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I 
 

 اھداء 

 

 الى من جرع الكأس فارغا لیسقني قطرة حب

 الى من كلت اناملھ لیقدم لنا لحظة سعادة 

 ك عن دربي لیمھد لي طریق العلماالى من حصد الاشو

 الى القلب الكبیر والدي العزیز

 

 الى من ارضعتني الحب والحنان

 الى رمز الحب وبلسم الشفاء

 الحبیبةالى القلب الناصع بالبیاض والدتي 

 

 الطاھرة الرقیقة والنفوس البریئة الى ریاحین وبالى القل

 خوتياٍ حیاتي 

 

 الان تفتح الاشرعة وترفع المرساة لتنطلق السفینة في عرض بحر

 واسع مظلم ھو بحر الحیاة وفي ھذه الظلمة لا یضيء الا 

 .قندیل الذكریات الى الذین احببتھم واحبوني اصدقائي
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 شكر وتقدیر

بد لنا ونحن نخطو خطواتنا الاخیرة في الحیاة الجامعیة من وقفة نعود الى اعوام لا 

ر باذلین بذلك ثیفي رحاب الجامعة مع اساتذتنا الكرام الذین قدموا لنا الكناھا قضی

 ....جھود كبیرة في بناء جیل الغد لتبعث الامة من جدید

ر والمحبة الى الذین وقبل ان نمضي نقدم اسمى ایات الشكر والامتنان والتقدی

 ....حملوا اقدس رسالة في الحیاة 

 .... الى الذین مھدو لنا طریق العلم والمعرفة

 ...الى جمیع اساتذتنا الافاضل

عسیلة والمھندس ق سدر والمھندس كاظم اٍ اسحونخص بالذكر كل من الدكتور اٍ 

التقدیر محمد عوض حیث كانو لنا خیر عون واعطونا الزاد والوقود فكل الشكر و

 ..والاحترام لحضرتكم

الى من زرعو التفائل في دربنا وقدمو لنا المساعدات والتسھیلات والافكار 

 والمعلومات الزملاء الطلاب في الھندسة المیكانیكیة 
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Abstract 

وتصمیم .   لمركز خدمات جمھور في مدینة رام الله یھدف ھذا المشروع الى تصمیم الخدمات المیكانیكیة           

ھذا المشروع یشمل عمل حسابات وتجھیز رسومات واختیار المواد والمعدات لنظام تزوید المیاه ونظام الصرف 

.الحریق  وإطفاءالصحي ونظام التكییف والتبرید   

This project aims to design the mechanical systems for Public Services Center 

In Ramallah Municipality. The design of this project include making the calculations, 

drawings, material selection for the water system, drainage system, air conditioning 

system and the firefighting system. 
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Introduction: 

 
 
   In business, industry, schools, hospitals, hotels, theaters, restaurants and 

homes air conditioning is no longer auxiliary but an essential part of modern living. 

There are four atmospheric conditions. True air conditioning implies that all four of 

these atmospheric conditions for human comfort are being met. 
 
 The Air conditioning system includes much more than the control of the inside 

temperature of a given space. It includes the controlling and maintaining of the 

following four atmospheric conditions that affect the human comfort: 

 

1. Temperature of the inside space. 

2. Humidity contents of the air. 

3. Purity and quality of the inside air. 

4. Air velocity and air circulation within the space. 
 
 The main goal of plumbing design for building is to safely and reliably 

provide domestic water and water for fire fitting. And also to get rid of the wastes. 
 
1.1. Project objectives 

 

The main objectives for project are: 

 

1. To calculate and design air conditioning, heating and plumbing systems. 

2. To prepare the required drawings for each system. 

3. To select the required equipments and parts. 

4. Design a suitable firefighting system that covers the requirements of the 

building. 
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1.2 Time table: 
 

Table 1-1: Time table for the first semester: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Task/week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Collecting  

information 
               

General study 

about the project 
               

Study the human 

comfort  
               

Study about VRF 

system 
               

Calculating the 

cooling and 

heating  load  

               

Project 

documentation  
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Table 1-2: Time table for the second semester: 

 

 
 

 
 
1.3. Project contents: 
 
Chapter One: Introduction 
 
 Includes an overview, the  project objectives and time table. 
 
Chapter Two: Heating Load 

 

 Includes a sample calculation for one room in details, the other room’s loads  

 
Chapter Three:  Cooling Load 
 

Includes a sample calculation for one room in details, the other rooms loads  
and mechanical ventilation . 
 
 
 
 
 
 
 
 

Task/week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Collecting  

information 
               

Fire fighting  

calculations 
               

HVAC system                

Division 

equipments  
               

Planning by  

AutoCAD   
               

Project 

documentation  
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Chapter Four: VRF SYSTEM

Includes the calculation of VRF  system to determine the total required 

amount of water and the drainage system. 

. 

Chapter Five: Firefighting System 

Includes general introduction about each system, and the pipe size calculations 
for one branch. 

Chapter Six: Bill of Quantity 

This chapter includes the total number of quantity for each system and its cost. 



٦ 
 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 2 
Heating load calculations 
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2.1   Heating load: 
 
 

The main purpose of air conditioning is to provide a comfortable atmosphere for 

people inside a closed space. The parameters that govern this comfort are four parameters 

namely air temperature, humidity, air velocity and air purity.  

Therefore, cooling decrease the temperature of the surrounding air, heating 

increase the temperature of the surrounding air, humidifying increas the moisture content 

in the surrounding air, and dehumidifying decreases the moisture content in the 

surrounding air. Ventilation renews and clean the air inside the space. 

 

Human body temperature is normally 37˚C . We are comfortable when the heat 

level in our body is transferring to the surrounding air at comfort rate. The rate of this heat 

transfer depends on the properties of surrounding air and other factors like the type of 

clothes the human put on .Therefore, to maintain the correct rate of heat transfer, the 

surrounding air must be conditioned (i.e. changing the properties of the air to suitable 

ones). 

 

An air conditioner is an appliance or mechanism designed to extract heat from 

humanly occupied space air temperature using refrigeration cycle. When air conditioning 

is available it may be central air conditioning where all parts of the building including 

common areas are cooled or it may be provided only in the specific spaces. In general 

comfort occurs when body temperature is held within narrow ranges, skin moisture is low 

and physiological effort of regulation is minimized. Comfortable conditions result from a 

desirable combination of air temperature, humidity, air velocity, and air purity. 

 

 2.2 ASHRAE comfort chart: 

 

The ASHRAE comfort chart of figure (1) indicate the acceptable zones of 

selecting the inside operative temperature and the inside relative humidity for winter 

heating summer cooling and year- round  air conditioning  application. 

The inside operative temperature and the ordinate is the inside humidity ratio or 

the dew temperature. the acceptable operative temperature values and the inside 
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humidity ratio are considered as standard comfort zones for summer operation , winter 

operation or year – round application , as indicated on figure (2.1) it can be observed 

that the minimum operating temperature for comfort winter is  ( 21.2°C )  (70 °F) dry-

bulb temperature when the inside relative humidity is 50 % thus , the comfort zones 

figure (2.1) set the limits of both the operative in side temperature  and the inside 

relative humidity of inside air for these zones .One can see from these zones that as the 

relative humidity increases the operative inside temperature must decrease to keep a 

desired comfortable environment.                                                                                           

 
Figure 2.1: ASHRAE Comfort Chart 

 
The inside design conditions refer to temperature, humidity, air speed and 

cleanliness of inside air that will induce comfort to occupants of the space at 

minimum energy consumption. There are several factors that control of selection 

of the inside design conditions and expenditure of energy to maintain those 



۹ 
 

conditions; The outside design condition, The period of occupancy of the 

conditional space, The level of activity of the occupants in conditional space. 

And the type of building and its use. 

 
  Usually the range of temperature difference between inside and outside is 12°C. 

The relative humidity range from the conditioned space varies from 30% - 60%. A dry 

environment will be felt when the relative humidity falls below 30%, and sickness will be 

felt at relative humidity above 60%. 

 

 

 
2.3 Calculation of the overall heat transfer coefficient: 
 
 
 

 
 

                      Figure 2.2: office sample 
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  2.3.1 Overall heat transfer coefficient for external walls: 
 

The constructions of the external walls are explained in details in the following figure:- 

 
 

Table 2-1: External wall constructions: 

 

 
 

Figure 2.3: External wall 
 
 

Uwalls,out =
1
𝑅𝑡ℎ

=
1

1
hi

+ ∆x1
k1

+ ∆x2
k2

+ ⋯+ 1
ho

                                                   (2.1) 

 
 

Uwalls,out =
1
𝑅𝑡ℎ

=
1

0.12 + . 05
1.7 + 0.15

1.75 + 0.07
0.9 + 0.03

0.042 + 0.02
1.2 + 0.06

 

Uwalls,out =
1
𝑅𝑡ℎ

= 0.9059W/m². ˚C 

 
 

 

 

 

 

 

 

 

Material Thickness(m) R-value (m². ˚C /W) 

Outside air film ------- 0.06 

Stone(1) 0.05 1.7 

Concrete(2) 0.15 1.75 

block(3) 0.07 0.9 

randoban(4) 0.03 0.042 

Plaster(5) 0.02 1.2 

Inside air film ------- 0.12 
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2.3.2 Overall heat transfer coefficient for internal walls: 

 

 

The constructions of the internal walls are explained in details in the following figure:- 

 
 

Table 2-2: Internal wall constructions: 

Material Thickness (m) R-value (m²P.˚C /W) 

Inside air film ------- 0.12 

Plaster  0.02 1.2 

Brick 0.1 0.9 

plaster 0.02 1.2 

Inside air film ------- 0.12 

 

 Figure 2.4: Internal wall 

 

Uwalls,in =
1
𝑅𝑡ℎ

=
1

1
hi

+ ∆x1
k1

+ ∆x2
k2

+ ⋯+ 1
hi

 

Uwalls,in =
1
𝑅𝑡ℎ

=
1

0.12 + 0.02
1.2 + 0.1

0.9 + 0.02
1.2 + 0.12

 

Uwalls,in = 2.6  W/m². ˚C 

 
 
 
 
 
 
 
 
 
 
 
2.3.3 Overall heat transfer coefficient for ceiling: 
 
 

The constructions of the ceiling are explained in details in the following figure:- 
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Figure 2.5: Ceiling construction 

Table 2-3: Ceiling wall constructions: 

Material Thickness (m) R-value (𝐦²P.˚𝐂 /W) 

Outside air film ------- 0.04 

Water proof 0.02 0.7 

plaster 0.02 1.2 

block 0.17 0.95 

Concrete 0.25 1.75 

mortar 0.07 1.2 

Inside air film ------- 0.1 

Q˙ Ceiling = (U1 ∗ A1 + U2 ∗ A2)∆T 

Where: 

U1 : U Ceiling With brick. 

