
1 | P a g e  
 

 

An-Najah National University 

Faculty of Engineering and Information Technology  

Building Engineering Department 

 

 

 Graduation Project 2 

“Integrated design of a Bank building” 

 

 

PREPERED BY: 

Ali Zawawi 

Mazen Abd Alhaq 

Naser Abu Baker 

 

SUPERVISOR: 

DR. Luay.N.Dwaikat 

 

Presented in partial fulfilment of the requirements. For 

Bachelor degree in (Building Engineering) 

June 2023 

 

 



2 | P a g e  
 

 

Dedication 

 

All praise be to ALLAH. 

To give us the knowledge and health to complete our first graduation 

project research. 

We offer this work to our first and true source of inspiration, to the 

prayers and supplications of our fathers and mothers, and to our dear 

doctors and assistant engineers, to all of you. 

We hope that this project will impress you and fulfill all the required 

requirements.  

We ask God to help us with more knowledge to be effective and useful in 

the long run. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 | P a g e  
 

 

Acknowledgment 

We are students of the Department of Construction Engineering; we 

thank all the doctors for Helping and supporting us to reach this rank, 

who endeavored a lot to guide and lead the students and help them correct 

their paths .We are honored and pleased to thank the Department of 

Construction Engineering and all the trainers in the department. A special 

mention goes to our supervisor, Dr. Luay Dwaikat who was credited with 

helping us solve our problems. 

We are pleased to thank everyone who was involved in directing us to do 

the work, helping us and providing us with the required information. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 | P a g e  
 

 

Disclaimer 

This report was written by Nasser Abu Baker, Mazen Abd Al-Haq, and 

Ali Zawawi at the Building Engineering Department, Faculty of 

Engineering, An-Najah National University. It has not been altered or 

corrected, other than editorial corrections, as a result of assessment and it 

may contain language as well as content errors. The views expressed in it 

together with any outcomes and recommendations are solely those of the 

students. An-Najah National University accepts no responsibility or 

liability for the consequences of this report being used for a purpose other 

than the purpose for which it was commissioned.  

 

 

 

 

 

 

 

 

 

 

 

 

 



5 | P a g e  
 

Table of content: 

Contents 
Chapter 1: introduction: ................................................................................................ 9 

1.1 Definition of the building project: ........................................................................ 16 

1.2 Project Problems: .............................................................................................. 17 

1.3 objective: .......................................................................................................... 17 

1.4 Limitation and scope: ......................................................................................... 18 

1.5 Methodology: .................................................................................................... 18 

1.6 Codes and standards: ......................................................................................... 19 

Chapter 2: Architectural - Environmental Aspects & Analysis: .......................................... 20 

2.1 Architectural Aspects: ........................................................................................ 48 

2.1.1 Introduction: ............................................................................................... 48 

2.1.2 Standards: .................................................................................................. 48 

2.1.3 Improvements: ............................................................................................ 67 

2.2 Environmental Aspects & Analysis: ...................................................................... 20 

2.2.1 case study: .................................................................................................. 43 

2.2.2 Site analysis: ............................................................................................... 20 

2.3.3 Environmental aspects: ................................................................................ 29 

2.3 Energy Simulation of Building: ............................................................................. 67 

2.4 Acoustic system: ................................................................................................ 81 

2.4.1 Reverberation time (RT60): ........................................................................... 82 

2.4.2 Sound transmission class (STC): ..................................................................... 91 

2.4.3 Impact insulation class (IIC): .......................................................................... 97 

Chapter 3: Structure: ................................................................................................... 99 

3.1 Structure Aspect: ............................................................................................... 99 

3.1.1 Introduction: ............................................................................................... 99 

3.1.2 Loads: ........................................................................................................ 99 

3.1.3 Materials: ................................................................................................. 100 

3.1.4 Codes and Specifications: ........................................................................... 100 

3.1.5 Structure elements: ................................................................................... 100 

3.2 Structure Design: ............................................................................................. 102 

3.2.1 Selected Materials: .................................................................................... 102 

3.2.2 Selected Systems: ...................................................................................... 102 



6 | P a g e  
 

3.3 Important first calculations: .............................................................................. 102 

3.3.1 Slab Thickness Calculations: ........................................................................ 102 

3.3.2 Load Calculations: ...................................................................................... 102 

3.4 Checks required: .............................................................................................. 103 

3.4.1 Model checks: ........................................................................................... 103 

3.5 Seismic design: ................................................................................................ 110 

3.5.1 Seismic load analysis: ................................................................................. 110 

3.5.2 Seismic checks: .......................................................................................... 114 

3.6 Required Design elements: ............................................................................... 117 

3.6.1 Column Design: ......................................................................................... 117 

3.6.2: Slab design: .............................................................................................. 120 

3.6.3 Footing design: .......................................................................................... 129 

3.6.4 Stairs design: ............................................................................................. 132 

3.6.5 Shear wall design: ...................................................................................... 136 

3.6.6 Sheet piles design: ..................................................................................... 140 

Chapter 4: Electro - Mechanical Design: ...................................................................... 142 

4.1 Lighting: .......................................................................................................... 142 

4.1.1 Introduction: ............................................................................................. 142 

4.1.2 Artificial lighting design: ............................................................................. 142 

Ground floor rooms: .......................................................................................... 143 

1st floor rooms: .................................................................................................. 148 

2nd+3rd floor rooms: ........................................................................................... 153 

The basement floor: ........................................................................................... 161 

4.2 Power: ............................................................................................................ 165 

4.2.1 Introduction: ............................................................................................. 165 

4.2.2 Power of sockets and lighting: ..................................................................... 165 

4.2.2.9 Main distribution board (MDB): ................................................................ 174 

4.2.2.10 Chiller: ................................................................................................. 175 

4.2.2.11 Elevator: .............................................................................................. 175 

4.2.2.12 GENERATOR: ........................................................................................ 175 

4.3 Mechanical Design: .......................................................................................... 177 

4.3.1 Water supply system: ................................................................................. 177 

4.3.2 Drainage system design: ............................................................................. 187 

4.3.3 HVAC system design: .................................................................................. 190 



7 | P a g e  
 

4.3.4 Firefighting system design: ......................................................................... 211 

Chapter 5: Cost Estimation: ........................................................................................ 218 

5.1 Introduction: ................................................................................................... 218 

5.2: Work break down structure (WBS): ................................................................... 219 

5.3 Bill of quantity (BOQ): ...................................................................................... 225 

Chapter 6: Conclusion ............................................................................................... 232 

References ........................................................................................................... 233 

 

 

Table of figures:  

figure 2. 28: An aerial photo showing the site, location and the surrounding lands of the 

project (Geomolg) ...................................................................................................... 21 

figure 2. 29: topography. ............................................................................................. 22 

figure 2. 30: Average Temperatures in ˚C in Nablus per month (atlas Weather) ................. 22 

figure 2. 31: Nablus weather by month (Weather spark) ................................................. 23 

figure 2. 32: The percentage of time spent at various humidity comfort levels, categorized by 

dew point in Nablus (Weather spark) ............................................................................ 23 

figure 2. 33: Average rainfall in Nablus (Weather spark) .................................................. 24 

figure 2. 34: The average of mean hourly wind speeds in Nablus (Weather spark) .............. 24 

figure 2. 35: Wind Direction in Nablus (Weather spark) ................................................... 25 

figure 2. 36: Average Daily Incident Shortwave Solar Energy in Nablus (Weather spark) ...... 26 

figure 2. 37: Shadow analysis in winter at 8:00 AM (Revit). .............................................. 26 

figure 2. 38: Shadow analysis in winter at 12:00 PM (Revit). ............................................ 27 

figure 2. 39: Shadow analysis in winter at 2:00 PM (Revit). .............................................. 27 

figure 2. 40: Shadow analysis in summer at 8:00 AM (Revit). ........................................... 28 

figure 2. 41: Shadow analysis in summer at 12:00 PM (Revit). .......................................... 28 

figure 2. 42: Shadow analysis in summer at 2:00 PM (Revit). ............................................ 29 

figure 2. 43:daylight factor anaylsis for ground floor. ...................................................... 33 

figure 2. 44:daylight factor analysis for first floor............................................................ 34 

figure 2. 45:daylight factor analysis for second floor. ...................................................... 35 

figure 2. 46:daylight factor analysis for third floor. ......................................................... 36 

figure 2. 47:daylight factor analysis for fourth floor. ....................................................... 37 

figure 2. 48:daylight factor analysis for ground floor. ...................................................... 38 

figure 2. 49:daylight factor analysis for first floor. ........................................................... 39 

figure 2. 50:daylight factor analysis for second floor ....................................................... 40 

figure 2. 51:daylight factor analysis for third floor. ......................................................... 41 

figure 2. 52:daylight factor analysis for fourth floor ........................................................ 42 

figure 2. 25:CMB Tower. .............................................................................................. 43 

 figure 2. 26:location of the tower. ............................................................................... 44 

figure 2. 27: Façade Design. ......................................................................................... 47 



8 | P a g e  
 

Figure 2. 1: functional relationship between the rooms. .................................................. 48 

figure 2. 2:Access to daylight for rooms. ........................................................................ 49 

figure 2. 3: Office’s dimension width (Neufert 4th edition, 2015) ..................................... 50 

figure 2. 4: Workstation’s standard (Neufert 4th edition, 2015) ....................................... 51 

figure 2. 5 : Workstation’s furniture dimension (Neufert 4th edition, 2015) ....................... 52 

figure 2. 6: Dimensions of offices. ................................................................................. 52 

figure 2. 7: Stair’s dimension (Neufert 4th edition, 2015) ................................................ 53 

figure 2. 8: Elevator’s standard (Neufert 4th edition, 2015) ............................................. 54 

figure 2. 9: Emergency Staircase standard (Neufert 4th edition, 2015) .............................. 55 

figure 2. 10: Meeting room’s dimension (Neufert 4th edition, 2015)................................. 56 

figure 2. 11: WC’s standard (Neufert 4th edition, 2015) .................................................. 57 

figure 2. 12: Doors in WC (Neufert 4th edition, 2015) ..................................................... 58 

figure 2. 13: WC’s dimension (Neufert 4th edition, 2015) ................................................ 59 

figure 2. 14: Required number of WC fittings (Neufert 4th edition, 2015) .......................... 59 

figure 2. 15: Dimension Ramp that fit wheelchair (Neufert 4th edition, 2015) .................... 60 

figure 2. 16: Movement area for different places (Neufert 4th edition, 2015) .................... 61 

figure 2. 17: Standard Reception (Neufert 4th edition, 2015) ........................................... 62 

figure 2. 18:Standard for Secretary (Neufert Arabic edition, 2007) ................................... 63 

figure 2. 19:Corridor’s dimension (Neufert 4th edition, 2015) .......................................... 63 

figure 2. 20:Space requirement in parking (Neufert 4th edition, 2015) .............................. 64 

figure 2. 21:Standard dimension for parking (Neufert 4th edition, 2015) ........................... 64 

figure 2. 22:Window’s dimensions (Neufert 4th edition, 2015)......................................... 65 

figure 2. 23:Window’s sizes (Neufert 4th edition, 2015) .................................................. 66 

figure 2. 24: Door’s standard dimension (Neufert 4th edition, 2015) ................................ 66 

figure 2. 53: heating design before modification ............................................................ 68 

figure 2. 54:cooling design before modification. ............................................................. 69 

figure 2. 55:Cross section for external walls. .................................................................. 70 

figure 2. 56:thermal properties for external walls ........................................................... 70 

figure 2. 57:cross section for flat roof. ........................................................................... 71 

figure 2. 58:thermal properties for the roof. .................................................................. 71 

figure 2. 59:Cross section for partitions ......................................................................... 72 

figure 2. 60:Cross section for the internal floor. ............................................................. 72 

figure 2. 61:heating design after modifications............................................................... 74 

figure 2. 62:cooling design after modifications ............................................................... 77 

figure 2. 64:PMV index for users in building ................................................................... 81 

figure 2. 65:Maximum recommended reverberation time for speech in office (Grondzik, & 

Kwok, 2015, P.1059). .................................................................................................. 82 

figure 2. 66:Optimum reverberation times at midfrequency (500–1000 Hz) for various types 

of facilities (Grondzik, & Kwok, 2015, P.1060). ............................................................... 83 

figure 2. 67: suggested noise criteria ranges .................................................................. 83 

figure 2. 68: pic. for meeting room ............................................................................... 84 

figure 2. 69 dB & NC values .......................................................................................... 85 

figure 2. 70: ease system RT ......................................................................................... 85 

figure 2. 71:waiting room on ease ................................................................................ 86 

figure 2. 72: materials ................................................................................................. 87 



9 | P a g e  
 

figure 2. 73: frequancy values ...................................................................................... 87 

figure 2. 74 office room on ease ................................................................................... 89 

figure 2. 75: office room on ease freq. .......................................................................... 90 

figure 2. 76: STC schedual ............................................................................................ 90 

figure 2. 77:Recommended STC for partitions (Grondzik, & Kwok, 2015, P.1129) ............... 91 

figure 2. 78:Typical STC values for windows (Grondzik, & Kwok, 2015, P.1098). ................. 91 

figure 2. 79:Typical STC values for doors (Grondzik, & Kwok, 2015, P.10950). .................... 92 

figure 2. 80: cross section in internal partion ................................................................. 92 

figure 2. 81:STC for internal partion .............................................................................. 93 

figure 2. 82: external wall partions ............................................................................... 95 

figure 2. 83: external in STC ......................................................................................... 96 

figure 2. 84: cross section in floor ................................................................................. 97 

figure 2. 85: cross section in roof .................................................................................. 98 

 

Figure 3. 1: Live load in office building (Table 4.3-1 in ASCE 7-16). .................................... 99 

Figure 3. 2: Distribution of load on One way & Two way slab (Basic Civil Engineering). ...... 101 

Figure 3. 3Minimum live loads (Table 1-4 in ASCE 7-05). ................................................ 102 

Figure 3. 4: compatability check ................................................................................. 103 

Figure 3. 5: deflection check....................................................................................... 105 

Figure 3. 6: deflection check....................................................................................... 106 

Figure 3. 7:Design check ............................................................................................ 107 

Figure 3. 8:Punching shear check ................................................................................ 107 

Figure 3. 9:Period check. ............................................................................................ 108 

Figure 3. 10:Slab shear check ..................................................................................... 109 

Figure 3. 11: seismic zone .......................................................................................... 110 

Figure 3. 12: seismic factors ....................................................................................... 113 

Figure 3. 13: Period from etabs model......................................................................... 114 

Figure 3. 14: Etabs model column ............................................................................... 117 

Figure 3. 15: Etabs model column2 ............................................................................. 118 

Figure 3. 16: column layout ........................................................................................ 118 

Figure 3. 17: column detailing .................................................................................... 119 

Figure 3. 18: column detailing .................................................................................... 119 

Figure 3. 19: slab layout B3 ........................................................................................ 120 

Figure 3. 20: slab layout B2 ........................................................................................ 120 

Figure 3. 21: SLAB LAYOUT B1 .................................................................................... 121 

Figure 3. 22: slab layout G.F ....................................................................................... 121 

Figure 3. 23: slab layout F1 ........................................................................................ 122 

Figure 3. 24: slab layout F2 ........................................................................................ 122 

Figure 3. 25: slab layout F3 ........................................................................................ 123 

Figure 3. 26: slab layout F4 ........................................................................................ 123 

Figure 3. 27: slab detailing ......................................................................................... 124 

Figure 3. 28: slab detailing ......................................................................................... 124 

Figure 3. 29:Slab detailing .b1 .................................................................................... 125 

Figure 3. 30:Slab detailing b2 ..................................................................................... 125 



10 | P a g e  
 

Figure 3. 31:Slab detailing .b3 .................................................................................... 126 

Figure 3. 32:Slab detailing G.F .................................................................................... 126 

Figure 3. 33:Slab detailing f1 ...................................................................................... 127 

Figure 3. 34:Slab detailing f2 ...................................................................................... 127 

Figure 3. 35:Slab detailing f3 ...................................................................................... 128 

Figure 3. 36:Slab detailing f4 ...................................................................................... 128 

Figure 3. 37: reinforcement of mat footing .................................................................. 129 

Figure 3. 38: footing design ........................................................................................ 130 

Figure 3. 39:Bearing capacity check from service load .................................................. 130 

Figure 3. 40:Punching shear check .............................................................................. 131 

Figure 3. 41:Footing detailing ..................................................................................... 131 

Figure 3. 42:Footing detailing ..................................................................................... 132 

Figure 3. 43:stairs plan. ............................................................................................. 132 

Figure 3. 44:Modal etabs stairs ................................................................................... 133 

Figure 3. 45:Compatibly check stairs ........................................................................... 133 

Figure 3. 46:Shear check in stairs ................................................................................ 134 

Figure 3. 47:Moment results from etabs ...................................................................... 135 

Figure 3. 48:Stairs detailing Stairs detailing .................................................................. 136 

Figure 3. 49:Shear wall design .................................................................................... 136 

Figure 3. 50:Shear wall detailing. ................................................................................ 138 

Figure 3. 51:Shear wall detailing ................................................................................. 139 

Figure 3. 52:Sheet pile dimension: .............................................................................. 140 

Figure 3. 53: Sheet pile geometry, Bending moment and shear force. ............................. 141 

