal/day.
Storage capacity— daily consuniption * starage capacity portion of daily use

=100 * 145 =20 pal.

=909L.




5.4 Plumbing calculation:

Table (5.1) Estimating demand lixture unil:

Erom table (B-2), eslimate fixture unit guantity Tor cach Axiure

’ ryJ
Floor Fixiures
CW HW
2 0 g' il
7 6 WC 60 )
6 LAV 21
10 WC 100
GF 10 LAV 20 -
1 KS 4
: 4 WC 40 )
9 LAV |8 ¥
4 WC 40 =
2 9LAV 18 - 7
2 KS 8 |
; 4 WC 40 =,
o 9TLAV 18 : =
4 4 WC 40 )
9LAV 18
) 4 WC 40 [
> 9LAV 18
2 WC 40
6 6 LAV 12 5
4 SH 16
2 WC 40
7 6 LAV 30 :
4 8H 16
g 4 WC 40 0
9 LAV 13.5 13.5 =
9 4 WC 40 0 L B
O TLAV 13.5 13.5 = =
4 WC 40 0 g =
10 S LAV 2 12 =
ZKS 6 6




FLI
I'loor Fixtures
CW HW
. 4 W 40 0
9 LAV 13.5 13.5
4 WC 40 0
12 9 LAV 13.5 13.5
1 KS§ 3 3
4 WC 40 0
13 9 LAV ¥3i3 13.5
1 KS 4 3
4 WC 40 0
14 9 LAV 13.5 135
1 K§ 3 3
4 WC 40 0
15 O LAV 13.5 135
1 K§ 3 3
2 WC 40 0
16 4 LAV 6 6
2ZKS 6 6 |
17 0 0 0
Total 1186.23 372

Down feed system

-The maximum instantancous cold water demand is = 1186.25 FU, from table (P-1) by

nterpelation: 1186.23 = 23439 spm,

-The maxinium instantangons hot water demand is = 372 FL, from table (P-1) by interpolarion:

372 = 1208 gpm.

Where:
W water elosel
LAY, lavatory

KS: kitchen sink
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Table (5.2) Pipe sizing for black and gray waler.

From table (P-3). estimate pipes sizes for horizental pipes and vertical pipes (stacks)

' Flaor i [—lnri?.untaI Vertieal Horizontal | Vertical
No. pipe pipe Fu pipe pipe
| diameter | diameter diameter | diameter
16 20 4" 4" ‘ 20 4 4"
E 40 4" o | s 4" 4"
14 40 4 4" 31 4 4"
15 40 4" i 4" 31 4" 4"
12 40 4" 4" 27 4 o
I 40 4" 4" 32 4" 4"
10 40 | o4 | 2 4" 4"
o 40 4" 4| 27 4 4"
8 | 40 4 4| 3 o |
74 4" 4" 39 4" 4"
6| 40 4" 2 | 27 4" 4"
5 40 g 27 o | e
4 40 4" 4 27 4r 4
3 40 4" LA (- 4" 4"
2 40 4" 6" 27 4" 4"
! 40 4" 6" 7 a4 4"
GF 120 » | e 9 | 4 4"
6" 6"
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5.5 Manhole caleulation:
Sample celeulation - gray water manhales caleulations:
-type of cover manhole: cast iran, § ton.

The depth of the first manhole (60 cm) and the caloulation of the second manhole according Lo il
and =0 on.

For manhole 1:

Top level = 0.0 m

Depth = 0.6m

OQutlet leve! = wop level — depth = 0.0 — 0.6 = -0.0m

For manhole 2:

‘I'he distance herween manhole | and manhole 2 is 5.5m, depth of manhole 2 1s:
Denth = (distance*slope) + depth of manhole © 5 em

Depth=73 cm

Outler of manhole 2 = Lop level — depth of manhale 2 = 0.0 - 73 = -3 ¢m

Invert level of manhoele 2 = outlet of manhole 2 + 5 ¢m— -6 cm

Table (5.3) Gray water manholes table:

Marhole NO. THFE;IJ}WI _Imri:-. Il}evel ﬂutl:n ;Evel E::.n;:;h Diﬁ?ﬂ
| 0.0 -0.53 0.6 0.60 0.60
2 0.0 -0.60 075 | 075 060
3 0.0 .90 -0.95 0.95 0.60
i 0.0 0,53 0.6 0,60 0.60)
5 0,0 S0 | -8 .15 0.80
6 2 -3.45 3.5 1.30 0.80 |




l'ablc (5.4} Black water manholes table:

Manhole Top fevel Invert level | Outlet level Depth Diameter
NG (m) (m} (m) {m) {m)
I 0.0 -1.55 (.60 0.60 | 0.60
2 0.0 | -01.75 | -(1.80 | .80 0.60
3 0.0 .95 -1.00 1.00 0.60
4 (.0 2135 -1.20 .20 (.80
5 0.0 -1.35 -1.40 1.30 0,80
b 0.0 -1.5%5 -1.60 1.40 (.80
7 0.0 ~1.75 -1.80 1.60 I;J
8 0.0 -1.95 | -2.00 1.80 : 1.00
, 0.0 215 | 2320 2.00 : 100

5.6 Flood water drainage system:

System consists of drainage network on the Noors below the zero level. System works on water
drainage. espacially the Flondwaters.

5.6.1 Parts of the system:

Figure 5.1 Channel drain.
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I- Channel driin:
Iype: 12" Pro Series Channel™ Drains,
appendix H-¢240-

2-Pumps:

A-Two submersible pumps,
-Type: WITLQ.

-Maodel: FA15.52-260E.
gppendix B-c21-

B-Two submersible pumps.
~Type: WILO.

-Model: MTS40E26.15/15.
appendix B-e21-

3- Pipes;

LPV.C (4", 6"

3.7 Gray water:

Grey water 1s all wastewater that is discharged from a house, excluding black water (1oilet
water), This includes water from showers, bathtubs, sinks, kitchen, dishwashers, laundry mbs,
and washing machines (Figure 1). It commenly contains soap, shampoo, toothpaste, food scraps,
caoking oils, detergents and hair, Grey water makes up the largest proportion of the total
wastewsater low rom households in terms of volume. Typically, SU-80% of the houschold
wastewater is grey warer. If a composting toilet is also used, then 100% ol the housshold
wastewater is grey waler,

Not all grey water is equally "grey”. Kitchen sink water laden with food solids and laundry water
that has been used to wash diapers are more heavily contaminated than prey water from showers
and bathroom sinks. Thevefore, different grey water tlows may require dilTerent lreatment
methads that would render the water suitahle for rense.

Low-load
Showers, bathitubs
frand washbasins

'ﬂ"

Fioure (3.2 )Major pray waler sources,
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5.7.1 Benefits of Gray water:

Reusing gray waler is an important component of sustainable water practices. There are many
hanefits vl using pray water instead of potable water [or irrigation.

+ Decercase potable water use by 16 1o 40 percent, depending an the site,
Decrease water and wastewater utility bills.

¢ Diversify the City’s water porilolio and provide an alternate source of Irrigation waler,
reserving treated potable water For high-gquality water M eeds.

s Redues the energy (approximately 2 wart-hours per gallon of water) and Chemicals
needed o treat wastewater.

Another henefit of using gray water is that it connects us (o our waler supply, helping us
understand where our water comes [rom and where it goes. Becoming conscious of our water
supply encourages healthier product choices and engagement with our landscape. By reusing
houschold gray water, we preserve water resources for other living things. ln coneert with water-
wise landscaping, rainwater harvesting, and conservation, using gray water as a resource helps
reduce dependency on imported water and protects walersheds.

8.7.2 Gray water Basics:

Gray water is 4 unique source of water and must be used differently fram petable waler and
rairwater. These are some basic puidelines for residential gray water systems:

s Do not store gray water more than 24 hours. If you store gray waler, the nutrients in it
start to break down and ereate bad odors.

»  Minimize contact with gray warer. Gray waler can contain pathogens. All systems must
be designed so that waler soaks into the ground and is not aceessible to contact by people
or animals.

s Infiltrate gray water into the ground: da not allow it 1o peel or run off. You'll nzed to
knerw how fast water soaks into vour soil to properly design your systent. Paoling gray
walcr can provide opportunities [or mosquitoes to breed. as well us for human contact.

»  Keep your system as simple as possihle, Simple systems last lenger, require less
maintenance, use less enerey, and cost less. Keep in mind that systems with pumps and
filters require more commitment and regular mamlenance.

« Install a diverler valve ar o convenient location to allow for easy switching belween the
gray waler system and the sewer system.




5.7.3 Pumped Systems;

In pumped systems, gray water is directed o & holding tank for temporary slorage before heing
pumped 10 the landsenpe, If the system is W be used for drip irvigation. the gray water must be
filtered before it reaches the drip emitters.

5.7.3.1 Pumps used in the system:

I= "'umps vsed in the cage of treatment;

- Selectled pump A: VersaFlo® TP 00.appendix B-c26-
- Seleeted pump D o CR, CRN64). appendix B-¢27-

2- Pump used in the hlack flush svstem:

- Selected pump B: VersaFlo® TP100. appendiz B-c26-
5= Pump uscd o drain gray water to manholes:

- Selected pump C o CR. CRMN64). appendix B-c27-
4-Water distributions pump on irrigation networks:

- Selected pump C :( CR. CRN64), appendix B-¢27-

5.7.4 Sand Filter:
5.7.4.1Basic of operation filters:

I -Normal working conditions are obtained when headloss is less than 0.3 bar (5 psi) with clean
[ilter.