U2 : U Ceiling Without brick. 

 A1 = 4/5 ∗ A Ceiling A2 = 1/5 ∗ A Ceiling 

 Q˙ Ceiling = (1.016 ∗ 4 5 ∗ 54.7 + 1.194 ∗ 1 5 ∗ 54.7) ∗ 6 

Q˙ Ceiling = 345[W] = 0.345[kW] 
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2.3.4 Overall heat transfer coefficient for ceiling, doors and windows: 

  

          The doors are made from wood, and the windows are double glass Aluminum with 

a wind speed range from 0.5 to 5 m/s from (Appendix B) Table (B3) . 

 Uwindows = 3.2  W/m². ˚C  

  Udoor = 7  W/m². ˚C 

 
 
     2.4 Outdoor and indoor design conditions: 
 

These conditions are include the dry temperature, relative humidity, and the 

average air speed. We obtain this value from The Palestinian Code. 

 

Table 2-4: Outdoor design conditions: 

Season Tout   (℃) ᶲout% vout (m3 kg⁄  dry air) hout (kJ/kg) 
Heating 2 67 0.805 19 

 

Table 2-5: Indoor design conditions: 

Season Tin   (℃) ᶲin% hout (kJ/kg) 
Heating 24 50 48 

 

 

    2.4.1 Heat loss calculations: 

 

The main resources of heat losses come from the walls, floor, ceiling, doors, and 

Windows. to calculate each one of them we use the following equation: 

 

Q = A × U × (Tin − Tout)                                                    (2.2) 
 

Where: 

Q: The heat transfer rate (W). 

A: Area of the layer which heat flow through it (m²). 

ΔT: The difference between the inside and outside temperatures (°C). 

U: The overall heat transfer coefficient (W/ m². °C) 
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2.4.2 Rate of heat transfer from the external walls: 

 

       From Table (2-4) and Figure (2.3) we know the construction of the external walls, 

then by using equation (2.2), we can determine the rate of heat transfer for the manager 

office from the Walls. Out as follow: 

 

Qwalls.out =  Uwalls.out ×  Awalls.out × (Tin −  Tout ) 

Qwalls.out = 0.9059 ×  10.5 ×  (24 –  2) 

Qwalls.out =  0.209 kW 

 

2.4.3   Rate of heat transfer from the ceiling: 

 

From Table (2 - 6) and (Figure 4) we know the construction of the ceiling, then by 

using equation (3.1), we can determine the rate of heat transfer for the manager office 

from the ceiling as  Follow: 

 

QRoof =  URoof ×  ARoof × (Tin −  Tout ) 

QRoof =  2.25 ×  90 × (24 – 2) 

QRoof =  4.455 kW 

 

2.4.4 Rate of heat transfer from the doors and windows: 

 

By using the equation (3.1), we can determine the rate of heat transfer for 

the manager office from the doors and windows as follow: 
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Doors: 

Qdoor =  Udoor ×  Adoor × (Tin −  Tout ) 

Qdoor =  7 ×  2.64 × (24 –  2) 

Qdoor =  0.407  kw 

 

Windows: 

Qwindows =  Uwindows ×  Awindows × (Tin −  Tout ) 

Qwindows = 3.2 ×  73.5 × (24 –  2) 

Qwindows = 5.175kw 

 

2.4.5 Heat loss : 

Infiltration is the leakage of the outside air through cracks or clearances around the 

windows and doors. The calculation method is as follows: 

 

For windows: 

 

Qin�iltration = minf  × (ho - hi)                                                         (2.3) 
 

mf = Vf
v0

                                                                   (2.4) 
Vf = crack length × Infiltration through windows                                                           (2.5) 

 

   Where Vf is obtained from( Appendix B) Table (B4)   at 8 km/h as 2m3/h per meter 

of crack. The crack length of the five double hung metal windows is: 

 
L = (21 × 2) + (3.5 + 2) =  49 m . 

 

Vf = 49 × 2 = 98 m3

h
= 98

3600
= 0.027222 m

3

s
 . 

 

mf = 0.02722
0.805

 = 0.0338 kg/s. 
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Also, from the psychometric chart, at the given outside conditions then the specific 

volume v0 of outside air is: 

v0 = 0.805 m3/kg 

Then total heat loss due to infiltration is: 

 

 Qin�iltration = 0.0338 × 1  × (48 - 19) = 1 kW 

 

 

 

For Door: 

Qin�iltration = mf  × (ho - hi) 

 

mf =
Vf
v0

 

Vf = crack length × Infiltration through doors 

L = (2.2 × 2) + (1.2 + 3) =  6.8 m . 

Vf = 6.8 × 5.4 = 36.72 m3

h
= 36.72

3600
=  0.0102 m

3

s
 . 

 

     Where Vf is obtained from table (Appendix B) Table (B2) at 8 km/h as 5.4 m3/h per 

meter of crack. The crack length of the tow poorly fitted for is: 

 

mf = 0.0102 
0.805

 = 0.0127 kg/s. 

 

Also, from the psychometric chart, at the given outside conditions then the specific 

volume v0 of outside air is: 

 

v0 = 0.805 m3/kg 

Then total heat loss due to infiltration is: 

 

Qin�iltration = 0.0126 × 1  × (48 - 19) = 0.37 kW 
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2.4.6 Heat loss due to ventilation: 

Qventilation =  mventilation  × (hout −  hin)  (2.6) 

mv =
Vv
vo

 (2.7) 

Vv  = minimum outside air requirements ventilation × No. of persons                (2.8) 

      Minimum outside air requirements ventilation from Table (4-5) . Also, from 

the psychometric chart, at the given outside conditions then the specific volume 

v0 Of outside air is: 

v0 = 0.805 m3/kg

mv =
10 × 2 

0.805 × (1000)
= 0.025 kg/s 

Then total heat loss due to ventilation is: 

Qventilation =  0.025 × 1000 × (48 −  19) 

 Qventilation =  0.725 kW 

     Finally, the total load for this manager office is the summation of all the heat 

Gain resources. 

Qtotal = 30 kw 
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Table 2-6: Total heating load for each space building: 

Total heating load( kW) Area (m²) Name of space 

2st basement floor plan 
6.2 43 hall 

2.9 19.19 office 

1st basement floor plan 
49 139.53 Restaurant 

36 176.37 Distributed lounge 

Grained floor plan 
50 292 reception hall 

41.1 200 Public hall 

1st  floor plan 
44 157.3 Meeting hall 

2st  floor plan 
30 90 Manager office 
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Chapter 3 
Cooling load calculations 
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3.1   Cooling load 

 

3.1.1 Data analysis 
 
 

(CLTD) corr = (CLTD + LM) k + (25.5 -Ti  ) + ( To,m  - 29.4) f                            (3.1) 
 

Where: 

 CLTD: Is called cooling load temperature difference for medium wall 

construction. 

 

 LM: Latitude correction factor for horizontal and vertical surfaces. 

 

 K: Colors adjustment factor such that k = 1.0 for dark colored roofs, and k=0.83 

for permanently medium colored walls. 

 

 DR: The daily temperature range which equal to the difference between the 

average maximum and Average minimum temperature for warmest month of the 

summer season. 

 

 f: The factor  f  is attic or roof fan factor such that  f  =1  if there is no attic or roof 

fan, and the value of  f  = 0.75 if there is an attic or roof fan. 

 

 To .m:   The outdoor main temperature 

 

 

                      To .m = Tout −
DR
2

                                       (3.2) 
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The following table (3-1) contains all assumptions needed for the next 
calculations:- 
 

Table 3-1: Data for outside and inside temperature: 

35 ˚C 
From the Palestinian code Outdoor temperature (To) 

24˚C 
From Figure 1 Indoor temperature (Ti) 

 
Apr/Aug @ latitude 32˚ North 

 

 
Latitude( LM ) 

 
day of  Apr/Aug 

 

 
Day of calculations 

 
Permanent medium color wall 

 

 
Color of surfaces  

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

follow:     

    
Table 3-2: (CLTD)corr for walls and roof : 

 
CLTD corr. 

 
F 
 

 
K 
 

LM 
From table (9-2) 

CLTD 
From table (9-1) 

 
Wall 

11.167 1 0.83 -1.1 6 N 

14.985 1 0.83 -0.5 10 NE 

18.72 1 0.83 0 14 E 

87.89 1 0.83 0 13 SE 

14.985 1 0.83 0.5 9 S 

14.57 1 0.83 0 9 SW 

13.74 1 0.83 0 8 W 

12.495 1 0.83 -0.5 7 NW 

26.6 1 1 0.5 19 Roof 

 

 

 



۲۲ 

Table 3-3: Parameters of (CLTD)corr for walls and roof : 

Properties Parameters 

Without suspending ceiling type 2 @solar time 15h Roof 

Group B @solar time 16h Wall 

Apr/Aug @Latitude 32c LM 

Permanent medium color wall K 

The value of attic or roof fan factor F 

Double , thickness 6*14*6mm , with interior shading Type of glass 

Construction medium with inertia shading CLF 

3.2 Cooling load calculations: 

We are did the calculations for office of manager in second floor which is an area 

of 90 m²P and can accommodate 2 people. In the following subsections we determined the 

heat gain that comes from different resources. And these resources are the walls, sun, 

occupants, infiltration, ventilation, and windows. 

3.2.1 Heat gain from walls, ceiling and the sun 

In this step determined the heat gain from the direct contact with the sun, the sun 

is directly contact with the all walls and the ceiling for this  room, the following table 

shows the total amount of heat gain from the sun using the cooling load temperature 

difference (CLTD) corr. 