Figure 3. 54: Results from geo5 2020 program ............................................................. 141 

Figure 3. 55:Sheet pile detailing. ................................................................................. 141 

 

Figure 4. 1: Artificial lighting calculation for waiting room.............................................. 143 

Figure 4. 2: Waiting room from DiaLUX ....................................................................... 143 

Figure 4. 3:Light scene of lux values for artificial lighting in waiting room with plan of 

luminaires. ............................................................................................................... 144 

Figure 4. 4:Used type of luminaires in waiting room. ..................................................... 144 

Figure 4. 5:Reception room from DiaLUX. .................................................................... 145 

Figure 4. 6:Artificial lighting calculation for reception room. .......................................... 145 

Figure 4. 7:Used type of luminaires in reception room. ................................................. 146 

Figure 4. 8:Used type of luminaires in reception room. ................................................. 146 

Figure 4. 9:Artificial lighting calculation for secretary room ........................................... 147 

Figure 4. 10:Light scene of lux values for artificial lighting in secretary room with plan of 

luminaires ................................................................................................................ 147 

Figure 4. 11:Employees office from DiaLUX .................................................................. 148 

Figure 4. 12:Artificial lighting calculation for employee’s office ...................................... 148 

Figure 4. 13:Light scene of lux values for artificial lighting in employee’s office with plan of 

luminaires. ............................................................................................................... 149 

Figure 4. 14:Used type of luminaires in employee’s office ............................................. 149 

Figure 4. 15:Glare results in employee’s office. ............................................................ 150 



11 | P a g e  
 

Figure 4. 16:Bathroom from DiaLUX ............................................................................ 150 

Figure 4. 17:Artificial lighting calculation for bathroom. ................................................ 150 

Figure 4. 18:Light scene of lux values for artificial lighting in bathroom with plan of 

luminaires ................................................................................................................ 151 

Figure 4. 19:W.C from DiaLUX .................................................................................... 151 

Figure 4. 20:Artificial lighting calculation for W.C. ......................................................... 152 

Figure 4. 21:Light scene of lux values for artificial lighting in W.C with plan of luminaires .. 152 

Figure 4. 22:Used type of luminaires in W.C ................................................................. 152 

Figure 4. 23:Manager’s room from DiaLUX .................................................................. 153 

Figure 4. 24:Artificial lighting calculation for manager’s room. ....................................... 153 

Figure 4. 25:Light scene of lux values for artificial lighting in manager’s room with plan of 

luminaires. ............................................................................................................... 154 

Figure 4. 26:Used type of luminaires in manager’s room ............................................... 154 

Figure 4. 27:Glare results in manager’s room ............................................................... 155 

Figure 4. 28:Artificial lighting calculation for employee’s office ...................................... 155 

Figure 4. 29:Light scene of lux values for artificial lighting in meeting room with plan of 

luminaires. ............................................................................................................... 156 

Figure 4. 30:Used type of luminaires in meeting room .................................................. 157 

Figure 4. 31:Glare results in meeting room for 1-4 chairs. .............................................. 157 

Figure 4. 32:Glare results in meeting room for 5-8 chairs. .............................................. 158 

Figure 4. 33:: Corridor from DiaLUX. ............................................................................ 158 

Figure 4. 34: Artificial lighting calculation for corridor ................................................... 159 

Figure 4. 35Light scene of lux values for artificial lighting in corridor with plan of luminaires

 ............................................................................................................................... 159 

Figure 4. 36:Used type of luminaires in corridor. .......................................................... 160 

Figure 4. 37:Garage from DiaLUX ................................................................................ 161 

Figure 4. 38:Artificial lighting calculation for garage. ..................................................... 161 

Figure 4. 39:Light scene of lux values for artificial lighting in garage with plan of luminaires.

 ............................................................................................................................... 162 

Figure 4. 40:Used type of luminaires in garage ............................................................. 162 

Figure 4. 41:Safe room from DiaLUX ........................................................................... 163 

Figure 4. 42:: Artificial lighting calculation for safe room. .............................................. 163 

Figure 4. 43:Light scene of lux values for artificial lighting in safe room with plan of 

luminaires ................................................................................................................ 164 

Figure 4. 44:Used type of luminaires in safe room ........................................................ 164 

Figure 4. 45:sockets at ground floor ............................................................................ 173 

Figure 4. 46:the lighting at ground floor ...................................................................... 173 

Figure 4. 47:the distribution board in ground floor ....................................................... 174 

Figure 4. 48:the main distribution board:..................................................................... 176 

Figure 4. 49:Guide for water supply (Grondzik, Kwok, Stein, & Reynolds, 2010, P.872) ...... 177 

Figure 4. 50:: Domestic hot water consumption (Grondzik, Kwok, Stein,& Reynolds, 2010, 

P.943). ..................................................................................................................... 178 

Figure 4. 51:Water Supply Fixture Units (Grondzik, Kwok, Stein, & Reynolds, 2010, P.991).179 

Figure 4. 52:Diameter & pressure drop per 100 ft(psi) for steel pipe ............................... 181 

Figure 4. 53:Diameter & pressure drop per 100 ft(psi) for plastic pipe ............................ 182 



12 | P a g e  
 

Figure 4. 54:Drainage fixture units (Grondzik & Kwok, 2015, P.945). ............................... 187 

Figure 4. 55:Horizontal Fixture Branches and Stacks (Grondzik & Kwok, 2015, P.946) ....... 188 

Figure 4. 56:Building Drains and Sewers (Grondzik & Kwok, 2015, P.948) ........................ 188 

Figure 4. 57:Size and Developed Length of Stack Vents and Vent Stacks (Grondzik & Kwok, 

2015, P.947) ............................................................................................................. 189 

Figure 4. 58: Diffuser from catalogue .......................................................................... 193 

Figure 4. 59:fan coil from catalogue ............................................................................ 194 

Figure 4. 60:b3 fan coil .............................................................................................. 195 

Figure 4. 61: b2 fan coil ............................................................................................. 195 

Figure 4. 62: fan coil b1 ............................................................................................. 195 

Figure 4. 63: G.F fan coil ............................................................................................ 195 

Figure 4. 64: fan COIL F1 ............................................................................................ 196 

Figure 4. 65: FAN COIL F2 ........................................................................................... 196 

Figure 4. 66: FAN COIL F3 ........................................................................................... 197 

Figure 4. 67: FAN COIL F4 ........................................................................................... 197 

Figure 4. 68:Ground floor with VRF system: ................................................................. 198 

Figure 4. 69:FIRST  floor with VRF system: ................................................................... 198 

Figure 4. 70:Second floor with VRF system: .................................................................. 199 

Figure 4. 71:THIRD  floor with VRF system: .................................................................. 199 

Figure 4. 72:Fourth floor with VRF system: .................................................................. 200 

Figure 4. 73:Basement 1 floor with VRF system: ........................................................... 200 

Figure 4. 74:Basement 2 floor with VRF system: ........................................................... 201 

Figure 4. 75:Basement 3 floor with VRF system: ........................................................... 201 

Figure 4. 76: RC LINE ................................................................................................. 202 

Figure 4. 77:picture for VRF system:1 .......................................................................... 203 

Figure 4. 78:picture for VRF system:2 .......................................................................... 203 

Figure 4. 79:picture for VRF system:3 .......................................................................... 204 

Figure 4. 80:picture for VRF system:4 .......................................................................... 204 

Figure 4. 81:picture for VRF system:5 .......................................................................... 205 

Figure 4. 82:PRESSURE LOSS....................................................................................... 205 

Figure 4. 83:Detectors ............................................................................................... 214 

Figure 4. 84:CO2 Extinguisher..................................................................................... 214 

Figure 4. 85:Powder Extinguisher ............................................................................... 215 

Figure 4. 86:Type A Extinguisher ................................................................................. 215 

Figure 4. 87:Manual Alarm System.............................................................................. 216 

Figure 4. 88:Sound & Light Alarm System .................................................................... 216 

Figure 4. 89:Fire Hose ................................................................................................ 217 

Figure 4. 90:Evacuation Paths..................................................................................... 217 

 

 

 



13 | P a g e  
 

List of tables: 

Table 1: recommendation values for illuminance ............................................................ 31 

Table 2:recommendation values for daylight factor ........................................................ 31 

Table 3:recommendation daylight factor according to function. ....................................... 32 

Table 4:properties for glazing ....................................................................................... 73 

Table 5:heating load for each space .............................................................................. 75 

Table 6:cooling load for each space .............................................................................. 78 

Table 7:site and source energy. .................................................................................... 80 

Table 8:end uses. ........................................................................................................ 80 

Table 9: equilibrium check ......................................................................................... 104 

Table 10: stress strain check: column .......................................................................... 104 

Table 11: stress strain chebk: slab ............................................................................... 104 

Table 12: soil types profile ......................................................................................... 111 

Table 13: Ca Coefficent .............................................................................................. 111 

Table 14:Seismic coefficient (Cv): ................................................................................ 111 

Table 15: structural system ........................................................................................ 112 

Table 16: importance factor ....................................................................................... 113 

Table 17: draft check ................................................................................................. 115 

Table 18: Model participant mass ratio check............................................................... 115 

Table 19:Shear wall design ......................................................................................... 137 

Table 20:Shear wall design1 ....................................................................................... 137 

Table 21: soil sheet piles ............................................................................................ 140 

Table 22: lighting G.F ................................................................................................. 165 

Table 23: LIGHTING F1 ............................................................................................... 166 

Table 24: Lighting F2 ................................................................................................. 167 

Table 25: lighting F3 .................................................................................................. 168 

Table 26: lighting F4 .................................................................................................. 169 

Table 27: lighting B1 .................................................................................................. 170 

Table 28: lighting b2 .................................................................................................. 171 

Table 29: lighting b3 .................................................................................................. 172 

Table 30: WATER PRESSURE ....................................................................................... 179 

Table 31:Fixture unit for zone .................................................................................... 180 

Table 32 Water flow rate (Grondzik, & Kwok, 2015, P.919) ............................................ 180 

Table 33:Water flow rate for zone .............................................................................. 181 

Table 34:: Equivalent length for zone Pipe Material A.L ................................................. 183 

Table 35:: possible diameter for vertical pipe with pressure losses for zone A .................. 184 

Table 36:: possible diameter for horizontal pipe (GF+4thF) with pressure losses for zone A

 ............................................................................................................................... 184 

Table 37:possible diameter for horizontal pipe (1st / 2nd / 3rd) with pressure losses for zone

 ............................................................................................................................... 184 

Table 38:possible diameter for branch pipe with pressure losses for zone A .................... 185 

Table 39:selected diameter for pipes (GF&4th) with pressure losses for zone A ............... 185 

Table 40: selected diameter for pipes (1st / 2nd / 3rd ) with pressure losses for zone ....... 185 

Table 41:drainage fixture unit in a building .................................................................. 188 



14 | P a g e  
 

Table 42:Diameter & slope for type of fixture .............................................................. 189 

Table 43:heating and cooling from Design Builder for all spaces ..................................... 191 

Table 44:G.F DUCT .................................................................................................... 206 

Table 45:F1 DUCT ..................................................................................................... 206 

Table 46:F2 DUCT ..................................................................................................... 207 

Table 47: F3 DUCT..................................................................................................... 208 

Table 48:F4 DUCT ..................................................................................................... 208 

Table 49: B1 DUCT .................................................................................................... 209 

Table 50: B2 DUCT .................................................................................................... 209 

Table 51: B1 DUCT .................................................................................................... 210 

Table 52:Design Requirement .................................................................................... 211 

Table 53:Sprinklers ................................................................................................... 212 

Table 54:Steel Pipes .................................................................................................. 212 

Table 55:Sprinkler’s Design and Distribution in Waiting room ........................................ 213 

Table 56:Sprinkler’s Design and Distribution in B1 + B2 ................................................. 213 

Table 57:Sprinkler’s Design and Distribution in B3 ........................................................ 213 

Table 58:Sprinkler’s Design and Distribution in Corridor ................................................ 213 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



15 | P a g e  
 

 

Abstract 

 

Due to all the advantages and the role it plays in preventing future small or 

catastrophic consequences, integration design in buildings is a crucial component of 

any design stage in the modern building industry. 

The project we decided to work on is called "BANK." The primary factor that led to 

the selection of this project was its significance, particularly in light of the fact that 

banks have grown to play a significant role in Palestinian society and have altered the 

course of developing nations and contributed to their development. Because of their 

significance, banks must be made a comfortable and secure environment for both 

employees and visitors. This project presented us with a worthwhile challenge in 

creating an integrated. 

We found this project to be a good challenge in creating an integrated building design 

that manages to combine all aspects of the environmental, architectural, and structural 

design in the best possible way to achieve the highest level of energy efficiency and 

the best comfort for those who will use the building. This will allow the building to be 

environmentally friendly and be regarded as a green building. Along with ensuring 

that the initial cost of the building and the operating costs remain within the bounds of 

reason and even attempt to make it as low as we can, all these goals will be met. 

By comparing, modifying, and gathering data using engineering software programs 

like Revit and Design Builder as well as construction simulation programs like ETAB 

and SAP, we will assess the building and the site. 
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Chapter 1: introduction: 

 

This institution is considered as administrative building in which employees work to 

provide services to the concerned parties in the community.  

The project we chose can provide many challenges and problems especially in the 

Palestinian offices building style.  

Many of these challenges came from the limited and low budget that came with these 

kinds of projects which leads in most cases in delaying the project completion date, 

and sometimes the delay extends to months or even years, and in other times, part of 

the project is excluded, such as dispensing a floor or part of the building due to lack of 

budget.  

In this project, we will apply all the knowledge and theories we’ve been learning 

among all 4 years in the college to come up with an optimum design in all the 

disciplines of engineering which are the structural, architectural, electrical and 

mechanical. 

 

1.1 Definition of the building project: 

 

The building lies in Nablus city specifically in Rafidia, the South façade of the 

building faces the main road on Rafidia St., the Western façade faces the Tunisia St., 

the North faces a building and eastern side faces a building away 6 meter which 

means the building lies at a corner. 

The building consists of 5 stories including the ground floor besides another 3 stories 

as basements which make the total number of floors as 8 floors. 

- ground floor with an area 944 m2, first floor with an area 944 m2, second floor 

with an area 944 m2, third floor with an area 944 m2, fourth floor within area 

442 m2, then it contains 3 floors basement as a parking, money safes and 

offices, B1, B2, B3 within an area for each of them equal 1982.3 m2. The total 

area of project is about 10,165 m2.   

- There are 22 car parking outside the building on the site level.
 

- We have 2 main entrances in the west side of the building another entrance is 

on the south side, and there is an 2 emergency exit on the west and on the 

north.
 

- There are 5 elevators in the building. 
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- The main stairs are the same are the emergency stairs, located in the north side 

of the building. 
 

- The high of the ( G.F – 4th) = 4 meter 
 

-  Basements = 3.5 m
  

 

1.2 Project Problems: 

 

Weaknesses and problems in this building will be determined based on international 

standards for building and codes that are followed in Palestine, the problems will be 

analyzed, discussed and calculated using numbers in order to figure out the best 

solution and make sure that this solution won’t make any kind of problems in the 

future.  

The building will also be analyzed in terms of energy consumption and environmental 

aspects to ensure that there are no problems that may affect the comfort of residents 

and workers in the building. 

Many problems were found in this building, they are:  

1- Energy effectiveness of the building  

2- Thermal, lighting and acoustical comfort  

3-  Earthquake resistance  

4- Internal distribution of spaces  

5- Effective natural ventilation 

1.3 objective: 

The main aim of this project is to analyze the building and figure out the problems, 

mistakes and weaknesses in order to provide a new premium integrated design based 

on the solutions that we will chose according to the standards so we can reach a better 

level of comfort for the users and employees in this building, it’s also recommended 

to provide new improvements In order to improve and reduce energy consumption in 

the building and make it an environmentally friendly building, all these improvements 

and changes must be made along with taking into account that the initial cost of the 

project and the operating cost will be within the reasonable limits and will even 

decrease. 
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1.4 Limitation and scope:  

The main scope is analyzing the building from all aspects to reach a premium and 

integrated design that can solve the problems and strengthen weaknesses of the 

building.  

We faced many obstacles among preparing this project, the most important of them 

are:  

1- Shading of other buildings and specially the one that lies next to the southern 

façade which will lead to many problems especially in the environmental 

aspect.  

2- Lack of data on building users. 

 

1.5 Methodology:  

Similar building designs were used for evaluating our project’s current design in all 

different aspects, so we can build a wide & whole picture about this type of buildings 

and their function. To make our new changes and improvements based on a solid 

ground which was made of other designer’s mistakes and ideas to avoid falling in the 

same mistakes again. 

After checking the standards, we will be able figure out some efficient solutions for 

the problems that we will face when we start analyzing the building in all different 

aspects.  

In this project we will evaluate the building and figure out the compliance of the 

building to the international codes and how much it matches the standards in all 

different aspects starting from the architectural design then through the structural, 

mechanical, electrical and environmental design.  

After that we will point out the problems and weaknesses so we can provide the 

available solution to make them right in an integrated method so we can make sure 

that every solution we provide in any issue won’t make any problems neither in the 

same issue nor in another to reach a premium design for the building in all aspects.  

We will make sure that the improvements we will make will be within the reasonable 

and available borders and that they won’t lead to any kind of damages or losses in the 

future. About the energy manner, we will make some improvements to reduce the 

building’s energy consumption and make it as environmentally friendly as possible.  

