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Abstract
This projeet aims to design piechanical systems that will serve the residential building
which is located at Al-Ilaras strect, Hebron. The project 15 vping to provide an

imesmuling
echinical servics to (hat building in regard 1o the air conditioning, fire fghting and
plumbing systems.

The building consists of four floers as wellasa haserent, Each (oor has an area of 2boul
1300 112 & which seven apariments are comatructed.

The salected system for air conditioning in the buildiag 1= Variable Refrigerant Flow
(VRT) type DVM plus 4 bucause of its high performance (efficiency) and it is
envirnnmental friendly.

The selecied systems Lor fivefighting are extinguishers, and fire hose cabinets.

Also, Jockey pump is used in vrder 10 nse (e head.
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Varigile refrigerant flow (VRF) type DVM plus 4.
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Chapterl

Introduction

1.1 Intraduction

Residential buildings have special importance in Palestine due to the rapid increase in
pupulation growth, nd lack of land owned by citizens cspecially 25 most af the land is
being conliszated by Lsrzel oecapation. In addition, Israeli lnposed restrictions prevent
Palestinians from building treely in their own lands, Therefore, the phenomenon of
having many Toor residential building’s has become a caommon solation o end this

sutfering,

Hasad on the ahove. the present project proposes a complete mechanical desimm and
documentation for one of these residentil buildings that are designed to provide up-to-
date facilities needed ro puarantee a decent lite for Palestinian tamilies.

The main ohjectives of this project are:

I-Ta czleulate, design. and document healing, venlilalion and air conditivning syslem.

2- To calculate, desizm, and document the plurmping systom (Samilary dramage and waler
supply system).

3-'To calculate, design, and document fire fighting system

4- 'I'a seleet the required cquipment.

3-I'o prepare the required mechanical drawings for the mechanical systems.
fi- To prepare the bill of quantity (BOQ).

Project benefits and justification are;

1- I will ereate sulliciont expetiences for the project team.

2- Provide the apportuaity to review the mechanical systenss,

1.2 Praject deseription

The Residential building under consideration is locatad al al-dTaras io Hebron city, Tt is
approximately 130 m far away from the main street. A person can reach the building by
using a shortout street with a width of 4 m.



Figure (1.1} Project location

It Consists of four loors as well as a basenienl. Each floor has an ares of about 1300
m*on which yeven aparments are constricted.

(o A

Figure (1.2): Apartments in ezch floor




L3 Vlethodalogy and pProject rools

A selentific research method will be adepred in conducting this project, Besides, the
theoretical famework of the project will be collected fram differeit syientific relerence
bocks, scientific joumals, online saurces, library, and engineering offices which zre
involved in this field, Ultimately, the basic principles of desigm acquired from the above
mentioned sources will be definitely implemented on the curren projec,

1.4 Time Table

Tablc (1.1%: Time tzhle for the firer setnester

Bt mlormation

WF FTEVIOUS projects

Lead caleulation

wad aaleulation

=pply system

Srminage svstem

SEnnng system

Socumemtation

Foject




Table (1.2): Time table [or the secnnd semester

e and madifying

g0 the HYAC svstem

A

10

Il |92

—

13

14

o0 [he plumping svatem

=0 the fire fiphting system

Son and drawing the

et dorumentation

== projoct

1.5 Project content

Chapter one: Introduction

Il mcludes overview, prosect objectivas, and time table.

Chapter two: Cooling and hesting load caleulation

It includes a sample caleulation of hesting and cooling loads for one room in details, and

the leads of the other rooms,

Chapter Three: Mumping systemm

It includes (he caloulation of water supply system (Tole! amoumt of requirsd wister), and

the drainege system.

Chapier Four Fire fighting system




It includes gencral intreduction, selection,

Chapter Five; Viarighle Refrigerant Flow System

It inclydes a bricl" introduction, selection of indoor and odtdoer

Lie basement and kitchens and bathrcory,

units, and venlilation in




Chapter 2

Cooling and heatin r Load

2.1 Muman Comfort

Thermal and atmospheric conditions it an enelosed Apact are ususily eontrolled in order
0 easure the health and comfort of occupanis and (o ensure the proper furetioning of
sensitive clectroniv equipaiot, such us COMPUTers, or ceraid manufactusing processes
that have g limitad fange ol temperature and humidity {olerznce.

2.2 Comfort Conditions

Comfout is hest defined as the absence of discomfors whilc thermal comibrt s the
condition of minimal stimulation of fhe skin's heat sensors and the haat SENSIng portion
ol the hrain.

The factors that afTig hunians are:
L= Temperature of air,

2- Humidity of air,

J- Airmation,

4= Odars

2.3 Coaling Lead

The eoaling load is the raie at which heat encrey must be removad Tom a space in orda
to maintain a given inside design condition. Heat gain of & piven $pace ot ils conling load

can be removed bv means of cooling eyuiprment which supply cold air 1o sSDace in

adequate amounts 16 maintais a given inside design teniperatyre,




1.3.1 Coaling Load Sources

Theeaoling lead of & given space consists of the fellowing heat gains:

|- Herr gains that are transmitted through shaded building structures such as walls,

floars, and coilings that arc adjacent to unconditioned spaces.
2- Heat gains duc o solar effeels which ineluds;

#= Solar radistion trensmtled (hroueh ghess inte the g comditioned space and abaorbied

by inside space surface and fumiture,

b- Solar radiaticn abserbed by walls, glass windows, glass doors. and roofs thar are

exposed to solar radiatien.

3= Sensiblc angd latent heal prins broughs into the space as a result of infilration of air

throargh windows and doors

4. Sensible heat produced in the space by lights, appliances, metors and other

miseellaneous heat gains.

5- Latent heat produced fromi eonoking, hot baths, or any other méisture producing

Gouipment.

- Sensible and latent heat gaing due to oecupents.

2.3.2 Cooling and heating Load Calculation

The caleulation of (he covling and the heating load for the building beging by 1aking
sample (see fezure (2.1)). &t will shaw all the cooling and the heating load sources
pradually, The ssme prineiple can he adopted when calculating leads for other rooms.
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Figure (2.1): Sample selecied for the purpose of calculation

Béfars staring the caleulation of these loads some values and information must be
=
premared,

2.3.2.1 Overall heat transter eacfficient for various sections in the huilding

The general equation to calculate the overall heel iransfer coefficient 1s;

b= ——r——r —w.(D)

hein _r,~:|,=1-3!T- Bops

W hera:

UJ: everall heat transfer cociticient (Wim®. C).

g Inside convection heal transfer eoefficient (Wim® Y
Weaus: Outside eonvection heal transicr coefficient (Wim®. C).
Ax: thickness of each layer in the constructions (m).

k..© I'ermal conductivizy of each laver in the construction { . €.

|—For cutside walls:

Table (2.1); Outside walls construction

Number | Mazernial AX{m) | Rix (07, CIW) |
1 ‘ Stone 0.07 0.041
2 _ Conecrete D2 0.114
3 | Insulation polystyrene | 0.03 0.5
| 4 | Plastercemeént | 0.03 0,025




Figuare (2.2): Chutside wall construeticn
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2. Forinside walls:

Table (2.2): Inside wall construclion

L o

e

Number Viatenial aX(m) | Rip (o0 Crw)
1 Plasier (1 b 0.0zs
2 Cement Brick /1 LOTR
3 Plaster 0,02 0,025

Figure {2.2): Trside wall constouclion
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1. For ceiling

1 WEE+0025 =047 +0.02E L0003

3 3Wim?.

[able {23} Ceiling constriiction
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Polvatvrene Q.03 .63
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Brick 018 0.95
Plaster 002 12
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Figure {2.4): Ceiline constraction
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4- For floor, doars and windows:

-Window:

-

I:'?'.:ut

Gluss and gap values are from the Palestinian eode

10

= 0456 wiant C.

= 11,473 Wim?®, (.

J= | =

|




Table (2.4 Wmdaw constriction

Material Ax(m) k{Wim°C)
Glass 0.005 0.6
Crap O.004 0024
Lilass 0005 RN

['r'ﬂ.-h'l.-imu =138 Wrmg. £
-Door; Basor =24 W/m.oC

Floor: Uggaer = 1.52 W/m?.%C

2,3.2.2 Inside and outside design values

Table (2.5): Inside and outside desien values

Properties
: Outdoor temperature (T,), conling
Ouldeor lemperature (1), heating
~ Day of calculation

Ohndoor enthalpy (4, ). heating

' Outdoor enthalpy (A, ), cooling
Indoor ET_Iﬂ_'I:]|I'.'}' (B, heating 48 kI'ke
____Indoar enthalpy thy ), cooling 34 ke

_ Outdoor desigm relative humudity, heating 71.1%

Inside desion relative humidiry %

Values
an L
47°C
ZAnpust
I3 K fikep
70.6 ke

2.3.2.3 Recommended temperatures for residential buildings

From Palestinian code for Residential building:

Table (2.6): Recommended temperaiuris

Reom Temperature (*(7)
Bathroom 22
Badroom 18
commidors 16

Balon i)




The Bathreom is uncondisioned space, for unconditioned spuce teinpemture can be
valeulated (n suntmer by using this couation:

Tun = Tt = % (Torr — Ti) =20 2)
Whera:

Thp: Is the eneonditionsd space temperarare (°C).
Tin: s the mside temperature (°C).

Terr | 18 the surrounding temperaturs (°C).

Ihen:

Ty = 18+ (3) % (30~ 18) = 26°C,

2.3.2.4 Cooling load calenlation

1- Heat gains that are transmitred through shaded building structures

The caleulation of this tvpe of heat gain can be ohtained by using the fol lowing relution
for heat transmnission through the walls:

0= UXAXAT --- . (2.3)

Where:

€ Heut Qow through the walls, ceiling, floor, by conduction (W)
1J: Owerall heat transfer cosfficient (W/m?. *C)

A s the eiTective area that Leat transmitted through it ( m®).

AT: The lotal equivalent temperatore differenee (°C).




Fable (2.7): Heat pain transmitted flirog sh shaded building structures

—

sarfece | Area(m) U (W C) AT (C) (W)
Walll 7.5 |2 12 1283 |
Wall2 9.4 2 12 14663 |
. Walld 0,38 3.3 93 287.62
| wall4 9.3 35 I 0
L Ceiling 13.6 i3 12 7448
Flaar 116 |.53 0 i
Window1 1.6 0.38 s 7.29
Window?2 .8 .38 12 16 F
Windpw .8 038 12 T
Doar 15 2.4 ES -5.64

2- Heat gain through sunlit walls and roof

The calculation of this type of hear g2 een be obtained by using the followirg relation
for heal lransmission through the walls:

Q= UxA %{CL'TD) corr - eq. (2.4)
Whete:

L HMeat low through the walls. ceiling. floor, by conduction (W)
Ui Overall hewt transfer coellicient (W /m?, BN

Al 1s the elfective arca that heat transmitsd through it { m?2),

(CLTD) com: The tolal equivaleal (cmpertire Gifference which takes mnto aceount the
mcrease of the wall temperatire due to absarption of solar radiation, and is called cooling
load temperature difference (CLTD), the value of CLTD sxtracied feum Table (A-3)
needs o be corrected, so thal the actua! valus is lsund for dillerent cases. and henee it

will be called correctad CLTD and can be eateulated from the [ollowing eguation:

(CLID) corr = (CLTD TM) k + (25.5-T) + (Tor - 20.4) f — eq. (2.5)




Whers:

[ M: latitude correction lactar which can be obtained from Table {A-23) fom reference

Farhar zontal amel vertical surfaces.

k- Color adjusunent factor such that =10 lor dork enlored roof and k=05 for

permanently light colorad roofs.

{5.5-11) * & carreciion factor for indoor des:gm temporaiure where Ti is (he room design

remperature "G,
(Lo —29.4% A Gorrection factor for cutdooes mean lempereture,

Tt is related to the outdoor design temperalureT,; scvording ta the relaliomn

Lo Ty = = cq. (2.6)

DR: The daily temperature range which cqual to the difference belween the average
paximum wnd average minimuw temperature for the wormiest month of the summer

SIS,

F- Rood fan factar such that £ =1.0 il there is no attic or mof fan soud [ = if there is not

an sllie or roof fan.

For equation (2.3)'

k= .83 far walls, k=1 forrool, J =1
To.—=T5 - L:r e BA26)

=30 - 12/2=24"C.

The wall sroup is group E; Block= Alr space insulalion.

Tahle (2.5): Heal wains for walls and root

i wall | cLmore) | LM | (CLTD),0r(°C) QW)

| North 3 0.5 4,475 | 55.138
West 5 0.5 5.83 | ®1.445
I_Rﬂui' | 20 noo| 22.1 | 426,79
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3- Heat goin throngh glass
Solar radistion which falls on glass has three components which are:
|- Transmitted ¢omponent:

It represents the largest component. which is transmitted directly inle (he interior of ths
ouildmg ar the space.

2-Absorbed compenent
This component is-ebsorbed by (he lass fself and raises jls lemperatiure.
3-Reflected component:

This campement is rellected by glass to the owside of the buildin o,

Ihe amount of solar radiation thal can be transmined through plass depends upon the
following faetar:

1= Type ol glass (single, double or insulating glass) and evailability of inside shadmg,
2= Hour of the day, day of the month, and month of the year .

3- Onentatian ol glass area (North, Nestheast, Eagt orientation, etel),

+- Selar radiation mrensity and solar incident angle,

3= Lalilude angle ofthe location.

A- Transmission heat pain
The transmitted cooling load can be caleulated from the relation:

Qe = 4 X 5HG X 5C X CLF —-eq.(2.7)

I« Solar heat factor (SHG), is a4 [actor represents the amounl of solar gnergy fiom table
(A-12)

2- Bhading coefMicient (SC); this factor ascounts tor different shading effects of the gluss

wall or widew und can be extracted from special tables for single and double gluss
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without inside shading or for single and double glass as well as for lusplating glass with

internal shading from Teble (A-10), or (A-11).

1. Cooling loud Eactor (CLF): which Repeesent the effec: of the internz! walls, floor, and
furniture on the instanleneous conling load, and exteacted from Table (A-8), and (A-Y)

for less, end from Table (A-3) and (A-8), for lights and ocoupants respactively.

Table (2.9 Teat pain from solar temsmiited throwgh plass

[ Surface | SHG sC CLF QW]

| Nomh 117 0,83 0.1% 27.95

| Wesil | 443 0,84 0.09 26,9
West2 | 445 {154 (.09 264

B - Convection heat gain

The value of (ke convection heat gain by the ginss can be caleuksled from the eguation:
Oy = U % A X (CLTD)irr, — €. (23)
Where:

CLTD is the temperature differcrice for the plass and cen be extracted from Table (A-7).
Its designed for inside room temperature of 25.5°C and culside mean temperaiure of
70 4°CIf Ti and Te.m are different from 25,5°C and 29.4°C, then a cotrection must be

added o the valua of CLTD.

Table (2.10): Convection beat gain

Orientation. | Window | U (W /mw °C) | A(m®) | CLTDe () | Qeonn (W)
North 1 0258 1.6 8 4.864
Wit 2 (.38 0.8 8 2432
Wesl 3 (.38 0.5 B 2432
16




4 - Heat gain due to occupants (Q,.)

Sensible and later:t heat gains from oeeupents must be removed from the eanditioned

space. The heat gain due to nceupants is;

Qoc. = Qsencivte™ Quatent=—cq. (2.9)

Qsensiple = heat gain sensible x No. of people = (CLF) oe. -— g, (2.10)
Where: (CLF)oc.: cooling lozil [setor due to occupants.