Table 3-4: heat gain from the sun: 

Surface CLTD LM CLTD corr Area(m²P) U (W/m²˚C) Q (kW) 

SE wall 13 0 17.89 3.5 0.9059 0.0567 
SW wall 9 0 14.57 3.5 0.9059 0.04619 
N wall 7 -0.5 12.495 3.5 0.9059 0.0396 
ceiling 19 0.5 26.6 90 2.25 5.3865 

Qtotal 5.529 
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3.2.2 Heat gain from the solar transmitted through windows: 

 

 

In the selected office the all wall is exposed to the sun. heat gain due to solar 

transmission through glass window and glass door is estimated by using Table (9-7) to(9-

11). The values of the variables are taken from the inserted tables in the appendix. 

 

Qg = A × (SHG)  × (SC)  × (CLF)                (3.3) 
 

Where: 

 SHG : Solar heat gain factor 

 SC : Shading coefficient 

 CLF : Cooling load factor 

 

Table 3-5: Heat gain from solar transmitted through the glass: 

Surface Area 
(m²P) 

SHG 
From Table (9-7) 

SC 
From Table (9-8) 

CLF 
From Table (9-10) 

Q(kW) 

SE-glass 22.7 571 0.53 0.44 3.022 
SW-glass 18 571 0.53 0.3 1.634 
NW-glass 22.8 445 0.53 0.19 1.021 

    Qtotal 5.678 

 

 

 

 

 

3.2.3 Sensible & latent heat gain from the occupants: 

 

     The heat gains from the occupants depend on the number of occupants inside 

the manager office. 

 
Qoc=   Qoc,sens  +   Qoc,latent                                                      (3.4) 

 
Qoc,sens= # Of Occupants  × sensible heat                                (3.5) 
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CLFocc  cooling load factor due to occupants , for sensble heat gain , From (Appendix B) Table (B17)  

Sensible and Latent heat𝑓𝑟𝑜𝑚(Appendix B) Table (B1)   . 

  

Qoc,sens = 2 ×
71.5
1000

× 0.8 = 0.1144 kW 

 

    Qoc,sens= # Of Occupants  × latent heat 

Qoc,latent = 2 ∗
71.5
1000

= 0.143 kW 

 

 

3.2.4 Heat gain from the lights: 

 

There are twenty lights through this manager office, so:  

 

Qlights  = N ×P × CLFlights  ×Diversity factor                                       (3.6) 
  

Where: 

N: The number of lights. 

P: The power for the lights. 

CLF lights: Cooling load factor for the lights, From Table (9 – 14). 

 

CLFlights  = 0.84 

Qlights  = 20 × 60 × 0.84× 0.5 = 0.504 kW 

 

 

3.2.5 Heat loss due to infiltration: 

 

Infiltration is the leakage of the outside air through cracks or clearances around the 

windows and doors. We use the crack. Age method to calculate it as follows: 
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For Windows: 

 

Qin�iltration = mf  × (ho - hi)                                                    (3.7) 
 

mf = Vf
v0

                                                                    (3.8) 
 

Vf = crack length (L) × Infiltration through windows                               (3.9) 

 

Where Vf is obtained from (Appendix B) Table (B3)  at 8 km/h as 2m3/h per meter of 

crack. The crack length of the five double hung metal windows is: 

 

 L = 21 × 2 + (3.5 × 2) =  49 m . 
 
Therefore;  
 
 Vf = 49 × 2 = 98m3

h
= 98

3600
= 0.02722 m

3

s
 . 

 
Also, from the psychometric chart, at the given outside conditions then the specific   
 
volume v0 of outside air is: 
 
             v0 = 0.905 m3/kg 
 
 mf = 0.02722

0.905
 = 0.03 kg/s. 

 
Then total heat loss due to infiltration is: 
 
 Qin�iltration = 0.03 × 1  × (88 - 48) = 1.2 kW 
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For Doors: 

Qin�iltration = minf  × (ho - hi) 

minf =
Vf
v0

Vf = crack length × Infiltration through doors. 

Where Vf is obtained from Table (6-1) at 8 km/h as 5.4 m3/h per meter of crack. 

Length of the five double hung metal windows is:  

L = (1.2 × 2) + (2.2 × 2) =  6.8 m . 

Also, from the psychometric chart, at the given outside conditions then the specific 
volume v0 of outside air is: 

v0 = 0.905 m3/kg 

Vf = 6.8 × 5.4 = 36.72 m3

h
= 36.72

3600
=  0.0102 m

3

s
 . 

mf = 0.0102 
0.905

 = 0.0112 kg/s. 

Then total heat loss due to infiltration is: 

Qin�iltration = 0.0112 × 1  × (88 - 48) = 0.45 kW 

3.2.6 Heat gain due to ventilation: 

Qventilation = mv  × (ho - hi) (3.10) 

m𝑣 = Vv
v0

(3.11) 

    𝑉𝑣 = minimum outside air requirements ventilation× No. of persons       (3.12) 
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Minimum outside air requirements ventilation from  Table (4-5).   

 

𝑉𝑣 = 10 × 2=20= 0.02 𝑚3/𝑠. 

Also, from the psychometric chart, at the given outside conditions then the specific 

volume v0 of outside air is: 

 
 v0 = 0.905 m3/kg 
 

          𝑚𝑣 = 0.02
0.905

= 0.0221 Kg/s. 

Then total heat loss due to ventilation be: 

 

Qventilation = 0.0221 × 1000 × (88 - 48) = 0.884 kW. 

 

 Finally, the total load for this office mangier is the summation of all the heat 

Gain resources. 

 

Qtotal = 32 kW  

 

 

Table 3-6: cooling load for each space building: 

Total cooling load(kW) Area (m²) Name of space 

2st basement floor plan 
8.8 43 Hall 

3.2 19.19 Office 

1st basement floor plan 
56 139.53 Restaurant 

40.6 176.37 Distributed  lounge 

Grained floor plan 
56 292 reception hall 

45.2 200 Public hall 

1st  floor plan 
49 157.3 Meeting hall 

2st  floor plan 
32 90 Manager office 
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3.3 Mechanical ventilation 

 

3.3.1 Overview of ventilation:- 

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

There are two ways for Ventilation: 

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

• Mechanical: - 
     Forced ventilation is provided by air movers or fans in the wall, roof or air 
conditioning system of a building. It promotes the supply or exhaust airflow in a 
controllable manner. 

The airflow rate into a room space, for general mechanical supply and extract systems, 
is usually expressed in: 

- Air changes per hour. 

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

- Air flow rate per person. 

Airflow rate per person are generally expressed as litters per person (L/P), and are 
usually used where fresh air ventilation is required within occupied spaces. 

- Airflow rate per unit floor area. 
Airflow rates per unit floor area are similar in effect to air changes per hour except 
that the height of the room is not taken into consideration. 

Mechanical ventilation system in this project is just for bathrooms and kitchens & by first 
method air changes per hour. 
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3.3.2Objectives of ventilation 

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

 

3.3.3 How ventilation systems work:- 

A variety of mechanical ventilation systems are available to select, based on local climate and the 
home’s heating and cooling system. In addition to one of the primary systems described below, 
“spot” ventilation fans should also be provided for kitchens and baths to remove the concentrated 
moisture and odors that can occur in these rooms. 

3.3.4 Benefits ventilation 

• Better Indoor Air Quality. Indoor air can be many times more polluted than outdoor air. 
Ventilation systems can significantly improve a home’s air quality by removing allergens, 
pollutants, and moisture that can cause mold problems. 

• More Control. When homes rely on air flow through walls, roofs, and windows for 
ventilation, there is no control over the source or amount of air that comes into the house. 
In fact, air leaking into the house may come from undesirable areas such as the garage. 
Mechanical ventilation systems provide proper fresh air flow along with appropriate 
locations. 

• Improved Comfort. Mechanical ventilation systems allow a constant flow of outside air 
into the home and can also provide filtration, dehumidification, and conditioning of the 
incoming outside air. 
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Table 3.7:- Specifications of fans 

Fans Schedule 
Fan 

Label Type System Location 
Flaw 

(CFM) 
 

Head 
(IN) 

Motor Data 

RPM kW V Ph. HZ QTY. 

EXF#1 Centrifugal Ventilation 1st Basement 560 0.3 1450 0.10 220 1 50 1 

EXF#2 Centrifugal Ventilation 1st Basement 140 0.25 1450 0.10 220 1 50 1 

EXF#3 Centrifugal Ventilation 1st Basement 2734 0.3 1450 0.30 220 1 50 1 

EXF#4 Centrifugal Ventilation Ground 630 0.3 1450 0.10 220 1 50 1 

EXF#5 Centrifugal Ventilation Ground 340 0.25 1450 0.10 220 1 50 1 

EXF#6 Centrifugal Ventilation Top roof 2500 0.45 1450 0.40 220 1 50 1 

EXF#7 Centrifugal Ventilation 1st Basement 3000 0.3 1450 0.35 220 1 50 1 

EXF#8 Centrifugal Ventilation Ground 300 - 1450 0.10 220 1 50 1 

EXF#1 Axial wall Fresh air 1st Basement 2874 0.3 1450 0.30 220 1 50 1 

EXF#2 Axial wall Fresh air Top roof 210 0.3 1450 0.10 220 1 50 1 

EXF#3 Axial wall Fresh air 2nd Basement 690 0.3 1450 0.10 220 1 50 1 

EXF#4 Axial wall Fresh air Ground 340 0.25 1450 0.10 220 1 50 1 
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CHAPTER 4 

VRF  SYSTEM 
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       4.1 Introduction: 
 

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

occupants. There are a wide range of air conditioning systems available, starting from the basic 

window-fitted units to the small split systems, to the medium scale package units, to the large 

chilled water systems, and currently to the variable refrigerant flow (VRF) systems. 

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

outdoor condensing unit and multiple indoor units. The term variable refrigerant flow refers to 

the ability of the system to control the amount of refrigerant flowing to the multiple evaporators 

(indoor units), enabling the use of many evaporators of differing capacities and configurations 

connected to a single condensing unit. The arrangement provides an individualized comfort 

control, and simultaneous heating and cooling in different zones. 

          VRF systems operate on the direct expansion (DX) principle meaning that heat is 
transferred to or from the space directly by circulating refrigerant to evaporators located near or 
within the conditioned space. Refrigerant flow control is the key to many advantages as well as 
the major technical challenge of VRF systems. 