Finally, the initial cost of the building will be improved in a way to make the 

operational cost less though all the improvements that we will provide in all previous 

manners so we can reach the premium comfort for users and employees in the 

building. 
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1.6 Codes and standards:  

In Architectural design:  

1. Ernst and Peter Neufert Architects' Data Forth Edition.  

2. The Metric handbook for David Littlefield.  

3. (IBC Code)2018 International Building Code)  

4. Time saver standards for building types 2nd Edition. 5. Time savor standards for 

architectural design data 7th edition. 

 

In Structure design:  

1. ACI-318 (for concrete reinforcement design).  

2. UBC-97 (for Earthquakes Load).  

3. ASCE (for load combinations).  

 

In Energy and Mechanical system:  

1. ASHREA 90.1 2016.  

2. ASHREA 55.5 
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Chapter 2: Architectural - Environmental Aspects & Analysis: 

2.1 Environmental Aspects & Analysis: 

 

2.1.1 Site analysis: 

2.1.1.1 Introduction:  

The Arab Bank is in Nablus, Rafidia St. the building area 10165 m2, contains offices, 

waiting halls, basements and safes of the money.  

It is important to analyze the site because it helps to know appropriate orientation for 

the building, there are many things that affects site, the movement of the sun, shadows, 

noise, entrances, exits and access to the site, as well as the humidity of the area and 

rainfall, where all these things must be treated carefully to obtain comfort for the users. 

Location and description & Site accessibility & Site roads: 

The building is being constructed in Rafidia- Nablus in front of al Tel Al Akhdar store 

and its longitude 35.31 and latitude of 31.78. 

The building is in active and its crowded place due to its location next to a church and 

a Sbaitani center, as the movement is crowded during the expected working hours of 

the institution and the movement as it is a central area in the city. 

The most active sides form the building are bordered by a street from the south and 

west side of the main street on the east side is a street. 

As the building is located on a corner, where it borders two main streets from the 

south and from the west and is expected to be a source of high nuisance and on the 

west side there is a church building that will affect the wind stream negatively 

partially, and from the north side there is an empty land with a residential building 

also from east side there is building away 8 meters. 

The building is set back from the western side, which is the main street 3 meters, and 

it is set back from the north, which is adjacent to the empty land the residential 

building, 3 meters, and it is set back from the eastern side, 4 meters, and it is set back 

from the south side, which is the main side to the building and adjacent to the street 

5 meter. 
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figure 2. 1: An aerial photo showing the site, location and the surrounding lands of the project (Geomolg) 
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2.1.1.2 Topography:  

There is a very slight slope to the land, as the lowest point is at a height of 558 and the highest 

point is at a height of 560, meaning that the land is almost flat. 

 

figure 2. 2: topography.  

2.1.1.3 Temperature: 

The temperature in Palestine ranges between 10-25 degrees Celsius and may reach a 

maximum of about 39 degrees Celsius in the hot summer during the day and may reach in the 

cold winter to approximately -4 degrees Celsius. 

 

figure 2. 3: Average Temperatures in ˚C in Nablus per month (atlas Weather)   
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2.1.1.4 Climate: 

the climate must be studied for the city of Nablus, which is characterized by a moderate 

climate as it is located at a length of 35.31 and a latitude of 31.78, and the summer season 

extends for more than 5 months per year and the climate is dry and hot, and extends the 

short, cold, rainy winter season that does not exceed 3 months most of the time. 

 

figure 2. 4: Nablus weather by month (Weather spark) 

2.1.1.5 Humidity: 

The relative humidity in Nablus reaches 75%, which is the average annual rate, as humidity is 

generally affected by temperature and wind speed . 

 

figure 2. 5: The percentage of time spent at various humidity comfort levels, categorized by dew point in Nablus 
(Weather spark) 
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2.1.1.6 Rainfall: 

The average rainfall in Nablus is 458 mm per year, with the peak occurring in January, and the 

average number of days in which rain is expected per year is 54 days 

 

figure 2. 6: Average rainfall in Nablus (Weather spark) 

2.1.1.7 Wind: 

Wind depends on local terrain and other factors. The average hourly wind speed in Ramallah 

experiences moderate seasonal variation throughout the year.  

The wind is most often from the north for 1.0 months, from October 2 to November 3, 

with a peak percentage of 44% on October 11. The wind is most often from 

the west for 1.1 weeks, from November 3 to November 11 and for 9.4 months, 

from December 22 to October 2, with a peak percentage of 33% on November 3. The 

wind is most often from the east for 1.4 months, from November 11 to December 22, with 

a peak percentage of 38% on November 27. 

 

 

figure 2. 7: The average of mean hourly wind speeds in Nablus (Weather spark) 
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figure 2. 8: Wind Direction in Nablus (Weather spark) 

2.1.1.8 Solar energy: 

This section discusses the total daily incident shortwave solar energy reaching the 

surface of the ground over a wide area, taking full account of seasonal variations in the 

length of the day, the elevation of the Sun above the horizon, and absorption by clouds 

and other atmospheric constituents. Shortwave radiation includes visible light and 

ultraviolet radiation. 

The average daily incident shortwave solar energy experiences extreme seasonal 

variation over the course of the year. 

The brighter period of the year lasts for 3.6 months, from May 5 to August 25, with an 

average daily incident shortwave energy per square meter above 7.4 kWh. 

The brightest month of the year in Nablus is June, with an average of 8.5 kWh. 

The darker period of the year lasts for 3.2 months, from November 5 to February 13, 

with an average daily incident shortwave energy per square meter below 4.1 kWh. 

The darkest month of the year in Nablus is December, with an average of 3.0 kWh. 
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figure 2. 9: Average Daily Incident Shortwave Solar Energy in Nablus (Weather spark) 

 

 

2.1.1.9 Sun path and shadowing: 

The sun path is different in the summer from the winter, as its path is longer in the summer 

than in the winter. The sun rises in the summer from the north-east and sets in the north-

west, and its angle of elevation in the middle of the day is higher in the summer than in the 

winter. The path of the sun also affects the formation and length of shadows.  

The following images show the path of the sun and the resulting shadows at the exact times 

for each image: 

 

 

figure 2. 10: Shadow analysis in winter at 8:00 AM (Revit). 



27 | P a g e  
 

 

figure 2. 11: Shadow analysis in winter at 12:00 PM (Revit). 

 

figure 2. 12: Shadow analysis in winter at 2:00 PM (Revit). 
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figure 2. 13: Shadow analysis in summer at 8:00 AM (Revit). 

 

figure 2. 14: Shadow analysis in summer at 12:00 PM (Revit). 
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figure 2. 15: Shadow analysis in summer at 2:00 PM (Revit). 

 

2.1.2 Environmental aspects: 

2.1.2.1 Introduction.   

It is important to make an integrated design for the building and take into account all 

the environmental aspects such as the orientation of the building, the amount of natural 

lighting, solar energy, and the industrial heating and cooling values that will be 

required, as all these aspects will affect the initial building costs and also the operating 

costs of the building and will play a key role in the comfort of users and their well-

being. 

 

2.1.2.2 Massing of the building: 

It is interested in looking at the ratio of windows and openings to the ratio of facades in 

the building, which would control the amount of sun that enters the building. All of 

these things would play a very important role in reducing energy consumption and 

saving costs and materials, which would increase the welfare of the residents and users 

of the building. 
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2.1.2.3 Orientation of the building: 

The orientation of the building is one of the most important things that must be focused 

on strongly, because it will affect all the details and characteristics of the building that 

is being designed, as well as its strong impact on the results of the environmental 

analysis, such as the percentage of exposure to the sun, the amount of solar energy, the 

effect of wind and other environmental matters that It plays an important role in saving 

costs and giving the greatest amount of convenience to users. 

 

2.1.2.4 Daylight:  

Daylight factor analysis: 

 

One of the things that must be taken into account when designing is to provide sufficient 

daylight that is commensurate with the nature of the space and the nature of the activity 

that will be done within this space to provide visual comfort for users and to make this 

space an energy-saving space. It is worth mentioning here that the study of natural 

lighting must be carried out in parallel with the study of the solar gain of the building 

so that a solution is reached that achieves satisfactory results from both, and it is not 

right to pay attention to one of them while neglecting the other. 

Daylighting is the controlled admission of natural light into a space through windows 

to reduce or eliminate artificial lighting. 

Daylighting design is not so much how to provide enough daylight to an occupied 

space, but how to do so without any undesirable side effects. 

Daylight factor (DF) is defined as the ratio of the actual illuminance at a point in a room 

(lux) and the illuminance available from an identical unobstructed sky. 

 

 

 

DF = (E internal/E external) *100% 
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In this project, the sky condition will be overcast with E ext. = 9000 lux and the 

Recommendations for daylight factors and illuminance are shown in Error! Reference 

source not found. and Error! Reference source not found.. 

 

Table 1: recommendation values for illuminance 

 

 

 

Table 2:recommendation values for daylight factor 
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See Error! Reference source not found., which shows us another classification for 

recommendation daylight factor according to the type of function that performs in 

space. 

Table 3:recommendation daylight factor according to function. 
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Daylight factor analysis before modifications: 

 

• Ground  floor  daylight factor analysis: 

See Error! Reference source not found. , which show the results of daylight factor 

analysis for ground floor before modifications using design-builder. 

 

figure 2. 16:daylight factor anaylsis for ground floor. 

 

 

 

From Error! Reference source not found. we note that the values have divided the 

space into three levels, the first is less than the required limit, the second is within the 

required limit, the third is higher than the required limit, and from here we realize the 

importance of environmental modifications in order to reduce the values that exceed 

the required limit. 
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• First floor  daylight factor analysis: 

See Error! Reference source not found., which show the results of daylight factor 

analysis for first floor before modifications using design-builder. 

 

figure 2. 17:daylight factor analysis for first floor 

. 

 

From Error! Reference source not found. we note that the values have divided the 

space into three levels, the first is less than the required limit, the second is within the 

required limit, the third is higher than the required limit, and from here we realize the 

importance of environmental modifications in order to reduce the values that exceed 

the required limit. 
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• Second floor daylight factor analysis: 

See Error! Reference source not found., which show the results of daylight factor 

analysis for second floor before modifications using design-builder. 

 

figure 2. 18:daylight factor analysis for second floor. 

 

From Error! Reference source not found. we note that the values have divided the 

space into three levels, the first is less than the required limit, the second is within the 

required limit, the third is higher than the required limit, and from here we realize the 

importance of environmental modifications in order to reduce the values that exceed 

the required limit. 
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• Third floor daylight factor analysis: 

See Error! Reference source not found., which shows the results of daylight 

factor analysis for the third floor before modifications using design-builder. 

 

figure 2. 19:daylight factor analysis for third floor. 

From Error! Reference source not found. we note that the values have divided the 

space into three levels, the first is less than the required limit, the second is within the 

required limit, the third is higher than the required limit, and from here we realize the 

importance of environmental modifications in order to reduce the values that exceed 

the required limit. 
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• Fourth floor  daylight factor analysis: 

See Error! Reference source not found., which shows the results of daylight 

factor analysis for the fourth floor before modifications using design-builder. 

 

figure 2. 20:daylight factor analysis for fourth floor. 

From Error! Reference source not found. we note that the values have divided the 

space into three levels, the first is less than the required limit, the second is within the 

required limit, the third is higher than the required limit, and from here we realize the 

importance of environmental modifications in order to reduce the values that exceed 

the required limit. 
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Daylight factor analysis after modifications: 

 

• Ground floor  daylight factor analysis: 

See Error! Reference source not found., which show the results of daylight factor 

analysis for ground floor after modifications using design-builder. 

 

figure 2. 21:daylight factor analysis for ground floor. 

After making the necessary and effective adjustments, it was noticed that the values 

had improved, as different areas were included, so that the values became standard, and 

this happened in particular in the areas near the windows, and thus the glare problem 

was solved. 
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• First floor daylight factor analysis: 

See Error! Reference source not found., which show the results of daylight factor 

analysis for first floor after modifications using design-builder. 

 

figure 2. 22:daylight factor analysis for first floor. 

After making the necessary and effective adjustments, it was noticed that the values 

had improved, as different areas were included, so that the values became standard, and 

this happened in particular in the areas near the windows, and thus the glare problem 

was solved. 
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• Second floor  daylight factor analysis: 

See, which shows the results of daylight factor analysis for the second floor after 

modifications using design-builder. 

 

figure 2. 23:daylight factor analysis for second floor 

After making the necessary and effective adjustments, it was noticed that the values 

had improved, as different areas were included, so that the values became standard, and 

this happened in particular in the areas near the windows, and thus the glare problem 

was solved. 
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• Third floor daylight factor analysis: 

See Error! Reference source not found., which shows the results of daylight 

factor analysis for the third floor after modifications using a design-builder. 

 

figure 2. 24:daylight factor analysis for third floor. 

After making the necessary and effective adjustments, it was noticed that the values 

had improved, as different areas were included, so that the values became standard, and 

this happened in particular in the areas near the windows, and thus the glare problem 

was solved. 
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• Fourth  floor daylight factor analysis: 

See Error! Reference source not found., which shows the results of daylight factor 

analysis for the fourth floor after modifications using a design-builder. 

 

 

figure 2. 25:daylight factor analysis for fourth floor 

 

After making the necessary and effective adjustments, it was noticed that the values 

had improved, as different areas were included, so that the values became standard, and 

this happened in particular in the areas near the windows, and thus the glare problem 

was solved. 
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2.1.3 case study: 

2.1.3.1 Introduction:  

Fujian CMB Tower is located north of Jiangbin Street, in the former area of Tea Leaves 

Import and Export Trading Company. Being a rectangular plot of land in a prime 

location alongside the Min River. 

 

figure 2. 26:CMB Tower.  
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Its location from satellites: 

 
figure 2. 27:location of the tower.  

 

2.1.3.2 The bank massing: 

2.1.3.2.1 Brief analysis:  

To get the best view, the bank is placed along the Jiang Bin Road, the views over the 

river are maximized by enlarging the width of the building, and by raising the tower to 

its maximum height, one hundred meters. The building will then expose the maximum 

surface towards the River. 
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Three parts have been created: Two office interconnected towers and one lower that 

accommodates all the staff facilities. The Office, being the more important spaces, have 

been pushed to the southern edge of the site along Jiang Bin Road facing South and the 

River, while the ancillary spaces, requiring less daylight and more level of privacy and 

connectivity have been placed closer to the northern edge of the site. The VIP Banking 

and the CMB Executives offices have been clubbed into the highest tower at the very 

top maximizing their views while the banking hall and the business banking have been 

horizontally spread across the podium to maximize their frontage and accessibility 

 

 

2.1.3.2.2 Sustainability: 

The cores carefully located at the east and west facade, protecting the building from the 

aggressive morning and afternoon sun, and at the same time work as noise barrier, 

screening off the highway. Also the top of the tower has been slightly tapered to provide 

self-shading against the noon sun. 
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2.1.3.2.3 Façade: 

 

The alter Nance of opaque natural stone and transparent facade with louvers to 

minimize the solar impact will create a vibrant building and energy savings. Energy 

efficiency begins with strong fundamentals, this begins with creating a building 

composition that takes advantage of the site orientation then creating an architectural 

envelope that protects against heat gains whilst maximizing daylight and views. The 

facades developed for the design proposal respond strongly to orientation and will 

ensure minimum energy transfer takes place through the building. 
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2.1.3.2.4 Façade design:  

The design has been carefully considered to be energy efficient through simple passive 

measures such as good orientation. The main glazed facades face south and north, with 

the southern facade further protected by horizontal sunshades. This also fully 

capitalizes on views over the adjacent river to the South. Unlike many office towers a 

central core is not employed. Instead the cores are located to the east and west to protect 

against low sun in the mornings and evenings. Opening windows permit cross 

ventilation during the spring and autumn. 

 

figure 2. 28: Façade Design.  

 

2.1.3.3 the most useful ideas:  

It was helpful on the architectural level, the distribution of the spaces from entrance to 

offices until the VIP spaces also the façade design and how we fix our project windows 

and the glass walls to make it comfortable for the humans, make it good for heating and 

cooling. 

A tall, perforated screen that simulates the use of a Louvers (breathing wall) 

landscaping inside and out on the front facade cuts out the glare in the summer months. 

This screen also prevents the use of blackout blinds on the front facade. Panels painted 

in different colors stand out in the restrained concrete facade. 
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2.2 Architectural Aspects: 

 

2.2.1 Introduction: 

 

This aspect is one of the most important means of design, which is in the first stage in 

the design of any building or project, whether it is commercial, residential or 

professional, as the architectural design is in the first stage to meet the needs of the 

building for the purpose for which it was built, where we must find the best 

architectural design in a series of steps Modeling ideas to produce a complete, 

comfortable and beautiful project  

In this part, we will study the functions of the building completely so that they are 

within the standard standards to provide comfort to the users of the building and must 

meet all the requirements for the void of the dimensions of the void and the 

relationships between the spaces and the function of the void to obtain the best 

architectural design. 

 

2.2.2 Standards: 

 

2.2.2.1 The functional relationship between the rooms: 
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Figure 2. 29: functional relationship between the rooms. 