2-W headloss exceeds 0.3 bar (5 psi) - [iler is cither partially clogzed or operating under an
excessive Tlow rate,

3-Backflush the filter at the beginning and at the end of irrigation. Chlorinate before end of
irrigation, as neeessary.

4- Backflush filter when headloss increases by 0.3 - (.3 bhar (4.5 - 7.3 psi) above headloss of
clean filler, or every 3 hours, whichever comes first.




s BACKFLUSHING PROCESRS h

A P
Iigure (3.3) sand filter process.

Selection of sund filters from ODIS (Lrrigation equipment LTD) company:
-Sand filter number 1 with type model 4363 appendix Bc24 25

-Sand filter number 2 with type model4303. appendix B-¢26.25-
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5.8 Gray watcr calenlation,

Table (4.53) Cstimating demund [ixlure unit for gray water (From table P-23;

i1
Floor Fixtures ;
CW HW
= | 6TAV 12 s
10 LAV 20
= 1 KS 1 | =
I G LAV I8 | -
: GLAV 18 ’
IKS £ -
3 YLAY 18 .
4 GLAV 18 -
3 0 LAV 18 =
" GLAV 12
- 4 §H | & 2
3 6 LAV 12 )
4 8H 16
R OLAV 13.5 13.5
) LAV 13.5 13.5
i eLAV | 135 = 135
1KS. | 3 3
‘I OLAV IR |8
| KS 3 , 3
7 DLAV 125 | 135
| KS 3 . 3
i3 O LAV 135 | 135
= 1KS 3 2
7 9 LAV 13.5 13.5
1KS | 3 3 !
” 9 LAV 13.5 125
| KS 3 3
0 4 LAV 13.5 13.5
B 2 K8 & é
L otal 516
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From table (P-1), by interpolation 316 FU = 142.2 gpm
Where:

LAV barth faucet.

KS: kitchen sink.

SH: shower head.




CHAPTER SIX
Irrigation System Design
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O.1: Introduction:

frrigation is the artifigial application ol water to the land or soil. It iz nsed to assist in the growing

of agricultural crops, maintenance of landscapes. and reve getation of disturbed sails in dry areas and
during periods of inadequate rainfall, Additionally, irrigation also has a few other uses in crop
production, which include protecting plants against frost. suppressing weed growth in grain

ficlds and preventing soil consolidation. In contrust. agriculture that reliss anly on direct rainfll is
referred to as rain-fed or dryland farming

Irrigation svslems are aiso used for dust suppression. dispusal of sewage, and in mining. Irrigatian is
ollen studied together with drainage, which is the natural o artificial removal of surface and sub-

surface water from a given area.

Trrigation has been o central feature of agriculture for vver 5.000 years and is the product of many

cullures,

6.2: Types of irrigation:

1- Surlace irrigation,
2- Localized irrization.
1 Subsurliace textile indgation.

4- Dirip irrigation,
3- Irrigation using sprinkler systams, which we used in the project.

6~ [rrigation using Center pivot,

7= lerigation by Lateral mave,

6.3; Water resources

Irrigation water can eome from groundivater, from surface water or from nonconventional
sources like trented wastewater, desalinated water or drainage water. Around 90% of wastewater
produced globally remains witreated. causing widespread water pollution, especially in low-
ineome countries. Increasingly, agriculture uses untreated wastewater as o source of irrigation
waler. Cities provide lucrative markets for fresh produce, so are artractive Lo tarmers, However,
because agriculture has 10 compere for increusingly scarce water resources with industry and
municipal. there is oflen no alternative for farmers but to use water pelluted with urban wasie,
including sewage. direetly 1o warer their crops. Significant health hazards can result from using
waler loaded with pathogens in this way, especiall v if peaple cal raw vegetables that have been
irigated with the palluted water, 5o that sy water treatment is very important in this fiald,




6.4: Irrigation using sprinkler systems.

Irrigation sprinklers are sprinklers providing irrigation 19 vepetation, or for recreation. ps a
conling system, or for the control of airhormne dust. The sprinkler svstem irrigates the ficld and
thus it is widely used in areas as it checks the wastage of water througsh seepage and evaporation.

Sprinkler irrigation is a method of applying irrigation water which is similar o natural rainfall,
Water i= distributed through a system of pipes usually by pumping, It is then sprayed into the air
through sprinklers so that it breaks up into small water drops which fall to the ground.

The pump supply system, sprinkiers and aperating conditions must be decigned to enable a
uniform application of water.

The mein acdvantages of sprinkler irrigation - reasons for chovsing the system;

|- Expansive land leveling is not required.

2= Water saving irrigation intensity can be chunged in accordance with the infiltration capacity of
sotl.

- High efficiency duc w uniform water distribution,

4= No special skills traincd personal ean operate the system reasonably well,

5= Ease and uniform application of fertilizers und pesticides throuuh irsigation systam.

B~ I'ossibility of applying minute quantity of water for germination end olther irrigation systems.
7= Frequent and light irrigation possible giving better response from the crops.

8- Increase in yicld and quality, early ripening, water conservation and alicrmative value of
specific perind saving of lubor. machinery, fertilizer and pesticides.

9- Soil maisture is maintained al optimum level by sprinkler irrigation and 20 higher yiclds are
obtained of erops and the quality of other eraps is also good,

10- Providing irrigation 1o vegetation as a cooling system,

I'l- Using for the control of airharne dust,

Sprinkler irrigation system components:
1 - Pumping Unit (Pumips)
2 - The main pipes (Main lings)

3 - Sub-pipe (lateral lines)
4 - Spravers (Nozzles)
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Types of Sprays:

I - Which aperates low pressure (0.7 to 2 Kg / 2 em), "low pressure sprinklers” a few coverage
arca and has high rate of spray.

2 - Average operating pressure (2-3 Kg / 2 em), "sprinklers medium pressure” eonsistency
desirable pood efficiency, little impaet on soil.

3 -High operating pressure (3-10 Kg /2 em), "high-pressure sprinklers” large size of weter
drops. large droplets fall rate

Also in the system should install a rain sensor, which saves water by shutting the irrigation
system temporarily when it rains without erasing the program.

Figure (6.1): rain sensor

- Irrigation sketches from M304 to plan M311, plot to scale.
Details on plots.
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6.5: System design and selection:
6.5.1: Sprinkler system:

Sclection:

Model number 570™ series

‘Table (6.1) Spray head. 15" series at 30 PSL number of heads on each feed line:

Gallons per minute (GIPM)
570™ series sprayheads (i 30 PSI) | — |

SGPM | BGPM | 1I2GPM | 15GPM

15" quarter eirele (907) 14 17

15" half circle (507

£
15" full cirele (90%) ‘ .

Table (6.2): Nozzle. 15 series with 27° trajectory (black):

Pressure Flow
[Psl1] [GFM]

0.85




6.5.2: Control system:

6.5.2.1: Sysiem controlled using PLC programming and timers, which connected with BMS
System,

|- Siemens PLC controller

2- Valve wire connections

a= Grease cap’ wire connectors
4= Anli-Siphon valve

3- Sprinkler

Figure (6,2) Control system for irrigation,

AFINDEX B-C51tns5-




6.5.2.1: Pump control and protection:
= Power supply

2 Pumyp start relay

3= Minimum spacing '

<. Siemens PLOC cantroller

> Pump

Figure (6.3) Pumnp control for irvigation system,
6.5.3: Pump selection

Water distributions pump on irrigation networks, pump C :( CR, CRN64).
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CHAPTER SEVEN

FIRE FIGHTING SYSTEM




7.1The Fire Triangle:

There are three components reguired for combustion to neenr:
Fuel =1 vaporize and burn
Oxvgen — to combine with fuel vapor
Heat — o 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:

Fighter (7.1):The Fire Triangle.

7.2Classiflications of Fire:
Fires are classified inte five groups as follows:

Class A: Class A fires invelve commuon combuslibles such as wond, paper, cloth, rubber, trash
and plastics, They arc common in tvpical commercial and home setlings, but ean occur anywhere

these types of marerials are found.

Class B: Class B fires involve flammable liquids' gases. solvents, ail, gasoline, paint, lacquers,

Lo




tars and other synthetic or oil-based products. Class B fires ofien spread rapidly and. unless

properly secured. can reflash after the Names arc extinguished.

Class C: Class C fires involve energized clectrical ¢quipment, such as wiring, controls, motors,
data processing panels or appliances. The y can be caused by a spark, power surge or shart cireuit

and typically oceur in locations that are difficult ta reach and sEE,

Class D: Class D) fires invelve combustible metals such as magnesium and sodium. Combusiible

metal fires are unique industrial hazards which reguire 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 furmulations used form commercial fod
preparation reguire a special wet chemical extinguishing agem thar is especially suited for

exlinguishing and suppressing these extremely hot fires that have the ability o reflash.