 

4.2 VRF System types:- 
 

 4.2.1 Operating System:- 

   1- Cooling only systems. 

   2- Heat Pump systems. 

   3- Heat Recovery systems. 
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4.2.2 Number of pipes: 
 

1) 2 Pipes Systems: 

 

Figure 4.1: Two Pipes systems 

 

2) 3 Pipes Systems: 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 
  

 
Figure 4.2: Three pipes systems 
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4.3 VRF Components: 

1- Outdoor Units. 

2-  Indoor Units. 

3-  Piping Network. 

4-  Control. 

Figure 4.3: VRF system component 
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4.3.1 Outdoors units:- 

       The outdoor unit contains a heat pump, a heat pump is a machine that by reversing its 
refrigeration cycle can provide heating instead of cooling. Because a heat pump uses refrigerant 
it can upgrade the heat in air at even -10ºC to a usable heat source to heat buildings. 

Individual Outdoor Unit Capacity 8 HP, 10 HP and up to 20  HP. 

Outdoor Module Up to 80 HP 
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4.3.2 Indoor Units:- 

       The indoor units were developed to be highly efficient, compact, low noise, and to have user 

friendly operation. Care was also taken with the design to make that go well with the interior 

decoration and tube easy to install and maintain. Further, a variety of options are available to 

achieve an air conditioning environment that is more desirable from the user's perspective. 

Figure 4.4: Different types for different applications 

4.3.3 Piping Network:- 

    1-Copper Pipes: 

Connect between all indoor units and all outdoor units in the same system It may be 2 pipes or 3 
pipes according to the type of VRF System. 
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2-T-Joints: 

Used to connect the pipes between the outdoor units 

Figure 4.5:T-Joints 

3-Separation Tubes (or Refnits Joints) 

Used to distribute refrigerants on two branches and have different dimensions according to use. 

Figure 4.6: Refnits Joints 

4. Distribution headers
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Used to distribute refrigerants to more than two branches so that the units are identical in 
convection. 

 

 

Figure 4.7: Distribution headers 

5. Insulation 

Epoxy foam-ethylene propylene dinenomer and foam PE polyethylene foam. 

 

 

Figure 4.8: Insulation 
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4.3.4 Control Systems:- 
 

1- Individual control system. 
Wired controller, Wireless controller and Timer controller . 
 

2- Centralized control systems. 
Used to control indoor units individually or as a group, and can connected 16 set of outdoor 
units and maximum 256 indoor units. 
 

3- Integrated management system. 
Built-in web server for PC-independent management and remote access control,  weekly/ 
daily schedule control, power distribution function, emergency stop function with simple 
connection interface and data storage in non-volatile memory and plug-in memory. 
 

4- Power distribution system. 
 

5- External contact control system. 
• Mainly used for accommodation facilities to control the internal units using the contact from 
the card holder. 
• Guest room management is a smart way to save energy and money. When the key is in place, 
the air conditioner is activated. When the air conditioner switch is removed or turned off, you 
can avoid uninhabited room cooling and energy saving. 
 
6- Building management system. 

Mainly used to control the air conditioning system with an open protocol for easy interface 
to third-party  known companies. 
 
 
4.4 Design Process:- 
 
There are two methods to design VRV according to Daikin company system:-  
       1)  By Xpress program. 
 “Xpress” is selection software for VRV systems and it can helps your quick selection for 
quotation with easy operation. 
This program is made from Daikin Company; the program can help you to choose a lot of 
very important thing about VRV system. 

 

 
     2) By Tables. 
We used the tables to design the VRV system for the building. 
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4.4.1 Select preliminary Outdoor unit:- 

Select preliminary Outdoor unit or module for each zone Consider design temperature 
conditions to select larger Outdoor with nominal capacity > actual load  
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4.4.2Select preliminary indoor unit for each zone:- 

 

Consider design temperature conditions to select larger Indoor types than actual load 
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4.5 Sizing the pipe network using the nominal capacity of the units. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Table 4.1: longest pipe allowed 

 Permitted value 

Piping length 

Total piping length (Actual) 1000m 

Longest piping (L) Actual length 175m 
Equivalent length 200m 

Piping (The farthest IDU from the first indoor unit branch ) 
equivalent length 40m/90m 

Level difference 
Level difference between 

IDU-ODU 
Outdoor unit up 70m 

Outdoor unit down 110m 
Level difference between IDU-ODU 30m 
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Table 4.2 size the pipe connected to the outdoor unit 

Size up (Main pipe length within 90 m) Main pipe length within 90 m Outdoor unit 
capacity(kW) 

Gas pipe (mm) ѳLiquid pipe(mm) ѳGas pipe (mm) ѳLiquid pipe(mm) ѳ
22.22 

12.70 
19.05 

9.52 
22.4kW 

25.40 22.22 28.0kW 

28.58 
15.88 28.58 12.70 

33.6kW 
40.0kW 

31.75 45.0kW 

Table 4.3 size the pipe between branch joints 

Branch pipe length within 45-90 m Branch pipe length within 45 m Indoor unit 
capacity(kW) Gas pipe (mm) ѳ Liquid pipe(mm) ѳ Gas pipe (mm) ѳ Liquid pipe(mm) ѳ

19.05 

12.70 

15.88 

9.52 

15.0kW and below 

22.22 19.05 Over15.0kW-
22.4kWand below 

25.48 22.22 Over22.4kW-
28.1kWand below 

28.58 
15.88 

28.58 
12.70 

Over28.1kW-
40.0kWand below 

31.75 

Over40.0 kW-
45.0kWand below 

19.05 15.88 Over45.0kW-
70.3kWand below 
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CHAPTER 5 

PLUMBING SYSTEM 
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5.1 Introduction 

The most basic human is reliable table supply of potable water and getting rid 
of human waste product’s, so the goal of modern plumbing design for building is to 
safely and reliable, provide domestic water, cold water and remove sanitary waste. 
 

In this chapter the designs of the water supply and sanitary drainage system 

will be discuss as following:   

5.2 Water supply system 

5.2.1 Calculations of hot and cold water supply systems 
 

To determine the pipe size for cold and hot water supply system the water 
supply fixture unit (WSFU) for each fixture unit must be determined and total fixture 
unit on each piping run out be calculated, the minimum floor pressure required at the 
critical fixture unit must be determined. 

Example: calculation of water supply unit (WSFU) in the Bathroom in restaurant. 

As follow: 

 

Figure 5.1: sample bathroom 

 

1- Lavatory: is a fixture unit needs cold and hot water supplies as the demand of 

the lavatory for general use is 2WSFU (for both cold and hot water), while if 
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cold or hot water only was needed then this value should be multiplied by 

(3/4), so the demand of the lavatory will be as follow: 

a. 1WSFU for both hot and cold water demand.

b. (3/4)*2 WSFU for hot or cold water only.

2- Water closet: is a fixture unit needs cold supplies as shown (Appendix B) 

Table (B20) the 

demand of the water closet for private use is 5 WSFU  

Based on the above information the following table can performed: 

Table 5.1: The WSFU for Building 

Fixture unit No. Of 
Units 

WSFU Total no. Of 
WSFU for 
cold water 

Total no. Of 
WSFU for 
hot water 

Total no. of 
WSFU for 
hot & cold 

water 
The (WSFU)  for the restaurant 

Lavatory 

(general) 
2 2 3 3 4 

Water closet 

flush tank 

(general) 

2 5 10 -------- 10 

The (WSFU) for the kitchen
Lavatory 
(General) 1 2 1.5 1.5 2 

Kitchen sink 
(General) 2 4 6 6 8 

The ( WSFU )for the first basement(A)
Lavatory 

(General) 
4 2 6 6 8 

Water closet 

flush tank 

(General) 

4 5 20 -------- 20 

The ( WSFU )for the first basement(B)
Lavatory 3 2 4.5 4.5 6 
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(General) 

Urinal 

Flushometer 

 (General) 

3 5 15 -------- 15 

Water closet 

flush 

tank(General) 

3 5 15 -------- 15 

The ( WSFU )for the ground floor(A). 

Lavatory 

(General) 
3 2 4.5 4.5 6 

Urinal 

Flushometer 

 (General) 

3 5 15 -------- 15 

Water closet 

flush 

tank(General) 

2 5 10 -------- 10 

The ( WSFU )for the ground floor(B). 

Lavatory 

(General) 
4 2 6 6 8 

Water closet 

flush tank 

(General) 

5 5 25 -------- 25 

∑ = 141.5 

WSFU 

∑ = 31.5 

WSFU 

∑ 154 

WSFU 
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Table 5.7: The WSFU and gpm all floors 

No. Of Floor 

Total no. 
Of WSFU 
For cold 

water 

Total 
no. Of 
WSFU 
for hot 
water 

Total no. 
Of 

WSFU 
for hot & 

cold 
water 

Total no. 
Of gpm 
for cold 
water 

Total no. 
Of gpm 
for hot 
water 

Total no. 
Of gpm 

for hot & 
cold 
water 

Restaurant+ 
kitchen 20.5 10.5 26 14 8 17.5 

basement(A+B)  60.5 10.5 64 33 8 34.5 

ground 
floor(A+B). 60.5 10.5 64 33 8 34.5 

------ ------ -------- -------- 

 
∑=80 
gpm 

 

∑=24 
gpm 

∑=86.5 
Gpm 

 
 

5.3 Pipe size calculations: 
 

By using the down feed distribution system in which the water is supplied to 
the building from water tank in basement floor to roof tank to feed the building. 

Before we calculations should now some information’s: 

• By using appendix B the minimum flow pressure can be determined 
for the fixture unit lavatory by 8 psi. 

• The pressure pump equal 37 psi from water well to roof tank . 
• by equation The friction loss through the water meter equal 5psi . 
• The total equivalent length from the roof tank  to critically fixture unit 

is 65 meter &equal 213 feet. 
• The static pressure equal 20.75meter equal 68 feet & equal 30 psi. 
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Figure 5.2: static head 

 

Static pressure = Friction head loss + minimum �low pressure (5.1) 

 

Static pressure = 20.75 ×
0.433
0.305

= 30psi 

30 = Friction head loss + 8 

Then: Friction head loss = 22 psi 

Equivalent length =
65 × 1.5

0.305
= 320ft. 