 

figure 2. 30:Access to daylight for rooms. 
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2.2.2.2. Offices: 

 

Offices must be given great care when designing, as it is the place where employees 

will spend most of their time during their work in the building. The office should have 

enough space to be comfortable for the employee and for all those around him. There 

is no longer any defined minimum size for workplaces, according to the new 

Workplace Regulations. However, because of the needs of accident insurers and the 

fact that today's workplaces all contain computer screens, the applicable DIN EN 

norms and regulations apply. There are several types of offices formations that can be 

followed when designing offices for example here are the most common: 
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figure 2. 31: Office’s dimension width (Neufert 4th edition, 2015) 

 

 

The formation and locations of different areas that make up the workstation are 

differentiated by the standards; nevertheless, they can overlap if this does not limit the 

function. 

 

Workstations are places where items like a computer screen, an alphanumeric 

keyboard, and a document or sound recording device are essential for completing 

tasks. Items that are regularly used during the workday should be placed in prominent 
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locations where they are visible and reachable. At the workstation, there should be at 

least 1.5 m2 of unrestricted mobility space. 

 

 

 

figure 2. 32: Workstation’s standard (Neufert 4th edition, 2015) 

 

 

 

 

 

 

 

 

 

 

 

The furniture also plays an important role in building a good and suitable work 

environment for the employees as the following standards: 
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figure 2. 33 : Workstation’s furniture dimension (Neufert 4th edition, 2015) 

 

figure 2. 34: Dimensions of offices. 

 

 

2.2.2.3 Stairs: 
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It is preferable to be in a place close to the main entrance, and to be in a common area 

of contact with the electric elevators. Stairs are selected based on the number of 

people using the building. Taking care of the presence of a fixed handrail for 

protection. 

 - 0.55 m width allows 1 person to pass. 

 - 1.25 m width of allows 2 people to pass.  

- 1.875 m wide allowing 3 people to pass. 

 

 

figure 2. 35: Stair’s dimension (Neufert 4th edition, 2015) 

 

2.2.2.4 Elevators: 

The elevator wall must be made of fire-resistant and sound-insulating materials, to 

prevent the transmission of movement noise and mechanical devices to adjacent 

rooms, so it must not share with the wall of any other room. It’s essential to make sure 

to provide artificial lighting through both day and night and provide a good 

ventilation inside. The number of elevators is determined by the number of users of 

the building. Preferably near the entrance to make it easy to reach. Elevators must 

have a minimum clear width of 1.10 meters and a minimum clear depth of 1.40 

meters. The mobility space in front of the doors must be at least 1.50 m wide and 1.50 

m deep, and it must be as large as the car's floor area. 

- Large offices: 1 person / 4.5 m2.  

- Private offices: 1 person / 7.5 m2 

 

 

The speed of the elevator in administrative buildings:  
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- 5 floors → 30 m/min.  

- 8 floors → 40 m/min.  

- 20 floors → 150 m/min. 

 

figure 2. 36: Elevator’s standard (Neufert 4th edition, 2015) 

 

2.2.2.5 Emergency stairs: 

 

The importance of the emergency staircase increases in administrative buildings, 

especially those whose height is more than 40 m, and the building that can 

accommodate 200 people needs a staircase emergency width of 1 m, but if the 

building contains more than 200 people, it needs to be width of the staircase is 1.25 

m. The emergency staircase must be made of materials that are not affected by fire. 

All doors should be open to the emergency staircase and easily accessible, and it is 

better for the emergency staircase to lead the people from the floor where they are 

directly to the outside road without passing any other floors. Emergency corridors for 

users, these must be at least 2 m wide. The door should be easy to open and close. 

Therefore, side-hinged doors or swing-out doors should be used for a space with a 

user load of more than 50 people. Escape routes should be provided on the same floor, 

if it is possible to walk in opposite directions, leading to outdoor exits or to 

emergency staircase. It should be accessible at a distance 25 meters from each point 

(or 35 meters for other areas or lanes). The doors must open in the direction of the 
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escape, main entrance, or corridor. It must be provided within 10 meters (linear 

distance) from each point. 

 

figure 2. 37: Emergency Staircase standard (Neufert 4th edition, 2015) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

2.2.2.6 Meetings rooms: 
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These rooms are used for the employees to gather in and do their meeting and discuss 

their ideas. Meeting rooms are essential is these types of buildings because it has a 

wide-open space where everybody can see and hear each other clearly. The air 

volume for each person in these rooms is about 4.5 m2 and each person needs 

between 1.1 – 1.25 m2 as min of area in this type of rooms. 

 

figure 2. 38: Meeting room’s dimension (Neufert 4th edition, 2015) 
 

2.2.2.7 WC's: 

 

It’s very important to have enough WCs for all employees and users in the building, 

and it’s more important to have separate WCs for both men’s and ladies. It must be 

within the standards so that it is not too narrow and doesn’t allow freedom of 

movement, and it must preserve the privacy of users so that it is not in an 

inappropriate place in the building, and it must also have adequate ventilation.  

- Toilets are to be located at not more than 100 meters from each workstation or, at 

the farthest, one story height (if no escalator is available).  

- Separate toilets must be provided for both women and men if there are more than 5 

employees, and the number of toilets depends on the number of employees as the 

table below shows. 

 - Unless the facilities only have one toilet and no direct access to a work, social, 

changing, wash, or sanitary room, toilet facilities consist of a lobby with washbasins 
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(at least one washbasin per five WC’s) and a fully separate room with at least one 

WC. Lockable toilet cubicles are required, and if light partitions (incompletely 

separated WC cubicles) are used, the partition must have a height of at least 1.90 m 

and a gap of 10-15 m at the bottom. Urinals must be positioned such that they are not 

visible from the main entrance. 

 - There should be no more than 10 WC cubicles and 10 urinals in a toilet facility. 

 - At least one toilet in all sanitary facilities must be provided for wheelchair users 

with a 48 cm for the seat height.  

- To the right or left of the toilet, the moving space must be at least 95 cm broad and 

70 m deep. There must be at least 30 centimeters between one side of the toilet and 

the wall or furniture. 

 

 

figure 2. 39: WC’s standard (Neufert 4th edition, 2015) 
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figure 2. 40: Doors in WC (Neufert 4th edition, 2015) 
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figure 2. 41: WC’s dimension (Neufert 4th edition, 2015) 

 

 

figure 2. 42: Required number of WC fittings (Neufert 4th edition, 2015) 
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2.2.2.8 Ramps: 

The ramps are essential component in every modern building so people with 

disabilities like having wheelchair can access the building with no problems and count 

on themselves and make sure that the building is safe for them especially in the side 

of the spaces where they will move through the facilities of the building.  

- The max slope is 6% for the ramps and it’s always better for them to be straight not 

curved to make it easier for them to move. 

 - If the ramps are longer than 6 meters, an intermediate landing with a min length of 

1.50 m is necessary.  

- The width must be at least 1.5 m in corridors, main routes and next to stairs up and 

down.  

- The doors must be with width of 0.9 m at least for clear passage. Toilets changing 

rooms and showers must open outward.  

- At least 1 toilet in all sanitary facilities must be provided for wheelchair users with a 

48 cm for the seat height.  

- Routes and corridors which are longer than 15 m must include a passing place for 2 

wheelchairs with at least 1.8 m for both width & depth.  

- Each dwelling must have a weather-protected car parking space or garage. Next to 

the long side of the car, a moving area of 1.50 m depth should be provided.  

- To the right or left of the toilet, the moving space must be at least 95 cm broad and 

70 m deep. There must be at least 30 centimeters between one side of the toilet and 

the wall or furniture.  

- Elevators must have a min clear width of 1.10 m and a min clear depth of 1.40 m. 

The mobility space in front of the doors must be at least 1.50 m wide and 1.50 m 

deep, and it must be as large as the car’s floor area. 

 

figure 2. 43: Dimension Ramp that fit wheelchair (Neufert 4th edition, 2015) 
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figure 2. 44: Movement area for different places (Neufert 4th edition, 2015) 

 

2.2.2.9 Waiting areas: 

 

People are naturally impatient, and this can affect any kind of business in negative 

way, so it’s important to make sure that the waiting area in our building is 

comfortable for people who are visiting the building. The waiting area must have 

enough area so we won’t end up with people who are forced to stand or feel cramped, 

on the other hand we also must overestimate and end up with unused apace that could 

have been used in better ways. A good standard to use is giving each person 20 sq. ft 

Waiting room should be close to the entrance of the building and visible to the 

reception area, but without reducing the privacy of the people in it. Access to the 

waiting area should be easy and the movement path should be free of any obstacles, 

and it should contain different types of seating types like chairs with armrest for older 

people so they can get in and out easily and chairs without armrest so people who use 

wheelchairs can transfer to them with no problems. Another important issue is that we 
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mustn’t make the waiting area too way comfortable like using some deep, plush 

seating because it gives the people the impression that the waiting time will be long. 

 

2.2.2.10 Reception: 

 

The reception room is very important and must be taken care of, as it is the first thing 

a visitor will see when entering the building. When designing the reception area, we 

must be careful when deciding space, color scheme, lighting, and graphics because 

they are all elements that should be considered while conveying a company's 

message. It's also crucial to have enough comfy seating in the waiting area. The 

receptionist should be able to see the waiting room so he can take care of all visitors. 

Clear traffic flow must be maintained in this area by allocating enough space for the 

reception area. A good standard to go by is 20 sq. ft. per person which is pretty like 

the waiting area because both are very connected to each other, we must mention that 

extra space is needed for tables, water cooler, snacks, etc. 

 

figure 2. 45: Standard Reception (Neufert 4th edition, 2015) 

2.2.2.11 Secretary:  

 

The secretary plays a very important role in organizing matters within each 

department, as it is her responsibility to organize the manager’s appointments and 

employees’ agendas and carry out all her responsibilities such as paperwork, 

organizing visitors, setting appointments, agendas and visits. Therefore, the presence 

of a secretary's office is necessary in every department of the institution. The 

secretary's office should be adjacent to the department manager's office as much as 

possible so that the visitor passes over the secretary before entering the department 

manager’s office. It should also have enough space and not narrow, and it is better 

that it contains some waiting chairs. The secretary's office better be in contact and 
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close to the employees' offices in the department. According to Neufert’s standards 

there are 2 limitations for the area of the secretary room as the following: 

 

 

figure 2. 46:Standard for Secretary (Neufert Arabic edition, 2007) 

According to RKW: area must be equal or more than 10 m2. According to Research 

Institute for American Life: area must be equal or more than 6.7 m2. 

 

2.2.2.12 Corridors:  

 

Corridors considers as a social area which work on connecting all facilities and 

branches in the building with each other, it’s important for them to have good width 

so the traffic movement won’t stop, and no accident would happen. Well, as Neufert’s 

book mentioned "The width of the corridors is dependent on the size of office workers 

and the spatial needs of various uses and takes into account the passage of two people 

side by side”. 

 

figure 2. 47:Corridor’s dimension (Neufert 4th edition, 2015) 

The minimum width for corridor is about 1.3m which is also enough for a wheelchair 

to move comfortably from space to another. 
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2.2.2.13 Parking: 

 

It’s very important to have enough parking for both employees and visitors of the 

building, so no one will end up parking his car far from the building or even in no-

parking area. The parking can be somewhere around the building on the site, or it can 

be underground if there is not enough space on the site or if we want to make better 

use of the space. 

 

 

figure 2. 48:Space requirement in parking (Neufert 4th edition, 2015) 

The driving path between the parks must be wide depend on the style you use when 

you arrange your parks, but it’s preferable not to be less than 5 m. The dimensions of 

the standard garage are (2.5 * 5.5 m), these dimensions could be less in private 

buildings and could be more like if the parking is borders by pillars, walls and 

columns: 

 

figure 2. 49:Standard dimension for parking (Neufert 4th edition, 2015) 

According to Nuefert’s book there are a variety of ramp systems for overcoming 

height variations and accessing the various levels of multi-story parking garages. 
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Ramps should not have a gradient of more than 15% and can be up to 20% for small 

cars parks. There must be a horizontal run of at least 5 meters between public roads 

and ramps with more than a 5° grade, or at least 3 m run in the case of car ramps with 

up to a 10% gradient. There must be parks with suitable areas for people with 

wheelchairs, so they won’t find any problem in parking their cars and getting in & out 

from it. The next picture shows some important regulations about the parking 

according to (Council of Ministers Resolution No. (6) of 2011 Regulating Buildings 

and Organization of Local Authorities). 

 

Article No. 28 & 31 (Council of Ministers Resolution No. (6) of 2011 Regulating Buildings and 

Organization of Local Authorities). 

 

2.2.2.14 Windows:  

 

 

figure 2. 50:Window’s dimensions (Neufert 4th edition, 2015) 
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figure 2. 51:Window’s sizes (Neufert 4th edition, 2015) 

 

2.2.2.15 Doors:  

 

 

figure 2. 52: Door’s standard dimension (Neufert 4th edition, 2015) 
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2.2.3 Improvements: 

 

1- To better balance the available space and the need to better provide the 

following spaces in the building: a bathroom for the disabled, a small kitchen 

and an electronic room, they were perfectly distributed between the floors as 

shown in the plans.  

2- The width of some narrow corridors has been increased to improve the 

passage of people in them.  

3- the emergency stair has been improved to make it better for the users. For the 

basements, the B1 is added as parking for the staff, and the B2 is added as a 

service story that can include some facilities like a water tank and a generator. 

Finally, a safe room has been added in the headmaster office to save all the 

money and important things. 

4- For the basements, the B1 and B2 is added as parking for the staff, and the B3 

is added as a safes story  

5-  Finally, a safe room has been added in the headmaster office to save all the 

money and important things. 

 

 

2.3 Energy Simulation of Building: 

Heating and cooling calculations: 

Thermal comfort is one of the basic things that must be taken into account in the design 

because of its effects on the users, therefore for the space to be suitable for the purpose 

for which it was designed, all human comforts must be available as thermal comfort is 

one of these means. The heating and air conditioning system is a system that supplies 

the building with the heat loads necessary in both summer and winter to maintain a 

suitable working space temperature and it is also a system that supplies the building 

with fresh air and draws polluted air. For the heating and air conditioning system to 

function properly, we must make accurate calculations to know the capacity needed for 

this system to work efficiently in all conditions. Some factors affect the capacity of the 

system such as the type of building, type of material used, glass type, conditions 

weather, and so on. 
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Heating and cooling loads before modifications: 

 

Here I will present a general picture of the status of the heating and cooling loads in the 

building before any modifications, through which we can know the matters that need 

to be modified and propose effective solutions to improve these values. 

 

See Error! Reference source not found., which shows us how each element of the 

building contributes to the effect on heating loads before making modifications.  

 

figure 2. 53: heating design before modification 

 

From Error! Reference source not found., we have noticed that there are high 

contribution values for the basic elements in the building that affect the heating loads, 

where the percentage of the contribution of the roof and walls has the largest share, and 

then comes the percentage of the contribution of glass, and from here we realize the 

importance of thermal insulation of the building and the use of a suitable type of glass 

as a kind of necessary adjustments to reduce The contribution of these elements thus 

reduces the necessary heating loads. 
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See Error! Reference source not found., which shows us how each element of the 

building contributes to the effect on cooling loads before making modifications.  

 

figure 2. 54:cooling design before modification. 

 

From Error! Reference source not found., we have noticed that there are high amounts of 

solar gain that pass through the external windows, and this greatly affects the values of 

cooling loads. Therefore, an adjustment must be made to reduce the amount of solar 

gain in the summer as much as possible to reduce the necessary cooling loads. 

 

Definitions of materials that were used: 

 

Definitions of materials and their thermal properties that were used as a kind of 

modification to improve the heating and cooling values. 

To improve the overall situation in the building in terms of heating and cooling values, 

I have defined the materials used in building each element of the project and what are 

the layers that each of these elements consists of, determining specific thicknesses for 

each layer so that satisfactory thermal properties have been achieved for each element. 

It is worth noting that thermal insulation of the building was done here using insulating 

materials that have certain properties. 

Here I will provide a detailed explanation of some of the construction elements in the 

project, what are the layers that were formed from, and what is the thickness of each 

layer, which had a fundamental impact on the values of the heating and cooling loads. 



71 | P a g e  
 

• External walls: 

See Error! Reference source not found. which shows us the cross section for external 

walls. 

 

figure 2. 55:Cross section for external walls. 

 

See Error! Reference source not found. which shows us the thermal properties of 

external walls. 

 

figure 2. 56:thermal properties for external walls 
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The u-value for the external wall is 0.303 < 0.5 which means that the thermal insulation 

in the external walls was effective. 

• Flat roof: 

See Error! Reference source not found. which shows us the cross section for the roof. 

 

figure 2. 57:cross section for flat roof. 

 

 

See Error! Reference source not found. which shows us the thermal properties of the 

roof. 
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figure 2. 58:thermal properties for the roof. 

 

 

The u-value for the roof is 0.307 < 0.39 which means that the thermal insulation in the 

roof was effective. 

 

• Internal walls (partitions): 

See Error! Reference source not found. which shows us the cross section for 

partitions. 

 

figure 2. 59:Cross section for partitions 

• Internal floors: 
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See Error! Reference source not found. which shows us the cross-section of the internal 

floors. 

 

figure 2. 60:Cross section for the internal floor. 

 

• Glazing: 

See Error! Reference source not found. which shows us very important values for 

glazing that we used in the project. 