A (D) et St |
- m_”mﬁﬂﬁ'thﬂm_ﬁﬂf S
© [ s | g,
i m:;ﬂ:hh m;‘mm,mmm,
-K g fooking | Oils, Lards, Fats

Fipure (7. 2) fire clasilicatinn.

Fire Signatures:

lre signatures any fire effect (smoke, heat, light. ete. )} that can be sensad by fire detector The

smount of heat released by fire varies in accordanes with the type of combustible, arrangement

ofthe combustible availability of exveen .and numerous other factors,




7.3 Types of Firefighting Systems:

Fire systems ure classified as follows:

Porable fire ¢xtinguishers can contain a wide variety ol extinguishing agents; the
portable fire extinguishers enable an individual with minimal tralning o extinguish an incipient
fire. A partable fine extinguisher should not be considered us the sole solution to fire protection

analysis of o building but, rather only ane of many components ol 4 total fire protection plan.

7.3.1 Firefighting Extinguishers:

Tvpes of Portable Firefighting Extingunishers:

1-Foam: fire extinguishers exlinguish the fire by mking away the heat element of the fire
triangle. Foam sgents also separate the axveen element from the other clements, and we use it in

tha towrer.

Water extinguishers are for Class A fires only - they should not be used on Class B or C fires.
T'he discharge stream could spread the fammable liquid in a Class B fire or could create a shock

hazard on a class C fire,

['oam extinguishers can be used on Class A & B fires anly. They arz not for use on Class C fires

due to the shock hazard.

2-Carbon Dioxide: Carbon dioxide fire extinguishers exringnish the fire by luking away
the oxyiaen clement of the fire triangle and also by removing the heat with a very cold discharge.

Carhan dioxide can be used on Class B & C fires, They are usually ineffective on Class A [ires.

3-Clean agent extinguishers: Halogenared ar Clean Agent extinguishers include the halon
agents as well as the newer and less ozone depleting hulocarbon agents, They extinguish the fire

by interrupting the chemical reaction of the fire triangle.

4-Dry chemieal extinguishers hand and wheeled: fire extinguishors extinguish the lire

primarily by interrupting the ¢hemical reaction of the fire triangle




5-Wet chemical extinguishers: Wet Chemical ic a new agent that cxtinguishes the fire by

removing the heat of the fire triangle and prevents relgniting by creating a barrier hetwsen

the oxcygen and fuel elements and use in kitchen.

6-Dry Powder: cxtinguishers are similar 1o dry chemicul exeept that they extinguish the fire by
separaling the fucl from the caygen clement or by removing the heat clement of the fir

friangle, .

7.3.2 Fire hose cabinet.

A fire hose is u high-pressure hose that carrics water or ather fire retardane (such as foam

to a fire o extinguish it. Chutdoors, it attaches either to 4 fire engine or & fire hydrant,

indeors, it can permanently attach 1o ouilding's standpipe or plumbing system. Hero invented it

ind based it on double action piston pump.
Lonsist of tow type:

Hose reel a pipe which consists of rubher rolled on plley having an arm witeh use kv

regular people.

[Mose rack: a pipe which consists of Cloth-reinfurced which usually use by Civil Defense

Company.




7.3.2.1 Fire hose calculation:

Table (8.1) Fire hose calculation

Zone Floor ' Main riser Branch Branch to the

hose

-2,-1,0 6" 2"
1to 6 6" :. ; 2"
Ttol7 8"

Sample calculation for zone 1:

P.ump =Pr, + P01 | e 1.

Pr: the pressure ul the hose cabinet.

P [r: pressure lose due o friction pipes,
Pele. : pressure lose duc to clevation(head).
Number of cabinets = 28 unit.

Flow for cabingls, Q=28 = 6 —168 I./s.
Q=22173gpm.
Pr 4.5 bar.
Pel.= 6.8 m= [1L.66 har,
Pfi. = Leg, * F.L
leq=068 < |.5= 1047 m
Leq=515ft
Pfr=Leg < I.L
=104.7 = 0.01 = 1.57 bar

Popump = Pr. = P.fr, = P.cl.

Ppump=4.5 ~ | .57 ~ 0.:66.=&.73 bar




Pipe friction = pump P - pressure head - minimum flow pressure
—97.6~9.5-652
=22.9 psi

Main riser pipe size selection = ¢”

Branch =4"

Branch to hose cabiper=2"

Pumps selecied:

One electrical main pump, one diesel muin motor pump, vne jockey pump

For riser 1:
Code: 700,444
Modsl: EDP-CR0-250/255-89 8
For riser 2:
Code: 700.441
Modcl: EDP-CR0-200/205-65.3
For riser 3+
Code: 700,447

Model: EDP-580-315R/302-177.5

Appendix B -2 4.




CHAPTER EIGHT

Building Management System
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8.1: Summary

A well designed and managed Building Mansgement System (BMS) provides greal vpportunities
tor improvements inenergy clliciency hy:

* Fnabling building managers to provide an optimal working environment consistent with
maintaining a huilding's energy efficiency rating..

* Early identification of equipment failure.

* ldentification of unusual patterns of enerpy usage. such as equipment heing left on out ol office
howrs,

* Monitering elfectiveness of Energy Management Plans,
8.2: Introduction

Elfective well utilized Building Managenient Svstems (BMS) provide the core management tool
requircd by building managers to ensure compliance with, and achicvemant of. Green Lease
requirements, such as the targel NABERS rating. monitoring of the Fneray Maunagement Plan
(EMP), and reports tor the Building Management Commitree (BMO), 1t enables building
manugers o provide the optimal working environment consistent with maintaining the reguired
NABERS ratling while minimizing the eosts o both tandlords and tenants. Fffective BMS
utilization allows for optimal building performance by extending the aperational life of
equipment and systems through reducing loads and operating hours. Maintenance and capital
costs are therefore reduced and less embedded encrgy is consumed throush equipment
replacement and upgrades, When a building hus been completed the impact of its structure on its
energy consumption performance is normally Fixed until selurbishment occurs. Base building
and tenant light and power enerpy consumption can huowever he increased or decreased by the
performance of both building systems and tenants, A BMS will show increases in enerey use due
10 equipment failure or adjustments to operating parameters. For example, heating valves
opening when the building requires conling or whole floors of lights being left on for extended
periods of time due (o cleaning activity. A BMS also indicate that air conditioning is starting up
hours before the building is tully vecupied due to activitics of security staff. With this
information in hand, the building manaper mav be able to rectify such issues through
comsultation or engineering soluticns, In the absence of a BMS. the impact of such ¢vents can he
disguised by scasonal variations, changes in oceupaney levals ar technology upgrades. A
cerreetly configured BMS with an adequate number of correctly located monitaring peinls is the
only way a building manager can be quickly alerted o prublens which could otherwise remain
andetected until annual inspections or externul audits are undertaken. A BMS is alsa a primary
tool for identifying energy intensity improvement opportuniliss. for example refining the size
and number of lighting time blocks. providing meaningful reports o the Ruilding Management
Committee on issucs and opportunities, and enabling identification of faults, maintenance
planning, ond energy saving upgrades.




8.3: BMS data.

For @ BMS o function effectively it needs to reside on a computer that has adequate capacily and
speed to support BMS function. BMS related data storage of one year is required for all active
control points. Computers and darn storage hardware will normally require replacement at lcast
once during an average tenancy. [he BMS data collection network should have capacity to
provide data to the BMS ar required frequency. via an industry open protocel such as a fully
compliant BACNET

Figure(8.1) BMS data,




8.4: Integration of BMS with other tools.

Integrated Building Management System
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Figure (8.2) Integration of BMS.

Integration between a BMS and a business management system such as SAD requires a detailed
eonfigusation study. A high level interface between such systems can be implemented if eare is
given to the fallowing.

Control of data consistency in a BMS is a live system continuously updating second by second.
Business management syslems Lypically hatch by day, week, month or year,

Business management systems require data (o be presented in very specific formats. Interfaces
between twa such sysiemy often fall aver when one or the other is uperaded.

I'rom a business perspective the BMS is often collating the data reguired to allocate costs to
tenant business units, or to charge sub tenanis for servives. It makes sound economic sense. and
reduces the probability of crror for data 1w be migrated from enc system to another. provided the
costs ol maintaining the interface are commensurate with the benefirs,




A satisfactory altemative to a high leve! interface given the normal batching needs of business
svstems s for the BMS to download its readings of hours run, enerpy used ete, inle a spreadsheet
format at agreed times. The business system can nermally be easily programmed to populate its
duta [ields by inlerrogating the spreadsheet at agread times,

I'he manager of each system is then responsible when modilying or upgrading their system to
ensure data moves as required. This is particularly relevant when sysiems are owned and
vperaled by diflerent parties.

High level interfaces betwoen systems will seldom be eost effective in small or medium
environments,

8.5: Mechanical Services.