     
 

AvailableheadlossUniformdesign frictionloss
Equivalent length

=                                             (5.2) 

=
22 × 100

320
= 6.9 𝑝𝑠𝑖/100𝑓𝑡 
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Table 1:Properties of cold  and hot water riser 

No. of 
Riser Total WSFU Total gpm Diameter 

(inch) 
Velocity 

(fps) 

First riser 26 18 1.25 4 

Second 128 69 2 4 

∑ 154WSFU 87gpm 

 
 
5.4 selections  
 
5.4.1 selection for coldwater pump  
 
In order to choose the details of the required water pump we have to determine two 
main conditions, the amount of total flow rate of demand water and the total head:- 

1. Flow rate determination  

According to the previews calculation and equation estimation, the total flow 
rate for the(1.2) risers is 87gpm, so by converting 87gpm equal to 16 m^3/h. 

 

 

2. Head estimation  

According to the previews calculation and equation estimation the head is 37 
psi & equal 2.5Bar, Adding 1 bar for fittings losses the value is almost 3.5bar 

 

5.4.2 Pump selection  

Using (dp-select) software and with filling data into brackets as follow:- 
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Figure 5.3: Pump data 

The pump model selected “DPV 40/2-2B”. 

The characteristic curves of this pump as follow: 
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Figure 5.4: Pump characteristic curves 



٥٥ 

5.4.3selection for tank  

5.4.3.1selection for main water tank 

To calculate the size of the water tank which is to be in accordance with the 
degree of risk depending on the type of threat that we own. 

Table:5-9: Degree of risk 

Hazard Time 

Light Hazard min 03 : 03 

Ordinary Hazard min 023 : 03 

Extra Hazard min 023 

.It is time that the network must work until the arrival of firefighters and civil 
defence 

If we assume that the need of hydraulic calculations to 87gpm and an average 

degree of seriousness of Ordinary Hazard, we find that the size of the 

reservoir as follows 

V = 87gpm X 60 min X (3.785 / 1000) 

Tank volume equal to = 20 m³ 
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5.4.4selection for boiler 
 
 Where electric power is more economically available than fossil fuels, or 
where fossil fuel combustion and the handling of combustion by-products are 
unacceptable, electric boilers offer a viable alternative. 

 Designed for heating applications Electric boilers are able to withstand 
virtually any return water temperature. With combustion by-products and 
High temperature differentials eliminated, condensation and thermal shock do not 
limit return water 
Temperatures. 

Because of the design characteristics, the electric boiler is well suited for 
applications utilizing indoor/outdoor, Reset controls, radiant floor heating, snow melt 
systems, and ground source heat pump systems. 
For potable water applications, the IWH can be used with the optional epoxy lining or 
with the optional Stainless steel trim. 
 
 
According to the previews calculation and equation estimation, the total flow rate for 
the(1.) risers is 98gpm, so by  
 
 

                                                                                        (5.3) 
       
kW = gph (gallons per hour) x delta T (as expressed in ˚F) divided by 410 
 

Where: 

Q: boiler capacity. [kW] 

m: mass flow rate from data sheet [g/h] 

:-hot water temperature [˚F] 

 
kW= g/h x delta T/410 
 
kW = (8*60) x 20/410 
 
kW =9600/410 
 
kW = 23.4 
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5.5 Sanitary Drainage System 

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

The provision of drainage systems: 

• Sanitary drainage
5.5.1 Drainage system components 

The main components of drainage system are: 

Figure 5.5: Drainage system components 

• Fixture units
• Trap
• Clean out
• Drainage pipe
• Stack and vent pipes
• Manholes
• Septic tank or municipal sewage system
• Accessories
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            This project deals with two types of wastewater which is gray and black water,        
the separation of waste water will rationalize consumption of water and reuse it in 
irrigation and in flushing water closet. 

5.5.2 sanitary drainage Design procedure and pipe sizing 

Pipe size is calculated by using a concept of fixture units (DFU) instead of using 
gpm of drainage water. This unit takes into account not only the fixtures water use but 
also its frequency of use, which is the DFU has a built–in diversity factor. This 
enables us, exactly as for water supply to add DFU of various fixtures to obtain the 
maximum expected drainage flow. Drainage pipes sized for a particular number of 
drainage fixture units, according to Tables (10.1), (10.2) (10.4). 10.5).  These tables 
are built into the fill factors, which are: 

• 50% fill in branches (horizontal pipes)
• (25-33)% fills in stack (vertical pipes)
• 50% fill in building and swear drains

The recommended velocity for drainage piping: 

• For branches the recommended velocity is 2 ft/s
• For building pipes the recommended velocity is 3 ft/s
• For greasy flow the recommended velocity is 4 ft/s

Velocity of water flow through drainage piping depends on: 

• Pipe diameter
• Slope

Minimum slope requirements for horizontal drainage piping: 

• For pipes of diameter ≤ 3" the minimum slope is 1/4”/ft (2%)
• For pipes of diameter ≥ 4" the minimum slope is 1/8”/ft (4%)

Design procedure: 

1. Calculation of the number of DFU for each branch by using Table (10.2)
2. Calculation of the number of DFU for each stack
3. Choosing the branch pipe diameter by using Table (10.4)
4. Choosing the stack pipe diameter by using Table (10.4)
5. Comparing the stack pipe diameter with branch diameter
6. Choosing the building drain pipe diameter by using Table (10.5)

To achieve the recommended velocities which are 3 fps in building drain, it will be 
chosen the slope and flow velocity in building drain by using Table A(10.1). 

The following figure and tables shows the sizing of stacks: 
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Figure 5.6: sample of stacks 

 

 

Table 5.10: Sizing sample of stack1 

Stack 1 Total dfu value Diameter (inch) 
From ground floor (branch) 34 3.5 (4) 

From ground floor to first basement floor 
(stack) 

34 4 

From first basement floor to building drain 
(stack) 

34 4 
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Table5.11:Sizing of water stacks and building drain 

#of stack Total 
Dfu 

Diameter 
(in) 

Diameter 
of 

building 
drain 

Slope 
% 

Velocity 
ft/s 

Stack 1 34 4 3(4) 1/4 2.25 
Stack 2 33 4 3(4) 1/4 2.25 
Stack 3 39 4 3(4) 1/4 2.25 
Stack 4 28 4 3(4) 1/4 2.25 
Stack 5 7 2.5(4) 2(4) 1/4 1.99 
Stack 6 7 2.5(4) 2(4) 1/4 1.99 

5.5.3 Manhole design 

The main purpose of the manholes is to carry the water from stacks to various 
drainage points. This project contains three types of manhole, which is: 

• Sanitary manhole for black water
• Sanitary manhole for gray water

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

According to the table below, it will be estimated the diameter of the manhole 
according to their depth. [۱۱] 
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Table 2: Diameter of manhole according to their depth 

 

 

 

 

 

 

 

 

  

5.5.3.1 Manhole calculation 

 The depth of the first manhole is 50 cm, the calculation of the second 
manhole done according to the first manhole and so on. Using these equations does 
the calculations: 

• Depth (x manholes) = Depth (manholesx-1) + (Slope × Distance) + 5 + Level 
Difference) in cm 

• Top level: Manholes face level on the ground 
• Invert level = outlet level of manholes +5   ( m)  
• Outlet level = top level- depth manholes   (m) 

 
 

 

 

 

 

 

 

 

 

 

Depth 
(cm) 

Diameter 
(cm) 

70-80 60 

80-140 80 

140-250 100 

250-∞ 125 
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The figure below shows the details of the manholes: 

Figure 5.7 Manholes details 

The result calculation of the gray water and black water manholes is listed in 
the tables below: 

Table 3:Black water manholes 

Manhole 
No. 

Top 
level 
(m) 

Invert 
level 
(m) 

Outlet 
level 
(m) 

Depth 
(cm) 

Dia. Size 
(cm) 

Cover 
Type 

M01 +0.0 -390 -385 390 150 Concrete 
M02 -3.50 -4.10 -4.05 60 60 Concrete 
M03 -3.50 -4.27 -4.22 82 60 Concrete 
M04 -3.40 -4.61 -4.56 121 80 Concrete 
M05 -3.40 -4.77 -4.72 137 80 Concrete 
M06 -3.50 -5.09 -5.04 159 80 Concrete 
M07 -3.55 -5.31 -5.26 176 80 Concrete 
M08 -4.21 -5.48 -5.43 127 80 Concrete 
M09 -4.52 -5.70 -5.65 117 80 Concrete 
M10 -4.84 -5.90 -5.85 106 80 Concrete 
M11 -4.11 -5.47 -5.42 136 80 Concrete 
M12 -5.32 -5.92 -5.87 60 60 Concrete 
M13 -5.32 -6.18 -6.1 86 60 Concrete 
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5.6 Storm drainage 

The design of the rain collection piping, whether exterior gutters, and leaders, or 
interior conductors and drain depends upon three factors: 

• The amount of rain fall in a specified period of time
• The size of the area being drained
• The degree of pipe fill, that is whether a pipe or gutter runs 50%, 33% or

100% fill
The general rule for the distribution of floor drains (FD): 

Every 100 m2 from roof area needs one 4” FD. 

The roof area of this building is 1620 m2, and therefore needs Sixteenth 4” FD. 

To see all drainage systems go to drawings from (M08). 
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5.7FIRE FIGHTING SYSTEM 
 
5.7.1 Introduction 

 

A firefighting system is probably the most important of the building services, as its 
aim is to protect human life and property, strictly in that order. Firefighting systems 
and equipment vary depending on the age, size, use and type of building construction. 

 

5.7.2 Types of firefighting system 

• Fire extinguishers. 
• Fire hose reels. 
• Fire hydrant systems. 
• Automatic sprinkler systems. 

5.7.2.1 Fire extinguishers 

Fire extinguishers are provided for a 'first attack' firefighting measure 
generally undertaken by the occupants of the building before the fire service arrives. It 
is important that occupants are familiar with which extinguisher type to use on which 
fire. 

Most fires start as a small fire and may be extinguished if the correct type and amount 
of extinguishing agent is applied whilst the fire is small and controllable. 

