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Abstract

This project is important because it helps the economy growth in Jenin. Jenin city lacks
this type of malls, so this project encourages investors to buy shops in this mall. This
shopping mall consists of 6 floors and one basement, the ground floor is a shopping center
with an area of 960-meter square, the first floor up to the sixth floor is residential apartment
for renting purposes. The main objective of the project will cover how the architectural
plans will be examined and modified to meet the recommended standards, in addition to
How the project will be environmentally be analyzed and treated from various perspectives,
also how will a structural design plan be developed to be economically and operationally
appropriate for the project, how will aelectromechanical design will be done for the whole
project, how will a cost estimate for the project be made, and the most crucial factor is how

well all of these components will combine and cooperate.

Architecture redesign has been done by considering the size of the interior rooms, traffic
flow, and the suitable function for each space. Environmental design involves calculating
heating and cooling loads, calculating U-value for each component of the building,
installing treatments to the elevations of the building, in addition to discussing the thermal,
natural daylight, CFD, and energy consumption of the building. In this project a structural
design is done by developing a thorough design for all of the building's current support
structures, tests and values needed for various tests are gathered by using different soft
wares. In addition to the proposed code used to satisfy structural requirements. A fully
electromechanical design is done for the building including artificial lightning, HVAC,
power, acoustical, firefighting system, water supply, drainage, and elevators. Created a cost
estimation for the project. Last but not least, is establishing integration throughout the

facility's engineering systems.

Page 5 of 250




Table of contents (TOC)

. Table of Contents

CHAPTER 1 INtrodUCOrY....c...iiieeeciiiececerieeeesieeeeereennnessesnssesseensssssenssssseenssssseensssssesnnssssennnnns 19
L1, INEFOAUCTION vttt e e 20
1.2, Project ProbIEmMS .....ccceoiiiiiiice e 20
1.3, OB CEIVES et 21
I S \V/ -1 1 o T (o] (oo YOS 22
1.5, DESIgN CONSTIAINTS: .. .oviitiiiiiiiiiieieie ettt 23
1.6. Standards and Specifications (COdes):......ccccouviiiiiiieiiieiie e 23
1.7.  EQrlier COUISEWOIK: ...ocviiieieie ettt 24

CHAPTER 2 Environmental - Architectural ASPects......ccccceeiiiiiiiinenneniiieiiiieenneiniesinineessss 25
2.1 INEFOAUCTION. 1.ttt bbbt b bbb enes 26
2.2. LITE FATUIE FEVIBW. ..eiiieiieeie ittt sttt st te e te et e naeeneesreenteanee s 26
2.3. CASE STUAY: ..oeeieie ettt e raeareere s 36

b 28 T8 I 1334 ¢ Te [0 o1 4 o o 1PN 36
2.4, SITE ANAIYSIS....cveeiiiie ettt a et 38
2.5. ArChItECTUIE AFaAWINGS: .....iiiiiiiiieiee e 43
2.6. Environmental analysis using Design Builder and Revit: ............ccccccvvveieens 51
2.6.3.  Heating and cooling 10adS: ..........ccccoiiiiiiiiiii e 58
2.6.3.1.  Design Builder Before modification: ...........ccccoceeviiiiiiiie i, 59
2.6.3.1.1 EXternal WallS..........cccooiiiiiiiii s 60
2.6.3. 1.4, WINAOWS ......ooviiiieieieiiesie st se ettt sttt st ettt e st eneeneesaenreenes 62
2.6.3.2.  Heating design capacity before modification: .............cccccevviiiiiveinennnn 62
2.6.3.3.  cooling design capacity before modification: ............cccocveviriiiiniiennnnns 65
2.6.4. Design Builder After modification: ...........cccoeviveiiiiiiiie e 68
2.6.4.1. EXEErnal WallS .......c.ooiiiiiiiecee e 69
2.6.4.2.  Internal PArtitioNS .........cccooiiiiiiiie e 69
2.6.4.3.  WINAOWS: ..ottt te e e ssaesae s e sreenseenee s 70
2.6.4.4. Ground floorslab, internal slabs, and flat roof slab: .............c.cccee 70
2.6.5. Heating design capacity after modification:.........c.ccccoecvrieriieiieiienieseennns 71
2.6.6. cooling design capacity after modification: ..........ccccooeiiiinie i 74

Page 6 of 250




CHAPTER 3 Structural aspecCts.....cceueeccieiiiiieennenieierieennmnsssesesseeeesnsssssssesseesnnnssssssssssesssnnnsssnnes 87

B L INEFOAUCTION ...ttt 88
3.2 Problem definitioN .......c..ccviiiiiiiee s 88
KT B LTSy o] o oo o[- RSO PRTRPR 89
B4 IMALETIAL. ... 89
35 0B, et 89
3.6 SEISMIC INPUL ALt ......ccveiieiiieiece e sre e 91
KT 011 I o 1 = TP 92
SEiSMIC COCFFIAENT €A, CV.reuurererrreerrreerereneirensereesersnsssesseresssssssssssssessssssssssessssssnssssnsesenssns 93
Structural system (R — Coefficient of ductility of the lateral resisting) .........ccccceeeeeeunnneee. 93
3.7 L0oad COMDINATIONS ..ottt 94
3.8 Design elements defiNitioNS ...........ccoiiiiiiieiiiie e 94
] - | TP 9
] =T o U 95
1 111 o o 95
YV 1 96
3.9 Response spectrum and mass source definition ... 96
2 3= 00 I 2 1T 0T T T-T =T o T=T o o U o o 96
3.9.2 V1SS SOUNCE cceueererennnnnnnnsnssnssnsnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsnsnans 96
3.10 Model analysis and check for BIoCK 1 ..o 97
3.10.1 Compatibility check (BIOCKL)......cceeuuuereeieeriereemnnnnceereeeeennnssscesesseeeeranssssseseessnnnnnnes 98
3.10.2 Equilibrium check (BIOCK 1) .....ccccceeeeeeniiiiiiiiiernneicieiineeennnensesesnneeesnnsssssesssessnnnnnes 98
3.10.3 Stress strain ChecK .....ccoueeeeiiiiiiiiiiietntitieer e 101
3.10.4 Long Term Deflection checK........ccccccvuuuumnmnnnnnnnniinnnisinsssssssssssssssssssssssssssssssssnns 105
3.10.5Seismic Checks.........ociiiummeiiiiiiiiiiiiiieiiie s 107
3.11 Model analysis and check for BIoCK 2 ... 110
3.11.1 Compatibility check (BIOCK2)......ccccuuueeeirerirerennnieereeeeeeennssceeeseeeeennnnssseseesesnnnnnes 111
3.11.2 Equilibrium check (BIOCK 2) .......ccceeeeeeiiiiiiiiiiieniniiiiiiinereeesssesesnnesanssssessessennnenes 112
3.11.3 Stress strain ChecK .....ccuueeiiiiiiiiiiiiietniinieer e 114
3.11.4 Long Term Deflection checK.........cccccvuuuuuumunnnnnniiiniiinnnssssssssssnnns 117
3.11.5Seismic Checks.........ccoviummmiiiiiiiiiiiiiieettenre s 119
3.12 Design and reinforcement for building (block 1&2)..........ccccooiiiiiiiniinnnn. 122

Page 7 of 250




20 b Y= o X0 (=X - o U PTRPO 122

3.12.2 ColUMNS d@SIZN...ceeeeiiieeeciiieeeeirieeeerreceneesreneseseenassssrennsssrennssssrennssssnennssssnennnns 127
3.12.3 Beam reinforCemMeNnt........cuuueeeeememmmmnmmmnmnmmememnmsmsmemessmsmsssssssssssssssssssssssssssssssssns 129
3.12.4 Shear Wall deSigN.......ccceeeeiiiieeeiiireeirecreerrenece s rene e s rene e s e nnssesrennssssrennssssnennnns 132
3.12.5 Manual column and beam design.........cccceiiireeuiiieiiiiitieiniiicnniinrereeseeseeeeennenes 135
3.12.6 Footing design (SAFE SOftWAre)......c.cceeeeerirereennnicecereeennnnsceeeseeeeenasssssessssesnnnnnes 137
3.13 Retaining wall design and reinforcement .........ccoceeeevevevieiecne e 144
3.13.1 Modeling CRECKS.......coiieeeeiiieeccirre e rrecece s reneee s rene s s rena s s renassssrennssssrennssssnennnns 146
3.13.2 Reinforcement of retaining Wall...........cccccvveunnnnnniiinninninnisssissssssssssssssssssssnnns 146
3.13.3 Reinforcement details of retaining wall.............coremeeiriieiirircrreccrreeece e, 148
3. 14 RAMP GESHON .ttt bbbt 149
3.14.1 Ramp modeling in ETABS ......cc.ciiiieeiiiriceicrrrcecereeaesesreenssesrsenssessennsssssenssssssennnes 150
3.14.2 Deflection check for ramp......cciiieeeeiiiiiiiiinicieiincnerireeeneseseeesseeeesassssesesssessnnnes 151
T N3 210 0T o B 1 1T T o 1T o [ 152
3.14.4 RAMP A@SIZN.ccrereriennnnnnnnnnnnnnnnuinnnisisisisssssisisssssssssssssssssssssssssssssssssssssssssssssssssssssss 152
CHAPTER 4 Electro-mechanical ASPECtS ........coiveeeiiiieeeiiiiieeeisireneiesieenseereenssesreensssssenssssssenes 154
4.1 .SPACES TESIGN =ittt 155
o o AV O o -1} o [ PSPPSR 170
4.3 POWE T AT ...ttt bbbttt 186
L2 200 =1 1=t g T or= 1 ISV (=Y o 4 OOt 186
4.3.2 Electrical system elements:......cccceuueceiiiiiiiiemenieiiiiinerenensesesenenesnnnssssesseseesnnsssssnes 187
4.4 ACOUSTICAl DESIGN: ..iiiiiiiii ettt reas 199
4.4. 1 INErodUCHION:......uueiiii s e 199
4.4.2 Problem definition: .......cccocoiiiiiiiiii 199
4.4.3 Recommendations and acoustical standards:............ccccceeeriiiiiiiiiiisinneenninnininnanes 200

4.4.4 Results from Ease Software, INSUL software, and from ease address software

FESPECHIVEIY: ... ettt e e e st een e s s e nne s e ennesessennsssssennsssssennssssennssssnennes 203
4.5 Fire alarmand Firefighting SYyStemS ..o 208
4.5. 1 Firefighting SYStEMS .. .ceueeiciiiiitieiicc e eee s e s e e eesnans e ssserennassssssssnesesnnannnnnes 208
4.6 WALE T SUPPLY ..oveeeieiiec ettt ae e saa e e 218
4.7 Drainage and Rain WATET .........cccocvveiieiiiiieiee et 226
4.7.1 DIraiNABE ...ciieeueueiiennieiiensieiiensieiissssseissssssetssssssssessssssssssssstssssssssssssssssssssssssssssssses 226
4.7.2 Rain Water draiNage : .......ciiveeeiciiieeieriieeerreeeeerenneessennssessennssssnnsssssennssessennsnnnns 231

Page 8 of 250




4.8 Vertical and horizontal transportation: ..........coovvveieieieneneseee s 231

(64T T o =] S 234
T8 I 1 o U001 T o RSP 235
5.2, METNOAOIOQY: ..ot s 235
5.3. Budget development and tentative cost estimate: ...........cccooevveieiieereernenenn 235
ST YU 01 017> 1 sSSP 244

CRAPLEI 6.ttt e s rene s e s sene e s s e n e e s e s s ssesnsssssennsssssennssssnsnsssssennssssnenassssnennnns 246
=Y (=] €] 0 T00 T TSSOSO PRRTR RSN 248
Authentication paper (TUIN iEIN): .o 249

Page 9 of 250




List of figures (LOF)

Figure 1prayer diMENSIONS ...........cc..eecuiiueeeeeiiiiee e e e e e et e e e e s bae e e s e tae e e e e saaae e e e enreas 27
Figure 2emergency stair specification standards ...............cccovvveieeiiiiiiiiiiiieee e, 28
Figure 3Different EIevator dimensioNns.................cccouueeiiiiuiieeeiiiiee et 28
Figure 4dimesion of corridor when two people walking by each other...................cc....... 30
Figure 50ccupied wheelchair entering @ door................ccccccivviveieeiiee e 31
Figure 6 standard dimensions for parking lOts .............ccccccvvieiiiiieie i 31
Figure 7 standard dimension of @ NOrmMal CAr...........ccccccouiiiiiiiiiiiiie e 32
Figure 8 the circulation radius Of G CAI ............ccocciiiiiiciii it 33
Figure 9 the elevations of @ standard ramp ............cc..ccccccoveeiiiiiiie i 34
Figure 10: standard dimension Of @ ramMpP..............ccocueeiiiiiieeiiiiiie e 34
Figure 11 standard dimensions of @ WC with @ toilet...............ccccccoovveeiiiiiieee e 35
Figure 12City mall from the OULSIAE................ccceiiuviiiieii it 36
Figure 13City MQAll INEEIION............cccueeeeiiciie ettt e e e e e e e e e anes 36
Figure 14 Jenin city on the map of Palestine..............ccccccocvuiiiiiiiiiee i 38
Figure 15Project location from GEOMOIg ..........cccuuuucuiiiiiiiiiiie i 38
Figure 16climate summary for Jenin throughtout the year ..............ccccooeeviiiiiiniiiiinnnenns 39
Figure 17temperature in Jenin for @ YEar .............cccoveeiiiiieeeeiiiiee e 40
Figure 18Clouds in Jenin for the Past YEAr .............ccoueeiiiiieeeeiiiee et 41
Figure 195un visibilty ROUIS iN JENIN .............ccccueeiiiiiiee e 42
Figure 20 plan for basement 1 before modification ................cccovveveiiieiiiiiiiiiiieeeieees s 43
Figure 21 plan for Ground floor before modification...............cccevvuuviviieiiiiiiiiiiiiieeees e, 44
Figure 22 plan for first floor before modification ..............cccccccouviviiiiiiiice e 44
Figure 23 plan for roof before ModifiCation.............ccccceiiiiiiiiiiiiiiiie e 45
Figure 24 plan for basement 2 after modification ..............c.ccccvceiiiiiiiiiiiiiiie e 46
Figure 25 plan for basement 1 after modification .................ccccoceeiiiiiveeeiiiiee e 46
Figure 26 plan for Ground floor after modification ...............ccccocceeviiiieeiiiiiiee e 47
Figure 27 plan for First floor after modification ..............c....cccccoveeiiiiineeiiiiiee e 48
Figure 28 plan for roof after modifiCation ...............cccccccccuiiiiivrieeiie e 48
Figure 29 NOIthern EIQVALION .............cueiicuueeeiiiiieee et e e et e e e e e saae e e s enraa e e e esnaeeeanns 49
Figure 30 SOUtNEIN @lEVALION .............ccoeiiuiiee ittt e e e e enraaeeeanns 49
Figure 31 Western @leVALION ...........ccuuueiiiiiiie ettt e e earee e e snaaeeeeane 49
Figure 32:EQStern @lEVALION ............ccccocvuuuiiiiiiiiiei et 50
FIQUIE 33 SECLION A-A ...ttt et e e e e e e s st e e e e e naaae e e e e ennees 50
FIQUIE 34 SECLION BB ........ccuveee ettt e e e e e e e et e e e s nt e e e e e nanee e e e e ennees 50
Figure 35 shading in December at 8:00AM ............cccueeiiiueeeeiiieee i 51
Figure 36 shading in December at 12:00PM............cccc..cooiiiiiiineeeeieeeeeiisiiiiree e seiasnees 51
Figure 37 shading in December at 3:00PM.............cccoveueieeeiiiiciiiiiieeeee e st 52

Page 10 of 250




Figure 38 shading in June at 3:00PM .............ccccoccoiiueeeiiiiiiee e 52

Figure 39 shading in June at 12:00PM ..............cccueiiiiueeeiiiiiie e ciieee e ssiee e sirae e e ennaee e 52
Figure 40 shading in June at 8:00AM ..............cccuuueiiiiiiieeeeieiee e e e see e e e s eiraea e 53
Figure 41 shading in March at 8:00AM ...........cccociiiiiiiieiiiiiie i 53
Figure 42 shading in March at 12:00PM ................ccooueeeiiiueeeeeiiieee et e e e 54
Figure 43 shading in March at 3:00PIM ................couciueeiiiiieee e 54
Figure 44 shading in September at 8:00AM ...........ccoeeeiiiieeeiiiiiiee e 54
Figure 45 shading in September at 12:00PM .............c.ccccccvuueeiiiiineieeiiiieee e e saee e 55
Figure 46 shading in September at 3:00PM ............cccovvuviiiieiiiiiiiiiireeee e 55
Figure 47 Side Fins used on building’s facade.................ccccooveiiiiiiiee i 56
Figure 48 Vertical WinAdOW SRALLEIS .........c..cccoiiiiiie it eaee e 56
Figure 49 : horizontal WindOW SAGLLEIS ............cccuiiiiiiieiiiiiiie e 57
Figure 50 horizontal WindoW SAGLLEIS ...........cccccooiiieeeiiiiiiee e 57
Figure 51 BUilding VIEW 1............ccuueiiiiiiii ettt tae e taa e e e nanae e e e nre s 59
Figure 52: BUilding VIEW 2...........cc.uuee oottt et e s a e nnan e e 60
Figure 53: BUilAiNG VIEW 3...........ccuuuiiiiiiie ettt e e s e e e e e naan e e e nnes 60
Figure 54 heating design QNAIYSIS ...........u.ueeiiiiiiiiiiiiieiie e 63
Figure 55 cooling design QNAIYSIS............cc.uuiiiiuuiiiiiiii et 65
Figure 56 building view 1 after modifiCation .............ccccccouvvieiiiiiiiee i 68
Figure 57 building view 2 after modifiCation ............ccccccuuiiiiiiiiiiiiiee i 68
Figure 58: heating design QNAIYSIS ...............ccoouiiiiiieeei i 72
Figure 59 Cooling design QNQIYSIS ...............ccccueeiiiiiiii e 74
Figure 60 Thermal comfort inside the building................cc..cccocovveiiiiiiiec i, 77
Figure 61 CFD slice in the ground’s floor COrridor 1 ............ccovvviiiieiiiiiiiiiiieieee e 79
Figure 62 CFD slice in the ground’s floor COrridor 2 ............cccovvvuviiiiiiiiiiiiiieeeee e 80
Figure 63 CFD slice in the First’s floor main corridor between apartments..................... 81
Figure 64 CFD slice in the First’s floor apartments and multiple functional zones........... 81
Figure 65 CFD slice in the Roof crossing through elevators ...............ccccoeeeviiiieiiiiiinnnnnns 82
Figure 66 CFD slice in the Roof crossing through its Windows ................ccccccueeeeiiineeeennnne. 83
Figure 67 illuminance distribution map for the ground floor ..............cccovuvvveeiiiiiiiciinnnnn, 84
Figure 68 illuminance distribution map for the First floor...............ccoceevviiieieiiiiiee e, 85
Figure 69 Daylight factor after modification from RevVit ........cccccccccviviviinveneieiieeieieinnn, 86
Figure 70 illuminance distribution map for the ROOf ..........cccccccccvueeeiiiiiiie e 86
Figure 71 Building plan IayOUL ...........cccooiiiiiiii e 88
Figure 72External walls layers used to calculate super dead loads .............cccccvviivennnne. 90
Figure 73 Typical SeCtion INSIAD .......ccooiviiiiii e 91
FIQUIE 74 SEISIMIC IMAP ....vevieiitieiieiieeeie ettt sttt ettt ne b eneas 92
Figure 75 Typical Section iN Sl ........cccooiiiiiii e 95
Figure 76 response SPeCtrum fUNCLIONS.........ccveiiiiiieiie e 96
Figure 77:3D mode 0T DIOCK 1 ......ovoiiiiiiiie e 97

Page 11 of 250



file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378034
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378035
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378036
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378037
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378038
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378039

Figure 78: CompatibDility CRECK ........eciiiiicie e 98

Figure 79:plan show columns that checked ..., 101
Figure 80:Axial load for selected COlUMN ...........ccocoiiiiiicie e 101
Figure 81 plan show beam that checked (first floor) .......cccvevvviviieiiii e 103
Figure 82 moment result for selected beam...........cooiiiiiiiic e 103
Figure 83:plan show slab span that checked (first floor) .........cccoevviiiiiiiiiie i 103
Figure 84 moment result for selected slab span..........cccocevveviiieii i, 105
Figure 85 first floor long term deflection ... 106
Figure 86 LTD deflection in selected panel...........ccoovoeiiiiiiciincieee e 106
Figure 87 period from ETABS ..o 108
Figure 88 3D M0ode 0TDIOCK 2 ......c.ooiiiiiii e 110
Figure 89:Compatibility CheCK ..o 111
Figure 90:plan show columns that checked ............cccooevieiiiic i 115
Figure 91 plan show beam that checked (first floor)..........ccocevveiieiiiii i, 116
Figure 92 moment result for selected Deam ... 116
Figure 93 plan show slab span that checked (first floor) ........ccoccoveiiiiiiincie, 117
Figure 94 first floor long term deflection ... 118
Figure 95 LTD deflection in selected panel...........cccoooiiiiiiiniciincieeee e 118
Figure 96: period from ETABS ...t 119
Figure 97 moment diagram M22 fromenvelop ultimate load for typical floor B1........ 122
Figure 98 Shear diagram V23 fromenvelop ultimate load for typical floor B1............ 123
Figure 99 moment diagram M22 from envelop ultimate load for typical floor B2 ........ 124
Figure 100 Shear diagram V23 from envelop ultimate load for typical floor B2........... 125
Figure 101 Slab section for BIOCK 1&2 ..........ccoeiieiiiiiiiee s 125
Figure 102 typical floor slab reinforcement and ribs..........cccooeveiiiiniiicicie 126
Figure 103 Roof floor slab reinforcement and ribs...........ccooeveieiininiiieic e 126
Figure 104 columns rebar percentage for block 1 .........ccccoveveiiiiiiiiic e, 127
Figure 105 columns rebar percentage for bIock 2., 127
Figure 106 C1&C2 sections and reinforCement..........covveveeeieeiessiee e 128
Figure 107 Details showing the distances between bar ...........ccccovivieviiiii i 129
Figure 108 Typical floor beam sections -BIOCKL............cccccveveieeiiciienc e 129
Figure 109 Typical floor beam shear reinforcing -BIockL ..........cccooiiiiiiinciciienne 130
Figure 110 Beam layout for typical floor -Blockl...........ccccooiiiiiiiiieeee 130
Figure 111 Typical floor beam reinforcement -BIOCK2 ............cccccoveviiiciiciiccece e 131
Figure 112 Typical floor beam sections -BIOCK2............cccoviiiiiiiiiiiiicee e 131
Figure 113 Beam layout for typical floor -BIOCK2..............ccoieiiiiiiiiicee 132
Figure 114: wall reinforcing ratio for BIOCKL ...........cccccooveiiiie i 132
Figure 115: wall reinforcing ratio for BIOCKL ...........cccoovveviiie i 133
Figure 116 Typical section in shear WallS...........cccoooiiiiiiiiii e 134
Figure 117 The column with the largest reaction ...........cccoooeeiieiii i 135
Figure 118 plan show beam that checked (first floor)...........cccoovevieiiiiciiiiicee e, 136
Figure 119 ETABS reinforcement for check beam ..o 137

Page 12 of 250



file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378044
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378047
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378050
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378051
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378056
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378060
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378061
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378063
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378064
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378065
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378066
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378068
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378069
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378070
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378071
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378072
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378073
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378074
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378076
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378079
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378080
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378082

Figure 120 Manual reinforcement for check beam.........cccccove i 137

Figure 121 Layout of Mat foundation............ccoiiiiiniinn i 138
Figure 122 ANAlYSIS I0ad .........cccvoiiiiiiieie et 138
Figure 123 Bearing capacity check fromservice load............ccccovveviiieiieiiieiese e, 138
Figure 124 :Punishing shear check for mat foundation .............cccociiiiinicniicnnee 139
Figure 125 140 V12 &V23 FOr mat footing ........cccceeviieiiiiiiieiiie e 140
Figure 126 additional bar to ©20/10 bottom in X dir.......cccccveveiiieiieiiie e 141
Figure 127 additional bar to 620/10 TOP IN X AIr.....cccoviiiiiiiieiecee e 141
Figure 128 additional bar to ©20/10 bottom IN Y dir.....ccceevieiiiiiieee e 142
Figure 129 additional bar to ©20/10 top iINY Air ...eccveeieiieirce e 142
Figure 130 X DIR steel for mat footing.........coceieiiiiieiiiieieses e 143
Figure 131 Y DIR steel for mat foOtiNg .......c.cocueiieieiieiiee s 143
Figure 132 FOOtiNg detailing ..........ccoveiieiiiieie e 144
Figure 133 Output fromPROKON..........cciiiiieieee e 145
Figure 134 Retaining wall in PROKON ........ccoiiiiiiiiieeeee e 145
Figure 135 Bending moment and area of steel in Stem.........cccoooeiiiiiinin e, 146
Figure 136 Bending moment and area of steel in Base .........cccccevvevvieveeveese e 147
Figure 137 Reinforcement retaining Wall ...........cccooeiiiiiiiiii e 148
Figure 138 ramp for basement 2 FlOOr .........ccovoiiiiiiciic e 149
Figure 139 ramp for basement 1 flOOr .........cocveiiiiiiiiii e 149
Figure 140 ramp modeling in ETABS (DIOCK 1) ...ccvvoieiieiiee e 150
Figure 141 ramp Deflection check (live 10ad) ... 151
Figure 142 ramp Deflection Check (LTD) ...ccovveiieiiiiiiice e 151
Figure 143 ramp Shear diagram ..........cccceiieiieiiee e 152
Figure 144 moment diagram fOr FAMD ......cccoiieiieieiene e 153
Figure 145 RaAMP AetATING .....ccviiiiiieeeie e 153
Figure 146 data sheet for luminaires used in Mmarket ..............ccccccccovvveeeeiiiiieeeeiiiieeeens 156
Figure 147 render for MQArKet.............ccccooiiiiiiiieie i st e e eaae e e 156
Figure 148 illuminance level and uniformity for market.................ccccoooeeeiiiineciiiiinnnenns 157
Figure 149 Data sheet for AbIUtion [UMINGIres ................ccccivvveeeieeiiii i 157
Figure 150 Render fOr ADIULION ........ccuueuiiieii i 158
Figure 151 illuminance level and uniformity for ablution ................c.ccccooeeviiiiieeesiinnnnn. 158
Figure 152 Data sheet forluminaires used in WC.............cccccceiiiineiiiiiiieeniiiiee e 159
Figure 153 Render for BAthroom .............cccccouiiiiiiiiiiiie et 159
Figure 154 illuminance level and uniformity for WC..............ccccoooeeiiiiiieec i 160
Figure 155 Data sheet for Iminaires used in Bedroom..............ccccccccucevueeeiiiiiineesiiinneenns 160
Figure 156 Render for BEArOOM ...............cccccvuueeeiiiiiee e sttt e siaae e 161
Figure 157 illuminance level and uniformity for Bedroom ................ccccevvvereieiniiiiiiinnne. 161
Figure 158 data sheet for luminaires used in QUESE FOOM ..........ccceeveeeeiiiiiiiiieeiieeeeee e, 162
Figure 159 Render for QUESEIOOM ...........cccuueiiiiuiiee e 162
Figure 160 illuminance level and uniformity for GUESErOOM ...........c.cccovveiiiiiineesiiiiiennn. 163

Page 13 of 250



file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378083
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378084
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378085
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378086
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378088
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378089
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378091
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378092
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378093
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378094
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378096
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378097
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378098
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378099
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378100
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378101
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378102
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378103
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378104
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378105
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378106
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378107
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378108

Figure 161 data sheet for luminaires used in Kitchen................ccccccccovvueeeiiiiineeiiiiieeeens 163

Figure 162 Render fOr KitCREN...............cccuueeiiiie ettt e 164
Figure 163 illuminance level and uniformity for kitchen .............ccccccccocvveeiviiinneesicinnnn. 164
Figure 164 datasheet for luminaires used in livingroom .............ccccccovvviieiiiiiineesiinenn, 165
Figure 165 Render for LiVINGrOOM ................ccciueeeiiiiiee e ciie e e siteee e siree e nairae e e eanee e 166
Figure 166 illuminance level and uniformity for livingroom ..............cc.c.ccccooveeiiiiiincennn. 166
Figure 167 datasheet for luminaires used for COrridors ...........cccccouvvueiiiiiiiineeeiiiinneenns 167
Figure 168 Results from dialux for COrridor............coovuiiiiiiiiiiiiiiiee i 167
Figure 169: Render fOr COrridor ...ttt 167
Figure 170: illuminance level and uniformity for Corridor ............cccccouvvvneiiiiinnneesncnnnnn. 168
Figure 171 datasheet for luminaires used for parking ...............ccccoceeuvviieeesiiiineesiiienn 168
Figure 172 Render fOr PArKiNG ...........cccccciuuiiiiiiiieeiiiiiie e esieee s ssisaee e ssstaee e s snsaeeesannsneee s 169
Figure 173 Render fOr PArKiNg ..............ccccecoiiiueeeiiiiiee e eiie e et s st e e eiae e s eanae e 169
Figure 174 illuminance level and uniformity for Parking ................cccccoeeeiiiiieneeiiiinneennns 170
Figure 175 VRF CAtQIOGUE ............c.ueeeeiiiiie et ceee ettt e e enve e e enann e e anes 179
Figure 176 controller ProdUcCt ...............ccueeiiiiiei e e e saae e e 180
Figure 177: split unite cassette used in ground flOOr ..........cccooeriiiiiiiicie 181
Figure 178 wall mounted used in residential floors............ccocoevieiiiiiii i 181
Figure 179:distribution of split unitS ON GF .......coooiiiiiiei e 185
Figure 180:distribution of split units on First floor ... 186
Figure 181 :EIECtriCQl SYStOM.........cccuuuieeiiiiiee ettt e e e e e et e e e s naaeee s 187
Figure 182 tYPE Of WITES .......cccuuueiiiiiiiieeiiieie e e sttt e e et e e s e e e e e e snteee e e ananeae s 187
Figure 183 DiStribution DOGIT ..............ccoiiuiiiiiiiiiii e nraaee s 188
Figure 184 CilCUIt BrEAKET ............cc..ueeeeiuiieeeeeiiiiee e e e e e ettee e e st e e s e et e e e s eaaae e e s eaaneeeeanes 188
Figure 185:Indoor unite USEd 0N GF ........c.ccoveiieiice e 195
Figure 186 Indoor unite used for residential floor ............cccooiiiiiiiiice 196
Figure 187 reverberation time in SECONGS...............ccccvuieiiiiiiieee i 200
Figure 188 soUNd Pressure lEVEl..............ccooviiiiiiiiiiiiiie i 201
Figure 189 Noise reduction iN DB .................cccuueeeiiiieee e i e e et eeiae e e eaaae e 201
Figure 190 sound transmission StaNdard ................ccccooiiiieieeeiiiiee e 202
Figure 191 Impact inSUlGtioN CIASS ................ccoueiiiiiiiee et 203
Figure 192 Ease layout for Shopping store nUmMber 13 .......ccocceveveeiiiiiiiiiieeeeeeeeee e, 204
Figure 193 Ease results for reverberation time on different frequencies for shopping store
NUIMDEE 13 ...ttt e e e e e e et r e e e e e e e s s s e bbb b bereeeeesssesssatabereeeeeseaaanes 204
Figure 194 STC result for internal partitions in the ground floor .............c.cccccoeviiiiunnnn.. 205
Figure 195 shopping store number 13 layout on EASE address............cccccevviuveeininnnnnn. 205
Figure 196 speakers selection and dimension ................cccccueeviiieeeeeiiiiiee e 206
Figure 197 direct SPL in the shopping store (hexagonal distribution) .................c......... 206
Figure 198 noise/sound ratio (hexagonal distribution) ...............cccccceveeeviieeeiieeeiineeenn, 206
Figure 199 direct SPL in the shopping store (rectangular distribution) .......................... 207

Page 14 of 250



file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378141
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378149

Figure 200 noise/sound ratio (rectangular distribution) ...............cccccceeeeviieeiiieesiineennn, 207

Figure 201 :selection of type eXtiNQUISHE .........ccoiiiiiiiiiiiee e 209
Figure 202 Powder fire eXtinQUISRET ...............cccouuiiiiiiiiie it 209
Figure 203 Hose terminal StAtioN ..............cccocuuiiiiiiiiiii it 210
Figure 204 Hose station system we used in building ................ccccccovvvveeiiiiiine i, 210
Figure 205 HOW We USe NOSE SEALION ............cccuuveeiiiiieeeeiiiiee e e sitee e e s e e esiae e e e eaaee e 210
Figure 206 Catalogue Of SPrINKIEIS ...............ccovuuiiiiiiiee e e st erae e 211
Figure 207 REAt AEEECTON .. .........ciiiiiiiieiiee ettt e e st e e e e s e s b braeees 213
Figure 208 SMOKE AEtECLON ..........ccccuveie et ceee ettt e e naaee s 213
Figure 209 EXIt SIGIN ......ccuuuuiiiiiiieiiiiiiie e eite et e st e st e e s s s e e s s b e e e e s st e e e s s nnabeee s 214
Figure 210 EXit Sign fOr UPPEr fIOOIS ........cuuuiiiiiiiiiiiiiiie et 214
Figure 211 Exit sign for basement flOOrS............cccccvvueeeiiiieiee e i 214
Figure 212: Fires system used in parking 1 .......cccooviiiiieii e 215
Figure 213 Fire system USEA iN GF.......cccccccciiiiiiiiieeiee ettt 215
Figure 214: Fire system used in Parking 2 .......ccccovevvrieeneennsie e see e eee e nes 216
Figure 215 Escape routes for PATKING .............cccoocueiiiiiuieeiiiiiiee e ssiieee s ssinee e siine e e ssnneee s 216
Figure 216 ESCAPE roUteS iN GF .........ccccuuuiiiiiii ittt e e e 217
Figure 217 Escape routes in residential flOOrS ..............ccccovveeiiiiieeiiiiiee e 217
Figure 218 location oOf tanKs (tOP VIEW )........cccueeeiiiiueee et eee et e e eree e 218
Figure 219 section of tank and flOOrS.............cccceeiiiiiiiiiiiiiiie i 219
Figure 220 data Sheet fOr tANKS ...........ccoiiiiiiiie e 219
Figure 221 water fIOW CAGIt...........cc.uuueiiiieiee et 221
Figure 222 pipe diameter (flow & friction 10SS ) ......ccovviiiiiiiiiiicie 222
Figure 223 Parkings water supply Plan ...........cc.ccoocueeeiiiiiee i 224
Figure 224 GF ( Market ) water supply plan ...............cccoccvvveiiiiiiiiee i 225
Figure 225 1st - 5th floor (residential) water supply plans .............cccccoceeeeiiiineeeiiiiinneenns 225
Figure 226: parking plan for draiNage..........oceieieieniiesieeees e 229
Figure 228 1st to 5th floor drain@ge flOOrsS ...........ccccccieiiiiiiee e 230
Figure 229 site plan and drainage of building ................ccccoviiiiiiiiiiiiiiie e 230
Figure 230 rain WAter PIAN .................cociuueeiiiiiiee e ettt s e eee e e eaae e e e e saaae e e aans 231
Figure 231: Citation CheCk SHEEL.........ccvciiiiiicec s 249

Page 15 of 250



file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378183
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378185

List of tables (LOT)

Table 1 Different elevator SPeCifiCations ...............cccueeiiieeeeeiiiiiee e 29
Table 2minimum width of door compared to wheelchairs.............cccovveveeeiiiiiciciiinnnnnnnn. 30
Table 3angles with minimum dimension for the circulation of cars...........c....ccccovvveeennnen. 32
Table 4Temperature records iNJENIN ...........ccvvuveveeiiiiiiiiiiee e 40
Table 5 Ground floor and Roof heating CAPACITY ...........ccovvuveeieeeiiiiiiiiiieee e 63
Table 6 First floor heating CAPACITY..........ccuucuuiiiiiiiiie et 63
Table 7 Second floor Reating COPACITY ........ccouuuiiiiiiiiiiiiiiiii e 64
Table 8 Third floor heating CAPACILY ..........ccouuiiiiiiiiieiiiiiie e 64
Table 9 Fourth floor heating CAPACILY .........ccuuveeiiiiiee i 64
Table 10 Fifth floor heating CAPACILY ..........ccouueeiiiiiiee et 65
Table 11 Ground floor cooling CAPACILY .........c..oueeiicueeeeiiiiiee et 66
Table 12 First floor COOlING CAPACILY ..........ccciivveeiieeii i 66
Table 13 Second floor CO0liNG CAPACILY........ccuueiiiiiiiie i 66
Table 14 Third floor cooling CAPACILY .........coccuuuiiiiiiiiie e 67
Table 15 Fourth floor co0ling CAPACILY.........cccuuiiiiiiiiiiiiiiiiie e 67
Table 16 Fifth floor cO0liNG CAPACILY ........coeiicuviiiiiiiiiii i 67
Table 17 Ground floor heating CAPACILY ........c...ocooviueeeiiiiiiee et 72
Table 18 First floor heating CAPACILY............cccuueeeiiiieee e 72
Table 19 Second floor heating CAPACILY .........c..ueeeieiueeeiiiiiiie e 73
Table 20 Third floor heating CAPACILY ..........ccuuiiiiiiiee et 73
Table 21 Fourth floor Reating COPACILY ........ccuuveeiiiiiee e 73
Table 22Fifth floor heating CAPACILY ...........cccviiiiiiiiii i 74
Table 23 Ground floor and roof cooling CAPACILY ...........cooceiiiiiiiiiiiiiiiiee e 74
Table 24 First floor co0ling CAPACILY ..........couvuiiiiiiiiiie it 75
Table 25 second floor OOliNG CAPACILY ........ccuueeeeiiieee it 75
Table 26 Third floor cooling CAPACILY ..........cccueeeiiiiieie it 75
Table 27 Fourth floor co0ling CAPACILY.........cccuuueiiiiiiee i e 76
Table 28 Fifth floor cOOliNG CAPACITY ..........cociiivveeiie it 76
Table 29 Comparison between real case scenario and Baseline scenario........................ 78
Table 30 total site ANd SOUICE ENEIGY ..........ccuueeeiiiuiiieeiiieiie e eeiee e e a e 79
Table 31 The layers of the external walls and their loads.............c.cccoevveiiiiviicie e, 90
Table 32 Occupancy IMportance FACLOrS.........cccivveiiiiieiiece e 92
Table 33 SeismMIC COETFICIENT Ca .....veveieeieeie et 93
Table 34 SeismiIC COBTFICIENT CV ..oveiiiiii e e 93
Table 35 According ACI-318 use following table to calculate thickness of slab and beam

........................................................................................................................................... 94
Table 36 Base reaction from ETABS BIOCK 1........cccoooveiiieiieiece e 98
Table 37 Live 10ad Check DIOCK L........c.ooiiiiiiie e s 99

Page 16 of 250



file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378226
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378227