It is recommended that saftware be optimized for start and stop schedulzs, Rather than starting to
pre-condition a building at a sct time, cach zonc starts just in time to reach minimum sel
condition as oceupanis start to arrive, Far example, a cold winter’s night may need an extra hour
of air flow compared 10 a milder night. Tenant complaints ke to fixed settings for sarlier starts
than actually reguired. This typically means that energy requirements for heating and cooling
greater will be extended, on average, by several hours per day. For example. many buildings
provide [ull heating and covling to 5.30 or 6 pm. In well built and insulated buildings, chillers
and boilers can turn off at 4pm or earlier, and remain within agresd temperature parameters for
two hours or more utilizing the heating or cocling energy within the water loops.

Other mechanical service eonsiderations include:

* Aulomated seasonal lwemperature adjustment, lewering set point lemperature al low
temperatures and gradually raising through the seasons, giving immediate savings.

» Seheduling akendar (o be highly sophisticated so as o be able to cheek and adjust for daylight
saving. Enster and other events which can he adjusted without programming skills, For example,
shutting down unoccupied zones vr temporarily varyine working hours.

« High tumdown capability utilizing VSIYs for reduced airflow in low occupancy periods. This
generally should go o 20 per cent or less of full Now.,

* Lise of CO2 sensors in car parks and retuen aie ducts 10 sense when air reguirements are
recdiced. For example. in many car parks it may ke sufficient for fans to rim for one to two hours
per day rather than 12 or 24 hours.

» Occupaney sensors, many areas have minimal occupancy ar any time or highly variable loads
such as conlerence reoms. In such cases it may be appropriate to provide minimal conditioned

P




air during normal hours, and ramp up only when space is fully cecupisd. Ramp up can
semetimes be most effectively provided by standalone wnits 1o aveid over sizing the central plant
10 respond te low freguency situation,

* Ltilize enthalpy control in low humidity environments. This ean improve ait quality and lower
Energy consumplion as air cools when moisture is added.

* Economy eyele to fully utilize free couling, In miny envirnnments the outside air lemperature
i lower than retum air temperature when cooling is required. Even when this is the ease, the
energy intensity of many buildings is such that duriny spring and autumn they may need conl air
to maintain required conditions. If the fresh air intakes can provide mare than minimum fresh air
requirements then “free” 12 cooling is available from the atmasphers,

* Night 'urge. In many hot climatic zones several haure of low ovemight temperatures oceur, It
lans are run in this peried this cold air can pre cool the internal structure reducing the day time
eooling load at minimal cost during off peak Lariff periods.

* Calibrate sensors. While many modern sensors do not sulfer recuracy drift over time, 1 base
line crror of up to one depree can occur, Tt is essential that affsel Lo correet ocours at the zong or
al the BMS so that control stratcoies utilize a rue reading at all times,

+ Calling alier hours air conditioning. The ability 1o eall must be limited to penuine aperational
needs in small areas. and turs ofl after a limited peried or as soon as no eecupation is detectad,
Many systems lack the wrn down eapacily to service small areas. <o entire Noors or wings are
wrred on for the comfort of ene or twi penple. Consider providing airflow only and activate
heating or coeling when two-four out of heurs calls are made.

* Ideally no er minimal heating should be called by the system in summer, and similarly in
winter minimum or ne cooling should be required.

8.0: Hydraulies in BMS:

=Meters to report 1o BMS (number mius! enahle excass consumption 1a system or zone).
Temperature eptimization control of hailers, by control strategy.

= Flow merers to alarm on abnormal consumption.

* Boiler temperature reset optimization, (o march actual and pradicted loads.

* Aulomated shut down valves in eritical arcas o avoid waste and damage from major failare,
with BMS over ride function.




8.7: Building maintenance services BMS - grecn clean.

"Specified for preen bui[dhlgﬁ"

BMS Green Clean js ¢ commercial cleaning program that is designed 1o increase the health and
indoor air qualite of auy buildings for the benefit el owr employees, tenants and the environment.

BMS is committed 1o developing and maintzining an enviranment that enhances human health
and [vsters g transition toward sustainahility, The BMS Green Claan Program is a comimereial
cleaning program thar i designed to increase the health and quality of our buildings for the
benefit af our cmployees. tenants and the epy; ronment, BMS is commitied to continuous
iniprovement in:

Demonstrating institutianal praclices thut promorc sustainability, including measyres to
increase efliciency and yse of renewable resources, =nd Lo decrease praduction uf waste and
hazardous marerials, both in BMS's own operations and in those ef its suppliers,

Promoting health, productivity and safety of the BMS community through design and
maintenance of the buils environment,

Fnhancing the health of oyr building’s ecasvsiems.

Developing planning tools to enahble comparative analvsis of sustainability implicarions angd tix
Suppert leng-term economic, environmental and socially responsible dcuisinn—muking.

Encouraging environmen nquiry and institutional learning throughout the company.

Cstablishing indicators for sustainability that will enuhle monitoring reporting and continuous
Imiproverient.

Green Scal org and BMS have worked closely through the Standards development commities ti
create a uniform ser of guidelines and approved products for ¢lean ing service providers, For
mare delailed information on praducts and standards thar ans ysed BMS should go to the
principles and policies for the plogram,
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8.8 Aspects that have been applied from BMS in green tower [for this
project]:

8.8.1 Design automatic system for recyeling station.
There are three cases of the system:

-Filtration process.

=Backilush process.

-Overflow process.

-Drainage process, |

We are design a control svstem to control of all paris in the system (pumps. valves, level

sensor, and pressure sensor).
And by using the PLC program we are design the contral system,

Table (8.1) Allocation table of plc process for gray water system.

Process Patt on (open) Part ofl (closc)
Fillration process Pump(A.C) Pump(R.D)
Valves(1.2.3.4.5.10,11) | Valves(6,7,8,9,12.13,14,15)
Level sensor
Back [lush process Pump(B.C) PumplA,D)
Valves(6.7.8,3.4.912,13) | Valves(1.2,5.10.11.1 1,15}

[.evel sensor

COver flow process Pump C Pump(A.B.D)
Valves{12.13.14) Valves(6,7.8.9.12,13,
Level sensor 14,15}
Irain process Pump C Pump(A.R.D))
Valves(12.13,14,158) Valves(6,.7.8.9.12,13,
14.13)
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Filtering control eircuil (using T.0GO software) -

-Full program simulation attached in CD.




8.8.2 Automatic system design of the irrigation system

A control system to control of all parts in the irigation system (pumps, valves, level

SENSOC).

And by using the PLC program we design the [ollowing control system:

Table (£.2) allocation table of ple process for irrigation system .

Level sensor Ls2

Process Part on (open) Part off (close)
Pump (E) ar (F)
Irrigation lime process Valve (16) 1 T

Stap time process

Pump (E) or (F)
Valve (16)

42




Trrigation control cireuit (using LOGO softwarg)
Full program simulation attached in CD,
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Continued Table (A-1)
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Table [A-EE Mmmm@r&sm o walls and harizonta! roofs, north latitudes.

NNE NE ENE E ESE SE SSE Harizontal
Lat,| Month | N NNW NW WHNW W WSW SW SSW & Roofs
16 |December | =12 -33 44 44 -22 DS 22 50 72 50
Jen./Nov, | <22 33 -38 -38 -22 05 22 44 66 -34
Feb./Oet, | =16 =27 =27 <22 <11 00 11 27 38 -22
Mar/Sept. [ -1.6 -16 1.1 L1 05 -05 00 OO0 00 -05
Apr./Aug.| 05 00 -05 035 05 =16-16 =27 -33 0.0
May/July | 22 16 1.6 00 -05 =22-27 =3k -3% 0.0
June 33 2 22 05 05 -22-33 -—44 -a% 0.0

December | ~2.7 <38 -85 61 44 <27 11 30 66 94
Jan./Nov. | <22 331 -44 -850 33 -16-16 S50 72 =6.1
Feb./Oct. | =22 <27 -33 33 -186 05 16 34 b e -38
Mar/Sept_ | —16 -22 -16 -16 05 05 05 L1 22 -16
Apr./Aug.| -1.1 05 00 035 05 -11<D5 =11 -16 00
May/Wly | 05 11 1.1 00 00 ~16-16 -27 -33 0.5
June. e 16 16 . 058 00 -16-22 <33 -313 03

December | 27 38 -55 <61 -44 =27 L1 3D 66 =54
Jan./Nov. | <27 =38 50 61 44 -22 |3 50 66 =83
Feb./Oet. | 22 -331 38 44 22 -1 1 232 d4 61 =55
Mar/Sept. | -1.6 -22 -22 22 -11 .5 1A 27 31 =27
Apr/Aug. | ~11 -L1 05 -11 00 -05 00 SO 05 -0
May/July | 05 05 05 00 00 -05-05 =16 -16 05
June 05 1.1 | 06y 00 <L1-Ll =22 29 L1

December | 31 44 -55 =72 =55 =38 00 38 55 «~llb6
Jan./Nov. | 27 -38 -55 -66 =50 =33 03 44 Al =105
Feb./Oct. | -27 -38 44 50 -33 =16 16 44 66 =17
Mar/Sept. | 22 27 -27 -33 =16 08 22 1B 55 =44
Apr/Aug. | =11 =16 -6 =11 0O 00 L1 5 23 1.5