Heal gain sensible = 70 verv light work .., from Table A(Z1)

No. ol people =3

(CLF) og, =089 at § hours after each entry into space is obtained from Table A (6)
Qsensiple=70 % 3= 089

= [R50 W

Q1 stanr— bLest gain latent = No. of people =e=t] (211

et gain latent =44 . very hebt work (rom Table 4(21)

Qatay— 44 % 3

=133 W

Qe = 1865 +132 - 3180 W

=U.3189 kW

5 - Heat gain duc to lghts ()

Heat gains due to lights arc sensible loads @l are calenlaced by the following equatien:
Qup = light intensity * Ax (CLF) Lt == ¢q. (2.12)

Where:

light intensity = 10-30 Wm= for apariment, so wi will take 30Wim2.

A: floorarea = 13.6 m*,

(CLEYLt: conling load factor far lighrs:
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(CLT)Ta. = 0.84 ... from Table A (5)

QLt.=30% 136 <0.84
= 34272 W

= 03427 KW,

6- Ileat gain due to infiltration

Using the air crack aue methad ro ealeulate the heat gan due (o inflration is showed in
the ollowing equation:

l',?;,,‘.—_=£:{h,:. ~ ) g6, (213)

Where:

V=kxL[0.613(s; X 8, X v) 2 1"2/3) — gq, (2.14)

k! The infiltration air coefficient,

Li The erack length in meter (m).

Sy Fuctor thar depends un the tapngraphy of the location of the building,
Sa: Coetficient thal depends on the height of the building.

Vi measured wind specd (m's) . from the Palestinian code | 2m/s,

b is the outside and the inside enthalpy respectively.

Y, is the specific volume.

iy, From windows

V=kxLI0.613(s; % 2 % v) 21724 — aq. (2.14)

Where:

E: Infiliration air Coefficient. {om Table A (13} K for double glass Alaminum is
.45 W/ m. °C.

L=4% ([(1.ex])—(08%2y] =128 m .
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5, Factor depends on the inpography of lecation =1, Table (A19)
5. Factor depends on the height building = 0,95, Table (A20)

v: The messurad wind speed

V=2875 mV/h

Qiy, Windows = 132.7 W

Oy, From donr

K Lefilérarion air Coclficien, from Table A13, K for double glass Aluninoom is
0,65 W/, .

L=1.%m

Qm; Noar=4.055 W,

Table (2.11): The 1ot Q s due to door and windows

Loads | Qinr (W)

Windows 132.7

Door | 4055

7- Heat gain due to venillation

The vemtilation is used for maizraining a healihy indoor air by imtroducing s fesh air
from outside of the building, And this kind of heat gain can be caleulated by using the

following equations:

Q'::gfs!._ Th Fx EP.IH:' * {.TD_TEH} T, .ﬂq- {2.15]




Whera:

m 2 #aass How rate of ventilation air (ka's).

; Ale 0 PENCINTEfo nir
m- - -, (2.16)
by, .
Kate of ventilation = Ruom Area = Reguirement outside ventilation air g, [217)

= x3 A4S =65 Lis = 0.068 mits

vo— 0.84 m ke

1= {.080%%o/s,

Cp,, + Spesific heal of air, C, = 1.005 kikg C,
E dir

Qrgre =0.0809 1,005 = (30-18) = 1.975 kW,

Takle {2.12): The total cooliag load for the sample

TypeolQ o]
Basin #13.23
(s Iz coiting 561372
() aluss S1.478
(Jou JIR9
QI M2
D.rnr’. 1.1"'_1:'
iz '_?}.FE

Qo =323930 W,

For all the apartments in the floor, the total cooling load is iTustraced:

Table (2.13); Apartment A, B

. Apartment A DWW Apariment T | OEW)
| A- 6.483622 B:1 4345738
i A-2 6756617 H-2 158072
j A3 2.275407 B-2 4445647
Aad 4.126177 < 4. 5679060
A5 3.04389] B-5 1204773
I A 3.079457 B-6 4367066
- - B-7 4974208
Taoral 27 26567 Tota| | 2366707
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Table (2.14): Apariment C, D

Aparunent C

O(EW)

Apartment D

QW)

(-]

4345755

-1

505997

46493593

D2

3356707

3757739

123

6.85871%

4.654856

D-4

290467

0.625556

476425

1069354

D-5

11680688

2431028

Tioral

7155646

Table (2.15) Apartmem E F

Apartment B

QW)

Apartmunt F

QCEW)

E-1

AS57852

E-2

F-3

F-1

43346

3,344720

4. 716921

Eea

4282

E-3

ol

T-4

E-3

JA0TTSL

F-4

1.20477

287607

F-5

4. 507966

-6

Tetal

420274

b-b

2341776

4 457820

Tolal

23.06917

Table(2.16): Apartmen: G

Apartment (1

QW)

G-1

6603587

-2

(.7772

(-3

DE24116

G4

3.963538

(-3

3.965938

G-B

1681794

Total

Z5.YTHES




Yghle (2.17) Total cooling load for cach Hloar

. Floor ___\___ S T _—\
. Ground Floer 1 UV -
— TinstFloor =1 13242 =
i _ Segond Floor yRATls

Third Floer S 171213 _\

Toral couling load in the building = 5771 356kW.

2.3.2.5 Heating load calculation

[he heating load of a b uilding consists of the [ollowing epmponemis:

1- Hezl loss through &ll exposal wells. ceiling, oo, windows. doors, und walls berween

4 heated spuce and an ynhcnted space.

<. Heat load roquirad to wani cutside cold air infiltraced to heated space {hrough cracks
af windows ond doors, and cutside cold air infilirated dag 1o opening and closing of

doors.

1. Miscellansous loads such as emergengy heating \mads and safety factor heating load

{leat loss caleulations

1he main resources of heat loss come from walls, floo, ceiling, doors, winduws, and also
+ comcs from infiltrarion emd venlilation. To caloulaie ach one of them the {ollowing
squations are to be usid:

0=AxUx(T —T,) -~ eq. (2:18)
Wher:
Q: is the heat wpansfer Tate.

A is the area of the layer wihich hizat flows through i@

AT is the difference between the inside and outside remperatures.




1)+ iz the overall heat transfer coefficient,

1 - Kate of heat transfer from external walls

Qeawall = Usewanl X Al X (Ti=— '3_.g1|1'.\| - a1, (2.19)

2 - Rate of heal transfer from the internal walls

Qinaeats = Viwnits % Ainawatiz % (Tin = Tu.:.’qu:e] =TT ek (2.20)

For the internal wall whish appears between the sample room and the bath room T,

Tr.n;ﬁpa:l: =18+ l:%] ¥ (18— 4.7) =9.14°C,

1 - Rute of hieat loss transfer from the ceiling

From tahle (2.2) and figure (2.4) the construction of the cetling is known. then by using
cquation(2.21). we can determine the rule of heat trensfer for the reom from the ceiling a3
fiollows:

Qeviting = Ucetting * Aceiime * (1in = Teur.) ~-23:(221)

4 - Heat loss doe to infillration

Infiltsation is the leakage of the owsides air through cracks or ¢learances around the
windows und doors, As shown belore i the cooling load caloulation:

Table (2.18): The total Q .. due to door aml windows

Loads D (W)
Windows 1327
Door 4.03535




5 _Hent luss due to ventilation

‘The ventilatior is used for maintaining a healthy indoar air by introducing a fresh air

fram outside of the bullding.

V,= 3Ix(38x275x4)= 1254 m®h= 0.035m* /5.

Qverpilation = 0039 % 1000 % (48— 13) = 1365 W

I ahle (2.19): Heat loss through shaded huilding structures

Surfive Arca(m?) L{Wim*.C%) AT(C™) OrW)
Wall 1 15 1.2 133 133 9975
Wall 2 9.4 L3 13.2 162.526
Wall 3 in 9.3k 3.3 3.36 2742534
Walld in g2 3.6 ] 4]
Ceiling 136 13 13.3 71.32
Flaor | 136 1.3 i 0
Windew | 1.6 (138 3.3 80804
Window 2 .8 0.38 §3.3 44432
Window 2 0.8 0.3 13.3 40432
Door in 1.8 24 2 B.6d
- , - Total 566 9087

‘'shle (2.20) Total heat loss [roie the sample

Type of loss | QW)
| 1362

Q\.;eql larlon

G 136755
0 K65.9087
‘Tolal 2368.664




Table (2 31): Tolul beat loss fom apartient A, B

Apartment 4 W) Apartment D QWY
_ Al 5001543 Bl 093632
5 A2 5212134 H-2 121285
A-3 1755376 B-3 3425422
' A-d 3. 182083 B-4 i 33237584
A3 2311019 -5 i (1936332
A 2093048 E-b | 3522784
- B-7 | 1817164
Table (2.22): Total heat loss from apattment C, D
Aptrtment © | QW) | Apartment D W)
C-1 ﬂ 337744 D-| 3903322
(-7 3628 b-2 2512263
C-3 2805165 133 3290859
4 3500813 0-4 2240667
L5 14354 1.5 27018
C-6 236778 - -
-7 2444364 = =
Lable (2.23); Toetal heat [oss [rom spartmem T
Apartment E Q(kW) Apartment T’ QW)
E-] 2.7015 F-1 3368746
-2 2580162 F-2 3420427
[-3 163869 3 1 280044
E-4 25 b4 093532
E-5 2815241 r-a 1525784
E-6 3.344 _ Fb 1.438523

Iable (2.24) Total heat loss from apartinent (3

Aprrtment (3 W)
(-1 5094305
G-2 5.228014
G-3 _ ] B 0.71382
G-4 1647954
(3-5 3.059352
G-6 284018




Table (2.25); Total heat lass from cach flonr

Floor kW)

Ground Floor 0527741

Tirst Floar 91458

Second Flaor 91 464

Third Floar 103,63

Total heuting lood of the building is 381 88kW.




Chapter 3

Plumping system

3.1 Introduction

There are two inain functions of wiing plunping systems:

- Water supply systen: which provides the bullding with the required amount of water.
2- Sanitary drainage system, which removes all the usable water from the building,

I is the plumbing technologists” responsibility 1w design the entire water serviee and
distribution svstems for all uses. recognizing the pressure snd flow limitations.

in the project up feed distribution system will be wsed for both cold and kot warer
svsterny, Fixture units at the building are designed for private uses, Mush tanks used for
water closets because il needs low pressure, steel pipes will be used for hot a=d cold
weler syslems, seven risers will be used for cold snd kot water supply svslems, riser No.
L0 s jdemical 10 nsers No. 3.0, 4.0, 5.0, 7.0, While rser No 2.0 is identical to riser Nu.
6.0, The eritical fixture unit in the system is the kitehen sink fixture unit which js locatod
at the fourth floor of the building.

3.2 Water Supply system
321 Introduction
The main objective of water supply system i3 to provide the building with the needed

amount of water for deily use, such as drinking, cocking, washing and {lushing, fire
fighting, bathinp, and irmipation.

Water Supply Systerm

Hat Water Cold Water

Igure (3.1): Waler supply system
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3.2.2 Design procedure

Stepl: Determiing if the suitable s¥sten s up-fead or down-feed.

Step2; Determine the number of riser neaded and their logation,

Step3: Calculate il (otal water supply fixture unit (WSIT 1, and then conved to zallon
per minute (gpm),

Stepd: Determine the minimum How pressure for the critical fixture umit {fiL),

SlepS: Celeulate the tatal static head.

Stepb: Caleulate the pine [rietion and cquivalent length of the system.

Step7: Usethe chart to determine the recommended pipe size,

3.2.3 Calculation of hot and cold water Supply svstem

-2.3.1 Water supply fixture units load (WSIU)

e total amount of water required for the building 1= caleulated oy using the warer
supply fixture unit techuique (WSFU), This technique i used hecause there arc a large
number of fixture unils n the systemn and this makes the technique more acourate

3.2.3,1.1 Tatal WSFU for the first riser

Tables (3.1, 2.2) below shows the total pumbers of fixture units and the total water supply
fixture unit (WSFU) for the first fser.

Vable (3.1): lotal number of fixture units of the first riser in each flocr

 Fixture | Kirchen Lavatory | Wata | bathrub Bidel
T tipe | sink closet
Floar e
— 1.0 20 20 1.0 0
Firet Flone 1.0 20 70 o L0
Second {lonr 1.0} 24 20 1.0 [.1}
il Soms 1.0 20 20 0 10
|

4.1 B0 &0 4.0] 4.0

Tatal




The figare 3.2 shows the first riser diagram
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Firel nser dagian

Figure (2.2): First riser diagram




Table (3.2): Toral WEFL ol the first riser

Fixtune N JOF WL Total | Cald Tl Tatal Tional
T}'}] g FLI WarE WSFU WEI'D Cold Hat

Kitchen 4.0 2.0 ] _ E .0 .0

sink

Lavatory i 3 a0

Waler
clases

bathroh

3.2.3.1.2 WSFU ot the second riser

Tables (3.3, 3.4) below shows the lolal numbers of fixture units and the total water supply
fixmure unit ( WSFL) for the first riser,

Table (3.3); Fixture units number of the second riscr 1o ench floor

_ Fixture | Kiichen | avatory Water bathitub Badet
. _type | sink closet

Fioe

Geound floor | 1.0 30 34 ; 0.0

First floor 1.0 3.0 3.0 0 (.4)
Second foor 10 3.0 3.0 0.4
Tiard flnor 140 34 2.0 : 0.0

Total 4.0 128 1Z. j 0.0

Frgure 3.3 shows the second riser diggram
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Tigure (3.3} Secorid rizer diagram




Table (3.4 Tota]l WSTTT of the sesond rlser

Table (3.5} Tolal WSFU of =ach cold water rizer

Fixture WSEU Hat Total | Tatal
Type WSFU WSFU | Cold | Hot
!'-.Ttlc:ftﬂ'. A | 5 | 2w L2 &0 6.0
sink +
Lavatory 1O oS = 2.0 9.0
3
Water 3.0 0.0 6.0 RN
elosel
~ Bathmb 20 3 120 | 120
K vy
3
D o 0.0 0. a0 0o
Total = - 63.0 2.0
WSFL

Riser Latal WHFLU

1#rigersaction #0.0
2Mriser section 7290
3™ riser section 60.0
4% riscr section (1.4

5™ riser section U

6 riser section 72.0

7% riger section 60.0

Total

4440




3.1.4 Pipe Sizing

In order to caleulate the size of each pipe in the water supply system, friction head must
be ealeulated by usiug the up-feed distributicn system equation:

Mazin pressure (pumnp pressure) = Static head + Pips frietion + Flow pressure  eq. (3.1)
W

Static head; 1s to overcome the height from the source to the critical fixture unit outlet.
Pipe [retion; caused by the Mction of the muving waler inside pipes.

Flow pressuse; 1o overvomme the nunioio How pressure, and Lo hinparl Kinelic saergy to
e water,

But, spimie ol the above equation parameters can he determined or estimated as following:

- It is indieated that the minimum flow pressure required for the critical fixture unit
(katchken sink) 15 8.0 psi.

2- It is indiceted that main pressure (pump pressure) is 30.0 psi.

