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Abstract 

 

          It is known that the thermal science topics is the most important topics in the Department 

of Mechanical Engineering due to their content on the principles and characteristics of the heat 

transfer and thermodynamics processes and dynamic factors affecting in those subjects. The 

process of studying and accounts in the heating and air conditioning, refrigeration depending 

on those topics and the basis of the calculations and design of mechanical systems operations. 

As this project talks about the design of mechanical systems of the Bank of Palestine branch of 

Asira (design of heating and air-conditioning system and the extension of the water and 

sewage system. Where the building consists of one floor with approximated area of 340 square 

meters. 

In this project, air conditioning system type (VRF) is used since it is efficient and economic .  
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CHAPTER ONE 

 
 

1.1 Introduction 

 
Due to hot summer and cold winter, and sometimes the extreme weather in 

Nablus, air conditioning system must be installed in each building in order to people 

feel comfortable. 

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

removed from a building by the HVAC system to provide the desired level of comfort 

within a building. And the calculation results will have a direct impact on first 

construction costs along with the operating energy efficiency, occupant comfort, indoor 

air quality, and building durability. 

The air conditioning system used in this project is the variable refrigerant flow, 

because its frugality energy, expenses, efficiency, and control. 

 
1.2  Project importance 

 
 In order to achieve all means for human comfort. 

 Improving the efficiency of heating and air conditioning system used in the bank by 

replacing it with the VRF system . 

 

1.3 Project objectives 

 
 To design the mechanical services for the building . 

 Design variable refrigeration flow (VRF) air conditioning system for the bank. 

 Achieve graduation requirements . 

 

1.4 Key words  

 

 

 VRF: Variable Refrigeration flow. 

 WSFU: water supply fixture unit used for calculation of maximum water demand for the 

building. 

 DFU: Drainage fixture unit used for the calculation and design of drainage system. 
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1.5 Related studies 

 

 Radio and television building in Ramallah. 

 Industrial administration building in Jericho. 

 Culture Palace in Ramallah. 

 

1.6 Time table  

      The tasks and time tables for the first and second semesters are shown below : 

 

Table 1.1: Tasks description 

Task ID Task Description 

T1 Choosing the building plane 

T2 Review of previous project 

T3 Overall heat transfer coefficient calculation for wall, ceiling, floor, 

and windows  

T4 Heating and cooling loads calculation 

T5 Documentation 

T6 Water supply system calculation 

T7 Drainage system calculation 

T8 Design of VRF system 

T9 Design of plumbing system 

T10 Design of fire fighting system 

T11 Bill of quantity tables 

T12 Printing 

 

Table 1.2: Time table 

    semester 

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

T1                

T2                

T3                

T4                

T5                

    semester 

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

T6                

T7                

T8                

T9                

T10                

T11                

T12                
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CHAPTER TWO 

 

Heating and Cooling Loads 

Design Conditions 
 
 

2.1 Overview 

 

This talks about selection of the design conditions that fit to this type of building and that 

fit with the region that included this building depending on the Palestinian code and some tables 

that relate to this object. 

 

2.2 Thermal Comfort Criteria for Inside Design Condition 

 

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

inside air that will induce comfort to occupants of the space at minimum energy consumption. 

There are several factors that control the selection of the inside design conditions and 

expenditure of energy to maintain those conditions: 

1- The outside design conditions. 

2- The period occupancy of the conditioned space. 

3- The level of activity of occupants in the conditioned space. 

 

2.3 ASHRAE comfort chart  

 

ASHRAE is an abbreviation for the American Society of Heating Refrigerating and Air 

conditioning Engineers. Its Standard Thermal Environmental Conditions for Human Occupancy 

describes the combinations of indoor space conditions and personal factors necessary to provide 

comfort in the effective way. There are no static rules that indicate the best atmospheric 

condition for making all the individual comfortable because human comfort is affected by 

several factors such as health, age, clothing, etc.[1] 

Comfort conditions are obtained as result of tests for which people are subjected to air at various 

combinations of temperatures and relative humidities. The results of such tests indicate that a 

person will feel just about as cool at     and     relative humidity between     and     

indicated that     of people feel comfortable when the temperature and relative humidity 

combinations fall in comfort zone such as that indicated in the ASHRAE comfort chart of Fig 

2.1   
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Figure 2.1 ASHRAE human comfort chart [1] 

 

Inside design condition 

    = 24 ˚C 

      = 26 °C in summer 

      = 17 °C in winter 

    = 50 % in summer 

    = 35 % in winter 

   = 0.23 m/s 

 
Where: 

 

   : inside comfort design temperature. 

     : inside surface wall temperature. 

   : inside relative humidity. 
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   : inside air velocity. 

 

  Outside Design Conditions 
 

       = 31.9 °C in summer 

             = 5.7 °C in winter 

              = 28.5 °C in summer 

        = 9 °C in winter 

           = 61.9 % in summer 

           = 69.7 % in winter 

           = 12.4 m/s in summer                                    

    = 9.5 m/s in winter 

 

Where: 
 

          : outside design temperature. 

      : outside surface wall temperature. 

    : outside relative humidity. 

    : outside air velocity. 

 

 Convection Heat Transfer Coefficient 
 

There are two ways to transfer heat by convection: 

i. Forced convection. 

ii. Free convection. 

 

♦ Steps to calculate the forced heat transfer coefficient (  ): 

1.      = (                                                                                                             (2.1) 

Where: 

               : film temperature, k 

               : surface wall temperature, k 

              : ambient temperature, k 

2. Calculate the fluid properties           … from Table (A-1) 

Where: 

             : viscous force,      

               : Prandtl number 

             : thermal conductivity,       
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3.                                                                                                                    (2.2) 

    If    < (     ) … Laminar flow 

    If    ≥ (     )  … Turbulent flow 

Where: 

              : Reynolds number 

 : reference length,   

 

4.                    
 

 
   … Laminar flow                                                                (2.3) 

                      
 

 
  … Turbulent flow                                                                     (2.4) 

Where: 

           Nu: Nusslet number 

                                                                                                                  (2.5) 

                                                                                                     

♦ Steps to calculate the free transfer coefficient (      

1.    = (                                            

2. Calculate the fluid properties           

3.                                                                                                           (2.6) 

                                                                                                                                 (2.7) 

Where: 

           : Grashof number 

          : gravitational acceleration ,      

          : coefficient of volume expansion,     

4.    =   *                                                                                                               (2.8) 

If         … Laminar flow                                                                                            (2.9) 

If         … Turbulent flow                                                                                        (2.10) 

Where: 

           Ra: Rayleigh Number 

5. For Laminar flow: 

                                                                                         (2.11) 
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6. For Turbulent flow: 

                                                                                  (2.12) 

 

 

♦ Calculate the external convection heat transfer coefficient at heating load (   : 
 

   = (          … From equation (2.1) 

   
     

 
                       

Using interpolation to find of the fluid properties         : 

 

   = 14.15*10
-6

 m
2
/s

     = 0.71207

   = 24.74*10
-3

      

  = 3 m 

             … From equation (2.2) 

                                    = (9.5*3)/ (14.15*10
-6

) = 2014134.276 »»» 

Turbulent flow 

                  
 

 
  … Turbulent  … From equation (2.4)           

                                                 

           … From equation (2.5)                                                          

    
                   

 
           ˚   

 

♦ Calculate the internal convection heat transfer coefficient at heating load (  ): 

   = (         … From equation (2.1)                                        

   
     

 
                        

Using interpolation to find of the fluid properties ⱴ, Pr & k: 

 ⱴ = 15.32485*10
-6

 m
2
/s

 Pr = 0.708651

 k = 25.792*10
-3

      

          … From equation (2.7)                                                                    
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3.                     … From equation (2.6)                                           

                                                          
 

   =   *   … From equation (2.8)                                                                     

                                 »»» Turbulent flow 

          
        

   

                            … From equation (2.12)                        

                                        
     

        
                           

             … From equation (2.5)                                                            

                                         

because there is an error in the value of hi, take hi = 5 W/m
2
.˚C 

 

♦ Calculate the external convection heat transfer coefficient at cooling load (  ): 

 

   = (         … From equation (2.1)                                        

   
       

 
                         

Using interpolation to find of the fluid properties ⱴ, Pr & k: 

  = 16.25216*10
-6

     


    = 0.706496

  = 26.5664*10
-3

      

 = 3 m 

           … From equation (2.2)                                        

                       )             »»» Turbulent flow 

                  
 

 
  … Turbulent  … From equation (2.4)          

                                               

    =          … From equation (2.5)                                                         

   
                    

 
                

 

♦ Calculate the external convection heat transfer coefficient at heating load (  ): 

 

   = (         … From equation (2.1)                                        

   
     

 
                      

Using interpolation to find of the fluid properties ⱴ, Pr & k: 
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    = 15.72535*10
-6

 m
2
/s

    = 0.707481

   = 26.152*10
-3

      



          … From equation (2.7)                                                                    

   
 

      
                 

3.                     … From equation (2.6)                                           

                                                           
 

   =   *   … From equation (2.8)                                                                     

                                 »»» Turbulent flow 

          
        

   

                          … From equation (2.12)                         

                                                                    

               

    =          … From equation (2.5)                                                           

   
                  

 
                 

     = 35.71        

     = 1.77        

Note: Because there is an error in the values of ho and hi, these values are obtained from tables 

(A-20) and (A-21). 

Wall horizontal construction materials = 0.12        

Ceiling upward construction materials = 0.10 

From Table (A-21) inside resistance, Ro less than 0.5 - 5 m/s  

Wall construction materials = 0.06        

Ceiling upward construction materials = 0.04 

     
 

  
                                                                                                                              (2.13) 

            
 

    
 8.33        

            
 

    
 10        

     
 

  
                                                                                                                             (2.14) 

         
 

    
 16.66        

             
 

    
 25        
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2.4 Overall Heat Transfer Coefficient 

The overall heat transfer coefficient depends on the layers that the wall, floor and roof 

consist of and the inside and outside convection heat transfer coefficients . 

Over all heat transfer coefficient can be calculated by applying the following equation: 

U=
 

 

  
  

  

 
 

 

  

                                                                                                                        (2.15)   

 

  : The  layer thickness (  ) 

 : The thermal conductivity (     ) 

  : convection coefficients (surface conductance)of inside wall, floor, or ceiling( hi(wall) =8.33 

       ) and hi (ceiling) = 10        )   from table (A-20) . 

  : convection coefficients (surface conductance)of outside  wall, floor, or ceiling( ho wall 

=16.66       ) and( ho ceiling = 25      ) . 

The overall heat transfer coefficient is a measure of the overall ability of a series of conductive 

and convective barriers to transfer heat. 

To calculate the heat gain from walls, ceiling, ground and doors, one need to calculate the 

value of overall heat transfer coefficient (U) for each one of them. 

The value of U is depending in the kind of material that content in walls, ceiling…. etc. 

The amount of load either heating or cooling (from walls, doors… etc) is directly proportional to 

the value of the U. [1] 

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

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

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

         = Overall heat transfer coefficient for the floor of the room. 

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

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

The construction of layers is different from wall to wall so. Table (2.1) shows the 

sections for the construction layers in the building for each combination. 

 



11 
 

 

 

                                               Figure 2.2 Bank of Palestine sketch 

 

 

Table 2.1 : Over all heat transfer coefficients for typical ceiling, wall, floor, door, window 

construction . 

 

  
       

Thermal 

Conduction 

(      

Material 

Thickness 
(m) 

Construction 

material 

Construction 

detail 

 

0.868 

1.186 

0.81 

1.75 

0.034 

0.88 

 

0.95 

1.2 

0.003 

0.05 

0.025 

0.06 

 

0.18 

0.02 

1. Asphalt 

2. Concrete 

3. Polystyrene 

4. Rain forced 

Concrete 

5. Hollow brick 

6. Plaster 

 

 
 

Ceiling 

1.23 

1.20 

1.75 

1.2 

0.7 

1.05 

0.01 

0.12 

0.02 

0.1 

0.5 

1. Tiles 

2. Concrete 

3. Mortar 

4. Sand 

5. Rocks 

 

 
 
 
 
 

Floor 
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5.15 1.4 0.02 1. Glass 

 

 
 

Glass wall 

0.182 

1.4 

0.024 

2.60 

0.88 

 

1.2 

0.20 

0.12 

0.07 

0.20 

 

0.02 

1. Glass 

2. Air gab 

3. Stone 

4. Rain forced 

concrete 

5. Plaster 

 

 
  

North wall 

2.14 

2.60 

1.2 

0.88 

 

1.2 

0.07 

0.03 

0.2 

 

0.01 

1. Stone 

2. Mortar 

3. Rain forced 

concrete 

4. Plaster 

 

 
 

North wall 

ATM 

0.180 

2.60 

0.024 

0.95 

0.024 

0.95 

1.2 

0.07 

0.10 

0.15 

0.02 

0.20 

0.01 

1. Stone 

2. Air gab 

3. Brick 

4. Air gab 

5. Brick 

6. Plaster 

 

 
 

North 

Wall 

(Manager) 

 

1.66 

2.60 

0.88 

 

0.95 

1.2 

0.07 

0.2 

 

0.15 

0.01 

1. Stone 

2. Rain forced 

concrete 

3. Brick 

4. Plaster 

 

 
 

North 

column 

(Manager) 

 

1.74 

2.60 

0.88 

 

1.7 

0.07 

0.30 

 

0.18 

1. Stone 

2. Rain forced 

concrete 

3. Stone 

 

 
 

West 

column 
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2.12 

2.60 

1.75 

0.95 

1.2 

1.2 

0.10 

0.20 

0.10 

0.01 

0.03 

1. Stone 

2. Concrete 

3. Brick 

4. Mortar 

5. Tiles ceramic 

 

 
 

West 

Wall 

(W.C) 

2.82 

1.2 

0.95 

1.2 

0.01 

0.15 

0.01 

1. Plaster 

2. Brick 

3. Plaster 

 

 
 

South 

Wall 

 

1.86 

1.2 

0.88 

 

1.2 

0.01 

0.30 

 

0.01 

1. Plaster 

2. Reinforced 

concrete 

3. Plaster 

 

 
 

South 

Column 

 

 

 

♦ Calculation of overall heat transfer coefficient for walls, partition, ceiling and floor: 

U= 
 

   
 

 

      
  

 
       

                                                                                                    (2.15) 

U=
 

 

  
  

  

 
 

 

  

                                                                                                                      

 

Where: 

  : the thickness of the wall. 