/July 0.0 oD a0 00 00 00 oD 00 0% 0.5
m DS B5 05 05 00 S 00 0o 05 Ll

December | -31 44 61 =717 =12 1.1 33
Jan./Nov. | -33 44 61 -72 -61 27 44
Feb./Oct. | -27 -38 55 61 -44 44 61
Mar/Sept. =33 =33 38 22 44 61 =61
Apr.fAug.| <16 =16 -16 -16 33 38 =23
May/Faly | 00 -05 00 00 1.6 0.0

June 05 05 11 0.5 1.1 L1
— B ——




Tabie (A-3) Solar heat gain factor (SHG) for sunit glass, W/mé, for a latitude angle of 32 N

Month Jan. Feb. Mar, Apr. May Fun. Jul, Aug. Sep. Oct. Nov, Dec.
N % 85 101 114 120 139 126 117 104 88 76 49
NNE/NNW | 76 85 117 252 350 385 350 249 110 8% 76 &o
NE/NW 91 205 338 461 536 555 527 445 325 192 91 69
ENE/WNW | 331 470 577 631 656 656 643 615 546 451 325 265
E/W 352 647 716 716 694 675 678 691 678 615 546 511
ESE/WSW | 722 764 748 691 628 59 612 663 716 738 710 688
SE/SW 786 782 716 590 489 439 473 571 6BB 754 773 776
SSE/SSW 789 732 615 445 213 262 303 429 3596 710 76 795
5 776 697 555 363 233 189 227 350 540 678 767 795
Horizontal | 555 685 705 855 874 87] 86l B3 770 672 552 498

Table (A-4-1)  Shading cosfficient (SG) for glass windows without interior shading.!

Nominal Solar |Shading Coefficient, W/m" K

Type of Glass

(] 0.78 0,54 .95

10 Q.72 0.90 (.02

12 0.67 057 0.88
Heat absorbing 3 (.54 (.83 .83

6 (.45 (169 Q.73

10 0.33 0.60 .64

12 .42 | (.53 (.58
Repular 3 = 020 —
Plate & — 083 —
Reflective & — 0.20-0.40 —




Table (A=a-2') Shading cewfficiant (EC) tor giass windows with inierine shiading,
Type ol Interiar Shading
Nomisal | venetian Blindg | Roller Shade

Type of Glasy

Clesr, regular . 560 — —
Clear, plare G124 —_

Clear Patiern J0-12.0 0.8 0=
Hext Absorhing, 3 : .
Pattern or 5.05¢
Tinted(gray
sheer)

Heam 5061 (.57 (L53 has {1 3 036
Absorhing,

plate
Futtern or JAR54 — - - —
Thnued, gray

shee!

Heat Abiorbing 10 054 0352 .40 0.82 032
Plaiz or Pattern
Hear Absarbing

Heat Absarhiy D42 &40 36 1 e o
or Pattern

Reflective - 030 Dag 0,23 - =
Comed Gliss




Tabde (A5-1) load tactors for windows withoul inlefior - norih (atitugdas.
Clads Rudlding Solar Time, b
th-ﬂlﬂmh'lr-ﬁﬂ:ilisﬁ?lillultilttiiuﬁ'

L 17 (.14 0,11 009 0.08 D.33 0,24 £4B 0.36 0.61 0.71 0.7 0.89 0A2 082 078 0,95

™ M 0,95 0.0 .18 0.16°0.14 0,34 0.14 (.46 0.53 0.59 0,65 0.70 BIADIS 0B 074078
Shaded H 5,25 0,23 0.21 020 0.19 0,38 0.45 0.4% 0,53 080 0,65 D60 072 072 0072 70 a0
i 0.06 0.05 0,04 0.03 0.03 0.76 0,43 0.47 .44 (.21 0,40 0.39 0.59 0,35 036 0,33 0,30

NNE | 0,05 .08 0.07 0.06 .06 0,24 0,38 0,42 0,30 0,37 0.37 0.36 0,36 0.36 0.34 033 0,30
H 011 0,90 0,00 0.09 0.08 0,36 0.39 0.42 0.39 0.36 035 0.3 0.M 0,33 0.32 0,30 026

ir .04 0.04 0.63 0.02 0.02 0.23 DA 0.51 051 0.45 0.39 036 033 0.3 2B N2 023

NE n 0,07 8,06 0.06 0,05 0.04 0.21 0,36 0.44 045 0 40 1.36 0,33 0.3 030 028 0.26 D24
H 060 (L0 0.08 0,07 007 0:25 0.37 D44 044 0390340 11 (1,20 0,37 0.24 0.740.22

%, 04 0.05 0,07 0.02 0,02 0.21 040 0.52 0.57 0.53 0,45 0.30 034 031 (286 025 022

ENE ™ 0,07 0,06 005 0.05 0 04 0.20 0.35 045 (.40 0.47 0.47 035 0.33 0.30 0,28 0.26 0,23
H .07 0.09 008 0.07 0.07 022036 046 049 043 038031 .30 0,27 925 0.23 0.21

L .04 0.03 002 002 0.02 0,19 0.37 051 057 087 050 042 0,37 032 029 0,25 0.2

E M 0.07 0.06 0.06 (105 0.05 0.18 0.33 045 0.50 0,51 0.46 039 0,35 031 020026 0.23
H (.00 0,09 008 0.08 0.07 020 0.34 £.45 0.59 049 (143 035032 029026034022

L 05 0.04 0,03 0.03 002 0.17 0.34 0.4 (.58 D61 0.57 0.48 041 1% 032 028 D24

ESE h.1 4 .08 0,07 0.06 0,05 {.05 0.16 D.31 045 051 054 (.51 0044 030 10.350.32 029076
H 0.10 0.09 0.09 0.05 0.08 0,19 0.32 .43 0,50 052 0.49 n.41 (36 0.320.29 036 10.24
L 05 0.04 0,04 5,03 003 013 028 047 0.55 D2 063 057 o4d 0,42 0.37 03 D3R

SE ™ 0,09 .08 0.07 0.06 0.0% 0.14 0.26 0.38 048 054 056 0.5] 045 0.40 0.36 033 0.29
H 11 €.10/0,10 0.00 008 0.17 0.28 0.40 0.49 .53 0,53 (48 04 038 0.53 030037

| ¥ 0,07 0,05 0.04 0.04 0.03 0.06 015 (129 D.43 D35 0,63 064 0ED 0,25 045 0.40 D35

5S5E M .11 0.09 0.0B 007 0.06 0.08 0.16 0.726 0.38 0.58 £.35 057054 0.£80L43 039025
H 0.12.0.11 011 0.0 0,09 .12 0,15 329 0,50 0.49 0.54 .55 0.51 044 0.39 0535 0.31

L lo.06 0.07 0,05 0,04 0.04 0.06 0,09 0.14 0.22 0.4 {48 059 065 065 0,59 .50 043

L1 M 0,12 017 (.09 0.08 0,07 0,08 0.11 0.14 0.2 031 042 0.52 0.57 0.580.33 047 0.4
H 013 012012 0.11 0.30 0.1 014 .17 024 053 D43 0.51 0.56 0,55 0.50 043 0.57

L ©.10 0.08 0,67 0,08 0.03 0.06 0.000.11 D35 0.19 0.27 039 0.52 0,62 0.67 0,65 D58

5w M 140,12 0,11 0.09 0.08 009011 0:13.0.15 0,18 025 0.35 .46 0,550,590 050053
H 15014 0,12 012 011 012 .14 0,16 018021 027 0,37 0.46 0.33 0.57 0.55 049

L 0,12 0.10 0.08 006 0.05 (.06 0.08 (.10 0,12 0,14 0,16 0224 0 36 0.49 0,60 0.66 0.66

W M 0.1% 014 0.12 0,10 0,09 009 B.10 0.12 013 045 0,17 021 033 044 0,33 .58 057
b | 0.150.1& 0.13 012 011 072 013 D14 116 0,17 0.10 0.25 0,34 .44 0,52 056 0.50

L 0.12/0.10 0,08 007 0.05 0.06 0.07 0.06 0 100,17 013007 0.26 040 052 0.62 066

WEW M {0.15 0.13 012 010 0.09 009 010011012013 0.14 0,17 .24 035 0.46 0,54 (.58
H 0,05 014 0,12 012 0.1 0.4 B12 013 0,14 0.15 0,16 0,19 0.26 036 0,46 (.53 056

L 12 0,10 0.0 808 0,05 D0A .07 0LOE 0.10 01T 12 005 AEn 062 {45 AT e




Continued Table (A-5-1)