3- The estimated water meter lass 15 5.0 psi

Stalic prossure;

As indicared previously thar the building consists of four Hoors and basement (Foor 1o
Hour height 1s 3.0 meters) , then as slowe in the figure below it appears that the total
vertical length from the pump sourse to the entesl Hxture (Kiehen sink) is 1330 m.

The Baure (3.4) shows the slatic head of the building
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LEd
i
( p— et ) besement floor
Figure (3.4} Static head of the building
. o o 04332 - :
Static pressure = 13.3 » ~33 = 175 pai & {3.2)

By using the above equation, the pipe friction can be caleulated by moving sonte lenns
from tight to lift to gel (he wllowing equation:

Hipe friction = Main pressure (pump pressure) - Static head - Flow pressure eq. (3.3)
=500-175-80-245psi

The gstimated water mezor loss is 5.0 psi, su;

Eriction head= Pipe friction — Water meter loss
=245 50=19.5 psi ¢q. (3:4)

On the other hand, One more thing must be caleutated which is the total equivalent length
(TEL). It uppears from the mechanical drawings that the length of the first dser is 47.07
meter,

Total lengih (m)=1.3
L33

IEL=

=470TX15033=213.9 ft. ey, (3.3)

Ui . L 1 S psi
Jniform design [riction loss = =t %311 = eq. (3.0)

thiret Foor [y fture unit (Kitchen sink)




Tahle (3.6); Pipe sizing of cold waler risers

Risar o, Eyuivalent Flow (ppm) | Trietion Pipe Velacity |
length (11) (psifLO0IL) size {tps)
. {in)
cold watertap | 2139 29.4 9.11 1 5.5
e "riser soetion | | N
2™ ser section L76.8 334 o, B.
fi

| 3% piger section. | 1568 204
4% ficer section 1921 254
5™ riser section | 229.1 20.4

| 68 Hzar soction. | 2347 319

T rser section 2863 204

According 1o the above teble, lhe main pipe dinmeter for cach riser in the enld waler
supply svylem is .5

Tanle {3.7): Pipe sizing of hiot weter risers

Fyguivalent Flow (gomm) Friction Pipe¢ siew (i) Velacity (Ips)
length (1) (p=u/1006)
2139 4.11

176.8 LLO

section. | 1565 12.4

section | $92.] LO15

section: | 278 5

. wanih] 2347 13

sution | 2863 B 6.8

According Lo the above tahle, the main pipe diamster for cah riser in the hot water
supply system is 1.25",




Calealation for the mam pipe diameter

The total water supply fixture unil for hot water risers aqual 1H9WEFU and for eald
waker risers equal 351 WEFLL

The tora! demand for cold water equals 101.2 GPM and the total demand for hot water
equals 62.5 GPM, and the water tagk is about 214 m® as shown in drawings,

The fclion loss is 9.11 psi/ 1004
S0 the pipe diameter of the main pump s 4.07.

Fipure (3.5) shows hot and cold water niser

Rizer of cold water
1234567 Riser of hot water

123456

header 215
header

_\: 1

7125
\
——
._.}—

Fumo
[;:'i':ar @

P
’_:
4

Figers (3 5% Hol wnd cold warer risers




3.2.5 Pump selection

Punips selection depends on two main properties and these properties are: hzad (H) and
flow raie (Q). Starting selection with:

L- Cold water pump

By converting GPM ta e fhour, the 101.2 GMP from all the cold water risers equals
22.98 m*Mour.

Total flow rate = 2298 m¥hour,

Heud = 2.6 bar { Heizht of the building — 16 m by dividing this value by 10 11 equals 1.6,
addiniz | bar for fitting lnsses il equals 2.6 baz).

Using (ke special software of GRUNDFOS comparty it appears that 1he required pump is
from type : UME25-2

=g S R
=281 =t
He 28 far
== TH W.r ITEE =T
PRTEaRr i - Vi
Ligwd apialu e o 50 T

Ewnoty = 53 27 Ret!

| -
EM e Lowd o SE IR

L3
= M = S af =0 Lo i

Fipure (3.6} Celd water pump charactenistic surve
2= Hot waler paanp

The same procedure in the cold pump selection wes used bul with flow rate LEOWEFL
which squals 2.8 GPM.

Total flow mmte = 14.2 m# hour.

Head = 2.6 bar.




Using the special sofiware of GRUNDFOS compary il uppears thal the reguired pump is
from type: CME]S-3

" CHEIST 500 i) am
o il
o=z wEn
3 100
TR —-—\_-__\_
A
—
=
& -\1—"'1._
=
5 e ET!
* )
Bi e -]
- B
1
i o
=R g
SHpmad
Lo — il LS ¢ - - B — e e Sl nryr
H : F F; 1 T I s " " = = Tz s

Figure {2.7); Hol walcr puip chamelonslic curve

3.2.6 Bodler calenlation and selection

According to the total conswyption of hot water demand in the building {which is

caloulated by using WEEFU methed) Doiler lvpe selected: THW-INT E

The botler consisls ol'a eylindrcal shell, two head plates, centric Name wibe including the
back [ue gzs tuming chamber with water cooled limned wbe wall and two Hue ges
DAZSES.

[t diffors thar other boilers bocause af'its high efficiency (up to 95% can be achieved),
and its thermal insulation (the boiler is fully insulated) . ... ete.

Figure (3.8) below shows 2 sectional view of the boiler:
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Figure (3.8): seetional view of the boiler

Where;
|- Boller (with [Tue gas collector) 8- Doiler outlet nozzle
2- Hoiler base 9. Retum flow nozzle
3- Hinged door 10- Safety valve nozele
4- Flue gas oullel | l1-Drain nozzle
5- Explosion flap and deer cpening 12- Burner
. f- Inspechion cpening 13- Condensate drain nozzle
7- Boiler ourtlet armature rube 14- Retimn beat up

3.2.7 Expansion tank calculation

l'eeaet the right expansion ok lor the syvstens, the flow mate of the pumps multiplied by
the number thirty (o get the actual GPM.

For cold water system: 1012 GPM = 30 = 3036 GPM, the result is 182,16 m%,

For hol water system: 82,8 GPM = 30 = 1 KB4 GPM, the result is 133.04 w3,
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3.3 Sanilary Drainage System

33,1 Intraduction

The man ehjective of drainage system is {0 carry dll the contamingted wasic water (Groy
waler, and black water) from the butlding,

Sepatalion of gy waler and black water will be Hlusirated i the dmwings and the
rmenholes, ' The pray waler stacksare 17, and the black water stacks ere 15,

These stacks are distributed through the building exiernal walls and through the serviee
argas which calfed “Manawer™.

3.3.2 Design procedure and pipe sizing

3.3.2.1 Design Procedure

Step 1 To cetermine the drainage fixture unit (dfic) for each fixture unit.

Stepd: To detenmine the total sum of drainage fixnure unit (dfin) in each branch

Step 3; To determime the manber of branehes of cach stack.

Sten 4! To determine the required pips size of each horizental branch in each stack.

Step 5: To determine the required pipe size of each vertical slack.

Step 6 To determine the required pipe size ol the buikling drain based on the

recornmended veloeity ané slope.

3.3.2.2 Pipe Sizing

In order to determine the diameter of each branch and each stack and cach building dram,
tables A23, A24 must be used.

Fizures below show the pipe sizing of each stack in the building where:

For black water stacks, stack Mo 1 which 15 ilustmmtcd below 15 identical to stacks
3.4.57.0.11,12,13,15, stack No 2 is identical to stacks 6, 10, 14, and stack 8 is different
than the others,
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Sizing of stack |

W.C
total dfu==

total dfu=4

20" W.C

total diu=

total dfu=8
220"

W.C

total dfu=<4

toal diu=12
20

W.C

total dfu=4

total dfu=16
@2.0"

iotal dfu=16
z 4.0
273 t's

i€l Sack diagram

Figure (3.9): Sizingol stack] hlask water
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Sizing of stack 2

W.C ,Bidet
total dfu=5

W.C  Bidet
tetal diu=5

total dfu=10

220 W C . Bidet

total diu=5

total diyu=15
220 W.C , Bidet
tolal dfu=5

total afu=20
e20

tofal dfu=20
24.0°
2.730s

2nd Stack diagram

Figure (3.10): Sixing of stack 2, black water
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Sizing of steck 8

2W.C, Bdet
total dfu=0

iotal dfu=0
22 EIF 2W.C, Bdel

iotal du=9

total dfu=18
22 5 2W C, Biaet

total diu=9

tolal diu=27
Z2.5

2W.C, Bidet
total diu=2

25
total dfu=36

229

total dfu=26

4.0
2.73 ftis

8th Stack diagram

Figure (2.1 1); Sizing of stack B, black waler
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For groy waler slucks, stack No.1 s idimlical 10 stucks 7, 11, 17, stack No.2 and ™o, 16
are similar, stack Wo.3 and No.15 are similar. stack Ne.d and Nou14 are similar, stack
No.8 and No. 13 are similar, stack No.8 and No.12 are similar, stack No .8 and No. 1) are
similar, and finally stack No.9 is different than the olbers.

Sizing of stack |

| K ank servce
tolal gfu=5

tolal dfu=5
e20 i K.=nk =endce
total dfu=5

lotal dfy=10
o220 1 k.gnk =erdce

wal diu=

ol gru=15
Q20

1 K=ink, sarvice
lotal dfu=5

total dfu=20
2187

total gfu=20

~a
=

¥ 73fus

Stack 1, grey waer

Figure (3.12): Sizing of stack . grey water



Sizing of stack 2

3 Lav, Shower
total dfu=5

total dfu=5

220" 3iav, Shower
fotal dfu=5
total dfu=10
220"

3lav, Shower
total dfu=5

total dfu=15
22.07

3lav, Shower
total diu=5

total dfu=20
g22.0

total dfu=20
240
2.73ft's

Stack 2, gray water

Fipure (3.13): Sizinp of stack 2, grev water
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Sizing of stack 3

total dfy=8
220"
2.73ftis

1 ksnk
total dfu=2

total dfu=2

a1.5 1 ksink

total dfu=2

1 Ksink
total dfu=2

total dfu=6
@18

1 k&sink
toral dfu=2

15"
total dfu=58

1.8"

Stack 3, gray water

Figure (3.14)! Sizing of stack 3, grey water




Sizing of stack 4

2 Lav, 2 Shoaer
total dfu=6

tolal dfu=6
220" 2 Lav, 2 Shower

total dfu=5

total dfu=12
220
2 Lav, 2 Shower

walan=s%

total dfu=1g
020" 2 Lav, 2 Shower

total dfu=6

total dfu=24
e20"

lotal dfu=24
24 0"
273fUs
Stack 4, gray water
Figure {3.15): Sizing of stack 4, yTEY Waler
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Sizing of stack 5

Service
total dfu=3

total dfu=3
&20"

tofal dfu=3

otal dfu=6

@2.0" Service

total dfu=3

otal dfu=o

220"
Service

iotal dfu=3

total dfu=12
a2.0"

total gfu=12
od4.0"
272 ft/s

Stack 5, gray water

Figure (3.16): Sizing of stack 5. Broy Water
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Sizmnp of stick &

1 Lav, Shower
total dfu=3

total dfu=3

e20 1 Lav, Shower

total dfu=3

total dfu=6

g2.d
1 Lav, Shower
total dfu=3
total dfu=9
2.0
1 Lav, Shower
total ofu=3
total dfu=12

g20
total dfu=12

4.0
2.73ftls

Stack B, gray water

Figure (3.17): Sizing of stack 6, grey waler




Sizing of stack 9

total dfu=16
24.0

2.7fts

2 Lav. Shower
total dfu=4

otal dfu=4
- -
220 2 Lav. Shower

total dfu=4

total dfu=8
220"

2 Lav, Shower

ozl diu=4

total dfu=12
220"

2 Lav, Shower
total dfu=4

total dfu=16
o200

Stach 9, gray water

Figure (3.19); Sizing of stack 9, grey water
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3.3.3 Calculating the volume of tanks for the sanitation system

Numhber of bedrooms in ¢ach floor = 14 bedrooms,

Number of bedrooms in the building = 56 badrooms.

Note: cach bedrooni has 4 persons, so munber of persons in the building = 224 purson.
Eslimated usage per person ner day for grey water is:

Table (3.%): Grey wazer usage breakdown

Water s Volume (L) Deseription

Bathing 20

Hand washing 6 1.5 L per wash

About 4 limes a day

Based on these estimuled usapes for 224 peuple using the fucility, the volumetric How

rate for groy waler is:

Table (3.9): Grey water volumelric flow rates

Volumetric flow Cirey waler  Torl {L/day) Tatal { Bhous)

rates ((1)

Per person : 26 1.08

 Tatal into system 242,66

Similarly, the estimated usage pur person per day for black water i«

Table (3.10): Black water usage breakdown

Twpe Volume (L)

Utine {per person per day) 1.1

Teces (per pemson par day) 0.2

Warter ( per Nush) 4,28




Because the tailir ¥ will only been opened during the day, caleulations are based on ay

Sstimation of 2 flushes per persan per dev,

The following valumetric flow rates for black water belou: i< fir B11 estimation of 274

PeOple using the faeility

Table (311 Black water valumetrie flow ralss

Volumerric few Black water ' Tota]ﬁ’da}.{} ’ 1 '::-talﬁ’}mur] 7

rates ()
| Perperson 9.86 '_ 986 Jf 4] ‘i
" Total inf sysiem 220863 200865 | 902 |
o b

Aceording to severs) studies, (he hydraulic retention lime (HR'T) of ten hours 15 scenrale

and can be used 10 caleulate the volume of the twer fanke needad,
V=Q %HRT e (3.7)

For grey warep:

V'=242.66 Lihour 10 bour =2426 6 1. = 2.4266m?,

For black water:

V=9202LMoyr » 10 hour= 9202 = 0.9202m*,

In urder to aceount for auy changes in population or a1 increase i usage, a safety factor

The origing] valuma calculations are the ménirum vilume needed 1o handle the specified
How rates, Tor (hese Purpases. & mininum of 5 459 safuty factor will be used, The

volume of the tank will he caleylated:
For grey water: 2426673 + (2.4266 x 0.45) = 35182,

For black water: @202 w3 (9.202%0.45) = 1.33429m3.
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3.3.4 Manholes
Manholes in this project ars

For grey water menholes:

Table (3.12): Grey warer manhiblay

krely waler manholes and black warer izarholes

Manhole No. | Tope level th Depth (em) ( Cover type [
T MHl [ a0 N e Concrete.
i - MIR _| w8 Cae _II-_ Concreie ’
M [ 0.0 | &8 Cunerete '
' MHd | 0.0 106 Concrete ]
M.HS [ (+0) 126 ! Conerete |
- _'_}ﬂ'm_ ———— 0.0 —y ___I-Shj | Concreta 1
__— - MHT 00 |_ 65 |___Cnm:rclv: - |
T 0.0 [ 153 | Conerete |
 MAv ' 0.0 | 144 | Conercte |
T CMHIG !7 0. L 131 | Clonerete _|
M.HI1 0.0 111 Conerale
B ’ 00 88 |l Concreie _f
MH]2 0.0 73 Conerete
T M | 0.0 a0 | Comereie |
For black water manholes
Tahle (3.13); Black water manlicles
__I“-TAE:T“., No. Tope level (m) | Depth (em) Cover type
i MIT] 0.0 &) Concrete ‘{
M.H2 oo i Conerely
M.H3 0.0 93 Concrete |
P M .He (0} 103 Conerete |




i Manfolg Ne. Inpf lew:llm} | Dt:ptv(-:ml met‘q;r: _{

MHES 16 | Concrele |
| MHS l —_f _Es_'__'__'_f:_msﬁ_'_i
= ".-IH"___ (‘I.Ll_-__-T__-__?-___— Conerge
_____T"_ffHH I____H___T___ _f‘ Conecrete
| May _'__ﬁi__j:'__'_m_. T Concreie ‘f
'__'_I.'Tuﬁ'.r.n__'_]l‘__?_'_ _'__HE'__'__'_ELEEU_'_—
'—‘fﬁr“‘ﬁ—*ﬁa'—“—‘m‘  Concrete
i s e

__-__"-fI_H_!Tl ‘/ ___H.U___—T____r____{‘ Concrete —f

M.HI 0 132 _}_ Concrere
. MAg ‘[L LT T |  Coneruie |
“mﬁir‘m“ﬂnhmﬂkimmf‘
. MHIS | W T — I Corcrete
| MaB 5 '—ﬁh‘hﬂmrﬂ

et

M.H2G 10 i Congrete |
e —— s % i




Chapier 4

Fire fighting system

4.1 Introduction

A firefighting system is probahly the most important of the building service, 88 ils aim s
Ity protest human bife and property sirictly in that order, Tire 15 a chemical reaction
nvolyes the tepid oxidation of the combustible materials, also we can divide the causes
ol fire by lous main perts callad the tire tetrahedron aid the igmition componeiis are:

| - Fuel {combustible substances).