The principle fire extinguisher types currently available include: 

 

 
Figure 5.8: Fire extinguishers 
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5.7.2.2 Fire hose reel 

Fire hose reel systems consist of pumps, pipes, water supply and hose reels 
located strategically in a building, ensuring proper coverage of water to combat a 
fire. 
 The system is manually operated and activated by opening a valve enabling the 
water to flow into the hose that is typically 30 meters away. The usual working 
pressure of a firehouse can vary between 8 and 20 (116 and 290 psi). 

Fire hose reels are provided for use by occupants as a first attack firefighting 
measure but may, in some instances, also be used by firefighters. When stowing a 
fire hose reel, it is important to first attach the nozzle end to the hose reel valve, 
then close the hose reel valve, then open the nozzle to relieve any pressure in the 
wound hose, then close the nozzle. 

 

Figure 5.9: Fire hose reel 

5.7.2.3 Fire hydrate system 

Fire hydrant systems are installed in buildings to help fire fighters quickly 
attack the fire. Essentially, a hydrant system is a water reticulation system used to 
transport water in order to limit the amount of hose that fire fighters have to lay; thus 
speeding up the firefighting process. 

Fire hydrants are for the sole use of trained fire fighters (which includes 
factory firefighting teams). Because of the high pressures available serious injury can 
occur if untrained persons attempt to operate the equipment connected to such 
installations. Fire hydrant systems sometimes include ancillary parts essential to their 
effective operation such as pumps, tanks and fire service booster connections. These 
systems must be maintained and regularly tested if they are to be effective when 
needed. 
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Figure 5.10: Fire hydrate system 

 

5.7.2.4 Automatic sprinkler system 

Time is essential in the control of fire. Automatic sprinkler systems are one of 
the most reliable methods available for controlling fires. Today's automatic fire 
sprinkler systems offer state of the art protection of life and property from the effects 
of fire. Sprinkler heads are now available which are twenty times more sensitive to 
fire than they were ten years ago. 

A sprinkler head is really an automatic (open once only) tap. The sprinkler 
head is connected to a pressurized water system. When the fire heats up the sprinkler 
head, it opens at a preset temperature, thus allowing pressurized water to be sprayed 
both down onto the fire and also up to cool the hot smoky layer and the building 
structure above the fire. This spray also wets combustible material in the vicinity of 
the fire, making it difficult to ignite, thereby slowing down or preventing fire spread 
and growth. 

When a sprinkler head operates, the water pressure in the system drops, 
activating an alarm, which often automatically calls the fire brigade via a telephone 
connection. 
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5.8 Select the most effective type  

After the identification of the fire systems now the best performance for the 

building is hose reel & extinguisher. 

The number of hose reels to be used in hotel is30fire hose reel for all floors most fire 

hose is designed to be stored flat to minimize the storage space required.  

5.9 Pipe size calculation: 
The fire hose reel system is to be used, so the pipe size for this system will be 
calculated as follows: 

The minimum flow rate for single cabinet = 30 (l/min).  

Then: 

The total �low rate = min. �low rate × No. of cabinet  

Table 5.14: Pipe schedule - standpipes and supply piping 

Then the table 42 is to be used to calculate the pipe size by follow the next 
procedure. First, the total flow rate is determined which is 450 l/min for our 
calculation sample. Then the total distance of piping from farthest outlet is to be 
chosen. Finally, the intersection between the two values in table42 will give the size 
of pipe supply, which is equal to 3''. 
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Then to determine the outlet pipe size from pipe supply to hose connection For 

this building. The selection diameter is (2.5 in.) hose stations to supply water for use 

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

5.10 Firefighting pumps 

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

 Pumping should be included: -

1. Electrical fire fighting pump.

2. Jockey Pump: Work to make up the system pressure in case of leakage or during
the first seconds of fire. 
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5.11 Pump selection:-  

Using (d p-select) software and with filling data into brackets as follow: 

Figure 5.11: Pump data 

The pump model selected “DPV 10/4B” 
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The characteristic curves of this pump as follow:   

 

 

   Figure 5.12: Pump characteristic curves 
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Quantities Table 

Item Description Unit Qt. Rate 
$ 

Total 
$ 

PLUMBING, SANITARY AND 
MECH. WORKS Preamble All 

Meshwork items mentioned 
hereinafter for all project facilities 

and units shall include supply, 
delivery installation adjustment, 
testing, commissioning, and all 

required materials, equipment and 
workmanship to execute the items 
of construction in accordance with 

the drawings, specifications and 
supervising engineer's instructions, 

complete in place and ready for 
handing over. Measurements and 
payments shall be described in the 

relevant documents. Radiator 
section, sanitary fixture and water 
distribution cabinet. Prices must 

include supply & install cross 
linked polyethylene pexgol  pipes 

PEX 16mm, 25mm pipes with 
protection sleeve . Working 

drawings for all mechanical works 
that should be submitted by the 

contractor should be approved by 
the supervisor engineer before 
starting works. The contractor 

shall submit shop drawings, 
coordinate drawings and as-built 

drawings. 

1 

Internal Drainage System 
Supply and install of SN4   UPVC 
Vent and drainage pipes to floor 
drains or down to manholes with 
all required fittings 'Y", "T" etc.  
The price includes digging and 

plastering hangers and supports 
also incasing with concrete cover 
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for underground pipes and roof 
vent caps, including connections as 
shown in drawings, specifications 

and approval of supervisor 
engineer. 

1.1 size 2 inch diameter m 60 1 60 
1.2 size 4 inch diameter m 200 3 600 
1.3 size 6 inch diameter m 500 6 3000 
1.4 Ditto but HDPE 2" m 50 2 100 
1.5 Ditto but HDPE 4" m 75 6 450 
1.6 Ditto but HDPE6" m 100 10 1000 

2 

Rain Water pipes 
Supply and install SN4 UPVC rain 

water pipes down to the rain 
manholes with wired mesh above 

ground level, with all required 
fittings and vent caps, all as shown 

in drawings, specifications, and 
approval of supervisor engineer 

includes all pipes and fittings from 
roof inlet till ground outlet, all 

necessary digging and plastering 
work. 

2.1 size 4 inch diameter m 150 3 600 
3 Water well(underground) 

3.1 

Supply and install all needed for 
the water well. The price includes 

flanged water supply, flanged 
water outlet, flanged overflow and 

vent, Floats and all needed to 
complete the job. 

ls 1 

4 Water  tank 

4.1 

Supply and install all needed for 
the water tank 2000L. The price 
includes flanged water supply, 
flanged water outlet, flanged 

overflow and vent, valves, floats 
and all needed to complete the job. 

ls 10 150 1500 

5 Floor Drains 

5.1 
Supply and install 4" floor trap 

UPVC  include stainless steel  one 
closed cover & one grating cover 

no 10 15 150 
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type (15*15 cm) completed with 
connections including 2" UPVC 

pipes) to 4" UPVC drain pipes as 
located in drawings, specifications 

and approval of supervisor 
engineer. 

5.2 Ditto but suspended HDPE no 2 10 20 

5.3 Ditto but floor drain size 4"/2" 
Dia30 x 30 cm no 7 5 35 

5.4 

Supply and install gully drain with 
medium duty cast iron grating 
cover complete with frame and 
anchor for boiler room of the 

following size:30 x 30 cm 

no 2 50 100 

6 Water Grills     

6.1 

Supply and install, and 
commissioning of stainless steel 

grills   , and of 15-30cm and width 
25-40cm. located in cafeteria and 
Ablution .Price includes UPVC 

pipes connected it to the manhole 
or riser, painting, and smooth 

sloped concrete bedding in 
drawing the length is as shown in 

drawing .All as shown in drawings 
and specifications. 

mr 3 50 150 

7 Clean Out     

7.1 

Supply and install Floor Clean Out 
4" UPVC including stainless 

steel(sealed type) cover  (15*15 cm) 
complete with connection to drain 

pipes as located in drawings , 
specifications and approval of 

supervisor engineer. 

no 15 10 150 

7.2 Ditto but suspended HDPE no 5 20 100 

8 

Roof Drains 
Supply and install 4" UPVC (Type 

Reid) rain water roof drain 
including connections all as shown 

in drawings, specifications and 
approval of supervisor engineer. 
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8.1 

Rain water drain size 4" with 
cover of 20*20 cm.(4" outlet) 

SANITARY FIXTURES 
Supply and install where shown on 

drawings the following sanitary 
fixtures with the required fittings 

and accessories complete as 
described. The price includes the 

supply and  installation of all 
fittings e.g. elbow, T, valve, union, 

etc. 

no 8 8 64 

9 Wash Basin &Lavatories 
     

9.1 

Supply and install of virtuosi china 
wall hung type wash basin, size 

550*400 mm complete with 
chrome plated lever tap, chrome 
plated 13mm angle valves. The 

price includes 2" PVC pipes from 
wash basin to floor drain, with 

plastic plated P-trap connected to 
floor drain, stainless steel soap 
dispenser, stainless steel paper 

dispenser, mirror size 700*500mm 
with stainless steel frame, The 

price shall also include supply of 
10 units handle and mechanism 

spare parts as shown in drawings, 
specifications and approval of 

supervisor engineer. 

no 12 100 1200 

9.2 
Ditto, but wash basin for 

Handicapped, with all accessories 
needed as per engineer's approval. 

no 3 150 450 

10 Water closet     

10.1 

Supply and install of virtuous 
china close couple water closets, 
Floor mounted ,p trap .complete 
with6-Lt.capacity cistern, valves , 
fittings, solid seat and cover ,toilet 

stainless steel roll paper holder, 
chrome plated 13 mm stop angle 
valve, chrome plated 13mm hose  
and all accessories for complete 

no 13 100 1300 
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installation, Price includes supply 
of 4 units flushing tank mechanism 

spare parts. All is according to 
drawings, specifications and 

approval of supervisor engineer. 