Gilass Building Solar Time, h
Facing Comtruction| | 2 3 4 5 4 7 4§ 10 I 12 1314 15 16 17
W M 0,15 003 0.2) 0010 009 0,09 0,08 010011012 0,13 0,14 0,19 0 238 43 0.50 0.56
H 004013 012 0.1 0.10 0011 012 0.3 004014 0,15 0,16 0.21 050 0.40 0 40 0.54
L 012070 008 006 0,05 (uds 0.07 0.08 010012 013015017 024040 151 16
WNW M 015015 017 0,010 009 0.09 010 0,18 012 0.1 0140 150,17 0.24 035 0.47 055
H DIA0I3 0120007 010001 0,12 130,04 0,15 0160 17 0.18 0.25 074 048 0.53
L 011 009 0,08 0,06 0.05 0.0¢ (.08 0,10 0.12 0.14 0.16 0,17 0,19 0.23 0.33 0.47 0,50
ALY M (.14 Q12 001 .09 008 0.09 010041 015 0,14 0.16 0.17 (.15 0,21 0.30 042 0 51
H 0.04 Q2 011 210 0,10 0,10 0,32 0.13 015 0.16 018 0.18 0.19 0.22 0.3 041 0.50
L (.12 0.09 0.08 0.06 0.05 007011 0,54 018 0.2% .25 Q.27 0.29 0.30 0,35 084 0.57
NINW M 0I5 013 017 0.10 0.09 0.10 0.12 .15 0,18 0.1 0.23 0.26 0.27 0,26 0,31 039 0.51
] 0.14 0130012 011 010 0.12 0.15 0.17 020 0.23 0.25 0.26 0.28 0.98 0.5 00,38 0,49
L 0L11 0.09 0.07 006 005 007 0.0 024 0,16 048 D58 066 0,72 0.74 0,73 0,67 023
HORIE. M 016 0.E4 D12 0.0) 0.0 011 D16 024 0.13° 043 0.52'0.50 064 .67 .66 (.62 0,36
H JO.17 016 0.15 0,14 0.13 0.15 0.20 0.28 016 0.45 (L52 0,590,623 064 0.62 0.58 0.51

Table (A-5-2) Coodng Load facioes {CLF) for giass windaws with interior shading, Norh latiuda.

Fenestrutinon Solar Time, §

Facing 1 2 3 4 5 % 7. 9 # 1 12 858 1% 5 8% 1
008 0OT 006 0.06 007 0.73 066 065 073 0.0 088 050 8T 0.84 N8 075 079
0.03 0.03 0.02 0.02 D03 064 077 DE2 042 037 037 037 0236 0.35 032 0.08 023
0.03 002 0.02 002 0,02 056 0.76 0. 058 0.37 029 027 026 (.04 032 0.20 016
0.03 002002 0,02 0.02 0,52 0.76 0.80 0.71 .32 0.31 026 0,24 0.22 0.20 D18 0.15
003 0.02 002 D02 002 047 0.7 080 0.96 (.62 041 037 0.24 022 020 017 014
0.03 0.03 0.02 002 0.02 041 0BT 079 08D 0,72 0.54 0.34 027 028 0,21 019 015
0.03 0.03 0.02 0.02 002 0.30 057 074 681 079 0.65 047 0.33 0.28% 0,25 0.22 018
0.04 0.03 0.03 0.03 0.02 D12 031 054 072 081 BEl 071 0.54 038 0,37 097 0.2
004 004 0,03 0.00 0.03 0.09 &.16 023 0.08 0.58 0.75 0.81 080 068 0,50 035 077
0.05 004 004 0.03 003 D09 004 018 022 037 043 05T 078 6.84 080 0.66 0.46
0.05 0.05 004 Q04 003 BT 011 004 26019 0.22 038 059 0,75 0.5 0.8 080
005 0.05 0.04 0.0 003 D.OT 010 012 014 0.16 0,17 021 D44 D.6< 0,78 0.84 078
005 .05 0.04 0.04 D03 0.06 0.09 011 013 0,15 016 017 031 0.53 072 0.8 0E1
0.05 0.05 0.04 D03 003 007 0.0 12 004 078 W17 018 022 D43 (6% (R0 05
005 0.4 0.04 003 003 Q.07 011 0.4 0.17 0.19 020 621 022 090 0.52 0.71 D&
005 0.05 0.04 003 0.03 011 017 .23 026 030 032 033 038 0.4 .39 061 DE2
0.06 0.05 0.0& Db 0.0 0,12 0,27 044 059 072 041 085 085 081 0.71 059 D42

g2




Table (A-6-1) Cooling load facor (CLF). . fet lights @

Number of hours Fixture X© Fixtore Y
after lights are | howrs of operation hours of o1
turmed On 10 16 10 16

0 008 01 Q.01 0.05
1 Daz 072 0.7 n.7e
2 a6 0.75 0.81 0.43

3 .69 6.77 054 .87 |

4 0.73 080 D88 .89 I
5 0.75 D.82 050 091
fi 0.78 0.84 192 093
7 (.80 {185 0.93 094
B .82 0.57 085 0.95

9 0.84 0.88 0.96 0.96 |
10 (.25 .89 0.o7 097
11 n.22 0.eo 022 0.88
12 029 (.81 118 058
13 (.26 0.52 014 0.98
14 0.23 nez miz a.9a
15 021 0.9 009 0,949
in .19 (reg 0.08 0.99
i7 0.17 0.40 0.0 0.24
18 .15 0.36 0.05 0.20

' ! Adapted from Stoecker and Jones, 1982, “Refrigsrarion and Air Conditioning”, 2 ed.,
MacGraw Hill. (Fixture X = not vented recessed Bghts and Fixore ¥ = ventisd or freehnnging Hpht)
* Adupted from Jones, 1979 “4ir Comditioning applécasions and Plesipn® | Edward Amold

Table {A-6-2) Cooling load factor due to occupsnts {GLEjex , for sensibic heat gain !

Hours after Total hours in space
each entry Into
space 2 4 ] B 10 | & 4 14 16

1 0.49 049 0.50 .51 053 2.55 .58 .62
2 0.58 059 0601 0.5] 0.62 0.54 066 (.70
J %17 .66 0.67 0.a7 g 0,70 D72 075
4 013 07 072 072 074 075 o 079
5 010 0.27 0,76 .78 077 0.7 .80 082
6 D08 02l 079 ] 080 nal 83 .85
¥ 0.07 O.ln 03 (.82 83 0.84 nes 0.87
B 0.0 0.14 0,26 0.84 0.85 .86 087 (1.5}
a 0.05 B.11 0.21 (.38 a7 0.88 08 .90
10 .04 010 018 0.30 0.89 .80 .5 0.91
11 004 003 015 025 x4z 0.91 0o 0.e2
12 003 007 18 S % F-8 0.92 092 093
13 0.03 10.06 ol 0.18 a8 .45 53 0,94
14 .02 .06 0.10 015 0:23 0,36 094 0.95
15 0.02 045 0.08 0.13 0.20 0.30 047 0.95
16 002 068 007 012 017 025 0.38 056
17 0.02 004 o006 010 015 p2 o3 f4q
13 .0 0,03 .06 00 .13 a1 02 .30




Table (A-7) Cooling load lemperature dfferences (CLTD) for convection heat gein for glass windows,

Solar | 5 3 4 56 7 8 9 1011121314 151617 18 19 20 21.22 23 24

Time

GBI , o 1 30 dalD L3457 T ERT 7T 6HL3I20)]

w0

P ——

e & e N T — T

Table (A-8) irsiantanecus hest gain liom occupants m Uails of Wattsht

Total
Total Heat | Adjusted™| Sensible| Lateat
Typieal Dissipation|  Meat | Heat, | Heat,
Type of Activity | Application Audult Male | Dissipationt W W
Seated af rest Theater:
Matinee 111.5 a0 40 g
Evening 1138 160.0 0.0 0
Seated, verv Offices, hotels,
light worl aparrments,
restanramis 1285 140 700 &0
Moderately
active office Offices, hotels,
waork apartments 1353 1235 TLE 570
Departmenl
siore, retail
Standing, ight | stere,
work, walking | supermarkets 157.0 1430 L5 -
Walking, seated | Drog stone 157.0 1430 71.5 715
Standing,
walking
elowly Bank 1570 143.0 L5 7L
Sedentary work | Remauran 168.5 157.0 78.% 7.5
Light bench
work Factory 238.0 214.0 T80 136.0
Small-Parts
Moderuir work | assembly 2570 430 5.0 1560
Moderate
dancing Dance halls 2570 2430 B7.0 1560
Walking at 1.5
m/s Factory 286.0 3.0 | 1070 178.0
Bowling
(participant) | Bowling alley 4285 440 |1660 | 2480
2480




Table (A-)
R I S U R

i | .
12!.11 0|9 8 ?IE_'_B_;*!S 2 1] |
108 | 16 |204 | 223 24 | 236|217 198 174 | 95 | 82 | 83 b S |
137 | 193|212 | 274 | 30 | 283 | 215 253 208 | 136 | 1.8 | 11.2 |ssadl T plll il b il
70 [ 126|169 | 17 | 18 | 170|158 145 139 | 54 | 47 | 53 Wil o sl o el s 21
58 | 67 | 83 |04 | 12 | 114 | 117 108 €0 | 83 | 72 | 59 Pl
263 | 286 | 329 | 361 | 381 358 (332 332 341 187 | 197 | 143 il Lol
88 | 19| 14 [147 [137 138 (100 7 | 44 |13 | 12 | -2 i Tl

.E.I_IILPJLM MISJIPH-L'L_;J

DL'.I.- 3‘} :I:-ur.qg

LA O 0
Table (A-10)
(TUL) Toagnsaill Lol o M1 3
$ad s |
o ml |
gkl u.‘;..ul il P I
69.3 657 19 il - .-_u_'l:"flij_'ﬂﬂ_l 1l
69.3 65.7 19 M Latall 2zt
69.7 68 I 555 R ekl
717 68 537 19.7 a1 it
73.7 65.9 652 6L.5 Zwalall Tt
69 62 77 15 308 = el Tiasll
69.7 | 68 61.9 55.5 352 ~Eaglad) Tastl