   : inside film resistance. 

    : Outside film resistance. 

 

 For ceiling 

Because of its construction, the ceiling is divided in to two overall heat transfer 

coefficient on with brick and the other without     and      for the ceiling are 0.10 and 0.04 

respectively from tables (A-20) and (A-21). 
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  = 
 

    
       

      
 
       

      
 
       

      
 
       

      
 
        

       
 
          

         
     

                                              (2.16) 

 

  = 
 

     
     

    
 
    

    
 
     

     
 
    

    
 
    

    
 
     

   
     

 

 

   = 0.868 W/m
2
.˚C     

  
              With brick    =1.039 W/m

2
.˚C 

  = 
 

     
     

    
 
    

    
 
     

     
 
    

    
 
     

   
     

                                                      

 

           Without brick   = 1.0388 W/m
2
.˚C 

 

 For floor : 

 

  = 
 

    
        

       
 
           

          
 
          

        
 
       

      
 
        

       

                                                              (2.17) 

 

  = 
 

     
    

    
 
    

    
 
    

   
 
   

   
 

   

    

 

 

  = 1.23 W/m
2
.˚C 

 

 

 Wall east glass, east wall, north wall, manager wall, and west wall 

 

U1= 
 

    
        

       
     

                                                                                                          (2.18) 

 

U1= 
 

     
    

   
     

 

 

= 5.15 W/m
2
.˚C 

 

 

 For external door glass (waiting room) 

 East door 

 

           = 
 

    
        

       
     

                                                                                               (2.19) 

 

 = 
 

     
    

   
     

 

 

= 5.15 W/m
2
.˚C 
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 For external wall (waiting room) 

 North wall 

 

  = 
 

    
        

       
 
          

         
 
         

       
 
       

      
 
          

         
     

                                                       (2.20) 

 

  = 
 

     
    

   
 

    

     
 
    

    
 
    

    
 
    

   
     

 

 

 

= 0.182 W/m
2
.˚C 

 

 For external walls (ATM room) 

 North wall 

  = 
 

    
        

       
 
         

        
 
        

      
 
          

         
     

                                                                   (2.21) 

 

  = 
 

     
    

    
 
    

   
 

   

    
 
    

   
     

 

 

= 2.14 W/m
2
.˚C 

 

 

 For external walls  (Manager) 

 North wall 

  = 
 

    
        

       
 
          

         
 
         

       
 
          

         
 
         

       
 
           

         
     

                                      (2.22) 

 

  = 
 

     
    

    
 

    

     
 
    

    
 

    

     
 
    

    
 
    

   
     

 

 

= 0.180 W/m
2
.˚C 

 

 For external manager north column 

 

U= 
 

    
        

       
 
        

      
 
         

       
 
           

         
     

                                                                      (2.23) 

 

U= 
 

     
    

    
 

   

    
 
    

    
 
    

   
     

 

 

= 1.66 W/m
2
.˚C 

 

 

 For external walls (waiting room) 

 West Column 

 

  = 
 

    
        

       
 
        

      
 
        

       
     

                                                                                   (2.24) 

 



16 
 

  = 
 

     
    

    
 
    

    
 

   

    
     

 

 

    = 1.74 W/m
2
.˚C 

 

 For external walls (W.C) 

 West wall 

 

U1= 
 

    
        

       
 
           

          
 
         

       
 
         

        
 
                 

               
     

                                          (2.25) 

 

U1= 
 

     
    

    
 
    

    
 
    

    
 
    

   
 
    

   
     

 

 

= 2.12 W/m
2
.˚C 

 

 

 For external walls (W.C, Kitchen, computer room, stationary, waiting room) 

 South wall  

 

U1= 
 

    
          

         
 
         

       
 
          

         
     

                                                                             (2.26) 

 

U1= 
 

     
    

   
 
    

    
 
    

   
     

 

 

= 2.82 W/m
2
.˚C 

 

 

 For external manager west column 

 

U1= 
 

    
          

         
 
        

      
 
          

         
     

                                                                              (2.27) 

 

U1= 
 

     
    

   
 
    

    
 
    

   
     

 

 

= 1.86 W/m
2
.˚C 

 

 Window 

U=5.6 W/m
2
.˚C from table (A-4) 

 Door steel (Fiber core) 

U=3.3 W/m
2
.˚C from table (A-5) 

 Door wood 25mm – without storm door 

U=3.6 W/m
2
.˚C from table (A-5) 
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2.5 Area Calculations 

 
 For the waiting room and customer service and teller: 

 

                                                                            

                                                                                       

                                                          

                                                        

                                                         

                                                                                        

                                   

                                 

                                                      

                      

                                                         

 For the ATM room 

                                                                                            

                                                             

                                                                

                                  

                                 

 For the back office 

                                           

                       

                            

 

 For the W.C 1 

                       

                            

 

 For the W.C 2 
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 For the kitchen 

                             

                        

                            

 

 For the computer room 

          5.47 m
2
 

                             

 

 For the stationary 

          5.24 m
2
 

                             

 

2.6 Heating load  

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

a given inside design condition. 

The heat loss is divided in to tow groups:  

 The heat transmission losses through the confining walls, floor, ceiling, glass or other 

surfaces. 

 The infiltration losses through cracks and openings, or heat required to warm outdoor air 

used for ventilation. 

Normally, the heating loud is estimated for winter design temperature usually occurring at 

night, therefore, internal heat gain is neglected except for theaters, assembly halls, industrial plant 

and commercial building. 

Internal heat gain is the sensible and latent heat emitted within an internal space by the occupants, 

lighting, electric motors, electric equipment, etc.[2] 

  

2.6.1  Heating load calculation 

The general procedure for calculating the total heating load is: 
 
1. Select the design outdoor air conditions of temperature, humidity, and wind speed and its 

direction. 
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2. Select the comfort design indoor conditions of temperature and relative humidity that must 

be maintained in the heated space. 

   = Tin - Tout       

3. Estimate temperature in adjacent unheated spaces, if any 

      = 0.5 (Tin - Tout)                                            (2.28) 

4. Compute the overall heat transfer coefficients for all exposed surfaces of the building 

through which heat losses are to be calculated. 

5. Determine all surface areas through which heat is lost. 

6. Compute the heat loss for each type of walls, floor, ceiling or roof, doors, windows, etc. by 

using this equation 

Q˙= UA (Tin – Tout)                                                                                                     (2.29)

  

Where: 

Q˙: rate of heat transfer (W) 

U: overall heat transfer coefficient . 

A: heat transfer area (m
2
) 

Tin: inside design temperature  . 

Tout: outside design temperature 

 

7. Compute heat loss from bellow-grade walls and floor, if any. 

8. Calculate the infiltration air rate and compute the resulting heating load due to infiltration. 

9. Assume a safety factor value of 10 to 15% to account for emergency loads. 

10. The sum of all the above heat losses for all rooms represents the total heating load of the 

building.[4] 

 

 Inside and outside condition  

The inside and outside condition are obtained from Palestinian code as shown in 

the following table (2.2): 
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Table 2.2: Inside and outside design conditions:[5] 

 

 

Property 

Inside design condition Outside design condition 

Summer Winter Summer Winter 

Temperature 

(˚C) 

24 26 31.9 5.7 

Relative 

humidity 

(%) 

50 35 61.9 69.7 

Wind speed 

(m/s) 

…. …. 1.5 1.5 

 

 

 Sample Calculation 

 

 
 

Figure 2.3: Dimension of back office and W.C: 

 

 

 Calculation of the heat loss from the back office  

In the last floor as a sample : 

The height of the room = 3m 

The height of the window = 3m 

Heat loss through ceiling    

 (Because of its construction, the ceiling is divided into two areas which 

are area A1 and area A2 as shown in Figure (2.4).   
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Figure 2.4 : Over all heat transfer coefficients for ceiling 

 

The area A1 is equal to:   = 
 

 
 Ac = 

 

 
 (17.72) = 14.17   

And the area A2 is equal to:   = 
 

 
 Ac = 

 

 
 (17.72) = 3.54   

 

                      Qc = (              (       )                                                                (2.30) 

 

  = (              (       ) 

   =  0.868 W/m
2
.˚C in Table (2,1) 

   = 1.186 W/m
2
.˚C…. From table (2,1)    

  = (                         ) (24 – 5.7) = 302 W. 

 

 Heat loss through floor (       ) : 
 

 
The area (floor) A is equal to:                  

       =            (       )                                                                                         (2.31) 

       
= 1.23 W/m

2
.˚C …. From table (A-22) 

      = (1.23        ) (24 – 13.7) = 224.5 W. 

 

 Heat loss through west column (Q w): 

The external wall area is:  

And the area (column) A is equal to: A=         = 2.1    

        = (        (       )                                                                 

        
= 1.74 W/m

2
.˚C  
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       = (       2.1) (24 – 5.7) = 66.9 W. 

 

 The area (window) A is equal to: 

 A=           = 0.7737    

   = (       (       )                                                                          

   = 5.6 W/m
2
.˚C  

   = (       0.7737) (24 – 5.7) = 79.28 W 

 

 The area (glass wall) A is equal to:  

A=                = 6.91    

   = (       (       )                                                                          

   = 5.6 W/m
2
.˚C  

   = (          ) (24 – 5.7) = 708.14 W 

 
 Heat loss through infiltration (      

 
) : 

 
Due to leakages in the building construction, opening and closing of doors, etc. the air in the 

building shifts. As a rule of thumb the number of air shifts is often set to 0.5 per hour. The value 

is hard to predict and depend on several variables - wind speed, difference between outside and 

inside temperatures, the quality of the building construction etc.[3] 

The total heat load due to infiltration is given by the equation: 

                                                  
    

    
                                                                    (2.32) 

 

                               

                               

   : The volumetric flow rate of infiltrated air in (m
3
/s) 

 
                   S2  )

2
] 

2/3
                                                                                    (2.33) 

 

Where: 

                   = the infiltration air coefficient. 

                    : The crack length in meter. 

                     : Factor that depends on the topography of the location of the building. 

                  : Coefficient that depends on the height of the building. 

                     Measured wind speed (m/s). 

The value of K,     and S2 is obtained from tables (A-6), (A-7) and (A-8) respectively. 
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  =0.60 …. From table (A-6) 

  =1 …. From table (A-7) 

  =0.72 …. From table (A-8) 

  = 1.5 (m/s)…[5] 

 

Figure (2.5): Dimensions of window 

 

And the window as shown in Figure (2.4) ,then: 

L = [ (0.7737× 2) + (2×1)]  = 3.55m                                                                                 (2.34) 

    = (0.60*3.55 (0.613(1*0.72*1.5) 
2
) 

(2/3)                                                                             
       

 

     = 1.70 m
3
/h  

  = 24   

    = 5.7   

          
    

    
                                                                                                                                  

The total heat loss from the back office is: 

                                                      

     = 302 + 224.5 + 66.9 +        + 79.28  +       = 1391.62 W 

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

emergency heating loads then: 

                                                                                      

 

 Calculation the heat loss from W.C 1: 

  

                            

  = (              (       )                                                                      

   = 0.868 W/m
2
.˚C  
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   = 1.186 W/m
2
.˚C 

The area1 is equal to: A1= 
 

 
 Ac = 

 

 
 (4.26) = 3.40   

And the area 2 is equal to: A2= 
 

 
 Ac = 

 

 
 (4.26) = 0.85   

   = (0.868      + 1.186        (24 – 5.7) = 72.5 W. 

 

 Heat loss through floor (       ): 

The area (floor) A is equal to: A=                   

       =             (       )                                                                        

       
= 1.23 W/m

2
.˚C  

      = (            )   (24 – 13.7 ) = 53.97 W . 

 

 Heat loss through west walls ( Q wall) : 

The external wall area is: 

The area (wall) A is equal to: A=         = 6.03    

      = (       (       )                                                                                     

      = 2.121 W/m
2
.˚C 

   = (        6.03) (24 – 5.7) = 234 W 

 

     Heat loss through infiltration (      
 
) : 

      

                                         
    

    
                

 

                   S2  )
2
 ] 

2/3
                                                                        

The value of K,     and S2 is obtained from tables (A-6), (A-7) and (A-8) respectively. 