2- Ajr (Oxygen).

3- Hail (Source ol ignition),

Fipure {4.1)! Fire tprition components

Fire work is divided inio tomec seclions for eoginser:
|- Architact engineer; it is specialized in acting [ire salely.
2- Flectrieal engineer; it isspecialized in fire alanm.

2. Mechanical engineesr; 1t is specialized in firefighting,
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Also in design for liretighting svstem (NFPA) code ean be deag

PROteClion ssseciation or (LPC) British standard.

wdont, national fire

4.2 Fire classification
Fire classified oy follows:

Class A fires: fires in ordinery combustible Ittaterials, ineluding cellulosio such 23 wond,

cloth. and paper as wall 55 rubber and many plasties.

Class B fires: fires in flammanle liguidy, combusiible Liguids, petrateum oreases, tar oil
vil-hased paints. sol vents, laequers, alcohols, and anunakle gases,

Class C fires: fires tha mvelve energzed electrical equipmeny,

Class D (res: [frss in combustible mslals, such as mamesiung, itaniam, 4ireoniym,

sodium, lithinm, and patassiom,

Class K fires: fires in cooking appliances fhat mvolve combustible CoUKing media

Lvegeiable or aninnd ails snd fts)

+.3 Fire signarure

A fire sigmature {s any fire effect (smoke, heat, light. ctc.) that can be sonsed by a fire

detector. The wmount of hear teleased by a fire varies in accordance with the tvpe of

combustible, airangement of the combustible, ava; lability of axveen. and mimerons othay

tactors,

The types of Recupancies for protection by fire extinguishers gre:
I. Light (low) hazarg oCcupancy

Pefined as a room. space, or enclosure where the

quantity agd combustibility of elass A
combustible and eluss B

llarmmables gra considerad to be low {lezs tham 1 gallon), the
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buildings or rooms eccupied as offices, cluss rooms, churches, assenhl v halls, and

guestroom areas of hotels and molels be classified 25 2 light (low) hagerd oceupancy,
2, Ordinary (moderate) hazard oceupancy

Defined as 2 room, space, or enclosure where the quantily and combustibility of class A
combustibles and class B flammables (1 o 3 gallon maximum) is cossidered 1o be
moderale, and where fires of moderale heat release are expacted, the rooms or building
should be classified as ordinury(moderate) hazard  eccupancy when (he following are
cncountered:  dining arcas, miercantile shops(shoe store or supermarket) and associated
storage, light manufacturing , research aperations, auto showrooms, parking garsges and

workshop or support service arees (kitchens, storages arcas) of light hazard uCCupancies.
3. Extra (high) hazard eccupancy

Belined a3 a room, space, or enclosure where the combustibillty of contents is of the
storage. handling, or manufacturing of elass A combustible maieriul in which the quantity
of class A materal is high, or whers large amounts of clss B flammables (more than 5
gallons) ere present, and where rapldly developing fres with high rates of heat release are
expucled, Tt could consist of wood working vehicle repair, air crall and beat servicing.

cooking.

4.4 Classification of firefighting systems
Fircfighting svstems ars classified 1o
I- Water system.

2- (Gag syster,

3- Toam system.




4.4.1 Water firefighting system

It is the system which mainly depends on water to protect from fire. and 11 is the most
comman use 1n buildings and factories, also waler svstem can classified 1o manual

And automatic sysioms as following:

&1 EySlEmM
I
| N — l
mﬁl".ruﬂ! Sutarahic
L aselakiifar)
| | | , | | |

firs NoEs cabiles fire hyorenl  siEmes consction fire weles plpm Y pipe Sstem doiine pipe  pressdion ppe
IFE.C) iFH! noEs dBFE.I'rI'I'H!‘I'IT i(FH L-]; ay:uham LCi_'é ,"J:Ej E:I'Et'E'I'I'I E'_!,'S'ETI

Figuire (4.2 Water svsremn firafiohling ¢lazsification
(=} o

For the Manual system, il consists of three types of fire systemn divided 1o
- Fire hose cabinet

Firs Liose cabinet is located at the follow g places:

A- Exit stairs.

8- Entrance of buildings.

C- Garages enlrynce,

3 Wherever travel distunoe exceeded 36 meter from another fice huse cabinet.



4.4.1.1 Fire hose cahinet

Figure (4.3} Fire hose cabined

it consists of : 1) Cebinet (wall mounted-recessad), (here are three typus of cabinets:

A~ Exposed: be prominent from (he wall and oul ol it a distance of 25 em. and Fund
riding on the surface of the wall.

R- Semi predated: be prominent from the wall a distance of 10 em, and tnside the wall 15
o,

C- Recessed: beinside the entire wall.

2\ Lunding valve, valve Lo contral the water stream, locaten inside or vutside the
buildmy.

3} Hose (30 meter)
4) 1ischarge noszle,

3) Fire exlinguisher (oprional).

4.4.1.2 Fire hnse cabinet classes

1) Class 1: standpipe system provides 63-mm (244-in.) hose conncetions to supply water
for use by fire departinents and those trained in handlmg heavy [ire streams.

System limitations are pressurc cench 7 bars, flow rate 250 gpm, located at all main
wrtrance and exits of the buildings and garges, around (he wall baildings and the travel
distance is 45.7m with throw distance.




2) Class 2: standpipe system provides 38-mm (1%5-in.) hoee stations Lo supply waler for
use primarily by the building o cupants or by the fire departmen during initial response.

System limitations are prossure reach 4.5 Bars, flow rate 100 gpm, 30 travel distance
and located corridors, theaters, colleges and near elevarors,

3) Class 3:standpipe system provides 38-mm (1%-in ) hose stations to supply water for
Lse by building oceupants and 65me (214-in.) hose connestions 1o supply a larpe;
volume of water for use by fire departinents and rhose (rginad i nandling heavy fire
Eirénins,

Class two didn’t need any expericuee to deal with = system for any user on contrast
with class one, for this reason class 2 is more popular and thar is the selected cluss
for eabinet,

44.L.3 Technical specifications of fire hose cabinet
The following specificutions are tnstalled acearding to code NFPA 14 for elass 2 FH.C:

*  The maximum pressure al any point in the systen: al Ay time shall nol cxesed
24.1 ber (350 psi).

¢ Maximum Residusl Pressure for (1%4n0) Diameer EI LC=64 Bar.

*  Hydraulically designed standpipe systens shall be desi gnad to provide the water
flowe rate reguired at a minimum residual pressure of2.5 bar (62 psi) 2t the owle:
ef the hydraulically mos! remote 38-mm {1%-in.) hose station.

»  Stancdpipes size shall be at least 100 i (41n.) (Main riser),

* llose stream demand and warer supply duration requirement for hydraulic
caleulation system as in the NFPA 14 code.

+.4.2 Vire extinguishers

“orteble fire extinguishers can contain a wide vanety of extinguishing agents; the potable

S extinguishers enable an individual with minimel training to extinguish an incipient

i
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A porable fire extinguisher should e B¢ eonsidered as the sole solution 1w fire

brotection unalysis of building b, ralther, only ope of MRy camponents vf a tatal fitee

pratection plag,

44.2.1 Types of Partable Fire Extinouishers
|- Water ex linguizhers,

2- Water spravs wager extinguishers,

3+ Antifreeze solution extingyishers,

- Foam fire exiinguishers, hand ang whaeled.
5- Carbun dioxide extigushens,

6- Clean agent exiinguishers

7- Dry and wat cliemien] Uxringuishers, hand Bl wheeled

+.4.2.2 Selection of extinguishers

Carhon dioxide extinguishers made by SFFECO Company, all extinguishers which

are selected will be distributeg in the suitable fpaces as shown in the drawing,

44.2.2.1 Carboy dinxide extinguishers

Carbon dioxide s 5 Baseous fire prutection BCEnL also kuown by its chemical designalion
C; marmally the air we breathe contains 21% OxXveen, 79% nitragen, and oly a tryce
amwurt of carbon dioxide, 0.03%. The presenice of significantly higher Percentages of
carbon diox ide iy a1oom cannot be detected by buman senges becanse it is colodess amnd

odorless.

Chrome Molvbdeny Stecl or Manganese Steel or Carbon Sieel. Carbay Dioxide is

discharged as 4 whije cloud of snow whish thmottles 2 fire by eliminating the AXVEEn.
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Designed to protect areas where ¢lass B (flammable lgquids and gases) or Electsical

of fircs could oceur:

class

Carbon dioxide is 1.5 heavier than air, so it furces oxyeen oul of a room or sigaificantly

reduces the concentration ol ox yeen at brcathing level,

4.5 Firefighting pumps

A CURCINUOUS Water 20 putping station supply should always be evailable and ready to
fight fire, the following three pumps should be connactad Lo & suction beader (Trom water
tart<], and discharped to a discharge header (1o lirefighting network)[#]

Pumping stations should include
I Electrical firefighting pump.

2. Stand-by Diesel Firelighting Pump (No need if sn exira elecre putnp is connected to
an electnc generator),

[hese] pumip works 1+

*  The electrical pump is out of service, or iT there is 0 lack of clectricity.

The electrical pump is working but can’t satisfv system water requirements.

i Jockey Pump: works to make up the system pressure in case ol leakage or during the
first seconds of fire

Pumips are selected 1w supply the systewn demands on the basis of thee key points re

lative
o their ral

ed flew and raled pressure most fire pum psare sized (o exceed ils duty point
rEgUITSHanT;

+.5.1 Types of pumps

I~ Horizental sphit case pumps:
This is also called & double suction fire pump becausa (he water pathways direct water to
suth sides of the impeller. It is alsa the most corsmon fire pump on

the markel partly
secause of the ratings availeble in this stvlc of pump 250 GEM through 5000 GPM.




Figure (4.4): Hurizontal split case pump

2= lnline fire pumps

These pumps have expanded io use in the last five vears for several reasons, space

savicgs, Increase in ratings allowable by NFPA 20 from max of499 GPM, and then to
T5HGPM, to today which is unlimited rating. The larpest cucrently available s 1500
GPM. Cost of installation —theéss are typically less

cupensive o install becayse these i= 1o
base plate that requires grouting.

Figure (4.5): Inlise fire purip




3- End suction pumps

End suction fire pumps not widely used mostly because they are limited in size per code
They are also slightly more expeusive than inline pumps . The one pump application
where it s used is small dissel driven upplicationg 500 GPM or ] less.

Figure (4.0} End suetion: pump

4~ Vertical wrhine pumps

hese gre used for water supplics that are below the suction flange of' # fire pump; NFPA
203 slates that you have to have a positive suclion pressure to 4 fire P,




Figure (£.7): Vertical lurbine purip

4.5.2 Flow rale calculations

Figure (4.8): Fircfighting riser disgram
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4.5.3 Flow rate and head calculations

I'2ere are two main factors in GPM celeulations:
|. Area caleulation

2. Standpipe caleulation

The standpipe caleulation is the selected caleulation, so aveording to NFPA 14 stares that
the

GPM required for the first stemdpips is 500 GPM
Fach additional standpipe requires 250 GPM with 2 maxinium GPM of 1000 GPM

If a building hes 2 standpipes the pump GPM would be 750 GPM. 500 GEM Loz the first
anncl 250 for the second.

If & building has 3 stemdpipes the pamp GPM would be 1000 GPM, 500 GPM. 350 for
lhe second, and 250 for the third,

Any building with more standpipes would be 1000 GPM as that is the maximam
allowable by code.

S, s building need 500 GPM according to eode, with two standpipes (he amount of
flow rute equal 1o 750 GPM.

Flow rate caleulation:

= Noof FHC * 250 GPM for each FHC
22250 = 500-GPM

Pressure head caleulatisn:

S punp = Hap, + Hgeo + He ey (4.1

Honp™ the pressure of the pump,

Hzer. = the residential building FHC = 4, 5bar.

H, = the friction head.

Je= ASe@Y  asesgete
YT CIEE,pARR JppifBiggqihes
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=1 bar

Hgy = the slatic head.

b

(¥ ]
o}

”.I"l.:mp= 4.5+ had+1 =7 har.

4.5.4 Pump selection

Lotal flow rate 50U GPM cqual o 1135 m?h and amoont of head 7 hars,

lee=443-3 1341 5= 145 m=1.4 bar.

e e

The pump installed must carialy (he required flow ratc and head, actording 1 the special

software for GRUNDFOS Compeny the inlins pump will choose,

Enter duty point:

firmber of 1
WIMIDLE
vaiiage | 2

[Mgure (4.9); Pump’s details
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Pump type: IS LOO-R(-243 5/1-F-A-BBVT - §479360]

Frgure [4_10): Pump’s phom

Mump charselenshc curves:

Figore (4.11) Pumip charactariztic ourve
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Chapter 5

Variable Refrigerant Flow System

5.1 Overview

The primary function of all air-condilioning systems is to provide thenmal confor lur
ouilding oceupants. ‘There are a wide range of air conditian g systems available, starting
bom the basic window-fitted units (0 the small split systenis, to the medium scale
package unils, to the lampe chilled warer systems, and currently to the digital variahle
multisystem (DVM) svstems.

The digital variable multisvstern is an air vonditioning system configurition where there
is one outdoor condensing unil and multiple indoor uaits using by Samsung (). The
tem: DVM to the ability of the svstem to control the amount of refrigerant flowing to the
multiple evaporators (indoor units), enabling the use of many evaporators of difluring
capacitics and canfigurations connceied to a single comdensing urit, The artangsment
provides su individualiced comfort contral, ‘and simultaneous hearing and coaling in
different sones.

5.2 Digifal variable multisystem description

DVM systems are similar to the malts -sphit systems which conneet vre cutdoor section
several evaporalars, DVM systems continually adjust 1he flow of relrigesant to cach
mdoor evaporator. The control is achisved by continually varving the flow of refr perme
through a pulse modulating valve (PM V) whose opening is determinad by the
MICIOprocessor recsiving information from the thermastat sensors i cach indoor wmi.
The indoor units are linked by a control wire to the outdoor unit which responds to the
demand from the indoor units hy varying its compressar speed Lo mateh the telal conling
and/Or heating requitements.