Table 38 Dead 1oad CheCk DIOCK L......coooooeeeeeeeeeee et 99

Table 39 SID load check BIOCK 1 .......cccocoiiiiiiiiecee e 100
Table 40 internal and edge col axial load check block 1 ............cccoeiviiiiiiiicicceee 102
Table 41 Modal Participating Mass RAtIOS ...........ccccvuereeieiieeirereeesie e esee e 107
Table 42 Base Reaction for BLOCK L ........ccoiiiiiiiiiiiciie et 108
Table 43 Base-shear check BIOCK 1.........cccooiiiiiiii i 109
Table 44 Drifts Check In X Direction block 1 .........cccevviiiiiieiiee e 109
45 Drifts Check In'Y Direction DIOCK L........ccooviiiiiiiiiiic e 110
Table 46 Base reaction from ETABS .........ocoiiiiiic et 112
Table 47 Live load check BIOCK 2..........ccviiiiiiiieie et 112
Table 48 Dead load check BIOCK2............c.oooviiiiiiiie e 113
Table 49 SID load check BIOCK2 ............coviiiiiie e 114
Table 50 internal col axial 10ad CheCK...........cceii i 115
Table 51 Modal Participating Mass RAtiOS ...........ccccoveviiieiieie s 120
Table 52 Base Reaction for BLOCK 1 ........ccociiiiiiiiiiiciic e 120
Table 53 Base-shear CheCK ..........coiiiii e 121
Table 54 Drifts Check IN X DIFeCHION .......ccviiieiiiiie e 121
Table 55 Drifts Check In Y DireCtioN........ccovveiiiiiiiciie et 121
Table 56 Column reinfOrCMEeNt ..........ooviiiice s 127
Table 57 beam schedule reinforcement ... 132
Table 58 design shear Wall 20CM...........ccoiiiiiiie i 133
Table 59 design shear wall 20cm for shear force..........cocooviiiiiiiie e 133
Table 60 design shear wall 20Cm...........cooiiiiiiiii e 134
Table 61 design shear wall 20cm for shear force.........cocoovvvveiveiicceiie s 134
Table 62 steel cacluation for manually calculated moment............ccooeoiiiiiiiiininns 137
Table 63 Results from Dialux for MArket .............cooceiiiiieeiiiiiiee e 156
Table 64 Results from Dialux for ablUtion..............cccccuiciiiiiiiiiii e 157
Table 65 Results by Dialux fOr WC ............coccuueeiiiiiee ettt 159
Table 66 Results from Dialux for Bedroom ...............ccccccveeeiiiiieieeiiiiee s 161
Table 67 Results by Dialux for QUESEIOO, ..............ccvuueeiiiiieeeiiiiiee et e e 162
Table 68 Results by dialux for KitCREN .............c..coccuveeiiiiiee e 164
Table 69 Results from dialux to LiVINGroOM ..........cc..cceiiiuiiieiiiiiiie e siee e 165
Table 70 Results by dialux fOr PArking .............ccoccoueeiiiiieeeiiie e 169
Table 71 Total heating and cooling loads for building ................cccoeeiiiiiiiiiiiiiinneniinn 171
Table 72 Designing loads for Ground flOOr ............cccccoocciiiiiiiiii i 171
Table 73 the designing 10ads for First flOOr ..........cccccccouiiieiiiiiiii e 172
Table 74 The designigng loads for second flOOr.............cccccccocvviiiiiiiieee i 173
Table 75 the designing loads for third flOOr ..............cccccoveeiiiiiii i 175
Table 76 the designing 10ads flor 4th flOOr ............c.c.ccoocieeeiiiiiiic e 176
Table 77 the designing 10ads for 5th flOOr ..............uueoiiiiiiiiiiieiiiiie e 178
Table 78 the designing 10adS fOr FOOf ..........cccueiiiiiiiiiiiiie e 179

Page 17 of 250




Table 79 number of split unites on ground flOOr.................ccccovveiiiiiiiee i 182

Table 80 Lighting information of MArket.........cccoueeeeiiiiiiiiiieieieeee e 189
Table 81 Information of lighting on AbIULtiON ................ccccueeiiiiiieii i 189
Table 82 lighting information of bathroom ............cccccccviiiiiiiiiii i 189
Table 83 lighting information of bedroom ................ccccccvueeeiiiiieec i 190
Table 84 lighting information Of GUESLIOOM ................cccveeeiiiiiee e 190
Table 85 lighting information of KitCReN...............cccoeoiiiieeeiiiiiie e 190
Table 86 lighting information for living roOm ...............cccceeeiiiieeei i 191
Table 87 lighting information for COrridor ..............c...ccoouiiiiiueiieiiee e 191
Table 88 Cross sectional area by current rating ............ccccccoeccvveeiiiiieee s 192
Table 89 normal load and special [0AdS...............ccccuiiiiiiieiiiiiie e 192
Table 90: Cross sectional area by Current rating.........c.ccooeveeneeienien e 193
From previous table (Table 92) the area of cable = 1.5 mm2 ... 194
Table 93 absorption coefficient for materials used in shopping store 13...................... 203
Table 94 number of sprinklers in €ach flOOr: ................ccccueeiiiiiie i 211
Table 95 steel PIPES TIAMELET ......cviieee e 212
Table 96 estimation for water CONSUMPLION ...........c....ouccuiieiiiiiie e 218
Table 97 specifications OF tANKS.........ccviiiiiiii e 220
Table 98 water supply fiXtUre UNIteS............cccueiiiiiueeeiiiiiiee e 220
Table 99 NUMDBET Of fIXTUEKS .........ccivveiiee ettt e st e e e eab b b e 221
Table 100 Calculations Of PreSSUIE .............ccueeiiiiiueeeiiiiieeeecee e e e sare e e aaee e nnnees 221
Table 101 diameter of the pipe and the friction loss in main vertical feeder ................. 223
Table 102 pipe diameter and friction loss for horizontal pipes .............c.ccocevevviinneeninnne 223
Table 103 pressure CAlCUIQLIONS ...............couicuuiiiiiiiiiiie e 224
Table 104 Drainage fIXtUIe UNITES.......c.ccviiiiieiiie it 226
Table 105 Diameter OF PIPES ..c.viiiiieeiecie et 226
Table 106 Diameter 0f horizontal PIPeS.......coooiiiiiiiiiiiis e 227
Table 107 distribution of fixture Unites in GF............cccccviuieiiiiiiee i 227
Table 108 distibution of unite fixtures in 1St flOOr..............cccovoveeiiiiieeieiiiiee e 228
Table 109 distribution of unite fixture in PArkings................cccoceeiiiiieeeeeiiiiee e 228
Table 110 diameter of pipes and it's SIOPE ...........cceeeeiiiuieieiiiiiiii e 228
TADIE 111 PHC TABLE ...ttt ettt e et a e et e e et a e e e e nnae e e e e 232
Table 112 Elevators ReCOMMENAALIONS ............cocvuiiiieieiiiiesiiie et 232
Table 113 Calculations ro select the elevator ..............cccccueiccvieeii i 233
TabIE 114 COSEt SUMMQIY .....ouveiiiiiiei ittt e e e st e e e e re e e e enrees 245

Page 18 of 250



file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378287
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378289
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378296
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378297
file:///C:/Users/Administrator/Desktop/building%20engineering/GP2/Graduation-Project-2-Final-2024.docx%23_Toc157378298

CHAPTER 1 INTRODUCTORY

This chapter will outline the project, identify and address challenges, describe
objectives, describe the process used to finish the project, and collect the literature
required for the design.
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1.1. Introduction
Jenin city is located at the north of Palestine, its area is about 37.3 kn?, which makes a

significant percentage of the total area of the west bank. Jenin’s population is about 55,933
and 11,674 for Jenin’s camp with a total of 67,607. Jenin’s market is distinguished by its
purchasing power due to the entry of Arabian people from the occupied cities inside the
separation wall, who are reviving the city's economy.

Jenin lacks commercial complexes compared to its huge area and its big population, there
are just three known commercial complexes like, City Center Mall, Taj Mall, and Clock
Tower mall.

According to the official definition, a shopping mall is one or more buildings constituting
a complex of shops representing merchandisers, with interconnected walkways enabling
customers to stroll from unit to unit. Unofficially, they serve as the social haven for youths
worldwide, the cornerstone of retail businesses, and the lifeblood of communities. The idea
of the shopping mall, which originated in the United States and blossomed into a full-
fledged modern retail trend there in the years following World War 11, has recently spread
around the world. Nowadays, Asia is home to the top five malls worldwide.

Malls' influence on people's lives is changing as a result of a confluence of concurrent
global events. Their main purpose is no longer to shop. Consumers now search for
experiences at malls that go much beyond simple retail therapy.

Some customers prefer mixed-use complexes where they can live, shop, and work all
within walking distance rather than having to get in their car and travel to a busy suburban

mall due to sustainability concerns.

1.2. Project problems
Many subjects will be covered in this project, including:

1.2.1. How the architectural plans will be examined and modified to the
recommended standards.

1.2.2. How the project will be environmentally assessed from various
perspectives, including building orientation, illumination, acoustical studies,
thermal comfort, and the use of computer applications to create a realistic
simulation of the building, and how to improve all the mentioned topics to

create the best internal environment in the building's spaces.
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1.2.3. How will a structural design plan be developed to be economically and
operationally appropriate for the project, and proposed solutions for the
centers of columns so that they do not conflict with the architectural design,
particularly with the parking garages in the facility's basements, and a design
plan in accordance with seismic standards and codes.

1.2.4. And how will a cost estimate for the project be made, showing the
methodology used and outlining the potential for expansion and improvement.

1.2.5. The most crucial factor is how well all of these components will combine
and cooperate.

1.3. Objectives:
1.3.1. Architecture design to be done: considering the size of the interior rooms,

traffic flow, and the suitable function for each space.

1.3.2. Environmental design involves calculating heating and cooling loads and
calculating U-value by using the computer programs Revit and Design-
Builder and making necessary adjustments to attain the proper daylight factor.

1.3.3. For doing structural design, develop a thorough design for all of the
building's current support structures, and to get the values needed for various
tests, computer software like ETABs will be employed.

1.3.4. The proposed code will be used to satisfy structural requirements.

1.3.5. Create a project's necessary cost estimate.

1.3.6. Attempting to establish integration throughout the facility's engineering

systems.
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1.4. Methodology:

Architecture:

collecting architectural standards data
for the shopping mall.

ecomparingthe standards of the malls
withthe our case.

enviromental:

estudying the site and the orientation of
the building with the direction of the
sun.
eusing simulation softwares like Design
Builderto calculate heatingand cooling
load, daylight factor, CFD,and energy
consumption.

structural:

echosingthe suitable structural system
for the shopping mall.
edevelopingathorough design forall
of the building's current support
structurals.
eusing computersoftwares like Etabs.
to getthe values needed fortests.
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engineeringintegration between
systems:

Attemptingto establish integration
througout the facility's engineering
systems.

Cost estimation:

assuminga unit cost per metersquared
for the project.

calculating the total area of the project
from Autocad.

electromechanical

designingvarious electromechanical
designfields including artificial
lightning, HVAC, power, acoustical,
firefighting system, watersupply,
drainage, and elevators.




1.5. Design constraints:
1.5.1. Economy: how to benefit from every space in the project due to the high

price of the land.

1.5.2. Environment: The project is located in the center of Jenin city, which leads
to some environmental problems, such as the noise criteria, the natural
lighting, moisture, shadow of nearby buildings, lack of sufficient information
of materials and the design.

1.5.3. Politics: such as designs that promote gender and race equality, products
that help national security, designs that help solve common international and
national problems.

1.5.4. Health and Safety: such as public safety, safety of the consumers of the
product, safety of workers.

1.5.5. Ethics: such as designs that do not violate safety and health issues, privacy

issues, honesty, truthfulness.

1.6. Standards and Specifications (Codes):
1.6.1. Architectural

1.6.1.1. Emt and peter Neufert “Third edition” used for the architectural
standards.
1.6.1.2. Time saver for building types
1.6.1.3.  Metric handbook planning and design data “Fifth edition”
1.6.2. Environmental
1.6.2.1. Mechanical and Electrical Equipment for Building ‘MEEB’
1.6.2.2.  Palestinian code for fire prevention and protection.
1.6.23. ASHRE
1.6.3. Structural
1.6.3.1.  The American concrete institute code (ACI 318-14)
1.6.3.2.  ASCE/SEI 7-2016: Minimum Design Loads and Associated Criteria
for Buildings and Other Structures
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1.7. Earlier coursework:
1.7.1. Architectural:

1.7.1.1.  Architectural design principles, 10611260, this coursework helped
in clarifying the means and standards of engineering drawings.

1.7.1.2. AutoCAD, 10611320, this coursework helped in drawing
engineering 2D plans.

1.7.1.3.  Revit, 10611320, this coursework helped in drawing engineering 3D
plans.

1.7.2. Environmental:

1.7.2.1.  Lighting design, 10611330, described and analyzed all lighting
topics including (lux, intensity of light)

1.7.2.2.  Solar design, 10611432, learned the orientation of the building with
respect to solar insolation, and how to calculate and install PV systems.

1.7.23. HVAC design, 10611341, learned to calculate the heating and
cooling loads, in addition to knowing all the heating ventilation air-
conditioning systems available and what each system suits for.

1.7.3. Structural:

1.7.3.1.  Concrete2, 10611416, learned t calculate the dead, live loads, in
addition to check the equilibrium, more over learning how to design
slabs columns and beams.

1.7.3.2. Building construction 2, 1061135, learned the layers of a standard
building, the installation of construction works and how the construction
activities are done.

1.7.3.3.  Structural analysis, 10611310, learned to analyze the building and
the loads and give a general understanding for how the construction

design will be.
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CHAPTER 2 ENVIRONMENTAL -

ARCHITECTURAL ASPECTS




2.1. Introduction:
Here this chapter is going to discuss the standards of the architectural aspects from

different references...

Architecture is defined as the art and science of designing buildings and structures.
Another definition in this scope is the design of any built environment, structure or object,
from town planning, urban design, and landscape architecture to furniture and objects. In
another words, it can be defined as the manipulation of shapes, and spaces to meet the

standards of the architecture.

Spaces in this project varies and they are as the following, Place of worship,

Stairs, Corridors, Parking, Ramp, Retail shops, bathrooms, and student housing.

2.2. Literature review:
The spaces in this project vary according to their functions, and this project is

considered a multi-functional building. In order to understand these spaces, they must be
studied from several aspects of the required spaces, dimensions, and requirements,
according to the previously mentioned standards. Inthe following, the spacesin the original
design will be studied separately and then compared with the recommended standards.

2.2.1. Place of worship

The size of the prayer hall is around 0.85-m2 praying space per person. It is
typically square or rectangular, frequently has acentral dome, facing Mecca in the direction
of prayer (kibla), and has the minbar right next to it. that always has an odd number of
stairs. This is employed by the imam, who is the mosque's leader of prayer. Men and
women are separated, occasionally only symbolically, and occasionally with the women in

the hall. Down below figurel shows the dimensions of a prayer.
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Figure 1prayer dimensions

2.2.2. staircase, elevators, and escalators:

One of the most important topics to worry about in any building, is the design of
the staircase. The staircase should be easily accessible to all occupants and wide enough.
when a disaster takes place like afire oran earthquake, the stairs should be an easy runaway

route.
Normal staircase:

The stair in the commercial building needs a width that ranges between (1.20-1.40)
m and be able to accommodate two people to pass easily according to the recommended

specifications.
Emergency staircase:

The emergency stairway is known as the fastest way for occupants to escape from
the building to the nearest safe place away from the danger zone. In this project the facility
serves less than 2000 people in the very most cases, so these are the requirements of the

international U.A.E standards. Down below figure 2 shows the required dimensions.
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clause Requirements
Minimum width without obstruction for less than 2000 persons 1200 mm
Minimum width without obstruction for more than 2000 persons 1420 mm
Maximum height of the step (riser) 180 mm
Minimum height of the step (riser) 100 mm
Minimum width of the horizontal part of step (run) 280 mm
Minimum vertical height of the stairs 2030 mm
Maximum wertical height between landings 3660 mm
Maximum slope of the horizantal part of the staircase and landing 21 mm (1 in 48)

Figure 2emergency stair specification standards
Elevators:

Number of elevators in the mall depends on the population of the building. Here in
this project we have both elevators and escalators. So we are going to have less elevators

due to the help of escalators.

Elevator dimensions range due to its capacity to occupants. Some elevators are

1.8*1.8m and up to 3*2m. elevators.

Figure and table below shows the dimensions of different elevators and the capacity
of each elevator’s dimension. In addition to the shaft opening dimension, and mechanical

room dimension.

Fui iR 1iim Falk|idwiim FalW|aewiss Full 2" |[#hay1a8m B e B ik aiiew
2S00 M| BT h_l mpa ] i) I||'I'|'-l|_| iyl AL "'I-’ll_l-ul 1800 I'-h.;:u-_l i ARSI | T I--_l'-u
1211 propie 15 poaple W3 pezple I 11 pacpis

A

s

Figure 3Different Elevator dimensions
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Table 1 Different elevator specifications

Eflective hil system design & 2 specialst design lmeton bul some basse assumptions. can be made reltmg 1o car size, shall dimenssons and traflic flows.

Carsize C < D) Shalt size A = B Machine room 5 = B Load rating (Kg)  Rated Capacily (people) Design Capacity {people)

Light traffic 3z i 36
110 = 9500 1800 = 1600 3200 = 2506 400 5

450 [ 540

110k = 1400 1800 = 2100 AT00 = 250 630 ] .3

13500 = 14000 1900 = 2300 3700 = 250} RO 1l Th

1106k = 21100 1800 = 2640 1200 = 2506} LT 13 LA

Cieneral purpose Iills 1608 = 1400 2400 = 2300 4400 = 3206} 100 13 bl
1950 = 1400 2600 x 2300 4900 = 320 1250 16

1275 16 1.0

1950 = 1750 2600 = 2000 5500 = 3200 1600 il 115

1600 = 2400 2400 = 3000 SROD = 3200 1500 | 149

150h =« 2700 2400 = 3300 SHOD = 320} 2000 26 1o

| B0k = 2T 2700 = 3300 SROD = 350 2500 i3 1590

Escalators:

It is important to recognize that lifts provide a different service to that of stairs and
escalators discussed previously. Where escalators can carry large amounts of people

relatively slowly, lifts carry much smaller amounts much more quickly.

2.2.3. corridors:

Corridors are used to move between spaces, they need a width that can
accommodate two people passing by each other, according to the recommended standards,
their width should range between (1.20- 1.40) m. down below figure 4 shows the dimension

and movement of two people passing by each other in a corridor.
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Figure 4dimesion of corridor when two people walking by each other

In the design of corridors also keep in mind handicapped people, here are the dimensions
of wheelchairs occupied and unoccupied shown in figure 5 below.

Table 2minimum width of door compared to wheelchairs

Oecupied Unoceupicd
Chair tvpe {excluding
children) Length (mm) Width (mm)  Length (mm) Width (mm)
Manual wheelchair B50-1250 S60=800 TOO=1200  560=750
Atendanm propelled 1 200=1570 SH0=700 W= 350 550660
Electric wheelchair Bo0=1520 S60-800 T 1400 560-750
Electric scooter [1T0=1600  630-700 1170=1500 620640

In addition to the minimum door side opening to achieve the appropriate circulation for a

wheelchair, and with a door width not less than 0.915m. It is shown in figure 6 below.
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Efactive claar wadth

(door stop 10 door leaf)

Figure 50ccupied wheelchair entering a door

fire safety and means of escape: Requirement for fire doors, fire separation, lobbies,
emergency lighting, firefighting equipment and automatic fire detection systems. escape

from bedrooms must not be through a higher risk area such as a kitchen.

2.2.4. parking:

One of the most important things that must be taken into account during the design of the
parking, is to allow the movement of cars without obstructing them either by columns
misplace, or movement contradict of other cars in the parking. There are standards for cars’
dimension. From 2.5m-3.0m for single garage, and 5.0m-6.0m for double garage. Down

below figure 7 shows those dimension.

—— 500400

|

' 180" *Suttabin tor

2520
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b2 50=3 00 e 0O-£ 00

Figure 6 standard dimensions for parking lots
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And this is the dimension that should be kept in mind when designing a parking for disabled
people. Parking for disabled people should be wider than normal parking to allow
movement and rotation of wheelchair easily. The dimensions are 3.3m wide which is 0.3-
0.8m wider than the normal parking lot. Down below is figure8 that shows the dimensions

of disabled people’s parking.

+ 3300
|

ine of galvansed
rb.x'-'c‘ over

“ I){.

£
J

3000

2900

Figure 7 standard dimension of a normal car

Garage width depends also on the movement angle of the cars, as the angle becomes bigger
the garage width needs to be wider. The dimensions of the garage compared to the differe nt
angles are shown in tablel below. As a standard requirement we need a minimum of 2.5m
wide garage, as an example for a 90-degree rotation of a car it needs 5.5m to access the

2.5m parking lot. so we are going to focus on the third column in the table below.

Table 3angles with minimum dimension for the circulation of cars

[ Arrangement of garag.e parking Required access ;m'd!h (in m) k;r a garage

spaces lo the access, At an parking space width of:

ad 230 240 250

_ %° 650 6.00 55 )

| 750 5% | 52 | 50
| | 4% 425 400
[ ) 45 | a0 325 30 |
' up fo 30° 300 3,00 300

For a better understanding of how the car moves, figure9 below shows
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Figure 8 the circulation radius of a car

After the new interior design for the mall we have around 960 meter squared total area of
ground floor, minus the corridors, the bathrooms, and hall, then divide the net area by 25

to get the number of needed cars in the building.
960-350=610
610/25= 24.4 so 25 parking lot needed just for the ground floor.

2.2.5. Ramp:

The slope of the ramp should not exceed (20%). The ramp shall be connected to the
internal surfaces and the external roads with sections of no more than (10%) slope. The

width of the ramp shall not be less than following:
1. if the car parks did not exceed 30 cars shall be width 3.5 m.

2. if the car parks exceed 30 cars shall be width 5.25 m.

Figure 10 and 11 shows different slopes that can be used for ramps.
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Figure 10: standard dimension of a ramp

2.2.6. Retail shops:

It is used to display and sell goods and often needs open spaces for better display.
In this project retail shops are clothes shops, mobiles shops, Home accessories shops, and
a supermarket.
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2.2.7. Student Housing:

1- Ratio of toilets to number of occupants — typically a minimum of 1 toilet for 5 people.

Provided in a separate room to the bathroom, if it serves more than 4 people.

2- Maximum distance of shared toilets from bedrooms — typically no more than 1 floor

away.

3- Ratio of kitchen facilities to number of occupants — typically 1 set of facilities for 5
people comprising a sink and drainer, a food cupboard (500 mm wide base unit or 1000
mm wide wall unit), a fridge (130 liters), freezer space (60 liters), worktop (1000 mm min),
3 double power sockets in addition to those required for the appliances, a cooker with 4

burners, oven and grill.

4- The bathrooms in this project need fewer requirements than the normal (residential)
bathroom because it is a Mall bathroom, where there is no bathtub or shower. According

to the recommended specifications, a bathroom width of at least 1.10 M will be required.

WO aciivity Space
6500 overtaps basin 100 mm
£

1100

L
B Aty
space overlaps
we 100 mm

Figure 11 standard dimensions of a WC with a toilet

5- A study bedroom for one person (without en-suite bathroom) can be as small as 10 m2,
but this is extremely tight and a more appropriate minimum area is 12 m2. A small sized
room with en-suite bathroom is typically 15m2. In another words a bedroom can be
3.8m*3.8m.

6- Also a small dirty kitchen it can be 6-7n2.
7- small living area with approximately 16 n2.
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2.3. Case Study:
Building name: City Mall

Location: Nablus, Palestine

Figure 12City mall from the outside

Figure 13City mall interior

2.3.1 Introduction:

This study focuses on building a comprehensive commercial complex in the city of
Nablus. The project aims to meet the needs of the local community by providing an

integrated shopping destination and a unique shopping experience for local residents and
tourists.
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2.3.2 Project overview:

The City Mall complex consists of a main building that houses a variety of shops,
restaurants, exhibition halls, and cinemas. The site enjoys a central location in the city of

Nablus, and is considered a major destination for shopping and entertainment in the area.
2.3.3 Main challenges:

a.) Engineering Design: The design and implementation of a large and complex building
that requires verification of structural, engineering, mechanical and electrical

requirements to ensure safety and sustainability.

b.) Technology and equipment: Providing advanced technical infrastructure that supports
shops, restaurants, cinemas and public facilities, including sound systems, lighting and

information technology.

c.) Architectural Coordination: Coordinating the interior and exterior design of the
complex to create a comfortable and distinctive experience for visitors and meet the

diverse needs of different brands and tenants.

d.) Legislation and Licensing: Comply with local legislation and regulations regarding
construction, safety and environmental protection and obtain the necessary permits to start

and complete a project.
2.3.4. Case study benefits

This case study was used because it was like part of our project, The mall, or rather the
shops. Also, this case in Nablus and the project in Jenin mean that the weather conditions
are not the same. However, it should be noted that these differences are usually slight and
depend on the geographical location and conditions surrounding each city. There may be
fluctuations in the weather day by day and seasonal changes that may affect the weather
conditions in each region. For more accurate information about the weather conditions in
both Nablus and Jenin, it is recommended to consult local weather reports or approved data

sources.
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2.4. Site analysis

2.4.1. Introduction about Jenin city in Palestine

The Palestinian city of Jenin is located in the northern part of the West Bank, 77 km north
of Jerusalem, with an area of about 37.3 kn?, its city’s population according to (Palestinian
Statistics Center, 2023) is about 55,933 and 11,674 for Jenin’s camp. And there is Al-
Bayader neighborhood in which the project is located, as the neighborhood is one of the

most vital areas in the city. Down below is the location of Jenin city on the map of Palestine.

Figure 14 Jenin city on the map of Palestine

2.4.2. Building Location

The next figure shows the location of the project and the land it is present on, and with the

surroundings:

NKID: 28191 X/Y A 178855.93864 K

X
¥ 2075!1.|7A991
—— T e

Figure 15Project location from Geomolg
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2.4.3. Land Analysis:

The level of the main road for the project present in Al-Bayader Street sidewalk is 250, and
this level is considered the 0.00 as areference level. The level of the land starting from the
eastern north is below the reference level by one meter, and then towards the western north
down the south where the level of the land stabilizes to the 0.00 level. Where the land is
completely leveled and excavated to one piece. For excavation works the land itself where
the project is built is excavated 3.3 meters below the street grade for the basement’s
parking. which is considered the -3.3. for this project two basement should be done, so the
excavation works should two basements with 3.3 meters each, which gives a total
excavation of 6.6meter below ground level. There is also a street whose level is also 0.00,

where on its side there are shops and stores on the same level.

2.4.4. Climate and Average Weather Year-Round in Jenin

In Jenin, the summers are long, warm, arid, and clear and the winters are cold and mostly
clear. Over the course of the year, the temperature typically varies from 7°C to 31°C and

is rarely below 4°C or above 34°C.

2.4.5. Climate Summary

The next figure shows a summary of the climate in Jenin city:

Climate in Janin

& Link & Download Compare 2023 2022 2021 2020 2019 2018 2017 2016 2015
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Figure 16climate summary for Jenin throughtout the year
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2.4.6. Temperature in Jenin

The cold season where temperatures are cool and somehow moderate lasts for 3.1 months,
from the 8t" of December up to the 13th of March, with an average daily high temperature
below 18°C. The coldest month of the year in Jenin is January, with an average low of
9.62°C and high of 15.71°C. The hot season where the high temperature are present lasts
for 4.4 months, from May 30" to the 10" of October, with an average daily high
temperature above 29.65°C. The hottest month of the year in Jenin is August, with an
average high of 33°C and low of 24.5°C.

Table 4Temperature records in Jenin

Month May Jun Jul Aug Dec Year

fecord hlgh * (DF) -------------

15.71 17.94 21.14 2494 29.18 31.1 32.85 331 31.47 27.94 22.84 17.94 2552

CEEA BN (60.28) (64.29) (70.05) (76.89) (8452) (87.98) (91.13)  (91.6]  (8865)  (8229) (73.11) (64.29) (77.94)

13.45 15.36 18.28 21.99 26.21 2797 29.45 29.65 28.21 2514 20.48 1571 2266

Dally mean °C {°F) (56.21) (59.65) (649)  (71.58) (79.18) (82.35) (85.01) (8537) (B278) (77.25) (6B.86) (60.28) (72.79)

Average low °C (°F) 9.62 1.27 13.53 16.25 20.75 226 24.01 24.57 23.57 21.26 16.72 12.03 18.01
8 (49.32) (5229) (56.35) (61.25) (69.35) (72.68) (75.22) (76.23) (7443) (7027) (62.1) (53.65) (64.42)
A6 -1.03 0.0 2.06 824 103 1442 1751 1854 1545 133 824 103 103
(30.15) (0] (35.71)  (46.83) (50.54) (57.96) (63.52) (65.37)  (S9.81)  (S6.1)  (46.83) (33.85) (30.15)
a - — 430 3318 2483 899 1032 143 0.15 0.18 1.82 1243 2104 306 1566
TGS FIEE ) M (i) (1.69) {1.31) (0.98) {0.35) {0.41) (0.06) (0.01) (0.01) (0.07) (0.49) (0.83) (1.2) (0.62)
Average precipitation days (2 1.0 76
mm)
Mean monthly sunshine hours 8.35 10.74 13.26 14.21 14.52 14.42 13.69 12.04 11.68 9.12 8.44 11.54
Average High and Low Temperature in Janin
& Link & Download Compare History: 2023 2022 2021 2020 2019 2018 2017 2016 2015
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Figure 17temperature inJenin for a year
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The daily average high (red line) and low (blue line) temperature, with 25th to 75th and
10th to 90th percentile bands. The thin dotted lines are the corresponding average perceived

temperatures.

2.4.7. Clouds in Jenin

In Jenin City, the average percentage of the clouds covering the sky experiences a
fluctuating seasonal variation over the year. So it is different for each month of the year.
The cloudiest month of the year in Jenin is December, which has an overcast sky or mostly
cloudy. On the other hand, the clearest month of the year in Jenin is August, which has a

very clear sky, mostly clear 100% of the time.

Cloud Cover Categories in Janin
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Figure 18Clouds in Jenin for the past year

The percentage of time spent in each cloud cover band, categorized by the percentage of

the sky covered by clouds.

Fraction | Jan Feb | Mar | Apr | May [Jun | Jul Aug | Sep | Oct | Nov | Dec

Cloudier | 28% | 27% | 24% |25% |17% |3% |0% 0% 2% 16% | 26% | 30%

Clearer | 72% | 73% | 76% | 75% |83% |97% | 100% | 100% | 98% | 84% | 74% | 70%
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2.4.8. Sun visibility

The length of the days in Jenin varies a lot over the months of the year. So as an example
in 2023, the shortest day is December 22, with 10 hours, 1 minute of daylight; the longest
day is June 21, with 14 hours, 17 minutes of daylight. The figure below shows the sun
hours throughout the months of the year:

Hours of Daylight and Twilight in Janin

& Link & Download Compare  History: 2023 2022 2021 2020 2019 2018 2017 2016 2015
24 hr 0hr

20 hr

16 hr

14 hr, 17/min

12 hr >hr, 7 min | Jun 21 ' 12 hr, 9 min e
8 hr Mar 20 | | Sep 23 [ 10hr, 1min | 1g hr
Dec 22
4 hr | | | | | I | | 20 hr
.., day
0 hr — 24 hr

Jan  Feb  Mar Apr May Jun Jul Aug  Sep Oct Nov Dec

The number of hours during which the Sun is visible (black line). From bottom (most yellow) to top (most
gray), the color bands indicate: full daylight, twilight (civil, nautical, and astronomical), and full night.

Figure 19Sun visibilty hours in Jenin

2.4.9. Ventilation:

Ventilation of building is a very important topic to talk about. The presence of ventilation
is necessary to provide comfort within buildings, as ventilation helps in achieving comfort
within a building, it helps to increase the productivity and the amount of good output of
the occupants in the building. Ventilation is necessary due to the depletion of the unwanted
odors and gases such as carbon dioxide, in addition to the location of the project and the
pollutions in the surroundings. The height of the building and lack of coverage from other
nearby buildings will help the natural ventilation to take place in the building easily.

Commercial buildings can have offices, shops, and even multipurpose rooms. Each space
has a different need of ventilation to enter. For example, a commercial building that
contains offices, needs a general ventilation rate around 1-2 (ach/h) times per hour, while
on the other hand, commercial centers that has shops need ventilation with a little higher

than the offices with around 2-3times per hour.
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2.5. Architecture drawings:

2.5.1. Plans before modification:

Basement 1:

The basement in the figure below lacks comfort for the circulation of the cars in the
parking, due to the arrangement of the columns and the large number of columns present.
The project needs another basement with more number of parking lots to meet the
buildings’ population requirements. The columns will be redistributed. The structural

design criteria will be changed to get larger spans. Also redesign of the emergency staircase

’

is needed.

Hewer—

Figure 20 plan for basement 1 before modification

Ground floor:

The distribution of shops in the building is weak, a lot of space is not used wisely, it is a
dull architectural design, in addition to the location of columns in the center of each shop.
The ramp of wheelchair in the entrance should be extended to achieve the standard slope

dimensions.
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Figure 21 plan for Ground floor before modification

First floor up to fifth floor same plans:

The western end of the corridor must be exploited, by this move the guest room in the

northern western apartment will be expanded to the standard’s dimensions. In addition of

redesigning the kitchen and make it larger to meet the specification and the standards’
dimension. Kitchen plays a big role in the comfort of the house so it should meet the
architectural standards. The emergency exit must be reviewed and mostly making it smaller
to meet the standards, as a result of making it smaller, add a place for the electricity meters.
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Figure 22 plan for first floor before modification
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Figure 23 plan for roof before modification

2.5.2. Plans After modification:

Basement parking 2:

Here in the plan below, the project needs another basement due to the building’s population
and insufficient number of cars in the plans before modification. So as a result another
basement for car’s parking is added to meet the needs of the building population. The car’s
circulation problem is treated, the car’s circulation now after modification is much easier
and more comfortable. The redistribution of the columns helped a lot in the solution of
circulation. Inaddition to creating aglass area like aloopy that separates the elevators from
the parking, so the emissions and CO2 doesn’t enter the elevators and travel the emissions

and CO2 throughout the building as it is used and open in the above floors.
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Figure 24 plan for basement 2 after modification

Basement parking 1:

Same with basement number two, the circulation of the cars got better, with the addition
of basement number 2 the project now can carry up to 38 cars in total which is much better.
The elevators are separated with a glass area to avoid the polluted air from the cars’

emissions to spread in the upper floors of the building through the elevator that makes a

direct connection between all the floors in the project.

Figure 25 plan for basement 1 after modification
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Ground floor:

Down below in the next page is the modified plan for the ground floor, the idea of the large
corridors was taken from design used in many shopping centers, one shopping center that
is seen clearly using this type of corridors in city center mall present in Jenin. The partitions
used between shops is made of glass that can be reused in different places if modification
of the interior partitions will take place. In the ground floor before modification the division
of shops were dull and boring, it had no corridors between them. There were 5 big shops
with alot of unused spaces, in addition to the columns that interacts the spaces in the center
of the shop. Now in the plan below after modification the redistribution of the columns
gave afree space to change the partitions of shops in the mall. 14 shop is now present every
single space is exploited, a place for praying is added, a bathroom area is added, one for
men use, and the other for women use. The emergency staircase is modified to the standard
dimension and is closed and only for emergency use. The ramp at the entrance, the northern
western ramp is modified and lengthened to meet the standard slope for ramps, so the

handicapped people can use this ramp much easier.

Lo
‘\\ +0.00
“5\7 :{ +0.00 $ +0.00

Figure 26 plan for Ground floor after modification
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First floor up to the fifth floor:

Down below is the modified plan of the first floor which continues up to the fifth floor, the
emergency staircase is modified to meet the standards’ dimension. The space i the
northern western part of the building is exploited, apartment number one from the top left
guest room is now bigger to meet the standard’s dimensions, the kitchen is much wider. A

place next to the emergency staircase is added for the use of electricity meters.
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Roof;

Figure 28 plan for roof after modification
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Elevations:
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Figure 29 Northern Elevation

Figure 30 southern elevation
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Figure 31 western elevation




Sections:

Figure 32:Eastern elevation

Figure 33 Section A-A
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Figure 34 Section B-B




2.6. Environmental analysis using Design Builder and Revit:

2.6.1 Before modification
2.6.1.1 Shadowing and overshadowing:

The following figures show the effect of overshadowing for the project to be designed at
different times of the day. Analysis of the shadows were taken at 4 different months on the
21% of each month, March 21%, June 21%, September 21%, and December 21%. Three
different times were taken for each month, at 8:00 AM, 12:00PM, and at 3:00PM. There
are relatively small buildings surrounding the project but they have a slight effect on the

building either in summer or winter.

In December:

Figure 35 shading in December at 8:00AM

As we see in (figure 30) there is shading on the eastern facade of the building from
neighboring buildings, and this will negatively affect the thermal requirement of the
building in the winter, because the angle of the sun is less than in the summer, and this will

lead to an increase in energy consumption.

ecember 21

Figure 36 shading in December at 12:00PM
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There is partial shading on the south facade of the building, due to the neighboring
buildings. This will lead to a weakness in the efficiency of natural lighting in the rooms in
this part of the building.

g
December 21

T

Figure 37 shading in December at 3:00PM

There is a partial shading on southern facade and partial shading on western facade due to

neighboring buildings.

In June:

300 P

O

—— T
Figure 38 shading in June at 3:00PM

There is no shading on southern and western facades, because the angle of sun is high.
O

Figure 39 shading in June at 12:00PM
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At this time of the day, the sun is almost perpendicular to the buildings, so the sun's rays
are on the roofs of the houses and lead to an increase in the temperature of the building and

thus lead to an increase in energy consumption in the buildings.

00 Ab

O

Figure 40 shading in June at 8:00AM

The northeastern fagade receives direct sunlight with little shading due to the neighboring

buildings, but the southern and western facades are almost completely shaded at this time
due to the shade from the building itself.

In March:

Figure 41 shading in March at 8:00AM
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Figure 42 shading in March at 12:00PM

300 P

Figure 43 shading in March at 3:00PM

In September:

B

fSefgember 21

Figure 44 shading in September at 8:00AM
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Figure 46 shading in September at 3:00PM

2.6.2. After modification

In this section, modification results are shown and the effect on the environment of the

project:
2.6.2.1. Shading systemof a building:

Shading is one of the most important elements that creates thermal and lighting comfort in
the building. Shading improves the thermal and lighting performance in buildings, it
improves the lighting performance using lighting coming from the solar insolation, it also
improves thermal performance in the building by lowering the amount of heating load or
cooling needed. There are many types of shading systems, shading systems vary according
to their location and the nature of their use. Shading system for example, Side fins system,

vertical louvers, vertical or horizontal shatters, also horizontal cantilevers.

In this project Side fins and horizontal cantilevers are going to be used as an external
shading system, down below is a picture that defines the appearance and functionality of
the systems to be used. Side fins made of metal will be installed on the eastern and western

elevations of the building. In addition to horizontal cantilevers that will be used on the
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southern elevation of the building. The system will be shown in detail in a picture taken

from Design builder later onin this chapter. For glare treatment a suggested horizontal and

vertical shatters will be installed based on their function inside the building acting as

curtains. (vertical shatters for eastern and western elevations, horizontal shatters for south).
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Figure 48 Vertical window shatters




Figure 50 horizontal window shatters

Dealing with the southern elevations:

Horizontal cantilevers are the best choice to fix the southern elevations of the building,
those cantilevers provide a god amount of solar insolation and prevents the high heat gain
in the building in summers. Horizontal cantilevers are designed on two days in the year,

which enables the sun to enter the building as much as possible in winters, and the least

minimum in summers.