K =0.60 …. From table (A-6) 

  =1 …. From table (A-7) 

S2=0.72 …. From table (A-8) 

  = 1.5 (m/s)…[5] 

 And the Suction as shown in Figure (2.4), then: 

L= (2                  m                                                                               

    = (0.60*1.2 (0.613(1*0.72*1.5) 
2
) 

(2/3)        

     = 0.5757 m
3
/h  

  = 24   

    = 5.7   
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The total heat loss from the WC.1 is: 

                                   

     = 72.5 + 53.97 + 234 +      = 364.2 W 

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

and emergency heating loads then: 

                                                                                               

 

 Calculation the heat loss from W.C 2:  

 

                           

                             

                              

  = (              (       )                                                                      

   = 0.868 W/m
2
.˚C  

   = 1.186 W/m
2
.˚C 

The area A1 is equal to: A1= 
 

 
 Ac = 

 

 
 (   ) = 3.04   

And the area A2 is equal to: A2= 
 

 
 Ac = 

 

 
 (3.8) = 0.76   

Qc = (0.868      + 1.186        (24 – 5.7) = 64.79 W. 

 

 Heat loss through floor (       ): 

The area (floor) A is equal to: A=                  

       =          (       )                                                                  

       
= 1.23 W/m

2
.˚C  

      = (           )   (24 – 13.7) = 23 W. 

 

 Heat loss through west walls (Q wall): 

The external wall area is: 

      = (       (       )                                                                                

      = 2.121 W/m
2
.˚C 

           = (        3.39) (24 – 5.7) = 131.58W 
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 Heat loss through south walls (Q wall): 

The external wall area is: 

      = (       (       )                                                                                

      = 2.82 W/m
2
.˚C 

           = (      3.39)     (24 – 5.7) = 87.47W 

 

     Heat loss through infiltration (      
 
) : 

      

                                         
    

    
                

 

                   S2  )
2
] 

2/3
                                                         

 

The value of K ,    and S2 is obtained from tables (A-6), (A-7) and (A-8) respectively. 

 K =0.60 …. From table (A-6) 

  =1 …. From table (A-7) 

  =0.72 …. From table (A-8) 

  = 1.5 (m/s) … [5] 

And the Suction as shown in Figure (2.4) ,then: 

L= (2                  m                                                                          

    = (0.60*1.2 (0.613(1*0.72*1.5) 
2
) 

(2/3)                                                                                  
   

 

     = 0.5757 m
3
/h 

  = 24   

    = 5.7   

          
    

    
                           

The total heat loss from the back office is: 

                                                                                              

     = 64.8 + 23 + 131.58 + 87.47 +      = 310.5 W 

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

miscellaneous and emergency heating loads then: 
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Table 2.3: Air system heating calculation  

 

 

2.7 Cooling load  

 

2.7.1 Overview  

Cooling load is the rate at which sensible and latent heat must be removed from the space 

to maintain a constant space dry-bulb air temperature and humidity. Sensible heat into the space 

causes its air temperature to rise while latent heat is associated with the rise of the moisture 

content in the space. The building design, internal equipment, occupants, and outdoor weather 

conditions may affect the cooling load in a building using different heat transfer mechanisms. 

The SI units are watts. 

 

2.7.2 Cooling Load Calculations 
 

  The rate at which heat energy must be supplied to a space to maintain a given design 

condition, is called the heating load . 

Similarly, the rate at which heat energy must be removed from a space in order to maintain a 

given inside design condition is called the cooling load . 

The cooling load is expressed in units of watt (joule per second ) or in kilowatt (kW) or in tons 

refrigerant (T.R) where 1T.R = 3.517 kW . [1] 

Sometimes, the metric units of kilocalorie per hour (        are used where 1W = 0.8601        

. 

 The CLTD values vary with our of the day and it is function of environmental conditions 

and building parameters . 

Room name 
Area 

(m
2
) 

Q ceiling 

 (watt) 

Q outside wall 

(watt) 

Q floor 

(watt) 

Q window 

(watt) 

Q door 

(watt) 

Q inf 

(watt) 

Heating 

Load (KW) 

Customer 

service and 

teller 

171.8 2928.9 9895.5 2176.54 115.80 461.16 84.64 17.1 

ATM room 7.85 124.7 628.44 99.5 ---- 108.70 18 0.989 

Back office 17.72 302 775.04 224.5 79.28 ---- 10.8 1.53 

WC.1 4.26 72.5 234 53.97 ---- ---- 3.66 0.406 

WC.2 3.8 64.79 219.05 23 ---- ---- 3.66 0.342 

Kitchen 6.36 108.43 400.1 80.6 ---- ---- 3.66 0.593 

Computer 

room 
5.47        467.55 69.38 ---- ---- 0 0.650 

Stationary 5.24 90.18 250.8 66.38 ---- ---- 0 0.407 
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Figure 2.6: Source of cooling load [4] 

The heat transfer rate through sunlit walls or sunlit roofs is calculated from the following 

equation: 

Q˙= UA (CLTD) corr.                                                                                                              (2.35) 
 

Where: 

          : Corrective cooling load temperature difference,  

                                                                                   (2.36) 

Where: 

                  : cooling load temperature difference,   

  : Latitude correction factor. 

 : Color adjustment factor. 

               : Inside comfort design temperature, ˚C 

 : Attic or roof fan factor. 

    : Outdoor mean temperature,    

                                                                                                                     (2.37) 

Where: 

    : Maximum average daily temperature,   

    : Minimum average daily temperature,   

     = 38.5  and      = 19  are obtained …[5] 
 

Applying these values in equation (2.39) to obtain the outdoor mean temperature 
 

     = 28.75    
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 Data analysis 

 

The following table contains all the inside and outside design conditions needed for the next 

calculation:  

Table (2.4): Outdoor design conditions.[5] 

Season                       (       

Cooling 31.9 61.9 79 

 

Table (2.5): Indoor design conditions.[5] 

Season                     (       

Cooling 24 50 48 

 

 

 

 Sample Calculation: 

 

Calculation the gain for the ATM in the bank as a sample:  

 

Figure 2.7: The dimension of ATM in bank 

 

 Heat gain through sunlit roof (Q
˙
 roof): 

                 ˚               (A-10) 

                               (A-9) 

           = 0.83 for permanently light colored roof . 

                               …[5]  
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         = 1 there is no attic or roof fan. 

                                                           

                         
 

 
                

 

 
               

                          . 

                                                                                  

 Heat gain through sunlit floor (Q
˙
 floor): 

                                      

                                                                            

                          . 

 

 Heat gain through sunlit door (Q
˙
 door): 

                                                     

                              

                         . 

 

 Heat gain through sunlit walls (Q
˙
 Wall): 

 

      at 14:00 o'clock … from Table (A-11) 

    

    

        for permanent light color walls. 

                     

                           

                                                               

                                                               

                           

                             

                                          . 

 

 Heat gain due to lights (Q
˙
 Lt.): 

                                                                                              (2.38) 

light intensity = 10-30      for apartment, so we will take 25      
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             … from Table (A-17) 

                   … from Table (A-18) 

                                  

 

 Heat gain due to infiltration (Q
˙
 f): 

At the same procedure in heating load 

          …[5] 

             … from psychometric chart 

            …from psychometric chart 

            …from psychometric chart 

                               )
2
] 

2/3
                                                        

                  

                                         

 

 Heat gain due to occupants (Q
˙
 oc.): 

                                                                (2.39) 

          = heat gain sensible   No. of people            Diversity Factor                (2.40) 

 Where: 

         cooling load factor due to occupants. 

heat gain sensible       … from Table (A-2) 

No. of people = 0 

             … from Table (A-19) 

Diversity Factor      … from Table (A-18) 

                                 

        = heat gain latent   No. of people   Diversity Factor heat gain latent = 71.5 … 

from Table [A-2] 

                           

                               

 

 Heat gain due to ventilation (   ): 

     ˙                                                                                                        (2.41) 

Where: 

            ˙ : mass flow rate of ventilation air, kg/s 



32 
 

                : specific heat of air = 1.005 kJ/kg .k 

  ˙ = rate of ventilation air                                                              (2.42) 

rate of ventilation air = A room   requirement outside ventilation air 

              

requirement outside ventilation air            … from Table [A-3] 

rate of ventilation air                              

   = 0.88 m
3
/kg 

 ˙                     

                                               . 

 

 Heat gain due to equipment (   ): 
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Table 2.6 : Air system cooling calculations for sunlit roof . 

Sunlit roof 

Q roof [KW] U1A1+U2A2 (CLTD) corr f Tom-29.4 25.5-Tin K LM CLTD Room 

2.064 160 12.9 1 -0.65 1.5 0.83 0.5 14 Customer service and teller 

0.0943377 7.313 12.9 1 -0.65 1.5 0.83 0.5 14 ATM room 

0.212979 16.51 12.9 1 -0.65 1.5 0.83 0.5 14 Back office 

0.051213 3.97 12.9 1 -0.65 1.5 0.83 0.5 14 WC.1 

0.0387 3 12.9 1 -0.65 1.5 0.83 0.5 14 WC.2 

0.0764325 5.925 12.9 1 -0.65 1.5 0.83 0.5 14 Kitchen 

0.053718851 4.164252 12.9 1 -0.65 1.5 0.83 0.5 14 Computer room 

0.062972434 4.881584 12.9 1 -0.65 1.5 0.83 0.5 14 Stationary 

 

Table 2.7 : Air system cooling calculations for floor . 

Floor 

Q light [KW] (CLTD) corr U A Room 

5.5892553 26.45 1.23 171.8 Customer service and teller 

0.255387975 26.45 1.23 7.85 ATM room 

0.57649362 26.45 1.23 17.72 Back office 

0.13859271 26.45 1.23 4.26 WC.1 

0.1236273 26.45 1.23 3.8 WC.2 

0.20691306 26.45 1.23 6.36 Kitchen 

0.145424745 26.45 1.23 4.47 Computer room 

0.17047554 26.45 1.23 5.24 Stationary  
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Table 2.8 : Air system cooling calculations for sunlit walls . 

Sunlit walls 

Q walls [KW] A U (CLTD) corr f Tom-29.4 25.5-Tin K LM CLTD Room 

  Customer service and teller 

0.0168525 2.52 2.14 3.125 1 -0.65 1.5 0.65 0.5 3 N 

0.1751697 12.84 2.14 6.375 1 -0.65 1.5 0.65 0.5 8 NW 

0.0168525 2.52 2.14 3.125 1 -0.65 1.5 0.65 0.5 3 N 

0.394656 25.62 2.82 10.925 1 -0.65 1.5 0.65 -0.5 16 S 

  ATM room 

0.0721608 4.8 2.14 7.025 1 -0.65 1.5 0.65 0 9 E 

0.06299625 9.42 2.14 3.125 1 -0.65 1.5 0.65 0.5 3 N 

  Back office 

0.02779956 1.41 2.12 9.3 1 -0.65 1.5 0.65 0 13 W 

  WC.1 

0.11888748 6.03 2.12 9.3 1 -0.65 1.5 0.65 0 13 W 

  WC.2 

0.06683724 3.39 2.12 9.3 1 -0.65 1.5 0.65 0 13 W 

0.31054968 10.08 2.82 10.925 1 -0.65 1.5 0.65 -0.5 16 S 

  Kitchen 

0.239382045 7.77 2.82 10.925 1 -0.65 1.5 0.65 -0.5 16 S 

0.01828845 0.9 1.86 10.925 1 -0.65 1.5 0.65 -0.5 16 S 

  Computer room 

0.27912501 9.06 2.82 10.925 1 -0.65 1.5 0.65 -0.5 16 S 

  Stationary  

0.05730381 1.86 2.82 10.925 1 -0.65 1.5 0.65 -0.5 16 S 
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Table 2.9 : Air system cooling calculations for windows . 

Windows 

Q glass [KW] Q,conv A U (CLTD) corr Q,tr CLF SC SHG A Room 

  Customer service and teller 

2.076448 595.448 15.19 5.6 7 1481 0.74 0.25 527 15.19 NE 

0.327402 221.872 5.66 5.6 7 105.53 0.11 0.25 678 5.66 W 

  Back office 

0.419638 362.208 9.24 5.6 7 57.43 0.11 0.25 678 3.08 W 

 

Table 2.10 : Air system cooling calculations for lights . 

Lights 

Q light [KW] Divirsity Factor (CLF) lt A Light intensity Room 

3.5219 1 0.82 171.8 25 Customer service and teller 

0.160925 1 0.82 7.85 25 ATM room 

0.36326 1 0.82 17.72 25 Back office 

0.08733 1 0.82 4.26 25 WC.1 

0.0779 1 0.82 3.8 25 WC.2 

0.13038 1 0.82 6.36 25 Kitchen 

0.091635 1 0.82 4.47 25 Computer room 

0.10742 1 0.82 5.24 25 Stationary  
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Table 2.11 : Air system cooling calculations for infiltration . 

Infiltration 

Q light [KW] L Vf Room 

0.1335 17.608 9.855 Customer service and teller 

0.0246 5.8 3.25 ATM room 

0.015 3.54 1.98 Back office 

0.005 1.2 0.6716 WC.1 

0.005 1.2 0.6716 WC.2 

 

Table 2.12 : Air system cooling calculations for occupants . 