The modern DVM technology uses an inverter-driven seroll compressor and penmits as
many a5 45 or more indoor units to eperate fom ane owtdonr unit [varies fram
manufacturer to manufecturer). The inverter serall compressors arc capable of changing
the speed to follew the varations in the total covling’hesling load as determined by the
suction gas pressure measured on the concensmy unit,




5.3 Tvpes of DVM

DVM systems can be used for cooling only, heat pumping or heal recovery, On keat
pump madels there are two basic types of DV svstem:

1) IT=at pump svsivms

VM hear pump syslems permit heating or cooling in all of the indoor units but not
operaly sinmaltaneons healing and cooling. When the indoor units sre in the canling mode
they acl as evaporatoss, when they are in the heating mode they act 45 condensers.

DVM heat pump systems ane ellectively epplied in open plan arcas, retail stores, eellular
affices and any other areas that require cooling or heating during the same aperatianal
peTiods.

2} Energy recovery ([Teat Recovery VM system (1 IVM-HR))

DOVM-HR capability can operate simultaneously m heating and’or cooling mode,
enabling heat to be used rather than rejected s it would be in tmditionsl hes pump
systemns, VRT-HR systems ure equipped with enhanced featises liks inverter drives,
pulse modulating electronic expansion valves and distribured controls that allow Sysiem
1o eperale in net heating or nel cooling mode, as demanded hw the space.

Fach type munufacturer has its own proprietary desion ( 2-pipe or 3-pipe system), but
most uses & three-pipe system (liguid line, a har gas line #nd a suction lie) and special
valving atrangements, Fach indoor unil is branched off from (he 3 pipes usmp salenaid
vialves. An indour vnit requiting cooling will open its liquid line and suction Line valves
and act gs au cvaporator, An indoor i reguinng heating will open its hot gas and lquid
ine valves and will act as & condenser,

Typically. exrra heat exchangers in distribution boxes are usad to transfer some reject
heat from the superheated refrigerart exiting the ome being saoled to the relrigerant that
s gomng to the zone tv be heated. This balancing wet has the polential produce
simiticanl energy sevings

'V M systems work hest when there is n necd for some of the spaces Lo be coaleil
anel some of them to be healed during the same period. This offen oceurs in winter
in mediunesized to larpe siced buildings with a substantial eore oy in th dreas on
the north amd south sides of a buildine,

This project deals with DVM phas 4 heat pump rystems,



5.4 DVM plus 4 heat pump components

DAM plus 4 heat pump systems cansists of some compuonenls:

|- Otdoor umil,
2- Indoor dmit,
1. Jeint indoair! indoar,

4- Pipe 2nd hranch.

1- Ouldyvor anit

I'he specification lechrics] dala for ouldoor unit shown used R-4104A a5 a refrigerant, and

depends an type of outdoor wnit
|- Individual unit.

2- Combiration unit,

Selection of eutdoor unit should specify the mode (HP, HR) and nominal couling end

heaing capacity:

2= Indoor unit

DVM plus 4 has many types of indoor units:
L= Ceiling mounted.

2- Wall mounted.

3= Cassefte type:

A- Dme way casserte.
3- Two way cossette,
U dway casserte,

4 Dueted type:

- Slinie duets.

B- M8P ducis “medal static pressure ducted unites ",
C-HSP dugts ~high static pressure ducted unites ",




3- Joint indoor/ outdoor
The NDVM plus 4 has many Lypes af branches:

A- Separation type: Conneetion Benwesn two wIlits.

|- Drasich joint outdoor wiit's mult connection (13) Selectivn according Lo autdoar
cepacity
Z- First hranch joint (B)

Selewion according to outdeor total cupacity.

1. Rranch joint hetween indooer ()
selection size according (v the capacily sum of indoor urits which are conneeled below
the pipe.

B [leader: Conneciad with more indoor units

03

Tigure {5.1): Header and Separation tubes

4-Pipe and branch:

The specification techrical data for piping wark have two types:

1- Outdoor pipe sizing depend on (ke capacity ol the outdeor vt

7. Indoor pipe sizing depend on the capacity load indeor wii.

1. The distance between the lowest tevel indoor unit and highest Tevel indoor below15 m.
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DVM plus 4 bave three tvpss of pipe:

A- Pipe for outdoor unit depends on the capacity of each outdoor capacily s the miin

JILpA E:L."l'-?'ll.l'-l'ii thetotal of all ouldens wikts,

B- Pipu connects with two hranches aad depends on (e total capacity of the indoor uni
#oon. and has name (B).

C- Pipe conrection belween branch and indoar unit depend on the copacity indoor
Just, and has game ().

5.5 Selection of the indoor unit in the project
in the project lwo types of indoor units 15 used:
I- Wall mounted:

Wall mounted used in this project is “Neo Fort and Neo Forl B

)Neo Forte & Neo-Forte E

10-1, Foaturss

TS



Mudti lter system is composed deodorizing filter to keep airclean and fresh, The Wall
mounted tvoe 15 AVEWNTIOLSL, the operation sound level (22-26) dB.
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Figure (5.2); Sound pressure level
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Figare (5.3): Cooling temperature distribution VS

Conling air velocity disinibution of AVXWKHU3IGE

VG




2- dveay cassetie 5

4-8, Temperature and air flow distribuition

1y MDOSOSHMES,

1R e vl CRSlaaliony

4 way cassette S depends on interiors loek or personal performance. this 1ype (cassette)
contralled by using remate controller to opening angel of 4 hlades can be individual set ar
the samic or ditferent angel | and the model is NOOSOATIXEA and the sound leve] (28-32

e 1 o v e s 5
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Figure (3.4): Cooling lemperature distribution VS

Cooling gir velozily distribution of NOOS04HXEA




5.6 Dresign of DVM plus 4 system

- Take a design outdoor temperature 31 © znd wer hulb lmnperature 14 (0,
= Load ealeulation “cooling, heating”
*- Selection indoor unit using capacity table,

= Caleulation outdoor unit eapacily by
= Capacity ratio 130%,
- Tota] required indoor capacity.

3- Dutdoor unit = toral required indoor capaciy S capacity relio 130%.

- Referring 1o the tahles to see if the capaeily 1s accepted sl covering all the space or
nol.

7= Determing Lhe size pipe for cuch outdoor unit,

%= Determune the main pipe size,

Y= Determine the outdeor joint and firl joint branch.

- Determine the pipe size and joint conneet tram,

1= Additional refrigerant charging to the lenpth and size of Liquid pipe.

12- Main pipe 1 size inerement.
5.7 Sample calculation:

the semple ealenlation is Apartmeni A where:

I- Caoling load as the reyuired capecity,
2= Seleetion of indoor unils using capacity table depends an the rexjuired capacity.

The Selected indoor units are: 4 way cassette S aind wall mounted fom capacity table
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Table (3.1} Indoor units’ specification

Required Actual ol
[ Neme Muodel Quariily capacity (kW) cipaeily Capacity
| TCUAD) ()45 4 22 1] 43
FCT(A-2) 112 il 577 T 11.2
| FCUT{A-3) 112 4 6.4 77 11.2
WMA-]) D71 4 4.12 47 7.1
W A-2) 56 4 36 4.7 50
1. mduor unit = 27009
total indeor
unit = 02346
The total requirad capacity tor the oo — 23 .09 kKW
The Lotal required eapacity Tor the eoon " 4 Noor ' = 92 36 KW
Outdoor unit = total required indoor capacity / capacily ratio 130%  eqi5.1)

=83l 3= TIRRW
From the total required eapreity for the zoon " 4 Hloor " the vutdoor unit is combination

fromy Lwo puldoorunits ™ (2. 14 " HE.
1-1. DVM Plus Iv HP
& Compact (Module)
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Figure (5.5); Ouldeor enit selection depending on the indoor unit
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And the actual outdoor [rom teble capacity = 26 HP

=

1-1. Compact mode!
15) 36HP Gooing el
Felva Tt snPCoWE
Corrbhalan. Dobaae . | QA% EnT ot Wasi U] Huw | een ] a0
Fapachy rang, L] !
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Figore (5.6): Outdoor actual it
Tahle (5.2} Outdoar units

: Clutdoor units — {20HE, 14 HP)
e Actual putéoor = 34 HP

= Determine the pipe size for each ouldoor tnit

‘Table (5.3); Pipe sizing of owtdoor units

Outdoar unit Liquid size Gas size
1283 At Ji
14 HP 1E2" ]
20

=it i B

i R




Cutdoor
it
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Fieare (5.7):
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5.8): Outdoor units” Joints
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The total refrigerant ol the zone depends on the length and the size of the liquid pipe.

Additional relrigamnt charging o .
= Aacifional rofigorant hes b be charged acoordng fo the kongth and size of
i pape
Liquid pipe sika (0.0 mm| | Adestional rolrigersst charping (kg/m)
[ a8y ] (8 ¥
A T =]
a1, 1 ) TREA
i = IIl_I' ——
alilnh or? =
o o 05
T |

Figure (5.9): Addiional refrigerant charging

Tahle (3.4} Additional reliiperant added to the systam

i I'ipe

Laginid (ing Length | Additional | Addidonal  Ouantity | Tolul

Name sl size {1, G} | Refrigerant (k) (L Lengh

i {L} kg/m pipc L. 3)

pipe
- il
bl 378" 314" 1.95 006 | 0.117 4 7.3
B2 8" 7/8" 2.3 006 | 0138 4 | 62

B3 /8" 7" 0.5 G061 0.03 4 3|

B4 2/g" 78" | 006 | 006 4 4
[ 378" 58" 0.7 0.06 (1042 4 2.8

W 35" 5i8" 3.93 006 | 0.233 4 15.72
| & 174" 172" 2.5 002 | 0.08 4 10
4 174" 12" 1.5 002 | 003 4 1 o
Bl 38" 34" 105 006 10117 4 7.5
B2 2/ 78" 2.3 nos 0138 4 | 92
iE 38" 748" 0.5 006 | 003 4 3

Toints of indoor anits o the able below

a3i




Table (5.5) Indocr wiits” joints

Nanie | Joinl Ciuanlity
Fl MXJ-YA2512k i 4
r2 MXJ-Y A 1509k | 12

Where: F1: belween (15 —40) kW,
FZ: ‘below T3 kW,

Fizure (5.10); Indeor unils® distribution

Main pipe 1 size inerement

When the syuivalent pipe length [rorm outdoor unit to the farthes! indoor unit between
(45-00) m the main pipe (hoth liguid and gas pipe) has increase | stac.

Mie distpizee haroeen purdoor o Hrthest indoor unit is 22.41 m.

No nead tn morease the main pipe size.

For Lhe rost of the aperments:




Apartment B
Table (5.6); Induoor unils™ specilication
Reguired Actuzal Nomunal
Mame ~ Model  Quantity | capacity (kW) capnaity capacity
_ FCU{B-1) 71 4 .50 4.9 il
FCU(B-2) 7l 1 4.3 4.9 1.1
_ FCUB-3) 071 4 | 444 4.9 7.1
WM(B-1) 071 4 | 4.5 47 T
WM(B-2) 07| 4 445 7 7.1
1. indoer unii = 22.25
total indeor
= 89
Table (3.7): Dutdpor nnits
Outdoor uwnits = (1ZHP, 12HP)
Actual putdoor = - ~ 32
Table (5.8): Pipe sizing of vutdoor units
Quidoor unit Liguid size (ras size
T 3 _ 1t
12 HF 172" i 1"
Fable (5.9} Addiricnal refrigarant added fo the system
Pipe Liguud Gas Lenaoth | Additional | Additiona]l | Quantity | Total
Name size size (L, G) | Refrigeran (keg) (L. &) Length
m (L) kg'm pipe tL, G)
PIpe
m
Bl 38! 344" .58 (.06 0.0348 4 232
| B2 34R" TLEM 1.5 .10 .06 d4 5]
B3 | m® | 7% | 193 | 006 | 0IB8 | 4 | 7m
B4 3/8" T 0.5 0.05 0.02 4 2
0 38" 578" 2 0,04 B i 4 B
[ S = i 3a" ] .06 03 - 20
C3 1id" SR 5 0.02 0.1 4 3
| 4 14" S8 0.6d 0.02 DO128 4 255
cs 174" 58 2.2 0.02 0.044 4 838




Teble (3.10): Indoar units™ juinis

Name Joint Cluantity
| Lid] MET-YA2512k 4
| 2 MXJ-YATS00k 12
Apartment ¢
Table (5.11): Indoor units” specification
Keguired |
capacity Acrun] Nominal
Nims Model Juantity (kW) capacily capacity. |
FOUC-1) 071 ! 4.6 44 7.1
FEUE-2) (71 4 4,34 4.9 Tl
. FCUIG-3) O7] 1 137 49 71
_ FOU(C-3) 071 4 1.65 4.9 7.1
WMIC-1) 071 4 2.06 A0 | 7.1
_ WMI(C-2) 07l 4 115 3y 71
Iduwr unit
‘ = 1853 |
tolal indoor
nnit — 74.12
Table (5.12): Outdoor wnits
Cutdoor unils = (121P, I0HP) 4
Actual outdoor = 26HP m
Table (5.13): Pipe sizing of ouldoor units
Cutdoor unit | Liquid size _ Gas size ]
12 P | /2" i
10 HP 38" 78"




Table (314} Additional refsgerant added 1o the svstem

Pipe | Liquid ‘ Gas | Length | Additional | Additions] | Quantity | Total
A 1 si7e (L. Gy | Refigorant (k) 1. G Lenpth
m {L} kg/m pipc (L. &)
pipe
! 111
Bi 38" 34 1 (.06 0.08 d 4
E 38 | 78 | 314 006 0,159 3 126
B3 378" 73" 1.8 006 U108 1 72
- Bl e 78" 34 008 0.204 4 136
B: 38" 58" 1.26 (.06 0.0736 4 5.04
| @ 378" 58" 3.5 0,006 0.21 3 14
G g | A 0.8 0.06 0.054 3 3.6
L - = 0.4 0.02 0.008 4 1.6
| C4 174" 58" 14 (.02 0.028 4 56 |
= 14" 34" 2 0.02 0.04 4 g
Ch 14" | TR 3 D02 .06 4 12
Table (5.13) Indoor wnits” joints
Name Joint Quantity
Il MXI-YAZ517K F
F2 MXT-YALS09k 12 s
Apartment D
Table (5.16): Indour units’ specification
Reyuired actual
capaciry capacity Noaninal
Mame Model Cuantity (kW) (kW) CEDACITY
_ FCUc-1) [T i 3.534 39 S8
. FCUIC-2) 025 4 29 3.1 45 |
FCU(C-3) 036 3 3.4 30 4.3
WM(C-1) 035 Bl | 5.05 2.5 35
WMC-2) 0350 4 | 34 g 5.6
indeor unit = | 18.0%
total indoor
| wnit = 72.36




Table {5.17): Outdoor units

Cratdoor units — (20 HE )