Design of the horizontal cantilever depends on the 21% of July at 11:00 AM, on the other
hand in winter check the cantilever at the 21% of January at 12:00 PM. By this design
thermal and lightning comfort will be achieved.
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After modifications:

The changes that were made, is installing horizontal cantilevers for the southern elevation
of the building with a length of 0.5 meters along each southern window, the glass windows
of the project were revealed 0.3meters to the inside, by revealing the windows we achieved
less heating and cooling loads. In addition to installing side fins on the eastern and western
elevations of the building. Those side fins are vertical components made of aluminum blade
installed at the sides of the windows., they were installed at the outside of the eastern and
western elevations. Not forgetting to enlarge the area of some windows in the facades, in
order to take advantage of the sun's rays, especially in the winter seasons. Cantilevers are
installed also at the far end of some facades that are exposed to direct sunlight, such as the

southeastern facade, in order to mitigate the effect of sunlight reaching the building.
2.6.3. Heating and cooling loads:

In building design and engineering, thermal comfort is a big concept to worry about. It's
all about making sure people feel comfortable when it comes to temperature and air
refreshing inside the building spaces. It is very important for creating spaces that keep
people healthy, productive, and happy. Buildings undergo a lot of transformations, and
there's a continual worry about saving energy. So insulating the building and using the right
construction material will lead to thermal comfort in addition to saving energy that will be
used directly for the HVAC system. However, striking the perfect balance between energy

efficiency and ensuring people's comfort is a challenging problem.

Heating and cooling loads are calculated by taking into consideration a number of

variables, including building size, insulation, orientation, occupancy, weather, and more
1. Houses:

Heating load: The heating load is the amount of energy needed to heat a house during
colder periods. It is typically calculated based on factors such as the outdoor temperature,
desired indoor temperature, insulation levels, and air leakage. Heating load requireme nts
for houses can range widely depending on factors like climate and building efficiency but
are commonly measured in British Thermal Units (BTUs) or kilowatts (kKW).

2. Cooling load: The cooling load is the amount of energy required to cool a house during

hotter periods. It is calculated based on factors such as the outdoor temperature, desired
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indoor temperature, solar heat gain, insulation levels, and internal heat sources. Cooling

load requirements for houses are also measured in BTUs or kilowatts.

3.Retail

e Cooling load: The cooling load for retail buildings is also calculated based on

factors such as the building's size, insulation, outdoor temperature, solar heat gain,
internal heat sources, and ventilation rates. It is typically measured in BTUs or
Kilowatts.

From ASHRE 55 or ISO 7730:

Maintain operative temperature between:
20.0 to 23.50 C in winter
22.510 26.00 Cin summer
Maintaining Rh between 30 to 60%
AIR Speed between 0.1 to 0.35 /s

2.6.3.1. Design Builder Before modification:
Here in this project the building was built and analyzed on “Design Builder” program. Two
cases were taken into consideration, one before modification, and another one after

modification.

Down below are some pictures of the project’s building before modification:

Edit_| Visualise | Heating design | Cnnhng‘ design | Smulation | CFD_| Daylighting [ Cost and Carbon |

Figure 51 Building View 1
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Layout | Activity | Construction | Openings || Lighting | HVAC | Generation | CFD

[ Ecit [ Visualise | Heating design | Cooling design | Simuiation | CFD_| Daylighting | Cost and Carbon ||

Figure 52: Building View 2

Layout | Activty | Construction | Openings | Lighting | HVAC | Generation | CFD

| | Edt | Visualse | Healing design | Cooling design | Smulation | CFD_| Dayighting | Cost and Caben [

Figure 53: Building view 3

2.6.3.1.1. External Walls
In the before case the external walls were composed of four layers, Hard stone, cast

concrete, hollow block, plaster respectively, with the following thicknesses 7cm,
15cm,10cm, 3cm respectively with and overall U-Value of the external wall 1.59.
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tes | image | Calculated | Cost | Condensation analysis

walls in Jenin

Source

[ Category
Region
our

alls
PALESTINE, STATE OF

Stone - hard stone (unspecified)
0.0700

Cancrete blocks /files - block. hollow, mediurmweight 150mm

Thickness (m) 0.0300
With Bridging (BS EN 150 6946)
Thickness (m) 0.4e00
Upperresistance limit (m... .66
Lower resistance limit (m... 0556
U-alue suface to surfa...  2.222
F-value [m2-k ) 0.6RZ
U-value (W/m2-K) 1.510
2.6.3.1.2. Internal partitions were composed of three layers starting off with, plaster,

hollow block, plaster, with the following thicknesses 2.5cm, 10cm, 2.5cm respectively.

With a total U-Value of 1.77 as shown down below.
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General

&Ma
Thickness (m)
[ Bidged?

Partions
PALESTINE, STATE OF

Cement/plaster/mortat - plaster
0.0250

Concrete blockstiles - block. hollow. mediurweight. 150mm
0.1000

Cement/plaster/martar - plaster
0.0250

With Bridging (B5 EN IS0 6946)
Thickness (m) 0.1500
Upper resistance limit (m... 0.564
Lower resistance limit (m... 0.564
|*value suface to surfa.. 3.288
F-value (me-K) 0.564
U-Yalue (w/m2-K) 1.773




2.6.3.1.3. Ground floor slab and internal slabs:
are One-way slab, they are composed of 5 layers, starting with tiles, cement mortar, tile

bedding, reinforced concrete, with the following thicknesses 1cm, 3cm, 10cm, 32cm
respectively.

tes | Image | Calculated | Cost | Condensation analysis

Flaors (ground)
PALESTINE, STATE OF

T-Layers

Ceramic/porcelain
0.0100

Cement/plaster/martar - plaster. sand aggregate
0.0300

Cast Concrete
0.0800

Cast Concrete

Thickness {m) 0.2400
Bricged?
Q,Matenal Concrete blocks/tiles - block, hollow, mediurmweight, 150mm
Percent bridging 40 -

With Bridging (BS EN 150 6946)
Thickness (m) 04600
Upper resistance limit (m... 0.669
Loweer resistance limit (... 0656
U-value suface to surfa.. 2222
F-value [m2-k ) 0.662
U-Value (W/m2-K) 1.510

2.6.3.1.4. Windows

used in the project were aluminum framed windows with thermal break with a clear glass
3mm and had a U-Value of 5.78.

Glazing
Calculated

Calculated values
Tatal solar transmission (SHGC) 0818
Direct solar fransmission 0775
Lighttransmission naat
U-value (IS0 10292/ EN B73) (W m2-K) 5718
U-Value (W/m2-K) L 778

2.6.3.2.Heating design capacity before modification:
As can be noticed down below the greatest heating load comes from the external walls in

first place with a 90 KW load, and then the external windows with 50.5 KW load:
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Figure 54 heating design analysis

Table 5 Ground floor and Roof heating capacity

Zone Design Capaciy W/n2) | Comfon Tempe..|Steady State . [Design Capa... [Blazing .. [wall Ga..[Floor G... [Roof an..[Ventiati. [infiatio..| ~

Ground Floor T otal Design Heating Capaciy = 51,740 (k)

shopping store & | 1031171 2200 a2 465 085l 1617 (0210 0082|0487 |0.451
shopping store 10| 126,933 2200 386 482 1689 [12m 0154 0004|0421 |03
Corridor 3 51,4347 2200 529 6.61 851 1023 07 0018|1406 |-1.200
Gaurd room 1351176 2200 126 1.58 0000|0985 0065 042 |0053  |0115
shopping store @ | 1166833 2200 173 2.4 0862|0428 009 0004 0211|0190
shopping slore 6| 77.3824 2200 207 259 0000 1193 0185 0006|0385 |0.320
shopping store 7| 36,7695 2200 110 137 0000|0066 0264 0002 |-0823  |0.350
Corridor 2 83,4525 2200 138 173 0000 [0E68 0113 0006|0212 |0186
Corrdor 599127 2200 8.47 10.59 2377|1480 0997 0000|1935 |88
shopping stere 11| 1785222 2200 a0 3.87 1687 Q89 0077 0013|0239 0228
Fiaying 10om 23514 2200 087 109 0000|006 0185 0008 |0424 |0.234
shopping store 13| 95.7265 2200 1.04 1.79 0000|0079 032 0002|0553 0459
shopping slore 12| B5.9665 2200 216 270 0BE0 0482 0167 0002|037 |0307
shopping store 3| 103.4861 2200 196 246 0803|0648 0120 0002|0261 |0234
shopping store 41130524 2200 453 6.16 1634 (1908 0220 0021 |08 |-05%2
shopping slore 80,0000 1625 0.00 0.00 0000|0103 (0078 0187 (0000 |82
shopping store 1 |118.3004 2200 EEx 421 0847|1600 015 QM3 0332|0360
shopping store 2| 7019382 2200 262 328 A7 (1418 0264 0021 |0509 0445

=IRoof Total Design Healing Capacily = 15,620 (kW)

|semvice |3.0525 |2200 [5e7 73 031 |aee6 013\ 0000|0882 [1176 |
|Closed Tenace | B4.0442 |2200 |e82 828 0000|3467 (0056 0008 | 2676|0632 |

Table 6 First floor heating capacity

Steadytate | Summary

_ Zoe Design Capaciy (#/m2) _| Comfort Tempe..| Steady-State ... [ Desion Capa... | Glazing ...[wall Ga... Fioor G... [Roof an...[Ventiati...|Inftratio..| ~
~IFist Floor T otal Design Heating Capacity = 37.720 (ki)
Kitchen 1 52643 2200 0. 1.14 0176 [-0477 (0008 000 0109|0148
Guest room 1 46,6720 2200 151 1.88 0322 0809 0MS 0021 0089|0275
Master bedioom 4 |119.2314 2200 1.58 1.97 0433 0330 (0025 002 00 |02
Guest room 2 71.7544 2200 0.30 112 0323 0420 0004 0011 0035|0109
Dining 1 46,4363 2200 0.73 0.99 0000|0033 0013 0000 0604|0138
coridor 1 276218 2200 0.05 0.06 0000 |-0030 0003 0000 (0000|0014
Master Bedioom 1 | 118.6053 2200 1.24 1.55 0327 0793 0013 0015|0028 | 0084
Bedioom 1 75,7636 2200 0.80 1.00 0345 0213 0003 0007 0137|0091
kichen and living | 42.3351 2200 0.38 1.21 030 029 0005 000|013 |0182
lving and dining | 14.3578 2200 060 0.76 0000|0038 0026 0000 0040|0341
Master bedroam 2 |B0.1831 2200 0.97 1.22 0000|0865 07 001 0033|007
Bedioom 2 62,3478 2200 0.88 1.10 0328 0324 0010 0009|0136 |-009%
Master Bedioom 3 | 57.7456 2200 1.74 218 0617 0815 0018 0023 0048|0160
Bedioom’s comdor | 15.4007 2200 010 0.12 0000 [-0038 0007 0000 0000|0050
Bedioom 3 52,6250 2200 1.34 1.67 0328 0506 (0003 004 025 |01%
caridor 2 ;2762 2200 145 1.81 0000 1001 (0009 D07 0076|0365
Master bedioom | 101.3653 2200 1.90 2.37 0625 1050 (0026 0027 0051|0169
Dining 46,7988 2200 067 0.84 0000|0033 0003 0000 0506|0116
Bedioom + 1135888 2200 218 269 0648 1078 0015 0027 0246|0172
Bedioom 67.4814 2200 0.87 1.22 0327 033 0007 000 0187|0124
living room 45,3374 2200 220 2.75 0605|0983 0003 0028 0181|0417
Kitchen 46,5634 2200 1.40 1.74 0301 0463 0181 0006|0188 | 0256
Guest room 3 326557 2200 1.08 1.35 0303|0388 0007 0011 009|027
Guest room 48.4881 2200 0.85 1.08 0337 0310 0003 0010|0043 | 0158
Entrance 12.0555 2200 014 0.18 0000|002 0005 0000 0021 |00%
caridor 23,7807 2200 1.23 1.61 0597 0232 0007 004 0078|0362
Kitchen and dining | 22.8314 22.00 1.69 21 0003 0578 0026 0011 0463|0606 |
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Table 7 Second floor heating capacity

Steady-state | Summary
Zone | Desian Capacty (wm2) | Comfort Tempe.. | Steady-State . [Design Capa... |Glazing .. |wiall Ga...|Floot G... [Roof an.. |Ventilat.. | Infitratio.. .
=ISecond Flcor Total Design Heating Capaily = 37. 360 k)
Kitchen 1 527750 200 081 114 0178|0479 000 |OmMO0 0109|0148
Guest 1oom 1 168855 200 151 188 0330 0810 |00z 0021 0083 |02
Master bedioom 4 | 120.7543 200 158 198 0500 083 |00z 002 003 |03
Guest 1oom 2 716842 200 080 112 033 0420|0011 001 0035 |00
Dining 1 45,8065 200 078 098 0000 0040 (0000|0001 0604 |07
coridar 1 260094 200 005 0.06 0000 0031 (0000|0000 (0000|0004
Master Bedioom 1 | 120.0656 200 125 1.56 0332 0734|006 0006 0028 |0094
Bedioom 1 753357 200 080 1.00 031 070 [0007 0008 | 01%7  |009
Kichen andliving | 424550 200 057 1271 036 028|001 001 013|018
ivingand ding | 128435 200 058 073 0000 0101|0001 0002 0140|030
Master bedioom 2 | 80.7315 200 038 122 0000 0866|0011 0011 0033|0080
Bedioom 2 829351 200 088 111 033 034 (0003|0005 0133|0083
Master Bedioom 3 | 38,0478 200 175 218 0825 0816 (0023|0023 0048|0160
Bedioom's coridor | 14.4626 200 008 [ 0000 0033 (0000|0000 (000D  |-0.0SD
Bedioom 3 534114 200 133 1.66 0333 0507|004 0014 0285|015
coridar 2 331228 200 144 1.80 0000 1001|007 |0017 0076|035
Master bedroom | 101.8808 200 191 238 083 1051|0027 0027 0051|0470
Diing 1460837 200 066 082 0000 0038 [0000 0001 0506|0116
Bedioom 4 1137268 200 216 270 0857 1082 (007|008 0246|0173
Bedioom 676380 200 038 122 0333 033 000|000 0167|0124
living 1e0m 447986 200 218 272 0515 0881 (0030|0031 0161|0417
Kitchen 411674 200 123 154 0305 0480 (0007|0014 0188|0254
Guest 1oom 3 323008 200 106 133 0307 039|001 Q012 0031 |02
Guest 1oom 81272 200 085 107 032 031 [om0 000 0048|0182
Enirance 116222 200 014 017 0000 002 |00 o000 002|005
conidor 233463 200 127 158 0804 0226 |04 0015 0075|032
Kitchen and diring | 22.4306 200 165 207 0003 0581 [0z 0013 0463|0606 |,
[ Edt | Visuaise | Heating desian | Cooling design | Simutation | CFD | Dayiigtting | Cost and Carbon |
Table 8 Third floor heating capacity
Steady-state | Summary |
Zone |Design Capacity fwi/m2) | Comfor Tempe. [ Steady State: . | Design Capa... [Glazing .. [wall Ga...[Floot G... [Roof an...|ventiati..|Infilatio..|
"=IThitd Floor Total Design Healing Capacily = 37.500 (ki)
Kitchen 1 525263 200 [iEA 115 0180 0480 (0011|0011 0103|0148
Guest ioom 1 47.0410 200 151 183 03 0812 0022|0022 0083|027
Master bechoom 4 | 1208041 200 160 200 0506|083 (0021 002 008|017
Guestioom 2 720218 200 00 113 038 0421 0011|001 003|010
Dining 1 15809 200 078 0.98 0000 0040 0001|0001 0604 0138
coridor 1 26.0508 200 05 0.06 0000 003 0000 (0000 0000 0014
Master Bedioom 1| 1205452 200 125 167 035|079 006|006 0028|009
Bedioom 1 75,7035 200 [iE] 1.00 0364|0220 (000 000 0137 |00
kitchen and lving | 426452 200 [E] 121 0370|026 0011|401 013|018
ivinganddining | 138628 200 058 073 o0 00 0003 D004 0140|0341
Master bechoom 2| B0.8856 200 i3 123 Qo0 088 00N 0011 003 0080
Bedioom 2 833152 200 [iE] 112 033 0325 0009|0009 013|003
Master Bedioom 3 |98.4752 200 1.7 220 0831 098 0023 0023 0048 D180
Bedioomis coridor | 144701 200 [ifi3] (1] 000 003 000 0001 0000 0050
Bedioom 3 586056 200 13 167 033 0508 004|006 029|019
conidor 2 331782 200 1.4 1.81 Qo0 1008 Ome 0018 0078 0365
Master becioom | 1023078 200 19 233 0840|1063 0027|0027 0051|0170
Dining 450577 200 i3 082 000 0038 000 0001 0606 0118
Bedioom 4 1141583 200 217 271 0684|1084 0028|0028 0246|0173
Bedioom 67,3678 200 i3 122 036|033 000|400 D1&7 |01
living room 43121 200 218 273 0620|0883 0031|0031 D161 0417
Kichen 11022 200 123 1.54 0308|0461 D04 0014 D188 0254
Guestoom 3 323338 200 1.07 1.33 0308|0380 0013|4013 008|027
Guest 1oom 1433208 200 [E3 1.07 06 0311 000|000 D048 018
Entiance 116108 200 04 017 Qo0 0022 (0001 D000 0021 003
sonidor 234453 200 127 159 0603|0226 005|405 D075 |03
Kichen and diing | 224628 200 166 207 0003|0582 005 0016 0463|0607

Edi. | Visuaise | Heating design | Cooling design | Simulaion | CFD | Dayihting | Cost and Carbion |

| steadystate [ Summary |

Table 9 Fourth floor heating capacity

Zone [Desian Capaciy (w/m2) | Cofor Tempe. | Steady State .. | Design Capa... | Blazing .. [wall Ga.. | Floor ... [Roof an..|Ventiati. [infitrat..|
~IFoutth Floor Total Design Heating Capacity = 37.740 (ki)
Kitchen 1 533483 2200 082 115 0181 -0.481 oon 0016 0103 0143
Guest room 1 47,4368 22.00 152 1.90 033 0813 0022 -0.030 -0.083 0277
Master bedioom 4 | 121.4373 2200 1.61 20m 0510 -0.935 0.021 -0.025 0.036 0121
Gusst room 2 725497 2200 0s1 114 0390 0422 oon 0014 0.035 0110
Dining 1 46,2008 2200 078 0.99 0000 0040 DO0Z [DDOS DB 013
conidor 1 26,3033 2200 0.05 0.06 0.000 -0.031 0.000 -0.001 0.000 0014
Master Badroom 1 121.1220 2200 1.26 157 0338 0797 0018 0017 0028 0034
Bedioom 1 76,2138 2200 081 101 035 0271 QOB D010 D137 0081
kitchen and living 431010 22.00 098 123 0372 -0.296 oo -0018 0113 0193
living and dining 14.2680 2200 060 0.75 0.000 -0.093 0.005 -0.025 0140 0342
Master bechoom 2 |&1.1688 2200 0% 1.3 0000 0870 (001 D013 D03 |noa0
Bedioom 2 838473 22.00 030 112 0333 -0.326 0.003 -0012 0133 0033
Master Bedioom 3 39.0378 2200 177 221 0636 -0.920 0023 -0.027 0.048 0161
Bedmom's conidor 14.7834 2200 003 o 0.000 -0.033 o.om -0.002 0.000 0050
Bedioom 3 59.0597 22.00 135 168 0333 -0.503 0015 -0.022 0295 0196
conidor 2 334287 2200 146 182 0.000 -1.006 0018 -0.026 0.076 0366
Master bedroom 1026162 2200 192 240 0644 -1.055 o027 -0.026 0.051 0170
Dining 461510 2200 066 0.83 0000 | 00% D00 [DDIZ DEI6 |16
Bedioom 4 114.4939 2200 217 272 0663 -1.086 0028 -0.027 0,246 0173
Bedmom 681938 2200 098 123 0333 0333 oo -0.010 0187 0124
living room 450821 2200 213 274 062 0985 003 |[D0R D161 0418
Kitchen 41.2107 22.00 123 154 0310 -0.482 0014 -0015 0188 0255
Gusst room 3 328045 2200 1.08 135 oan -0.330 o003 -0.024 0.091 0277
Guest room 48510 2200 08 1.08 038 0312 000 |DDI0 DM 4182
Entrance 11.7127 22.00 014 017 0.000 -0.022 0.001 -0.002 0021 0036
conidor 296121 2200 128 1.60 0612 -0.227 0016 -0017 0.075 0363
Kitchen and diring | 22.8271 2200 1.68 210 0.003 -0.581 ooz -0.044 0,463 0602
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Table 10 Fifth floor heating capacity

Steady state | Summary
Zone | Design Capacity (w/m2) [ Comart Tempe..|Steady-State ... | Design Capa.. [Glazing ... |wial Ga.. [Fioor 5... |Roof an...|ventiati.. | nfitratio...|
~IFith Floor Total Design Heating Capaciy = 40.980 (kW)
Kichen 1 601172 20 .04 1.30 0182 0432 (006 0134|0109 [0150
Guest 100m 1 54,0249 20 174 217 03# |04 0030 0245 0089|0279
Master bedioom 4 | 1282369 20 170 212 052 Q%8 00z 01 |00E |01
Guest room 2 795032 200 1.00 1.25 032 0425 (0004 0033 0035|0110
Dining 1 525745 20 0.30 112 0000 |00 0000129 064 |0141
coridor 1 34.7685 20 0.06 0.08 0000|0031 00M 00is (0000|0074
Master Becroom 1 |126.0054 20 IE2 1.66 030 0739 007 00ee Q020|009
Bedioom 1 835285 20 0.9 111 0% |02 om0 00ss  |01%  |00%2
Kichen and luing | 43.9215 200 114 1.42 034|028 oole 0474 0113 |01%
living and dning (20,2133 20 085 1.0 0000|0080 (00 0303|0140 |08
Master bedioom 2 |67.2180 20 1.06 1.32 0000|0874 0M3 0083|0033 |0.080
Bedioam 2 90524 20 [ 1.22 030|037 0m2  00ee 0139|0094
Master Bedroom 3 | 105.8967 20 = 2.36 06 |0%3 00z 0146|008 |0182
Bedioom's coridar | 22.0671 200 014 0.17 0000|0038 0002 0043 0000|0051
Bedioom 3 65,6680 200 150 1.87 00 0510 002 0174 0295|019
conider 2 37.9540 20 165 207 0000 |14 (007 0221|0076 |0369
Masterbedioom | 101,109 20 191 2.38 064 1057 006 0006|0051 [0170
Diring 47,3988 2200 068 0.85 0000|0035 000z 0023|0506 |0117
Bedioom 4 113804 200 216 2.70 067 1088 007 0007|026 |0173
Bedioom 68,9341 20 0.9 1.24 030 |03 Dm0 Qoe 0167|0124
living roem 453618 2m 22 2.75 068|095 00 0042|0161 [0418
Kichen #1.5918 20 1.5 1.56 032 |04s4 oM 0022|0188 |07%
Guest room 3 30,995 200 128 161 0313 |03 005 020 003|028
Guest ioom 487718 200 087 1.08 0%0 [0M4 0o aom QMg |01
Enrance 130041 20 015 0.19 0000|0021 D0 008 |00 [00%
coridor 30530 20 1.2 1.65 0618|0241 008 0042|0075 |0364
Kichen and diing__| 28,9781 20 214 267 0004|0882 |00s5 063 | 0463|0617

[Edt [ visuslise | Heating design [ Cooling design | Smuiation | CFD | Dayighting | Cost and Carbon |

As shown in the results above heating capacity for the whole building is calculated to be
268.660 kw which is so high and need to be modified and decreased. Decreasing the
heating capacity can be done by decreasing the U-Value for the building either by changing

the material used or by adding an insulation.

2.6.3.3.cooling design capacity before modification:

Now as can be noticed down below the cooling load comes from the external glazing in
first place which is represented in the yellow line in the second graph, in addition to

external walls and a slight effect from the internal partitions:

| Anaysis | Summary
Temperature and Heat Gains - Graduation project, Building 1
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Figure 55 cooling design analysis

Page 65 of 250




Table 11 Ground floor cooling capacity

Summary

Zone Design Cooling Load Per Floor Area (wW/m2) | Design Capacity (KiwW) Design Flow Rate (m3/s] | Total Cooling Load (KW | Sensibk #
GroundFloar:Shoppings toref 1217 549 0.4629 477 4.50
GroundFloor:ShoppingS tore10 171E 6.55 0.6709 570 B.50
GroundFloor: Coridor? 381 4.90 0.3113 426 342
GroundFloor: G aurdR oom oo

GroundFloor:ShoppingS tore 2367 453 05312 394 387
GroundFloar:ShoppingS tore6 155 383 0.3080 333 312
GroundFloor:ShoppingS tore? 965 3.32 0.2276 289 2.56
GroundFloor: Coridor2 6a.8 1.14 0.0830 0ga 0.7
GroundFloor: Coridor 487 861 05913 748 B17
GroundFlaar:ShoppingS tore11 23849 518 0.6056 450 4.40
GroundFloorPrayingRoom 282 0.72 0.0424 083 a0
GroundFloar:ShoppingS tore13 974 439 0.3038 3.82 339
GroundFloor:ShoppingS tore12 1915 6.03 0.6189 5.24 499
GroundFloor:ShoppingS tore2 1927 4.60 0.4980 4.00 4.00
GroundFloor:Shopping5 tored 1682 a1 0.9817 7.82 782
GroundFlaar:ShoppingS tored oo

GroundFloor:Shopping5 tore1 2009 ¥15 0.7634 622 594
GroundFloar:Shoppings tore2 1049 4.84 0.3674 4.1 3.82

Table 12 First floor cooling capacity

Zane Design Coling Load Per Flaor Area [w/m?2) |Design Capacity (kW) | Design Flow Rate (m3/s)_| Totsl Cooling Load (k) |Sensibk ~
FirstFloorKitchent 786 1.70 0.1602 1.48 145
FirstFloor: GuestFigom1 64.6 2.59 0.2419 2% 223
FirstFloorMasterBedioomd 3.2 217 0.2289 1.89 187
FirstFloor GuestFioom? 1657 2.44 0.2784 212 210
FirstFloor: Dining 60.2 1.29 0.0863 112 05
FirstFloor Corridarl 1146 0.25 0.0212 022 021
FirstFloor: MasterBedioam 1584 2.06 0.2278 179 1.78
FirstFloorBedioom 781 1.04 0.0930 030 088
FirstFloar:KitchenéndLiving 1045 2.97 0.2488 258 208
FirstFloor LivingAndDining 34.8 1.83 01116 159 117
FirstFloor:MasterBedioom2 [CE] 1.14 0.1038 0.89 0.5
FirstFloorBedioom? 147.4 1.98 0.2146 172 1.70
FirstFloor:MasterBedioom3 151.3 3.38 0.3926 294 254
FirstFloor BedoomsCarridor 536 04 0.0316 036 033
FirstFloor:Eedroom3 6.0 2.45 0.2290 213 1.89
FirstFloor Corridor2 320 1.74 01373 151 143
FirstFloorMasterBedioom 1428 3.34 0.3929 290 250
FirstFloor Dining 587 1.05 0.0698 [} 075
FirstFloor:Eedroomd 1280 3.04 0.3343 264 261
FirstFloor Bedioom 539 0.97 0.0856 084 081
FirstFloorLivingFioam 4.0 5.10 0.5227 444 444
FirstFloorKitchen 64.6 242 0.2314 Bl 21
FirstFloor GuestFiaom3 545 2.24 0.2067 1.95 1.9
FirstFloor Guestfioam 876 1.94 0.1885 169 1.56
FirstFloorEntrance 24.2 0.36 0.0237 0.3 0.2
FirstFloor Corridor 611 3.30 0.3281 287 207
FirstFloor:KitchenéndDining 28 3.02 0.2178 263 23

Table 13 Second floor cooling capacity

[nzbss TSmmay [ —

Zone Design Coaling Load Per Floor Area (w/m2) | Design Capacity (kK'w] Design Flow Rate (m3/5) | Total Cooling Load (K] | Sensible #
SecondFloorKitchenl 821 1.78 0.1689 155 152
SecondFloonGuestRoom] E9.4 2.79 0.2611 242 236
SecondFloorMasterB edioomd 1361 223 0.2383 154 192
SecondFloor GuestRoom2 156.8 2.49 0.2864 216 214
SecondFloorDiningl E1E 1.32 0.0889 118 0.95
SecondFloor Corridor] 109.4 0.24 0.0202 0z1 0.20
SecondFloorMasterB ediooml 160.8 2.09 0.2327 1.82 1.20
SecondFloor Bedmooml 744 0.39 0.0878 086 0.a4
SecondFloor KitchendndLiving 1092 amn D.2668 270 213
SecondFloorLiving&ndDining k3 1.9 0.1174 1.EE 1.22
SecondFloorMasterB edioom2 781 118 0.1085 1.03 1m
SecondFloorBedoom2 136.4 210 0.2334 1.82 1.8
SecondFloorMasterB edioom3 154.2 3.44 0.4036 299 293
SecondFloorBedroomssComidor | 54.6 0.42 0.0323 037 033
SecondFloorBedroom3 86.2 2.45 0.2297 213 1.83
SecondFloorCorridor2 322 1.75 0.1382 152 1.44
SecondFlooriasterB edioom 1457 3.40 0.4048 296 296
SecondFloor Dining EO.4 1.08 0.0723 0.94 0nwe
SecondFloor Bedoomd 1274 3.04 0.3343 264 261
SecondFloorBedaom 55.4 1.00 0.0887 o.er 0.83
SecondFloorLivingRoom 823 5.09 0.5218 442 443
SecondFloorKitchen 61.9 232 0.2330 202 202
SecondFloor GuestRoom3 57.2 2.36 0.2189 2.05 205
SecondFloonGuestRoom 904 2.01 0.1966 174 171
SecondFloorEntrance 270 0.40 0.0271 035 023
SecondFloor. Comidar E26 3.38 0.3397 2.94 294
SecondFloorKitchenandDining | 33.4 307 0.2227 267 23
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Table 14 Third floor cooling capacity

Zone Design Cooling Load Per Floor Area [W/m2) | Design Capacity (/] | Desian Flow Rate [m3/s] | Total Cooling Load (kW) [Sensibl #
ThirdFloorKitchen] 824 1.78 0.1698 1.55 152
ThirdFloorGiuestFioom1 700 2.81 0.2639 244 23
ThirdFloerMasterB edroomd 1356 2.24 0.23%6 1.95 19
ThirdFlocrGuestFioom? 159.2 249 0.2875 217 215
ThirdFlocrDiring! 613 1.32 0.0894 115 0%
ThirdFloorCoridorl 1083 0.24 0.0202 (] 020
ThirdFloorMasterB edroom 160.3 2.09 0.2331 1.82 180
ThirdFloorBedroom 743 0.98 0.0876 085 084
ThirdFloorKilchenndLiving 1096 312 0.2686 271 220
ThirdFloorLivingndDining ®5 1.93 0.1188 1.68 12
ThirdFloerMasterBedroom2 783 1.19 0.1089 1.03 102
ThirdFloorBedhaom? 157.1 211 0.2348 1.83 161
ThirdFloorMasterBedioom3 154.4 3.45 0.4046 200 200
ThirdFloorBedioomiXsCoridor | 54.8 0.42 0.0325 037 [ES]
ThirdFloorBedioom3 883 248 0.2301 214 190
ThirdFloor Conicor2 21 1.75 0.1382 1.52 144
ThirdFloor:MasterBedioom 145.7 341 0.4052 2% 2%
ThirdFloorDiting 607 1.09 0.0728 094 [
ThirdFloorBediaomd 1277 3.03 0.3335 263 261
ThirdFloorBedraom 555 1.00 0.0889 087 06
ThirdFloorLivingFoom £33 5.09 05214 443 443
ThirdFloorKitchen 616 231 0.2317 20 2m
ThirdFloorGuestRioom3 575 237 0.2205 208 206
ThirdFloorGuestFioom 924 2.05 0.2022 1.78 175
ThirdFloorEntiance 274 0.41 0.0276 035 [E]
ThirdFloerConidor 627 3.39 0.3408 294 254
ThirdFlorKitchenndDining 35 3.09 0.2238 266 240

Table 15 Fourth floor cooling capacity

Zone Design Cooling Lasd Per Floor Area (w/m2] | Design Capaciy (KW) | Design Flow Riate (m3/s)_| Tatal Cosling Load (kW) [ Sensibk +
FouthFloor-Kitchen 835 1.81 0172 157 154
FourthFloor GuestRoom? 707 284 0.2673 247 4
FouthFloarMasterBedoond  |137.2 227 0.243 197 135
FourthFloor GuestRoom2 1692 243 0.2876 217 216
FourthFloorDining? B2E 1.34 0.0908 116 097
FouthFlear.Caridar] 1108 0.24 0.0205 [E] 021
FourthFloor MasterB edioom? 162.1 n 0.2356 183 1.82
FouthFloar.Bedraam [ 1.0 0.0898 [ 0.6
FourthFloor KitchendndLiving 1093 313 0.2698 272 221
FourthFloor: LivingandDining 77 1.99 01230 173 1.27
FouthFloarMasteedoom2 | 798 1.2 01113 108 1.04
FourthFloorBedroom2 1687 213 0.2383 185 183
FouthFloartasteBedioon3 | 155.7 3.47 0.409 EI 202
FouthFloorBedroomi<eCoridor | 56.4 0.4 0.0336 03 034
FourthFloor Bedroom3 875 249 0.2352 217 193
FourthFloar.Coridar2 25 1.77 0.1400 154 145
FourthFloorMasterB edroom 1452 339 0.4027 295 2495
FourthFloar.Dining g2 1 0.0751 0.9 [
FouthFloor Bedroomé 1272 3.02 0.3315 282 260
FourthFloorBedoom 559 1m 0.0896 0&7 084
FourthFloar.LivingFioom £ 5.13 05274 446 446
FourthFloor Kitchen B2E 234 0.2365 204 204
FourthFloor GuestRoom3 579 2138 0.2221 207 207
FourthFloar. GuestFioom %3 zn 0.2105 184 181
FourthFloorEntrance: 288 0.43 0.0293 037 031
FourthFloar. Carider 636 3.43 0.3473 23 23
FourthFloor KitchenfndDining 342 315 0.2301 274 246

Table 16 Fifth floor cooling capacity

Ltnayis [Sernmary [ ——

Zone Design Cooling Load Per Floor Area (W/m2) | Design Capacity [Kw) | Design Flow Rate (m3/s) | Total Cooling Load (k) | Sensibk -
FithFloor:Kitchen 1184 256 0.2765 223 220
FifthFloor.GuestRoom 1000 102 0.4263 349 344
FithFloor MasterBedioomd 1705 282 0.3379 245 243
FithFloor: GuestRoom? 1918 3.00 0.3911 261 253
FithFloor.Dining1 767 1.64 0.1189 143 122
FifthFloor: Carridor] 1602 0.35 0.0316 030 030
FithFloor MasterB edioon 1924 2.50 0.3078 217 216
FifthFloor:KitchenéndD ining 575 5.30 0.4564 461 400
FithFloor. Bedioom 107.8 143 0.1330 1.24 122
FithFloor:KitchenAndLiving 1356 3.86 0.4189 33 3zl
FithFloor.LivingAndDining 621 3.27 0.2343 284 216
FithFloor MasterBedioom2 1041 1.58 0.1556 137 136
FithFloor Bedioom2 197.3 265 0.3391 231 223
FithFloor: MasterBedioom3 1842 41 0.5416 357 357
FifthFloor.BedioonsCaridor | 96.4 0.74 0.0644 065 061
FifthFloor: Bedroom 1158 3.30 0.3633 267 283
FifthFloor. Corridor2 460 2.50 0.2126 218 207
FithFloor MasterB edioon 1370 3.20 0.3689 27 273
FithFloor. Dining 773 1.39 0.1012 1.21 103
FithFloor Bedioomd 1213 289 03117 251 243
FithFloor Bedioom 596 107 0.0937 0% [E]
FithFloor.LivingRoom 932 5.65 0.6007 492 432
FithFloor:Kitchen 761 285 0.2843 248 248
FithFloor: GuestRoom3 797 3.28 0.3327 286 286
FithFloor. Guestoom 1118 248 0.2615 216 213
FifthFloorEntiance 413 0.62 0.0470 054 047
FifthFlor. Corridor 753 4.10 0.4425 35 EE

1
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As shown in the results above cooling capacity for the whole building is calculated to be
78.8 w/m*2 which is relatively high and need to be modified and decreased. Decreasing
the cooling capacity can be done by decreasing the U-Value for the building either by
changing the material used or by adding an insulation, or also adding cantilevers and
louvers.

2.6.4. DesignBuilder After modification:

Figure 56 building view 1 after modification

Graduation project
Layout

Edit_| Visualise | Heating design | Cooling design | Smulation | CFD_| Dayighting | Cost and Carbon |

Figure 57 building view 2 after modification

Page 68 of 250




2.6.4.1.External Walls
in the after case were composed of Five layers, Hard stone, cast concrete, foam
polyurethane, hollow block, plaster respectively, with the following thicknesses 7cm,
15cm, 2cm, 10cm, 3cm respectively with and overall decreased U-Value of the external
wall 0.745 as shown below.

Walls in Jenin

oz
=H

|
|

g
58
i

PALESTINE. STATE OF

2
i
§

=5 o
= K =
1 BL

SMaterial Stone - hard stone (unspacilie)

Thicknass () 00700
[ Bridged? f
Material Cancrete, cast-mediumweight
Thickness (m) 01500
(] Bridged?
<y Matarial Foam - polyurethens

Thickness () 00200
Bridgad?

&
g

15 [u]
a1
H-
2

block hollow: 150mm
Thickness () 1000
O Bridged?
Innermast leyer

Mol Cement/plaster{mariar - plaster
Thickness () 0030
[ Bridged?

With Bridging (BS EN 150 6946)
Thickness (m) 0.3700
Upper resistance limit (m... 1.343
Lower resistance limit (m... 1.343
IU-alue surface to surfa... 0.853
F-Walue (ma2-k /W) 1.343
U-alue (Wim2-K) 0.745

2.6.4.2. Internal partitions
are now composed of three layers starting off with, plaster, hollow block, plaster, with the
modified following thicknesses 2.5cm, 15cm, 2.5cm respectively. So the hollow blocks

were increased Scm. Internal partitions’ U-Value is decreased to 1.55 as shown down
below.

ies | image | Calculated | Cost | Condensation analysis

Name  [nterior partion in Jenin modified ]
Source

[ Category Partiions

FRegion PALESTINE, STATE OF

1| Calour

Definition method 1-Layers

mber of layers

Cement/plaster/mortar - plaster

(m) 0.0250

[ Bridged?
Layer?

& Moteriel Cancrete hlacks/tiles - black, hallow, mediumweight, 150mm

Thickness () 01500

[ Bridiged?

nn e

& Cement/plaster/mariar - plaster

Thickness () 0.0250

[ Briddged?
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2.6.4.3. Windows:

used in the project are aluminum framed windows with thermal break with clear glass, and
revealed 30 cm to the inside of the building. The glass thickness’ used is raised to 6mm
and also used double glass with an air gap of 8mm. this treatment decreased the U-Value

With Bridging (BS EN IS0 6946)
Thickness (m) 02000
Upper resistance limit (m... 0.645
Lower resistance limit (m... 0645
U-alue surface to surfa.. 2.5539
F-value (m2-F AN 0645
U-alue (W/fm2-K) 1.551

of the windows down to 2.9.