10.2 
Ditto, but floor mounted WC for 

Handicapped, including grab bar, 
etc. As per engineer's approval. 

no 3 150 450 

11 

Urinal 
Supply and install and commission 
white virtuous china wall mounted 

urinal bowel complete with the 
following accessories:- pair bowl 
supports 40 mm diameter, plastic 

plated outlet grating, 2" PVC 
connection to floor drain, 40 mm 

diameter plastic plated p-trap with 
extension tube to wall and wall 
flange, 20 mm diameter chrome 
plated flush valve with regulator 

and spreader, Price includes 
supply of 6 units spare parts 

flushing valve. all is according to 
drawings, specifications and 

engineer approval. 

no 9 100 900 

12 Sink 

12.1 

Supply and install vitreous china 
single bowel of size 60X50cm,  

complete with  chrome plated Tap 
,  chrome plated 13mm stop valve, 

supports, 2" PVC waste outlet 
connected to floor drain, P- trap, 
chrome plated 13mm hose and all 
required parts for water supply 

line , as shown in drawings , 
specifications and approval of 

supervisor engineer. 

no 8 50 400 

12.2 Ditto but double bowl 80cm*50cm no 2 60 120 
13 Water Tap 

13.1 

Supply and install water tap and 
all required parts for water supply 

line, as shown in drawings, 
specifications and approval of 

no 15 5 75 
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supervisor engineer. 
 
 

14 Shower Head     

14.1 

Supply and install all necessary 
fittings and accessories for 

80cm*80cm shower. The price 
includes shower mixer that 

includes shower arm and shower 
head. The price includes shower 
floor trap to be connected to the 

main trap. The price also includes 
PEX pipes between the shower and 
the collector, elbows and all other 
fittings needed to comply with the 

drawings and specifications. 

no 1 300 300 

15 External Drainage System     

15.1 

Supply and install of SN8 UPVC 
drainage pipes and fittings, 

including connections, excavation, 
covering with a layer of 20 cm 
sand around the pipe and back 
filling  and cutting asphalt for 

connection to the existing sewage 
manhole as shown in drawings and 

specifications and approval of 
supervisor engineer.6"diam. 

m 280 5 1400 

16 

Sewer , Rain and water Manholes 
Supply and install and commission 

of reinforced precast concrete 
Manholes of 15cm thickness for 

walls and 20 cm thickness 
readymade base  with all necessary 
excavation, back filling as specified 

to the required depth complete 
with iron steps, with medium duty 

C.I (25 Ton cover and frame, 
benching and plastering. Price 

includes supply of portable water 
turbidity meter as testing 

equipment. 
 

    

16.1 Manhole of 60 cm internal diam. no 6 20 120 
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16.2 Ditto but Manhole of 80 cm 
internal diameter. no 2 25 50 

16.3 Ditto but Manhole of 100 cm 
internal diameter. no 5 40 200 

16.4 Ditto but Manhole of 120 cm 
internal diameter. (25 ton cover) no 1 100 100 

17 WATER SUPPLY     

17.1 

Main water connection 
Supply and install galvanized steel 
main W.P. 3"(schedule 40 type) of 
wall thickness 3.65 mm wrapping 
from outside with layer of PE high 

density polyethylene insulated 
protection factory covered laid 

underground  cement inside with 
asphalt protection with all 

necessary fittings e.g. elbow, union, 
stop valves, no return valve, auto. 

Air vent and all are approved 
quality. The price shall include 

constructing, supplying and 
installing of pressure reducing 
station, as per details shown in 
drawings. The price shall also 

include piping connections with all 
needed fittings and accessories, 3" 
water meter,3/4" water meter for 
cafeteria ,excavation, back filling, 
disposal of remained exacted soil. 

All is according to drawings, 
specifications, and approval of 

supervisor engineer. 

job 1   
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18 

Main fire connection 
Supply and install galvanized steel 

main F.P. (schedule 40 type) of 
wall thickness 3.65 mm wrapping 
from outside with layer of PE high 

density polyethylene insulated 
protection factory covered laid 

underground  cement inside with 
asphalt protection with all 

necessary fittings e.g. elbow, T, 
union, stop valves, no return valve 

, auto. Air vent and all are 
approved quality.  The price shall 

also include piping connections 
with all needed fittings and 

accessories, excavation, back 
filling, disposal of remained 

exacted soil. All is according to 
drawings, specifications, and 

approval of supervisor engineer. 

18.1 size 3" G.S.P m.r 50 10 500 

19 

Galvanized Steel Fire Fighting 
Pipes 

Supply and install of galvanized 
steel SCH40 (Seamless type) for 

firefighting system from pressure 
reducing station up to fire cabinets 

distributed in floors, with all YT 
necessary fittings like  valves, 
elbow ,T, vent, of approved 
quality. The price includes 

supports, hangers as shown on 
drawing, in addition to asphalt 

insulation of underground pipes, 
all according to specifications and 
approval of supervisor engineer, 

and as follows: 
19.1 Size2.5"   diameter m.r 90 10 900 
19.2 size 3"   diameter m.r 180 15 2700 

20 Feed and Domestic Galvanized 
Steel Water Pipes 

20.1 size 3/4" G.S.P m.r 250 3 750 
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20.2 size  1" G.S.P m.r 130 5 650 
20.3 size  1 1/4" G.S.P m.r 170 7 1190 
20.4 size  1 1/2" G.S.P m.r 60 10 600 
20.5 size  2" G.S.P m.r 90 12 1080 
20.6 size  2" G.S.P insulated) m.r 80 15 1200 
20.7 size  3" G.S.P m.r 20 15 300 
20.8 size  4" G.S.P m.r 10 20 200 

21 

Domestic and flush Water 
Collectors 

Supply and install copper 
collectors for domestic cold water 
and Flush systems, of approved 

quality, with all necessary fittings, 
nipples, nuts, unions, quick shut 

off valves, branch valves, 
thermometer gauge, brass fittings 
adapter, automatic vents...Etc. of 
approved quality. Rate includes 

hardwood architecture frame with 
ceramic tiles inside and Formica 

on sandwich wood cover with 
double doors for collectors. The 
price should also supplying and 

installing 16mm PEX plastic pipes 
with its 25mm plastic conduits 

with 5cm thick concrete layer to 
fixture units outlets, copper elbows 

recessed in walls and all civil 
works needed, all according to 

plans and engineer’s instructions: 

    

21.1 3/4" Domestic Cold Water 
Collector no 12 8 96 

21.2 1" Domestic Cold Water Collector no 10 10 100 

21.3 1 1/4" Domestic Cold Water 
Collector no 6 15 90 

22 Electric Water Heater     

22.1 

Supply and install hot water 
storage cylinder of 60 Liters 

capacity (1.5kW electric power), of 
approved quality. The price 
includes galvanized  pipes to 

collectors, all accessories needed to 

no 4 100 400 
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complete the job, fixing the 
cylinder on ceiling, with all related 

necessary fittings, i.e. air vent, 
valves, pressure relief valve, check 
valve,.... all according  to drawings 

and engineer’s instructions 
23 Fire Cabinets     

23.1 

Supply and install 120*80*30 cm 
steel fire hose reel cabinet, of 

thickness 2mm red color paint, 
25mm diam., 30m length, mounted 
on swinging reel, an angle isolation 

valve inside the cabinet, a jet 
nozzle, and 25m long textile hose, 

an angle globe valve of size 2" with 
2.5 hose adapter ,1" ball valve  

hose roll each 15 m length with 2" 
jet nozzle inside cabinet. Each 

cabinet should be supplied with 
two 2kg Co2 fire extinguisher, and 
approved sticker (FIRE CABINET 

in Arabic and English) from 
outside. As shown in drawings. 

no 5 200 1000 

24 Fire Extinguisher     

24.1 

Supply and install 4 kg Capacity 
Co2 gas manual fire extinguishers, 
The price includes all accessories 

and fittings needed for installation 
and fixing wall. 

no 17 20 340 

25 Electrical water cooler     

25.1 

Supply and install electrical water 
cooler of capacity 40 L/h with 

drinking chrome plated fountain 
of approved quality with hermetic 
type compressor complete with all 
required fixing connection, water 
supply and 2"PVC drainage pipe 
to the nearest floor trap. as shown 

in drawings, specifications and 
approval of supervisor engineer. 

no 2 80 160 

26 
Submersible Pump For Elevator 

Pit 
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26.1 

Supply and install submersible 
pump for sump pit complete with 
all needed accessories and valves 

like gate valves, check valves, 
controls and electrical board and 
electrical connections  wherever 
shown on drawings and to the 

approval of the Engineer, 
Submersible pump`s specification: 

2m3/hr. at 5 m head . 

no 1 500 500 

27 Duct 

27.1 

Supply and install galvanized 
metal sheet duct, with thickness 

according to ASHREA Standards. 
The price includes all joints, 
sealant compound, and all 

necessary accessories, galvanized 
hangers, hooks, penetration in 

walls as per drawings , all 
according to plans and engineer’s 

instructions 

N2 500 10 5000 

28 

Exhaust Air Fans 
Supply and install ducted exhaust 

air fan of low noise sound level. 
The price includes vibration 
isolators, flexible connection 
between the fan and duct, in 

addition to installing galvanized 
steel duct from the outdoor grille 

till the fan outlet and all 
accessories needed for installation. 
The price shall also include control 

and electrical connections, 
according  to drawings & 
engineer’s instructions: 

28.1 560CFM air flow,  0.2” wg static 
pressure no 2 50 100 

28.2 140CFM air flow no 1 150 150 

28.3 2734CFM air flow,  0.2” wg static 
pressure no 1 500 500 

28.4 630CFM air flow,  0.2” wg static 
pressure no 1 300 300 

28.5 340CFM air flow,  0.2” wg static no 1 200 200 
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pressure 

28.6 2500cfm air flow,  0.2” wg static 
pressure no 1 150 150 

28.7 3000cfm air flow0.2” wg static 
pressure no 1 200 200 

28.8 300cfm centrifugal fan on roof  for 
Cafeteria no 1 250 250 

28.9 2874cfm air flow 
 no 1 400 400 

28.10 210cfm air flow,  0.2” wg static 
pressure no 1 100 100 

29 

Exhaust Air Grilles (EAG) 
Supply and install white anodized 
Aluminum, ventilation air grilles 

of two opposed blades with 
registers, including openings in 
gypsum boards or false ceiling. 