Actual curdoer = 26HF

Lablz (5.18); Pipe sizing of ouldoor units

Outdeor unit Liquid slee | (s sive ]
20 HP 378" | 11"

leble (3.19): Additional refrigerant added to (he Systein

Pipe Liquid Gas | Length | Additional | Addions Quantity | Toral
Name sizi flde (L. &) | Refrigerant (k) {160 Lenpth
n (L} ke/m pipe (L.G)
pipe
. i m
b Bi J/B" 34" (L& 0.06 0.4k 4 v
B2 38T | 7R 2.3 0.06 f.133 4 92
B3 378" g 0.9 0.05 00363 4 376 |
| R4 38" 8T 28 0,06 0,168 4 i1z |
I BS 3" TR 1.72 0,06 0.:032 4 588
_ Bg 35" 8 3.04 006 | 0.3 4 1215
) £l 378" ol 1.3 (B DOTE 4 5.2
(&0 318" Sign 35 0.06 0.21 4 14
(3 /4" ji29 12 (.02 0,024 4 4.8
24 1/4" 12" 2.2 0.02 (.04 4 EE |
S 14" 12" 2 002 0.0 4 b
Ch [ /4" 12" 2.6 (.02 0.052 F 10.4
- s 114" AL 24 002 | 0ps3g 4 og
additicnal
| iras 1152
tital
addilional
| Eas 4768 —

Figure (5.20); Indoor units® joints

-_ Name | Juint Qusmtity
Fl MXI-YA2512k A
O | MXI-YA1509k 20

&7




Aportment E
Table (5.21): Indoor units” specification
Requircd actual
capacity Cupacity Mol
I Nume Muodel Quantily (kW) (kW) capacity
FEEC-1) 071 < 4.0 4.4 7.1
FOL(C-2) 071 4 4.34 4.9 7.1
_ TCU(C-3) 07 4 337 1.9 Bl
| FEL{CT) 071 4 4.63 49 71
WM{C-1) 071 4 308 39 71
WHM{C-2) 071 4 3.16 3u 1.
indoot unil i
= 18.52
total indoor |
unit = 7412 |

Table {3229 Ohuidoor unirs

thitdoor nnils =

Aetual puldoor =

(12 1IP. 1T HP )

26HP

=

Table (5.23): Additional refrigerant added to the systern

Pipe Liquid G Length | Additiong] | Additional | Quantity [ Total
Mamie sizp size (L, ) | Refgerane k) (I, G} | Length
i (L) kg/m pipe (L. ¥)
| pipe
i m
. I 38" 34" 227 0.06 0.1362 4 0.08
| B2 38" 78" 1.5 0.06 0.09 ] 5
B3 38" 7R" 4 0.05 024 4 16
B4 37" TIE" 1,34 0,06 0. 2004 4 13.36
B3 378" 78" 1,26 (.06 0.0756 4 5.04
[l £ 3/8" 5/8" 0.9 {1.04 0.054 4 3.6
c2 £V 58" 55 0.06 0.33 4 22
C3 144" 12" 0.5 0.n2 0.01 - 2
| €4 14" 172" 155 0.02 .03 4 6
| ©5 14" 12" 2.31 0.02 ().(462 4 9.24
[ 1/4 LA 3 0.02 0.06 4 I2




O Y |

Teble (3.24): Indoor upits” joints

Name Joint Quantity
Fl MXJYA2S12k <
F2 MXEI-YALS09 12
Apartment F
Table (5.25): Indoor units” specification
Reguired Actial
capacity capacity Nominal
Name Meleailicl Quantity (kW) (kW) capacity
FCLUE-1) a7l 1 456 4.5 7.
FCU(E-2) | 07 4 43 4.8 7.1
- FCU(E-3) 071 4 42 1.8 7.1
_ WM(F-1) 071 4 4.3 4.7 7.1
WMIF-2) 071 - 4.45 4.7 7.1
indaorunit
- 22.01
tovtal i
unit = 55.04

Table (5.26): Ourdoor unils

Chatdaar pnits —

{1ZHP. 1 2HP)

Actual outdoor = 32
Table (3.27): IMipe sizing of outdoor units
Cutdoorunit Liguid size Gais size
F&-HiP 1o 1"
L 12 HP 12"
Figure (3.28): Indoor units” jomis
- Name Joint Quantity
Fl MXL-YA2512k 3
[ MXT-Y A58k 12




Table (5.29): Additional reig gerant added 1o tha svatens

Pipc Liuad (ias Length | Additionad | Additianal | Quantity | ‘lotal |
Namne size size (1. 4G} | Refrigemnt (ko (L.G) | Length
m (L) kg/m pipe (L. £3)
pipe
| ' m
Dl Y T (.58 0.06 (10348 4 232
| E3I g | we LS 0.06 0.9 4 6
- g TR .63 (.06 01153 3 772
. B4 8" 7R" 0.5 006 " 9o3 4 2
- Cl 3" 58 2 0.06 0.12 4 B
e 3y 578" 5 0.06 0.2 i 0
W= 147 /8" 5 e s 1 20
| €4 Jo S 064 T Hoa 0.0128 4 254
I Cs 174" | sy 232 (102 0.044 4 8.8
additional
J Zas B b
| total '
atdititnal
J gas | 23896 |
Apartment 3

Table (5.30): Indoor units’ specification

Required actual
Capacily cApacity Nonnal
Mame Model Quantity (kW) (kW) capaciny
- FCTLHG-1) (45 4 [.9 3.1 4.5
| FCUG-2) 112 4 677 Tl V2
L FOTHG-3) 112 4 6.6 7.7 112 |
WMIG-1) 071 4 3,53 47 7l
~ WMI(G-2) 36 4 10 4.7 56 |
indoor unit
= 22706
totel indoor
. unit = 9] .04 |




Table (3.21 ) Outdoar units

Ouldoor units = (12HP, 14 HP)
Actual ouidoar = 34 HP

Table (3.32): Pipe sizie of ourdoer untss

—

Outdonr unis Liquid size Gas size
i 12 1P 12" s
1 141IP I 172" " =3
Frgure (5.33): Indoar units” joints
; WName Toine Quantity 1
| Fl MXI-YA2512k 4
' F2 MEI-YAI509k _ 12
table (3.34). Additional retrigerant addad (o the svatem
Pipe Ligud | Gas [ Lengrh | Addiional | Auditional Quantity | Total |
Nume siee size (1. GY | Refrigerant (kg) (L, G) Leagth
™ (L) kz'm pipe (L, G)
pips
m
| El /8" L ol 1.95 0.06 0117 & T.R
or 3:’8__" T8 2.3 0.06 138 ! . i
. E i 0.5 .08 .03 4 2
. B4 Y 1 0.06 0.06 4 7]
. €1 - S T 0.7 0.06 0,042 4 2.8
g 2 /8 | sign 3.93 0.6 0.2358 4 1572
R 3 14" 12 2 0.02 o3 4 My
I 4 144" 1Y ] (.02 0.03 4 (3]
G5 14" I 1.08 (.02 0.0216 4 432
' additiosal
s {).7244
toral
additioneal -
s




5.8 Mechanical venlilation

Ventilation is the process of supplying and removing air by natral or mechanical means
10-and from & building, he design of a building’s ventilition system should meet the
minimum requirements of the building (Ventilating Systems) regulation.

There are two ways for Ventilation:

1= "Natural verrilation" covers unzontralled inward air leakape ihrough eracks, windows,
doarways and vents (infilization) as well a5 air lesving a roon: {exfilization) through the
same roules, Natwral ventilalion s strongly affected by weather conditions and often
unreliakle,

2-Mechanical or forced ventilstion is provided hy air movers ar fins in the wall. roofor
#r conditioning system of & building. It promores the supply or exhaust air flow ina
controllahle manner.,

Theatr flow rate into 4 room space, for generel mechanics| supply and extracl systems, is
usially expressed i1,

L. Air changes per hour

Bk

» Anair fow rate per person

L

- An air flow rate per unit Tloor area

An air change per hour (ACH) is the most frequently used basis for caleulating the
required arrflow. Air changes per hour are the numher of ties in one hour an equivalent
room volumie of air will be intraduced into, or extacted (rom the roam SpEce.

Air fow rate per persom are generally cxpressed as liters par person (L/P), and are usually
used where fresh air ventilation is required within occupied spaces,

Airflow rates per unit Moor area are similar in effect Lo air changes per hour except that
the heigh of the room is not taken into consideration.

Mechanies] ventilarion system in this preject is just for bathroums and kirchens.
5.8.1 Purposes of venrilation

Ventilation in a building serves to provide fresh and clean air. 1o maintain e thermeslly
romfortable work covironment, and to remuve or dilure airborme cortaminants in order Lo
prevent their acenmulation in the air. Air condilivning 15 a commen Lype of ventilation
systemnn in modem office buildings. Tt draws in outsids air and affer Gltration, heating or
cooling humidification, circulates it throughout the building. A small porlion of the return
air ks eapelled to the outside environmen: to control the level of indoor air Contaminants.
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5.8.2 Designing of mechanical ventilation

Steps of designing mechanical vertilation:

L Calenlste the required ventilaring mic of air by using "Ventilation Rates Caleulator”
Soffware,

2. Caleulate the volume of the room in { m¥),

3. Calculate the flow maie of wir by using air changes per hour method.

5.8.3 Sample ealculation

Lisinyge balbroom:

= ::___:-:‘:‘t\- Iirf-r
F':‘__ | e — .
Figure (3:11) Hathreom lavout
The velurne 15 13.23m™.

Figure (5.12): Ventilation rates calculator
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Teble (5.34) Ventilalion rates far bathrooms

| Vientilating Raie
Volume
Room (m™) (L'S) (m*h)

Bath roon Al 13.02 36.17 130.2

Bath toom A2 388 10.78 ' 38,88

Bath room K1 547 (514 54.68
~ Bath room B2 7.26 20.17 72.61
| Bathioum B3 T30 2139 77.00

Hath room €1 13.14 368 1314
_Elh oo (02 Y| 26.68 96.08
~ Bafh oom DI 15.007 4185 15060 |
~ Bahmom D2 297 ' 8,25 29.7

Rath room E1 13.47 2742 1347
~ Bathtoom F2 5.87 16.2] 5471
' Bathroom Fl 5.59 13.53 S5.90

Bath room T2 .26 2017 7281

Rath room F3 7.7 21.39 770

Bsth roam G1 12.92 35.89 129.2 M |
. BathromG2 | 188 10.78 35,80 I'
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Using domestic fan to ventilate bathrooms:

1- Dumestic fans for ventilation of bathrooms, toilets and storsge rocms can be wall or window
mounled dnd in some cases duct mouated,

2- This used type of fans for venhilaion in bathrooms is BF-WI00 axis] fan.

For kitchien e use of hood (an s installed

+ T

245" T 30 PI.H"'JVE“'\‘\
COoDHING SURAFACE '\\_\\

Figuret5.13): Ventilanoa in &tchen
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Table (3.3%): Ventlation rales for kitchens

Room Volume Ventilating
(m?) :
Eitchim A 27 Tlood
IN"-40" above
cooking surface
Kitchen B 54.05 THeod
30"- 40" above
conking surlice
Kitchen C 40.7 Hood
=" above
eooking surface
Kitchen D 3504 Hood
3N- 40" mhovie
covking surface
Kitehen I an.7 Hood |
30407 ahowve
caoking surface
Kitchien F 5405 Hand
30" 40" gbove
cookine surface
Kichen G 2811 Tliod

30"- 40" above
cooking surface




For basement, Faplosien proof centrifugal Fans and Jet lans is used to ventilale the basement
Noor,

Firoure (5. 15); Jat fans
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Rili No, (I3 MECHANIC AL WORKS

Description Unit | Qty, Unit Rate | Amount
(Shekel) | (Shckel)

Preamble

This section shall be read in conjunction
wilh the generzl, particular mechanical
techrical spocifications, mechanical
crawings and invitalion te bid coadidons.

1-The unit price for all itens in this
section skall include for supply.
mstaliation, connecting, testing and
commissioning, unless olherwise
specifically mentioned or instructed by the
engineer,

2-All civil and finisking works related 1o
cancermed iteny shall be included in the
uni price

2~ In easc of conflict beiween eontrct
documents, plesse refer 1o the engneer for
clarificalion.

I- Responsibility of comtaelor 15 to ensure
thal all works are in conformity with
internaticual stated codes and local
regulation.

5- Quantities, melude in this bill of
quantitics is for guidance, the contractor
shall check and verify all quantities,
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I e —

~tem ol Description - " Unit Qry. | Tait Ampunt |
ENo. | P, N e e, B - Rare
1.1 ' ater Supply

WHtE_'I'_S_uj]pij Pump Set Fur hot water
Supply, install, test and COmMMIssion water
supply pump sct (factory assemnbled), ane
duty. one stand-by. The nail prce shall
nclude pressure vessel, electric contro] ‘ No,
| panel, electrigal wiring, galvanized steel

frame, inertia hase, vihradon 1salatars;
concrele base and all required valves and ‘
Firtings as Jetailed on the drawings.

| Ra
-SRI
| |

Fiy

:mrm' 10000 '
e
]

— | Mow rate 14.2 m®our. Head 2.6 Bar, ' ’ |
LL2 | Water Supply Pump Set For cold water T |
Supply, install, test ynd COMMIsi0n waler ‘
supply pump set (factory asscmibled), one
duty, one stand-hy. The unit price shall '
include pressure vessel, electric control Wi,
panel, clectricyl winng, sslvanizied stes] ‘

10000 '

f
|

= Flow mte 25.8 m hour, Head 2.6 Bar. =
LL3 | Expansion tank | J |I

Supply and insalf expansion tank “Tlkj lype™ a)
each hot and eald water ¥sterms with 200 [jter No,
capaeily,
Expansion Tank (closud type). The unit price shall
include gaie valve, douhle check valve, salery
~ | valve, drain valve s
L1.4 | Galvanized Steel Pipes & Fittings
Supply, install, test and CAInissinn
galvanized steel pipe woik to ASTM-A53
Grade "A", fir domestic hot and cold water
Supply pipe work up to the water autled, The it
price shall include valves, expansion Joints,
Pressure regulaturs. gir vents, fittings and all
Aceessories and works required to complete the
work as shown op drawings, specifications and
P M. instroetions,

S000

frne, meriia hase, vibration solators, '
concreic base and 211 required vaivis ape
Fittings as detailed op (he drawings. ’ |

2 J.EEI{}' 4400 |

B. | Diameter125% ML | 158

A | Diameter 1,57 ML 55 360 3531:111;‘




|[ Item Description " Unit | Qty. | Unil Rate | Amount |
No. I
| 1.1.5 | Palyethylene (PEX) Distribution Pipes '

Supply, install, test ind commission | r
Cross-linked polyethylene (PEX) pipes
to DIN 16852/%, 20 bar warking
pressury, [or cold end hot water | ‘
distrihurion from metal water pipes 1o ML | 24i0) 16 35400
sumitary (ixtures, complete wilk siveves
and service valve for each connection,
The unit price shall include rubber ring
seal, brass elbow/adapter inside PNC
termingation box hailt inwall foo
connection with the samlary Nxtures,
distectric unions, excavation. bedding,
back filling, chasing i wall and all
works required as shown on drawmus,
spseifications and P.ML instractions.

16 mm O.D, x 2 2mm thick, sleeve 25
_ mm diameter
1.1.6 | Watcr Meter

| Supply, install, testand commission | |
water meter with total nser, 2" diameter,
inicluding air vent, check valve, sirziner, | No. | 150 150
two gate velves, conneclion 1o
municipality's potable water supply
network, fittings, and all accessories and
warks required to complets the work as
shown on the drawings and as per the
preambis, specifictions and the |
Supervision enpineer's requiremnents.
1.1.7 | Water Collectar

|| Supplv and install hot and cold water |
cellector™s type GIACOMINT or LA
With all is sccessorivs and its
suspension belts and beams,

A | 157 cold water collector EYE | 260 b0 13600 j

*

B, | 11" hot water collzelor EYE| 128 | 50 6400 |
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Ttem Desceription Uuit | Qry.  Lnit Rate | Amount
No.