Glazing
Layers | Calculated

Name Jenin's Glazing

Description

Source

[ Cateqary Froject

& Region PALESTINE, STATE OF
EI Colaur

Dedinition method

Diefinition method 1-Material layers

Mumber layers 2
Outermost pane

[0 Fane type Generic CLEAR G4

Al BhAM

al.}
[0 Pane type Generic CLEAR M4
I Flip lawer

Fadiance Daylighting

Glazing
Calculated

Calculated Walues
Total solar transmission (SHGC) 0.701
Direct solar transmission 0E04
Light transmission 0781
Lvalue (150102927 EMN B73) (W m2-K) 3048
U-Value (W/m2-K) 2.894

2.6.4.4. Ground floor slab, internal slabs, and flat roof slab:

both ground and internal slabs stayed the same as the before case, but the flat roof slab was
treated to decrease the high U-Value in the before case. Flat roof slab is composed of four
layers, slopped helicopter lightweight concrete, polystyrene pinned board, reinforced
concrete slab, and plaster, with the following thicknesses 5cm, 2cm, 32cm, 2.5cm,

respectively. Flat roof's U-Value is decreased to 0.38.
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W Geres [ Sfnce propeties | mage | Calousted | Comt | Condarastion anshyss |
Source
5 Category Roofs
‘FERegion PALESTINE. STATE OF
| Colour
Definion
Deinition methadl 1-4Layer
Calculation Settings
Layers
Number of layers
Oulermast leyer
SMeterial Cast Concrete (Lightweigh)
Thickness () 0.5000

g
|‘
P -

Material 04
Thickness (m) 0.0200

s Material Cast Concrete
Thickness (m) 00800

Meterial Cast Concaete
Thickness () 02400

SMeteral Cancrete blacks/les - block, hallaw, mediurseight 150mm
0

nag
1B

o Material Cerment/plasta: /marta - plastar
Thickness () 00250

With Bridging (BS EN IS0 694E)
Thickness (m) 0.8650
Upperresistance limit (m... 2.647
Lower resistance limit (m... 2626
U-value surface ta surfa..  0.4071
FE-value (m2-k M) 2 637
U-Value (W/m2-K) 0.379

2.6.5. Heating design capacity after modification:

Now for the case after modification. After looking through the results of the heating and
cooling loads, and noticing the critical points and weaknesses of the building to work on
in the before case, the following treatments took place, starting off with adding an
insulation between the concrete and between the hollow blocks of the external wall which
decreased the heating load coming from the external walls from 90kw down to 43 kw. Also
treating the windows by revealing the windows inside the building 30cm to avoid the
abundant heat gain from the direct solar radiation, and adding double glass windows with
an air gap instead of single glass. Windows treatment added a slight increase in the heat
load of the building but on the other hand it decreased the cooling load a lot. White metaled
blades were added as side fins to the window in the eastern and western elevations of the
building, and cantilevers for the southern elevation of the building. On the other hand, the
interior partitions were also modified using 15cm hollow blocks instead of 10cm hollow
block.
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it Temperaturs (°C) B
Radiant Temperature (°C) 21.06
Operative Temperature (*C) 2187
Outside Dry-Bulb Temperature (*C) 070
Glazing (kW) 7653
Wals (k1Y) 222
Cilings (int) (kW) 273
Floors (int} (kW) 0.20
Ground Floors (W) 452
Pantitions {int) (kW) 001
465
Floors {axt) (kW) 200
Extemal Infitration (kW) 2445
Extemal Vent, (kW) 1.3
Zone Sensibke Heating (kW) 147.89
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Figure 58: heating design analysis

Table 17 Ground floor heating capacity

Steadystate | Summary

Zone | Design Capacity w/m2) [Comfon Te... [Steady-5t.. [Desion Ca...| Glazi.. [wall .. [Floor .. [Root ... [ventil..[infitra..| ~
=1 Buiding 1 Tatal Design Heating Capacity = 134,300 (k]
Ground Floot Total Design Heating Capacity = 44.850 [Kw)
shapping store 10 | 793108 2200 23 2.98 0800 |0EN 0213 0005 0415 D35
Comidor 3 44.0392 22.00 4.44 5.56 0328 -0.753 0830 0.012 |-1.380 -1.165
Giaund raam 93636 2200 07e 0.95 DOm0 |0455 0080 -DOEE D052 D108
shopping store 8| 739705 220 110 1.37 0367 023 0019 0000 |24 D176
shopping store 6 625138 22.00 163 2.04 0ooo (-0.764 -0.204 0004 |-0.359 -0.308
shopping store 7| 343830 2200 1.08 1.32 DOm0 |00 0285 0003 D416 0343
Comidor 2 69.6852 22.00 1.05 1.32 0000 (0546 0124 0001 |-0.207 0178
Carridor 47.4693 22.00 BE3 8.28 -1.134 0891 -1.089 0025 |-1.910 -1.629
shapping store 11| 97,5874 2200 1.66 2.08 058 0505 0124 DO0E |02 D207
Praying room 41.6703 22.00 0.es 1.06 00o0 (-0.021 0186 |0.009 |-0.420 023
shopping store 13 34.7603 22.00 138 1.72 0000 |-0043 0348 0005 |-0.545 -0.450 |
shopping store 12| G362 2200 1.50 1.88 0441 0257 0135 0005 D1 DR
shopping store 3 70.9807 22.00 132 1.65 0355 |-0.352 0143 0006 |-0.286 0.2
shopping store 4| 755324 2200 323 1.04 0544 1182 0257 0000 |-0583 0EIE
shopping store 3 0.0000 16.93 0.00 0.00 0000 (0045 0041 0170 (0000 00EE
shopping store 1 82,8962 22.00 233 293 0436 |-0965 0198 |0.001 |-0.386 -0.341
shopping store 2| 565325 2200 206 2.57 Dm05 |0E7F 0284 0023 |-0502 0429

Table 18 First floor heating capacity

Steady-state | Summary

Zore Deesign Capacily (w/m2) | Comfort Temper... Steady Stat... [Design Capacity (kw) | Glazing..[wal G... [Floor G...[Roct a... [ventiat...|infitiati.. | ~
] =IFist Floor Total Design Heating Capacity = 25.400 [cw)
Kitchen 1 349130 2200 053 0.74 0426 [0219 [0oor |05 0107 (0142
Guestroom 1| 30.0860 2200 035 119 0650 0371 |nooo |00 0osr 0264
Master bedioo... |67.1578 2200 087 1.09 068 0426|000 0013 0035 0113
Guestoom 2 44.5260 2200 055 0.69 0854 0190|0000 |0006 0034 0104
Dining 1 453858 2200 07 0.95 0000 002 |00 |ooot 0582 0135
coridor 1 207145 2200 003 0.04 0000 0008|0003 (0000 (0000 003
Master Bedroo.. |68.7245 200 070 0.87 0B82 0363 [0005 |00 0028 0088
Bedroom 1 53,3454 2200 056 0.70 0663 |0.09 |0005 |0004 0135 0087
Kitchen and fving| 30,1001 2200 067 0.84 0679 013 0007|0005 02 0185
living and diring | 13.288% 200 055 0.69 0000 008 |00 |0002 0138 036
Master bedioo... | 41.5642 2200 050 063 0000 0399|0007 |0006 0033 0073
Becroom 2 55.7285 2200 059 074 0650 0147|0004 |0005 0037 0089
Master Bedioo... |53.5331 2200 1.05 1.3 430 0421 |ooos 0012 0048|0451
Bedroom's coni.. | 12.7558 2200 008 0.09 0000 002 |0006 (0000 (0000 0048
Bedroom 3 416787 2200 [EX 117 0843 0230|0004 0007 0291 0167
caridor 2 210438 2200 030 113 0000 0463|0005 |0008 0074 0363
Master bedioom | 61,1369 2200 112 1.40 3% 0485|0001 | 0014 0050 0159
Dining 456654 2200 [ 0.80 0000 0024|0008 [0001 0434 0113
Bedroom 4 717318 2200 1.34 1.68 32 0497 |ooo7 |04 0242 D62
Bedroom 476389 2200 057 0.84 0643 0153|0001 | 0005 0783 0118
living room 306234 200 147 1.83 122 0462 0014|0015 0158 0400
Kitchen 34.3061 2200 1.01 1.26 D610 0208|0166 [0001 0185 0247
Guestioom 3| 233103 2200 076 0.95 0590 0180 0002|0005 0030 0269
Guest om 32498 200 057 0.7 0851 0141 |00 |05 0m8 0151
Entiance: 3z 2200 013 017 0000 003|000 [0000 0020 0084
coridar 222183 2200 034 118 0526 0105 007 0007 0074 0360
Kitchen and din... 18.7321 2200 1.37 1.7 0001 0279|0035 | 0003 0458 0583 |,
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Table 19 Second floor heating capacity

[ sesdyatste [ Summay |
Zore | Design Capacity (w/m2) | Comfart Temper.. Steady-Stat... | Design Capaciy (k) | Glazing.. [l G... [Floor G... |[Reaf a.. [ventiat...Infiliai.. | ~
=15 econd Floor Total Design Heating Capacily = 24.940 [w]
Kitchen 1 31,6854 2200 053 074 043 0218|0005 0005 0007|0142
Guest room 1 296975 2200 054 118 0B50 0370 |0.011 001 -0.087 0264
Master becroo... |57.3674 2200 088 109 0645 0426 (D01 0013 003 D113
Guestioom 2| 44,2412 2200 055 0.68 0EED 0180 (000 D06 003 DI04
Dining 1 448266 2200 075 0.94 0.000 0024 0000 0.000 0592 0135
coridor 1 133278 2200 003 0.04 0000 0018 0000 (0000 0000|0013
Master Bedioa... |BE6Z91 2200 070 087 0B 0363|0008 0008 008|006
Bedroom 1 52.7298 2200 055 0.69 0ETE 0038 0004 0.004 0135 0087
Kitchen and living 23,8393 2200 067 0.84 0887 0134 |DO0E 0006|0112 D18
living and diing | 12.8001 2200 053 0.66 000 0058|0000 0001 DI% | 03%
Master bedroo. 416302 2200 050 0.63 0.000 0338|0006 -0.006 0.033 0073
Bedoom 2 557320 2200 053 074 0857 0147|0005 0005|0137 |-D08
Master Bedioa... |53.2391 2200 104 130 1321 040 [umz 003 4ME 0150
Bedroom's comi.. | 11.9362 2200 007 0.09 0.000 0023|0000 0.000 0.000 0048
Bedoom 3 |41.2810 2200 053 116 0643 0230|0007 0008|0291 D187
coridor 2 07175 2200 08 11 0000 0462 (0008|0008 D07 | 0353
Master bedroom | 51.1226 2200 112 140 1348 0485 (D074 0014 0050 DS
Diring 45.0080 2200 063 078 0000 0022 (0000 (0000 D48 |03
Bedroom 4 716633 2200 1.34 167 1386 0457 (0014 0015 0.242 0162
Bedroom 474919 2200 067 084 0650 0162 [DOOS 0005|0183 D118
fing room 300083 2200 144 179 1226 0468 [DME 0017|0159 D400
Kitchen 293653 2200 087 108 0602 -0222 |0.000 -0.007 0185 0245
Gusstroom 3 | 228476 2200 074 0.93 053¢ 0180 [DO0E 0007|0090 D269
Guestioom | 320097 2200 056 0.7 0661 0140 (0005 D06 OB D146
Entrance 108330 2200 013 0.16 0.000 0013|0000 0.000 0.020 0094
coridor 21.7347 2200 032 115 0932 0033 [D00B 0008 0074 03B
Kitchen and din... 18.2998 2200 19 167 00m 0201|0005 0006 D48 |05
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Table 20 Third floor heating capacity
Steady-state || Summary
Zore | Desian Capaciy (w/m2) | Comfort Temper...Steady-Stat... | Desion Capaciy (k) _|Glazing..[ Wl G.. [Floor .. |Roof a... [Ventiat..Infilat.. |
1 Third Floor Total Design Heating Capacity = 25 020 (kW)
Kitchen 1 347528 2200 053 0.74 0437 0213 | 0.006 0.006 0107 0142
Guest room 1 287600 2200 0.84 1.18 0.655 0371 oo 0012 0087 0.265
Master bedion,.. |67.5530 2200 0.8 1.10 060 D423 0011 0013 00E |0013
Guestioom 2 | 44,3753 2200 0.5 0.69 0668 0130 (0006 D005 003 |0104
Dining 1 448413 2200 07 0.94 0.000 -0.024 |0.001 -0.001 0532 |-0135
cormidor 1 19.3406 2200 0.03 0.04 0.000 -0018 | 0.000 0.000 0.000 0013
taster Bedroo.. |B8.7967 2200 070 0.88 0634 0363 0008 0.008 0028 0.088
Bedroom 1 52.8750 2200 055 0.69 0681 0033 0004 0.004 0135 0.087
kitchan and living | 23.9890 2200 067 0.84 0632 0134 | 0.006 0.006 o112 0186
living and ding |12.8232 2200 0.5 0.67 o0 |00s8 D00z 0004 013 | 03%
Master bedioa,.. | 416710 2200 051 0.63 000 |03 0006 0006 003 0073
Bedroom 2 55.9477 2200 053 0.74 -0BE2 |-0.147 0.005 -0.005 0137 -0089
taster Bedroo.. |53.4665 2200 1.05 1.31 1.330 0.421 0013 0013 0.048 0151
Bedroom's cori... |11.9430 2200 0.07 0.09 0.000 0023 | 0.000 0.000 0.000 0.048
Bedroom 3 41,3639 2200 083 1.16 0.655 0230 0008 0.008 0291 0188
coridor 2 07571 2200 0.8 1.1 0000 Q462 D009 0009 0074 039
Master bedioom | 61.2760 2200 112 1.4 138 0485 Q0I5 0014 00S0 |01%9
Dining 449726 2200 063 079 0.000 0022|0001 0.000 0434 013
Bedroom 4 71.8180 2200 1.34 1.68 41337 |-043%8 05 0015 |-.0242  -01E2
Bedroom 47.5880 2200 067 0.84 0.655 0153 | 0.005 0.005 0183 0118
living room 30,0297 2200 144 1.80 1.234 0453 0017 0017 0153 0.400
Kitehen 281961 2200 0.86 1.08 0.605 0223 0008 0.008 0185 0.245
Guestioom 3 | 228915 2200 075 0.93 05% 0180|0007 D008 0030|0269
Guestioom | 320882 2200 056 070 0668 0140 (0006 0005 0048|0146
Entrance 108715 2200 013 016 0.000 0013 0000 0.000 0020 |-0.0%4
coridor 217618 2200 0.92 1.15 0537 0033 0003 0.003 0074 0.351
Kitchen and din... |18.3199 2200 1.33 1.67 0.001 0.281 0.003 0.010 0458 0593
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Table 21 Fourth floor heating capacity
Steady-state | Summary
Zone [Desin Capaciy fwm2) | Comfort Temper...|Steady-Stat... | Design Capacity (k| Glazing..[w/all G... [Fioor G...[Foot a.. [Ventia..[Initiat.. | ~
=IFaurth Flaor Total Desian Heating Capacity = 25.300 (k')
Kitchen 1 35.3262 220 060 0.75 0440 0220 0006 0.015 0107 0142
Guest room 1 30.2952 220 086 120 0E60  |-037 0012 0.028 0.087 0265
Master bedroo.., | 681242 220 k=) m 0ES5 0427 0011 .08 0.03% 0113
Guest room 2 44,9518 220 0.5 0.70 0DET1 0191 0006 002 0.034 0105
Dinitg 1 45478 220 076 0.95 0.000 0023 0002 002 0592 0136
coridor 1 187434 2200 0.03 0.04 0.000 -0018 0000 0.001 0.000 0013
Master Bedroo. £9.3369 2200 071 0.88 0693 |-0364 0008 0.012 0.028 0088
Bedioom 1 534215 2200 056 0.70 0686 0033 0004 0003 0135 0083
kitchen and living | 30,5659 2200 068 0.86 0638 0135 0007 0018 01z 0186
living and diring | 13.4352 2200 056 0.70 0.000 0055 0.006 0034 0138 0336
Master bedioo... | 42.0342 2200 o5 0.64 0.000 0399 0006 0010 0033 0073
Bedioom 2 56.5036 2200 060 0.75 0E67 |-0147 0005 0010 0137 0030
Master Bedioo... | 60.0338 2200 108 132 1333 0421 0013 0.020 0.048 0151
Bedioom's corri.. | 124351 220 007 0.09 0.000 0023 0001 0003 | 0.000 0048
Bedioom 3 4196527 220 034 118 0B60  |-0230 0003 0.021 0291 0188
coridar 2 211107 220 o081 113 0.000 0464 0010 0.024 0074 0.35¢
Mastar bedroom | €1.3800 220 113 1.4 1365 0485 0015 0.014 0.050 0153
Dinitvg 45,0388 220 0.e3 0.79 0.000 0022 000 0.001 0494 0113
Bedioom 4 71.93439 220 134 1.6% 1408 0438 0018 0.014 0242 0162
Bedroom 47 6366 2200 0.67 0.84 0E53 |-0152 0005 0.008 0.183 01138
living room 30,1022 2200 144 1.80 1240 |-0460 |0.017 0.017 0.153 040
Kitchen 232417 2200 086 1.08 0608 0223 0008 0008 0185 -0245
Guest room 3 234683 2200 077 0.96 0603 0180 0.008 0027 0090 0270
Guest room 321477 2200 056 0.70 0670 0140 0006 0006 0048 0146
Entrance 10,9477 2200 013 0.16 0.000 003 0001 0.001 0.020 0034
coridor 21.8831 2200 093 116 0942 0100 0010 0om 0074 0351
Kitchen and din... 188846 2200 138 172 oo 0279 0012 0.056 0458 0595
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Table 22Fifth floor heating capacity

Steadystate | Summary

Zone

|Desian Capacity twi/m2)_|Comfort Temper. [ SteadpStet.. [0

Copacity (Kw) | Glszing.[wall 6. |Floor 6. |Roof a._ [Ventiat. . nfit

i

I Fifth Floor Total Design Heating Capacity = 30270 (<)

Kitchen 1 46.2350 |22m0 0.73 0.98 045 [0220 Joms  [0208 [0107 [0.45
Guestroom 1 |40.9233 22.00 130 1.62 0E5 0371 (0028 0374|0087 [0270
Master bedran... | 797616 |?2 i} 104 1.30 OEER [0428 (007 [0472 |00% 015
Guestroom 2 |56.2704 22.00 0.70 0.87 062|019 jom2 [0153 |003 [0.108
Diing 1 55,5207 22.00 0.3 1.16 0000 007 (om3 013|059 [013
conidor 1 34024 22.00 0.06 0.07 0000|008 (0001 0024|0000 [0013
Master Bedion... |81.2987 22.00 0.83 1.03 0718|0384 omz  [01% |00 [0089
Bedoom 1 651296 22.00 0.68 0.85 0707 |-0100 (0003|0132 |013 [0.089
kitchen and living| 41.3438 22.00 0.5 118 0724|013 |oms [0z |0112 [0789
living and dining | 228404 |20 0.95 118 0000 0033 (0037 [0489 |0138 [0344
Master bedraa... |51.8621 22.00 0.63 0.79 0000|0404 (0003 [0127 |0033 [0.074
Bedoom 2 681683 22.00 0.72 0.90 e [0147 (om0 0135 013 0091
Master Bedioo... | 71,6159 22.00 126 1.57 1379|0424 (0021 0224|0048 [0753
Bedwon's cori.. | 24.1850 22.00 014 0.18 0000|0024 (0003 0075 (0000 [-0.049
Bedoom 3 526020 22.00 118 1.48 0E8S 0231 (D021 0267|0291 091
conidor 2 283238 22.00 122 1.52 0000|0471 (0025 033 |0074 [0.359
Master bedroom | 60,7950 22.00 112 1.33 1389|0488 |0m4  [oo00  |-0050 [-0.159
Diing 45,8003 22.00 0.64 0.80 0000 0021 (0002 |00 |04m 0013
Bedoom 4 714218 |22m0 134 1.67 1410 0439 [0m4 [002 0242 [0782
Bedioom 480804 22.00 .68 0.85 0Eed |-0152 (0005 0000|0183 [0.119
living room 302163 22.00 145 1.81 1245|0453 (0ms 0021|0159 0401
Kitchen 29443 22.00 0.7 1.08 0611|0225 (000 [om2 |018s [0.245
Guestroom 3 331307 22.00 1.08 1.35 0627|0170 (0028|0384 0090 [0.275
Guest room 322515 22.00 0.5 0.70 0674|0142 (0006 0005|0048 |04
Entrance 117704 22.00 014 0.17 0000 [0m3 (oo [00n |00 [0084
conidor 226275 22.00 0.9 1.20 088 0121 jom2 0021|0074 [035
Kitchen and din...| 26,4521 2200 207 259 0001|0253 (00s9 0@ |04%8 [0609
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Table 23 Ground floor and roof cooling capacity

Summary

Figure 59 Cooling design analysis

Zone Design Cooling Load Per Floor Area [#//m2) | Total Cooling Load [k/) | Design Capacity (kW) | Design Flow Rate (m3/s) |Sensi &
GroundFloor.Coridor Edl 562 647 0.3913 442
GroundFloor ShoppingStare? | 395 130 149 0.0884 1.04
GroundFloor: ShoppingStore3 860 174 2.00 0.1704 174
GroundFloor Coridor 284 an 3.58 02110 243
GroundFloor ShoppingStorie1D | 96.2 315 362 0.3003 235
GroundFloor ShoppingStore13 |40.1 172 1.98 0.1180 138
GroundFloor ShoppingStareb | 625 177 204 0.1392 151
GroundFloor ShoppingStoreS B03 233 268 0.1931 209
GroundFloor ShoppingStars2 | 51.9 2.08 237 0.1542 172
GroundFloor ShoppingStared | 76.4 358 +.08 0.3523 358
GroundFloor. Coridor2 477 078 0.30 0.0618 087
GroundFloor ShoppingStarel 1319 402 462 0.4025 373
GroundFloor ShoppingStare1l | 124.0 22 264 0.2285 218
GroundFloor GaurdFioom 0o

GroundFloor ShoppingStres | 0.0

GroundFloor PrayingFioom 210 0.47 053 0.0343 0.41
GroundFloor ShoppingStore8 | 142.4 230 264 0.2415 223
GroundFloor ShoppingStare12 | 1269 341 3.92 03310 315
Roof ClosedTenace 761 6.4 743 0.5705 568

~




Table 24 First floor cooling capacity

Zone Design Cooling Load Per Floor Arsa (W/m2) | Total Conling Load (kW) | Desian Capacity (kW) Design Flow Rats (m3/s] | Sensil A
FirstFloo:CarnidorT 63.0 012 014 0.0112 012
FirstFloor:GuestRoom1 458 158 1.81 0.1570 155
FirstFloorKitchendndLiving 783 193 222 0.1615 151
FirstFloorKitchent 57.4 106 122 0.0967 ng2
FirstFloorMasterBedioom2 40.3 063 0.61 0.0502 062
FirstFloorMasterBedioom 7.0 142 1.63 0.1388 1.24
FirstFloorDiring] 55.2 1m 1.16 0.0757 0.83
FirstFloorMasteiBedioom3 756 144 1.66 0.1425 134
FirstFlonrBedroom] 483 055 0.63 0.0520 053
FirstFloor:Dining 528 020 0.92 0.0596 086
FirstFloorLivingRoam 476 247 2.85 0.1881 1.87
FirstFloorBedroomd 768 158 1.80 0.1670 153
FirstFloorMasteiBediomd 77 108 1.25 01127 1.06
FirstFloorMasterBediooml %62 106 1.22 01146 1.08
FirstFloorGuestRoom2 a7.8 13 1.51 0.1455 1.29
FirstFloorBedroom2 a1.s 1.08 121 o113 1.04
FirstFloor:GuestRoom 53.4 113 1.29 01170 1.07
FirstFloor:GuesRoom3 283 1.00 115 0.0777 0.51
FirstFloorLiving&ndDining 271 122 14 0.0816 0.88
FirstFloorKitchendndDining 233 232 267 0.1865 204
FirstFloor.ComidorZ 24.4 114 131 0.0867 0.94
FirstFloorBedroom 377 058 0.67 0.0475 0.48
FirstFloocKitchen 383 123 1.41 0.1046 111
FirstFloor:Conidor 386 178 205 0.1797 178
FirstFloorE ntiance 187 025 0.29 0.083 0.20
FirstFloorBedroom3 58.7 143 1.65 0.1322 1.23
FirstFloorBedroomiXsComidor | 31.9 0z 0.24 0.0165 018

Table 25 second floor cooling capacity

ummary

Zone Desian Cacling Load Per Floar Area (W/mi2) | Total Codling Load (kW) | Desian Capacity (kW) | Design Flow Riate (ma/s] _|Sensi ~
SecondFloor Kitchen 60.8 112 1.29 0.1043 [E3]
SecondFloor Bedroom3 603 147 1.69 0.1373 127
SecondFloorDining 5.3 084 0.97 0.0631 063
SecondFloorD iingl 7.5 1.05 1.20 0.0797 086
EiE] 1.09 1.26 0.0861 083
SecondFloor KitchendindDining | 30.8 245 2.81 0.1991 216
SecondFloorBedroome<sCamidor | 34.4 02 0.26 0.0180 [XE]
SecondFloor Conidor2 %7 1.20 1.38 0.0925 1.00
SecondFloor LivingdndDining | 30.5 1.38 1.58 0.0932 1.00
SecondFloar Entiance 230 0z 0.33 0.0219 024
SecondFloor Kitchen 77 1.21 1.39 0.1025 103
SecondFloor Bedroom! 483 055 0.63 0.0520 053
SecondFloor LivingRoom 433 25 2.95 0.1968 1.95
SecondFloor GuestRooml 438 1.7 1.97 0.1732 169
SecondFloor Bedroom 02 062 0.71 0.0512 052
SecondFloor, Conidar 108 1.87 2.16 0.1910 187
SecondFloor MasteiBedioom2 | 43.5 057 0.66 0.0547 056
SecondFloor GuestRoom 61.8 1.17 1.35 0.1199 114
S econdFloon Corridort EBE 012 0.14 0.0111 01z
SecondFloorMasteiBedioom | 75.1 1.50 172 0.1498 13
SecondFloor MasteBedioom1 1004 1.1 1.28 0.1208 109
SecondFloor Bedoomé a8 1.682 1.87 0.1751 159
SecondFloor Bedroom2 %6 1.15 1.32 0.1256 113
SecondFloor MasteiBedioomd | 82.3 116 1.34 0.1227 114
SecondFloor MasteiBedioomd | 77.8 1.48 17 0.1476 132
SecondFloor GuestRoom2 1024 1.38 1.59 0.1543 135

SecondFloor KitchendindLiving | 84.7 206 237 0.1775 162
< >
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Table 26 Third floor cooling capacity
[ Ty I ——

Zone Design Codling Load Per Floor Area (w/m2] | Total Cooling Load (kW) | Design Capacity (ki) Design Flow Rate (m37s) | Sensil A
ThirdFlaor:MasterB ediaam? 438 058 0.66 0.0552 056
ThirdFlaor GuestR oom1 603 173 199 0.1756 171
ThirdFloor LivingAndDining a2 141 162 0.0857 1.02
ThirdFloor GuestR oom3 1.3 111 128 0.0876 091
ThirdFloor: MasterB edioom3 780 145 171 0.1481 133
ThirdFloor: B edroom 484 0.55 0.63 0.0522 0.53
ThirdFloor:KitchendndLiving 824 208 239 0.1795 1.64
ThirdFloor:MasterB edroom 754 150 173 0.1507 1.40
ThirdFloor:Kitchen 77 121 1.39 0.1026 1.09
ThirdFloor MasterB edroomd 823 117 1.35 0.1238 1.15
ThirdFlaor: LivingR oom 436 258 297 0.1984 196
ThirdFlaorB edraorme=sCarridar 348 023 0.26 0.0182 013
ThirdFloor GuestR oom B30 120 137 01228 116
ThirdFloor Enfrance. 234 0.30 0.34 0.0224 0.24
ThirdFloor: Comidor 408 185 217 0.1925 183
ThirdFloor: Bedroomd 80.0 163 1.87 0.1795 1.53
ThirdFloor:Kitchen1 61.2 113 1.30 0.1052 0.93
ThirdFloor: Bedroom 404 0Ez 0.71 0.0516 0.5z
ThirdFloor:Bedroom3 E05 148 1.70 0.1380 1.27
ThirdFloor: GuestRoom2 1031 133 1.60 0.1556 1.3
ThirdFlaor: Cormidorl BRE 012 014 oo 012
ThirdFlaorBedroam? 100.2 116 1133 0.1266 114
ThirdFlaor KitchenAndDining a1 247 284 0.2012 218
ThirdFloor Dining BAE 085 0.97 0.0637 070
ThirdFloor: Comidor2 265 121 133 0.0932 1.01
ThirdFloor: Dining1 &7.9 105 121 0.0804 0.87
ThirdFloor:Master edioom 100.8 111 1.28 0.1213 1.10 v
< >
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Table 27 Fourth floor cooling capacity

Bnalysis | Summary
Zone Design Cooling Load Per Floor Area (W/m2) | Total Cooling Load (kW) | Design Capacity [kw] | Design Flow Rate [m3/s] | Sensil ~
FauthFloarKitchen 6 124 1.42 0.1059 112
FouthFloorBedioom? 1011 117 134 01280 118
FourthFloor Coridor2 5 124 142 0.0958 1.08
FouthFloorEntiance 243 [ES 0.36 0.0240 0.2
FaurhFloarGuestfioom? 104.4 140 1.62 0.1581 138
FouthFloorMasterBedrooml | 101.6 112 1.29 01226 111
FouthFloorKilchenandDining | 31.8 252 289 0.2067 223
FouthFloorBedioomieCaridor | 35.9 023 0.27 0.0189 020
FouthFloorMasterfedroomd | 64.1 113 1.37 0.1260 118
FouthFloorKitchendndliving | BE.6 21 242 01830 168
FourthFloor GuestFioom3 328 116 1.34 0.0924 [iES
FouthFloorLivingdndDinig | 33.2 150 172 0.1028 1.09
FourhFloar.Bedroomd 747 162 1.86 0.1748 159
FourthFlocrKitcheri 623 115 132 01076 101
FourthFloorBedioom1 436 056 065 0.0537 i}
FouthFloorMasierBedroom2 | 45.0 053 0.68 0.0568 058
FourhFloorMasierfedroom | 75.3 150 1.73 0.1505 140
FouthFloorGuesthioom 654 124 143 01284 121
FourthFloor Diring 589 107 1.23 0.0822 [iEx]
FouthFloar.LivingFloam 510 265 2.08 0.2054 20z
FauthFloor.Coridar 420 194 223 0.1985 1.94
FourthFloorBedioom 409 063 072 0.0524 053
FouthFloorMasterBedioom3 | 78.8 150 1.73 0.1500 1.40
FourthFloorDiring 571 [ 1.00 0.0658 07z
FaurhFloorGuestFiooml 515 177 204 0.1806 175
FouthFloorBedioom3 613 150 172 01404 129
FourthFloor Corider1 701 012 014 00114 [AER

< >
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Table 28 Fifth floor cooling capacity

Analysis | Summary
Zone Design Cooling Load Per Floor Area (w/m?) | Total Conling Load (ki) | Design Capacity (k) | Design Flow Rate [m3/s] | Sensi ~
FithFloor.KitchenéndLiving %97 243 2.79 0.2252 194
FithFloor: Coridor 535 247 284 0.2683 247
FithFloor: GuestRoom] 622 214 2.46 0.2240 208
FithFloor: MasterBedroom 1107 123 1.41 0.1368 121
FifthFloor:Bedroom2 111.4 128 1.48 0.1450 127
FifthFloor: LivingR oom 608 316 363 0.2593 243
FifthFloor: Diningl BB7 125 1.44 0.1004 105
FifthFloor MasterB edroomz2 575 076 0.87 0.0755 074
FithFloorBedroom €50 074 0.85 0.0734 072
FithFloor: MasterBedroomd %7 135 155 0.1480 13
FithFloor LivingAndDining 473 216 2.49 0.1602 160
FithFloorBedoord: 772 157 1.80 0.1677 154
FithFloorKitchen 430 157 1.81 0.1429 135
FithFloor Entiance %8 047 054 0.0388 [
FithFloor: GuestFioom 623 156 1.79 0.1708 18 |
FithFloor GuestRioom3 434 154 1.77 0.1308 128
FithFloor KitchendndDining 383 303 3.49 0.2753 287
FithFloor Bedioom 443 068 0.78 0.0579 057
FithFloor Guestoom? 11438 154 1.78 0.1793 152
FithFloor: MasterBedroom3 880 168 1.93 0.1826 185
FithFloor: Caridor 928 018 0.19 0.0155 0.18
FithFloor:Dining ni 108 1.25 0.0885 0.2
FithFloor CoriderZ 13 155 1.79 0.1420 147
FithFloor:Kitchen 748 138 1.59 0.1367 122
FithFloor BedioomisComidor 508 03 0.38 0.0281 0.2
FithFloor: MasterBedroom 740 148 1.70 0.1472 137
Totals 51.1 217.78 250.45 19.9057 19

< >
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Finally, after taking the results of the heating and cooling load of the building after
modification, the thermal comfort is reached in the building, and it is represented in the
figure above for the temperatures inside the building all over the months of the year.
Temperatures inside the building were between 19-26 Celsius in range. Down below is a

figure that illustrates each month with its corresponding temperature inside the building:
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Figure 60 Thermal comfort inside the building

2.6.7. HVAC System Selection:

2.6.7.1. Introduction:

Heating, ventilation, and air conditioning (HVAC) is the use of various technologies to
control the temperature, humidity, and purity of the air in an enclosed space. Its goal is to
provide thermal comfort and acceptable indoor air quality. Ventilation (the "V* in HVAC)
is the process of exchanging or replacing air in any space to provide high indoor air quality
which involves temperature control, oxygen replenishment, and removal of moisture,

odors, smoke, heat, dust, airborne bacteria, carbon dioxide, and other gases.

Two methods of ventilation are used to supply air to the building: natural ventilation, which
uses the windows and doors that are scattered throughout the home, and industrial
ventilation, which uses a variety of technologies and systems, including the VAV and VRF
system and others. In modern buildings, the design, installation, and control systems of
these functions are integrated into one or more HVAC systems. For very small buildings,
contractors normally estimate the capacity and type of system needed and then design the
system, selecting the appropriate refrigerant and various components needed. For larger
buildings, building service designers, mechanical engineers, or building services engineers

analyze, design, and specify the HVAC systems.
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HVAC system keeps us warm in winter and cools in summer. It reduces humidity rise
during the monsoon season. HVAC keeps the indoor and outdoor air clean in almost any

season.

2.6.7.2. HVAC systemselection:

There are many types of HVAC systems available in the marketplace, but choosing the
best suitable HVAC system will lead to the project’s success. After research and multip le
trials on Design Builder program, the best suitable HVAC system for our project will be
VRF air cooled system.

2.6.7.3. HVAC system Sizing from Design builder calculations:
Based on the results taken from Design Builder, cooling loads in the buildings is much
higher than heating loads. so the critical design to be worked on is the cooling loads because

it is the worst case scenario for the design.

The sizing capacity for HVAC system for the building including the ground floor and the
first floor up to the fifth floor) will be discussed in details later on in chapter 4.

Table 29 Comparison between real case scenario and Baseline scenario

Graduation project, Building 1_Baseline building

Site Analysis | Summary | Parametric | Optimisation +UA/SA | ASHRAES0.1 | Data Visualisation
o ASHRAE 50 plions
= 4 D> > ——

) Graduation project
4 Building 1
4 Building 1_Basaline building

[ Edt [ Visusise | Heating desion | Cooing design | Simuistion | CFD_| Daytgining | Cost and Carbon

As can be seen above in the comparison, the building save energy up to 22% of energy
used around 98000 kw annually compared to the baseline modeled building using the same
HVAC system, this saving means that the passive design made the big difference on the
building, and modifications of the shading system were critical and saved energy for the
whole building. In addition to the nearly equal results for the modified scenario not like the
high fluctuations in the results of the baseline scenario. Project’s scenario has balanced
results during all seasons so that the cooling load and heating loads are close to each other,
Page 78 of 250




but in the baseline scenario the results were unbalanced during the four seasons so that the

cooling load was much smaller than the heating load and this is an unwanted situation.

Table 30 total site and source energy

Site and Source Energy

Total Energy Energy Per Total Building Area Energy Per Conditioned Building Area

[kwh] [kwh/m2] [kwh/m2]
Total Site Energy 354175.10 64.37 64.37
Met Site Energy 354175.10 64.37 64.37
Total Source an 5 -
Energy 985954.33 179.18 179.18
Net Source - S -
Eneragy 985954.33 179.18 179.18

The table above shows the total energy needed to run the whole project including the
HVAC system, lighting, power, etc... in addition to the energy needed as an average for
each squared meter in the building.

2.6.8. CFD analysis:
2.6.8.1. Introduction:
CFD refers to the use of applications by using numerical simulation methods to analyze
and simulate the movement of air and heat flow within the building. It is also known as
Internal Computational Fluid Dynamics (CFD) for buildings. It is a part of fluid dynamics,
which employs mathematical equations to show the behavior of fluids like air and their

interactions with solid surfaces inside the building.
Internal CFD analysis was done here for this project using Design Builder program:

2.6.8.2. Internal CFD analysis for ground floor (Simulation 500 iterations):
[TcroResuts |

T T T T T T T | — ]
Welocty  0.00 002 005 007 [E] o1 013 015 018 ] 032 0324 (mis)
Tempersture 1558 1603 1649 1684 1740 1785 1831 1876 1822 1867 2013 2058 ()

[ Edt [ Visualise | Heating design | Cooing design | Simuiation | CFD_| Daylighting | Cost and Carben

Figure 61 CFD slice in the ground’s floor corridor 1
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As shown above in the CFD analysis slice in the corridor number 1, the air flow or air
velocity is around an average of 0.18 nvs which is illustrated in the yellowish orange color.
The differentiation of the color shows how the air flow movement differs as we move away
from the corridor’s window and as we come closer to it. According to the ASHRE 55 or

ISO 7730 air speed should between 0.1 to 0.35 nvs, which is acceptable here.

| CFD Resutts

T T T T T T T | — ]
Welogty 000 002 005 007 003 OA1 013 015 016 020 022 024 (ms)
Tempersture 1558 1603 1648 1684 1740 1785 1831 1876 1922 1967 2043 2058 (O

[ Ect | Visualise | Heating desion | Codling desian | Smutation | ¢FD_[ Dayiighting [ Cost and Carbon

Figure 62 CFD slice in the ground'’s floor corridor 2

As shown above in the CFD analysis slice in the corridor number 2, the air velocity is
around an average of 0.20 m/s which is illustrated in the orange color. The air velocity
increases in the corridors as can been seen in the darker colors in the figure abowve, also a a
higher air velocity than the building represented in the red color with 0.21-0.22 m/s air
velocity for the mechanical shaft because it is opened throughout the height of the building
which creates a fast circulation of the air. In addition to an air velocity of 0.16-0.17 nVs
inside the shopping stores which is critical to be less than the air circulation of the corridors
and the mechanical shaft. According to the ASHRE 55 or ISO 7730 air speed should
between 0.1 to 0.35 m/s, which is acceptable here.
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2.6.8.3. Internal CFD analysis for the First-Fifth floor (Simulation 300
iterations):

Graduation project, Building 1, First Floor

CFD Resuts

I I I T T T | —— ]
Velocty  0.00 0.0z 004 005 007 008 o1 013 014 016 045 020 (mis)
Tempersture 1558 1603 1643 1684 1740 1785 183 1876 1922 1867 2043 2058 (C)

| Edit | Visualise | Heating desian | Cooling design | Simulation | CFD_| Daylighting [ Cost and Carbon

Figure 63 CFD slice in the First’s floor main corridor between apartments
As shown above in the CFD analysis slice taken along the east and west part of the building
in the main corridor between the residential apartments, the air flow or air velocity is
around an average of 0.16 m/s which is illustrated in the orange color. The differentiation
of the color shows how the air flow movement differs as we move away from the corridor’s
window and as we come closer to it. According to the ASHRE 55 or ISO 7730 air speed
should between 0.1 to 0.35 nvs, which is acceptable here.