 

 

 

 

 

Occupants 

Q oc [KW] Q latent 

Diversity 

Factor 

No .of 

people 

heat gain 

latent Q sensible 

Diversity 

Factor (CLF)oc 

No .of 

people 

heat gain 

sensible Room 

6.31488 3432 0.8 60 71.5 2882.88 0.8 0.84 60 71.5 

Customer service and 

teller 

0.105248 57.2 0.8 1 71.5 48.048 0.8 0.84 1 71.5 ATM room 

1.05248 514.8 0.8 10 71.5 480.48 0.8 0.84 10 71.5 Back office 

0.105248 57.2 0.8 1 71.5 48.048 0.8 0.84 1 71.5 WC.1 

0.105248 57.2 0.8 1 71.5 48.048 0.8 0.84 1 71.5 WC.2 

0.105248 57.2 0.8 1 71.5 48.048 0.8 0.84 1 71.5 Kitchen 

0.105248 57.2 0.8 1 71.5 48.048 0.8 0.84 1 71.5 Computer room 

0.105248 57.2 0.8 1 71.5 48.048 0.8 0.84 1 71.5 Stationary  
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Table 2.13 : Air system cooling calculations for ventilation . 

Ventilation 

Q oc [KW] ∆T Cp air m Vo Out side air A room Room 

0.027807948 18.3 1.005 1.512 0.88 10 171.8 Customer service and teller 

0.001287405 18.3 1.005 0.07 0.88 10 7.85 ATM room 

0.003703379 18.3 1.005 0.201364 0.88 10 17.72 Back office 

0.000890316 18.3 1.005 0.048409 0.88 10 4.26 WC.1 

0.000794178 18.3 1.005 0.043182 0.88 10 3.8 WC.2 

0.001329204 18.3 1.005 0.072273 0.88 10 6.36 Kitchen 

0.000934205 18.3 1.005 0.050795 0.88 10 4.47 Computer room 

0.00109513 18.3 1.005 0.059545 0.88 10 5.24 Stationary  

 

Table 2.14 : Air system cooling calculations for equipments . 

Equipments 

Q eq. [KW] No of device Heat gain[W] Device Room 

4 8 500 Computer Customer service and teller 

1.2 1 1200 Automated teller machine ATM room 

0.29 1 290 Coffee brewer Kitchen 

1.76 1 1760 Toaster   

0.69 1 690 Refrigerator (small) 

 3.63 1 3630 Domestic gas 

 5 10 500 Computer Computer room 

1.465 1 1465 Water heater W.C.2 
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Table 2.15 : Air system cooling calculations for unconditioned walls . 

Unconditioned walls 

Q un. [KW] ∆T A U Room 

0.155203776 5.46 10.08 2.82 WC.2 

0.028638792 5.46 1.86 2.82 Stationary  

  Kitchen 

0.00914004 5.46 0.9 1.86   

0.0424242 5.46 7.77 2.82   

0.1398852 5.46 25.62 2.82 Customer service and teller 
 

Table 2.16 : Air system cooling calculations for doors . 

Doors 

Q oc [KW] ∆T A U Room 

0.21042      4.5 5.6 Customer service and teller 

0.0578655      2.1 3.3 ATM room 
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Table 2.17 : Air system cooling calculations for total heat gain . 

Total heat gain 

Q Total [KW] Room 

25.9812212 Customer service and teller 

2.33480863 ATM room 

2.66765018 Back office 

0.50627119 WC.1 

2.348065996 WC.2 

7.198208295 Kitchen 

5.675151606 Computer room 

0.532058576 Stationary  

47.24214827 ∑= 
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CHAPTER THREE 

 

Variable Refrigerant Flow (VRF) Systems 
 

 

3.1 Introduction 

 

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

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

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

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

configurations connected to a single condensing unit. The arrangement provides an 

individualized comfort control, and simultaneous heating and cooling in different zones. 

Currently widely applied in large buildings especially in Japan and Europe, these systems 

are just starting to be introduced in the U.S. The VRF technology/system was developed and 

designed by Daikin Industries, Japan who named and protected the term variable refrigerant 

volume (VRV) system so other manufacturers use the term VRF "variable refrigerant flow". In 

essence both are same. 

With a higher efficiency and increased controllability, the VRF system can help achieve a 

sustainable design. Unfortunately, the design of VRF systems is more complicated and requires 

additional work compared to designing a conventional direct expansion (DX) system. 

 

3.2 Overview 

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

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

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

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

The term VRF refers to the ability of the system to control the amount of refrigerant 

flowing to each of the evaporators, enabling the use of many evaporators of differing capacities 

and configurations, individualized comfort control, simultaneous heating and cooling in different 

zones, and heat recovery from one zone to another. VRF systems operate on the direct expansion 

(DX) principle meaning that heat is transferred to or from the space directly by circulating 

refrigerant to evaporators located near or within the conditioned space. Refrigerant flow control 

is the key to many advantages as well as the major technical challenge of VRF systems. [6] 
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Figure 3.1 : Variable Refrigerant Flow (VRF) Systems[7] 

 

3.3 Systems Components VRF 

 Indoor units 

 Outdoor units 

 Piping net work 

 Control system 

 Drain pipes 

 

3.4 Types of VRF 

 heat pump systems 

VRF heat pump systems permit heating or cooling in all of the indoor units but 

NOT simultaneous heating and cooling. When the indoor units are in the cooling 

mode, they act as evaporators; when they are in the heating mode, they act as 

condensers. These are also known as two-pipe systems. 
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Figure 3.2 : Cooling Type VRF System  

 

 Heat Recovery VRF system (VRF-HR) 

Variable refrigerant flow systems with heat recovery (VRF-HR) capability can 

operate simultaneously in heating and/or cooling mode, enabling heat to be used 

rather than rejected as it would be in traditional heat pump systems. VRF-HR systems 

are equipped with enhanced features like inverter drives, pulse modulating electronic 

expansion valves and distributed controls that allow system to operate in net heating 

or net cooling mode, as demanded by the space. 

 

Figure 3.3 : Heat Recovery Type VRF System[8] 
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3.5 First Costs  

The installed cost of a VRF system is highly variable, project dependent, and difficult to 

pin down. Studies indicate that the total installed cost of a VRF system is estimated to be 5% to 

20% higher than air or water cooled chilled water system, water source heat pump, or rooftop 

DX system providing equivalent capacity. This is mainly due to long refrigerant piping and 

multiple indoor evaporator exchanges with associated controls. Building owners often have no 

incentive to accept higher first costs, even if the claimed payback period is short, as the energy 

savings claims are highly unpredictable. 

 

3.6 VRF advantages and disadvantages 
 

 The main advantage of a variable refrigerant flow system is its ability to respond 

individually to fluctuations in space load conditions. The user can set the ambient 

temperature of each room as per his/her requirements and the system will automatically 

adjust the refrigerant flow to suit the requirement;  

 

 

Figure 3.4 : Advantage of a variable refrigerant flow system 
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 VRF systems enable wide capacity modulation and bring rooms to the desired 

temperature extremely quickly and keep temperature fluctuations to minimum. The 

technology offers excellent dehumidification performance for optimal room humidity 

regardless of outside conditions. Any area in the building will always be exactly at the 

right temperature and humidity, ensuring total comfort for their occupants;  

 VRF systems are capable of simultaneous cooling and heating. Each individual indoor 

unit can be controlled by a programmable thermostat. Most VRF manufacturers offer a 

centralized control option, which enables the user to monitor and control the entire 

system from a single location or via the internet;  

 VRF systems can generate separate billing that makes individualized billing easier;  

 VRF systems use variable speed compressors (inverter technology) with 10 to 100% 

capacity range that provides unmatched flexibility for zoning to save energy. Use of 

inverter technology can maintain precise temperature control, generally within ±1°F.  

disadvantages 

 very expensive 

 Very expensive (construction and installation) 

 Potential for Refrigerant leaks 

 Because this system new , it need qualified technician . 

 

3.7 Reduced Noise Levels  

Indoor and outdoor units are so quiet that they can be placed just about anywhere, 

providing more flexibility on how to use indoor and outdoor space. Indoor ductless operating 

sound levels are as low as 27dB(A) and ducted units sound levels are as low as 29dB(A) . 

Outdoor units can even be placed directly under a window and quiet indoor units are 

perfect in environments that require minimal disruption like schools, places of worship, libraries 

and more. When compared to the single split system, a VRF system reduces outside noise levels 

by almost 5 dB@1m.  



  

 
 

45 
 

 Figure 3.5 : One to one conventional split system (62dB, 57dB) 

 

3.8 Reliability  

Continuous operation is possible even if trouble occurs at an indoor unit.  

 

 Indoor Unit  

Each indoor unit is controlled individually on the system network. This allows all indoor 

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

 

Figure 3.6 : Continuous operation is possible even if trouble occurs at an indoor unit.[6]  

 

 Outdoor Unit  

Continuous operation is possible even in the event of compressor failure. There is no 

immediate system shutdown if trouble occurs in any compressor. The other compressors can 

continue to operate on an emergency basis. 
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3.9 Aesthetics 

  Indoor units are available in different capacities and multiple configurations such as wall-

mounted, ceiling-mounted cassette suspended, and concealed ducted types. It is possible to 

provide an assorted arrangement that combine multiple types of indoor sections with a single 

outdoor section. These provide extreme versatility to the aesthetic requirements of different 

building types. Outdoor units can be located on roof or hidden space.   

 

Figure 3.7 : Indoor units[9] 

 

3.10 Applications  

VRF systems may be a particularly good option for buildings with multiple zones or wide 

variance heating/cooling loads across many different internal zones. These systems provide 

individual control and are the most versatile of the multi-split systems. Hotels, schools and office 

buildings are good examples. 

3.11 Availability  

1) VRF outdoor units can have cooling and heating capacities from 12,000 Btu/h to 300,000 

Btu/h;  

2) VRF indoor units can have cooling and heating capacities from 5,000 Btu/h to 120,000 

Btu/h;  

3) The outdoor unit may support up to 48 indoor evaporator units with capacities that 

collectively add up to 130% capacity of the condensing unit.  
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VRF equipment is divided into three general categories: residential, light commercial, and 

applied:  

• Residential equipment is single-phase with a cooling capacity of 65,000 Btu/h or less.  

• Light commercial equipment is generally three-phase with cooling capacity greater than 

65,000 Btu/h, and is designed for small businesses and commercial properties.  

• Applied equipment has cooling capacities higher than 135,000 Btu/h, and is designed for 

large commercial buildings.  

 

3.12 VRF challenges & limitations  

VRF systems are not suitable for all applications. The key challenges include:  

 Refrigerant Piping  

A VRF system being the split installation is restricted by distance criteria between the 

condensing unit and the evaporator. The maximum lengths of refrigerant pipework for a VRF or 

any other split system is determined by the compressors ability to overcome the pressure drop 

and for the system to maintain proper oil return. All 'split' systems therefore have a maximum 

allowable vertical and total refrigeration pipework length. This is a considerable disadvantage 

compared with hydraulic systems which are pumped; and as the pump may be sized to suit the 

system, then theoretically, the hydraulic pipework may be run almost infinite distances. It is 

important that the designer/building owner is aware of these limitations.  

Each manufacturer specifies both the size of the pipe work required for their system and the 

maximum permissible vertical and total refrigerant pipe work runs. Caution: Although few 

manufacturers’ literature states that the refrigerant lines can be as long as 500 feet,  

when you read the fine print, after the first ‘Tee’ from the condensing unit, you are limited to 

135 feet to the furthest unit. 
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3.13 Concluding 

VRF provides an alternative realistic choice to traditional central systems. It captures 

many of the features of chilled water systems, while incorporating the simplicity of DX systems. 

 Salient Features:  

• Refrigerant flow rate is constantly adjusted by an electronic expansion valve in response to 

load variations as rooms require more or less cooling. Also, if reversible heat pumps are 

used, the heating output can be varied to match the varying heat loss in a room; 

• An expansion valve or control valve can reduce or stop the flow of refrigerant to each 

indoor unit, thus controlling its output to the room;  

• This type of system consists of a number of indoor units (up to 48 and varies per the 

manufacturer) connected to one or more external condensing units;  

• The overall refrigerant flow is varied using either an inverter controlled variable speed 

compressor, or multiple compressors of varying capacity in response to changes in the 

cooling or heating requirement within the air conditioned space;  

• A control system enables switching between the heating and cooling modes if necessary. In 

more sophisticated versions, the indoor units may operate in heating or cooling modes 

independently of others;  

• A VRF system uses inverters or scroll compressors. They are efficient and quiet. and are 

usually hermetically sealed. Small to medium size units may have 2 compressors;  

• Refrigeration pipe work up to 500 feet long is feasible;  

• Refrigeration pipe work level differences between indoor and outdoor units up to 150 feet 

is possible;  

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

• COP’s (Coefficient of Performance) may be as high as 3.8;  

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

diameter;  

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

VRV/VRF technology is based on the simple vapor compression cycle but the system 

capabilities and limitations must be fully understood and evaluated carefully to determine its 
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suitability. Before working with VRV/VRF systems, it is strongly recommended that 

manufacturer’s product training be undertaken.[10] 

3.14 Selection units 

 This section talks about selection of outdoor and indoor units of VRF system, depending 

on the “Samsung VRF catalogue”, since this company product is existing in Ramallah . 

Outdoor and indoor units are selected according to the thermal load of the building. 

 Outdoor unit 

 It was chosen one outdoor units with capacity of individual is 13 Ton . 