 

 

Table 4:properties for glazing 

 

u-value for glazing = 1.338 and this value is considered an acceptable value. 
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Heating and cooling loads after modifications: 

 

Heating load: 
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See Error! Reference source not found., which shows us how each building element 

contributes an impact to the heating load after modifications have been made. 

 

figure 2. 61:heating design after modifications. 

 

From Error! Reference source not found. we can notice the clear difference in the 

amount of the contribution of each element of the building in affecting the heating loads 

if there is a significant decrease in the values in which these elements participate, due 

to the modifications that have been implemented to convert the building into a thermally 

insulated building, and therefore this thing will reduce the loads, The necessary heating 

in the building and provides a comfortable thermal environment. 

It is also worth mentioning here that the thermal insulation process of the building 

reduced the amount of difference between each the air temperature and the radiant 

temperature, and this improves the performance of the heating and cooling system, 

which helps in providing a good operative temperature and thus creating a thermally 

comfortable environment. It also reduces the energy consumption used in running the 

system. 

See Error! Reference source not found., which shows us some important values in 

heating design for the building. 
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Table 5:heating load for each space 
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Some comments on the values in Error! Reference source not 

found.: 

• The temperature in all spaces has been set at 22 Celcius, provided that it is the 

operative temperature, and this helps in achieving a thermally comfortable 

environment. 

• It's easy to see the impact of the modifications that were made since all the 

values are logical and acceptable. 

• Design capacity(w/m^2) in all spaces < 80 which means the building is 

considered energy efficient. 

 

Cooling load: 

See Error! Reference source not found., which shows us how each building element 

contributes an impact to the cooling load after modifications have been made. 

 

 

figure 2. 62:cooling design after modifications 

From Error! Reference source not found. we can notice the improvement in the 

values, especially the value of solar gain through the windows. In general, these values 

have become acceptable, and this is all as a result of the modifications that have been 

implemented, which in turn also caused a reduction in the necessary cooling loads and 

made the different temperatures as close to each other as possible, which contributes to 

saving the Thermally comfortable environment and reduces energy consumption. 
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See Error! Reference source not found., which shows us some important values in 

cooling design for the building. 

Table 6:cooling load for each space 
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Some comments on the values in Error! Reference source not 

found.: 

• The temperature in all spaces has been set at 24 Celcius, provided that it is the 

operative temperature, and this helps in achieving a thermally comfortable 

environment. 

• It's easy to see the impact of the modifications that were made since all the 

values are logical and acceptable. 



82 | P a g e  
 

• Design capacity(w/m^2) in all spaces < 80 which means the building is 

considered energy efficient. 

Annual building utility performance summary: 

  

• The site and source of energy: 

See Error! Reference source not found. which shows us the annual energy consumed 

at the site, and the amount of energy consumed per square meter. 

Table 7:site and source energy. 

 

Based on the values given in Error! Reference source not found., the general 

condition can be assessed in general as acceptable, but a comparison must be made with 

another similar building to accurately assess and reach the best possible condition. 

•  End uses: 

See Error! Reference source not found. which shows us the distributions of energy 

consumed at the site. 
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Table 8:end uses. 

 

From Error! Reference source not found. we can realize the logical extent of the 

values, and this makes us conclude that the work has been done correctly. 

 

Thermal comfort:  

 

It is very important to evaluate the situation of the building in terms of its ability to 

achieve comfort for the users, and there is no value for the building if people do not feel 

comfortable while they are inside it. Therefore, this examination is considered one of 

the very important examinations, and it must be dealt with smoothly and try to make it 

the best possible to achieve a thermally comfortable environment for all building users. 

PMW index: It is an indicator that expresses the thermal comfort that people feel while 

they are in the building. 

See Error! Reference source not found. which shows us the index values throughout 

the year. 
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figure 2. 63:PMV index for users in building 

From Error! Reference source not found. we have noticed that the values were 

acceptable throughout the year, and this means that people feel thermal comfort well 

while they are inside the building, except for short periods, which are when there are 

high climatic fluctuations, which occur when switching from one season to another. 

2.4 Acoustic system: 

The acoustic design is an important part no less than any other design part in the 

building, because of its psychological and health impact on the comfort of the users. 

There are some criteria that should be take into account during design. Things will 

calculate is: 

1- Reverberation time (RT 60) 

 2- Articulation loss (AL) 

 3- Sound Transmission Class (STC) 

 

2.4.1 Reverberation time (RT60): 

The time required to reduce the sound to the level of sound that a person can clearly 

hear, equal to 60 (dB). Use ease software to evaluate RT60 for spaces. 

 



85 | P a g e  
 

 

figure 2. 64:Maximum recommended reverberation time for speech in office (Grondzik, & Kwok, 2015, P.1059). 

 

 

 

 

     

 

figure 2. 65:Optimum reverberation times at midfrequency (500–1000 Hz) for various types of facilities (Grondzik, 
& Kwok, 2015, P.1060). 
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figure 2. 66: suggested noise criteria ranges 

 

 

 

RT60 is defined as the measure of the time after the sound source ceases that it takes 

for the sound pressure level to reduce by 60 db. 

 Using EASE software to find RT60 for spaces: 

 

Design Meeting Room:  
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figure 2. 67: pic. for meeting room 

RT 60: 

Recommended reverberation time is approximately 1 second. 

NRC: 

NRC of at least 0.50, ideally at least 0.80. 

NC: 

NC 25-30. 

STC:  

UBC requirements for walls: STC rating of 50 (if tested in a laboratory) or 45 (if 

tested in the field*). 

 

UBC requirements for floor/ceiling assemblies: STC ratings of 50 (if tested in a 

laboratory) or 45 (if tested in the field*) 

IIC: 

UBC requirements for floor/ceiling assemblies: IIC ratings of 50 (if tested in a 

laboratory) or 45 (if tested in the field*). 

* The field test evaluates the dwelling’s actual construction and includes all sound 

paths*. 
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figure 2. 68 dB & NC values 

Using EASE software:  

 

figure 2. 69: ease system RT 

RT60 IN THE RANG << 1 SECOND ITS OK 

 

 

Design waiting room:  
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figure 2. 70:waiting room on ease 

RT60 <1 sec its ok  

 

 

 

 

 

 

 

 

 

 

 

 

We used : 

1. panel gypsym board in the ceiling. 
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2.wood panel in the wall 

 

 

figure 2. 71: materials 

 

 

figure 2. 72: frequancy values 
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Design office room: 

 

figure 2. 73 office room on ease 
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figure 2. 74: office room on ease freq. 

 

 

figure 2. 75: STC schedual 
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2.4.2 Sound transmission class (STC): 

The ability of wall layers to absorb sound and provide room privacy. 

    

 

figure 2. 76:Recommended STC for partitions (Grondzik, & Kwok, 2015, P.1129) 

     

 

figure 2. 77:Typical STC values for windows (Grondzik, & Kwok, 2015, P.1098). 
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figure 2. 78:Typical STC values for doors (Grondzik, & Kwok, 2015, P.10950). 

By using INSUL software to find STC:  

Between offices (Internal partition): 

Between the office and the office there is a wall consisting of 13 mm plaster, 200 mm 

concrete hollow block, 60 mm foam & 10mm plaster as picture shown. 

 

 

figure 2. 79: cross section in internal partion 
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figure 2. 80:STC for internal partion 

The recommendation STC is 38. 

 The STC for partition wall is 81 >>>> 35, its ok. 
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The STC for partition wall is 38 >>>> 35, its ok. 
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At external wall: 

 This wall consisting of 70 mm stone , 100 mm concrete , 80 mm foam  , 100mm hollow 

block &  13 mm plaster as picture shown. 

 

 

figure 2. 81: external wall partions 
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figure 2. 82: external in STC 

The recommendation STC is 38. 

The STC for partition wall is 39 > 38, its ok. 
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2.4.3 Impact insulation class (IIC):  

Impact Insulation Class". This is a unit of measurement that determines the degree of 

soundproofing of the impact noise of a floor/ceiling assembly on site rather than in a 

laboratory. The higher the IIC, the better the acoustic insulation. 

 

FLOOR: 

Consisting of 8 mm ceramic, 30 mm cement plaster, 50 mm sand and gravel, 80 mm concrete 

&170 mm block, 30 mm foam and 10 mm plaster as picture shown. 

 

 

figure 2. 83: cross section in floor 
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Recommended IIC between (34-55) db. 

IIC = 71 >>>>55 ITS ok.  

 

Roof: 

Details shown in the picture. 

 

 

figure 2. 84: cross section in roof 

LPA =16 dB   that’s ok in the rang (15-20).  
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Chapter 3: Structure: 

3.1 Structure Aspect: 

3.1.1 Introduction: 

 The structural structure of the building is the skeleton on which the building rests and 

keeps it from collapsing and falling. There are many construction systems as they 

differ according to the materials that make up them, such as concrete, steel and wood. 

In the building that we have chosen as a graduation project, the structural system is 

based on concrete. There are many elements that work with each other to form this 

system such as the slabs, beams, columns and the footings, which must be designed 

according to the correct specifications and standards so that it can carry the building 

and all the loads loaded on it and be safe for all users of this building. 

 

3.1.2 Loads:  

The loads are all the weights that the structure will carry, and they differ according to 

the nature of the building and its function. Live load is considered one of the most 

important of these loads, as it comes from all things whose weight cannot be 

identified precisely like people. As for things whose weight can be determined, such 

as furniture, they are dead loads. The super imposed loads come from filling material 

which are used in the building. To achieve balance and stability in the building, all 

these loads must be taken into consideration when designing the building. The dead 

load can be founded by calculating and the live load is from the code of the American 

concrete institute (ACI). 

 

Figure 3. 1: Live load in office building (Table 4.3-1 in ASCE 7-16). 
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3.1.3 Materials: 

3.1.3.1 Concrete:  

Concrete is one of the most important components of the structural elements in the 

modern industry. Concrete is a construction material that produced from mixing 

cement, fine aggregates and coarse aggregates with water until a mixture is formed 

that can be poured to harden over time. Concrete is one of the strongest materials in 

bearing pressure, as it can withstand very enormous pressure, but when looking at the 

other side, it is a bad material in its ability to withstand tensile strength, so the 

strength of concrete is measured by its ability to withstand pressure (compressive 

strength).  

3.1.3.2 Reinforcement Steel:  

To solve the problem of concrete in its inability to bear tensile forces, reinforcement 

steel was used, which is an excellent material in its tensile resistance, and the two 

components were combined in many uses to form together what is called reinforced 

concrete. 

3.1.4 Codes and Specifications:  

ASCE-7 (loads and combinations).  

The American Concrete Institute code (ACI 318-14).  

Uniform Building Code (UBC 97) for the seismic design 

 

3.1.5 Structure elements: 

3.1.5.1 Slabs:  

Slabs are the structural elements that provide a working and moving surface for 

people in the building. There are many types of slabs that are used, which differ 

according to their components and the way they distribute the loads on them, the most 

famous of these types are the one way ribbed slab, two way ribbed slab, voided and 

Solid Slab. Rapid slab is considered one of the most widespread types as it uses bricks 

to use less amount of concrete and also relies on the use of steel reinforcement as a 

main component.  

In this project, we used 3 types of slabs, which are the one-way ribbed slab, two way 

ribbed slab and solid slab, where the one way and two way were used in the regular 

floors of the building, and solid slab was used in the rebound ceiling located in the 

first basement in the building, as it will be clarified Later. 
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Figure 3. 2: Distribution of load on One way & Two way slab (Basic Civil Engineering). 

3.1.5.2 Beams:  

Beams are one of the most important structural elements in the building that connect 

the columns to each other, as they transfer the loads from the slab and pass them to 

the columns. There are many types of beams, such as the hidden beams, where the 

beam thickness is like the thickness of the slab, and there are also the drop beams, 

where the beam thickness is larger than the Slab thickness. In this project, beam tracks 

were used mainly because they have more stiffness and suitable for spans and 

function of the building. 

3.1.5.3 Columns:  

Columns are also within the important structural elements in the building, as they take 

the loads coming from the slab to the beams and then to the columns to pass them to 

the building footings. The columns are designed carefully so that their sections and 

lengths are sufficient, as they are what give the building its real height.  

3.1.5.4 Footings:  

The footings play an essential role in transferring all coming loads from the building 

and its structural and non-structural elements through them to the soil. Therefore, the 

design of the footings depends largely on the type of soil and its durability, as it is 

designed with appropriate dimensions to perfectly distribute the loads on the soil.  

3.1.5.5 Shear walls:  

Shear walls are considered one of the structural elements that have very high stiffness 

and act like columns in transferring loads. They are also used when there are 

horizontal loads, especially in the underground floors, where they are called retaining 

walls. 
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3.2 Structure Design: 

The design simulation was done using the ETABS Software, and to make sure that the 

model design is correct the following calculations and checks was done: 

 

3.2.1 Selected Materials: 

- B350 Concrete with fˋc =28 MPa for columns.  

- B300 Concrete with fˋc =24 MPa for slabs and beams.  

- Steel yield strength Fy = 420 MPa for reinforcement steel.  

- ɣ for concrete = 25 KN/m3 - ɣ for steel = 78 KN/m3 

 

3.2.2 Selected Systems: 

The system will be used flat plate voided slab. 

 

3.3 Important first calculations: 

3.3.1 Slab Thickness Calculations: 

After calculation slab thickness is 500mm 

Slab wight /m2 = 8.29 KN/m2 

 

3.3.2 Load Calculations: 

 

Figure 3. 3Minimum live loads (Table 1-4 in ASCE 7-05). 
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1. Live load= 3 KN/m2 

2. Assume super imposed load= 4 KN/m2 

3. Wall load = 20 KN/m 

 

3.4 Checks required: 

3.4.1 Model checks: 

3.4.1.1 Compatibility check: 

 

Figure 3. 4: compatability check 
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3.4.1.2 Equilibrium check: 

Table 9: equilibrium check 

 

 

3.4.1.3 Stress Strain check: 

Check columns: 

From Live loads: 

Table 10: stress strain check: column 

 

 

Slab check: 

From live load: 

Table 11: stress strain chebk: slab 

 

 

 

 

 

 

 



108 | P a g e  
 

3.4.1.4 Deflection check: 

From live load: 

Limit =12.64 /360 =35.11 mm 

 

Figure 3. 5: deflection check 

Etabs deflection = 5.70 mm<<35.11mm 

From service loads: 

Limit =12.64/240=52.66mm……………………is ok 
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Figure 3. 6: deflection check 

Etabs deflection = 27.25 mm<<52.66mm……………………is ok. 
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3.4.1.5 Design check: 

 

Figure 3. 7:Design check 

3.4.1.6 Punching shear check: 

 

Figure 3. 8:Punching shear check 

Punching shear is ok. 
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3.4.1.7 Period check: 

 

Figure 3. 9:Period check. 

 

Period less than 1 which is ok. 
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3.4.1.8 Slab shear check: 

𝛷𝑉𝑐 =
0.75

6
∗ √𝑓𝑐 ∗ 𝑏 ∗ 𝑑 =  

0.75

6
∗ √28 ∗ 1000 ∗ 330/1000 =218.21 KN 

 

Figure 3. 10:Slab shear check 

. 

Vu< 𝛷𝑉𝑐  ok 
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3.5 Seismic design: 

3.5.1 Seismic load analysis:  

The used code is UBC 97 and by using the Model Response Spectrum or the dynamic 

seismic method. 

3.5.1.1 Seismic zone factor (Z): 

 

Figure 3. 11: seismic zone 

Zone: Nablus------> Z=0.20 
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3.5.1.2 Soil profile types: 

Table 12: soil types profile 

 

Soil profile SC 

3.5.1.3 Seismic coefficient (Ca): 

Table 13: Ca Coefficent  

 

3.5.1.4 Seismic coefficient (Cv): 

Table 14:Seismic coefficient (Cv): 
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3.5.1.5 Structural system: 

 

Table 15: structural system 
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3.5.1.6 Importance factor (I): 

Table 16: importance factor  

 

 

 

Figure 3. 12: seismic factors 
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3.5.2 Seismic checks: 

3.5.2.1 Period check: 

T (method A)= Ct*(ℎ𝑛
3
4⁄ ) 

Ct= 0.0731 , hn=30.9 m 

T (method A)= 1.02 

1.4 * T (method A)= 1.43 > T period from etabs =0.875 …………. Is ok. 

 

Figure 3. 13: Period from etabs model 
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3.5.2.3 Draft check: 

 

Table 17: draft check 

 

Check is ok 

3.5.2.3 Model participant mass ratio check: 

Table 18: Model participant mass ratio check. 

 

Sum UX and Sum UY> 0.9---->ok 
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3.5.2.4 Base shear check: 

EQ max from ETABS = 13202 

W =D.L+SID +0.3 *L.L = 208288.9 KN 

V = min  (
2.5∗𝐶𝑎∗𝑊∗𝐼

𝑅
 ,
𝐶𝑣∗𝑊∗𝐼 

𝑅∗𝑇
)    

CV =0.32  

I=1 

R=5.5 

T=0.875 

SO V = 13849 KN 

Error =
13849−13202

13849
∗ 100% = 4.6% < 5%………… . 𝑜𝑘 
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3.6 Required Design elements: 

3.6.1 Column Design: 

 

Figure 3. 14: Etabs model column 
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Figure 3. 15: Etabs model column2 

. 