Graduation project, Building 1, First Floor

CFD Resutts

444 m

R2391m

T T T T T | E—
velosty 000 002 004 005 007 008 00 013 014 016 048 020 (ws)
Temperature 1555 1603 1640 1S4 1740 ATE5 1831 1876 1022 1967 2043 2088 (0)

[ Edit | Visuglise | Heating desion | Cooling design | Simulation | €FD_[ Daylihting | Cost and Carbon |

Figure 64 CFD slice in the First’s floor apartments and multiple functional zones
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As shown above in the CFD analysis slice taken along the north and south part of the
building in two apartments and a part of the main corridor between residential apartments,
the air velocity is around an average of 0.17 nvs which is illustrated in the orange color.
The differentiation of the color shows how the air flow movement differs as we move
through different spaces in the apartment and around the windows. According to the
ASHRE 55 or ISO 7730 air speed should between 0.1 to 0.35 mys, which is acceptable
here.

2.6.8.4. Internal CFD analysis for the roof (Simulation 800 iterations):

[ Graduati = | ing 1, R

| CFD Resuls

e

29m

180m

[ | —— ]
Velocity [) [ [ 003 004 005 0.06 007 008 0.08 () 040 (mis)
Temperature 1558 1603 1643 1694 1740 1785 1831 1676 1922 1967 2013 2058 (C)

[ Edit | visuaiise [ Heating design | Cooling design | Simutation | cFD_|[ Dayiighting || Cost and Carbon

Figure 65 CFD slice in the Roof crossing through elevators

As shown in the CFD analysis slice above it is taken along the northern and southern part
of the building throughout the roof containing the service room, the air velocity is around
an average of 0.08 m/s which is illustrated in the orange color. The differentiation of the
color shows how the air flow movement differs as we move away from the windows.
According to the ASHRE 55 or ISO 7730 air speed should between 0.1 to 0.35 nvs, which
is not acceptable here. So we need to add more windows in the roof, but as known if
somebody wants to use the roof for service needs, the roof door will be opened while
service and will act like an additional window which adds for sure the slight air velocity to
meet the standards.
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| Graduation project, Building 1, Ro

|| CFD Resutts

45m

18.31m

[ I I —— ]
Velocty 0.00 oo 0.02 003 004 005 006 007 008 0.08 003 010 (mis)
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Figure 66 CFD slice in the Roof crossing through its windows

As shown in the CFD analysis slice above it is taken along the eastern and western part of
the building throughout the roof containing the service room, the air velocity is around an
average of 0.08 m/s which is illustrated in the orange color. The differentiation of the color
shows how the air flow movement differs as we move away from the windows. According
to the ASHRE 55 or ISO 7730 air speed should between 0.1 to 0.35 m/s, which is not
acceptable here. But it is a very slight difference which can be negligible. So we need to

add more windows in the roof, and solution is like the case before.

2.6.9. Daylight in the building:

2.6.9.1.Introduction:

The daylight factor is a measure of the amount of natural light that enters a building's
interior. It is typically expressed as a percentage and represents the ratio of the indoor

illuminance (light level) to the outdoor illuminance.

The specific daylight factor requirements for houses and retails may vary depending on the
country, region, and building codes or standards in place. However, | can provide you with

some general guidelines that are often followed:
1.) Houses:

Living areas and bedrooms: A minimum daylight factor of 2-5% is commonly

recommended for these spaces.
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Kitchens and bathrooms: A higher daylight factor of 3-8% may be required due to the need

for brighter lighting in these functional areas.
2.) Retails:

Display areas: A higher daylight factor ranging from 3-10% is often desired to showcase
products effectively.

Sales floors: A daylight factor of 2-5% is typically recommended to create a pleasant

shopping environment.

Natural daylight is an important aspect of the building design. Natural daylight can
significantly improve the lighting comfort in the building and therefore impact the
productivity of occupants positively. Illuminance, measured in lux, it is the amount of light
that comes on a surface. Both natural daylight and artificial lighting contribute to

illuminance inside buildings.

Down below is a simulation for the natural daylight that enters the building, in an overcast

day, using Design Builder program:

2.6.9.2.Natural Daylight distribution for the ground floor:

[ Edi | Visualise | Heating design | Cooling desian | Simulation | CFD | Daylighting || Cost and Carbon |

Figure 67 illuminance distribution map for the ground floor
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As illustrated above in the figure, natural daylight does not enter the middle of the building
due to the length of the building and the internal partitions’ material. However, a good
amount of illuminance still enters the building after treatments done to the windows and
after adding the shading system for the building. Natural daylight adds up illuminance to
the different spaces helping in reducing the illuminance needed from artificial lighting.
Natural daylight is not a big deal here in the building because artificial lighting will take
place in all cases. Big considerations and good achieved results were in the heating and
cooling loads which makes the largest amount of net energy needed in almost every
building. The entrances that contain external doors in the figure above, shows a dark space
but it is not actually. Entrances are defined as glass external doors which transmits solar

msolation, but as a door in the program it supposes that the door is closed and that’s why

it didn’t show how the solar nsolation enters.

2.6.9.3.Natural Daylight distribution for the First-Fifth floor:

[ Graduation project, Building 1, First Floo

1| lluminance | Annual daylighting

ek >

f . .
= e
I o )
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Figure 68 illuminance distribution map for the First floor
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Figure 69 Daylight factor after modification from Revit

This picture is of the first floor after the modification, and it shows the effect of the daylight
factor, as the rate for this floor ranges between 2-8%, and this rate is suitable for the

apartments contained in this floor.

In our project, from the first floor to the fifth floor, it contains apartments of the same

nature, so we generalized the results on it from the first to the fifth.

2.6.9.4.Natural Daylight distribution for the roof:

L]
]

DF lux

14.02 - 2593

1.22 2075

8.41 1557

5.61 1039

2.80 521
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Figure 70 illuminance distribution map for the Roof

In the picture above of the roof after installing the shading system and the modifications,
it shows the effect of the daylight factor distributed alone the service room, as the rate for
this floor ranges between 2-8%, and up to 13% next to the windows. The previous rates are

suitable for the service room present in the roof.
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CHAPTER 3 STRUCTURAL ASPECTS
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3.1 Introduction

The design of the structural system is an important stage in the design of any building, and it
represents the sustainability and safety of the building and its users. Since, the structural aspect
has a direct impact on the other aspects, especially the architectural aspect; a wise structural
designer should use the best method to make the model as safe as possible while minimizing the
impact on the main architectural designer idea. In this chapter, the structural system of the AL-
Bayader shopping center and residential apartment has to be analyzed in terms of calculating the
thickness of the slab, as well as the correct distribution and security of the columns so that it
does not affect the architectural design, and evaluated using the structural modeling software
ETABS 16, and that’s showed with more detailing in this chapter.

3.2 Problem definition

The project is a 9-story AL-Bayader shopping center and residential apartment with a height of
3m for basement 1 &2 , 4.5m for ground floor and 3.5m for typical and roof floor each floor, the
project location in Jenin, the project has many slab systems and different thicknesses, the
building is not regular in elevations but it is regular in plan-view, after studying our building, we
found that the length of the building exceeded 30 meters, which necessitated placing an
expansion joint for the building, so that the building was divided into two separate parts as

shown figure below.
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3.3 Designcode

Structural designer will use the following codes of practice in loads-forces calculations,
design and detailing of structural elements:

c. Building code requirement for reinforced concrete (ACI 318M-08)

d. Uniform building code (UBC-1997) for the calculation of equivalent static loads for
earthquakes.

3.4 Material

1-Concrete

The estimated specific weight of reinforced concrete is 25 kN/m3 and for the plain
concrete is 23 KN/m3 .

fc': compressive strength of concrete

fc'= 24 MPa (used for slabs and beams).

fc'= 28 MPa (used for columns , shear walls and footing ).

2-Steel
The modulus of elasticity, Es =200 GPa
Fy: Yield Strength in Steel, Fy =420 MPa.

3- Blocks

Unit weight of blocks is considered as 12 kN/m3 .
3.5 Load

Loads and loads combinations were taken from ASCE7-10 standard as following:
1- Dead load (DL)

The buildings own weight is included in the dead load; these loads remain constant

throughout the building's existence.

2-Live load (LL)

Live load is a load that is not constant, but changes owver time. Live loads can be caused by
anything adding, removing, or relocating weight on a structure. The minimum live load

value varies according to space function. (ASCE7, 2010).
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v Residential house =3.0KN/m?

v Shopping center= 5.0 KN/m?

v Parking= 6.0 KN/mg?

3-Superimposed Dead Loads (SID)

Superimposed dead loads represent non-structural dead loads that remain permanently on the

structure.

A- External wall

Table 31 The

external walls and their loads

e R AT

o
.-

—

Total wall weight= 5.8* height = 26 kn/m

p Stone Scm
— 3 Concrete 12cm

Insulation 2cm
Block 10cm

Plaster 2cm

layers of the

Layer Density Thickness Load
name (KN/m3) (m) (KN/m2 )
Stone 26 0.05 1.3
Concrete 25 0.12 3
Insulation 0.27 0.02 0.0054
Block 12 0.1 1.2
Plaster 18.5 0.02 0.37

B-Weight of floor

3cm Ceramic tiles + 2 cm mortar + 7cm sand = 0.03 * 25 + 0.02*22 + 0.07*19
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C-Weight of bricks in ribbed slab, it is considered as dead load

STIRR. 188-20

198/25¢m TOP_REINF.
o .’_5)- [®]
o e
LR
N
/| o
%LOCK 40 15 %0mom remr.

- Weight of bricks = 0.4* 0.24 * 12 = 1.152 kN/m2/ ribs
= 1.152/0.55=2.1 kn/m?
Total SID = weight of floor (2.52) +weight of partition (1) + weight of bricks(2.1)

=5.62 kn/m? ... take it 6 kn/m?

3.6 Seismic input data

UBC — 97, equivalent static method will be used after applying the required conditions and
criteria’s in the preliminary structural layout. UBC — 97 specifies the total seismic force or base
shear acting on the structure by the formula (V =CvIW/RT)

Where:

I Important Factor

Z: seismic zone factor

Ca: Seismic Coefficient

Cv: Seismic Coefficient

W: DL+ SID L +0.25L.L

R: is a factor, which represents the ductility of the structural system.

T: fundamental period of the building.
hn: height, above the base to level n.
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3.6.1 Important Factor

Table 32 Occupancy Importance Factors

Occupancy Category Seismic Importance Factor, I

1-Essential facilities

1.25
2-Hazardous facilities

1.25
3-Special occupancy
structures 1.00
4-Standard occupancy
structures 1.00
5-Miscellaneous structures

1.00

The building is standard occupancy structure | = 1.00

3.6.2 Seismic Zone

Zone factor was obtained from the following siesmic map

34°N ]

Seismic Zone Factor,Z

[Zoe T 2A |
2 Tobel o T noblus,

Tel-Aviv g

32'N
Jerusalem
e

Turayf
Gaza >
.

i s Beer-Seba,,

The structure is located in Jenin zone 2B... Z=0.20

Figure 74 seismic map

3.6.3 Soil profile

The type of soil that AL-Bayader shopping center stands on is very dense soil and soft
rock that has a capacity of 300KN/m?. This is classified as Sc type according to UBC97
code.
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3.6.4 Seismic Coefficient Ca, Cv

Table 33 Seismic Coefficient Ca

TABLE 16-Q—SEISMIC COEFFICIENT C,

SEISMIC ZONE FACTOR, Z

SO0IL PROFILE TYPE Z=0.078 Z=0.15 Z=02 Z=03 Z=04
3 0.0b 0.2 .16 024 U.3LA,
Sa 0.08 0.15 0.20 0.30 0.40N;
& 0.09 018 0.24 0.33 040N
Sp 0.12 0.22 0.28 0.36 044N,
5 0.19 0.30 0.34 0.36 036N,
8 See Footnote 1

ISite-specific peotechnical investigation and dynamic site response analysis shall be performed to determine seismic cocfficients for Soil Profile Type S¢

Soil type C ..... Z=0.20........ Ca=0.24

Table 34 Seismic Coefficient Cv

TABLE 16-R—SEISMIC COEFFICIENT C,

SEISMIC ZONE FACTOR, 2

SOIL PROFILE TYPE Z=0.075 Z=0.15 Z=02 Z=03 Z=04
5 0.06 012 016 0.24 032N,
Sy 0.08 015 0.20 0.30 040N,
& 013 0.15 0.32 0.45 (.56
3o 018 032 040 0.54 064N,
8¢ 0.26 0.50 064 01.54 096N,
Y Sec Footnotc |

ISite-specific geotechnical investigation and dynamic site response analysis shall be performed to determine seismic coefficients for Soil Profile Type 5S¢

Soail type C ..... Z=0.20........ Cv=0.33

3.6.5 Structural system (R — Coefficient of ductility of the lateral resisting)

TABLE 16:N—STRUCTURAL SYSTEMS'

T T e

MRE
e it concrers IMRES

b Steel with sveel OMRF
5 Contllevered lding 1. Cansl

sysems
& Shear wall-frame imersction. 1. Concrere?

Sysems

Bl B e BEEEREL [BEE BERE

Structural system: Building frame system —shear wall concrete... R=5.5
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3.7 Load combinations

All reinforced concrete members/ elements of buildings/ structures aswell as their supports
and fixing points shall be analysed and designed for the load combinations in accordance

with the Minimum Design Loads for Buildings (ACI- 9.2) requirements as follows:

A. Service load combinations were defined as follows:
Combination (1) =1.0DL + 1.0 SID +1.0 LL
Combination (2) =0.9DL +0 .9SID +0.71 EQX
Combination (3) =0.9DL +0 .9SID +0.71 EQY
Combination (4) =0.9DL +0 .9SID +0.75LL+0.54 EQX
Combination (5) =0.9DL +0 .9SID +0.75LL+0.54 EQY
B. Ultimate load combinations were defined as follows:
Combination (1) =1.2DL +1.2SID+1.6 LL
Combination (2) =1.4DL +1.4SID

Combination (3) =1.3DL +1.3SID +1.0 LL+ EQX
Combination (5) =0.8 DL + 0.8 SID £ 1.0 EQX
Combination (6) =0.8 DL + 0.8 SID £ 1.0 EQY

3.8 Designelements definitions

3.8.1 Slab

The system that is used one way ribbed slab supported by dropped beams. And specify the minimum
thickness according to -ASCI 318- code.

Structure Element Model
Simple One-end Two-end Cantilever
continuous continuous
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One Way Solid Slab L/20 L/24 L/28 L/10

Beams & Ribbed Slab L/16 L/18.5 L/21 L/8

Maximum slab span in y direction about L =5.40 one end continuous

Slab thickness h = 5.4/18.5=0.292

Take it 32 cm
STIRR. 1#8-20
18/25¢m TOP REINF.
_ !
o . (Y
o3 T
i 0
Tocx] 10 15 %0mom rer.
3.8.2 Beam

There are two types of beams that will be used in the construction system. Dropped beam in large distances
and hidden beams in other distances. And specify the minimum thickness according to -ASCI 318- code.
A- Dropped beam

L =8.80.... (One-end continuous)
Npeam = 8.80/18.5 = 0.475 m increase 40% for drop beam

Try h beam= 700 mm
B =500 mm

B- Hidden beam

- Main beam with dimension 80cm*32 cm

- Secondary beam dimension 60cm*32 cm

3.8.3 Column

There are two types of column dimensions, 50cmx100 cm in (basement 1& and ground

floor), and 40cm™80 cm in (typical floor and roof floor). In order to count the cracks on
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the column we had changed the used section modifiers, the modified modifiers shown at

the following figure.
Wall

There are two type of shear wall are used in building:

1. Basement wall with thickness 30 cm

2. Shear wall with thickness 20 cm
3.9 Response spectrum and mass source definition

3.9.1 Response spectrum

|J‘l Response Spectrum Function Definition - UBC 97 X

Function Damping Ratio
0.05

Function Name

Farameters Defined Function
Seismic Cosfficient, Ca 0.24 Period Acceleration

Seismic Coefficient, Cv 032

w024 A
067 06
333 06

e
B kb Boim
=
P
&
S

02

Convert to User Defined v 03778 v

Function Graph Plot Options

@) Linear X - Linear Y
() Linear X - Log Y
() Log X - Linear Y

() LogX-Log ¥
00 10 20 30 40 650 60 70 B0 80 100
Cancel

3.9.2 Mass source

100% dead load and 25% live load take in consideration as a mass source.
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3.10 Model analysis and check for Block 1

The structural system it will be analyzed as a 3d model consists of frames and shear walls,
in which columns and beams will be modeled as line elements having 3 degrees of freedom
at each node, while the joints are considered to be fully rigid, Shear walls and floors will

be modeled as area elements using (ETABS) structural analysis program.

The results were analyzed and verified by making the following checks:
- Compatibility

- Equilibrium

- Stress — strain relationship

- Deflection

- Seismic checks
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3.10.1 Compatibility check (Block1)

Compatibility check, through this check it ensures that all building elements move together

.
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3.10.2 Equilibrium check (Block 1)

In this check .1t will be ensured through this examination that the loads resulting from
the model representation are similar to the loads calculated manually with an error rate

not exceeding 5%.

Table 36 Base reaction from ETABS block 1

Load FX FY Fz
Case/Combo
kN kN kN
Dead 0.00002197 | 0.000008096 29879.4
Live 0.000013 | 0.000004298 | 10789.6675
SID 0.0000159 | 0.0000071 | 28513.6145

Live load check
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Table 37 Live load check block 1

Stories Area Opining Live load Total load
M?2 M?2 Kn/m? KN
Basement2 slab 392.7 24.95 6 2206.5
Basement 1slab 392.7 24.95 5 1838.75
Ground to fiveslab | 392.7*6 24.95*%6 3 6619.5
Roof floor 42.17 0 3 126.51
Total 10791.3
ETABS live base reaction 10789.6675
%Error 0.014%
e Dead load check
Dead load = slab + beam +columns +walls
Own weight of slab = weight of slab +ribs
- Weight of slab = 0.08 * 25= 2 kN/m?
- Weight of ribs = 0.15/0.55* 0.24 * 25 = 1.636 kN/m?
Own weight of slab= 3.64 KN/m?
Note: block weight in slab already included with SID
Table 38 Dead load check block 1
Slab
Stories Area Opining own weight Total load
M2 M2 Kn/m2 KN
Basement2 slab 392.7 24.95 3.64 1338.61
Basement 1slab 392.7 24.95 3.64 1338.61
Ground to five slab | 392.7*6 24.95%6 3.64 8031.66
Roof floor 42.17 0 3.64 153.4988
total 10862.3788
dropped beam length B*H own weight Total load
m m*m Kn/m2 kn
b50*70 i all floor | 256.8 0.5*%0.38 25 1219.8
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b80*32 i all floor | 356.83 0.8%.32 25 2283.712
b60*32 in all floor | 470.04 0.6%.32 25 3008.256
total 6511.768
column height | area of section | #of columns own weight Total load
m M2 no Kn/m2 kn
Basement2floor 3 0.5 16 25 600
Basement 1floor 3 0.5 16 25 600
Ground floor 4.5 0.32 16 25 576
first to five slab 3.5 0.32 80 25 2240
Roof floor 3.5 0.32 1 25 28
total 4044
wall wall wall thickness | own weight Total load
area
m2 M Kn/m2 kn
wall 30cm 314.26 0.3 25 2356.95
wall 20 cm 1061.72 0.2 25 5308.6
total 7665.55
total dead load 29083.7
ETABS dead load 29879
% Error 2.6
e SID load check
Table 39 SID load check block 1
Stories Area Opining Live load Total load
M?2 M?2 Kn/m? KN
Basement2 slab 392.7 24.95 6 2206.5
Basement 1slab 392.7 24.95 6 2206.5
Ground to five slab | 392.7*6 24.95%6 6 13239
Roof floor 42.17 0 6 253.02
Total 17905
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Wall In all floor Length Wall load kn/m
Total kn
m
402.36 26 10461.43
Total 28366.4328
ETABS SID base reaction 28513.6145
9%Error 0.52%

3.10.3 Stress strain check

Stress and strain testing is done through this test to ensure that the internal forces

of the structural elements (bridges, ceilings, columns, walls), resulting from the

structural analysis in the ETAB program are close to the manual calculations of

these elements with an error rate not exceeding 10%.

e Check of axial load on column (live load)
| f% | %’w |

\ | \ ! -

| | | |

| | [ 5

"‘I‘ | /E Er § I“I

E )% A

) | i

b

}

—s0ey

%

475.44
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Table 40 internal and edge col axial load check block 1

Column Tributary #of Floor Live load
Area
internal column mm?2 no kn/m2 kn
Basement2 slab 24.28 1 6 145.68
Basement 1slab 24.28 1 5 121.4
Ground to five slab 24.28 6 3 437.04
total 704.12
ETABS result | 731.68
error% 3.91
Column Tributary #of Floor Live load | Total load
Area
Edge column mm2 no kn/m2 kn
Basement2 slab 17.13 1 6 102.78
Basement 1slab 17.13 1 5 85.65
Ground to five slab 17.13 6 3 308.34
total 496.77
ETABS result 493.77
error% 0.60

e Check of bending moment in beams(from live load)

| | I i
¥ S i |
il )XD
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Figure 81 plan show beam that checked (first floor)
Live load = 3 kn/m?
Live load in selected beam =3*4.75=14.25 kn/m
Total moment in beam = W Ln?/8

Total moment in beam = 14.25*6.902/8=84.8 kn.m

Moment M3
\[\\ =57.3047 kN-m
Moment M3
\I\I\ =40 9448 kN-m
Moment M3
40.2203 kN-m

T 1
D

Figure 82 moment result for selected beam
Total moment from ETABS = Average for negative moment + positive moment
= 57.3+40.94/2 +40.22=89.34 kn.m

% error=4.90% <10%... ok

e Check ofbending moment in slab (from live load)

Figure 83:plan show slab span that checked (first floor)
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Live load = 3 kn/m?

Live load in selected span =3*0.55=1.65 kn/m.ribs
Total moment in beam = W Ln?/8

Where Ln =clear slab span =4.15 m

Total moment in beam = 3.55 kn.m/ribs

[ section Cut Forces

Transparency < >
Section Ciiting Line Load Case Resutant Force Location and Angle
Sl EEIR=d Live Globdl X [8525 ™
Global Y m
Global Y [10.5 105 m Objects ta Include o _
Global Z 14 14 o Columns Beams Braces
Floors Wals Links fode [0 ees
Integrated Forces
Right Side Left Side
1 2 z 1 2 z
Forcs oz 0.7973 6.6476 0012 07973 66476 KN
Momert 3372 3.0049 01397 3372 30049 0.1397 KNm
Save Right Side Cut Save Left Side Cut
[ Auto Refresh Resufts
oK Cancel
|44 Section Cut Forces
Transparency < >
Section Ciiting Line Load Case Resultant Force Location and Angle
S oy Er) = Live Globdl X [3525 ™
Global X 124 m
Giobal Y [120¢  |m
Gl ¥ 21 n  Oheaciokei I
Gobal Z |14 14 m Columns Beams Braces
Floors Walls Links e 0 e
Integrated Forces
Right Side Left Side
1 2 z 1 2 z
Force 0.0241 11952 1.0944 0.0241 11992 1.0344 kN
Moment -36405 05903 -1.1838 36405 -0.5903 1.1838 kNm
Save Right Side Cut Save Left Side Cut
[] Auto Refresh Results.
oK cancel
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|34 Section Cut Forces X
Transparency < >
Section Cuting Line Load Case Resuitant Force Location and Andle
Start Point End Poirt o Global X =
(i m Objects to Include bz B
el = - Columns Beams Braces 207 |-
Floors Walls Links e 0 ees
Integrated Forees
Right Side Left Side
1 2 z 1 2 z
Force 0.0624 2.9004 -6.5783 -0.0624 -2.9004 65783 kN
Momert 33282 76615 7.7007 33282 756615 7.7007 KNm
Save Right Side Cut Save Left Side Cut
[] Auto Refresh Resutts
oK Cancel
— | — k / b [\) — [ o,
Total ETABS moment= 6.99*0.55=3.84 kn.m/ribs....... Yoerror =8.2% <10% ...0k

3.10.4 Long Term Deflection check

Long Term-Deflection in slabs/beams is the deflection or the deformation that occurs over
time due to shrinkage and temperature. It is also influenced by the condition of the cracking
before loading, then creeping, which depends on the time passed to the time of the first

loading, the environment, and other factors.
LTD combination = A D+ A SID+ (1+A/2) L
Where A= 2/ (1+50p)

p=0.0033 in slab ...so A=1.71

LTD combination =1.71D+ 1.71 SID+ 1.86 L
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Figure 85 first floor long term deflection
Allowable deflection in selected panel = L/240
=5.11/240=0.0213 m=21.29 mm

Deflection from ETABS

Comer deflection 1 Comer deflection 2
L] . 1 ' L]
Joint Element: 2235 -
Story F1
Ux=-06
U; =.23 n":nn ﬁ Joint Element: 21703
Uz=-253mm Story: F1

Ux = .02 mm

Rx = 0.006195 rad
Ry = 0.001082 rad

Uy =-23 mm
Uz=-21.3mm

Rz = 0.000091 rad =
Il § oo |

Rx = -0.010938 rad
Ry = 0.001545 rad

T Rz= 0.000089 rad

do—ni——1|
4 o

Mid deflection
DL ] ot N |

Joint Element: 22034
Story: F1

Ux = -04 mm
Uy=-22mm

Uz =-36.4 mm

Rx = 0.000844 rad
Ry = 0.000012 rad
Rz = 0.000090 rad 7 T

Figure 86 LTD deflection in selected panel
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ALT = A mid. span — A avg.corners
=36.4-23.3
=13.1mm < 21.29 mm. ... Acceptable

3.10.5 Seismic checks
3.10.5.1 Periodand mass ratio checks
Ta= Ct (hn)3¥ — T =1.4*Ta
WHERE: -
Ct=0.0853 for steel moment-resisting frames.
Ct=0.0731 for reinforced concrete moment-resisting frames and eccentrically
Braced frames.
- Ct = 0.0488 for all other build.
hn = height above the base to level (n) =31.5m.

Ta =0.0488 * (31.5)%¥ - T=1.4 % 0.65 — T =0.91 sec
from ETABS =1.194 sec

Table 41 Modal Participating Mass Ratios

j ,é;‘ Modal Participating Mass Ratios ]

M 412 of 12 Reload Apply
Case Mode Period Ux uy uz Sum Ux Sum Uy
sec

Modal 1 L1194 0.1234 0.3476 0 0.1234 0.3476
Modal 2 0.842 0.2383 0.2486 0 0.3618 0.5962
Modal 3 0.541 0.2647 0.0033 0 0.6265 0.5995
Modal 4 0.271 0.0301 0.0929 0 0.6567 0.6924
Modal 5 0.214 0.0464 0.0738 0 0.7031 0.7562
Modal [ 0.127 0.1131 0.0025 0 0.8161 0.7587
Modal 7 0.118 2.811E-05 0.0332 0 0.8162 0.801%
Modal g 0.107 4E-05 0.0153 0 0.8162 0.8172
Modal 9 0.091 0.0325 0.0053 0 0.8487 0.8224
Modal 10 0.068 0.000% 0.0854 0 0.8496 0.9078
Modal 11 0.057 0.1256 0.0038 0 0.9752 0.9117

] Modal 12 0.044 0.0067 0.0776 0

Sum UX and Sum UY> 0.9---->0k
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33-D View Mode Shape (Modal) - Mode 1 - Period 1.194 |

3.10.5.2 Base-shear check

In base shear check it must be ensured that EQx and EQy in ETABS from response spectrum
greater or equal to linear static earthquake load .

Table 42 Base Reaction for BLOCK 1

Load FX FY FZ
Case/Combo

kN kN kN
Dead 0.00002197 | 0.000008096 29879.4
Live 0.000013 | 0.000004298 | 10789.6675
SID 0.0000159 0.0000071 | 28513.6145
EQX Max 2484.056 1288.4333 0.0001
EQY Max 1366.9495 1968.2056 | 0.0000325

V=CVIWRT

W: DL+ SID L + 0.25L.L = 29879.4+28513.6145+0.25*%10789.6675=61090.43 kn
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V= 0.32*1*61090.43/5.5*0.91=3905.88 kn

Table 43 Base-shear check block 1

Vetabs V code Check V New Vetabs Check V
Factor
Kn Kn Kn
X-dir 2484.056 3905.8817 change factor 2804.5554 | 3907.51 ok
Y-dir 1968.2056 3905.8817 change factor 3539.60617 | 3954.75 ok
3.10.5.3 Drift check
- Drift (X or Y) = displacement at story n — displacement at story n-1
- AX = drift(X)*0.7* R, AY = drift((Y)*0.7* R
- Delta limitation (Alimit) = 0.02*height of story
- AX and AY should be < drift limitation
Table 44 Drifts Check In X Direction block 1
Floor floor R T AXx elastic | Total Ax inelastic Max. AX Result
height Structure inelastic
mm sec mm mm mm
9 3500 55 1.194 16.9 -26.565 70 Safe
8 3500 55 1.194 23.8 15.015 70 Safe
7 3500 55 1.194 19.9 15.785 70 Safe
6 3500 55 1.194 15.8 16.555 70 Safe
5 3500 55 1.194 115 16.555 70 Safe
4 3500 55 1.194 7.2 13.86 70 Safe
3 4500 55 1.194 3.6 10.78 90 Safe
2 3000 55 1.194 0.8 2.31 60 Safe
1 3000 55 1.194 0.2 0.77 60 Safe
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45 Drifts Check In Y Direction block 1

Floor floor R T Ay Total Ay Max. Ay Result
height Structure | elastic inelastic inelastic
mm sec mm mm mm
9 3500 |55 1.351 433 31.185 70 Safe
8 3500 55 1.351 35.2 24.255 70 Safe
/ 3500 |55| 1.351 28.9 24.255 70 Safe
6 3500 |5.5| 1.351 226 22715 70 Safe
S 3500 55 1.351 16.7 20.79 70 Safe
4 3500 55 1.351 11.3 17.71 70 Safe
3 4500 55 1.351 6.7 16.555 90 Safe
2 3000 55 1.351 2.4 6.16 60 Safe
1 3000 55 1.351 0.8 3.08 60 Safe

3.11 Model analysis and check for Block 2

The structural system it will be analyzed as a 3d model consists of frames and shear walls,

in which columns and beams will be modeled as line elements having 3 degrees of freedom

at each node, while the joints are considered to be fully rigid, Shear walls and floors will

be modeled as area elements using (ETABS) structural analysis program.
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The results were analyzed and verified by making the following checks:
- Compatibility

- Equilibrium

- Stress — strain relationship

- Deflection

- Seismic checks

3.11.1 Compatibility check (Block2)

Compatibility check, through this check it ensures that all building elements move
together

Figure 89:Compatibility check
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3.11.2 Equilibrium check (Block 2)

In this check .1t will be ensured through this examination that the loads resulting from

the model representation are similar to the loads calculated manually with an error rate

not exceeding 5%.

Table 46 Base reaction from ETABS

Load FX FY FZ
Case/Combo
kN kN kN
Dead -0.00001049 | 0.0037 40454.5411
Live -0.000006046 | 0.0023 16187.2407
SID 0.000006797 | -0.0008 37732.7552
e Live load check
Table 47 Live load check block 2
Stories Area Opining Live load Total load
M? M?2 Kn/m? KN
Basement2 slab 556.68 20.28 6 3218.4
Basement 1slab 556.68 20.28 5 2682
Ground to five slab 556.68 *6 20.28*6 3 9655.2
Roof floor 210.48 0 3 631.44
Total 16187.04
ETABS live base reaction 16187.2407
%Error 0.012%
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e Deadload check
Table 48 Dead load check Block2

Slab
Stories Area Opining own weight Total load
M2 M2 Kn/m2 KN
Basement2 slab 556.68 20.28 3.64 1952.50
Basement 1slab 556.68 20.28 3.64 1952.50
Ground to five slab 3340.08 121.68 3.64 11714.98
Roof floor 210.48 0.00 3.64 766.15
total 16386.12
dropped beam length B*H own weight Total load
m m*m Kn/m2 kn
b50*70 in all floor 293.31 0.5*0.38 25.00 1393.22
b80*32 in all floor 544.49 0.8*.32 25.00 3484.74
b60*32 in all floor 651.46 0.6*.32 25.00 3127.02
total 8004.98
column height area of section #of columns own weight Total load
m M2 no Kn/m2 kn
Basement2floor 3.00 0.50 24.00 25.00 900.00
Basement 1floor 3.00 0.50 24.00 25.00 900.00
Ground floor 4.50 0.32 24.00 25.00 864.00
first to five slab 3.50 0.32 120.00 25.00 3360.00
Roof floor 3.50 0.32 8.00 25.00 224.00
total 6248.00
wall wall area wall thickness own weight Total load
m?2 M Kn/m2 kn
wall 30cm 388.68 0.30 25.00 2915.10
wall 20 cm 1394.06 0.20 25.00 6970.30
total 9885.40
total dead load 40524 .50
ETABS dead load 4045454
% Error 0.00
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e SID load check
Table 49 SID load check block2

Stories Area | Opining | Live Total load
load
M? M? Kn/m? KN
Basement2 slab 556.68 20.28 6 3218.4
Basement 1slab 556.68 20.28 6 3218.4
Ground to fiveslab | 3340.1 | 121.68 6 19310.4
Roof floor 210.48 0 6 1262.88
Total 27010.08
Wall In all floor Length | Wall load kn/m Total kn
m
464.27 26 12071.02
Total 39081.1
ETABS SID base 37732.7552
reaction
%Error 3.45%

3.11.3 Stress strain check

Stress and strain testing is done through this test to ensure that the internal forces
of the structural elements (bridges, ceilings, columns,

structural analysis in the ETAB program are close to the manual calculations of

these elements with an error rate not exceeding 10%.
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e Check ofaxial load on column (live load )

R - BT
i ee— ] B ———
1 =i ] i
<am = i
gt i1/f
'Sl E e
Table 50 internal col axial load check
Column Tributary #of Floor Live load Total load
Area
internal column mm2 no kn/m2 kn
Basement2 slab 25 1 6 150
Basement 1slab 25 1 5 125
Ground to five slab 25 6 3 450
total 725
ETABS result 745.65
error% 2.84
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e Check ofbending moment in beams(from live load)

‘::__:T’-__, any H l———--u—v-r——T—-__‘
' e Tt

\ |

I\ |

L_‘* -I, 184 148:4.32-23. -

Figure 91 plan show beam that checked (first floor)

Live load = 3 kn/m?

Live load in selected beam =3*4.83=14.49 kn/m
Total moment in beam = W Ln?/8

Where Ln =clear beam span =8.02 m

Total moment in beam = 14.49*8.022/8=116.5 kn.m

Moment M2

=80.5758 kN-m
T\r\l\ — 8t 0.4000 m

[ S N B B ey

Moment M3

"\l\,\ -22.9851 ki-m
—

[ S I 11 N B ey

Moment M3

"\I\.\ 53.5101 kN-m
_.--""f'l1

[ S N | O I B ey

Figure 92 moment result for selected beam

Total moment from ETABS = Average for negative moment + positive moment
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=110.275 kn.m
% error = 5.34% <10%... ok

e Check of bending moment in slab (from live load)

— e . T
|
— - T RR AT - i
3 i
| |
ML HHHHE L T
s — — - = = 1

Live load = 3 kn/m?
Live load in selected span =3*0.55=1.65 kn/m.ribs
Total moment in beam = W Ln?/8
Where Ln =clear slab span =4.47 m
Total moment in beam = 4.12 kn.m/ribs
Total ETABS moment= 6.99*0.55=3.84 kn.m/ribs
%error=_8.2% <10% ...0k

3.11.4 Long Term Deflection check

Long Term-Deflection in slabs/beams is the deflection or the deformation that occurs over
time due to shrinkage and temperature. It is also influenced by the condition of the cracking
before loading, then creeping, which depends on the time passed to the time of the first

loading, the environment, and other factors.

LTD combmation =A D+ A SID+ (1+A/2) L
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Where A= 2/ (1+50p)
p=0.0033 in slab ...so A=1.71

LTD combination =1.71D+ 1.71 SID+ 1.86 L

1T
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Figure 94 first floor long term deflection
Allowable deflection in selected panel = L/240
=4.97/240=0.0207 m=20.7 mm

Deflection from ETABS

Comer deflection 1 Comer deflection 2

Joint Element: 23736

Story: F1

Ux= 0.7 mm

Uy= 22mm

Uz =.237 mm
T T T | | Rx= 0014161 rad
= Ry = 0.000001 rad ey
Rz = 0000013 rad "q

Ry = 0.001370 rad
Rz = 0.000014 rad

=

1 ' 1 '

I I Joint Element: 23404
Story: F1
Ux= 0.8 mm
Uy=22mm
Uz = -40.4 mm
Rx = 0.001987 rad B u
Ry = 0001141 rad
Rz = 0.000014 rad | 71|

Mid deflection

Figure 95 LTD deflection in selected panel
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ALT = A mid. span — A avg.corners
=29.1-40.4
=11.3 mm < 20.70 mm. ... Acceptable

3.11.5 Seismic checks
3.11.5.1 Periodand mass ratio checks
Ta=Ct (hn)** — T =1.4*Ta
WHERE: -
Ct =0.0853 for steel moment-resisting frames.
Ct =0.0731 for reinforced concrete moment-resisting frames and eccentrically
Braced frames.
- Ct=0.0488 for all other build.
hn = height above the base to level (n) = 31.5 m.

Ta=10.0488 * (31.5)*¥ - T=1.4%0.65 - T =0.91 sec
from ETABS = 1.35sec

[ [1443-D View Mode Shape (Modal) - Mode 1 - Period 1.351 1
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Table 51 Modal Participating Mass Ratios

_[ l.}‘; Modal Participating Mass Ratios ]

4 4 12 of 12 Reload Apply Modal Particip
Case Mode Period ux Uy uz Sum LY Sum LY
sec
Modal 1 1.351 0.126 0.1266 a 0.125 0.1266 C
Modal 2 0.987 0.0808 0.4369 a 0.2086 0.6136 C
Modal 3 0.714 0.42 0.0127 a 0.6265 0.6262 C
Modal = 0.317 0.0383 0.0292 a 0.6549 0.6554 C
Modal 5 0.217 0.0294 0.1486 a 0.55943 0.804 C
Modal [ 0.182 0.0198 0.0069 a 0.7141 0.811 C
Modal 7 0.153 0.1138 0.0103 a 0.8279 0.8212 C
Modal 8 0.129 0.0022 0.0078 a 0.8301 0.829 C
Modal 9 0.092 0.0088 0.0633 a 0.8389 0.8923 C
Modal 10 0.08 0.0389 0.0183 a 0.8778 0.9106 C
Modal 11 0.056 0.0331 0.0651 a 0.9108 0.9757 C
» Modal 12 0.052 0.0752 0.0153 a C

Sum UX and Sum UY> 0.9---->0k

3.11.5.2 Base-shear check

In base shear check it must be ensured that EQx and EQy in ETABS from response

spectrum greater or equal to linear static earthquake load .