E 1.2 : Sunitary Drainage

120 Water closet

Supply, mstall, test and commission ol Door
mounted, white eolor, percelain, siphon jet
water closel with 2n elongatad bowl, seul with
upen front and chick hinge and carrier or
equiveleal including necessary accessarics, §
Litters capacity cistern, valves, fittings, [2mm | No. | 64 il IR400
stop angle valves, chrome plated 13mm hose,
heavy duty side Tm length, 13mm chrome
plated hand shower. connection to dramage and
waler systems as per drawings, specifications
end related codes:

122 | Sink

Supply, install, test and commission of glazed
pareelain basin sink white size 2040 » 60-cm
excellent water mixer clhrome the price shall
inchude plastic siphon and the drain 10 the No. | 2% 300 L
tearest foor drain and all that is required for
instaliaton and instellation according (o plans
and specifications arul mstructions of the
supervising enginger.

.23 | Lavatory
Supply and mstall porcelain wall hung semi
pedestal lavatory Huropean type class A, size
(45*55-cm). complete with all fittings, valves,
wasle pipes to nearest [uor trap, taps (mixer) N, B 200 12800
(elass A and approved by Palestine standard
institution). eonnestion to water distribution,
traps, with sogp holder and any other nscessary
parts as specification and as directed by Eng.
Price including supplving and mstalling 20*60-
e Aluminum framed miveor,

124 | Bidel

Supply and instsll & white colored porcelain No. | 20 1000 20000
waler closet bider with dimensions 5743 7-em
1.2.5 | Shower

Supply and instell & [Ther glass shower with a
traditional ruin can shower head riser shower Mo, | 36 800 | 23800
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SVELSITL.

Teem
| No,

Description

Unit

CHiv.

Unit Rate ‘Amuaut |

[ 126

Tt

Floor Drain

Supply, install, test and commission of 4°°
chrome plated threaded 15%15-cm cast brass
cover, multi inlet adjusizble with tap floo
drain. Tneluding {loor clesnout plug, HDPE
siphom or eqnvalent and necessary accessorics,
conrections wilh fixtures and main drsin pipes.
As per drawings, specifications, and related
codes,

MO

168

100

16800

Clean ant

Supply, install, test and commission uf {he
following HDPE or equivalent, non adjustable
15*15-em stainless sieel cover, and floor clean
oul wilh uas and water tightness ABS plug and
NECERRary adcessorivs a5 per drawings,
speciflegiions, and related codes,

57

1330

Vertical and horizontal UPVC pipe

Supply, wnstall UPVC pipes snd Httines similac
to local made 5 SN 8 The ratz shall includs
all needed connecrions and <1l lypes of fittings
caps. all done aevording to drawings,
specilications, and the approvel ol the
SUPETVISION SUSINEET,

Diameter 2™

ML

300

20

GO

Diameter 4™

ML

350

30

| G500

Pismeter 67°

240

el

21600

WislEaE

Mianholes

Supply and install PRE-CAST concrele
manholes of 15 ¢m thick walls and base with
heavy duly cest ron eovers and frames of 23
tons load strenpth with all necessary exeavation
back filling as specified to the required depth
with steps of palvamized pipe 4 benching and
conneelmg it to main eity manhioles as shown
i drawing and in accordance to specifications
and appruoval engitieers,

M,

14

1800

f1206)




Descriptivn

Unit

Qty.

Unit Rate

Fire Fizhting

Supply and install galvanized sleel pipes o
ASTM-AS3 prade “A” schedule 40) for
firefighting system pipe work, inside building
Ihe unit price shall include valves, Nitmys, and
all sccessories and warks reguirad to somplele
the work and as specifications, pad the
supervision of engineer’s requirements.

Amount

Diameter 2"

ML

Diameter 47

4l

120)

7600

ML

132

10D

13200 |

. Fire fighting pump set

Supply, install, test and commission
tirelighting puinp set factory assembled),
compased on one elsctric oo duty pump, one
stand-hy Dissel pump, jockey pump, and
rtoitatic control panel. The unil price shal|
include pressure vossel, electsic control punel.
electrical wiring, galvanized sieel fame, inenia
bese, vibiratian isoluturs, concrete base, piping
from water reservoir to delivery header outlel
corplete with test lines, and all required valves
and Nitings as detailed on the drawings,
specifications und P_M. snstrctions.

Flow rate 1135 m*/hour, Iead 7 Har,

Mo,

13000

13000

et ')

Fire Extinpuisher

Supoly and install portable fire extinguisher of
6 kg, CO2 capacity cach in lucation as decided
by the engineer. The installation shall be
complete with brackets and it should b in
accordance with the civil defense specitication.

300

5400

Fire Hose Reel Cabinets

Supply, install, test and comunission fire hose
reel cabinets to complete with 20 meters long
15" diameter rubber hose of 16 bar working
pressure, The unit price shell imelude hose
cabinel, pressure reducing valve, globe valve
&nd auromalic swinging recessed (vpe cabiret
a8 detailed:on drewinges snd as the
specifications and the supervizion ¢nginesr’s
reguirements,

Mo,

1000

16000




Item | Description Unit | Qtv. | Unil Rate | Amount
N,
1.4 | Air conditioning YRF system
Supoly, install. test and commission of the
Fallowing spilt unit. eeiling mounted cassette
' and wall raounted lvpe indaor unit, complete
with electrical cannections, insvlared PVE
drained pipe, indvot! cutdoar hunging supports
and inswlated copper pipes with nacessury
Agcessories. As per drawings and related
Codes.
A [ Wall mounted Lype Ne. | 60 670 402000
B. | Casselle bvpe No. | 96 5600 337600
1.4.1 | VRI Outdoor Unit i
Supply, inslall, test and comrission oF outdoor
unils inciuding all acecssaries, fittings, valves,
and Tt must be Factory made und assemblad.
Retrisersmi pas to be of zero Orone depletion
potential (ODP) as R410A. All as per Sanyo,
| Daikin Sumsung or EA |
Ao 10 HP outdaoy unit No 2
. | 12 1P ontdoor unit No, R
C. | 14 HP outdoor unit No. 2
D. | 20 HP putdoor unit Mo, 1
1.6 | Ventilation
| 1.6.1  Exhaust Fans
Supply, install, connect, test and commissian afl
domestic fan Lor bathreoms, hood for kilchen,
explesion proof centrilugal fan and joi fans for
' basement.
A, | Pomestic [ No. | 64 B0 512600
B. | Hood No, | 28 2500 T
C. | Gxplosien proof ceatrifagal fen Kao. B 12000 96000
D. | Jet fan No. | 2 500 1800
1.7 | Bailer
Supply, iostall, and eonnect hot waler industrial | No, ! 14000 14000
beiler from type THW-L N'T Fwith high
clficiancy and flow rate 241.5 Lihour.
Total eost | [ 703400
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Al Dieseription of wall construction groups

TABLE 9.5 Diagription af widll cofrsinms o grolineg.

Gromup
N LB ian OF Constimction
(s mmEace Brackio { Brick)
Aar space + 1016 mm face bnck

101 .6 mm aoemmion brick

23.4 mm insulation or mir space ¢ 107 .46 mm common
brick

50,6 mimn muulation = 10 .4 mm commaon hoiek

2083 2 o covmancn brlck

Insulation or gir space - 2032 mrm comman brick

fan

FEE

TADAES v T Se e Sl NI AW SRS avee leh -
Adr space + 50,8 mmm canceic
20.8 mm insulaticon + 10168 mm Clanrete
Aus d@pace oranawlacan + 200.2 mum o mnors cunueie
Dl Hace Bog k== {5 S or WSS un i de e Blacky
1ULE mm block
Adr space or imulaton <+ 10160 mm block
2032 mm hlnck
Adr space or 25,4 mm insulagon ¢ 1524 mim or 203.2
mrn hloss:

50.8 insulntion = 203.2 mm block
- 13 G Eace (Brick'= {Tlay Tile)

C
B
A

101 .6 m tale
Al space + 1016 o tile
losulation + 101.6 mm tile
2032 mun tile

Adr epace or 285 4 mm inmlartian = 2032
S0 mm meulntion + 203,27 mm oiie
WY S onore e W all =S THmish)

I101.5 mm comcrele
0L S mm conporeie + 254 mm or 318 mmm insalarion
S0.8 mpn i=manlptuon== 101 .6 men conceete
203.2 mm concrota
2032 mm concycie-+ 25,4 mrm or 50.8 mm insslation
200 2 mm concrete + 508 mm insulation
304 .8 mm concreie
304 8 nun concrele <+ msulation

AW S and SH OV Concre L s BIGCR A [Finish)

o tile

101 4 mm bluck 4+ mr spaceSmsnlation
S0LR mum insulation + 101 6 mum Block
203 2 mm block

2032 mm block + ais spncn’:fia:rﬁu!n:ip;.

s
4 I.-i.

o
IErIJn mm tile
107 6 mam tile +aur space

1016 mm tle + 25,4 mm insulaton
B0.8 mm insulation 4+ 10 4 o sle

203.3 mm tle + air space/25 4 mm insulotion

tHin

| =
Wm0

2033
2356

0.987-1.709
0630
1.71%

OUBF4-1 30w

1.987
0.45R
0625-0.6386

4] .Bﬂﬁ- l.iza
0551

3321
1,156 - .675
0.675
2. 782
1061 - D653
0653
2350
42

1.914-1 493
0. 596-0. 647
| 669-2-282

O RA6-0. 952

2079
L.720
08993
LE25
Q857-1.312

wnqum':mmﬂiruywnntm_bunnuu % NookE

S0.B mm msulatnon 2032 mmile
3 : Mcial Curtain ™ Wall

“tfoh.l"“'lThl'r W A sSpace =+ 3 4 mmS58 o 76.2
uuu-lﬁhrrn

Framc SWaTl
24.4 mm o 76.2 mm insulation

0552

O-516-1. 304

LOE0 - (1458




‘

A2; Approximate CLTD values for light, medivin, and heavy weight construction walls

k|
£ -
13:00 & = ) - =
14=0x) T ! 8 =
E5:00 X - E | (—
16:00) & — 8 3 -
1700 3 — E 3 3
18:00 3 - 8 & 7
19:00 1 - 6 1D
_20: = L7 6 1z
A3t Approximare CLTD) values for sunlit roofs
—_—
TABLE 9-3 Appraximate CLTD values for suniit ropfs, 50,
Roof Construction
Solar Time Light |I Medium ' Heavy
10:00 5 — —
11;:00 12 - "
12:00 1s 3 n
13:00 25 8 2
14:00 29 14 5
15:00 31 19 8
16:00 31 23 10
17:00 29 25 12
18:00 24 26 14 |
19:00 19 25 15
20:00 11 22 16

. |
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Ad! Inside design tamperature

Mty ratin

P iy LLL T Y T

A3z cooling logd facior (CLE), for lights

Table (A-8) oo lead Tnctor (0L, Bor gt 3
MNumber of hours Fixhire 3¢ Flixture ¥°

alter ligiis are | hour of ratiom | himrs of operatian
_ waraed Om 10 i 15 0 148
i g | 030 G T

| n.a3 a7z (o B 0.7

2 b, 66 75 mal Ld3

| i ol g4 .87

] 073 W.ED O.R (LR L+ ]

=1 75 082 920 .91

4 0.78 084 g 03

7 [ 80 0ES 093 og

B a8z B R 0.6s

Q 0,54 e {9 098

14 s 8 087 may

11 L3z 0.9g nap [ty

132 020 0,87 018 .08

13 .26 Os2E .18 .28

14 .23 [45"x ] QIZ n.ea

15 i e 0.5 (LR 099

Ia ia 0og {Lns (R

17 o .40 LS 0,24

18 ] 0,15 B35 0 .20

* Adapied  Fowm Stoecker und Jones, 1982, “Noffpenaivn and i Conefiridieme™. 2™ o |
Maciraw B (Fistme 7 = Bet vented reopesed lighs afd Fiviee ¥ = venlod o fiee hanpimyg Ight )
Y Adapted! fromm Jowes, 1078 ".tp-c‘nmf.-'urmmgaﬂ#&:.il'.jmcm‘fjmka", Edvwrand Arnold
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A6 Coeling lnad facror due 1o becupants (CLI), for sunsible gaip

R T :
Table (A-6-2) Coaling Joad fecior due to fecupents (CLF)... | for sensible heat gain,*

Hours sfter | Total hours in Space

cach entry into [
2

space 4 6 8 9 12 14 35

i Ve 049 050 051 95 pe 0.58 .62
2 055 059 060 o4 ges 068 066 g7p
3 o 266 08 0457 pes g 022 035
q ora OGN 02 6m g e 077 079
5 90 B2 0% 0% g g 080  psz
6 208 021 0™ ogn g 081 083 ggs
7 o 26 03 0w 0w gps 085 087
£ e L4 036 0wl g ga 087 ps3
9 o 011 021 gy gey o 08¢  pso
10 004 010 018 03 gpe 058 0o o
11 004 008 015 035 g4 091 091 g
12 003 007 043 @021 sy 092 092 poa
13 003 B0 011 038 03 045 093 puoq
14 002 006 010 015 g3 036 094 o3
15 002 005 008 013 g% 030 047 pos
16 002 084 007 a1z 17 025 D38 pog
17 002 004 008 10 e 021 031 (49
I 001 0.03 0.06 .09 .13 0.1 .24 030

AT Cooline load ren erature differences (CLTD fowr cunveciion heat @ain fior alags
= P = =
windawsy

— B e

Table (A-7) Cooling loae! emperature diferences (CLID) forconvection et ginfor Qlass windows,
i NITIT PN 1415617181920 21 22 3334

Time
CLTD

o0 IU—-H-I-HU1245??83??64322I
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A1 Coaling load facior (CLF) for glass windows withaul interior shacing

Cockrg o fecory 527 o gims wnciows wilthos,| indemiar shading, noth ladlludes

Solia Thme_

r“‘ﬁﬂic'ﬂmﬂ!l:liib?ls'lntiul:luls;u.:;

Table (8.51)
Glas  Bullling

L
N M
Shaded H
L
NNE M
H

L
NE M
H

L

ENE »l
H

L

E |
H

L

ESE M
H

L

SE M
I

L

S5E by
H

I
5 M
I

L

Pl X}
[E]

I.
W B
H

L

WEW Ml
H

1

‘.’uru HDT1 D09 0085 033 024 (348 .55 0,61 N 7] 0 TS OL0 .22 082 0 Jopas
I||.|_.'.,'| LACAIKDIAD M 034D fa S5 033 059 065 090 073 0,74 08 0 54 s
QAT eI3 0TI A a IR 0S5 040 055 A8 06 s R e r X1 ) 050 0.m

008 L0 (006 0003 0515 0028 0 45 LAY 044 041 0.00 0. 53 0 35 038 (K7 033 0 A)
09 LW LT 0 DLDG e 3 042 0.3 037 (5703 DI 0I6 04 038w
OLLY 0 30 0 QL0 0 08 025 0 AT 035 035 0.4 4 0038 0.1 LUl ey

LM 0,08 0003 208 .00 0 33 REL D8] 0051 s L3 836 0.0 0.5 025 03933
007 0.06 0.0 004002 0.3y L6044 045 020 D36 053 0 A0 B3R 026 00
005 .08 008 007 0.07 Wt ATy Udd 044 039 634 031 029 027 125030

02003 .08 B3 pr g 21 046 0053 .57 10053 045 03w 038 031 638 029 0.7
007 0006 005 D% 004 220 U35 045 049 047041 (136 (L34 0.30 (28 (28 0.
MAE 08 002 07 COT 0022 036 S04 0450380 31 0.ag s 02y L1303

004 0,03 DEY 0.02 00210 39 p a7 051 087 057 B30 OFT 032 039 0.2 (i
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LGRS T 05 pues 0o 037 0.3 D49 05s 5] 057 04l R4l 036 0052 026 009
CLOK 007 006 8 0% (.08 0. 16 QI OAIDE: 054050 044 030 035082 0ag pag
LI 008 D08 008 4.0% 019 b 1 DAFTED D22 04 A7 [ 35 032 0029 038 (2

05 0006 0.0 00 0UES 0,18 3,08 UAd 055 0062 063 057 048 A2 120302
1309 V06 007 D08 0.05 0,14 026 0 28 D45 0% € 55 051 045 VA0 3 0 E3 0,2
EAY 0000 noe 005017 028 040 0,49 D830 08 A8 041 D3 033 030 077

107 0.05 008 00 0003 0,06 0,18 0201 A3 055 0083 054 040 038 .55 040 015
00T 0 88 005 106 Dns [ 16 026 1135 0,55 0.55 057 0 52 DAE DAT 0,32 0,315
G200 10 Bug 02 8 19 0,22 b W49 0.5% 0°55 CLAT 00820 39 DisE o)
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.54 LEZ 0T 0000 0US: fLBe [ L OLES 018 .29 038 (L34 055 (L5 050 0 53
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AY: cooling loed factors for glass windows with interior sheding

Table (A-5-2) Cooling Load fecars {CL7) for gtass windows with interist shading, Morth latitude.