 

Column layout: 

 

Figure 3. 16: column layout 
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Column detailing:  

 

Figure 3. 17: column detailing 

 

 

Figure 3. 18: column detailing 
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3.6.2: Slab design: 

Slab layout: 

Slab layout B3: 

 

Figure 3. 19: slab layout B3 

 

Slab layout B2: 

 

Figure 3. 20: slab layout B2 
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Slab layout B1: 

 

Figure 3. 21: SLAB LAYOUT B1 

 

Slab layout G.F: 

 

Figure 3. 22: slab layout G.F 
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Slab layout F1: 

 

Figure 3. 23: slab layout F1 

 

Slab layout F2: 

 

Figure 3. 24: slab layout F2 

Slab layout F3: 
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Figure 3. 25: slab layout F3 

 

Slab layout F4: 

 

Figure 3. 26: slab layout F4 
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Slab detailing: 

 

Figure 3. 27: slab detailing 

 

Figure 3. 28: slab detailing 
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Slab detailing for b3: 

 

Figure 3. 29:Slab detailing .b1 

 

Slab detailing for b2: 

 

Figure 3. 30:Slab detailing b2 
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Slab detailing for b1: 

 

Figure 3. 31:Slab detailing .b3 

Slab detailing for gf: 

 

Figure 3. 32:Slab detailing G.F 
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Slab detailing for f1: 

 

Figure 3. 33:Slab detailing f1 

Slab detailing for f2: 

 

Figure 3. 34:Slab detailing f2 
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Slab detailing for f3: 

 

Figure 3. 35:Slab detailing f3 

Slab detailing for f4: 

 

Figure 3. 36:Slab detailing f4 
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3.6.3 Footing design:  

Soil allowable bearing capacity = 250 KN/m2. 

Footing type: Mat footing 

 

In this type, the reinforcement will be a mush at the top and a mush at the bottom. 

 

Figure 3. 37: reinforcement of mat footing 

 

Software used: Safe 2016 
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Figure 3. 38: footing design 

Thickness was calculated equal =900 mm 

Model checks: 

Bearing capacity check from service load: 

 

 

Figure 3. 39:Bearing capacity check from service load 

Footing stresses < allowable bearing capacity     ….is ok 
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Punching shear check: 

 

 

Figure 3. 40:Punching shear check 

 

As shown, all rations<1but at the shear walls N/C which ok. 

 

Footing detailing: 

 

Figure 3. 41:Footing detailing 
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Figure 3. 42:Footing detailing 

 

3.6.4 Stairs design: 

The stairs is designed in Etabs program to make sure compatible and design . 

Live lead =3.50 KN/m2 

SID=4.50 KN/m2 

 

Figure 3. 43:stairs plan. 
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Modal ETABS: 

 

Figure 3. 44:Modal etabs stairs 

Compatibly check: 

 

Figure 3. 45:Compatibly check stairs 

The stair is compatible 
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Shear check in stairs: 

𝛷𝑉𝑐 =
0.75

6
∗ √𝑓𝑐 ∗ 𝑏 ∗ 𝑑 =  

0.75

6
∗ √28 ∗ 1000 ∗ 160/1000 =105 KN 

 

 

Figure 3. 46:Shear check in stairs 

𝛷𝑉𝑐 > 𝑉𝑢…………….ok 
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Moment results from ETABS: 

 

Figure 3. 47:Moment results from etabs 

Max moment from ETABS = 6.1 kn.m . 

 

 

        =0.000695 

ρ min = 1.4/ fy = 1.4 /420 = 0.003  

so, use AS min 

As min = 0.003 * 1000 * 200 = 600 𝑚𝑚2   use 6 Ø12/ m 

 

 

 

 

 

  ρ=
0.85∗fc

Fy
 1 − 1 −  

2.61∗106∗Mu

fc∗b∗d2
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Stairs detailing:  

 

Figure 3. 48:Stairs detailing Stairs detailing 

 

3.6.5 Shear wall design: 

 

Figure 3. 49:Shear wall design 
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Table 19:Shear wall design 

All shear wall in building Vu< Ø VC ………….shear check in shear wall is ok  

 

Design for shear wall: 

 

Table 20:Shear wall design1 

 

The ratio reinforcement in all shear wall in building is 0.0025. 

Area of streel on 1m = 0.0025*1000*300 =750mm ----so use 7 Ø12 /1m. 
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Shear wall detailing: 

 

Figure 3. 50:Shear wall detailing. 

 

 



142 | P a g e  
 

 

Figure 3. 51:Shear wall detailing 
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3.6.6 Sheet piles design: 

Sheet pile design is concrete used to provide temporary or permanent earth retention 

solutions in various construction projects. They are commonly used in applications 

such as retaining walls, cofferdams, bulkheads, and deep excavations. 

We used geo5 2020 for design concrete sheet pile. 

 

Soil: 

Table 21: soil sheet piles 

 

 

Sheet pile dimension:  

 

Figure 3. 52:Sheet pile dimension: 
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Sheet pile geometry, Bending moment and shear force: 

 

Figure 3. 53: Sheet pile geometry, Bending moment and shear force. 

 

Results from geo5 2020 program: 

 

Figure 3. 54: Results from geo5 2020 program 

 

Sheet pile detailing: 

 

Figure 3. 55:Sheet pile detailing. 
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Chapter 4: Electro - Mechanical Design: 

 

4.1 Lighting: 

4.1.1 Introduction: 

Lighting has always been a fundamental element in the conception of architectural 

spaces, for it is capable of playing with volumes, distorting the perception of space 

and even dramatizing the shapes and textures of the materials, enhancing their 

aesthetic features dramatically. However, light does not only play a major role at a 

decorative level. The quality of illumination makes all the difference when it comes 

to the comfort -even the health- of those who experience living in these space 

4.1.2 Artificial lighting design: 

In this section, much attention should be paid to artificial lighting in the building 

because it played a major role in the comfort of users. Where attention must be paid to 

the amount of lux, color, direction, color temperature and the method of distributing 

them within the spaces without neglecting to look at the amount of energy consumed 

by the lighting units used.  

The reflection factors used according to the DiaLUX software are the following:  

• Ceiling: 75  

• Floor: 60 

 • Wall: 30 

Calculations and design will be using the DiaLUX software and according to the 

required standards and specifications of each space, where one space of each category 

will be designed and all the required luminaires will be given with a plan of their 

distribution in the space along with a plan of the lux map contour in the space, the 

glare will also be checked by making some calculation object surfaces in the 

important areas, as the following: 
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Ground floor rooms: 

1-waitng hall: 

The standard lux value in this type of spaces is 200lx with 3500 - 4000 K lighting temperature 

as the next calculations which is done all by the DiaLUX software shows: 

 

Figure 4. 1: Artificial lighting calculation for waiting room. 

 

Figure 4. 2: Waiting room from DiaLUX 
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Figure 4. 3:Light scene of lux values for artificial lighting in waiting room with plan of luminaires. 

 

 

Figure 4. 4:Used type of luminaires in waiting room. 

Results: the space’s artificial lighting design achieve all the requirement and specifications, 

the light is distributed well and the glare is within the right range and not annoying  
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2-Reception area: 

The standard lux value in this type of spaces is 300lx with 3500 - 4000 K lighting temperature 

as the next calculations which is done all by the DiaLUX software shows: 

 

Figure 4. 5:Reception room from DiaLUX. 

 

Figure 4. 6:Artificial lighting calculation for reception room. 
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Figure 4. 7:Used type of luminaires in reception room. 

  

 

Figure 4. 8:Used type of luminaires in reception room. 

Results: the space’s artificial lighting design achieve all the requirement and specifications, 

the light is distributed well and the glare is within the right range and not annoying. 
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3- Security room: 

The standard lux value in this type of spaces is 300lx with 3500 - 4000 K lighting temperature 

as the next calculations which is done all by the DiaLUX software shows: 

 

Figure 4. 9:Artificial lighting calculation for secretary room 

 

Figure 4. 10:Light scene of lux values for artificial lighting in secretary room with plan of luminaires 
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1st floor rooms: 

1- Offices: 
The standard lux value in this type of spaces is 500lx with 3500 - 4000 K lighting temperature 

as the next calculations which is done all by the DiaLUX software shows: 

 

Figure 4. 11:Employees office from DiaLUX 

 

Figure 4. 12:Artificial lighting calculation for employee’s office 
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Figure 4. 13:Light scene of lux values for artificial lighting in employee’s office with plan of luminaires. 

 

Figure 4. 14:Used type of luminaires in employee’s office 
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Glare check: 

 

Figure 4. 15:Glare results in employee’s office. 

Results: the space’s artificial lighting design achieve all the requirement and 

specifications; the light is distributed well and the glare is within the right range and 

not annoying 

Bathroom: 

The standard lux value in this type of spaces is 100lx with 2700 - 3000 K lighting 

temperature as the next calculations which is done all by the DiaLUX software shows: 

 

Figure 4. 16:Bathroom from DiaLUX 

 

Figure 4. 17:Artificial lighting calculation for bathroom. 
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Figure 4. 18:Light scene of lux values for artificial lighting in bathroom with plan of luminaires 

Results: the space’s artificial lighting design achieve all the requirement and specifications, 

the light is distributed well and the glare is within the right range and not annoying. 

 

W.C: 

The standard lux value in this type of spaces is 100lx with 2700 - 3000 K lighting 

temperature as the next calculations which is done all by the DiaLUX software shows: 

 

Figure 4. 19:W.C from DiaLUX 
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Figure 4. 20:Artificial lighting calculation for W.C. 

 

Figure 4. 21:Light scene of lux values for artificial lighting in W.C with plan of luminaires 

 

Figure 4. 22:Used type of luminaires in W.C 

Results: the space’s artificial lighting design achieve all the requirement and 

specifications, the light is distributed well and the glare is within the right range and 

not annoying. 
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2nd+3rd floor rooms: 

1-Manager room: 

The standard lux value in this type of spaces is 500lx with 3500 - 4000 K lighting 

temperature as the next calculations which is done all by the DiaLUX software shows: 

 

Figure 4. 23:Manager’s room from DiaLUX 

 

 

 

Figure 4. 24:Artificial lighting calculation for manager’s room. 
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Figure 4. 25:Light scene of lux values for artificial lighting in manager’s room with plan of luminaires. 

 

Figure 4. 26:Used type of luminaires in manager’s room 
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Glare check: 

 

Figure 4. 27:Glare results in manager’s room 

Results: the space’s artificial lighting design achieve all the requirement and 

specifications; the light is distributed well and the glare is within the right range and 

not annoying. 

2-meeting room: 

The standard lux value in this type of spaces is 500lx with 3500 - 4000 K lighting 

temperature as the next calculations which is done all by the DiaLUX software shows: 

 

Figure 4. 28:Artificial lighting calculation for employee’s office 
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Figure 4. 29:Light scene of lux values for artificial lighting in meeting room with plan of luminaires. 



160 | P a g e  
 

 

Figure 4. 30:Used type of luminaires in meeting room 

 

Glare check: 

 

Figure 4. 31:Glare results in meeting room for 1-4 chairs. 
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Figure 4. 32:Glare results in meeting room for 5-8 chairs. 

 

Results: the space’s artificial lighting design achieve all the requirement and 

specifications; the light is distributed well and the glare is within the right range and 

not annoying. 

3-Corridor: 

The standard lux value in this type of spaces is 100lx with 3000 - 4000 K lighting 

temperature as the next calculations which is done all by the DiaLUX software shows: 

 

Figure 4. 33:: Corridor from DiaLUX. 
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Figure 4. 34: Artificial lighting calculation for corridor 

 

Figure 4. 35Light scene of lux values for artificial lighting in corridor with plan of luminaires 
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Figure 4. 36:Used type of luminaires in corridor. 

Results: the space’s artificial lighting design achieve all the requirement and 

specifications, the light is distributed well and the glare is within the right range and 

not annoying. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



164 | P a g e  
 

The basement floor:  

1-The garage: 

The standard lux value in this type of spaces is 75lx with 4000 - 5000 K lighting 

temperature as the next calculations which is done all by the DiaLUX software shows: 

 

Figure 4. 37:Garage from DiaLUX 

 

Figure 4. 38:Artificial lighting calculation for garage. 
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Figure 4. 39:Light scene of lux values for artificial lighting in garage with plan of luminaires. 

 

Figure 4. 40:Used type of luminaires in garage 

Results: the space’s artificial lighting design achieve all the requirement and specifications, 

the light is distributed well and the glare is within the right range and not annoying. 
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2-Safe room: 

The standard lux value in this type of spaces is 200lx with 3000 - 4000 K lighting temperature 

as the next calculations which is done all by the DiaLUX software shows: 

 

Figure 4. 41:Safe room from DiaLUX 

 

Figure 4. 42:: Artificial lighting calculation for safe room. 
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Figure 4. 43:Light scene of lux values for artificial lighting in safe room with plan of luminaires 

 

Figure 4. 44:Used type of luminaires in safe room 

Results: the space’s artificial lighting design achieve all the requirement and 

specifications, the light is distributed well and the glare is within the right range and 

not annoying 
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4.2 Power: 

4.2.1 Introduction: 

It is in this part of the project that the electrical wiring of the building is designed. The 

necessary exits and switches were distributed and the breakers board designed for the 

building. 

4.2.2 Power of sockets and lighting: 

4.2.2.1 Ground floor: 

Lighting 

 

Table 22: lighting G.F 

  

Demand factor for light = 0.8 

Total power for light= power of light * demand factor 

Total power for light= (1921)* (0.8) = 1536.8W 

 

Sockets: 

Number of sockets = 37. 

Demand factor for socket = 0.8. 

Power socket = 35 *250*0.8 = 7000 W + 4000 W special power = 11000 W 

Total power = power light + power socket = 1536.8 + 11000 = 12536.8 W 

Power factor = 0.9 for residential  

. I rated = 125368 / (230* 0.9) = 60 A  

 I c.b > 1.25 * 60 A  

 I c.b > 75 A … So I c.b = 3*100 A  

Cable = 5*25 mm^2 
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4.2.2.2 First floor: 

Lighting: 

 

Table 23: LIGHTING F1 

 

Demand factor for light = 0.8 

Total power for light= power of light * demand factor 

Total power for light= (1547)* (0.8) = 1237.6 W 

 

Sockets: 

 

Number of sockets = 41 

Demand factor for socket = 0.8 

Power socket = 39 *250*0.8 = 7800 W + 4000 W (SP) = 11800 

Total power = power light + power socket = 1237.6 + 11800 = 13037.6 W 

Power factor = 0.9 for residential  

 I rated = 13037.6 / (230* 0.9) = 63 A  

 I c.b > 1.25 * 63 A  

 I c.b > 76 A  

 So I c.b = 3*100 A  

Cable = 5*25 mm^2 
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4.2.2.3 Second floor: 

Lighting: 

 

Table 24: Lighting F2 

 

Demand factor for light = 0.8 

Total power for light= power of light * demand factor 

Total power for light= (1354)* (0.8) = 1083.2 W 

 

Sockets: 

 

Number of sockets = 41 

Demand factor for socket = 0.8 

Power socket = 39*250*0.8 = 7800 W + 4000 W =11800 W 

Total power = power light + power socket = 1083.2 + 11800 = 12883.2 W 

Power factor = 0.9 for residential  

 I rated = 12883.2 / (230* 0.9) = 62 A  

 I c.b > 1.25 * 62 A  

 I c.b > 77 A  

 So I c.b = 3*100 A  

Cable = 5*25 mm^2 

 

 

 

 



171 | P a g e  
 

4.2.2.4 Third floor: 

Lighting 

 

Table 25: lighting F3 

 

Demand factor for light = 0.8 

Total power for light= power of light * demand factor 

Total power for light= (1264)* (0.8) = 1011.2 W 

 

Sockets: 

Number of sockets = 51 

Demand factor for socket = 0.8 

Power socket = 46*250*0.8 = 9200 W + 8000 W = 17200 W. 