85




Table (P-1); Table for Estimating Demand

Supply Systems Supply Systemes
Peedonvinandy for Predowmirnantly for
Flesh Tanks Flushomaters
Load, Demand, Load, Demand,
WSFL fom WSFEL gpm
ﬁ}- .5 — | —
19 8 10 27
15 i1 I5 3}
. 7 . 20 15
& 2, 17 25 38
R g 20 30 4]
: 25 40 a1
&1 e, 50 51
60 i3 60 S5
B0 ° 3 a0 62
100 44 190 68
120 19 170 74
Zh r 53 |40 78
160 57 160 83
150 el 180 sf
200 a5 200 o1
125 el 223 H
250 73 230 100
ot 35 300 110
00 1Ds 400 125
a0 b 500 140
750 170 150 S
1690 210 i 218
1350 240 1250 240
1500 270 i 5 210
1738 300 1750 300
0 J23 2000 335
g 250 330 2500 380
T 435 3000 435
i 4000 525 40600 525
v 5000 AOD 5004 500
T 0 450 6000 650
a0 700 7000 700
2000 730 8000 730
- 9000 760 9000 760
10000 790 10000 790

96




Table (P=2): Water supply [ixture unils and fixture branch sizes

. Tyge of Firture “ Min Sigzef
Fixire™ Use Sugply Coniral Upira Fixeure Brarah® in.

Bathroom group® Frivate Flushomeler g =
Bathroom group”® Private Flush tpnk [=r elesal & -
Hathrab Private Faucet i Wy
Enthtub Gerere! Faucat ] W
Clothes wather Privite Faurst i iy
Clothes wather Generel Fauaet q Uy
Cambinntjer Rerumn Frivate Taucet 3 Y
Dishwasher” Privale Autamatic 1 Yz,
Drinkirg fountain Cfficas, ate. Faucet¥Mein. .. 0.5 U
Kltchen sink - Private Faucet 2 12
Kitchen sirk : General Faucel 4 oy
Laucdoy trays (133 Frivate Fruset 3 s
Lavarary _ Privace Faucet 1 Vs
Lavatory General  Faucst 2 i
Separzte zhower Privits Mixing valve ) = Ty
Service tink I General Payeat | Wi
Shewer heed  ° Frivate Mining valve i "
Shower head  + General Mizing valbe 'S s
TUrinzl General Fluthometer = 5 i,
Trinsl R Qeneral Flush tank 3 ih
Water cioset Private - Flushometer & 1
Water closer Private Flushometevtank 3 Wy
Water cloget Private Flush tank 1 i |
Water eloget Gegferal Flushamietar in 1
Water closet Gan¥al Flushometer/izok 5 vy
Water clogat Geners! Fluah sank 5 W3
Water susply cutlets aot listed sbove shall be computed at thetr maxisum dermand, but n ro case legs than the
felinwing walues: .

Teble (P-3) Harizontal Fixturs Branches and Stazks

Maxinstirn Nustber af Ficiurs Uintes Thist May Be Connerted 1o

Sencks with fdore Tan Thne
OraSiack of N
o i s HAranch irta~als
DH{ammater Avy Harizonpr  intavals or Totel far Tord =f Gyae
of Pipe, br Ficure Branci,” dfn Lass, dfu Srack, dfi Bromeh Inervel, din
L 3 - 4 # 2
2 3 10 4 f
2ih z o] 42 a
3 20t 4" i e 20t
a 160 240 san o
5 30 540 1100 250
& &70 -11] 193] 50
B v 1400 = 230 3400 600
1o . 7sm 2800 A0 i
12 " 1500 A0 B f=0a

15 : L ' "~

“*Tioms not lnchude benashes of the bulldheg drafn. :
it misra thnm twg waler clossils o bathroom grocps whiaia euth branch Intzsvel nor move than s water clussie ot
barhregne groups on the siack.
“ Mater Staiks shall he slzed noording fo the ol scccaulated connscted Jond a1 each stery or hranch
intarval mad may be reduced ju afze as this load decremszs foa minimum dinmeter of half of the larges

neiresd,
Sourze. Reprinted with permission of The Matsnal Stendard Plumbing Gode, published by The National
Asioclztion of Plumbing Hea-ﬂan_qnfmg Comractors. o




Appendix B:

C.1: Water tank

HEEMT B

TT15 - 15,000 Litres SOUTH ISLAND ONLY

DIAMETER: 2.9 marrss WEIGHT: 275 kg

HEIGHT A: 2.5 metres MANWAY: 435mm

HEIGHT 8: 2.2 matres DUTLETS: 2 1 50mm
THREAD: Brass B5F

S

Fire fighting units with horizontal pumps back pull-out type, made aceording o
standard EN 12845

i i = i i +

“EDP" Serag

=

28




.3

Model 52 is a recessed installation type cabinet
with a separate compartment for the
accommodation of portable extinguisher or
similar equipments. Reel has been fastened on a
180" hanged support and installed on the right
side of the cabinet. This model complies with DIN
144861 standard.

Designed and manufacture in accordance with
ENB671-1

KDEE BITE freem |
i T BSEM | OV |
i2 % [ ) 740 x 240 & 3501 =.20
i = [ m 740 v K40 = 700 532030

E | BT 740 = 340 = 750 =-20




(.4: Fire Fighting pump sclection:

B | ] e CAPATITY OV A WL BN P
Coadn [T} [ b - l w | s | em |
Powew W0 P | wnm | thd | 1MW | e | xew | e
- “Ha Tartwi hamd = |
™Al | EEELERINNETR 1K ] v = L] = e
TRIATI | we EN ORI 3 [T £ w - C 1 - L
THER | LA LA T e Ll * L] i [
LN | SR Pt | M ] » - are ‘=
NN |EPAERRMTIREY | Dl w| o= | =] o# | o | =
A FhR1 1A 33N TR i L] | » | n
s | LG T L B & L] ;-_ ™ [
mem | rorssmmdgs | W) NEEEERENE =71 ==
T I L e T i = |[I'e [T =] T [
[Tiasisn | ENRMEMmEILeRy | dmatd ET e el n el s m
Trmam | FOGG-SAMNSARY | 34ed m [ m ¥ [ ] & | W
maa | BRi@NATIA | war W | o | m | or [l
a3 :m-.mxra;':ﬂul =ra i m 11 = s [ TN
TOA4% | BT A el . (L3 L] L] r =
TIdcs | P LIRS L L] s m e L g L R ]
ﬁ' fo= S LR ] 0 o | ] o m L= - |
R | R TS it-34 ] 3 ] il i :_'i:-'.
WO | FMLEEIREE | B [ ] e | = P peaee
ML | EDPRLIEN-IREMITLE .u; =3 | i ] L ] g LH
Twaid | mecmaemssmy | oeid B 7 =| = | = e
Timen | fEroeTnsiEml | 310 - W | o [ |
min | FOOMNsRl | BelE 3 EEEEETE SR
Kl e = "MEEEREAEL = =
i | EFommmaans | her | @ w | ®m|r | = e
focass | PRPAMEMNE NITE | ARl g “HIETE K] = | M) & -0 | m
Peddl | E0RMOMNSELIIS | T 1 e |t e

Spray Foam fire extinguishers provide a fast, powerful means of
tackling '8 and 'B’ class fires. Highly effective against petrol and
volatile liquids, forming a fiame smothering seal over the surface
and preventing re-ignition. Ideal for multi-risk usage. Fire ratings
provide a means of measuring the effectiveness of a fire
extinguisher in terms of the maximum size of fire that can be
extinguished

Certified to BS-EN3

100




Max | o0 |zzst| 25 [arer ]| 5 Laeel ]t asle s s
AMPS =
15 | 667 | 650 | 630 | 610 | 585 | 520 [420] 150 §

' 4.1 (1728 | 1680 1653 1630 [1595 [15ach4au12poliz0d 3:

Max-Fan™ PRO SERIES PERFORMANCE AT PRESSURE

Free Air Fan Attached to Filter
- w

| MAX
AMPS
LE. ¥ 405 | 338 | 364 | 338 ) 273 | %

420
054 | 379 | 356 | 332 | 306 [ 295 | 197 | &5
1049 | 200 | 253 | 220 | 194 | 185 | &5 [nva

158 | 843 [ a2a | 612 | 785 [ 788 [ 404 | 532
142 | 725 | e00 | 630 | 5an | 538 | 470 | 308
115 | 530 | 448 | 407 | 348 | 333 | 193 | S8
3.07 |2270| 2200 | 2120 | 2040 |1960 | 1755|1480
277 {2171| 2085 | 2000 | 1505 {1805 | 15701240
272 |2083] 1970 | 1860 | 1735 |1400 | 1350] 500

50 | 291 |2343] 2275 ] 2208 | 2120 [2030 [ 1835 1540
| 274 |2250] 2150 | 2045 1950 | 1850 | 1560 {1245
201 [2029] 2080 | 1005 | 1745 {4560 1280 cos