Table 3.1: Outdoor units for the bank 

Outdoor unit Capacity nominal External dimension 

AM160FXGGH 45 KW 1363          

 

 Indoor unit 

 In this project there are three types of indoor units selected, which are split and cassette 

units and MSP duct . The split unit is used for computer room and ATM room, and the cassette 

units are used for teller and customer, manager, and kitchen rooms and the MSP duct are used 

for back office . 

The figure below shows the three types of selected units: 

 

 

Figure 3.8 : Spilt, cassette and MSP duct indoor units [10] 

 



  

 
 

50 
 

The selected indoor units for the building are listed in the tables below: 

Table 3.2 : Indoor units for the bank 

Room 

name 

Heating 

Load 

(   ) 

Cooling 

Load 

(   ) 

Indoor 

Unit 

Type 

Selection 

catalog 

(   )   

Indoor Unit Name 
Dimension 

(  ) 

Customer 

service and 

teller 

17.1 25.98 Cassette 

4 

28.4 AM071KN4DEH 1093    

     

ATM 0.989 2.33 Split 3.51 FTXS25K 289x780x215 

Back office 1.53 2.66 MSP 

Duct 

2.8 AM028FNMDEH 1500     

    

Kitchen 

and WC 

and 

Stationary 

0.593 10.6 Cassette 11.2 AM056KN4DEH 1093    

     

Computers 0.65 5.6 Split 3.51 FTXS60G 290x1,050x250 

 

 The duct calculation for the Back office : 

Assumptions  

 Using balanced pressure drop method . 

                      . 

 Inside design condition       . 

 Supply design condition         . 

 Air density             . 

 Air velocity in the main duct         
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                   Table 3.3 : Cooling load for back office 

Room Back office 

Cooling load 2.667 

 

Where :  

                                                                                                                         (3.1)                                          

                 

   
 

    
    

 

Table 3.4 : The volume for back office 

Room Back office 

   (      0.270 

 

Therefore, the required total volumetric flow rate of warm supply air    is :  

                                                                                                                                      (3.2)                                                       

                          

For duct section A-B (main duct) , then           and                     

Therefore from Table (A-34) can obtain that :  

(
  

  
       

          , and duct diameter is 0.27 m . 

Which is constant for all other duct section . Also , since : 

                                                                                                                                   (3.3)                                                       

  
     

 
          

  
 

 
    

      
 

 
                                                                                                          (3.4)                                                       

Similarly, for duct section B-C with flow rate of 

            0.135               

and (
  

  
      

  

  
              , then Table (A-34) gives : 

            and      4.2     
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Table 3.5 : Indoor units for the back office 

Duct  

section  

Volumetric 

flow rate 

(    ) 

(
  

  
  

     

d 

m 

V 

    

A-B 0.270 1.3      5 

B-D 0.135 1.3 0.23 4.2 

C-E 0.135 1.3 0.23 4.2 

 

3.15 Mechanical ventilation 

 Ventilation is the process of supplying and removing air by natural or mechanical means 

to and from a building. The design of a building’s ventilation system should meet the minimum 

requirements of the building (Ventilating Systems) regulations. [11] 

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 (infiltration) through the 

same routes. Natural ventilation is strongly affected by weather conditions and is often 

unreliable. 

 Mechanical or forced ventilation is provided by air movers or fans in the wall, roof or air 

conditioning system of a building. It promotes the supply or exhaust air flow in a 

controllable manner. 

 The air flow rate into a room space, for general mechanical supply and extract systems, is 

usually expressed in: 

1) Air changes per hour 

2) An air flow rate per person 

3) An air flow rate per unit floor area 

 An air change per hour (ACH) is the most frequently used basis for calculating the 

required airflow. Air changes per hour are the number of times in one hour an equivalent room 

volume of air will be introduced into, or extracted from the room space. 

Air flow rate per person are generally expressed as liters per person (L/P), and are usually used 

where fresh air ventilation is required within occupied spaces. 

Airflow rates per unit floor area are similar in effect to air changes per hour except that the 

height of the room is not taken into consideration. 

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

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

comfortable work environment, and to remove or dilute airborne contaminants in order to 

prevent their accumulation in the air. Air conditioning is a common type of ventilation system in 

modern office buildings.[11] 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. 

 

3.15.2 Designing of mechanical ventilation 

 Steps of designing mechanical ventilation: 

 Calculate the required ventilating rate of air by using “Ventilation Rates Calculator” 

Software . 

 Calculate the volume of the room in (  ) 

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

 

3.15.3 Sample calculation 

 Using WC1 and WC2 and kitchen : 

 

 

Figure 3.9 : Bathroom layout 

 The volume is 12.78    
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Figure 3.10 : Ventilation rates calculator 

 

Table 3.6 : Ventilation rate 

Room Volume 

(    

Rate of change 

air 

  

   Ventilation rate 

(L/s) (CFM) 

Bathroom 1 12.78 12 153.4 35.5 90 

Bathroom 2 11.4 12 136.8 31.67 80.5 

Kitchen 19.1 16 305.3 79.58 180 

 

 Range of change air from Table (A-35) . 

3.15.4 The duct calculation :  

Assumptions [6] 

 Using balanced pressure drop method . 

                      . 

 Inside design condition       . 

 Supply design condition         . 

 Air density             . 

 Air velocity in the main duct         
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Table 3.7 :Cooling load for WC1,WC2, Kitchen,Customer service and teller 

Room WC1 WC2 Kitchen Customer 

service and 

teller 

Cooling load 0.506 2.348 7.19 25.98 

 

Where :  

                   

                 

   
 

    
    

 

Table 3.8: The volume for WC1, WC2, Kitchen 

Room WC1 WC2 Kitchen 

   (      0.0513 0.238 0.73 

 

Therefore, the required total volumetric flow rate of warm supply air    is :  

       

                            

For duct section A-B (main duct) , then           and                 

Therefore from Table (A-34) can obtain that :  

(
  

  
                , and duct diameter is 0.50 m . 

Which is constant for all other duct section . Also , since : 

        

  
 

 
        

  
 

 
    

      
 

 
             

Similarly, for duct section B-C with flow rate of 

         0.0513               

and (
  

  
      

  

  
               , then Table (A-34) gives : 
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            and      4.9     

 

Similarly, for duct section C-D with flow rate of              0.238              

and (
  

  
      

  

  
      

  

  
               , then Table (A-34) gives : 

            and      4.6     

 

Table 3.9 : Ventilation rate for WC1, WC2, Kitchen 

Duct  

section  

Volumetric 

flow rate   /s
 

(
  

  
) 

Pa/m 

d 

m 

 

V 

m/s 

A-B 1 0.55 0.50 5 

B-C 0.948 0.55 0.48 4.9 

C-D      0.55 0.44 4.6 

B-E 0.052 0.55 0.18 2.5 

C-F 0.238 0.55 0.28 3.7 

 

Using Customer service and teller  : 

 The volume is 515.4    

 

Table 3.10 : Ventilation rate for Customer service and teller 

Room Volume 

(    

Rate of change 

air 

  

   Ventilation rate 

(L/s) (CFM) 

Customer 

service and 

teller 

 

515.4 

 

6 

 

3092.4 

 

859 

 

1820.12 

 

 The duct calculation : 

Assumptions  

 Using balanced pressure drop method . 

                      . 

 Inside design condition       . 

 Supply design condition         . 

 Air density             . 
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 Air velocity in the main duct         

 

 The Cooling load for Customer service and teller 25.98    

Where :  

Where :  

                   

                 

   
 

    
    

The volume for Customer service and teller 2.63      

Therefore, the required total volumetric flow rate of warm supply air    is :  

                                                                                                                                      (3.5)                                                       

                                                       

For duct section A-B (main duct) , then           and                    

Therefore from Table (A-34) can obtain that :  

(
  

  
               , and duct diameter is 0.84 m . 

Which is constant for all other duct section . Also , since : 

        

  
    

 
          

  
 

 
    

      
 

 
               

Similarly, for duct section B-C with flow rate of 

           0.4383                

and (
  

  
      

  

  
              , then (A-34) gives : 

            and      4.8     
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Table 3.11: Duct sizing for the Customer service and teller 

Duct 

section 

Volumetric 

flow rate 

(    ) 

(
  

  
  

     

d 

m 

V 

    

Duct 

Length 

mm (in) 

Duct 

Height 

mm (in) 

A-B      0.3      5 500 (20”) 840 (33”) 

B-C 1.3151 0.3 0.65 4.2 375 (15”) 650 (25.6”) 

C-D 0.8768 0.3 0.55 4 325 (13”) 550 (21.6”) 

D-E 0.4385 0.3 0.43 3.2 225 (9”) 430 (13.4”) 

B-F      0.3 0.84 5 500 (20”) 840 (33”) 

F-G 2.19 0.3 0.82 4.8 450 (18”) 820 (32”) 

G-H 1.7534 0.3 0.73 4.6 400 (16”) 730 (28.7”) 

C-R 1.3151 0.3 0.65 4.2 375 (15”) 650 (25.6”) 

D-J 0.8768 0.3 0.55 4 325(13”) 550(21.6”) 

 

3.15.5  Rectangular duct : 

 Assumption  

 The duct aspect ratio (width/height) should not exceed 6:1 

 The allowable height is 200 mm . 

For B-C (to explain the way of calculation ) 

Diameter of duct = 650 mm . 

From design tools duct sizer., with H= 200 mm and d= 650 mm then  

W= 800 mm    

Check aspect ratio = 600:200      it's ok . 

 

Table 3.12: The dimensions of all duct sections. 

Duct section d (mm) H (mm) W (mm) Aspect ratio 

A-B 840 200 1400 7 

B-C 650 200 1000 5 

C-D 550 200 800 4 

D-E 430 200 800 4 

B-F 840 200 1400 7 

F-G 820 200 1400 7 

G-H 730 200 900 4.5 

C-R 650 200 900 4.5 

D-G 550 200 800 4 
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Chapter Four 

Plumping System 

 

4.1  Introduction 

 Plumbing is the art and science of installing pipes in buildings, fixtures for 

bringing in the water supply and removing liquid and waterborne wastes. Plumbing 

systems are one of the most important parts of building design because it's prevent 

transmission of disease, hygiene, remove the dirty water and etc. 

Plumbing includes many systems in buildings, the figure below shows the details 

of the plumping systems.[12]  

 

Figure 4.1: Plumping systems 

 

4.2 Water supply system 

4.2.1 Overview 

 There are two type of water distribution system for buildings: 

1) Up feed distribution system. 

2) Down feed distribution. 

The system that will use to this building is up feed system. 

 There are two methods commonly used for up feed distribution systems are: 

1) The supply of water for the building is received from a city main. 
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2) Private water supply enters into a pneumatic tank pressurized from 

approximately 35-60     pump. 

The main pressure that provides this building is 35    . 

 The design of main water supply for the building needs to take into 

consideration the actual and anticipated future consumption. Moreover, size of 

water main pipe, and required pressure of water are essential. 

 

4.2.2 Calculations for hot and cold water 

 This section will show the calculation of the total, hot and cold amount of 

water required for the building by using the water supply fixture unit technique. 

The cause for selecting this technique is since there is many number of fixture 

units in the building and that make this technique more accurate. 

 The design procedure is as follows: 

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

 Floor to floor height. 

 Run out distance to farthest fixture on each floor. 

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

2) Show the WSFU for each fixture and total fixture unit on each piping run 

out. Use separate fixture units for hot and cold water. 

3) Total the fixture units in each branch of the system. Each hot and cold water 

riser will require separate diagram and calculation. 

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

the most remote outlets. 

5) Determine the pressure available for friction head loss from service point to 

the final outlet. 

6) Determine the required pipe size in each section using friction head loss data 

calculated in step 5 and friction head charts. 
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4.2.2.1 Sizing of pipes: 

 To size the pipe, we follow this steps: 

1. From Table (A-23); we take the fixture unit & pipe for every fixture type. 

2. From table (A-23); we take the flow rate for every fixture. 

3. Calculate the total flow at all pipe section. 

4. From Table (A-25) , we take the suitable main diameter pipe. 

5. From table (A-26)  we take the pipe size for every fixture.  

 

 In this project, there are several plumbing fixture usage such as Drinking 

Machine, water closet, lavatories and sink. show the Fixture unit for every fixture: 

 

Table 4.1: Show the fixture unit, the pipe size for every fixture 

FIXTURE 

TYPE 

PIPE 

SIZE 

# OF 

FIXTURE 

FIXTURE 

UNIT 

COLD 

FIXTURE 

UNIT 

HOT 

TOT. 

WSFU 

COLD 

TOT. 

WSFU 

HOT 

LAVATORY 1/2" 2 1.5 1.5 3 3 

KITCHEN 

SINK 

1/2" 1 2.25 2.25 2.25 2.25 

W.C 3/8” 2 5 0 10 0 

DRINKING 

MACHINE 

3/8” 1 0.25 0 0.25 0 

TOTAL WSFU 15.5 5.25 

 

Table 4.2: Pipe size used in our work for every fixture. 

Fixture Size 

Water Closet 1/2" 

Lavatory 1/2" 

Collar 1/2" 

Sink 1/2" 
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  After we calculate the total Fu, Then from table (A-23) we determine the 

flow rate for the supply pipe Cold water Q=17.75     & Hot water Q= 9.725 

    , then from table (A-28) we found the supply pipe size For the hot & cold 

water. 