Total power = power light + power socket = 1011.2 + 17200 = 18211.2 W 

Power factor = 0.9 for residential  

 I rated = 18211.2 / (230* 0.9) = 79 A  

 I c.b > 1.25 * 79 A  

 I c.b > 98 A  

 So I c.b = 3*100 A  

Cable = 5*25 mm^2 
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4.2.2.5 Fourth floor: 

 Lighting: 

 

Table 26: lighting F4 

 

Demand factor for light = 0.8 

Total power for light= power of light * demand factor 

Total power for light= (987)* (0.8) = 789.6 W 

 

Sockets: 

 

Number of sockets = 30 

Demand factor for socket = 0.8 

Power socket = 17*250*0.8 = 3400 W + 6000 W = 9400 W 

Total power = power light + power socket = 789.6 + 9400 = 10189.6 W 

Power factor = 0.9 for residential  

 I rated = 10189.6 / (230* 0.9) = 49 A  

 I c.b > 1.25 * 49 A  

 I c.b > 49 A  

 So I c.b = 3*63 A  

Cable = 5*25 mm^2 
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4.2.2.6 Basement 1: 

Lighting: 

 

Table 27: lighting B1 

 

Demand factor for light = 0.8 

Total power for light= power of light * demand factor 

Total power for light= (2058)* (0.8) = 1646.4 W 

 

Sockets: 

 

Number of sockets = 3 

Demand factor for socket = 0.8 

Power socket = 2*250*0.8 = 400 W+ 2000W =2400 W 

Total power = power light + power socket = 1646.4 + 2400 = 4046 W 

Power factor = 0.9 for residential  

 I rated = 4046 / (230* 0.9) = 20 A  

 I c.b > 1.25 * 20 A  

 I c.b > 25 A  

 So I c.b = 3*50 A  

Cable = 5*16 mm^2 
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4.2.2.7 Basement 2: 

 Lighting: 

 

Table 28: lighting b2 

 

Demand factor for light = 0.8 

Total power for light= power of light * demand factor 

Total power for light= (2058)* (0.8) = 1646.4 W 

 

Sockets: 

 

Number of sockets = 3 

Demand factor for socket = 0.8 

Power socket = 2*250*0.8 = 400 W+ 2000W =2400 W 

Total power = power light + power socket = 1646.4 + 2400 = 4046 W 

Power factor = 0.9 for residential  

 I rated = 4046 / (230* 0.9) = 20 A  

 I c.b > 1.25 * 20 A  

 I c.b > 25 A  

 So I c.b = 3*50 A  

Cable = 5*16 mm^2 

 

 

 

 

 



175 | P a g e  
 

4.2.2.8 Basement 3: 

 Lighting: 

 

Table 29: lighting b3 

 

Demand factor for light = 0.8 

Total power for light= power of light * demand factor 

Total power for light= (461)* (0.8) = 368.8 W 

 

Sockets: 

 

Number of sockets = 10 

Demand factor for socket = 0.8 

Power socket = 9*250*0.8 = 1800 W+ 2000W =3800 W 

Total power = power light + power socket = 368.8 + 3800 = 4168.8 W 

Power factor = 0.9 for residential  

 I rated = 4168.8 / (230* 0.9) = 20 A  

 I c.b > 1.25 * 20 A  

 I c.b > 25 A  

 So I c.b = 3*50 A  

Cable = 5*16 mm^2 
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This figure show the sockets at ground floor: 

 

Figure 4. 45:sockets at ground floor 

This figure show the lighting at ground floor: 

 

Figure 4. 46:the lighting at ground floor 
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This figure show the distribution board in ground floor: 

 

 

Figure 4. 47:the distribution board in ground floor 

 

 

4.2.2.9 Main distribution board (MDB):   

Total power = total power GF+ total power F1 + total power F3+ total power F4+ 

total B1+Total power B2 + total power B3 = 79119.2 W +140000 W (chiller) + 22500 

= 241619.2. 

 

I rated = 241619.2/ (3^0.5 *400* 0.9) = 387.5 A  

 I c.b > 1.25 * 387.5 A  

 I c.b > 485 A  

 So I c.b = 3*600A  

 Cable = 5*240mm^2 
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4.2.2.10 Chiller: 

140 kW 

Now we will calculate the power of chiller:  

I rated =140000/ (3^0.5 *400 *0.85) =237.74 A  

I c.b > 1.25 *237.74 A 

I c.b > 297.2 A  

Then I cb = 300A  

Cable = 5*150 mm^2 

 

4.2.2.11 Elevator: 

22500W 

Now we will calculate the power of Elevator:  

I rated = 22500/ (3^0.5 *400 *0.9) =36 A  

I c.b > 1.25 *36 A 

I c.b > 45 A  

Then I cb = 63 A  

Cable = 5*25 mm^2 

I =115 A FOR GENERATOR. 

115*400V= 46000 KVA   * 0.8 = 36800 KW 

 

4.2.2.12 GENERATOR: 

LIGTHING GENERATOR: 

Now we will calculate the power of GENERATOR:   

I rated = 9320/ (3^0.5 *400 *0.9) = 15 A  

I c.b > 1.25 *15 A 

I c.b > 19 A  

Then I cb = 25 A  
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Cable = 5*10 mm^2 

 

POWER GENERATOR: 

69800 W /2 = 35000 W 

I rated = 35000*0.7/ (3^0.5 *400 *0.9) = 39 A  

I c.b > 1.25 *39 A 

I c.b > 49 A  

Then I cb = 63 A  

Cable = 5*25 mm^2 

 

 The figure below shows the main distribution board:   

 

 

Figure 4. 48:the main distribution board: 
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4.3 Mechanical Design: 

 4.3.1 Water supply system: 

Designing the building's water installations and calculating the amount of water 

needed for use inside the building. The diameters of the pipes and the pressure 

required for water in the floors were calculated, and auxiliary pumps were used. A 

boiler was used for hot water. 

 

Figure 4. 49:Guide for water supply (Grondzik, Kwok, Stein, & Reynolds, 2010, P.872) 
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In an office building, 50 liters per one person is needed for water supply in a day. The 

largest number of users of the building per day is about 250 users, the total daily 

water needed is 12500 liters/day, which equal 12.5 m3 /day. 

4.3.1.1 Domestic hot water consumption: 

 

Figure 4. 50:: Domestic hot water consumption (Grondzik, Kwok, Stein,& Reynolds, 2010, P.943). 

In a building, 3.8 liters per person is needed for water supply in a day. The largest 

number of users of the building per day is about 210 users, the total daily water 

needed is 800 liters/day, which equal 0.8 m3 /day. 

But it is an office building there is no need for hot water in the offices or in the 

kitchen, instead we will use an Atmor in the kitchens, W,C, and in the security 

room. 
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4.3.1.2 Diameter calculation: 

 

Water pressure: 

 In this building, roof tanks will be used, the water pressure will be 0.433h, where h is 

the distance between the lavatory and the middle of the tank. 

Table 30: WATER PRESSURE 

 

Water supply fixture units: 

 

Figure 4. 51:Water Supply Fixture Units (Grondzik, Kwok, Stein, & Reynolds, 2010, P.991). 

By using upper figure, calculate total FU for each floor. 
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Table 31:Fixture unit for zone 

 

 

Water flow rates: 

Table 32 Water flow rate (Grondzik, & Kwok, 2015, P.919) 
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From upper figure, determined water flow rate for vertical, horizontal & branches for 

each floor. 

Table 33:Water flow rate for zone 

 

 

Determined diameter pipe & pressure drop 

 

Figure 4. 52:Diameter & pressure drop per 100 ft(psi) for steel pipe 



185 | P a g e  
 

 

Figure 4. 53:Diameter & pressure drop per 100 ft(psi) for plastic pipe 
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From upper figure, determined possible diameter for vertical, meter, horizontal & 

branches. 

Table 34:: Equivalent length for zone Pipe Material A.L 
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Table 35:: possible diameter for vertical pipe with pressure losses for zone A 

 

 

Water flow rate for GF+4th (horizontal)=20 gpm 

 

Table 36:: possible diameter for horizontal pipe (GF+4thF) with pressure losses for zone A 

 

Water flow rate for floor FF+THF+5thF (horizontal)=23 gpm 

Table 37:possible diameter for horizontal pipe (1st / 2nd / 3rd) with pressure losses for zone 
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Water flow rate (branch)=5 gpm 

Table 38:possible diameter for branch pipe with pressure losses for zone A 

 

Selected pipes: 

Table 39:selected diameter for pipes (GF&4th) with pressure losses for zone A 

 

 

 

Table 40: selected diameter for pipes (1st / 2nd / 3rd ) with pressure losses for zone 
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For Ground floor, available pressure is 31.62 psi  

The critical pressure is 12 psi  

The maximum allowable loss=31.62-12=19.62 psi  

The total loss in GF is 0.4+1.3+0.039+0.018=1.75 < max loss so it’s ok  

19.62-1.75 = 17.87 psi  

But we need a limiter 17 psi  

For First floor, available pressure is 25.55psi  

The critical pressure is 12 psi  

The maximum allowable loss = 25.55-12=13.55psi  

The total loss in FF is 0.4+1.3+0.04+0.018=1.758 

 

For second floor, available pressure is 20.45psi  

The critical pressure is 12 psi The maximum allowable loss=20.45-12=8.45psi  

The total loss in SF is 1.75 >max loss so it’s ok 

8.45-1.75=6.7 psi  

But we need a limiter 6 psi For third floor, available pressure is 15.3psi  

The critical pressure is 12 psi  

The maximum allowable loss=15.3-12=3.3psi 

 The total loss in TH.F is 1.75 

3.3+1.75=1.55 psi  

No need limiter For fourth floor, available pressure is 10.2 psi  

The critical pressure is 12 psi  

The maximum allowable loss=10.2-12=-1.8psi  

The total loss in Fourth F is 1.75>max loss so isn’t ok 
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4.3.2 Drainage system design: 

 

After performing the process of distributing water supply pipes inside the building 

and based on the distribution of furniture, especially laundries and toilets, a process of 

drawing and designing sewage drainage system according to its type: 

 1. Gray water gathers in the shower and in the washbasins.  

2. Black water: This is the water that accumulates in the toilets and kitchen sink.  

3. Storm water: Rainwater fills this reservoir. 

 

Figure 4. 54:Drainage fixture units (Grondzik & Kwok, 2015, P.945). 

From above figure, shown the total drainage fixture unit in a building 
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Table 41:drainage fixture unit in a building 

 

 

Figure 4. 55:Horizontal Fixture Branches and Stacks (Grondzik & Kwok, 2015, P.946) 

 

Figure 4. 56:Building Drains and Sewers (Grondzik & Kwok, 2015, P.948) 
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Figure 4. 57:Size and Developed Length of Stack Vents and Vent Stacks (Grondzik & Kwok, 2015, P.947) 

 

Table 42:Diameter & slope for type of fixture 
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4.3.3 HVAC system design: 

4.3.3.1 Introduction: 

The heating, ventilation and air conditioning system is one of the necessary and 

important systems in any project, through which thermal comfort is achieved, by 

using means of cooling or heating and controlling the temperature of the medium to 

reach the level of comfort for people inside the building, and obtain fresh air, which 

helps in improving productivity. 

The following information is required to design HVAC system using Design Builder 

software:  

1- Inside design temperature = 23˚C in summer and 22˚C in winter. 

2- Relative humidity between (30-60) percent. 

The Result from (Design builder) simulation for heating and cooling as follow: * 

1- Total design heating load = 102.340 KW.  

2- Total design cooling load= 164.67 KW. 
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4.3.3.2 Value of heating and cooling from Design Builder for all spaces: 

 

Table 43:heating and cooling from Design Builder for all spaces 
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4.3.3.3 HVAC design system: 

VRF system: 

VRF system consists of an outdoor unit that supplies, the fan coils with air that is 

connected to diffusers supplying the diffusers in each space. The number of diffusers 

is determined based on the airflow. 

 

Diffuser from catalogue: 

 

Figure 4. 58: Diffuser from catalogue 

The first diffuser with handles 34 L/S airflow, and the dimension of the diffuser is 

(150x150) mm. 

The second chosen diffuser with, handle 68 L/S airflow, and the dimension of the 

diffuser is 

(150x150) mm. 

The third chosen diffuser with, handle 127 L/S airflow, and the dimension of the 

diffuser is 

(225x225) mm . 
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Fan coil: 

We choose some kind of fan coil from catalogue that is: 

 

1. Fan coil 2 pipe with capacity 8.02 KW, and Dim (564 x1404 x226). 

2. Fan coil 2 pipe with capacity 1.54 KW, Dim (564 x774 x226).2 

3.  Fan coil 2 pipe with capacity 2.93 KW, Dim (564 x984 x226). 

 

 

Figure 4. 59:fan coil from catalogue 
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Figure 4. 60:b3 fan coil 

 

 

Figure 4. 61: b2 fan coil 

 

 

Figure 4. 62: fan coil b1 

 

 

Figure 4. 63: G.F fan coil 

number Diffuser Air flow L/Sspace

1200268100office 1

72016858office 2

65016852office 3

65016849office 4

88026870.6office 5

76016860office 6

52013439office 7

80016862office 8

36402127283meeting .Room

56013430lobby 1

35013425.3kitchen 1

44013430lobby 2

(2930) n=1

(8020) n=1

fan coil (KW) cooling load (w)
Basement 3 

number Diffuser Air flow L/Sspace

47026840office 1

31016824office 2
 n=1  (1540)

fan coil (KW) cooling load (w)
Basement 2

number Diffuser Air flow L/Sspace

48026840office 1

30016823office 2

fan coil (KW) cooling load (w)
Basement 1

  n=1  (1540)(KW)

number Diffuser Air flow L/Sspace

30013423office 1

93026896office 2

40023432office 3

42013435office 4

223023423office 5

570,9601,134,6843,97lobby 1 ,2

2500268100reception

46013436kitchen

4500534170waiting room1

3650834272waiting room2

ground floor

2 (8020KW)

fan coil (KW) cooling load (w)
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Figure 4. 64: fan COIL F1 

 

Figure 4. 65: FAN COIL F2 

number Diffuser Air flow L/Sspace

75023459.2office 1

100026884.6office 2

102026882.3office 3

76016860office 4

84016868office 5

1140268102.6office 6

1115268103.6office 7

95026882.5office 8

14401127147office 9

1240268126office 10

1220268124office 11

1220268123.6office 12

1250268118archieve 

60023444.2kitchen 1

35013424.6kitchen 2

67305127570lobby1

19602127163 lobby 2

first floor

3 (8020 KW)

cooling load (w) fan coil 

number Diffuser Air flow L/Sspace

15401127135office 1

55013429office 2

54023441office 3

56023442office 4

118026882office 5

800268112office 6

85026868.7office 7

16102127149office 8

25003127264.3office 9

72023457.2office 10

72023457office 11

69023454office 12

80023463.2office 13

14302127130office 14

1190268108office 15

93026881.7office 16

14602127148office 17

1210268122office 18

1230438125office 19

1210268122office 20

5005127609.2lobby1

7520268111lobby2

46023436.6kitchen1

40013429.2kitchen2

n=4  (8020KW)

fan coil cooling load (w)
second  floor
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Figure 4. 66: FAN COIL F3 

 

Figure 4. 67: FAN COIL F4 

 

 

 

 

 

 

 

 

 

 

number Diffuser Air flow L/Sspace

12102127152office 1

18902127187office 2

12301127125office 3

12301127124office 4

73016860office 5

75016860office 6

75016860office 7

1200168113office 8

82026870office 9

88026871office 10

54026840office 11

55026841office 12

54026841office 13

15402127135office 14

25302127270office 15

16302127152office 16

16702127142lobby1

14101127111lobby2

51013436lobby3

66603127598lobby4

45013437kitchen1

4002127293kitchen2

46013437kitchen3

third  floor
fan coil cooling load (w)

 n= 4 ( 8020KW)

number Diffuser Air flow L/Sspace

920212781.4office 1

55702127612office 2

14001127127office 3

490112742.6office 4

55016841office 5

1100168111office 6

570212749kitchen

5500134506meeting room

n=2 ( 8020 KW)

fourth  floor
fan coil cooling load (w)
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Ground floor with VRF system: 

 

Figure 4. 68:Ground floor with VRF system: 

 

FIRST floor with VRF system: 

 

Figure 4. 69:FIRST  floor with VRF system: 
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Second floor with VRF system: 

 

Figure 4. 70:Second floor with VRF system: 

 

 Third floor with VRF system: 

 

Figure 4. 71:THIRD  floor with VRF system: 

 

 



203 | P a g e  
 

Fourth floor with VRF system: 

 

 

Figure 4. 72:Fourth floor with VRF system: 

 

Basement 1 floor with VRF system: 

 

Figure 4. 73:Basement 1 floor with VRF system: 
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Basement 2 floor with VRF system: 

 

Figure 4. 74:Basement 2 floor with VRF system: 

 

Basement 3 floor with VRF system: 

 

 

Figure 4. 75:Basement 3 floor with VRF system: 
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VRF (Variable Refrigerant Flow) Air Handling Unit Selection: 

  

This is for a very quiet and energy efficient system because the variable speed 

compressor only operates to the capacity needed for the current conditions. Instead of 

one large, noisy unit that pumps air to the entire space, the VRF system features 

several smaller air handlers that can be individually controlled and piped back into 

one system. VRF technology is able to provide both cooling and heat simultaneously 

to different areas within the space.  

A typical system consists of an outdoor unit (comprising one or multiple 

compressors), several indoor units (often mistakenly called “fan coils”), refrigerant 

piping running from the outdoor to the indoors, using Refined Joints (copper 

distributors in pipes) and communication wiring. 

 

 

Figure 4. 76: RC LINE 

 

The cooling load 164.67 KW 

We will use one of VRF units with a capacity of 47 Tons (165.3 KW) 
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picture for VRF system: 

 

 

Figure 4. 77:picture for VRF system:1 

 

 

 

Figure 4. 78:picture for VRF system:2 



207 | P a g e  
 

 

Figure 4. 79:picture for VRF system:3 

 

 

 

Figure 4. 80:picture for VRF system:4 
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Figure 4. 81:picture for VRF system:5 

 

DUCT SIZING: 

Depending on the required airflow in each area, we will choose the volume. The 

DUCTULATOR program was used with the channel depth = 300 mm under the drop 

beams and the Velocity = 5 m/s. 