0" |128"].25" Lz75"] &% |.75" [ 1.0

101




C.8:

TDI Performance Data :

| ' Siatic Breasure in Inches Wi ( GFM
Madal  |Motoe | Fan ‘ Max w0000 0425 025 |6a75 | 0s0n |0625 0750 08NS (1000
Wumbar | HE | BPM | BHE Leih  ODA | Loy com epm | CEM | CEM | CPMCTM | CFM CRM
AERS 1M B0 Qe | TR 57 | s4%8 | 4712 | W |
240335 4 | 86h 0.2a 7 i& hGRZT | 4376 ) |
24-0RE0 Wi | @#e0 | era | W gs | Gais | RaEd | 4313
74.0608 e | 1140 | o3y | sy | 72 | 4337 | 3030 a0 | 2676 B
ILOAE ve [ 1o | ob3E | @ T0 | 5DSR | 445E |
| peggtz | vE 140 | Das | 83 T2 5104 | 4EBS | 4186 | 3dA0 | |
240117 13 | g | b | EE T GI0a | SRS | 4304 | 13 |
| 24-0425 17 | 10 | 058 2 BS 74 | TiEY  fdl | S5EE | H481 - | | o=
MmoEzr | wR | w0 | 05 | ES T4 I!T-"Jll gomg | 5570 AUAY 41-.r.| | |
24435 w2 | 140 os7 | E7 75 | |1m | T [ [ |
40630 W | 1 GE0 | [ 17 | 8238 | 7654 | maE1 | MIER | S2RY I
4. 0635 1 1140 | 116 | o4 18 |~;ma Bioe | 7887 | Gred |
74-pa04 27 | 1725 | BAD 54 | B3 | 4802 | AHZw 4358 | 4054 | 3m | 3208
| 24047 12 | 17s | nse 93 B2 | GTGO | 5391 4077 | 4531 | 3971 | 1A
L4DE0D 1 17z | ogg | 7 A€  S5E3 | GG | 6011 | 5735 | S40T | GO 452V | 295D
' 240076 s oqps | am | 83 | w2 | Jee0 | 7aes | 8045 | 6375 | 158 | 5025,
I 240672 THRE AR ED B4 | 7724 Tad4 | TI47 | GBI G510 | 6147 | 6740 | 5170 | 4306
| 240417 1 yrs | szo | 55 | me |enwn BSE| a0 34 GRY | G200 SAST | 47UE
. satr 16 | 135 23 | o5 | B4 | 50S0 | MGEG | B0GS 7a6e 6632 | 6083 | 5130 '
i 240510 A5 s | q00 | oW 84 | ®2ay7 |_usm G0 | G344 | 7oA 7578 | TiBZ | 6670 |
240828 | 15 | 17is | 165 | 97 | 88 [essd | WShY | e1ed | NSG2 | BOSC. TARA | SA0 GDAS |
| jecae | vs | ams | w3e | se | we 1029|605 eree | saze | 78se | 00
.9: NC

NECK VELOCITY(FPM) | SOUND LEVEL-NC |
300-600 | ess than 20
700-600 Less than 30
900-700 less than 35
1 100-900 Less than 40
B 1600-1100 Less than 40

C.10: Grill

102




1-Way 2-Way 3-Way _ 4Way =
Neck Size NC- CFM N CFM NC- CFM NC- CFM
{in.) Lavel Range Level Range Levai Range Lovel Range
6x6 2535 | 45140 | 2335 | 4eap 2535 50-150 26-35 50-160 |
| axo 235 | 956 | 2535 | 08278 | 2535 | t1ioa1s | 3mse 110-315
12x12 | 2835 | 175480 | 26385 | 175460 | 2535 | Zog.ssg 25.35 200-860
518 | 3535 | 2580|3895 | orednn | oses | si0en 2535 310575
X8 | 265 | 3009080 | 2535 | 30000 | 2585 | aowmmo | 2535 | amoii
Ax2 | 2530 | M08 | 253 | 6401515 | oess | simrms | e | sinis
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.11
. . |
Listed size CFM range
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10" dia, | 165-870
| =
12" dia, 225-1255
14" dia. 320-1710
i 16" dia. 420-2240
i 18" dia. 530-2830 =
20" dia, 660-3500
B 24" dia, 940-4950
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C.24: Gruy water

Dimensions & Waigit

Metric Units
: e
J B T AT T e B vl ht |
LM Im |-ir|-|:h' inch | mm mm J mm =
| 4121 25 1 12* | 1150 775 [ 120 42 |
4182 * ag | 2 | 16 | Tazsg | 870 180 50
4202 50 | 20r 1250 870 180 70
4203 80 | ¥ 20" | 1400 10400 | w0 | 78
4242 | s0 | 2 24" | 1350 350 | 280 a0
4243 g0 | @ 24* 1350 850 | 280 a0
4303 80 | 3 30 1080 : 270 135
| 433 | a0 | 3 36" | 100 - | 270 185
4484 100 | 4 | 45" 100 : 270 310
4604 100 4" &0 | 1330 . | 400 430
43630 | BO | O | 36" 1325 . 380 200
44840 Imn 4 A 1435 5 . 485 330
sig [wol# [ s | vwo | - | wo | as |
Cas. ™ Available with 1" inlet Outlel (Mode! 41615),
— —dp .
‘ e
| =5
P ~
= A
| —I JP;J '.,:l'{‘
Moo i _,_,-r':"f-
H2 F— S S SR
r'rl ;r .-Il:-—_:"—-' h" ‘u‘l
.-'J f"' 4 ""-
X . MDdE[S ‘
4303, 4363, 44844604
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Maximum Avaitable GPM (Maximur Safe GBM)
Fipe | L : . [
Steel Pipe Opper Pipe.  DVE Pige IPE {poly) Tuhe i'PE}.’ (CTS) Tube
iSiza [
I
6 GPM(T 5 GRM(7 6 GPM(7 5 GPM7 3 GPM(7
V7
lﬁ.fscc] ,lﬁ.fm-:] |I'1f L2aled] ||:I."5r;‘l:} fi/gec)
i
N1 GeM7 11 GPM(7 11 GPM(7 11 GPM(7 7 CPM(7
348
Ti/sec) )-‘1.’991:} |!fh'5£"2'.l |msecjn fiisecy)
18 GEM(7 he GEM(7 18 GPIM(T 118 GPM(7 12 GPM(7
1" | | |
ft/sec) lﬂ.-'seﬂ fi/gac) ft/sec) ft/sech)
|
y 23 GPM(S 23 GOMI(S 23 GPM(5 23 GPM(S I
1174 [ L
|fL’SF.‘C] |L‘W sec) |ﬁfsac} rflf'selﬂ |
a2 GPM(5 12 GRS 32 GPM(S 32 GPM(5
i lrt ' lh I~
[thsr:-::] [ftisen) ftfsec) f5ec)
|
| |
152 GPM(S 52 GPM(5 52 GPM(S 52 GEM(5
o . il
i ft/sec) lllr‘l.fsr.-c] fsec) lsec)
C.52:

1| 570™ SERIES FIXED-SPRAY SPRINKLERS

Radlus: 517

Toro 570™ Series fixed-spray sprinklers
produce a precise, uniform fan of water that's
ideal for small lawn, shrub ang ground cover
areas. Pop-up models disappear when not

in use. Shrub sprays mount above foliage to
water ground cover and shrubs. True matched
precipitation rates and color coding by radius
are just two of the valuable features of

570™ sprinklers and nozzies. Toro has more
than 35 different interchangeable nozzles to
choose from to give you maximum flexibility
and precision.

Perfect for smaller lawn and garden areas,
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1

5" SERIES WITH 27° TRAJECTORY
(BLACK)

PATTERN  PSI  GPM RADIUS

90° 4 30 085 15
180° @ 30 145 15’
360° @ 30 360 15
0-360° @ 30 382 13

C.54;

S70™ Serijes Nozzles
5" SERIES WITH 0° TRAJECTORY
(RED)
PATTERN  PSI  GPM RADIUS

o 4 30 0.09 S5
180° @ 30 0.19 5
360° @ 30 0.38 5
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For the exact flow by sprinkler type, refer to the Sprinkler
Performance Chart on the right.

HOW MANY SPRINKLERS CAN | USE?

_ Gallons Per Minute (GPM)
5 GPM | 8 GPM

570 Series Spra heads
15" Quarter Circle (907)
15" Half Circle (180°)

15" Full Circle (360°)

Single Stream & Simple
30°to 120° (1.5 Nozzle) 3
121° to 240° (3.0 Nozzle) 1
241° to 360° (6.0 Nozzle 0 1

8
4
2

90° 3
135° 2
180° 1
]
0

270°
360°

= | = | e [y
=t h (s L | o0

Brea 0 ROTO (d J F

| 90° (Orange Nozzle) 3
120° (Red Nozzle) 2
]

1

==
=

1807 (Black Nozzle)
270" (Blue Nozzle)
360 (Green Nozzle) 0

" pressures are based on working pressure al the head
* all measurements based on Class 200 PVC for all lateral pipes

el 5 4SRN PN

Ml b e o

SRRV IO Y BN
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