 Under plastic pipe the main cold water diameter = 1” & main hot water 

diameter = ¾”.   

 Then we calculate the main pipe diameter from supplier: 

  Also from table (A-28) under Galvanized iron & steel pipe the water supply 

diameter for the building = 1”. 

4.2.2.2 Pipe size calculations main supply :  

 By using the up feed distribution system in which the water is supplied to 

the building water tank.  

Before we calculations should now some information’s:  

1. The main pressure is equal 35    .  

2. The friction loss through the water meter equal 8psi by equation  

3. The total equivalent length from the source to critically fixture unit is 20 

meter &equal 60 feet.  

4. The static pressure equal 5 meter equal 16.4 feet & equal 7.12      

5. Flow of the total building 1.12   
      

   
  equal 17.75 US     

Main Pressure = Static pressure+ Friction head loss                                           (4.1) 

Static pressure     
     

     
                                       

friction head loss = 35-7.12 = 27.88                                                                  (4.2) 

Suppose that the diameter of the water meter is  ø 
 

 
" 

Then: friction head loss water meter 8 psi  

Then : friction head loss = 27.88-8 =19.88                                                       (4.3)  

Equivalent length                 
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 Uniform design friction loss = 
                  

                  
                                                 (4.4) 

  
         

  
    

   

     
 

diameter of the water meter is  ø 
 

 
"   

The diameter of the main feeder tube of the building   ø 
 

 
" at 16      

and velocity 6.4   .  

 

Figure 4.2: Friction head loss for water in commercial steel pipe (schedule 40). 

 

 

Figure 4.3: Pressure loss(friction head loss) in dick type water meter. 
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4.2.2.3 Pump Selection: 

 To select the suitable pump we calculate the main pressure of the building 

by using the following equation: 

Main pressure = friction & fitting head + flow pressure - static head                 (4.5) 

Where: 

Static head is to overcome the height. 

Friction head is to overcome friction in pipes. 

Flow pressure is the pressure available at the fixtures when the outlet is wide open 

and it must be equal or exceed the minimum fixture pressure. 

Static head = ɤ * height = 9.8 * 3 = 29.4 kPa                                                     (4.6) 

Flow pressure = 15 Psi = 207 kPa 

Then we find the friction & fitting head by using this equation & table (A-27): 

First, we divided the pipe line to the section to determine the fitting head, 

following table show the pressure head done by the fitting & the pipe: 

 

Table 4.3 : Show the value of  ΔP for every section 

Section D Q 

(gpm) 

L 

(meter) 

ΔP/L 

(kpa/m) 

Δp fitting 

(kpa) 

A-B, B-C, C-

D 

1” 17.75 13.8 0.113 1.8 

D-E 1/2" 3 3 1.3 3.9 

Total 5.7     

 

ΔP friction + fitting = 1.8 * ΔP fitting = 1.8 * 5.7 = 10.26                              (4.7)  

Main pressure (ΔP) = 10.26 + 207 – 29.4 = 188 kPa  = 1.88 Bar                       (4.8) 

The required selected pump produced by Marquis Company with model 

 MCP 132 A. 
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Figure 4.4: Pump characteristic curve 

 

4.3 Water tank volume : 

 To determine the water tank volume first we convert the flow to L/s: 

Q = 17.75*3.8/60 = 1.12       

The tank capacity = flow * 3600/1000 = 1.12 * 3600/1000 = 4   =4000 litter.(4.9) 

 

Figure 4.5: Water tank  
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4.4 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.[13] 

The provision of drainage systems: 

• Sanitary drainage 

• Storm drainage 

 

4.4.1 Drainage system components 

 The main components of drainage system are: 

• Fixture units 

• Trap 

• Clean out 

• Drainage pipe 

• Stack and vent pipes 

• Manholes 

• Septic tank or municipal sewage system 

• Accessories 

 

4.4.2 Sanitary drainage 

4.4.2.1 Design procedure and pipe sizing 

 Pipe size is calculated by using a concept of fixture units (DFU) instead of 

using GPM of drainage water. This unit takes into account not only the fixtures 

water use but also its frequency of use, which is the DFU has a built–in diversity 

factor. This enables us, exactly as for water supply to add DFU of various fixtures 

to obtain the maximum expected drainage flow. Drainage pipes sized for a 

particular number of drainage fixture units, according to Tables (A (4.5), A (4.6) 

A(4.7)). These tables are built into the fill factors, which are: 

o 50% fill in branches (horizontal pipes) 
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o (25-33) % fills in stack (vertical pipes) 

o 50% fill in building and swear drains 

The recommended velocity for drainage piping: 

o For branches the recommended velocity is 2 ft/s 

o For building pipes the recommended velocity is 3 ft/s 

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

Velocity of water flow through drainage piping depends on: 

o Pipe diameter 

o 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( A-33) 

2. Calculation of the number of DFU for each stack 

3. Choosing the branch pipe diameter by using Table (A-31) 

4. Choosing the stack pipe diameter by using Table( A-32) 

5. Comparing the stack pipe diameter with branch diameter 

6. Choosing the building drain pipe diameter by using Table (A-33) 

 To achieve the recommended velocities which are 3 fps in building drain, it 

will be chosen the slope and flow velocity in building drain by using Table A(4.7). 

4.4.2.2 Pipe sizing for black water: 

 Pipe  size  is  calculated  by  using  a  concept  of  fixture  units  (DFU)  

instead  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 add DFU of various fixtures to obtain the maximum expected 

drainage flow. 

These tables are built into the fill factors, which are: 

 50% fill in branches (horizontal pipes) 
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 (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%)  

Design procedure: 

1. Calculation of the number of DFU for each branch by using Table (A-31). 

2. Select the required size for every fixture by using Table (A-31). 

3. Calculation of the number of DFU for each stack. 

4. Choosing the branch pipe diameter by using Table (A-32). 

5. Choosing the stack pipe diameter by using Table (A-32). 

6. Comparing the stack pipe diameter with branch diameter. 

7. Choosing the building drain pipe diameter by using Table (A-32). 

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-31). 

 

4.4.2.3 Sample calculation: 

 From Table(A-31) and (A-32) we take the fixture unit of every type fixture, 

and from table (A-33) we take the size of every fixture; as shown in the 

following table: 

 



69 
 

Table 4.4: Sizing & DFU for every fixture. 

Fixture DFU # of Fixture Total DFU Size 

Water Closet 6 2 12 3” 

Lavatory 2 2 2  
 

 
  

Collar 1 1 1 2” 

Sink 2 1 2 2” 

Trap 4” 6 3 18 4” 

Total 35  

 

 But the general sizes that used in Palestine work since not produce this size 

like  
 

 
  are; the size are shown in the following table: 

Table 4.5: General size use in Palestine Shops & works. 

Fixture Size 

Water Closet 4” 

Lavatory 2” 

Collar 2” 

Sink 3” 

Trap 4” 4” 

 

 To select the suitable pipe size of the branch, stack & building stake; we 

follow the following steps (The following size for stack #1): 

1. From Table (A-31), we select the require size for any fixture. 

2. From Table (A-32). : 

 Under (any Horizontal ….) select the size of branch; for stack 1 

pipe branch size =4”. 

 Under (Stack more than 3 – total at one story) select the size of 

stack; for stack 1 pipe branch size =4”. 

3. From Table (A-32), select the size of building drain pipe. 

The figure below shows the distribution method of piping: 
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Figure 4.6: Distribution of piping in bathroom 

 

4.4.3 Storm drainage : 

 The design of the rain collection piping, whether exterior gutters, and 

leaders, or interior conductors and drain depends upon three factors: 

o The amount of rain fall in a specified period of time 

o The size of the area being drained 

o 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    from roof area needs one 4” FD. 

The roof area of this building is 340   , and therefore needs three 4” FD. 

4.4.4 Manhole design 

 The main purpose of the manholes is to carry the water from stacks to 

various drainage points. 

This project contains three types of manhole, which is: 

• Sanitary manhole for black water 

• Sanitary manhole for gray water 

• Sanitary manhole for storm drainage 
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Figure 4.7: Manhole design 

 

 The design of the manholes depend on the ground and its nature around the 

building, and so as the first manhole height should not be less than 50 cm, and the 

depth of the other manholes will depend on the distance between the manholes and 

the slope of the pipe that connecting them. 

According to the table below, it will be estimated the diameter of the manhole 

according to their depth 
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Table 4.6: Diameter of the manhole according to their depth 

 

 

4.4.4.1 Manhole calculation : 

 The depth of the first manhole is 50   , the calculation of the second 

manhole done according to 

The first manhole and so on. The calculations are done by using these equations: 

• Depth: (M2 = M1 + (Slope × Distance) + 5 + Level Difference) in cm         (4.10) 

• Top level: Manholes face level on the ground 

• (Invert level = Top level - Depth) in m                                                           (4.11) 

• Outlet level = - (Depth - 0.05) in m                                                                 (4.12) 

The figure below shows the details of the manholes:  

 

Figure 4.8: Manhole details 
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Chapter Five 

Fire Fighting System 

 

5.1 Introduction 

 A firefighting system is probably the most important of the building service, 

as its aim is to protect human life and property strictly in that order, Fire is a 

chemical reaction involves the rapid oxidation of the combustible materials, also 

we can divide the causes of fire by four main parts called the fire tetrahedron and 

the four ignition components are:[14] 

1) Fuel (combustible substances). 

2) Air (oxygen) 

3) Heat (source of ignition) 

4) Chain reaction 

The following is a description for this component: 

 Fuel or combustible substances are the materials flammable to ignition 

consist of hard, liquid and Gaseous materials such as woods, gasoline and 

hydrogen. 

 Air (oxygen) the percentage of the oxygen in natural air is 21% and the 

percentage which prevents a fire production is to keep more than 16%. Heat it’s the 

main reason to producing a vapor from materials to occurrence of ignition such as 

heat produces from electrical sources, smoking etc. 

 Chain chemical reaction, the fire is continues as long as the previous three 

elements are present correct percentages, and the result of these elements of 

effective chemicals known as free radicals. 

Fire work is divided into three sections for engineer: 

1) Architect engineer: It is specialized in acting fire safety. 

2) Electrical engineer: it is specialized in fire alarm. 

3) Mechanical engineer: it is specialized in firefighting. 
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 Also in design for firefighting system the main reference is (NFPA) code, 

national fire protection association or (LPC) British standard. 

 

5.2 Classification of firefighting systems : 

 Firefighting systems are classified to: 

1) Water system. 

2) Gas system. 

3) Foam system. 

 

5.2.1 Water firefighting system : 

 It's the system which mainly depend in water to protect from the fire, is the 

most common use in buildings and factories, also water system can be classified to 

manual and automatic systems as following: 

1) Manual system: 

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

a. Fire hose cabinet. 

 A fire hose cabinet is a high-pressure hose that carries water to a fire to 

extinguish it. Indoors, it can permanently attach to a building's standpipe or 

plumbing system, most modern hoses use a synthetic fiber like polyester or nylon 

filament used in fire hoses that provides additional strength, the usual working 

pressure of a fire hose can vary between 4 and 12 bars that vary according to the 

type of fire hose. 

b. Fire hydrant. 

 A fire hydrant is an active fire protection measure, and a source of water 

provided in most urban, suburban and rural areas with municipal water service to 

enable firefighters to tap into the municipal water supply to assist in extinguishing 

a fire, the working pressure is 350 kpa (3.5 bars). 

All of design factors for manual water system can be determined using NFPA 14 

code. 
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2) Automatic system. 

 The water automatic system is represented by a sprinklers system which 

deals with four types as following: 

a. Wet pipe sprinkler system. 

 A sprinkler system employing automatic sprinklers attached to a piping 

system containing water and connected to a water supply so that water discharges 

immediately from sprinklers opened by heat from a fire. 

b. Dry pipe sprinkler system. 

 A sprinkler system employing automatic sprinklers attached to a piping 

system containing air or nitrogen under pressure, the release of which permits the 

water pressure to open valve and the water then flow into the piping system and 

out to the opened sprinklers. 

c. Pre-action sprinkler system. 

 A sprinkler system employing automatic sprinklers attached to a piping 

system containing air or nitrogen under pressure, with a supplemental detection 

system (heat, flam and smoke) installed in the same areas as sprinklers. 

d. Deluge sprinkler system. 

 A sprinkler system employing automatic sprinklers attached to a piping 

system containing water and connected to a water supply through a valve that is 

opened by the operation of a detection system installed in the same area as the 

sprinklers, when this valve opens water flow into the piping system and discharges 

from all sprinklers. 

 All of design factors for automatic water system can be determined using 

NFPA 13 code. 
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Figure 5.1: Firefighting system 

 

5.2.2 Gas firefighting system : 

 It's the system which mainly depends in several gases to protect from the 

fire; gas firefighting system can also be classified to: 

1) Manual system 

 Fire extinguishers is an active fire protection device used to extinguish or 

control small fires, often in emergency situations, fire extinguisher consists of a 

hand-held cylindrical pressure vessel containing an agent which can be discharged 

to extinguish a fire. 

In general fire extinguishers can be water, co2, foam, wet chemical and dry powder 

extinguisher. 

All of design factor for manual gas system can be determined using NFPA 10 

code. 

 

2) Automatic system: 

 Clean agent gases fire extinguisher. 