Table 52 Base Reaction for BLOCK 1

Load FX FY FZ
Case/Combo

kN kN kN
Dead -0.00001049 0.0037 | 40454.5411
Live -0.000006046 0.0023 | 16187.2407
SID 0.000006797 -0.0008 | 37732.7552
EQX Max 3345.3762 | 1587.8327 0.0001
EQY Max 1652.1337 | 2930.7745 0.0001

V=CVIWRT

W: DL+ SID L + 0.25L.L =82234.10 kn
V= 0.32*1*82234.10/5.5*0.91=5257.72kn
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Table 53 Base-shear check

Vetabs V code Check V New Vetabs Check V
Factor
Kn Kn Kn
X-dir 3345.3762 5257.7253 change factor 2803.23333 | 5266.39 ok
Y-dir 2930.7745 5257.7253 change factor 3199.79243 | 5270.47 ok
3.11.5.3 Drift check
- Drift (X or Y) = displacement at story n — displacement at story n-1
- AX = drift(X)*0.7* R, AY =drift(Y)*0.7* R
- Delta limitation (Alimit) = 0.02*height of story
- AX and AY should be < drift limitation
Table 54 Drifts Check In X Direction
Floor floor R T Ax elastic | Total Ax inelastic Max. Ax Result
height Structure inelastic
mm sec mm mm mm
9 3500 55 1.351 25.6 15.015 70 Safe
8 3500 55 1.351 21.7 15.015 70 Safe
7 3500 55 1.351 17.8 15.015 70 Safe
6 3500 55 1.351 13.9 14.245 70 Safe
5 3500 55 1.351 10.2 12.705 70 Safe
4 3500 55 1.351 6.9 11.55 70 Safe
3 4500 55 1.351 3.9 10.78 90 Safe
2 3000 55 1.351 1.1 2.695 60 Safe
1 3000 55 1.351 0.4 1.54 60 Safe
Floor floor R T Ayelastic | Total Ayinelastic Max. Result
height Structure Ayinelastic
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mm Sec mm mm mm
9 3500 5.5 1.351 43.3 31.185 70 Safe
8 3500 5.5 1.351 35.2 24.255 70 Safe
7 3500 5.5 1.351 28.9 24.255 70 Safe
6 3500 5.5 1.351 22.6 22.715 70 Safe
5 3500 5.5 1.351 16.7 20.79 70 Safe
4 3500 5.5 1.351 11.3 17.71 70 Safe
3 4500 5.5 1.351 6.7 16.555 90 Safe
2 3000 5.5 1.351 2.4 6.16 60 Safe
1 3000 5.5 1.351 0.8 3.08 60 Safe

3.12 Designand reinforcement for building (block 1&2)

3.12.1 Slab design

1-Block 1

Due to the use of the one way ribbed slab systemin Y direction , M22 were found from ETABS.

f

W
Af I i
il
e |
4
il K
s '
]
1
T
= = i

Design of slabs for flexure:

h=320mm

cover = 30mm
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D= 290mm b= 150 mm

Max moment =37.86 Kn.m = 37.86*.55= 20.724 kn.m / ribs
p=0.004493272 ... AS= p b d= 195.45mm?

Asmin = 0.0033 *290*150 = 143.55 mm?

AS > AS min...So use AS= 195.45 mm2

Use 2@12mm / ribs (top and bottom)

Slab Shear check

®Vc=0.75/6 * \fc* b * d = 0.75/ 6 * V24 * 150 * 290/1000 =26.63KN

>
X
>§|§|ﬁu
£

Vmax =42.5 kn/m ...for ribs = 42.5%.55=23.375 kn /ribs < @Vc .... Ok

2-Block 2

Due to the use of the one way ribbed slab system in Y direction , M22 were found from
ETABs.
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Figure 99 moment diagram M22 from envelop ultimate load for typical floor B2

-Design of slabs for flexure:

h=320mm cover =30mm

D= 290mm b= 150 mm

Max moment =43.63 Kn.m = 37.86*.55= 23.99 kn.m / ribs
p=0.005291532 ... AS= p b d=230.2mm?

Asmin = 0.0033 *290*150 = 143.55 mm?

AS > AS min...So use AS= 230.2mm?2

Use 2@14mm / ribs (top and bottom)
Other panel use 2@12mm / ribs (top and bottom)
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Slab Shear check

®Vc=0.75/ 6 * Vfc* b *d = 0.75/ 6 * V24 x 150 * 290/1000 =26.63KN

R SREEE E GaLdEL
H ')
)
i}
& g - Cma
e mE
o T "_"'E’_l_']l
= i e mmmmmmm SN == =5 |

Vmax =41.3 kn/m ..
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for ribs =41.3*%.55=22.715 kn /ribs < ®Vc .... ok
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Figure 103 Roof floor slab reinforcement and ribs
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3.12.2 Columns design

There are two types of columns according to dimensions. Columns 50*100 cm are used in
basement 1&2 and the ground floor. Columns 40*80 cm are used in the other
floors. Through design using the ETABS program, it must be ensured that the reinforce me nt

ratio of these columns is 1%.

2
2
)
//

4 5007k %00}
., Tl Cal

o,

percentage for block

Figure 104 columns rebar || S]
1 = || :
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;I || “é
S =
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i s i
g 1 |
| £ ||
g |
|
Table 56 Column reinforcment
column p from ETABS AS #bar stirrup
C 50*100 1.48% 7400 20022 3010/10-20-10cm
C40*80 1.23% 3936 16018 20610/10-20-10cm
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Figure 106 C1&C2 sections and reinforcement

Check For spacing:
We use bar after bar in a stirrup corner

For Column (500 X 100)

<24 xd,=24x10 =240 mm
< 8xd,=8x22=176 mm

Dimensions 500
< Least > = > = 250 mm

Strip =

Take Spacing =150 mm .
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e For Column (400 X 800)

<24 xd,=24x10 =240 mm

Strip = Dimensions 400

< 8xd,=8x18=144 mm

< Least = = 200 mm

2
Take Spacing =150 mm .

Check Distance Between bars if <=150:

- =y .
A
- A I‘1| & !
ay v
* .—v"—ﬂ
A
E n—'] -':J—o ™ *00 L1z om
A . e 152
-~ . o
D) o
- o
00 -
| I—— | | I |
| I
- L
. L
I
L ]
- [ ] - L
L
3.12.3 Beam reinforcement
Block 1
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Figure 109 Typical floor beam shear reinforcing -Block1
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Figure 110 Beam layout for typical floor -Blockl
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Figure 111 Typical floor beam reinforcement -Block2
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Figure 112 Typical floor beam sections -Block2
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Figure 113 Beam layout for typical floor -Block2

Table 57 beam schedule reinforcement

Beam SCHEDULE
Type Dimension mm Top Bar Bottom Bar Middel Bar Stirrups
B1 5004700 10018 5320 4214 210@10am
B2 200+320 7818 5313 2@ 10@10cm
B3 200%320 7016 5016 2810@10am
B4 £00+320 5016 5014 210@10cm
85 200+500 3@16 3@16 G10@10cm
&6 300°320 2812 20312 1E810@10cm

Note: more details and sections in all beams attached in AUTOCAD drawing

3.12.4 Shear wall design

There are two types of walls according to dimensions. Wall 30 cm is used in basement

1&2. And wall 20 cm is used in the all floors.

Figure 114: wall reinforcing ratio for Block1
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Shear wall 20 cm

Table 58 design shear wall 20cm

Figure 115: wall reinforcing ratio for Block1

Flexural Deszign for P, M and M,

Station Regquired Required Current Flexural P, M. M. Pier A,
Location | Rebar Area {mm?} | Reinf Ratic | Reinf Ratio | Combo kN kN-m kN-m mm?
Tap 16267 0.0048 0.0078 DWald | 1271.0854 | -T324 1651 | 52041717 | 3348481
Bottom 24418 0.0073 0.0076 DWalt | 1506 4892 | -10388 8852 | 8746 8875 | 3348481
Steel ratio in all shear wall in building =0.0073
Steel /Am in shear wall =0.0073*200*1000=1460 mm?
For one side =1460/2=730 mm?2 .....Use @14 /20cm.
Table 59 design shear wall 20cm for shear force
Shear Design
Station [u] Rebar | Shear Combo Py M. Wy oY, oV,
Location mmmm kN kN-mm kN kN kN
Top Leg 1 05 C'Wall -B73.4717 | 445622721 | 1546.8888 | 1231 4474 | 2218.0876
Top Leg 2 0683 C'Wald 893675 | 2O2T26.77 | B0ZGOG7 | 4482319 | BG2 G087
Top Leg 3 0.5 D'Wals -505.8003 | 1024861.60 | 1287.0062 | 0820118 | 1751.3468
Battam Leg 1 05 DWal3 -1420.0084 | 734084486 | 1861.3107 | 11481037 | 21347638
Battam Leg 2 .82 DiWald -501.082 B4TB12.78 | 8557577 | 4158628 | &85.75TT
Battom Leg 3 05 C'Wal4 -1287.3007 | 2687276.74 | 13066761 | BEG.8581 | 1634.083
Av/s =0.63

Assume use 10 ... Av = 2*78=156mm?

S=247 mm ...so use @10 /20cm
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Shear wall

30cm

Table 60 design shear wall 20cm

Flexural Design for P, M. and M.

Station Required Required Current Flexural P. M. My Pier A
Location | Rebar Area (in®) | Reinf Ratio | Reinf Ratio | Combo kip kip-ft kip-ft in®
Top 76.201 0.0025 0.0054 DWalf |1145.201| -3650.8024 | -7282.2444 | 30120.2078
Bottom 75301 0.0025 00054 DWald | 1484 482 | -11718 6422 | -18381 3088 | 30120 2678
Steel ratio in all shear wall in building =0.0025
Steel /Am in shear wall =0.0025*300*1000=750 mm? ...Use @12 /20cm.
Table 61 design shear wall 20cm for shear force
Shear Design (continued)
Station 1] Rebar | Shear Combo P, M. v, Dy oV,
Location mmZmim kN kN-mm kN kN kN
Bottam Leg 14 .78 Diald 34323004 | 141844802 | E02A252 | 1044148 | 17820004
Battam Leg 15 Q.76 Drale 1737209 | 108034204 | 809,31 PEZ QBT | 1675 8004
Battom Leg 18 0.75 CWWald 3142549 | 17862905 | 7005524 | 10211418 | 1726.48
Bottom Leg 17 .75 CWals 98,208 | 147905885 | 11754085 | 11588477 | 1988.572
Av/s= 0.75
Assume use 010 ... Av = 2*78=156mm?
S=208 mm ...so use @10 /20cm.
¥ @14a20em Hm
SW 20cm i
scale {:25
¥ @1z@zoem H 210@20m
SW 30cm j
scale :25
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3.12.5 Manual column and beam design

e Column
Column dimension: 500mmx1000mm=500000mm2.

The area of steel (20022) is = 7599
Ratio of steel =1.52%

Check for ratio of steel.

; h Restraint Reactions

Point Object 5 Story Level
1 2
Force. kN 76.7890 19106
IR 0.0000 0.0000

Should be Pu < ®Pn.

Maximum Pu=5880.82 KN
®=0.65 for tied columns.

Pn = 0.80x (0.85xfc’xAC+ fyxAst).
fc =28 Mpa.

Fy = 420 Mpa.

AC = Total area — Steel area = 500000— 7599 = 492401mm?2

As = 7599 mm2
Pn =0.80x ((0.85x28%492401+ 420%x7599)x 10-3)
=11928.5 KN.

--->@®Pn = 0.65x11928.5 = 7753.57 KN > Pu ----> Ok
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e Beams (50*70cm)
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Figure 118 plan show beam that checked (first floor)

Live load in selected beam =3*4.83=14.49 kn/m

SID load in selected beam =6*4.83=28.98 kn/m

Own weight of beam = (0.5*.38)*25=4.75 kn/m

Own weight slab = 3.64*4.83=17.60 kn/m

Wu = 1.2*%(17.6+4.75+28.98)+1.6*14.49=75.75 kn/m
Ln =clear beam span =8.50 m

ACI coefficient for moment

N1 =WuLn?/11=497.54 Kn.m

N2 = WuLn?/11=497.54 kn.m

P = WuLn?/16=342.06 kn.m

N1

g ‘x
e
\-\.
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Table 62 steel cacluation for manually calculated moment

manual d bw fy fc p% AS Asmin | Asused
moment mm mm mm? mny? mm?
497.54 660 500 420 24 0.0064366 | 2124.07915 | 1089 2124.1
342.06 660 500 420 24 | 0.00432448 | 1427.07982 | 1089 1427.1
2236 704 1941
1075 1576 1051
2124 2124
1427

The values are acceptable.

3.12.6 Footing design (SAFE software)

Mat foundation was used due to the isolated footing covered more than 50% of the building

area, design parameters that adopted on SAFE2016, thickness of foundation = 800 mm.
allowable bearing capacity for soil = 300KN/m2

Page 137 of 250




T

=
—
s

[

B o —

Figure 121 Layout of Mat foundation

Figure 122 Analysis load

ty check from service load

ing capaci

Bear

Figure 123 Bearing capacity check from service load
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. Reactions ? x IE
Load Case/Load Combination
() Load Case
@ Load Combination |9f“' s > | |Max h | =
Type of Reactions % 0
() Point Reactions % -23
(_) Integrated Wall Reactions E 46
@) Soil Pressures = -69
Display Options - -92
() Display Contours on Undeformed Shape: I ]‘fl i i 115
(®) Display Contours on Deformed Shape: 1T
() Diplay Contours in Extruded Form L] am e
-162
Sealing = T
@ Automatic N ]
(O User Defined Scale Factor -
Contour Rangs I
Minimum kMN/m2 O
Masimum o Jkwmz [l
_Aeply | [ Gose | i
Allowable bearing capacity from safe >footing stresses ......... check is ok.

Punishing shear check

Punching shear check was done on SAFE2016 software; all values for all columns should

be less than 1

.5064 0.5635

A 1] ]
|

03211 0.597
- i

0.8702

0.444
i

0.6859

6478

» A
Wl 03774 T :
+we§ X Eﬂ.ﬂﬂ \
03843 05467 :
W
05959 0548 05959 0617 _ 06634 04099
1l = 1] 4
. 03133] 03882 0492 0414 04516 03073
i 7 [

05778

Figure 124:Punishing shear check for mat foundation

All result from safe modal less than 1
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Shear check

®Vc=0.75/6 *Vfc* b * d = 496.078KN

il LT LI |

Figure 125 140 V12 &V23 For mat footing

All result

from safe modal less than @Vc ........ check is ok.
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Mat footing Reinforcement

Assumed use in ©20/10 cm in top and bottom bat in two directions and checked in SAFE

result.

No need additional bar

Figure 126 additional bar to e20/10 bottom in x dir

325
300
275

250
22 SI
200

175
150 No need additional bar
125
100
15
50
25
00

Figure 127 additional bar to ©20/10 Top in x dir
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E+3

520
480
4408

400
36 OI
320

280
240
200
16,03
120
80
40
0.0

No need additional bar

Figure 128 additional bar to €20/10 bottom in y dir
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320
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200
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40
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Figure 129 additional bar to €20/10 top in y dir
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Figure 130 X DIR steel for mat footing
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Figure 131 Y DIR steel for mat footing
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SECTION(C-C)OF Mat Footing
1:25

Figure 132 Footing detailing

Note: more details and sections attached in AUTOCAD drawing

3.13 Retaining wall design and reinforcement

The PROKON program was used to design the retaining wall adjacent to the ramp, and

some input were imposed and entered into the program, including:

e Solil allowable bearing capacity =300 KN/m2
e Friction angle of soil = 25°

e Height of wall =5.5m

e Unit weight of concrete =25 KN/m2

e Specific weight of soil = 18

e Yield Strength in Steel, Fy =420 MPa.

e Compressive strength of concrete =28 MPa
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‘wall Dimensions Unfactored Live Loads General Parameters Design Parameters
Hi [m) 5.5|C (m) 0.5 [W_ (kN/md) Soilfricté [ 25 |SF Overt 1.5
H2 [m] 0.5 |F [m) P (kM) Fil slopep (] 0 |SF Slip 1.2
H3 [m] 0|« () |0 m) Wallficts () 0 [ULS DL Factor 12>
Hw [m] At (m) 0.2 L {lkhl/m) p Cone kN/m3 25 [ULS LL Factor 1.6
Hr [m] Ab i) 0.5 |« [m) |p Soil _kN/m3 18 |Proax [kPa] 300
B [m 1 |Covwal  mm 50 |Lh [kN/m] ie! [MPa] 19 | Soil Poisson u 0.1
|D [m] 2.2 |Cov base  mm 50 |» [m] Iy [MPa) 450 |DL Factor Ovt. 1
Tite | |
[ seismic Analysis [Cuser defined design values At
[ apply Active pressure on back of shear key for siding ) — —
Hor &ccel. (gl Design Values s S|Ope S N NS NE N N
Wert Accel [g) Ka 429 % x ™
Inchade LL's Kp 464 e ES OO0 0000000000
[ Allow Seepage Kaincl seismic effect 0000 (I8 | SRR M S W W W
L Kpincl seizmic affect 0.000
Optinize Base Friction constant 0.466
SelectB SelectD | [y iang/(Unformpeesswre T |1} | RS R K R N N
SelectF Uniform pressure coefficient |0.65
Theoy  [Coulomb (Recommended) | [ Symbols | EKRXRKERRRI X ICHKRRARARAK A
Wall Type |Canﬁever V| Input errors o, =L
——
B B
o 5%
ST 5] R
Figure 133 Output from PROKON
0.20
RRIBBOLREILS
= o
° . 25.00°
ro) =
7o) o
1.00 ).5&) DO 11 0009000050 00000%8
8—[- %"1 SIS
= & . Ka=0.43
~Rp=248
=0.47
-4kPa {=115.6kN
&28 fikPa ) v=0.26MPa
Wall type: Cantilever SFslip = 1.28 vc= 0.62MPa
Theory: Coulomb SFslip (ULS) = 1.07
SFovt= 3.2
SFovt (ULS) = 2.74
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3.13.1 Modeling checks

Model checks

e Factor of sliding =1.2,<1.28 ...0k
e Factor of turning =1.5 <3.29 .... Ok

e If omax and omin < q allowable, check is ok
omax = 128.4 Kpa, omin = 38.4 Kpa < 300 Kpa — ok

o |f @dVc>Vu check is ok
@Ve=0.75 /6 VF’c xbd = 0.75 /6 V28 x1000 x 450/1000 = 297.64 KN
Vu=115.6 KN<O@Vc — ok

3.13.2 Reinforcement of retaining wall
1- Stem (wall)

e Maximum bending moment in stem=191.8 KN.m

e  Maximum AS =1367 mm?/m

Wall Moments

Reinf. max = 1367 mm*m @ 0.00m

5.00 E Wall Reinforcement
= 5.00
4 50 ® fi5
=
4.00 = 4.00 ominal
5 \ \
3.50 \ I 350 II
= b \
[} l
[
— i) E‘
% 250 é ; 250 \Fa"‘
e 7]
= C \
2 200 2,00 s

1.50 A 1.50 \\

1.00 100 Front \\.\

500 500 \"5_,& [
CJDDDQDDDDB\D ol ol o| o| 8% &
ZlRic sz 882288 7 8/ 8| 8| S\

Reinforcement (mm?2m)

Bending moment (kMNm)
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Minimum Steel in walls (at bottom) is:
Horizontally Asmin = 0.0025b% = 0.0025 x 1000 x 500 = 1250 mm?/m

Vertically Asmin = 0.0015b4 = 0.0015 x 1000 x 500 = 750 mm?3/m

Base (footing)

e Maximum bending moment in stem = 157.9 KN.m
e Maximum AS =715.5 mm? /m

5
Reinforcement (mrmam) 3 Bending moment (kM)
aNgs8338832Rse T L&8s8 nszsanzs
2828883828888 %8S8 ® BSE5S5235 5555825883
(5]
2o g | 200
o =
HDD z 3 /{ A00
B = g 800
608 3 ?gi 800
1.00 & 5 1.00
1.20 ] A 1.0
740 g 1740
0 o s . 1.60
1.80 3 & 1.0
2.00 AE s 2.00
2.20 iE 2 2.20
3
2.40 g 240 |/
260 4 " 2.60
280/ T & 2.88
3.60 3 3,00
3,
320 3 3.20
A.40 ® /.40
3.60 n 3.60
E]

Figure 136 Bending moment and area of steel in Base

Minimum Steel in base is:
Asmin = 0.0018b4 = 0.0018x 1000 x 500 = 900 mm2/m > AS

We well use AS min in base
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3.13.3 Reinforcement details of retaining wall

Bending Schedule Parameters

FRiebar (mmd/m)

Schedule file name: WALLBS Entered [Reguired | Nominal
Back vertical bars: f18@100 2011 1100 1379
Front vertical bars: f18@100 2011 o 1379
Back horizontal bars:  |Y16@100 2011 1379 1379
Front horizontal bars. | ¥16@100 1379 (1379
Back starter bars: f18@100 2011 1100 1379
Front starter bars: Y16@100 2011 0 1379
Base top bars: ¥16@100 2011 716 1379
Base bothom bars: Y16@100 2011 551 1379
Base top lacing bars:  |¥16@100 2011 1379 1379
Base bot lacing bars:  |¥16@100 2011 1379 1379
Shear key stirmips: Y16@100 2011 1379 1379
Shear key lacings: ¥16@100 2011 1373 1379
Top clips: 1-R10/m2

Botlom clps: 1-R10/m2 Shelch Size

Bond stress  [MPa) (2.2 Oraa

Cover wall back [mm]): |50 @ 45

Cover wall front [mm); (20

Cover bage top  [mm) (50 [ store BS data with input
Cover bage bot [mm) |50

Length of wall [mk |6 Reset defaults
First bar mark: 01

Language [A/E] E Generate schedule
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3.14 Ramp design

The ramp is used to reach cars and people to the lower floors, such as basements, garages,

etc. In this project, it was used to reach the basement floors used as garages for cars.

i'\

F ol Bl YT
N

- L\

Figure 138 ramp for basement 2 floor

[ -

Figure 139 ramp for basement 1 floor
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3.14.1 Ramp modeling in ETABS

We will use flat plat solid slab with slab thickness 250 mm based on ACI318 cod the

Live load = 6 kn/m?
SID =1 kn/m?

Figure 140 ramp modeling in ETABS (block 1)
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3.14.2 Deflection check for ramp

From live load: Limit =5.20/360= 14.44mm.

ETABS deflection less than 14.44 mm......... is ok

Rx
Ry = -0.000206 rad
_’Bz =-0.000037 rad

Figure 141 ramp vesiection cneck (1ive 10ad)

From LTD: Limit =5.20/240= 12.40mm.

ETABS deflection less than 12.40 mm......... is ok

JOMI LaDner /¢
Story: B1

Ux = -0.2 mm
Uy= 02mm
Uz=-24mm
Rx = 0.000189 rad
Ry = -0.000759 rad

Rz = -0.000117 rad
+
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3.14.3 Ramp Shear check
®Vc=0.75/ 6 * \/fc x b d=0.75/6 * V28 * 1000 * 210/1000 =138.90KN

Figure 143 ramp shear diagram

Vu< @V..... check it ok

3.14.4 Ramp design

Design of ramp for flexure:

h=250mm cover = 40mm

D= 210mm b= 1000 mm

Fy =420 MPa Fc= 28 Mpa
Asmin = 0.003 *250*1000 = 750 mm2
a = (750*420)/(0.85*28*1000) = 8mm

@Mn = 0.9 *420*750*(210 - 8/2) = 58.40 KN.m
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Any moment in the slab less than 58.40 KN.m, will be reinforced with Asmin

Figure 144 moment diagram for ramp

All moment < @Mn so use As min .... use @14/20cm for bottom +Top steel in two

direction

Ramp details
Scale 1:20

Figure 145 Kamp detailing
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CHAPTER 4 ELECTRO-

MECHANICAL ASPECTS
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Chapter 4 :Electro-mechanical Aspects

This chapter covers the distribution and design of lighting units, electrical circuits, the use
of Design Builder to study the building's thermal loads, the distribution of HVAC units
within the project, the mechanical and acoustic design of the buildings, and the project's

firefighting system design.
Artificial lighting design. (Dialux software):

Artificial lighting is one of the first and most noticeable elements in any area, no
matter how big or little, since it's necessary to provide the eyes good, comfortable

vision and because it greatly affects how the people using the space feel.

Since our project is a multi-use building, as there are commercial shops on the ground
floor and there are residential apartments on the upper floors of the project, we have
taken into account the provision of appropriate lighting for it in all places according
to the use and requirements of each space and providing the highest possible
productivity for the users of this place, whether they are residents of this place.
Apartments or from buyers who frequent the shops, as we were keen to provide the
best possible display of the products in the shops.

4.1 .Spaces design :

This section contains the spaces for which we designed lighting. There is an
explanation of the type and number of lighting units that were used, how they were
distributed in the space, and the specifications of each lighting unit and its effect on

the space.

» Market (clothes shop) :
We designed lighting for a commercial store, or especially a clothing store. This
store is located on the ground floor and was chosen to make an example of it in
the Dialuxe program because it is located almost in the center of the building,
meaning it is somewhat far from the windows.
Where reflectance factor for ceiling, wall and floor = 80%, 80% and 45%

The luminaires we used in market
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Luminaire

Luminaire data sheet

TRAIL LIGHT INSERT IP54 HR. MOUNTING RAIL LIGHT INSERT
610-1254031819062

Total luminous fux 8790 Im

Connected load 61.0 W

Figure 146 data sheet for luminaires usedin market

» And now will show the results from Dialux to Market (clothes shop )

Table 63 Results from Dialux for Market

Space | Luminaire | Luminaire | Power #of Required | Existe | Required | Uniformity
type type CT (K) [ (watt) | luminaires lux lux Unifor. Existed
Market Trail 3000 61 2 300 500 25 25
(clothes Light
shop ) insert
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» Now will show the illuminance level and uniformity

> Ablution:

Figure 148 illuminance level and uniformity for market

This place is used for washing and ablution to perform prayers, and we made sure

that the lighting was appropriate to avoid minor accidents due to the presence of

abundant

water in this place.

Reflecting factor for ceiling, wall and floor =70 % , 40% and 33%

The luminaires we used in Ablution

Luminaire

Luminaire data sheet

-

SLEZ2-9300VWG-EDU

Total luminous flux 1342 Im

Connected load 13.4 W

Figure 149 Data sheet for Ablution luminaires

> And now will show the results from Dialux to Ablution

Table 64 Results from Dialux for ablution

Space
type

Luminaire
type

#of

luminaires

Existe

lux

Power
(watt)

Luminaire
CT (K

Required

lux

Required
Unifor.

Uniformity
Existed
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ablution

SLK22 3000
930VWG-
EDU

13.4

100

106

1.81

» Now will show the illuminance level and uniformity

Figure 151 illuminance level and uniformity for ablution
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» Bathroom :
A bathroom is a designated place inside the home or in public places that is used

to perform normal human needs. The bathroom usually contains a toilet, and can
also include asink for washing hands.
Reflecting factor for ceiling ,wall and floor =70 % , 40% and 33%

The luminaires we used in Bathroom

Luminaire

Luminaire data sheet

AIRAM
.. @

Lumi 320 IP44 12W/B40 RA M5 PCO WH
4297209

Total luminous fhwe 1000 Imi

Connected load 12.0W

Figure 152 Data sheet forluminaires usedin WC

> And now will show the results from Dialux to Ablution

Table 65 Results by Dialux for WC

Space Luminaire | Luminaire | Power #of Required | Existe | Required | Uniformity
type type CT (K) | (watt) | luminaires lux lux Unifor. Existed
Bathroom | Lumi320 3000 12 2 50 63 2 1.25
(WC)

Figure 153 Render for bathroom
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» Now will show the illuminance level and uniformity

Figure 154 illuminance level and uniformity for WC
e BEDROOM :
A bedroom is the place where an individual rests after a long day, and it
aims to provide a quiet and comfortable environment for rest and

relaxation. Here's a simple description of the bedroom.

Reflecting factor for ceiling ,wall and floor = 80 %, 80% and 45%

The luminaires we used in Bedroom

Luminaire

Luminaire data sheet

MESSINA PD 39W 3000K Microprismen DALT
44-24009mpddd

Total luminous flux 5150 Im

Connected load 39.0 W

Figure 155 Data sheet for Iminaires used in Bedroom

> And now will show the results from Dialux to Bedroom
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Table 66 Results from Dialux for Bedroom

Space Luminaire | Luminaire | Power #of Required | Existe | Required | Uniformity
type type CT (K) | (watt) | luminaires lux lux Unifor. Existed
Bedroom | MESSINA 3000 39 2 300 436 3 2.32
PD
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» This will show the lux level and uniformity

.

Figure 157 illuminance level and uniformity for Bedroom
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e Guestroom :

The guest room is a place that aims to welcome guests with comfort and

warmth. It is carefully designed to ensure an enjoyable and comfortable stay

experience.
Reflecting factor for ceiling ,wall and floor =80 %, 80% and 45%

The luminaires we used in Guest room

Luminaire

Luminaire data sheet

RWYR 2000 L40 TW OP
RUNWAY (Recessed)
Total luminous flux 2960 Im

Connected load Z2W

Figure 158 data sheet for luminaires used in guest room

> And now will show the results from Dialux to Bedroom

Table 67 Results by Dialux for guestroo,

Space type | Luminaire | Luminaire | Power #of Required | Existe | Required | Uniformity
type CT (K) (watt) | luminaires lux lux Unifor. Existed
Guestroom | RWYR2000 3000 23.2 6 200 283 5 3.35
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» Now will show the illuminance level and uniformity

Figure 160 illuminance level and uniformity for Guestroom

e Kitchen :
The kitchen is the heart of the home, where family members gather to prepare
and eat food together.
Overall, the kitchen is a warm and welcoming place, where family and friends

come together to talk and laugh around the table.

Reflecting factor for ceiling ,wall and floor =85 %, 80% and 45%

The luminaires we used in kitchen

Luminaire:

lLuminaire data sheet

nimbus™ < n

) FOUR IN 40° DALI white 4000 K
560-208

Total luminous flux 260 Im
Connected load 16.4 W

Figure 161 data sheet for luminaires used in kitchen

> And now this will show the results from Dialux to Bedroom
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Table 68 Results by dialux for Kitchen

Space type | Luminaire | Luminaire | Power #of Required | Existe | Required | Uniformity
type CT (K) [ (watt) | luminaires lux lux Unifor. Existed
Kitchen Nimbus Q 4000 16.4 8 300 320 2 2
four
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Table 69 Results from dialux to Livingroom

e Living room :

Family members and visitors congregate in the living room for relaxation and

amusement.

Generally speaking, the living room is a lovely and pleasant area where

friends and family may gather to spend quality time together.
Reflecting factor for ceiling ,wall and floor =70 %, 40% and 70%

The luminaires we used in Living room

Luminaire

Luminaire data shest

VALO HY PDI SUSPEMSION
F20-00732102955d

Total luminous fluxe 3000 Im

Connected load

Figure 164 datasheet for luminaires used in livingroom

2600 W

> And now will show the results from Dialux to Bedroom

Space type | Luminaire | Luminaire | Power #of Required | Existe | Required | Uniformity
type CT (K) | (watt) | luminaires lux lux Unifor. Existed
Livingroom Molto 3000 26 6 300 342 5 4.23
Luce
VALO
HV PDI
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Figure 165 Render for Livingroom

» Now this will show the illuminance level and uniformity

i

i

Figure 166 illuminance level and uniformity for livingroom

e Corridor :
Spaces are the long spaces inside buildings shown between different rooms or
places. It can be spaces in homes or buildings, cooper is important in
achieving effective activities and connecting different things.

Corridors are not just paths for movement, they are also a part of the building

design that can contribute to making the environment more attractive and
functional.
Reflecting factor for ceiling ,wall and floor =70 % , 40% and 70%

The luminaires we used in Corridor
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Luminaire

Luminaire data she=st

(soLors

HEF WA 12W 600mm 3000K CRISO
FD-HM40FP&00

Total luminous flux 200 Im

Connected load 120 W

Figure 167 datasheet for luminaires used for Corridors

> And now this will show the results from Dialux to Bedroom

Space type | Luminaire | Luminaire | Power #of Required | Existe | Required | Uniformity
type CT (K) | (watt) | luminaires lux lux Unifor. Existed
Corridor COLORS 3000 12 16 100 113 2 1.87

Figure 168 Results from dialux for Corridor

Figure 169: Render for Corridor

» Now will show the illuminance level and uniformity
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Figure 170: illuminance level and uniformity for Corridor

e Parking :

Garages are spaces designated for parking and securing vehicles. Garages are an
essential part of residential and commercial buildings, providing a convenient and
safe solution for vehicles. Garages can be attached to residential homes or part of
corporate and institutional facilities.

Reflecting factor for ceiling ,wall and floor =70 %, 40% and 70%

The luminaires we used in Corridor

Luminaire

Luminaire data shest

TRAIL LIGHT INSERT 1P54 HR MOUNTING RAIL LIGHT INSERT
610-1254031819062

Total luminous flux 8790 Im

Connected load 61.0 W

Figure 171 datasheet for luminaires used for parking

Page 168 of 250




> And now will show the results from Dialux to Bedroom

Table 70 Results by dialux for parking

Space type | Luminaire | Luminaire | Power #of Required | Existe | Required | Uniformity
type CT (K) (watt) | luminaires lux lux Unifor. Existed
Parking Molto 3000 61 12 100 103 3 3
Luce
TRAIL
LIGHT
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» Now will show the illuminance level and uniformity

Figure 174 illuminance level and uniformity for Parking

4.2 HVAC design :

Everyone desires a building with every comfort feature, including good interior air quality
and thermal comfort. buildings with access to thermal comfort are healthier and have a
favorable impact on residents' attitudes about their employment, personal hygiene, and
health.

A phrase that is frequently used is HVAC, which stands for heating, ventilation, and air
conditioning. In addition to providing enough ventilation for the space, it strives to
accomplish heating and suitable temperatures in both the summer and winter. In contrast
to dwellings that experience poor ventilation, proper ventilation prevents difficulties with

odors, humidity, and the subsequent effects it has on future building issues.

A key component of a building's construction is the HVAC system. It is a system that swaps
out harmful indoor air for healthy outside air, guaranteeing high-quality indoor air while
also regulating interior temperatures, reducing moisture, and getting rid of offensive
smells.

Two methods of ventilation are used to supply air to the building: natural ventilation, which

uses the windows and doors that are scattered throughout the home, and industrial
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ventilation, which uses a variety of technologies and systems, including the VAV and VRF

system and others.

In the event that natural ventilation is difficult to obtain oris insufficient due to the presence
of obstacles that prevent this, such as the location of the building or the presence of nearby
buildings that impede the arrival of air in the proper quantities, or the presence of other
environmental obstacles, such as mountains, in this case, industrial ventilation is resorted

to from In order to enhance the ventilation of the building.