The price includes  galvanized box, 
and connections to grilles through 
flexible duct connection,  complete 

as per specifications 

    

29.1 6"*6" no 27 20 440 
29.2 9"*9" no 4 40 160 
29.3 14"*8" no 2 50 100 

30 

Split Units 
Supply, install, and commission 

high wall mounted air conditioning 
DX split unit, with low 

temperature kit and automatic 
restart. The price includes all 

accessories and fittings needed for 
installation and commissioning, 

insulated copper pipes, connection 
of drain pipe, galvanized steel base 

for the outdoor units vibration 
isolators, hangers and supports, 

high performance washable filters. 
In addition to control &electrical 

connections. Rate shall also include 
openings in wall (for pipes) 

through sleeves of good quality, 
and refilling works all  according  
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to engineer’s instructions and as 
follows: 

30.1 2.9 kW Cooling Capacity no 1 400 400 
30.2 8.8 kW Cooling Capacity no 1 800 800 
30.3 14 kW Cooling Capacity no 4 1000 4000 
30.4 24.5 kW Cooling Capacity no 2 2000 4000 

30.5 

16 kW Cooling Capacity 
 
 
 

no 2 1500 3000 

 VRF Units     

31 

Supply, install, test and 
commission heat pump VRF 

(variable refrigerant 
volume)system. Refrigerant R410A 

Complete with the outdoor and 
indoor units system, thermostat, 
drain pipes pn16 from the indoor 

unit to the riser, Flexible 
connection from the indoor unit to 
the main duct, return box behind 
the VRF indoor units and all the 
needed necessary parts according 
to the drawings and specifications. 

As for the following: 
The Agent or authorized dealer 

should be representing the 
manufacturer for not less than 
Five years, and should have not 
less than 5 years' experience in 

selling, installing and maintaining 
VRF systems in Palestine. And the 

VRF System has been in 
satisfactory use in similar projects 

in Palestine of the same size or 
larger. 

Guarantee:  Air conditioning units 
shall include a three (3) years 

warranty on compressor and one 
(1) year on all parts and labor 

after acceptance by the Engineer. 
·Condensing Unit: Factory 
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assembled and tested air cooled. 
Comprising full inverter 

compressor / compressors, 
condenser coil, condenser fan and 

motor, refrigerant receiver, 
charging valve and controls, 

assembled in a common casing.  
Unit to be tested at factory and 

supplied complete with refrigerant 
and dehydrated compressor oil. 

Condensing Unit and indoor units 
shall be equipped with a serial 
communication that provide a 

non-Stop operation for any 
numbers of indoor units when 
indoor unit needs maintenance  

(Electrical power cutoff) , 
condensing unit and related indoor 

units can keep operating , also if 
only one indoor unit needed to be 
running for long period alone and 
Electrical power cutoff from the 

remaining indoor units  the system 
should keep running without any 

risk on the compressors from 
damage(a written guarantee will 
be requested from the agent or 

authorized dealer for the safety of 
the compressors). 

The price includes the control 
panel on roof with cables from 

outdoor units to the main panel on 
roof including panels for each 

system. Centralized controller in 
control room in ground floor. 

31.1 Indoor units 
31.1.1 SP-B01(10.12kw) no 6 1500 9000 
31.1.2 SP-B02(11.02kw) no 6 2000 12000 
31.2 outdoor units 

31.2.1 40.5TR no 1 10000 10000 
31.2.2 36.3TR no 1 8000 8000 
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32 Air grills 

32.1 

Supply and install white anodized 
Aluminum, air grilles of two 

opposed blades with registers, 
including openings in gypsum 

boards or false ceiling. The price 
includes  galvanized box, and 
connections to grilles through 

flexible duct connection,  complete 
as per specifications 

32.1.1 12"*12"SD no 43 10 430 
32.1.2 Linear two slots mr 16 10 160 

32.2 Ditto but return grills without 
register 

32.2.1 60"*60"RG no 15 10 150 
32.2.2 24"*24" RG no 4 20 800 
32.2.3 Linear two slots mr 4 15 600 

33 

Supply and install and test Kitchen 
hood of stainless steel 1.25mm size   
( 115cm *90cm*50cm) including 
stainless steel filters also price 

includes 12 inch round duct to roof 
level  with all accessories needed to 

complete the job. Price includes 
fume hood controller as testing 

equipment. 

no 1 500 500 
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Technical specifications sheet 
290102251040C 
DPV 10/4 B~Oval G 6/4~1,5kW 230/400V~50Hz 2P~IEC 90S~IE2~Fixed Ca Sic EPDM 

Part number 

Description 

Vertical centrifugal pump, suction and discharge connections in-line. 

 

 

 

Quotation details    
Quotation number   
Project   
Position   
Search criteria  Hydraulic efficiency 
Medium to be pumped Water Minimum efficiency index according: MEI ≥ 0.70 
Flow 150.00 l/min Commission Regulation (EU) No 547/2012  
Pressure 3.0 bar   

Actual duty point  Best efficiency point  

Flow 149.44 l/min Flow 158.4 l/min 
Pressure 3 bar Pressure 3.3 bar 
NPSH 0.9  m NPSH 1  m 
Efficiency 66.6  % Efficiency 67  % 
Motor power 1.11  kW Motor power 1.3  kW 
Frequency 47.5Hz Frequency 50Hz 

 
Connection base 

  
Seal data 

 

Connection type Oval Shaft diameter ø 16mm 
DIN connection standard DIN-ISO 228-1 Seal diameter ø 16mm 

ASME connection standard  Construction shaft seal Fixed 

JIS connection standard  Seal code 11 
DIN connection size G 6/4 Shaft seal type MG12-G60 

ASME connection size  Material mechanical seal B Q1 E GG 
JIS connection size  Material shaft seal rotor Ca 
DIN connection pressure class PN16 Material shaft seal stator Sic 
ASME connection pressure class  Material shaft seal elastomer EPDM 
JIS connection pressure class  Material pump elastomer EPDM 
Material S/D casing AISI304 Material seal cover  
Material flanges Cast Iron JL1040 Pressure class shaft seal PN10 
Material baseplate Cast Iron JL1040 Temperature range shaft seal -20/+100°C 

Basic hydraulic data  Plug  

Maximum working pressure PN25+100°C Air relieve construction Vent. plug 
Maximum liquid temperature 140°C+PN16 Material plug AISI304 

Minimum liquid temperature -20°C   
Material hydraulic AISI304   

For details contact    
DP Pumps 
PO Box 28 
2400AA Alphen a/d Rijn 
The Netherlands 

   

NL    



Hydraulic performance sheet 
290102251040C 
DPV 10/4 B~Oval G 6/4~1,5kW 230/400V~50Hz 2P~IEC 90S~IE2~Fixed Ca Sic EPDM 

Part number 

Description 

Vertical centrifugal pump, suction and discharge connections in-line. 

 

 

 
 
 
 
 
 
 
 

3 bar 
 
 
 

149.44 l/min 
 
 
 
 
 
 
 
 
 

66.6 % 
 
 
 
 
 
 
 
 
 

0.9 m 
 
 
 
 
 
 
 
 
 

1.11 kW 

 
Search criteria 
Medium to be pumped 

 Actual duty point  

Flow 150.00 l/min Flow 149.44 l/min 
Pressure 3.0 bar Pressure 3.0 bar 

  Efficiency 66.6 % 

  NPSH 0.9 m 

  Power 1.11 kW 

  Frequency 47.5Hz 
 

Duty 
point Act
ual 
Required 



Dimensions sheet 
290102251040C 
DPV 10/4 B~Oval G 6/4~1,5kW 230/400V~50Hz 2P~IEC 90S~IE2~Fixed Ca Sic EPDM 

Part number 

Description 

Vertical centrifugal pump, suction and discharge connections in-line. 

 

 

 

 
 
 
 
 
 
 

Motor width (E1) 
Motor width (E2) 
Total height (F1) 
Total height (F2) 
Total net weight 

176mm 
141mm 
690mm 
409mm 
41kg 



Motor specifications 

 

 

Part number 

Description 

3710011015 
Motor DMC 1,5kW 230/400V 2P IE2 90S IP55 No Pos. 800 

 
 

 

 
Electric Data 

Rated power output 
Maximum power output 
Rated voltage 
Phases 
Frequency 
Voltage range 
Motor poles 
ATEX class 
Duty class 
Insulation class 
Moment of inertia 
Motor standard 
Capacitor 
Motor efficiency 
Motor efficiency class 

 

50Hz 

Tolerance rated voltage 
Rated speed 
Starting current factor (Ia/In) 
Rated current (In) 
Maximum current (Imax) 
Rated Cos phi 
Sound pressure 
Rated nominal torque 
Rated starting torque 

 
 

1,5kW 
2,4kW 

230/400V 
3ph 

50/60Hz 
207-253/360-440V 

2P 
 

S1 
F (rise-B) 

0,0014kgm2 
IEC 

 

81,8/81,9% 
IE2 

 
 
 

±10% 
2880rpm 

7.6 
5,7/3,3A 
8,0/4,6A 

0.81 
56dB(A) 

5,0Nm 
16,5Nm 

Mechanical data 

Shaft execution 
Maximum starts per hour 
Cable gland 
VFD allowance 

 
 
Dimensions 

Diameter shaft A1 
Length shaft A2 
Diameter motor E1 
Terminal box height E2 
Diameter flange P 
L. motor (without shaft) LB 
Frame size 
Motor construction type 
Motor face 

 
 

smooth shaft 
50 

1xM20x1,5 
VFD allowed 

 
 
 

24mm 
50mm 
176mm 
141mm 
140mm 
281mm 

90S 
IM V18 

IEC 60034-7 Form FT 115 

60Hz 

Tolerance rated voltage 
Rated speed 
Starting current factor (Ia/In) 
Rated current (In) 
Maximum current (Imax) 
Rated Cos phi 
Sound  pressure 
Rated nominal torque 
Rated starting torque 

 
Motor protection 
Motor protection class 
Temperature sensor 
Rain cover 
Anti condensation heater 

 
 

+20%,-10% 
3450rpm 

7.2 
5,2/3,0A 
8,0/4,6A 

0.88 
59dB(A) 

4,2Nm 
11,2Nm 

 
 
 

IP55 
No 

 
 
 

Bearings / lubrication 
Grease nipple 
Bearing fixation pos 
D-end bearing type 
Bearing grease 

 
Details 
Motor label 
Weight 
Lifting lugs 
Motor finish 
Rated max. amb. temp. 
Material housing 

 
 
 
 
 
 
 

D-end 
6305-2Z-C3 

Lithium based -20°/+160 
 
 
 

DMC 
17,2kg 

No 
RAL5002 

40°C 
Aluminium 
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