This group of gases are speed in suppressing fires, reducing damages, extinguish a 

fire quickly and effectively, no ozone depletion, economic, allowing visibility and 

doesn't require costly clean-up. 
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These gases are FM-200, NAF 125 (HFC 125), ARGON and CO2. 

All of design factors for automatic gas system can be determined using NFPA 12 

code. [8] 

 

 

Figure 5.2: Gas firefighting system 

 

5.2.3 Foam firefighting system : 

 Is foam used for fire suppression, its role is to cool the fire and to coat the 

fuel, preventing its contact with oxygen, resulting in suppression of the 

combustion. 

Foam system can be manual such as foam extinguisher or automatic such foam- 

water sprinkler system. 

 All of design factors for automatic and manual foam system can be 

determined using NFPA 16 code. 
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Figure 5.3: Foam firefighting system 

 

 Fire fighting systems and equipment vary depending on the age, size, use 

and type of building construction. A building may contain some or all of the 

following features:  

 Fire extinguishers.  

 Fire house reels. 

 Fire hydrant systems.  

 Automatic sprinkler systems. 

 

5.2.4 Fire extinguishers : 

 Fire extinguishers are provided for a "first attack" for fighting measure 

generally undertaken by the occupants of the building before the first service 

arrive. It is important that occupants are familiar with extinguisher type to use on 

fire. Most fires start as a small fire and may be extinguished if the correct type 

amount of extinguishing agent is applied whilst the fire is controllable. 
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Figure 5.4: Fire extinguishers rating guide 

 

5.2.4.1 Type of Portable Fire Extinguishers : 

1) Water extinguishers. 

2) Water sprays water extinguishers. 

3) Antifreeze solution extinguishers. 

4) Foam fire extinguishers, hand and wheeled. 

5) Carbon dioxide extinguishers. 

6) Clean agent extinguishers. 

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

 

5.2.5 Fire hose reel :  

 Fire hose cabinet should be installed according to NPFA 14 and shown in 

drawings: 
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1. Near escape stairs  

2. 30m (100ft) length of the pipe which is the distance traveled by the pipeline 

passing and walls until it reaches the fire place. 

3. Next to the main door of the building. 

4. Fire house cabinet height above the ground (90-150) cm. 

 

Note: All fire hose cabinet distribution is shown on drawings. 

Fire house cabinet includes two types. 

 House reel  

 House Rack  

 

Figure 5.5: Fire hose cabinet 

 

5.2.6 Fire hydrant system :  

 Located in the street and it is used in ease that we couldn’t overcome the 

fire inside the building. 

Fire Hydrant should be installed according to NPFA 14. 
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A pipe with 4" diameter branched into pipes each with 2.5'' diameter with flow of 

250     . 

 

Figure 5.6: Fire hydrant 

 

5.2.7 Automatic sprinkler system :  

 Time is essential in the control of fire. Automatic sprinkler system 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. 



82 
 

 When a sprinkler head operates, the water pressure in the system, 

activating a alarm which often automatically calls the brigade via a telephone 

connection. 

 

Figure 5.7: Automatic sprinkler system 

5.2.8 Smoke sensor :  

 A smoke detector is a device that senses smoke, typically as an indicator 

of fire. Commercial security devices issue to a fire pump to open automatically as 

part a fire of a fire alarm system. 

 

Figure 5.8: Smoke sensor 
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5.3 Firefighting pumps :  

 A continuous water and pumping station supply should always be available 

and ready to fight fire, the following three pumps should be connected to a suction 

header (from water tank), and discharged to a discharge header (to firefighting 

network) [8]. 

Pumping stations should include: 

1) Electrical firefighting pump. 

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

connected to an electric generator). 

 Diesel pump works if: 

 The electrical pump is out of service, or if there is a lack of electricity. 

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

3)  Jockey Pump: work to make up the system pressure in case of leakage or during 

the first seconds of fire. 

 Pumps are selected to supply the system demands on the basis of three key 

points relative to their rated flow and rated pressure; most fire pumps are sized to 

exceed its duty point requirement.   

 Types of pumps 

 Horizontal split case pumps: 

 This is also called a double suction fire pump because the water pathways 

direct water to both sides of the impeller. It is also the most common fire pump on 

the market partly because of the ratings available in this style of pump 250 GPM 

through 5000 GPM. 
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Figure 5.9: Horizontal split case pump 

 

 Inline fire pumps 

 These pumps have expanded in use in the last five years for several reasons, 

space savings. 

 Increase in ratings allowable by NFPA 20 from max of 499 GPM, and then 

to 750 GPM, to today which is unlimited rating. The largest currently available is 

1500 GPM, Cost of installation these are typically less expensive to install because 

there is no base plate that requires grouting. 
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Figure 5.10: Inline fire pump 

 

 End suction pumps 

 End suction fire pumps not widely used mostly because they are limited in 

size per code, They are also slightly more expensive than in line pumps ,The one 

pump application where it is used is small diesel driven applications 500 GPM or l 

less. 

 

Figure 5.11 End suction pump 
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 Vertical turbine pumps 

 These are used for vertical turbine pumps these are used for water supplies 

that are below the suction flange of a fire pump; NFPA 20 states that you have to 

have a positive suction pressure to a fire pump. 

 

 

                                    Figure 5.12: Vertical turbine pump 

 

5.4 Sizing & Pump Selection : 

 In this system the material pipe the used in the building is galvanized steel. 

The main pipe diameter is 2”, the pipe size that for every cabinet equal 1.5”. 

In our project we use 2 fire hose reel & 10 fire Extinguishers. 

 

 Pump selection: 

 To select the suitable pump we calculate the main pressure of the building 

by using the following equation: 

Main pressure = friction & fitting head + flow pressure - static head                 (5.1) 

Where: 

Static head is to overcome the height. 



87 
 

Friction head is to overcome friction in pipes. 

Flow pressure is the pressure available at the fixtures when the outlet is wide open 

and it must be equal or exceed the minimum fixture pressure. 

Static head = ɤ * height = 9.8 * 2 = 19.6 kPa                                                      (5.2) 

Flow pressure = 4.5 Bar = 450 kPa                                                                    (5.3) 

Then we find the friction & fitting head by using this equation & Table (A-27): 

First, we divided the pipe line to the section to determine the fitting head, 

following table show the pressure head done by the fitting & the pipe: 

 

Table 5.1: Show the value of ΔP for every section 

SECTION D Q 

(gpm) 

L 

(meter) 

ΔP/L 

(kPa/m) 

ΔP FITTING 

(kPa) 

A-B 2” 100 8.7 0.45 3.915 

B-C 2” 100 2 0.45 0.9 

C-D 2” 100 17.32 0.45 7.8 

D-E 1 1/2" 100 12 1.5 18 

TOTAL 30.615 kPa 

 

ΔP friction + fitting = 1.8 * ΔP fitting = 1.8 * 30.615 = 55.12 kPa                         (5.4)    

Main pressure (ΔP ) = 55.12 + 450 – 19.6 = 485.52 kPa = 4.85 Bar                   (5.5) 

The required selected pump produced by Marquis Company with model 

2MC40/180B. 

Fire tank capacity: 

Tank capacity = ( Q * 3.8 * 60)/1000 = (100 * 3.8 * 60)/ 1000 = 22.8           (5.6) 
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Figure 5.13: Pump characteristic curve 
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Bill No. (1): MECHANICAL WORKS 

Item 

No. 

Description Unit Qty. UR 

( NIS ) 

Amount 

1.0 MECHANICAL WORKS 

Preamble 

*-This Section shall be read in 

conjunction with the general, particular 

Mechanical technical specifications, 

Mechanical Drawings and invitation to 

bid conditions. 

*-The unit price for all items in   this 

section shall include for supply, 

Intallation, connecting, testing, and 

commissioning, unless otherwise 

specifically mentioned or instructed by 

the Engineer.  

*-All Civil and Finishing Works related 

to the concerned item shall be included 

in the unit price. 

*-Preparing of coordinated shop 

drawings and submitting for engineer 

approval, coordination with other 

activities, material storage, removing 

away from site the remnant of electrical 

works and handing over the Mechanical 

works to Mechanical works to the 

authorized Engineer. 

*- Flexible PVC suitable size conduits 

and adaptors to be used for connecting 

motors to power supply. 
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Bill No. (1): MECHANICAL WORKS 

Item 

No. 

Description Unit Qty. UR 

( NIS ) 

Amount 

1.1 Air Conditioning VRF System 

Supply and installation testing and commissioning 

of the following spilt unit, ceiling mounted cassette 

and wall mounted type indoor unit, complete with 

electrical connections, insulated PVC drained pipe, 

indoor/ outdoor hanging supports and insulated 

copper pipes with necessary accessories. As per 

drawings and related codes. 

    

A. 2.8 KW (wall mounted type) No. 1 3000 3000 

B. 7.1 KW (cassette type) No. 4 2500 1000 

C. 5.6 KW (cassette type) No. 2 2000 4000 

D, 9x9 grille No. 2 150 300 

1.1.2 VRF Outdoor Unit 

Supply & install, testing and commissioning of, 

outdoor 14 T.R air source heat pumps consisting of: 

Factory made and assembled 13 Ton class 2, 

minimum (HSPF of 8, SEER of 12) modular 

microprocessor (IGCT) based VFD controlled heat 

pump for VRF purpose. Including air/air heat 

exchanger, condenser, compressor and necessary 

casketing to perform the functions of heating and 

cooling of air. This to be contained in double wall 

galvanized steel construction case located on 

painted steel base with vibration absorbers as per 

drawings, specifications and AHRI 430, AHRI 410, 

ASHRAE 51 and AMCA 210 codes. Note: 

Refrigerant gas to be of zero. Ozone depletion 

potential (ODP) as R410A. All as per Sanyo, 

Daikin, Samsung or EA. 
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A. 45KW VRF OUT DOOR UNIT No 1 16000 16000 

B. Copper gas pipe 28mm ML 45 7 315 

C. Galvanized air duct  area 32.5 4 130 

1.1.3 

Supply & install, testing and do all commissioning, 

for outdoor and indoor split unit every split have an 

 
 

 
 T.R, Price shall include all required electrical 

connections as per specifications, drawings and 

related codes. 

No. 4 2500 10000 

1.2 Ventilation     

1.2.1 Exhaust Fans 

Supply, install, and connect, testing and 

commissioning of, wall mounted exhaust fans with 

gravity shutter driven by IP 65 electric motors. Price 

shall include all required electrical connections as 

pervious specifications, drawings and related codes.  

 No.  

 

 

 

 

 

 

A. 2000 cfm exhaust fan No. 1 2000 2000 

B. 400 cfm exhaust fan No. 1 800 800 

C, 9x9 grille No. 9 250 2250 

Total Page Carried Forward  Shekel 39795 

 

 

 

 

 

 

 

 

 

 

 

 

 



94 
 

Bill No. (1): MECHANICAL WORKS 

Item 

No. 

Description Unit Qty. UR 

( NIS ) 

Amount 

1.2 Water Supply     

1.2.1 Water Supply Pump Set 

Supply, install, test and commission water 

supply pump set (factory assembled), one 

duty, one stand-by, P54 protection, 

diaphragm type. The unit price shall 

include pressure vessel, electric control 

panel, flow rate 4  
 

   and head 18 m 

electrical wiring, galvanized steel frame, 

inertia base, vibration isolators, concrete 

base and all required valves and fittings as 

detailed on the drawings. 

 

 

 

No. 

 

 

 

2 

 

 

 

450 

 

 

 

900 

1.2.2 Hot Water Cylinder 

Supply, install, test and commission hot 

water Cylinder, vertical shell & tube 

storage type, 8 bar working pressure, 

hydrostatically tested for 1-1/2 times the 

working pressure. The unit price shall 

include a thermometer, an ASME rated 

pressure and temperature relief valve, 

isolating valves, drain valves, check valve 

on cold water make-up line, automatic air 

vent, support. 

 

 

No. 

 

 

1 

 

 

420 

 

 

420 

1.2.3 Galvanized Steel Pipes & Fittings 

Supply, install, test and commission 

galvanized steel pipe work to ASTM-A53 

grade "B", schedule (40) for the domestic 

hot and cold water supply pipe work up to 

the water outlet. The unit price shall 

include valves, expansion joints, pressure 
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regulators, air vents, fittings and all 

accessories and works required to 

complete the work as shown on drawings, 

specifications and P.M. instructions. 

A. Diameter 1 ML 10 6 60 

1.2.4 Insulation For Exposed Domestic Hot 

Water Pipe work 

Supply and install rigid fiberglass sections 

for the domestic hot water pipe work 

exposed to atmosphere, pipe work inside 

trenches and in plant and mechanical 

rooms the unit price shall include joining, 

taping, end caps, insulated aluminum 

casings on fittings requiring maintenance, 

and all accessories and works required to 

complete the work as shown on the 

drawings and as per the preamble, 

specifications & the supervision P.M. 

requirements. 

 

 

 

No. 

   

A. 25 mm thick for 1" ML 4 40 160 

B. 20 mm thick for 
 

 
" ML 4 30 120 

 

 

1.2.5 Cross-Linked Polyethylene (PEX) 

Distribution Pipes 

Supply, install, test and commission 

Cross-linked polyethylene (PEX) pipes 

to DIN 16892/3, 20 bar working 

pressure, for cold and hot water 

distribution from metal water pipes to 

sanitary fixtures, complete with sleeves 

and service valve for each connection. 