» The next table shows the total loads for building from Design Builder

Table 71 Total heating and cooling loads for building

Total heating and cooling load In the building

ooling loac 0.39 kKw

Heating Toad 184.8 Kw

» And now | will show the cooling loads for each floor by tables :

« Ground floor :

Table 72 Designing loads for Ground floor

Design Peak
Flow Cooling

Rate(m3/s Load(kw)

ground Groundfloor:SHOPPINGST
floor ORE5

ground Groundfloor:SHOPPINGST 0.283 3.23
floor ORE10

ground Groundfloor :CORRIDOR3 0.164 2.19
floor

ground Groundfloor: GAURDROO 0.002 0.00
floor M

ground Groundfloor 0.231 2.49
floor :SHOPPINGSTORES

ground Groundfloor 0.126 1.57
floor :SHOPPINGSTORE®6
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ground Groundfloor 0.073 1.00
floor :SHOPPINGSTORE?7

ground Groundfloor :CORRIDOR2 0.05 0.63
floor

ground Groundfloor: CORRIDOR 0.322 4.23
floor

ground Groundfloor:SHOPPINGST 0.222 2.45
floor ORE11

ground Groundfloor:PRAYINGRO 0.02 0.28
floor oM

ground Groundfloor:SHOPPINGST 0.097 1.33
floor ORE13

ground Groundfloor:SHOPPINGST 0.31 3.43
floor ORE12

ground Groundfloor:SHOPPINGST 0.153 1.83
floor ORE3

ground Groundfloor:SHOPPINGST 0.313 3.68
floor ORE4

ground Groundfloor:SHOPPINGST 0.384 4.12
floor ORE1

ground GROUNDFLOOR:SHOPPI 0.146 1.87
floor NGSTORE2

s First floor :

Table 73 the designing loads for First floor

Design Peak
Flow Cooling

Rate )(m3/s Load(kw)

FIRST FIRSTFLOOR:KITCHEN1 0.089 1.06
FLOOR

FIRST FIRSTFLOOR:GUESTRO 0.151 1.74
FLOOR OM1

FIRST FIRSTFLOOR:MASTERB 0.107 1.16
FLOOR EDROOM4

FIRST FIRSTFLOOR:GUESTRO 0.133 1.37
FLOOR OoM2

FIRST FIRSTFLOOR:DINING1 0.059 0.74
FLOOR

FIRST FIRSTFLOOR:CORRIDOR 0.01 0.13
FLOOR 1

FIRST FIRSTFLOOR:MASTERB 0.107 1.15
FLOOR EDROOM1

FIRST FIRSTFLOOR:BEDROOM 0.048 0.59
FLOOR 1
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FIRST FIRSTFLOOR:KITCHENA 0.139 1.64
FLOOR NDLIVING

FIRST FIRSTFLOOR:LIVINGAN 0.061 0.81
FLOOR DDINING

FIRST FIRSTFLOOR:MASTERB 0.048 0.57
FLOOR EDROOM?2

FIRST FIRSTFLOOR:BEDROOM 0.107 1.13
FLOOR 2

FIRST FIRSTFLOOR:MASTERB 0.138 1.50
FLOOR EDROOM3

FIRST FIRSTFLOOR:BEDROOM 0.017 0.21
FLOOR XSCORRIDOR

FIRST FIRSTFLOOR:BEDROOM 0.127 1.50
FLOOR 3

FIRST FIRSTFLOOR:CORRIDOR 0.079 1.03
FLOOR 2

FIRST FIRSTFLOOR:MASTERB 0.132 1.51
FLOOR EDROOM

FIRST FIRSTFLOOR:DINING 0.045 0.58
FLOOR

FIRST FIRSTFLOOR:BEDROOM 0.152 1.69
FLOOR 4

FIRST FIRSTFLOOR:BEDROOM 0.048 0.60
FLOOR

FIRST FIRSTFLOOR:LIVINGRO 0.157 1.95
FLOOR OM

FIRST FIRSTFLOOR:KITCHEN 0.108 1.32
FLOOR

FIRST FIRSTFLOOR:GUESTRO 0.076 0.98
FLOOR OM3

FIRST FIRSTFLOOR:GUESTRO 0.105 1.23
FLOOR OM

FIRST FIRSTFLOOR:ENTRANC 0.016 0.21
FLOOR E

FIRST FIRSTFLOOR:CORRIDOR 0.143 1.79
FLOOR

FIRST FIRSTFLOOR:KITCHENA 0.177 2.26
FLOOR NDDINING

+» Second floor :

Table 74 The designigng loads for second floor

Design Peak
Flow Cooling

Rate )(mS/s Load(kw)
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SECOND SECONDFLOOR:KITCHE 0.096 1.13
FLOOR N1

SECOND SECONDFLOOR:GUESTR 0.167 1.90
FLOOR OOM1

SECOND SECONDFLOOR:MASTER 0.117 1.25
FLOOR BEDROOM4

SECOND SECONDFLOOR:GUESTR 0.141 1.44
FLOOR OOM2

SECOND SECONDFLOOR:DINING1 0.062 0.78
FLOOR

SECOND SECONDFLOOR:CORRID 0.01 0.13
FLOOR OR1

SECOND SECONDFLOOR:MASTER 0.114 1.19
FLOOR BEDROOM1

SECOND SECONDFLOOR:BEDROO 0.048 0.59
FLOOR M1

SECOND SECONDFLOOR:KITCHE 0.154 1.79
FLOOR NANDLIVING

SECOND SECONDFLOOR:LIVING 0.07 0.93
FLOOR ANDDINING

SECOND SECONDFLOOR:MASTER 0.052 0.62
FLOOR BEDROOM?2

SECOND SECONDFLOOR:BEDROO 0.118 1.23
FLOOR M2

SECOND SECONDFLOOR:MASTER 0.143 1.55
FLOOR BEDROOM3

SECOND SECONDFLOOR:BEDROO 0.018 0.23
FLOOR MXSCORRIDOR

SECOND SECONDFLOOR:BEDROO 0.131 1.54
FLOOR M3

SECOND SECONDFLOOR:CORRID 0.083 1.09
FLOOR OR?2

SECOND SECONDFLOOR:MASTER 0.144 1.54
FLOOR BEDROOM

SECOND SECONDFLOOR:DINING 0.049 0.62
FLOOR

SECOND SECONDFLOOR:BEDROO 0.167 1.76
FLOOR M4

SECOND SECONDFLOOR:BEDROO 0.052 0.65
FLOOR M

SECOND SECONDFLOOR:LIVING 0.161 2.00
FLOOR ROOM

SECOND SECONDFLOOR:KITCHE 0.105 1.29
FLOOR N

SECOND SECONDFLOOR:GUESTR 0.085 1.08
FLOOR OOM3
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SECOND SECONDFLOOR:GUESTR 0.11 1.27
FLOOR OOM

SECOND SECONDFLOOR:ENTRAN 0.019 0.25
FLOOR CE

SECOND SECONDFLOOR:CORRID 0.153 1.90
FLOOR OR

SECOND SECONDFLOOR:KITCHE 0.19 2.40
FLOOR NANDDINING

++ Third floor :

Table 75 the designing loads for third floor

Design Peak
Flow Cooling
Rate )(m3/s Load(kw)
THIRDFLOOR:KITCHEN1

FLOOR
THIRD THIRDFLOOR:GUESTRO 0.169 1.92
FLOOR OoM1
THIRD THIRDFLOOR:MASTERB 0.118 1.26
FLOOR EDROOMA4
THIRD THIRDFLOOR:GUESTRO 0.142 1.45
FLOOR OoM2
THIRD THIRDFLOOR:DINING1 0.062 0.79
FLOOR
THIRD THIRDFLOOR:CORRIDO 0.01 0.13
FLOOR R1
THIRD THIRDFLOOR:MASTERB 0.115 1.20
FLOOR EDROOM1
THIRD THIRDFLOOR:BEDROO 0.048 0.59
FLOOR M1
THIRD THIRDFLOOR:KITCHEN 0.156 1.81
FLOOR ANDLIVING
THIRD THIRDFLOOR:LIVINGAN 0.072 0.95
FLOOR DDINING
THIRD THIRDFLOOR:MASTERB 0.053 0.62
FLOOR EDROOM2
THIRD THIRDFLOOR:BEDROO 0.119 1.24
FLOOR M2
THIRD THIRDFLOOR:MASTERB 0.143 1.55
FLOOR EDROOMS3
THIRD THIRDFLOOR:BEDROO 0.019 0.23
FLOOR MXSCORRIDOR
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THIRD THIRDFLOOR:BEDROO 0.132 1.55
FLOOR M3

THIRD THIRDFLOOR:CORRIDO 0.084 1.10
FLOOR R2

THIRD THIRDFLOOR:MASTERB 0.144 1.55
FLOOR EDROOM

THIRD THIRDFLOOR:DINING 0.049 0.63
FLOOR

THIRD THIRDFLOOR:BEDROO 0.168 1.76
FLOOR M4

THIRD THIRDFLOOR:BEDROO 0.053 0.65
FLOOR M

THIRD THIRDFLOOR:LIVINGRO 0.162 2.01
FLOOR OM

THIRD THIRDFLOOR:KITCHEN 0.105 1.29
FLOOR

THIRD THIRDFLOOR:GUESTRO 0.086 1.09
FLOOR OM3

THIRD THIRDFLOOR:GUESTRO 0.112 1.30
FLOOR OM

THIRD THIRDFLOOR:ENTRANC 0.02 0.26
FLOOR E

THIRD THIRDFLOOR:CORRIDO 0.155 1.92
FLOOR R

THIRD THIRDFLOOR:KITCHEN 0.192 2.42
FLOOR ANDDINING

++ Fourth floor :

Table 76 the designing loads flor 4th floor

Design
Flow

Rate(m3/s
)

Peak
Cooling
Load(kw)

FOURTH FOURTHFLOOR:KITCHE 0.099 1.16
FLOOR N1

FOURTH FOURTHFLOOR:GUESTR 0.174 1.96
FLOOR OOM1

FOURTH FOURTHFLOOR:MASTE 0.12 1.28
FLOOR RBEDROOM4

FOURTH FOURTHFLOOR:GUESTR 0.144 1.46
FLOOR OOM?2

FOURTH FOURTHFLOOR:DINING1 0.064 0.81
FLOOR
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FOURTH FOURTHFLOOR:CORRID 0.011 0.13
FLOOR OR1

FOURTH FOURTHFLOOR:MASTE 0.116 1.21
FLOOR RBEDROOM1

FOURTH FOURTHFLOOR:BEDRO 0.049 0.60
FLOOR OM1

FOURTH FOURTHFLOOR:KITCHE 0.16 1.84
FLOOR NANDLIVING

FOURTH FOURTHFLOOR:LIVING 0.079 1.03
FLOOR ANDDINING

FOURTH FOURTHFLOOR:MASTE 0.054 0.64
FLOOR RBEDROOM?2

FOURTH FOURTHFLOOR:BEDRO 0.121 1.25
FLOOR OoM2

FOURTH FOURTHFLOOR:MASTE 0.146 1.57
FLOOR RBEDROOM3

FOURTH FOURTHFLOOR:BEDRO 0.019 0.24
FLOOR OMXSCORRIDOR

FOURTH FOURTHFLOOR:BEDRO 0.135 1.58
FLOOR OM3

FOURTH FOURTHFLOOR:CORRID 0.087 1.13
FLOOR OR?2

FOURTH FOURTHFLOOR:MASTE 0.144 1.55
FLOOR RBEDROOM

FOURTH FOURTHFLOOR:DINING 0.051 0.65
FLOOR

FOURTH FOURTHFLOOR:BEDRO 0.167 1.75
FLOOR OM4

FOURTH FOURTHFLOOR:BEDRO 0.053 0.66
FLOOR OoM

FOURTH FOURTHFLOOR:LIVING 0.168 2.09
FLOOR ROOM

FOURTH FOURTHFLOOR:KITCHE 0.108 1.32
FLOOR N

FOURTH FOURTHFLOOR:GUESTR 0.089 1.13
FLOOR OOM3

FOURTH FOURTHFLOOR:GUESTR 0.117 1.34
FLOOR OOM

FOURTH FOURTHFLOOR:ENTRAN 0.021 0.28
FLOOR CE

FOURTH FOURTHFLOOR:CORRID 0.16 1.98
FLOOR OR

FOURTH FOURTHFLOOR:KITCHE 0.196 2.47
FLOOR NANDDINING

« Fifth Floor :
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Table 77 the designing loads for 5th floor

Design Peak
Flow Cooling
Rate )(m3/s Load(kw)

FIFTH FIFTHFLOOR:KITCHEN1
FLOOR
FIFTH FIFTHFLOOR:GUESTRO 0.217 2.36
FLOOR OoM1
FIFTH FIFTHFLOOR:MASTERB 0.141 1.46
FLOOR EDROOMA4
FIFTH FIFTHFLOOR:GUESTRO 0.164 1.61
FLOOR OoM2
FIFTH FIFTHFLOOR:DINING1 0.083 1.01
FLOOR
FIFTH FIFTHFLOOR:CORRIDO 0.014 0.17
FLOOR R1
FIFTH FIFTHFLOOR:MASTERB 0.13 1.32
FLOOR EDROOM1
FIFTH FIFTHFLOOR:BEDROOM 0.069 0.79
FLOOR 1
FIFTH FIFTHFLOOR:KITCHENA 0.198 2.18
FLOOR NDLIVING
FIFTH FIFTHFLOOR:LIVINGAN 0.132 1.66
FLOOR DDINING
FIFTH FIFTHFLOOR:MASTERB 0.072 0.81
FLOOR EDROOM2
FIFTH FIFTHFLOOR:BEDROOM 0.137 1.38
FLOOR 2
FIFTH FIFTHFLOOR:MASTERB 0.174 1.82
FLOOR EDROOM3
FIFTH FIFTHFLOOR:BEDROOM 0.029 0.35
FLOOR XSCORRIDOR
FIFTH FIFTHFLOOR:BEDROOM 0.165 1.86
FLOOR 3
FIFTH FIFTHFLOOR:CORRIDO 0.117 151
FLOOR R2
FIFTH FIFTHFLOOR:MASTERB 0.141 1.52
FLOOR EDROOM
FIFTH FIFTHFLOOR:DINING 0.072 0.87
FLOOR
FIFTH FIFTHFLOOR:BEDROOM 0.16 1.70
FLOOR 4
FIFTH FIFTHFLOOR:BEDROOM 0.059 0.72
FLOOR
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FIFTH FIFTHFLOOR:LIVINGRO 0.218 2.63
FLOOR oM
FIFTH FIFTHFLOOR:KITCHEN 0.143 1.68
FLOOR
FIFTH FIFTHFLOOR:GUESTRO 0.12 1.48
FLOOR OM3
FIFTH FIFTHFLOOR:GUESTRO 0.148 1.62
FLOOR oM
FIFTH FIFTHFLOOR:ENTRANC 0.037 0.47
FLOOR E
FIFTH FIFTHFLOOR:CORRIDO 0.222 2.62
FLOOR R
FIFTH FIFTHFLOOR:KITCHENA 0.257 3.12
FLOOR NDDINING

% Roof :

Table 78 the designing loads for roof

Design Flow

Rate(m3/s)

Peak
Cooling

ROOF ROOF:CLOSEDTERRACE

0.431

Load(kw)
4.98

+ VRF outdoor unit:
We used VRF air cooled system

The following table is the catalogue for various types of VRF unites from the Air

stage company:

Energy Efficiency Combination

[ 16 18 20

28

Y16

| 30
| |

AJY252LALBHH

AIYILUALBHH | AJYIG2LALBHH | AJYIBO0LALBHH

2% |
AJY216LALBHH AJY234LALBHH

26

AIY270LALBHH

Figure 175 VRF catalogue
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» The total Peak cooling load of outdoor unites need to cover all
indoor unite = 250.39 KW

» The selected type is (AJY270LALBHH) with a total capacity
of cooling load =84.8 KW.

. total k ooli load _ 250.39
> The number of outdoor unites = ———P———22>"19 277 =
capacity of unite 84 .4

Number of outdoor unites =2.967, sowe need to 3 outdoor
unites

+ Indoor unites :
In order to deliver the gas that is used in this system in order for the cooling and
heating process to occur, there must be a link that works to deliver the gas in an
orderly manner and without any problems, so we used the controller to perform
this task.

The following picture shows the control used in the system:

Figure 176 controller product

We will use two types of indoor unites :

For ground floor (Market ) we use fan coil unites

And for the residential floors (1%t floor — 5t floor ) we use the wall mounted split
unite and the following pictures are for the catalogues for these unites:
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Model : AUXB004GLEH / AUXBOO7GLEH / AUXBOO9GLEH
AUXBO12GLEH / AUXBO14GLEH / AUXBO18GLEH
AUXB024GLEH

Compact
Cassette
Grid type

Specifications

e LEH | AUXBOOTGLEH AUXBOT4GLEH | AUXBOTBGLEH | AUXBO24GLEH
Power source le phase, -230V, 50Hz
KTotal Cooling 8 X 7 3 20 5
KSensible Cooling 7 o 2.1 20 4
Capacity KHeating W 7 50 7.
ominal Cooling X % 60 7
ominal Heating 1 4 5. 30 8
Input power W 2 2 2 2 3 36 8
igh 530530 54 550 500 680 710 1,030
ed-H 4501480 500 520 560 620 660 910
i ed o |_450i830 460 480 520 560 590 790
ed-L 420380 420 440 480 500 520 680
ow 390340 390 400 430 440 460 560
uiet 350300 350 350 390 3% 400 450
igh 3473 7 8 4 5
ed-H 32031 4 7
Sound pressure ed 30129 i
Tevel ed-L el 26126 2
ow 27124 0
uiet Il 7
Net Dimensions (H = W= D] m | 245 x 570 = 570 | 245 x 570 = 570 | 245 % 570+ 570 | 245 x 570x 570 | 245 x 570 570 | 245 x 570 570 | 245 x 570 %570
Weight Kgllbs) | 145 (32) 15 (33) 15 (33) 15 (33) 15 (33) 1737) 7.67)
Connection I Liquid (Flare) Inch I3
pipe diameter | Gas (Flare) 2 s/
[ Model name: UTG-UFYEW.
éfjf:"’ [ Net Dimensions (H<W+D) | _mm 50620 620
[Weight [ kallbs) 23(51)

Note : Specifications are based on the following conditions.
Cooling :Indoor temperature of 27°CDB/ 19°CWB, and outdoor temperature of 35°CDB / 24°CWB.
Heating : Indoor temperature of 20°C(DB/ (15°CWB), and outdoor temperature of 7°CDB / 6"CWB.
Pipe length : 7.5 m; Height difference between outdoor unit and indoor unit -0 m. Voltage : 230 [V].
*1: This value is under caoling operation,

Figure 177: split unite cassette used in ground floor

VRF
Model : ASYAOO4GTEH / ASYAOO7GTEH / ASYAOOIGTEH
ASYEQO4GTEH / ASYEOO7GTEH / ASYEOO9GTEH

Wall Mounted

Specifications

NOLGTEH ASYADOZGTEH ASVEODTGIFH
Power source Single phase, ~230V SOHz Single phase, ~230V. 50Kz
UK Texal Cooling 0.8) 1.60 210 0.80 160 210
UK Senaible Coelin 0.70 1.60 190 0.70 1.50 2.00
Capadity UK Heating kw 120 260 300 1.20 2.60 3.00
Kominal Coofing 113 220 280 110 220 28
hominal Heating 1.30 2.80 320 130 2.80 32
Input pawes W 13 19 13 19 4
High 43) 550 430 550 720
Med W 420 460 %30 460 570
Med N 390 420 390 420 500
Ao e Med L i D 3% 380 300 Al
Luw 360 360 360 360 360
Dulet 33) 330 330 330 330
High 31 35 31 35 43
Med H 30 32 30 32 38
Sound pressure Med GBIA] 28 30 2? 30 14
fevel Med-L 26 27 29 26 27 28
Low 24 24 24 24 24 24
Oulet 22 22 22 22 22 22
Net Oimensians (H « W « Dj mm 262 x 820 x 206 162 x 820 x 206 262 x £20 x 206 262 x 820 x 26 262 1 820 x 206 262 x 820 x 206
Weight kg(lbz) 7.5(17) 7517} 7507) 7.0 {35) 20 (15) 2.0 (15]
Connecion [ Uiguid {Flas) [0
pipe diameter [T (as [Flare] ch 38
£V Kit {option) | UTR-EVOIXE

Nate : Specitications ar= based on the fallowing conditions.
Cooling - Indoor temperature of 27°COB/ 19°CWB, and ootdoar temperature of 35°CDB J 24°CWB.

Heating - indoor temperature of 207C0B / {15"CWB), and cutdoar tmperatise of 7°CD8 / & CWE

Pipe langth - 7.5 m; Heght diffecence between outdoor unit and indoar unit . 0 m Valtaga © 233 [V]

When ASY*0DAGTEH, ASY*DO7GTEH, ASY*0CIGTEH ate connected to the outdoal unit other than VL, gas pige diameter should be B12.70

Figure 178 wall mounted used in residential floors
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= Calculations for number of indoor unites in each space in floors :

L]

Ground floor calculations :

We used in this floor a split unite cassette

Sample of calculations: ( for shopping store 5)

The peak cooling load from design builder for this space = 2.08 KW
We choose (AUXB007GLEH) and it’s capacity = 1.6 KW

So, #of unites = % = 1.3 unite

We need a 2 unites of cassette AUXB007GLEH to cover this space
Now I will show you the calculations for all the spaces on the ground floor

using the following table :

Table 79 number of split unites on ground floor

ZONE
NAME

ZONE

Designflow rate  peak  used UNITE numbe  nube
(m3/5) cooling HVAC  capacity rof r of
load(K system (KW) split split

W) unites unite

used

ground | Groundfloor:S 0.165 2.08 | AUXBO 1.6 1.30 2.0
floor HOPPINGST 07GLE
ORE5 H
ground | Groundfloor:S 0.283 3.23 | AUXBO 1.6 2.02 3
floor HOPPINGST 07GLE
ORE10 H
ground | Groundfloor 0.164 2.19 | AUXBO 1.6 1.37 2
floor | :CORRIDOR3 07GLE
H
ground | Groundfloor: 0.002 0 AUXBO0 1.6 0.00 0
floor | GAURDROO 07GLE
M H
ground | Groundfloor 0.231 249 | AUXBO 1.6 1.56 2
floor :SHOPPINGS 07GLE
TORES H
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ground | Groundfloor 0.126 1.57 | AUXBO 1.6 0.98
floor | :SHOPPINGS 07GLE
TOREG6 H
ground | Groundfloor 0.073 1 AUXBO 1.6 0.63
floor | :SHOPPINGS 07GLE
TORE7 H
ground | Groundfloor 0.05 0.63 | AUXBO 1.6 0.39
floor | :CORRIDOR?2 07GLE
H
ground | Groundfloor:C 0.322 4.23 | AUXBO 1.6 2.64
floor | ORRIDOR 07GLE
H
ground | Groundfloor:S 0.222 245 | AUXBO 1.6 1.53
floor | HOPPINGST 07GLE
ORE11 H
ground | Groundfloor:P 0.02 0.28 | AUXBO 1.6 0.18
floor | RAYINGROO 07GLE
M H
ground | Groundfloor:S 0.097 1.33 | AUXBO 1.6 0.83
floor | HOPPINGST 07GLE
ORE13 H
ground | Groundfloor:S 0.31 3.43 | AUXBO 1.6 2.14
floor | HOPPINGST 07GLE
ORE12 H
ground | Groundfloor:S 0.153 1.83 | AUXBO 1.6 1.14
floor | HOPPINGST 07GLE
ORES3 H
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ground | Groundfloor:S 0.313 3.68 | AUXBO 1.6 2.30
floor | HOPPINGST 07GLE
ORE4 H
ground | Groundfloor:S 0.384 412 | AUXBO 1.6 2.58
floor | HOPPINGST 07GLE
ORE1l H
ground | GROUNDFLO 0.146 1.87 AUXBO 1.6 1.17
floor | OR:SHOPPIN 07GLE
GSTORE2 H

= First floor calculations : (Residential floors )

Sample of calculations :

We used a wall mounted split unite in this floor

Sample of calculations (1 floor — 5t" floor )

Sample of calculations: ( first floor Master bedroom 4)

The peak cooling load from design builder for this space =1.16 KW
We choose (ASYAOO4GTEH A ) and it’s capacity = 0.8 KW

So, #of unites =

We need 2 unites of wall mounted ASYAQ04GTEHA to cover this space

- ® = 1.45 unite

Now I will show you the calculations for all the spaces on the ground floor using

the following table:

Note: In the following table, | will calculate the number of units needed in the

empty floors from the 1%t floor to the 5t" floor

% The number of the split units in the floors of the building will be shown in details

and tables in the appendixes:
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+ The distribution of the split units on the floors of the building will be shown
below in the AUTOCAD Drawings:
+«» Ground floor (Market ) :

OOI+‘£

s First floor to Fifth floor :
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4.3 Power design:

4.3.1 electrical system:

Electrical networks, which consist of wires, transformers, and cables, are used by
the electrical system to transport energy from the power generating source into the
structure.

Different electrical connection types exist based on the needs of the building and
the capacity needed in those connections—three phases for large loads and one
phase for smaller loads. Meters are installed in each building and connected to the
public electrical network in order to get power from municipalities or firms that
distribute electricity.
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o POWER PLANT STEP-UP TOWER o TRANSMISSION
TRANSFORMER SUBSTATION

Figure 181 :Electrical system

4.3.2 Electrical systemelements:

> Wires :

There are three types of copper wires used in electrical installations:

* Phase

= Neutral

= Earth

Function Old Color Code aall New Color Code 2321

Single Phasc Linc (L)
b lclpns IS

Red Brown

Three Phase Line 1 (L.1)
JoUl jlall c Lpm= ha

Red Brown
 Three Phase Line 1 (I.2) - : | I
U LAl c LS 1S Yellow Black

Three Phase Line 1 (1.3)
SUU jLadl c L S

Blue Giray

Neutral (N)

Jibgaddl ks Black Blue
Protective Earth or Ground (PE)
uaylin bs Green-and-Yellow Green-and-Yellow

Figure 182 type of wires

> Distribution board:

The electrical control panel serves as a connector between the building's
internal electrical system and the network's power. There are several
circuit breakers on the panel.
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Figure 183 Distribution board

> Circuit breakers:
The purpose of the electrical circuit breaker is to safeguard the electrical
network by immediately cutting off the current in the event of a network

malfunction or an increase in current.

Figure 184 Circuit breaker

In order provide the power needed for the building's elevators, security systems, lighting,
air conditioning, and other necessities, a three-phase system will be employed.

4.3.1 Power calculations:
> Lighting calculations:
= Market:
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Table 80 Lighting information of Market

Space | Luminaire | Luminaire | Power #of Required | Exist | Required | Uniformity
type type CT (K) | (watt) | luminaires lux lux Unifor. Existed
Market Trail 3000 61 2 300 500 2.5 2.5
(clothes Light
shop) insert
Power = | x V x P. Factor
61x2=1x220x0.8
=069 A
= Ablution :
Table 81 Information of lighting on ablution
Space | Luminaire | Luminaire | Power #of Required | Existe | Required | Uniformity
type type CT (K (watt) | luminaires lux lux Unifor. Existed
ablution SLK22 3000 134 2 100 106 2 1.81
930VWG-
EDU
Power = | x V x P. Factor
134x2=1x220x0.8
1=0.15A
= Bathroom :
Table 82 lighting information of bathroom
Space Luminaire | Luminaire | Power #of Required | Existe | Required | Uniformity
type type CT (K) | (watt) | luminaires lux lux Unifor. Existed
Bathroom | Lumi320 3000 12 2 50 63 2 1.25
(WC)
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12x2=1x220x0.8
1=014 A

= Bedroom:

Table 83 lighting information of bedroom

Space Luminaire | Luminaire | Power #of Required | Existe | Required | Uniformity
type type CT (K) [ (watt) | luminaires lux lux Unifor. Existed
Bedroom | MESSINA 3000 2 2 300 436 3 2.32
PD
Power = | x V x P. Factor
39x2=1x220x0.8
1=044 A
= Guest room:
Table 84 lighting information of guestroom
Space type | Luminaire | Luminaire | Power #of Required | Existe | Required | Uniformity
type CT (K) | (watt) | luminaires lux lux Unifor. Existed
Guestroom | RWYR2000 3000 23.2 6 200 283 5 3.35
Power = | x V x P. Factor
23.2x6=1x220x0.8
1=08A
= Kitchen:
Table 85 lighting information of kitchen
Space type | Luminaire | Luminaire | Power #of Required | Existe | Required | Uniformity
type CT (K) | (watt) | luminaires lux lux Unifor. Existed
Kitchen Nimbus Q 4000 16.4 8 300 320 2 2
four

Power = I x V x P. Factor
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16.4x8=1x220x0.8
I1=0.75A

= Living room:

Table 86 lighting information for living room

Space type | Luminaire | Luminaire | Power #of Required | Existe | Required | Uniformity
type CT (K) (watt) | luminaires lux lux Unifor. Existed
Livingroom Molto 3000 26 6 300 342 5 4.23
Luce
VALO HV
PDI
Power = | x V x P. Factor
26 x6=1x220x0.8
1=0.89 A
= Corridor:
Table 87 lighting information for corridor
Space type | Luminaire | Luminaire | Power #of Required | Existe | Required | Uniformity
type CT (K) [ (watt) | luminaires lux lux Unifor. Existed
Corridor COLORS 3000 12 16 100 113 2 1.87
BRI &
IR

Power = | x V x P. Factor
12x16=1x220x0.8
I=11A
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From the previous calculations, we found the amount of current that each room needs,
and the next step is to know the number of lighting breakers that each of the previous

spaces needs.

Each space need one circuit breaker for lighting.

> Cable diameter:
To find the area of cable we should find the Ich

Where Ich =1.25 * |

Icb =1.25*9.13
Ich=1141 A
Table 88 Cross sectional area by current rating
Nominal cross-sectional | Single phase current rating | Three phase current rating
area
mm?2 Amp Amp
1.5 10 14
2.5 16 18
4 28 24
6 36 31
10 50 44
16 66 50
25 88 77
35 109 97
50 131 117
70 167 149
95 202 180
120 234 208

From previous table we choose area of cable = 1.5 mm"2

> Power calculations:
There are two cases in power calculation: normal loads and special loads.
Normal loads are power outlets with low power loads, as those found in chargers

and other devices.
The other kind of power outlets has a specific load, such as equipment used in

kitchens and HVAC systems indoors.

Table 89 normal load and special loads

Normal loads Special loads
2 Amp. (10,12,16,20,25,32)
Amp.
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> Normal load calculations:

Use the following formula to determine how many power
sockets can fit inside of a single circuit breaker:

Icbh=1.25 x| load
Ich=13.33 A

A current of 13.33 Amperes can be placed into each circuit breaker.
Addttionally, as seen in the table above, a standard power socket's value is
2A

So, we <can put more than one socket for each circuit

breakers.

And to find the cable diameter for power :

| cable =115 X Iload

| cable =115 x 13.33

| cable= 154 A, according to next table we choose area of cable =

2.5mm™2

Nominal cross-sectional | Single phase current rating | Three phase current rating
area
mm?2 Amp Amp
1.5 10 14
2.5 16 18
4 28 24
6 36 3l
10 50 44
16 66 59
25 88 77
35 109 97
50 131 117
70 167 149
95 202 180
120 234 208
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> \oltage drop check:
Max .length of lighting wire from AutoCAD = 10.54 m
So,2L =2x10.54=21.08m
Where Resistivity (p) for copper = 1.72 x 108 Q-m.
And the max allowed voltage drop =5 %
S0,220x 5% =11v
To find the area needed we use the next formula

Voltage drop =1load xR

Voltage drop = I load x &=

So, A = 0.44 mm?

So, 2.5 mm? will be chosen.

> Special load calculations:
Use the following formula to determine how many
sockets can fit inside of a single circuit breaker:
Power =I xV xP. F

— power

| load =
V+Pf

ﬂ‘)g =10.10 A

220 *0.

| load =

Icb=1.15*10.10
lch=116 A
A current of 11.6 Amperes can be placed into each circuit breaker
From previous table (Table 91) the area of cable = 1.5 mm?
> \oltage drop check :
Max length of power wire from AutoCAD =5.32 m
So,2L=2*532=10.64m
Where Resistivity (p) for copper = 1.72 x 108 Q-m,
And the max allowed voltage drop =5 %
S0,220x5% =11v
To find the area needed we use the next formula
Voltage drop =1load xR

Voltage drop =1 load x pAiL
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So, A =0.193 mm?

> HVAC special load design:
v For ground floor :
Next figure show the indoor unite and their loads we used in ground

floor:

Model : AUXB004GLEH / AUXBOO7GLEH / AUXBOO9GLEH
AUXBO12GLEH / AUXBO14GLEH / AUXBO18GLEH
AUXBO024GLEH

Compact
Cassette
Grid type

= \\

Specifications
Power source Single phase, ~230V, 50Hz
UKTotal Cooling 08 [ 7 33 53
UK Sensible Cooling 07 7 27 4.4
Capacity UK Heating w 12 47 74
Nominal Cooling K] 4.5 71
Nominal Heating 1.3 5.0 8.0
Input power W 23 2 2 2 35 3 84
High 5301530 540 550 600 680 71 1,030
Med-H 4901480 500 52 560 620 [ 910
i Med i 4501430 460 48 520 560 B 790
Med-L 4201380 420 44 480 500 B 680
Low 3901340 390 01 430 440 4 5
Quiet 3501300 350 350 390 390 4 4
High 34134 34 35 37 8 41 S
Med-H 3201 32 3 34 7 4
Sound pressure Med _ 3029 30 3 3 4 %
level Med-L 2812% 2% 2 1 2 3
Low 27124 27 2 ) 0 3
Quiet 2501 25 2 7 7 3
Net Dimensions (H x W x D) mm_| 245 x 570 x 570 | 245 x 570 x 570 | 245+ 570 x 570 | 245 = 570 x 570 | 245 = 570x 570 | 245 x 570 = 570 | 245 x 570 = 570
Weight kgllbs) | 145(32) 15 (33) 15 (33] 15 (33) 15 (33) 1737) 1737)
Connection [ Liquid (Flare [ i 318
pipe diameter [ Gas (Flare) 17} 518
[ Model name UTG-UFYE-W
Cassette [ Net Dimensions (H=W<D] | om 50620~ 620
[Weight [ kqlibs) 23(51)

Note : Specifications are based on the following conditions.

Cooling :Indoor temperature of 27°CDB/ 19°CWB, and outdoor temperature of 35°CDB / 24 CWB,
Heating :Indoor temperature of 20°CDB (15°CWB), and outdoor temperature of 7°CDB / 6"CWB.
Pipe length : 7.5 m; Height difference between outdoor unit and indoor unit -0 m. Voltage : 230 [V]
*1: This value is under cooling operation.

Figure 185:Indoor unite used on GF
We use the next formula for the I load calculations:
Power =I xV xP. F
Where power = 1600
So, I load =8.08 A
Icb=1.25x8.08
Icb=10.1A
And according to the ( Table 11 ) we choose area of cable = 1.5 mm? and the

current of circuit breaker = 14 A, for each indoor unite.

v Voltage drop check :
Max length of indoor unite wiring from AutoCAD = 10.12 m
S0,2L=2x10.12=20.24 m
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Where Resistivity (p) for copper = 1.72 x 108 Q-m.
And the max allowed voltage drop =5 %
S0,220x5% =11v

To find the area needed we use the next formula

Voltage drop =1load xR
Voltage drop =1 load x ”A%L

So, A = 0.26 mm?

So, 1.5 mm? will be chosen.

v' For 1stfloor to 5t floor :

Next figure show the indoor unite and their loads we used in ground floor

VRF
Model: ASYADO4GTEH / ASYAOO7GTEH / ASYAOOIGTEH
ASYEQO4GTEH / ASYEOO7GTEH / ASYEOOIGTEH

Wall Mounted

Specifications
Modal ama

ASVADOIGTEN |  AYADOIGTEN |  ASVAMOOGTEH | ASVEOBAGTEH | ASVROIGTEM | svEooncrEw
Single pha: 230V SOHz Single phase, ~230V, S0Kz

3 210 210

We use the next formula for the I load calculations :
Power =I xV xP. F

Where power = 800

So, I load =4.04 A

Icb=1.25x4.04

Icb=5.05A
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And according to the ( Table 11 ) we choose area of cable = 1.5 mm? and the
current of circuit breaker = 14 A, for each indoor unite.
v Voltage drop check :
Max length of indoor unite wiring from AutoCAD = 10.12 m
S0,2L=2x10.12=20.24 m
Where Resistivity (p) for copper = 1.72 x 108 Q-m.
And the max allowed voltage drop =5 %
S0,220x5% =11v
To find the area needed we use the next formula

Voltage drop =1load xR
Voltage drop =1 load x pALL A =0.26 mm?So, 1.5 mm? will be chosen.

¢+ Total power load calculations for DB:
o Power of sockets:
For ground floor:
We have a 28 normal sockets and 15 special sockets
So, the total power of sockets in GF = 42750 watt

42750

Avg. power = o 2850 watt
Power =IxV xP. F
lload = =22 =14.4 A

220%0.9
Ich =1.15 X | load
Icb =1.15X14.4=16.56 A

According to the previous table, the used cable is 2.5mm2 with a circuit breaker of 18

Amp .for the ground floor.

For first floor :
We have a 56 normal sockets and 32 special load
So, the total power of sockets in 1% floor = 90360 watt

Note that we have similar floors from 15 floor to 5t floor
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Avg. power = gozf’o = 22590 watt

Power =I xV xP. F

lload = 2222 =114 A

220%0.9

Ich =1.15 X | load
Ich=1.15X114=131.1 A

According to the previous table, the used cable is 70mm2 with a circuit breaker of 149

Amp .for the residential floors.

¢+ Total power of DB ground floor :
e Power=IXVXP.F

lload = 222 = 16.66 A

220%0.9

Icb =1.15 X | load
Icb=1.15X16.66 =19.15 A
According to the previous table, the used cable is 4 mm2 with circuit breakers of

24 Amp. for the shops floor.

o Power=IXVXP.F

| load = ii;"‘(’);‘ =117.12A

Icb =1.15 X | load
Icb=1.15X117.12=134.7 A
According to the previous table, the used cable is 70 mm2 with circuit breakers of

49 Amp. for the residential floors.

v Voltage drop check:
Maximum Length of lighting wiring from CAD = 34+22=56m.

2L =2 X56 =112m
Resistivity (p) for copper =1.72 x 10-8 Q-m.
The area needed according to voltage drop =1load x (p*L)/A

A =23.58 mm2 So, 25 mm? will be chosen.
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4.4 Acoustical Design:

4.4.1 Introduction:

Acoustical design has a significant role in enhancing the comfort of the facility to the end-
users. Making buildings convenient involves looking at various factors during the early
planning stages of a project. This is crucial to ensure smooth interaction, reduce conflicts,
address overlaps, and achieve effective building performance. Architectural design is one
of the most important parts of building a project it involves the selection of the material
used in the building, choosing the different materials in the project and the combinations
of the material in the building acts differently on the way acoustics run throughout the

project.

Creating a well acoustical design improves the acoustical comfort in the building, by
lowering the background noise coming from outside the site, and the background noise
coming from different spaces in the same building. A good design also enhances the

productivity rate in building due the clear sound when talking or when listening.

Creating a good acoustical design involves the right selection of the material and their
arrangement, reducing the noise ratio, not exceeding the limit of the sound pressure level,

and a good reverberation time for speech clearance.

4.4.2 Problem definition:

The project is a shopping center and residential apartments, so this building contains
different functions so it is necessary to ensure that the internal spaces are not affected
negatively on each other or by the surrounding environment. Example of the requireme nts
to be achieved are as the following: Sound pressure level (SPL), reverberation time, the
intelligibility of the audience, the background noise, sound transmission class, and impact
insulation class.
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4.4.3 Recommendations and acoustical standards:

4.43.1 Reverberation time:

Reverberation time is the time needed in seconds for the sound to decay by 60 (dB) after

the sound generation stops from a source, down below in the following figure shows the
reverberation time graph for different spaces. From the figure below the project

reverberation time should somewhere around 1.4-2.0 second it is more like the use of

general purpose auditorium for the ground floor due to the large areas of the shopping

stores.
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Reverberation Time in Seconds

Figure 187 reverberation time in seconds




4.4.3.2 Sound pressure level (SPL):

The sound pressure level is a logarithmic measure of the effective pressure of a sound

relative to a reference value, it is defined in dB (decibel). From the table below it is shown

that the shops and general usage areas need not less than 45-50 dB.

Permitted sound pressure levels dB(A)
according to type of place

Concert and opera halls, recording 530
studios, theaters, cinemas, efc.

Bedrooms, TV and radio studios, 230
conference rooms, classrooms, cameras,

libraries, efc.

Living and living rooms, operating offices, -3
hotel bedrooms, patient bedrooms

Lobby, prvate office areas, court 4040
buildings, fountains, hospitals, museums,

et

Open spaces, Wet spaces, Reception 50

areas, General usage areas, Shops,
Shopping centers, Restaurants, efc

Kitchen volumes, laundry, server rooms, 50-58

cafetenas, market areas, fargrounds,
entertanment centers, schoals,
nightclubs, etc

Figure 188 sound pressure level

4.4.3.3 Noise reductionand background noise:

Noise in the building here comes from the chatter of people within the area, the noises

generated by the HVAC system, and the sounds of cars and traffic from the street. From

the figure below shops NC curve is not restricted to a specific number so it is assumed to

be 50 dB.
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Type of Space (and Acoustical Requirements) NCCurve  Equivalent’ dBA

Concert halks, opera houses, and recital halls (for stening to faint musical sounds). 10-20 20-30

Broadcast and recording studios (distant microphone pickup useg). 15-20 2530

Large auditoriums, large drama theatres, and houses of worship (for excellent listening 20-25 30-35
conditions)

Broadcast, telesision, and recording studios {close microphone pickup only). 20-25 30-35

Small auditoriums, small theatres, small churches, music rehearsal rooms, large meeting ~ 25-30 3540
and conference rooms (for good listening), or executive offices and conference
rooms for 50 people {no amplification).

Bedrooms, sleeping quarters, hospitals, residences, apartments, hotels, motels, and o 2535 35-45
forth (for sleeping, resting, relaxing).

Private or semiprivate offices, small conference rooms, dlassrooms, libraries, and so 30-35 4045
forth (for good stening conditions).

Living rooms and similar spaces in dwelings (for conversing o listening to radio 3545 4555
and V).

Large offices, reception aress, retail shops and stores, cafeterias, restaurants, and so 3550 4560
forth (for moderately good listening conditions).

Lobbies, laboratory work spaces, drafting and engineering rooms, general secretarial 40-45 50-55
areas (for fair listening conditions)

Light maintenance shops, office and computer equipment rooms, kitchens, and 45-60 55-70
laundries (for moderately fair listening conditions).

Shops, garages, powes-plant control rooms, and so forth (for just acceptable speech - -
and telephone communication). Levels above PNC-60 are not recommended for any
office or communication situation,

For work spaces where spaech or telephone communication is not required, but where - -
there must be no risk of hearing damage.

Figure 189 Noise reduction in Db




4.4.3.4 Sound transmissionclass (STC):

Sound transmission class (STC) it is a measure of how well the building partitions’ isolate
the sounds in the adjacent rooms. Here in this project, the sound transmission class (STC)
of the internal and external walls will be calculated using the INSUL software. Down below
is a figure that shows the standard STC for the partitions between different spaces, for the
project STC should be 47-50dB .