   

Figure 4. 82:PRESSURE LOSS 
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Diameter of ducts for ground floor: 

Table 44:G.F DUCT 

 

 

Diameter of ducts for first floor: 

Table 45:F1 DUCT 
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Diameter of ducts for second floor: 

Table 46:F2 DUCT 

 

 

 

 

 

 

 

 

 

 

 

 

 



211 | P a g e  
 

Diameter of ducts for third floor: 

Table 47: F3 DUCT 

 

 

Diameter of ducts for fourth floor: 

Table 48:F4 DUCT 
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Diameter of ducts for basement 3: 

Table 49: B1 DUCT 

 

 

Diameter of ducts for basement 2: 

Table 50: B2 DUCT 
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Diameter of ducts for basement 1: 

Table 51: B1 DUCT 
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4.3.4 Firefighting system design: 

 

Introduction: 

 

 All buildings in their life cycle are exposed to fire hazards and damage, hence the 

importance of firefighting system design. 

Fire influences materials either by melting, cracking, twisting or shrinking. One of the 

most important basics of protecting people’s lives when a fire breaks out is the 

resistance of the building and its construction and finishing materials from this 

danger, so that the occupants of the building can escape in the event of a fire. 

Procedures: 

 

Table 52:Design Requirement 
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SPRINKLER FIRE FIGHTING SYSTEM DESIGN: 

 

The sprinkler system is effective in putting out fires in places where paper forms are 

not handled, such as prayer room, multi-purpose rooms and corridors. A sprinkler has 

been chosen from Tyco Fire and the model of EC-8. All areas in which this system 

will be placed are classified as low hazard according to the Palestinian code for fire 

prevention and protection. Each sprinkler covers an area of 12 m2 and Max. Distance 

4.6 m. 

 

Table 53:Sprinklers 

 

 

The diameters of all steel pipe that connect the sprinklers together and connect them 

with supplier was chosen by: 

 

Table 54:Steel Pipes 

 

 



216 | P a g e  
 

Table 55:Sprinkler’s Design and Distribution in Waiting room 

 

 

Table 56:Sprinkler’s Design and Distribution in B1 + B2 

 

 

Table 57:Sprinkler’s Design and Distribution in B3 

 

 

Table 58:Sprinkler’s Design and Distribution in Corridor 
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DETECTORS DISTRIBUTION: 

While fires can generally spread quickly, some other fires are started due to periods of 

intense dormant fires. In such cases, highly sensitive fire detection systems must be in 

place. The faster you want to detect a fire, the more expensive your fire detection 

system will be. 

 

Figure 4. 83:Detectors 

 

EXTINGUISHER: 

Used to extinguish or control small fires, often in emergency situations and does not 

require the expertise of a firefighter. Three types were used according to the use of 

spaces:  

- CO2 Extinguisher: The best choice for places with a lot of electrical equipment 

and papers such as offices and archive rooms, because it is safe and works by 

suppressing the fire and cutting off the air supply, and leaving no residue 

compared to foam extinguisher. 

 

Figure 4. 84:CO2 Extinguisher 
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- Powder Extinguisher: It is used in places that contain flammable solids, liquids or 

gases such as textiles, paper, wood, paint, diesel, gasoline, butane and methane. 

Therefore, this type was used in the sorting room. 

 

Figure 4. 85:Powder Extinguisher 

 

 

- Type A Extinguisher: Use in places exposed to Class A fires on common 

combustible materials, such as fabric, wood, paper, rubber, and many plastics. 

This type was used in the prayer room and corridors 

 

Figure 4. 86:Type A Extinguisher 
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ALARM SYSTEM: 

Although strobe lights and sirens do not put out fires, fire alarms can mitigate 

property losses by alerting people who can do so. Fire alarm systems automatically 

warn everyone of a fire outbreak, so bystanders, guests or employees inside the 

building can respond quickly. Fire alarms can also trigger the fire sprinkler system 

automatically. 

 Two types were used in this project: 

- Manual Alarm System: 

 

 

Figure 4. 87:Manual Alarm System 

 

- Sound & Light Alarm System: 

 

Figure 4. 88:Sound & Light Alarm System 
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FIRE HOSE CABINET DISTRIBUTION: 

A high-pressure hose that carries water or other fire-retardant material such as foam 

to put out fires. On the outside it is connected to either a fire engine or a fire 

hydrant. Indoors it can be permanently connected to a building's vertical pipe or 

plumbing system. It was used in places near emergency exits. Each fire hose serves 

about 25 meters. 

 

Figure 4. 89:Fire Hose 

 

EVACUATION PATHS: 

Signs indicate entrances and exits to the building so that visitors can easily access 

them, and escape quickly in the event of an emergency, thus executing evacuation 

quickly and minimizing injuries that can result from a fire. 

 

Figure 4. 90:Evacuation Paths 
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Chapter 5: Cost Estimation: 

5.1 Introduction: 

In this chapter, we will calculate the final value of the project, which will be 

calculated by dividing the project into smaller and smaller sections and activities in 

order to be calculated more accurately and easier. WPS will work for all works in the 

project to clarify how they are interconnected with each other, as it is one of the most 

important foundations on which the project depends. The costs of the various 

materials and labor needed to complete the project will be accurately calculated using 

models of similar buildings. There are many factors that play a major role in the cost 

of the project, as they may increase or decrease the cost according to the way the 

project depends on it, one of the most important of these factors is the construction 

systems used in the project, as the cost of a concrete project differs from an iron or 

wood project The type and quality of materials used play a major role in determining 

the price of the project, and we must mention that the time required to complete the 

project plays an important role as well. Great attention should be paid to the initial 

cost of the project, but without neglecting to look at the operational cost of the 

building over its years. For example, the use of cheap insulation materials may greatly 

affect the operational cost of the project for the project, as it will need more energy to 

be adapted. 
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5.2: Work break down structure (WBS): 
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227 | P a g e  
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5.3 Bill of quantity (BOQ): 

Item No. Description Unit 
Quanti

ty 

Material cost Labor Cost total direct cost 

Unit 
Cost 

Total 
Cost 

unit 
MHR 

Total 
MHR 

MHR 
rate 

unit 
cost 

total 
cost 

unit 
cost 

total 
cost 

1  bank                        

1.1 Structural                       

1.1.1 Sub-Structure                       

1.1.1.1 Earth Work                       

1.1.1.1.
1 

Excavation for Footing CM 21756 30             30 652680 

  site leveling  CM 612.6 30             30 18378 

1.1.1.1.
2 

Total Disposal CM 27195 15             15 407925 

1.1.1.1.
3 

Site Filling CM 
1438.

89 
45             45 

64750.
05 

1.1.1.2 Foundation                       

1.1.1.2.
1 

Blinding                       

1.1.1.2.
1.1 

Formwork SM 18.8 25 470 0.02 0.376 3.947 15 282 40 752 

1.1.1.2.
1.2 

Concrete CM 207.2 340 70448 0.556 
115.203

2 
19.444 35 7252 375 77700 

1.1.1.2.
2 

Footing                       

1.1.1.2.
2.1 

Formwork SM 150.4 25 3760 0.02 3.008 0.3 15 2256 40 6016 

1.1.1.2.
2.2 

Steel Work 
TO
N 

45.2 3700 167240 0.556 25.1312 50 90 4068 3790 171308 

1.1.1.2.
2.3 

Concrete Work CM 
1657.

36 
340 

563502.
4 

0.263 
435.885

68 
0.875 35 

58007.
6 

375 621510 
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1.1.1.2.
2.4 

Proofing SM 150.4 10 1504 0.019 2.8576 0.679 36 5414.4 46 6918.4 

1.1.1.2.
3 

                        

1.1.2 Super Structure                       

1.1.2.1 Structural Elements                       

1.1.2.1.
1 

Column                        

1.1.2.1.
1.1 

Formwork SM 2700 150 405000 0.02 54 0.3 15 40500 165 445500 

1.1.2.1.
1.2 

Steel Work 
TO
N 

45.1 3700 166870 0.556 25.0756 50 90 4059 3790 170929 

1.1.2.1.
1.3 

Concrete Work CM 500 340 170000 0.025 12.5 0.875 35 17500 375 187500 

1.1.2.1.
2 

Shear Wall                       

1.1.2.1.
2.1 

Formwork SM 3948 25 98700 0.02 78.96 0.3 15 59220 40 157920 

1.1.2.1.
2.2 

Steel Work 
TO
N 

57.3 3700 212010 0.556 31.8588 50 90 5157 3790 217167 

1.1.2.1.
2.3 

Concrete Work CM 592.4 340 201416 0.025 14.81 0.875 35 20734 375 222150 

1.1.2.1.
3 

                        

1.1.2.1.
3.1 

                        

1.1.2.1.
3.2 

                        

1.1.2.1.
3.3 

Slabs                       
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1.1.2.1.
4 

U-boot SM 20000 
4 80000        

1.1.2.1.
4.1 

Formwork SM 11112 200 
222240

0 
0.02 222.24 0.3 15 

16668
0 

215 
238908

0 

1.1.2.1.
4.2 

Steel Work 
TO
N 

490.3 3700 
181411

0 
0.556 

272.606
8 

50 90 44127 3790 
185823

7 

1.1.2.1.
4.3 

Concrete Work CM 2500 340 850000 0.025 62.5 0.875 35 87500 375 937500 

1.1.2.1.
5 

Stair                       

1.1.2.1.
5.1 

Formwork SM 150 25 3750 0.02 3 0.3 15 2250 40 6000 

1.1.2.1.
5.2 

Steel Work 
TO
N 

12.6 3700 46620 0.556 7.0056 50 90 1134 3790 47754 

1.1.2.1.
5.3 

Concrete Work CM 50 340 17000 0.025 1.25 0.875 35 1750 375 18750 

1.1.2.1.
5.4 

Hand Rail LM 110 600 66000           600 66000 

1.1.2.2 Non Structural Elements                       

1.1.2.2.
1 

External Wall                       

1.1.2.2.
1.1 

Block  SM 54850 40 
219400

0 
0.025 1371.25 0.5 20 

10970
00 

60 
329100

0 

1.1.2.2.
1.2 

Concrete CM 260 340 88400 0.008 2.08 0.167 20 5200 360 93600 

1.1.2.2.
1.3 

Stone SM 2550 250 637500 0.022 56.1 0.778 35 89250 285 726750 

1.1.2.2.
1.4 

Insulation M 2550 70 178500 0.017 43.35 0.167 10 25500 80 204000 

1.1.2.2.
2 

Internal walls                       
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1.1.2.2.
2.1 

  SM 1650 31.25 51562.5 0.013 21.45 0.25 20 33000 51.25 
84562.

5 

1.1.3 Finishing                       

1.1.3.1 Plastering SM 41260 30 
123780

0 
0.02 825.2 0.3 15 

61890
0 

45 
185670

0 

1.1.3.2 Painting SM 41260 20 825200 0.016 660.16 0.5 30 
12378

00 
50 

206300
0 

1.1.3.3 Floor Tile SM 3854 100 385400 1.875 7226.25 21.33 40 
15416

0 
140 539560 

1.1.3.4 Stair Tile M 350 160 56000 28.945 
10130.7

5 
21.33 40 14000 200 70000 

1.1.3.5 Gypsum Board SM 3000 60 180000 1.875 5625 21.33 50 
15000

0 
110 330000 

1.1.3.6 Wall Tile SM 384 80 30720 98.733 
37913.4

72 
21.33 40 15360 120 46080 

1.1.3.8 Wood Door 
piec

e 
50 1200 60000 4 200   25 1250 1225 61250 

1.1.3.9 Bathroom Door 
piec

e 
8 900 7200 4 32   25 200 925 7400 

1.1.3.10 External Door 
piec

e 
6 2400 14400 4 24   25 150 2425 14550 

1.1.4 Electrical                       

1.1.4.1 Power System                       

1.1.4.1.
1 

power socket outlet unit 200 10 2000 0.267 53.4 4.533 17 3400 27 5400 

1.1.4.1.
2 

water proof power socket 
outlet 

unit 20 15 300 0.267 5.34 4.533 17 340 32 640 

1.1.4.1.
3 

power wires m 4000 5 20000 0.267 1068 4.533 17 68000 22 88000 

1.1.4.2.
1 

MBD  unit 1 3000 3000 0.267 0.267 4.533 17 17 3017 3017 
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1.1.4.2.
2 

MCCB unit 1 400 400 0.267 0.267 4.533 17 17 417 417 

1.1.4.2.
3 

SBD unit 1 150 150 0.267 0.267 4.533 17 17 167 167 

1.1.4.2.
12 

 Elevator unit 3 40000 120000 0.267 0.801 4.533 17 51 40017 120051 

1.1.4.3 Light                       

1.1.4.3.
1 

NUMBUS Q340 unit 210 200 42000 0.267 56.07 4.533 17 3570 217 45570 

1.1.4.3.
2 

CARDI Plato 2 unit 34 100 3400 0.267 9.078 4.533 17 578 117 3978 

1.1.4.3.
3 

3F Filippi lucequadro unit 45 150 6750 0.267 12.015 4.533 17 765 167 7515 

1.1.4.3.
4 

spectral stora QA unit 14 250 3500 0.267 3.738 4.533 17 238 267 3738 

1.1.4.3.
5 

Philips RC 468B unit 105 300 31500 0.267 28.035 4.533 17 1785 317 33285 

1.1.4.3.
6 

regiolux alevo - avamp unit 134 200 26800 0.267 35.778 4.533 17 2278 217 29078 

1.1.4.3.
7 

RIO 31W unit 16 500 8000 0.267 4.272 4.533 17 272 517 8272 

1.1.5 Safety System                       

1.1.5.1 fire hose station unit 6 750 4500       30 180   4680 

1.1.5.2 sprinklers unit 370 300 111000       30 11100   122100 

1.1.5.3 fire extinguiguisher unit 30 150 4500       30 900   5400 

1.1.5.4 heat detectors unit 40 135 5400       30 1200   6600 

1.1.5.5 smoke detector unit 100 140 14000       30 3000   17000 

1.1.5.6 fire alarm unit 10 180 1800       30 300   2100 

1.1.5.7 fire alarm and red flasher unit 35 100 3500       30 1050   4550 

1.1.5.8 out side dry stand pipe unit 2 3800 7600       30 60   7660 

1.1.5.9 fire exit door unit 7 500 3500       50 350   3850 
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1.1.6 Mechanical Work                       

1.1.6.1 Drainage system                       

1.1.6.1.
1 

kitchen sink unit 5 300 1500       85 425   1925 

1.1.6.1.
2 

lavatory unit 16 150 2400       85 1360   3760 

1.1.6.1.
3 

wc unit 18 1800 32400       85 1530   33930 

1.1.6.1.
4 

urinal unit 6 200 1200       85 510   1710 

1.1.6.1.
5 

manholes unit 12 800 9600       85 1020   10620 

1.1.6.1.
6 

Pipe 4" m 200 14 2800       85 17000   19800 

1.1.6.1.
7 

Pipe 2" m 150 8 1200       85 12750   13950 

1.1.6.1.
8 

Pipe 6" m 700 25 17500       85 59500   77000 

1.1.6.1.
9 

Clean out unit 35 65 2275       85 2975   5250 

1.1.6.2 Water System                       

1.1.6.2.
1 

water tank unit 11 500 5500       90 990   6490 

1.1.6.2.
2 

water pump unit 1 5500 5500       85 85   5585 

1.1.6.2.
3 

galvanized steel M 100 45 4500       85 8500   13000 

1.1.6.2.
4 

PVC pipe M 200 4.5 900       85 17000   17900 

1.1.6.2.
5 

collector unit 4 350 1400       85 340   1740 
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1.1.6.2.
6 

valve sink unit 20 60 1200       85 1700   2900 

1.1.6.2.
7 

bidet unit 18 30 540       85 1530   2070 

1.1.6.2.
8 

shower unit 4 1600 6400       85 340   6740 

1.1.7 Elevator System unit 2 80000 160000       15000 30000   190000 

1.1.8 HVAC System                       

1.1.8.1 chiller unit 5 10000 50000       4500 22500   72500 

1.1.8.2 Diffuser unit 238 300 71400       50 11900   83300 

1.1.8.3 fan coil  unit 17 2000 34000       150 2550   36550 

1.1.8.4 Duct M 600 60 36000       35 21000   57000 

1.1.9.1 ceiling loudspeaker 
piec

e 
2 500 1000             1000 

Total Cost 
193286

65 
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Chapter 6: Conclusion  

This project provided a redesign for “Establishment of Manage & Development 

Orphans Funds”. The following conclusion can be stated:  

• As a first step, the building was evaluated according to architectural standards and 

recommendations, and modified and re-designed on its basis, including plans and 

elevations, while keeping in mind the alignment of architectural and environmental 

aspects. so that care was taken to obtain a more comfortable building that conforms to 

the requirements and facilitates access to the various spaces in it and moving between 

them.  

• The environmental analysis was performed by Revit and some modifications were 

made to study analysis Daylight, solar radiation and shadows for the building before 

and after modification, to create a more comfortable place for users.  

• Design steps start by finding the suitable dimensions for the selected system using 

methods from the ACI code, followed by the calculation of load combinations to then 

come up with the exact values of moment and shear forces on the structural element. 

For the structural system to be able to resist the forces and stresses acting on it, forces 

and stresses can be produced by several types or forms of loads such as dead, live, 

wind and temperature, so the design of the structural system must consider the 

ultimate compositions of these loads. The ETAPS program was used to perform the 

structural analysis, considering all the effects that the architectural design did not 

consider, the loads were distributed to the structure.  

• Finally, an initial construction cost is estimated for the project, by estimating the 

cost per square meter.  
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