The unit price shall include rubber ring 

 

 

 

 

 

 

ML 
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seal, brass elbow/adapter inside PVC 

termination box built in wall for 

connection with the sanitary fixtures, 

dielectric unions, excavation, bedding, 

backfilling, chasing in wall and all works 

required as shown on drawings, 

specifications and P.M. instructions. 

 

A. 16 mm thick for 
 

 
" ML 100 5 500 

1.2.6 Water Meter 

Supply, install, test and commission 

water meter with totalize, 
 

 
" diameter, 

including air vent, check valve, strainer, 

two gate valves, connection to 

municipality's potable water supply 

network, fittings, and all accessories and 

works required to complete the work as 

shown on the drawings and as per the 

preamble, specifications and the 

supervision engineer's requirements. 

 

 

 

 

 

No. 

 

 

 

 

 

1 

 

 

 

 

 

200 

 

 

 

 

 

200 

1.2.7 Fittings: 

Supply, install, test and commission, 

water tank, water pump, including air 

vent, check valve, strainer, connection to 

municipality's potable water supply 

network, fittings, and all accessories and 

works required to complete the work as 

shown on the drawings and as per the 

preamble, specifications and the 

supervision engineer's requirements. 

 

 

 

No. 

   

A. Air vent 3/8” No. 3 15 45 

B. 1” strainer  No. 1 20 20 

C. Check valve No. 1 15 15 

D. 25mm*1” copper nipple record  No. 1 20 20 
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E. ½ “ copper elbow  No. 8 10 80 

F. Push reducer 1” to 1 ¼ “ No. 1 10 10 

G. Push reducer ¾ ” to ½  “ No. 1 10 10 

H. Water pump No. 1 10 10 

1.2.9 Water Collector 

Supply and install hot and cold water 

collector’s type GIACOMINI or E.A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A. 3 outlet collector ¾ “ for hot water No. 1 30 30 

B. 3 outlet collector 1 ¼  “ for Cold water No. 2 50 100 

C. 3 outlet collector 1 ¼ “ for hot water No. 1 50 100 

 

1.2.11 

Plastic Water Tanks Supply and install 

plastic water tanks made in Palestine 

each one has a capacity 2000L. The price 

shall include stand with heavy duty, 

valves and all fittings needed according 

to drawings. 

No. 2 1050 2100 

A. Size 1000 L (Fire fighting) No. 1 800 800 

Total Page Carried Forward  Shekel 5700 
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Bill No. (1): MECHANICAL WORKS 

Item 

No. 

Description Unit Qty. UR 

( NIS ) 

Amount 

1.3 Waste and Drainage System     

1.3.1 Vertical and Horizontal UPVC Pipe 

Supply, install UPVC pipes and fittings 

similar to local made P.S SN 8. The rate 

shall include all needed connections and 

all types of fittings caps, all done 

according to drawings, specifications 

and the approval of the supervision 

engineer. 

 

 

No. 

   

A. Diameter 2" ML 13 4 52 

B. Diameter 4" ML 65 6 390 

1.3.2 Floor Drain Supply, install, testing and 

commissioning of, 4"chrome plated 

threaded 15x15cm cast brass cover, 

multi inlet adjustable with trap floor 

drain. Including, floor clean out plug, 

HDPE siphon or equivalent and 

necessary accessories, connections with 

fixtures and main drain pipes. As be 

drawings, specifications and related 

codes. 

 

 

 

No. 

3 

 

 

 

130 

 

 

 

390 

1.3.3 Clean Out 

Supply, install, testing and 

commissioning of the following, HDPE 

or equivalent , non-adjustable 15x15 cm 

stainless steel cover, and floor clean out 

with gas and water tightness ABS plug 

and necessary accessories as per 

drawings, specifications and related 

 

 

 

No. 
4 

 

 

 

120 

 

 

 

480 
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codes. (Ø 4") 

1.3.4 Manholes 

Supply and install PRE-CAST concrete 

manholes of 15 cm thick walls and base 

with heavy duty cast iron covers and 

frames of 25 tons load strength with all 

necessary excavation back filling as 

specified to the required depth with 

steps of galvanized pipe of 1/2" 

benching and connecting it to main city 

manholes as shown in drawing and in 

accordance to supervision engineer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A. Size 60 cm (inside diameter) No. 2 950 1900 

B. Size 100 cm (inside diameter) No. 1 1700 1700 

1.3.5 Sanitary Fixture and Their 

Accessories 

    

1.3.5.1 laundry 

Supply and installation of porcelain 

wash basin glazed white (from creavit 

or quivalent) with chrome plated mixer 

adoption of the supervising engineer) 

half leg measuring 56 × 45 cm and 

isolate it from the wall using the Sika 

Anti-gray color of the rot with water 

mixer (of the finest international 

standards, according to the supervising 

engineer adoption) and Siphon and all 

chrome-plated The price includes valves 

angle 13 mm chrome holder soap of the 

finest varieties mirror 60 × 45 cm with 

aluminum frame and providing sink 

series and rubber stopper and all 

necessary for installation, operation and 

No. 1 

 

 

 

 

 

 

 

 

500 

 

 

 

 

 

 

 

 

500 
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drainage to the nearest packet assembly 

floor drain , according to the 

specifications and plans and instructions 

of the supervising engineer.  

1.3.5.2 A disabled laundry, including all 

necessary fittings and accessories as 

shown in the drawings and 

specifications. (Hydraulic type 

hydraulic) 

No. 1 

 

 

1000 

 

 

1000 

1.3.5.3 Water Closet  

Supply, install, testing and 

commissioning of, floor mounted, white 

color, Porcelain, siphon jet water 

closet/toilet with an elongated bowl, 

seat with open front and check hinge, 

and carrier. or equivalent including 

necessary accessories, 9-lt capacity 

cistern, valves, fittings, 13mm stop 

angle valves, chrome plated 13mm hose, 

heavy duty side l m length 13mm 

Chrome plated hand shower, connection 

to drainage and water systems as per 

drawings, specifications and related 

codes. 

 

 

No 

 

 

1 

 

 

 

 

 

 

 

700 

 

 

 

 

 

 

 

700 

1.3.5.4 Ditto, but for handicapped toilet  

(hydraulic sliding type),including all 

necessary fittings and accessories as 

shown on drawings and in 

specifications. Price includes supplying 

and installing 40x60cm mirror. 

No. 1 

 

 

1000 

 

 

1000 

1.3.5.5 Paper Holder  

Supply and installing of: surface 

mounted satin finish stainless steel, 

 

. 

 

1 
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sanitary napkin disposal or equivalent. 

Disposal features a flip-up cover, 

secured to the container by a heavy duty 

stainless steel piano-hinge. Disposal 

secured to wall or toilet partition. As per 

drawings, specifications and the 

approval of the Engineer. 

 

No. 

 

50 

 

50 

1.3.5.6 Sink (General) 

Supply, install, testing and 

commissioning of glazed porcelain 

basin sink white size 20 × 40 × 60 cm 

excellent water mixer chrome the price 

shall include plastic Siphon and the 

drain to the nearest floor drain and all 

that is required for installation and 

installation according to plans and 

specifications and instructions of the 

supervising engineer. Counter top 

Kitchen sink 

 

 

 

 

 

No. 
1 

 

 

 

 

 

300 

 

 

 

 

 

300 

1.3.5.7 Faucet 

Supply, install, testing and 

commissioning of, Chrome plated cast 

brass construction, washer less ceramic 

disc mixing cartridge, gooseneck spout, 

with elbow/ wrist/ gear blade control 

handles or equivalent. including, 

sockets, copper adaptors, 3/8" angle 

valves and all necessary accessories, as 

per drawings, specifications and related  

codes and RE approval. Single lever 

Gear control handle faucet. 

No. 3 

 

 

 

 

 

50 

 

 

 

 

 

150 

1.3.5.8 
PVC Pipes 

Supply, install, test and commission 
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Cross-linked polyethylene (PEX) pipes 

to DIN 16892/3, 20 bar working 

pressure, before and after the pump and 

from collectors to each water closet 

according to drawings, complete with 

sleeves and service valve for each 

connection. The unit price shall include 

rubber ring seal, brass elbow/adapter 

inside PVC termination box built in wall 

for connection with the 

sanitary fixtures, dielectric unions, 

excavation, bedding, backfilling, 

chasing in wall and all works required 

as shown on drawings, specifications 

and P.M. instructions. 

A. Diameter 25 mm ML 4 16 64 

B. Diameter 16 mm ML 100 8 800 

Total Page Carried Forward  Shekel 9476 
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Bill No. (1): MECHANICAL WORKS 

Item 

No. 

Description Unit Qty. UR 

( NIS ) 

Amount 

1.4 Fire fighting 

Supply and install galvanized steel 

pipes to ASTM-A53 grade "A" 

schedule-40 for firefighting system 

pipework, inside building. The unit 

price shall include valves, fittings, and 

all accessories and works required to 

complete the work and as per 

preambles, specifications, and the 

supervision of engineer's requirements. 

    

A. Diameter 2” ML 30 100 3000 

B. Diameter 1 ½ ” ML 20 70 1400 

1.4.1 Fire Fighting Pump Set 

Supply, install, test and commission 

firefighting pump set(factory 

assembled), composed of one electric 

on duty pump, one stand-by electrical 

pump, jockey pump, and automatic 

control panel. The unit price shall 

include pressure vessel, electric control 

panel, electrical wiring, galvanized steel 

frame, inertia base, vibration isolators, 

concrete base, piping from water 

reservoir to delivery header outlet 

complete with test lines, and all 

required valves and fittings as detailed 

on the drawings, specifications and 

P.M. instructions. 

 

 

 

 

 

 

 

No.  

1 

 

 

 

 

 

 

 

450 

 

 

 

 

 

 

 

450 
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1.4.2 Fire Extinguisher 

Supply and install Portable Fire 

Extinguisher of 6 Kg. Co2 capacity 

each in Location as decided by the 

Engineer. The installation shall be 

complete with brackets and it should be 

in accordance with the Civil Defense 

specification. 

No 10 

 

 

 

300 

 

 

 

1800 

1.4.3 Fire Hose Reel Cabinets 

Supply, install, test and commission fire 

hose reel cabinets to, complete with 30 

meters long 1 ½” diameter rubber hose 

of 16 bar working pressure. The unit 

price shall include hose cabinet, 

pressure reducing valve, globe valve 

and automatic swinging recessed type 

cabinet as detailed on drawings and as 

per the specifications and the 

supervision engineer's requirements. 

 

 

 

 

 

No. 2 

 

 

 

 

 

1000 

 

 

 

 

 

2000 

Total Page Carried Forward  Shekel 8650 

Total cost  Shekel 63621 
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Table (A-1) : Thermo physical properties of gases at atmospheric pressure . 
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Table (A-2) : Instantaneous heat gain from occupants in units of watts . 
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Table (A-3) : Minimum outside air requirements for mechanical ventilation . 
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Table (A-4) : Overall heat transfer coefficient for windows        

 

Table (A-5) : Overall heat transfer coefficients for wood and metal doors,        

 

Table (A-6) : Values of infiltration air coefficient k , for windows . 
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Table (A-7) : Values of the factor    

 

Table (A-8) : Values of the factor    
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Table (A-9) : Latitude-Month correction factor LM, as applied to walls and horizontal 

roofs, north latitudes .
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Table (A-10) : Approximate CLTD values for sunlit roofs,   

 

Table (A-11) : Approximate CLTD values for light, medium, and heavy weight 

construction walls,   . 
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Table (A-12) : Solar heat gain factor (SHG) for sunlit glass,     , for altitude angle 

of 32 N . 
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Table (A-13) : Shading coefficient (SC) for glass windows with interior shading . 
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Table (A-14) : Cooling load factors (CLF) for glass windows with interior shading, 

north latitude .  

 

Table (A-15) : Cooling load temperature differences (CLTD) for convection heat gain 

for glass windows . 
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Table (A-16) : Heat gain rate from miscellaneous appliances, W . 

 

Table (A-17) : Cooling load factor (CLF      for lights . 
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Table (A-18) : Diversity factor for selected applications . 

 

Table (A-19) : Cooling load factor due to occupants (CLF     , for sensible heat gain . 

 

Table (A-20) : Inside film resistance      
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Table (A-21) : Outside film resistance      

 

Table (A-22) : Overall heat transfer coefficient for floors below grate         

 

 

 

 

 

 

 

 

 

 

 

 



818 
 

Table (A-23) : The fixture unit & pipe for every fixture type. 

 

 

Table (A-24) : Estimating demand .   
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Table (A-25) : Sizing table based on velocity limitation .    

 

Table (A-26) :Minimum size of fixture supply pipe  .    

 

 



811 
 

Table (A-27) : Friction head loss for water in commercial plastic pipe (schedule 40) .    

 
Table (A-28) : Friction head loss for water in commercial steel pipe .    
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Table (A-29) :Demand at individual water out let.    

 
Table (A-30) : Pump characteristic curve  . 
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Table (A-31) :Sanitary derange fixture unit values  . 

 



811 
 

Table (A-32) : Maximum permissible loads for sanitary derange  piping in terms of 

fixture unit . 

 

 

Table (A-33) : Horizontal fixture branches and stacks .    
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Table (A-34) :Pressure drop (
  

  
), for low flow rates of air in galvanized steel duct, 

based on round duct diameter.    
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Table (A-34) : Range of change air .  
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