Fenegtration Solar Time, &

Facing 1 2 3 + 5 6 7 8% 9 16 B 1% 13 M 15 i 17
N 008 007 002 B0F 00T 073 0.66 065 0,73 080" 0.8Be 0,59 039 08¢ 082 0.75 D.78
NME (005 0.03 042 002 003 068 077 0.6 047 037 D37 Q17 036 35 oA nsx 03
NE 0.03 0.02 0.02 002 Q.02 056 076 0.7 058 D57 039 .27 026 084 033 030 018
ENE  |0.03 002 002 D2 002 052 026 080 0.7 052 U31 0.28 024 022 020 018 015
E 003 002 002 002 0.2 047 072 0,80 0.76 0.62 041 027 024 032 42 07 014
ESE 0.03 0.01 02 0.02 0.02 0.1 067 0,79 080 0.92 058 034 027 034 021 018 015
SE 003 005 DOZ D02 D02 0.30 057074 081 079 08 029 034 D328 Q250323018
SSE 0.0 003 03 003 0002 012 03 034 0,72 0% 0OF 071 054 G386 032 027 022
5 0.0d D04 003 003 003 0.0 014 035 0.38 058 075 083 0.30 dod 050 035 027
SEW 0.05 004 004 003 0.03 009 B4 018 022 0.27 043 063 0.78 0.84 080 065 [L46
W 0.05 .08 002 0.04 0.03 007 911 014 (.16 D19 022 (.38 059 D75 087 081 [usw
WEW  [0.05 005 0.6 0.08 0.0 007 030 G12 01 048 017 021 ned D4 078 Q85 0.7H
w 0.05 0.05 (.04 002 002 0.08 0.00 C.11 013 0.15 016 B.17 G301 052 072 OB2 081
WNW 0,05 0.05 004 005 0.03 .07 0,00 012 04 016 017 0% 022 043 085 08D D84
NW 005 0.04 0.4 005 003 0.07 010 002 017 019 020 02 022 030 052 051 08
NNW  [0.05'0.05 0.04 003 003 011 037 022 0.2¢ 030 32 135 0M 034 039 06 ns2
HORIZ. [0.06 005 0.0 D04 0.03 0.12 027 042 055 072 LF1 085 085 081 671 058 042




ATU: Shading

coefticicnt for glass with interior shadin o

P

T=ble (A-4-2) Shading cosicem (50 for plass wirdows with inbeniar shacins.

Type of Gilasy

Clear, regular
Clirar, plate
Clear Prerem
Hear Absarby 574
TFarrern or
‘l"lnrddfpﬂ_',
aheer)

Hear
Absorhing,
pate
Pattermn o
Tlﬂifﬂ. Br ay
shect

Hyal Abrarhing|

Flaie or Pattern
Hear .-".I‘htf'.nl'l.-nirs,:J

Heat Alvorsis
[ Flﬂﬂ'm

Hellective
Coared Glyss

Noeinal
Thickness,
mm

A0-120
S8-120

S 055

S0aDn

35S

Type of Interior Shading

 Venetian Blinds ]

Roller Shgds

(.57

054

LLE =

053

RN

.40

nze
138

030

082

022

036

0.3z

03

Clear
Heat Abwosrbing | fan
Reflective 020 a1 018
Cuomted
- 030 0.2 zs
iy - .40 0.3 0.33 —

ol
ik
Lad




ALl Shading coefficient for gl

258 windows without interiar shading

Table (A-4-1)

Shading coafiicient [3C) lor glazs windows withoy

LiniEnor shading,!

Type of Glass

Clear

Heat absorhing

Feaular
Flags
Eellective

Clear

Nominal

":"W[.;iEf-"r-u"

Thickress, aim

| h=17.0

L.ua
nas
0.937
U238
N85
]
.04

&
Heat absorbing” f .36 (.55 fl.58

Al2: Solar heat gain factor far 3 Flt

L

1

itglass

Tadle (83 Salar heat gain faztor (SH O} for sunlit giags, Win?,

&

‘ur 8 latlude anpls of 32 9

—

_Month [Jun. Yeb. Mar. Apr, May Jun. Tui, Aung. Sep. Oct. Nov, Dec,
N 685 101 114 120 199 126 117 104 @A % a9
NNE/NNW | 76 85 117 257 350 38% 350 249 110 g s ¢
NE/NW 91 205 338 481 536 =53 227 445 335 199 Q1 4o
ENE/WNW | 331 470 s77 631 656 G536 643 615 545 451 325 265
E/W [ 552 047 716 716 694 675 678 691 678 615 M6 513
ESE/WSW | 722 764 748 g9y 625 596 612 563 716 3M 710 685
SE/SW 786 782 716 390 489 430 473 571 688 754 773 T7A
SSE/S8W 83 732 &l5 445 213 262 5 22% 596 P00 776 795
s 776 697 555 383 233 159 227 350 540 678 767 795
Horizontal | 555 635 o5 435 874 871 861 836 770 &7z 552 4ug
114



AL3: Values af infiltration &/ cacificient for windows

e

e el ——
TABLE §-2 Values of infiliration air cosfficient K@ for Windas,

Infiltration Air Cocfitcient &
Window Type Averape Mininum Maximum
Sliding
Iron 0.36 0.25 0.40
Aluminum 0.43 0.25 0.70
Humg
Iron 0.25 0.10 0.60
Aluminum (side pivoted) 0.36 0.07 0.70
Aluminum (horizonta] pivoted) 0.30 0.07 0.50
__PVC | 010 0.03 0.15

Ald: Tnfiltistion rutes dye to door apening
JABLE 65 hifiration rates Aue lo door opening, m# per passage ¢
| Doors it more than Qe Wall

' Doors in Ope Wall Onty
Vestibule Vestihule
M of Passape Single Swinging Revolving| Single Swinging Revolving
Per Hour Swing  Doors Doars Swing  Doory Dowrs
3o 4.757 3.540 I.359 3115 2.350 0850
500 4.757 3.540 1.303 1S 2350 0.821
700 4.957 J.540 1218 3115 2322 0.765

Sup 4.757 3.540 1104 3.087 2.322 0. 708 /
1,100 4 757 3540 0.935 1.087 2322 0.651
1,200 4.757 2,540 0.850 3658 2322 fl.595
1,300 4.757 3.540 0.793 3058 2.322 0538
1,400 4 757 3.54p U.708 3.038 2794 0510
1,500 4.757 3.540 0.65] 3.058 2.204 0.481
1,600 4,729 3.540 {1,595 3054 2.294 0.453
1,700 4616 3.5 0.538 3.030 22604 0.425
1,800 4,502 3.455 0510 | 20973 2965 0.395

1,900 4418 3.39% (A8} 1945 2.265 0.368
li’m :| 4304 3341 0.453 L IR 00 D.340
e . Sy




AlLS: Table for estimating demand

Table (P.1} Table for Estimating ﬁ:m.an-:l

Sepple Syerems S0py Spitaryy
Fradoeisimsaely for Fradocninanply: for
Flush Tenks Elerhosnaters
Lead Lempnd, P Dlesrand,

WEFL= g WEF= B
6 . == =

kD 8 (i} 2F

14 1l 1% 3
i Ie 0 a5
3 17 5 1
I 2 3G 2|
40 25 40 41
0 L 50 51
an 11 & 55
1] 3 &l ar
19F_ 4 fag a8
120 +9 [} 7
ten £ Xy 140 7
& 7 Vst A3
155) Al Hy BT
50 &3 116 ]
225 il ] g5
5o P =0 Ol
00 & ET] 110
{0 1065 Rl 125
Lk i35 00 1)
50 § 150 175
It T 105 B |
B 241 a5l 240
| S el 15 Farl ]
LT5G H {20 0
HER 13 M0 E
1500 350 LMK 3E0
30K 435 3508 q3:
4000 535 4500 525
el ) ot X &nn
(=TE i) a5 S G50
L oo I Pl
8000 7ab 2000 T3
2000 750 8200 i
1000 T30 10000 704
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AlT: Approximate decuess mates 3 velocitics in sloping drains Howing hall full
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ALS: Honzontal fixture branckes and sincks

Tabie (P-3) Hurtrantsl Ficiics Ersnches ond Stacis
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AlS: Values of the facior §1

TABLE 6-3 Valuss of the facior 8- of Eg, (6-71.

Value
N Topography of Locatinn of 5
1 Protected locations by hills ar bulldings (wind speed = 0.5 mss) (0.9
2 Unpmrtected locations such as sea shores, hill tops, ete 1.1
3 Locations other than that lsted in frem (1) or (2) of this able. 1.0

A2l Values of the ficior £9

TlElEE-tﬁnsnlﬂwfamS;aftq.iE—n.
Lecation Class Class | Clags 2 Class 3 (lass4

EuﬂdiugH:Egh,ABCABCABEABE

3 [047 052056 055080 0 063 067 072 073 0.7 083
S 030055060 060065 070 (70 074 0.7 078 0.8 088
10 1058 062067 09074 078 083 088 093 [0.%0 095 1.00
15 1064069074 |78 0.3 088 1091 095 100 J09¢ 099 103

A 07007507 085090 095 oy 098 103 09 101 1.06
N D080 05209 101 1098 103 107 10105 10
W 1089093097 foos1on 106 LOU 108 100 Jtos 108 112
W 0909810 fooros 105 fyp 108 112 106 1.10 1.4

B0 095 102105 102106 110

108 110 134 J1gs 112 LIS

80 |03 107100 LOS 110 113 (1.0 LB 17 s 11§
100 L6 [L12 116 19 Li3 LI7 120
120 LIS Jli4 113 129 LIS 119 122
W s LB 112 (116 119 L2 117 120 14
iy LITES L5118 1 LI 121 134 f1.39 120 125
180

1912 15 ha 123 126
W12 14 121 14 126 121 124 127




AZL: Instantaneous heat gain from beeuparts

TABLE 4-3 st antnuegs hear sai et eesutants ir unik o Wintizi,
[ Total .
Towl Heal | Adjusied™ | Seqsinte! [ asans
Typienl Dissipation |  Hex Heat, | Hem,
Typeof Activity | Appleation Adult Male | Dissdpation W W
Seated mrree Thimter
Matinge 115 4 64 il
Evening HEE 0 |7m:~ 04
Sealed, yery CHfizer, hotels,
light war; Apantrs,
ety 138.F 140 k] 4.0
Moderately
active office Glisess fnals,
wuek ZRETmET 1355 128% .5 5o
Deparmpen:
Mo, putai)
Standing, fight | sioae,
work, wilkfes supenmzrkat 1570 1430 S |, 71s
Walking, seared Dhrag e 1570 1430 TLE 7.5
Standing
wialking
slawly Egak 150 150 | s 715
Safenticr work Resansing 585 5.0 M5 785
Light Fench
wark Fazmory 2380 240 140 130
Small-Terte
Maderate work Arndrhly 2570 2450 RiG 15&0
Medarane
daricing Dance 1l 257.0 Hip | g0 1aan
Woalking o 1,5
m' Fattory 2860 50 | 1070 1730
Bowlins
(paricipant) | Bowding alley 1355 Ats0 | 660 | 2480
Heavy wick | Fatory | 55 A0 |1es0 | 248

T Auend ool AieC st b basad on 2 peseennee of Wiem, wonien 2nd C3dren f

e gpmlicasing.
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A24: [Tprizontal fixture branches and stacks, building draim
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AZS: Lattiodes month correction factor TM

?n"il

=

A-2) Lelbude-Manth eotrecticn facte LM, 55 aonfed to wals and horizomsl mools, ronh Balices

NINE NE ENE E ESE SE 55E Horizonral
Lat. Manth N NNW NW WNW W WsSW ow seow g Romils
16 |Docember | 27 -331 A4  -44 -22 -08 21 30 73 0
Jam./ MNov. | =72 13 1% B =323 =5 22 44 &AK -18
Feh. /D, 1& 317 27 22 =114 oo 1 27 AR =23
Mar/Sept. | =16 " 1.1 11 0% 0% 0 Ul 0o 0.5
Apr S Ang. | =05 1] 0.5 35 s i =18 27 =33 i8]
Mlay /Jaly b -] | |6 [ 03 =22-37 =if =3E (Lo
June 13 23 12 i & i 213 44 1% nn
24 |December —38 =55 4] {4 o e 80 6t g4
Jan. i Now. 3 §.4 g0 33 6.6 N 12 |
Feb, S, 1.7 13 55 1 & 38 | A& IR §3 1.5
Mar/Sept. | 2d =L6 =1H -05 <05 05 11 22 LG
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I?tl.ﬂ-fiuiw (5] 1 1.1 oo oo L .6 27 =33 0.5
Tune 1A A 16 0 0n 16 =27 i3 =13 05
12 |Dvcember | -39 I8 =3 fs 4.4 -3 B 50 6.4 9.4
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June 1] 1.1 1.1 05 ¢a .1 = 22 =21 L1
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Apr.fAug, | =1 =t =1 1.l 00 a0 L1 & 12 L&
May/ Joly o0 T (e {0 o0 o go 02 0.5
June [ fs f1& {ig o nE Qo 10 a4 1.1
48 [December | 33 44 &1 e £4 -1 58 L 39 ~JAR
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Apr./Aon. | —).6 1.6 I4 1LE {5 an 22 >3 38 -7
v/ Fuly oo <05 EL L 0% 18 16 22 0.0
June ] 0.5 1.1 0.5 | 0.5 1.1 i1 16 1.1
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