Wall, Partition, or Panel Between

Room Being
Type of Occupancy Considered and Adjacent Area

Normal school buildings wathout  Classrooms Adjacent classrooms

or public areas
en and dining areas

extraordinary or unusua

activities or requirements

requirem

Normal oftice; normal privacy Office
eQUIrenms S, 3y occupancy

Conference rooms

Arge o1ces, (
banking f

Figure 190 sound transmission standard

4.4.3.5 Impact insulationclass (11C):

Impact Insulation Class (I1C) it is a classification of the ability of a floor or a ceiling in the
building to block or impact the structure-borne noise from transmitting through it to the
spaces below it. 1IC for floor-ceiling should be between 45-50 dB
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Assembly Function between Dwellings Grade Il
Apt. A Apt. B STC nc
Bedroom Above Bedroom 52 52
Living room Above Bedroom? 54 57
Kitchent Above Bedroom?®< 55 62
Family room Above Bedroom?*¢ 56 62
Corridor Above Bedroom? 52 62
Bedroom Above Living room® 54 52
Living room Above Living room 52 52
Kitchen Above Living room?® 52 57
Family room Above Living room®¢ 54 60
Corridor Above Living room? 52 57
Bedroom Above Kitchen“*® 55 50
Living room Above Kitchen®*® 52 52
Kitchen Above Kitchen® 50 52
Bathroom Above Kitchen®¢ 52 52
Family room Above Kitchen®<d 52 58
Corridor Above Kitchen?< 48 52
Bedroom Above Family room 56 48
Living room Above Family room*® 54 50
Kitchen Above Family room® 52 52
Bathroom Above Bathroom® 50 50
Corridor Above Corridor 48 48

Figure 191 Impact insulation class

4.4.4 Results from Ease Software, INSUL software, and from ease address
software respectively:

4.4.4.1 Reverberation time using Ease 4.3:

Reverberation time for shopping store number 13 with dimensions of (9.1m * 5.36m)
located in the middle of the ground floor. Materials used with different absorption

coefficient on different frequencies for shopping store number 13 as the following:

Table 92 absorption coefficient for materials used in shopping store 13

Building structure Material used 250hz 500hz 1000hz 2000hz
Ceiling Gypsum 12.5 0.29 0.2 0.1 0.04
MMB
Floor Parquet con 0.05 0.18 0.1 0.09
Wall length Wood paneling 0.9 0.8 0.5 0.4
Wall Width Plaster/ LTHR 0.09 0.07 0.05 0.05
windows Glass 6 mm 0.06 0.04 0.03 0.02
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Figure 192 Ease layout for Shopping store number 13

Edit Room Data \ show room - EASE 4.4

X

Data | RoomAT| |  MNoise | Mapping | Selings
Reverb. Time Rev. Time | Absorp. Coe|
Fomua: 100 Hz 167 003

125 Hz 167 003

Eying = 160Hz 137 0

ilocked 200 Hz 1.16 013

250 Hz, 1.00 015

Intetpolate | 315 Hz 101 015

‘ 400 Hz 102 015

S 000 500 Hz 103 015

630 Hz 116 013

_ m 800 Hz 133 012

1000 Hz] 154 010

1250 Hz 163 0039

Air Paramelers 1600 Hz] 173 003

iy 2000 Hz 182 008

. 2500 Hz 184 008

60 % 3150Hz 182 008

Temperature : 4000 Hz 1.76 007

[ =T 5000 Hz 158 007

S~ 6300 Hz 13 007

8000 Hz m 0.07

1013 hPe 10000 Hz 0,95 )

Recompute ‘ Apply J Ok | Cancel |

Figure 193 Ease results for reverberation time on different frequencies for shopping store number 13

Based on the results above RT60 on 1000hz is 1.54 which acceptable and within range (1.4-2.0).

4.4.42 STC and IIC using INSUL software:

here in this project the STC should be between 47-50 dB as mentioned before FFOR the
internal partitions, after calculations using INSUL software we achieved an internal
partition with a STC 49 dB, which is in the range needed and illustrated in the picture
below using 20cm thick blocks instead of 15cm blocks and with plaster 1.5cm instead of

2.5cm:
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Figure 194 STC result for internal partitions in the ground floor

4.4.4.3 Loud speaker’s distribution using Ease Address:

Loud speakers’ distribution for shopping store number 13:

<t 2°] - EASE Address 1.1.221

Edit | View Help

AFMG > CEILING 70x70

5 Show Mopping | Tree: cesctonL. (0

Setings

LSPK A

- Frequeney: - Benut: groschand

30W

= | Relative: [ Avg. +3 dB

BU|AX

b Shoppr stre 15 ] - .
Roam Height [n]: a8
Ear Height [m]: Lms
Hetwork: Low Impedance -
Hose Leves Settngs
. . .
Layout Tnages
Select Select
’ 2
Room Layout E]
Xl ¥lm] i
5
1 .10 0.00
2 5.10 5.3
3 .00 53
A o o 1,068 Closs Vidth -
s a.00 0.00 terage: 1038 d8 208

104.3 d8 (Max: 105.2)
103.2 d8 {Min: 102.1)
%
0.0% > 1055 dB
24% < 1025 d8
27

W3 Project | Room (Shopping —. [#l Auto-Arrange (Sh— [W Loudspeaters (Sh.

<3 Distribution Graph (Shopping Store 13) [3 Frequency Response (Shopping Store

Figure 195 shopping store number 13 layout on EASE address

In this project a 30-watt speaker in the ceiling will used with dimensions of70cm*70cm,

also a hexagonal distribution of the speakers with minimum overlap:
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CEILING 70x70
LSPK A 30W

- (o8 Loudspeskers Sh.. || %8 Distibubion Gragh (Shapping Store 13) [#8 Frequency Response (Shopping seve 11

He2BRm V=3 m Coverage 3%

Figure 196 speakers selection and dimension

T

CEILING 70x70
AFMG %> LSPKA 30w
= e g8 -
(AdoAmngelhospng e 3 AX

Loudspester SLaout

Lol IENENEN

4 Ausomabcaly arrarge Lovdspesters

Lowdspesker
Cetrg Lk (311, 7o) (APE)

e
Gan (6] 00

LovoutTyse

Overlss Type
O sdgerosdgn

@ Mo Ok
O Gonter 30 Center

O Ditance m):
O Level Variation [

N ofCursors: 3
Fine Tuing

sende 1 e | B Cursrs Locstirs:
Ofent [l 00 4l 2] (= e s
et il om

it:i S| |2] o] =
5 Orestencm
- 2] Doy aang Vo

avency [1z]

V4 Dtrbuton Graph (Shopping Store 15) [V Frequency Response (Shopping Store 13)

VA Project o focm (Shopping .. | Auto-Arrange (Sh.. Wl Loudspeskes (3

Coverage: 9%

Figure 197 direct SPL in the shopping store (hexagonal distribution)

In the picture above the speakers can provide up to 92 dB, and can be dimmed down to

meet the standards’ SPL. Nothing less than 50 dB. So the articulation loss will be nearly
Zero.

Down below is a picture that shows the noise/sound ratio, it is around the standard which
is 50 dB:

it View Hep

CEILING
AFMG §> LSPKA ;

[T %sn — Enter Curmaes Locatons:
o £ ﬁp—_\:}; T = ] (3 =
s A _‘_L_E v [ EE
15 - s00 ke & o o N
Freceency [] 4 Dspley Mapng Vekes.
VPt 8 Foom (Shopping — |98 Auto-Avange Sh-. o8 Toudepeavers (- | 0 Datiuton Gaph Shopsing e T3 |+ Frequency Response Shopping Stoe 15)

Coversge 952%

Figure 198 noise/sound ratio (hexagonal distribution)
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Instead of using 11 speakers for this store which can expensive, so another trial was done
using just 3 speakers which covered almost all of the area needed and with aslight different
in the SPL. The critical scenario to design is the following, a rectangular distribution of the
same speakers in the center of the room:

CEILING 70x70
LSPK A 30W

5 1 v renge . O Eoutopet |, W DS i Sheppn S T 4l Freqry Resporse Gioppig Sore 19

Figure 199 direct SPL in the shopping store (rectangular distribution)

As can be seen in the picture above, still having up to 82 SPL in the places the speakers do
not cover directly.

CEILING 70x70
LSPK A 30w

Ceing spk A (30 W, TOx70) (AFMG)

Gain
Gain [a8); 6ols

=)
—— &
_SS — . p— - —r— 1 1 Number of Cursars 9
Fioe Tuning e e 1
Ange [%: g4 ——— ) \,.l Enter Cusrsors Locasons:
offet n} o) fo =l =—_ | HEEEE
-Offet [n) 0.00 = [
= = = e ;" p: x o
Frequency [Mz] ) Displey Mepprg Vakes
VA Project (98 oo (Shopping .. | Auto-Arange Sh.. [V Uoudspeskers (.. | Vi Ditbiton Graph (Shopping Star 13 |4l Frequeney Respense (Shopping Store 13)
Coverage 423%

Figure 200 noise/sound ratio (rectangular distribution)
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4.5 Fire alarm and Firefighting systems

+ Introduction:
Fire is one of the most dangerous and phenomenal hazards that may face

buildings, which significantly affect buildings in big way, the occupants inside
them, and even the materials used in place. Therefore, in general, the occurrence
of fire cannot be prevented, but rather they can be controlled, and this is what an
engineer should work on to design and establish the fire suppression system in the
buildings. This point is effective to a degree that enables lowering the danger and

saving the occupants and the building in the first degree.

In this project, afire suppression system will be designed for the 9-story shopping
store and residential building where two floors of parking, 1 floor of shopping
stores, 5 floors of residential and roof.

The nature of the spaces and rooms in the building varies widely and this is in
good demand.

The building's rooms and spaces have a wide range of characteristics, so choosing

the fire suppression system in each space.

4.5.1 Firefighting systems:

In this building, three different Kkinds of fire suppression systems will be
employed:
1.) Sprinklers
2.) Host terminal system
3.) Fire Extinguisher
+ Fire Extinguisher :
It's a pressure vessel that is cylindrical in shape and has a dischargeable
extinguishing chemical inside that puts out fires. It may be used to a minor
fire without affecting the automated sprinkler system, should it start to
spread. We utilized it in retail establishments, placing one device in each

store.
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And to choose the type of extinguisher we use the figure below

From previous figure we choose L2 & M28 POWDER because we thought it was the

most suitable because there are different materials in the shops.

And for more safety we put a one extinguisher each 10 meters of corridors.

Figure 202 Powder fire extinguisher

#+ Hose terminal system :

It is a system for extinguishing fires using high-pressure water flow, and it is a

large-scale system in corridors and is usually used in public buildings.

In our project, we placed it in the corridors in a place that allows shops to use it

The length of the hose is about 30 meters.
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Figure 203 Hose terminal station

The following figure show the datasheet of hose station usedinthe building:

Equipment

1. Londing valve: Designed to B.S 2060 & B.S 5041 Gy palo s
Available in following sizes & types:- FIRE HOSE
2" Thread x2.5" INST 30°Landing valve bronze, o
Model 1711

2" Thread x 2.5” 90° pin Rack landing volve
Bronze Model 1713

2.5" Flange x 2.5” INST.Landing valve (<, BRISTOL
(Bronze),Model 1718

2.5" Flange x 2.5" INST. Londing valve with
plastic cap & chain (Red finishing), Model 1719
2.5"Flange x 2.5" INST Combined londing valve
with pressure regulator (Bronze),Model EPR.V
1722

2.5"Flangex2.5" INST combined landing valve
with pressure regulator (Red finishing) Model
Standy PRV

2. Fire Hose: Synthetic rubber with textile reinforcement, Heavy duty Professional’s fire hose to BS.6391 &
15636: 88|$10ndord length 100ft & 75 ft

3. Hose coupling: As standard hoses are normally equipped with light alloy aluminium male and female
instantaneous couplings to BS.336 other couplings to customer requirements on request.

4. Fire Hose Nozzeles: Available in two types:-
Jet/spray/off Branch pipes,Model 1006 Diffuser type to BS 1490, Model DN

5. HoseRAck Assembly: Designed to BS. 5423. It is a pin type rack, red colour and usually furnished with
| stanely right angle valve.Model PRA

Figure 204 Hose station system we used in building

> In the following figure show you how to use hose terminal system

1. Open valve completely. 2. Pullhose entirely off rack (or else 3. Open nozzle. Water willflow when hose
water willnot flow). is entirely off rack and nozzle is open.

.

r
v

Figure 205 How we use hose station
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+ Sprinklers :

It is another way to put out fires, and there are several types of them, but we used
the wet-pipe sprinkler in our project. This system was used mainly in residential
floors and parking floors, and it was used on the ground floor (shopping stores )
in the corridors only.

The following figure shows the type of sprinklers we used in building:

EC-11 & EC-14

Upright, Pendent & Recessed Pendent

TFP220

Figure 206 Catalogue of sprinklers

As we see in the previous figure the area covered by one unite about (37.2 m™2)

» Show you the number of sprinklers on each floor in the building by the following
table:

Table 93 number of sprinklers in each floor:

The area in which Coverage Number of

the sprinkler is area of sprinkler

placed sprinkler

Basement 1 944 37.2 25
Basement?2 944 37.2 25
Ground 315.6 37.2 9
floor
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First floor 945 37.2 26

Second 945 37.2 26

floor

Third floor 945 37.2 26

Fourth 945 37.2 26

floor

Fifth floor 945 37.2 26

Roof 264 37.2 7
> Pipes:

Steel pipes were used to connect sprinklers, tanks and individual floors in fire
extinguishing networks

The pipe diameters required according to civil defense requirements are shown in
the table below. 3.5-inch diameter pipes were used to connect the floors, while

2.5-inch diameter pipes were used to reach the sprinklers horizontally within floo

Steel pipes
Diameter Number of sprinklers

1in. 2 sprinklers

1% in. 3 sprinklers

1%z in. 5 sprinklers
21in. 10 sprinklers

2% in. 30 sprinklers
im 60 sprinklers

3z 1n. 100 sprinklers

4 in. See Section 8.2

» Water tank:
The building's roof was equipped with 2000-liter water tanks, which were used to
supply water to the firefighting system. In case of a water shortage, the tanks
were connected to the rainwater tank beneath the building, and a water hose was
extended outside the building to allow water to be supplied to the system via fire

trucks and Civil Defense.

4.5.2 Fire alarm systems:
+ Detectors:
We use two types of detectors :
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1.) Heat detectors :
We used heat detector type in parking lots instead of smoke detectors because
the parking lots are filled with car smoke. We also placed it in corridors in

ground floor and in the Kitchens of residential floors.

PRODUCT DESCRIPTION

Product characteristics

ANcenate: sensory 100 Bre deted hon and slarm panels
Heat sennoe

Figure 207 heat detector

2.) Smoke detectors:
We used smoke detectors in shopping stores on ground floor, in residential

floors and roof because the percentage of smoke in these spaces is low.

AT, M® 6430 72

FODULCT DESCRIFTION

Product characteristics

AuraT SENSTE ¢ Tee SeieUn and Slaim pandly
Oiptical wmoks sensar
m 0 EM ST siandand and CE CPR ey win]
i i finin Pl

Figure 208 Smoke detector
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+ Signs and escape exits:

Because visitors to the building may not be fully aware of the building's
entrances and exits, signs, whether written or electronic, must be erected
inside the structure to indicate how to get to the escape exits and how to

evacuate the building in the case of a fire or any other risks.

Figure 209 Exit sign

z ®

Figure 210 Exit sign for upper floors

—

Figure 211 Exit sign for basement floors
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» Down below are figures that shows the sprinkler system used in fires, and also

will show the escape routes in the building:

L \ e L ‘ W l el
0.00 i ey —
9

Figure 213 Fire system used in GF
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Figure 214: Fire system usedin parking 2

Figure 215 Escape routes for Parking
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Figure 217 Escape routes in residential floors
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4.6 Water supply

It is the system that supplies water to every part of the structure for applications like

drinking, cleaning, and other purposes. Creating a system that is sufficient to meet all of

these demands is crucial.

Table 95 estimation for water consumption

| Estimation for the water consumption

Number Consumption Total .
Type of user of user er DErson consumption
Per pe (liter)
resident person 240 80 19200
Market 36 80 2880
Visitors 50 5 250
Total_ 22330
summation

The required number of roof tanks:

A tank with a capacity of 3 m® will be taken.
total consumptin _ 22.330

Number of roof tanks = ==

tank capacity
So, the number of tanks = 8 tanks

The location of the roof tanks :

1
j—

@00
3 029 O
© @

]|

\

-

=7.44

Roof

Figure 218 location of tanks (top view )
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1

Figure 219 section of tank and floors

e Tank description:

SINTEXRENO

FEATURES
100% Virgin Plastic
Food Grade Plastic with FDA Approval

Phthzlate-Free Granules & Additives

100% UV Stabilized Tank and Lid
Two Layers
Roto Moulding Manufacturing Process

Multi-Ribbed Design

Contact Us

Figure 220 data sheet for tanks
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Code No

WSCC-0050-01

RENO-WHITE

e Pipe diameter calculations :

The numbers in the following table will be used to calculate the total

Capacity Diameter
(L (mm])
500 900
700 900
1000 110
1500 365
2000 1365
2500 365
3000 1500
5000 1800
10000 2130

Table 96 specifications of tanks

Diameter of manhole

(mm)

875 400
1195 400
1170 406
1155 400
1515 407
1875 400
1875 400
2175 510
3155 510

number of fixture units that the vertical line should support:

Table 97 water supply fixture unites

Load Values in WSFU

Fixture Occupancy Type of Supply Control Cold Hot Total
Bathroom group Private Flush tank 2 15 36
Bathroom group Private Flush valve 6 3 8
Bathtub Private Faucet 1 1 14
Bathtub Public Faucet 3 3 4
Bidet Private Faucet 1.5 15 2
Combination fixture Private Faucet 2.25 2.25 3
Dishwashing machine Private Automatic 14 1.4
Drinking fountain Offices, etc. % in. (9.5 mm) valve 0.25 0.25
Kitchen sink Private Faucet 1 1 14
Kitchen sink Hotel, restaurant Faucet 3 3 4
Laundry trays (1 to 3) Private Faucet 1 1 14
Lavatory Private Faucet 0.5 05 0.7
Lavatory Public Faucet 1.5 15 2
Service sink Offices, etc. Faucet 2.25 225 3
Shower head Public Mixing valve 3 3 4
Shower head Private Mixing valve 1 1 1.4
Urinal Public 1in. (25 mm) flush valve 10 10
Urinal Public % in. (18 mm) flush valve 5 5
Urinal Public Flush tank 3 3
Washing machine, 8 Ib (3.6 kg} Private Automatic 1 1 1.4
Washing machine, 8 Ib (3.6 kg Public Automatic 225 225 3
Washing machine, 15 Ib (6.8 kg) Public Automatic 3 3 4
Water closet Private Flush valve 6 6
Water closet Private Flush tank 22 22
Water closet Public Flush valve 10 10
Water closet Public Flush tank 5 5
Water closet Public or private Flushometer tank 2 2

Source: Intemational Plumbing Code. ® 1997, International Code Council, Falls Church, VA. Reprinted with permission. All rights

reserved

The next table describes the way the assumption for the

number of fixture units in the main vertical line;
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Table 98 number of fixtuers

Vertical main feeder FU
GF ( markets) 27
15t— 5t floor (residential) 221
Parking 2.8
Total 250.8
o Water flow for the main vertical line calculated from the following

number of fixture unites :

Demand, g\\m

40+

100 —

) TS S S 5 U S B

60 HH--HH
EAERERE

I )0 G U A ) A A O O o 0 A 0 O I I O
20 NN o I ... ey e b |
ot + + !

20 40 60 80 100 120 140 160 180 200 220 200

Fixture units

Figure 221 water flow chart

The number of FU is equal to 250.8 FU

from the previous chart the water flow is 75g/m

Page 221 of 250

Table 99 Calculations of pressure

floor h floor (ft) Cumulative Unite
height of fixture
floors (ft)
9.84 93.48 1.4
14.76 83.64 27
11.48 68.88 44.2

Demand liters/sec

by




11.48 57.4 44.2
11.48 45.92 44.2
11.48 34.44 44.2
11.48 22.96 44.5
11.48 11.48 ---

e Designof vertical pipes :

Total Type :steel pipes.

Total weigh in fixture unit = 250.8 UF
Flow =75 gpm

Actual length =103.32 ft

Equivalent length = 1.2 * actual length
Equivalent length = 1.2 * 103.32 = 123.98 ft

100

12"
3/4"
1
| velocity > 5 feet per second| 114"
| Use with caution | —;”112
- .. J{ A 1Y | ——2112
- 5 —t 3"
TR ra [ —
F— . rd "4 "
= 7 y A e 4 7 5"
g 7t ¢ 1
= W N A L ol 8 L
2 . / T . |
2 M2 -1
3 III " - ra — = 711 =__
c r4 rd rd
5] Z Z pA—
€ Z1 114 rA— 4
= - U / -
34" i / P
//1 14" d . v /
01 A= L
= e R Y =
7 o 4
y, 1 A
o 6" 8"
l | engineeringtooibox com
e 2 345678 20 30 4050 70 200 300 500 .
1 10 100 1000
Flow (gpm)

Figure 222 pipe diameter (flow & friction loss )
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This table shows the pipe diameter and friction loss in each pipe

Table 100 diameter of the pipe and the friction loss in main vertical feeder

‘ Diamete 5 4” 3” 2.5” 2 1.5”
r b b
Loss/100° 0.048 0.17 0.48 1.8 3.9 12
Loss/103. 0.0496 0.1756 0.496 1.8594 4.028 12.396
kX 7

e Designof horizontal pipes :

The critical length =24.01 m so length in (ft) =78.77 ft
Equivalent length = 1.2 * 78.77 = 94.52 ft
Pipe sizing and friction loss calculation

Where unite flow in this part= 11

This table shows the pipe diameter and friction loss in each pipe:

Table 101 pipe diameter and friction loss for horizontal pipes

Loss/100° 0.11 0.4

2.1

Loss/94.52° 0.104 0.378 0.756

1.985

e Pressure design:

P =0.433 * h (cumulative height of floors in feet)

H tank = 6.15 ft

Number of floor = 9 floor
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Table 102 pressure calculations

floor h floor (ft) Cumulative pressure
height of
floors (ft)
9.84 103.32 44.74
9.84 93.48 40.48
14.76 83.64 36.22
11.48 68.88 29.83
11.48 57.4 24.85
11.48 45.92 19.88
11.48 34.44 1491
11.48 22.96 9.94
11.48 11.48 4.97

e The following figures show the water supply plans :

b |

Figure 223 Parkings water supply plan
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Figure 225 1st - 5th floor (residential) water supply plans
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4.7 Drainage and Rain water

4.7.1 Drainage

One of the most crucial systems that must be planned for in each building is the sewage
system, which uses specialized pipes to move liquid waste from the structure and

correctly dispose of it in the public sewage lines.

The sewage system was created using the following guidelines and tables:

Table 103 Drainage fixture unites

Drainage Fixture Minimum Trap Size

Fixture(s) Units (dfu) in. mm?
Automatic clothes washers: Commercial® 3 2 51

Residential 2 2 51
Bathroom group: Water closet (1 6 gpf [6 Lpf]), lavatory, and bathtub 5 — —

or shower; with or without a bidet and emergency floor drain
Bathroom group: Water closet (>1.6 gpf [6 Lpf]), lavatory, and bathtub 5 — _—
or shower, with or without a bidet and emergency floor drain

Bathtub® (with or without overhead shower or whirlpool 2 1 38
Bidet 1 1va 32
Combination sink and tray 2 1Ve 38
Demal lavatory 1 1va 3z
Dental unit or cuspidor 1 1% 32
Dishwashing machine?, domestic 2 12 38
Drinking fountain 05 1% 32
Emergency floor drain o 2 51
Floor drains 2 2 51
Kitchen sink, domestic 2 1V 38
Kitchen sink, domestic, with food waste grninder and/or dishwasher 2 12 38
Laundry tray (1 or 2 compartments) 2 12 38
Lavatory 1 114 32
Shower 2 1% 38
Service sink 2 1V2 38
Sink 2 12 38
Urinal 4
Urinal, 1 gal (3.8 L) per flush or less 2
Urinal, nonwater supplied 0.5 €
Wash sink (circular or multiple) each set of faucets 2 1% 38
Water closet, flushometer tank, public or private 4f s
Water claset, private (1 6 gpf [6 Lpf]) 3* o
Water closet, private (>1.6 gpf [6 Lpf)) 4f =
Water closet, public (1.6 gpf [6 Lpf]) ar
Water closet, public (flushing =1.6 gpf [6 Lpf]) 67 .

Table 104 Diameter of pipes

M 3 i Number of dfu Ci d to Any Portion of the Building
Drain or Building Sewer, Including B ches of the Building Drain®
Diameter of Pipe Fall, in. per ft (% slope)
Ve Ve Ya Ya

in. mm?® (0.5%) (1.04%) (2.1%) @.2%)
2 51 21 26
2vz 54 z4a 31
3 76 36 42 50
4 102 180 216 250
S 127 390 480 575
5] 152 700 840 1000
8 203 1400 1600 1820 2300
10 254 2500 2S00 3500 4200
12 205 2900 4600 S600 6700
15 381 7000 8300 10,000 12,000
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Maximum Total Number of dfu Allowable
Diameter of Pipe Stacks®
Horizontal One Branch Three Branch Greater than Three

in. mm-* Branch Interval Intervals or Less Branch Intervals
1% 38 3 2 - 8
2 s1 & [ 10 24
2V 64 12 9 20 42
3 76 20 20 48 72
- 102 160 20 240 500
= 127 360 200 540 1100
6 152 620 350 960 1900
8 203 1400 600 2200 3600
10 254 2500 1000 3800 S600
12 205 2500 1500 6000 2400
15 381 7000 e < i

» As shown in the previous tables the fixture unites used are :

+«»+ Bathroom group : 6 dfu
+ Floor drains : 2 dfu

% Kitchen sink : 2 dfu

¢ Urinal : 4 dfu

+«+ Water closet public : 6 dfu
¢ Sink : 2 dfu

> And now | will show the distribution of fixture unites used on each floor :

= GF ( market) :

Table 106 distribution of fixture unites in GF

‘ DF Number of Gf

Ablution 1 4 dfu
Ablution 2 12 dfu
WC 1 6 dfu
WC 2 6 dfu
WC 3 6 dfu
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= 1t floor —5thfloor :

Table 107 distibution of unite fixtures in 1st floor

‘ DF Number of 1t
Kitchens 16 dfu
Baths 48 dfu

+ Note that our floors from the first floor to the fifth floor are similar
residential floors and have the same distribution of unite fixtures .

= Parking :

Table 108 distribution of unite fixture in parkings

‘ DF Number of parkings
Sinks 4 dfu

» Drainage pipe used and the slope

This table shows the Diameter of the pipe used and the slope of each pipe:

Table 109 diameter of pipes and it's slope

| Type of pipe Diameter slope
Vertical vent 4in 0%
Vertical stack 4in 0%
Horizontal sewers 4in, 2in 0.15%
branches 4in 0.15%
Horizontal drain 4in 0.15%
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Figure 226: parking plan for drainage

» The following figures show the water drainage on floors :

1 F = B B

%_ $-3.oo

@0.00
.00

TT - -

Figure 241: ground floor drainage plan

As we see in the figure above we have a drainage plan for the ground floor (Markets)
including the tow ablutions and three of public baths. Note that our floors from the first

floor to the fifth floor are similar residential floors.
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Figure 227 1st to 5th floor drainage floors

As shown in the picture above, there is a drainage plan for the first floor, which includes

4 residential apartments, each one containing a kitchen and two bathrooms, note that we
have

Figure 228 site plan and drainage of building

As you can see in the figure above, there is a site plan for the project, including the
adjacent buildings, the streets surrounding it, their levels, and the municipality’s drainage

line to which we delivered the drained water from our building.
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4.7.2 Rain water drainage :

One of the most important aspects of building construction is rainwater drainage, which is

intended to collect and divert rainfall away from the structure in order to prevent damage,

Below is a plan of rainwater drainage in our building:
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Figure 229 rain water plan

4.8 Vertical and horizontal transportation:

One of the most popular forms of vertical mobility in Palestinian business and residential
structures is the elevator, which fits the project's needs while also respecting the

building's architectural style.

This building contains 9 floors, including 2 parking floors and the ground floor, which

contains shops, in addition to 5 residential floors and the roof.
And the 5 floors of 9 that have the benefit of the existence of elevators

This building is considered to have a single tendency, and the service is to be good

service.

» To estimate population of the building will be calculated as shown :
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We calculate for the residential floors, so the population will depends on the
number of beds in rooms: the population will equal
2(beds) * 3 (bedrooms) *4(Residential apartments on one floor) = 24
persons/floor
POP = 24 * 5(floors) = 120 persons

» The value of handling capacity of elevators system PHC and HC :

Table 110 PHC TABLE

TABLE 31.6 Minimum Percent Handling
Capacities (PHC)

Percent of Population to Be
Facility Carried in 5 Minutes
OFFICE BUILDINGS
Center city 12-14
Investment 11.5-13
Single-purpose 14-16
RESIDENTIAL
Prestige 5-7
Other 6-8°
Dormitories 10-11
Hotels—first quality 12-15
Hotels—second quality 10-12

From previous table choose PHC =8 %
Then, HC = PHC * POP
HC = 8% * 120
HC = 9.6 person/5min
» The rise of building =31.5m

Table 111 Elevators Recommendations

TABLE 32.9 Elevator Equip 1t Rec dations

Car Capacity” Rise Minimum?® Car Speed

Building Type Ib kg ft m fpm m/s
0-125 0-40 350-400 20

2500 1250 126-225 41-70 500-600 25
Office building 3000 1250 226-275 71-85 700 3.15
3500 1600 276-375 86-115 800 40

Above 375 >115 1000 5.0

- 2500 1250 As above As above
ote 3000 1250

0-60 0-20 150 0.63

61-100 21-30 200-250 1.0

Hospital 3500 1600 101-125 31-40 250-300 16
P’ 4000 2000 126-175 41-55 350-400 20
176-250 56-75 500-600 3.15

>250 >75 700 40

0-75 0-25 100 063

2000 1000 76-125 26-40 200 1.0

Apartments { 2500 1250 126-200 41-60 250-300 16
>200 >60 350-400 2.0

0-100 0-30 200 1.0

3500 1600 101-150 31-45 250-300 16

Stores 4000 2000 151-200 46-60 350-400 20
5000 2500 >200 >60 500 25
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vV V V VY

From previous table the riser located between ( 26 —40)
So, the minimum  car speed = 200 fpm

And the capacity ( 2000, 2500) Ib
So, the option we have it { 2000 /200 } and { 2500 /200 }

And now will show you the calculation to select the elevator :

Table 112 Calculations ro select the elevator

| 2000/200 2500/200
p 10 13
RT 100 110
hc 30 35.45
HC 9.6 9.6
N 0.32 0.27
N1 1 1
Pop 120 120
PHC 25% 29%
Interval - -
N2 2 2
PHC 50% 59%
Interval 50 55

v" We have succeeded in both types of elevators as our interval located

between (50-70)

v" So, we need 2 elevators { 2500 Ib / 13 persons} and have a speed 200 fpm.
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Chapter 5
Quantity surveying and cost

estimation
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5.1. Introduction:
Estimating the quantities and costs of a construction project is one of the most important

and vital topics to worry about when planning for a construction project. Accurate and
precise estimations should be prepared before the implementation of any project, especially
in construction projects, and it is usually one of the first things that is seen with interest,
whether seen from an investor point of view or a contractor’s perspective, as it helps both
to determine their financial and investment resources for the investor, or to stay aware and
be around the free space and margins of the project cost estimation and construction works
costs, this allows the accurate and safe financing of the project. Also to determine the
number and the quality of technical staff that will carry out the project for the contractor,
and this estimate must be very accurate in order to reach the level of perfection as much as

possible.

5.2. Methodology:
After the work and the redesign for this project, with the present of adequate needed

drawings, and the good understanding of the nature of the project. The next stage is the
estimation cost of the project, the unit cost of a square meter is estimated by a specialist
and a professional in this field Dr. Luay Dweikat, that estimated the work and the nature
of the building, it was 900 dollars for each meter squared. The accurate and precise cost
estimation of the project will be described in each small detail later on in Graduation project
2, with a bill of quantity of all materials used, and a work breakdown structure with the

addition of the labor costs.

5.3. Budget development and tentative cost estimate:

As an estimation of how the work that was done for this project in the Graduation project
1, and nature of the building after the redesign, an estimated cost of 700 dollars for each
meter squared. An estimated total cost for the project was around 56000008%, but now after
making a table of unit prices and detailed prices and a detailed work breakdown structure

the results were as the following:
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°e

Item No

WBS:

The tables in the next pages shows the bill of quantity and costs:

Description

Quantity

Material Cost

Labor Cost

Total cost

with waste

factor
Unit | Total Unit Total Cost
Cost | Cost Cost
1 GP 2
1.1 Structural
11.1 Sub-
Structure
1111 Earth
Works
11111 Excavation | CM | 5664 35 - - - 198240
And
Disposal
1.1.1.1.2 Side walk M 492 70 34440
Stone
Pavement 0
1.11.13 Pavement | SM | 150 54 8100
1.1.1.2 Foundation
11122 Footing
1.1.1.221 | Matt
1112211 Formwork | SM | 147.8 3 443.4 10 1478 1921.4
1.1.1.2.2.1.2 | Steelwork | Ton | 23.6 3500 | 82600 800 18880 101480
1.1.1.2.2.1.3 | Concrete CM | 760 320 | 243200 | 10 7600 250800
work
1.1.1.2.2.1.4 | insulation | SM | 147.8 8 1182.4 6.4 945.92 2128.32
footing or
Proofing
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1.1.2 Super- 0 0 0
Structure
1121 Structural 0 0 0
Elements
11211 Columns 0 0 0
1.1.2.1.1.1 | Formwork | SM | 861.6 3 2584.8 10 8616 11200.8
1.1.21.1.2 | Steel Ton | 46.06 3500 | 161210 | 800 36848 198058
1.1.2.1.1.3 | Concrete CM | 444.08 320 | 142105.6 | 10 4440.8 146546.4
11212 Shear wall 0 0 0
112121 | Formwork | SM | 13560 3 40680 9.6 130176 170856
1.1.2.1.2.2 | Steelworks | Ton | 26.085 | 3500 | 91297.5 | 800 20868 112165.5
1.1.2.1.2.3 | Concrete CM | 8695 320 | 2782400 | 10 86950 2869350
Works
1.1.2.13 Beams 0 0 0
1.1.2.1.3.1 | Steelwork | Ton | 214.24 3500 | 749840 | 800 171392 921232
11214 Slab 0 0 0
1.1.2.141 | Formwork | SM | 8240 3 24720 9.6 79104 103824
1.1.2.1.4.2 | Block work | Unit | 36050 3.5 | 126175 |0.23 8291.5 134466.5
1.1.2.1.43 | Steelwork | Ton | 150.41 | 4100 | 616681 | 799.92 | 120315.9672 | 736996.9672

Total

| with waste

cost

Item No Labor Cost

Description

Quantity | Material Cost

factor
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Unit | Total Unit | Total
Cost | Cost Cost | Cost

1.1.2.1.4.4 | Concrete CM | 2076.48 | 340 | 706003.2 |14 29070.72 | 735073.92

work
1.1.2.1.5 | Stairs 0 0 0
1.1.215.1 | Formwork | SM | 61.21 2.155| 131.90755 | 9.6 587.616 719.52355
1.1.2.1.5.2 | Steelwork | Ton |2 4100 | 8200 799.9 | 1599.8 9799.8
1.1.2.1.5.3 | Concrete CM | 66 340 | 22440 14 924 23364

work
1.1.2.1.6 | Ramp 0 0 0
1.1.2.1.6.1 | Formwork | SM | 317 2.6 824.2 9.6 3043.2 3867.4
1.1.2.1.6.2 | Concrete CM | 634 340 | 21556 14 887.6 22443.6
1.1.2.1.6.3 | Steelwork | Ton | 2.82 4100 | 11562 799.92 | 2255.7744 | 13817.7744
1.1.2.1.7 | Retaining 0 0 0

Walls
1.1.2.1.7.1 | Formwork | SM | 732.09 2.6 1903.434 | 9.6 7028.064 | 8931.498
1.1.2.1.7.2 | Concrete CM | 732.09 340 | 248910.6 |14 10249.26 | 259159.86
1.1.2.1.7.3 | Steelwork | Ton | 15.05 4100 | 61705 799.92 | 12038.796 | 73743.796
1122 Non- 0 0 0

Structural

Elements
11221 | External 0 0 0

Walls
1.1.2.2.1.1 | Blocks SM | 2421 18.75 | 45393.75 | 20 48420 93813.75
1.1.2.2.1.2 | Concrete CM | 364 300 | 109200 20 7280 116480
1.1.2.2.1.3 | Stone SM | 2421 120 | 290520 34.98 | 84686.58 | 375206.58
1.1.2.2.1.4 | Sill M 365 70 25550 10 3650 29200
1.1.2.2.1.5 | Insulation CM | 145.26 350 | 50841 20 2905.2 53746.2
1.1.2.2.2 | Internal 0 0 0

Walls
1.1.2.2.2.1 | Blocks SM | 5110 31.25 | 159687.5 | 20 102200 261887.5
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1.1.2.2.2.2 | Insulation | CM | 306.6 350 | 107310 20 6132 113442
1.1.2.23 | Lintel 0 0 0
1.1.2.2.3.1 | Formworks | SM | 704 3.45 | 2428.8 39.96 | 28131.84 | 30560.64
1.1.2.2.3.2 | Steel TON | 3.13 4100 | 12833 799.2 | 2501.496 | 15334.496
1.1.2.2.3.3 | Concrete CM |70 300 | 21000 14 980 21980
1.1.3 Finishing 0 0 0
1131 Plastering 0 0 0
1.1.3.1.1 | All Floors SM | 13344 20 266880 20 266880 533760
1.1.3.2 Painting SM 0 0 0
1.1.3.21 | All Floors | SM | 13344 15 200160 15 200160 400320
1.1.33 Kitchen M 75 550 | 41250 50 3750 45000
marble
1134 False SM | 7087.5 45 318937.5 | 35 248062.5 | 567000
Ceiling

Total cost

Description Quantity | Material Cost Labor Cost with
waste
factor

Unit | Total Unit | Total
Cost | Cost Cost | Cost
1.1.35 Tiles
1.1.35.1 | Regular +|SM |299.75 60 17985 35 10491.25 | 28476.25

Bathrooms

Floor

Tiles+ Side

Panels

1.1.35.2 | Satires M 285.7 120 | 34284 29.98 | 8565.286 | 42849.286
1.1.35.3 | Wall tiles SM | 2163 66.25 | 143298.75 | 24.98 | 54031.74 | 197330.49
1.1.3.6 Doors 0 0 0

1.1.3.6.1 | Wood SM | 268 250 | 67000 49.95 | 13386.6 | 80386.6
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1.1.3.6.2 | Steel SM | 42 800 | 33600 51 2142 35742
1.1.35 Windows SM | 452.88 750 | 339660 50 22644 362304
1.1.4 Mechanical 0 0
1141 Drainage 0 0
system
11411 | Tanks 0 0
1.14.1.11 | TANKS 15| Unit | 16 400 6400 82.09 | 1313.44 | 7713.44
CM
1.1.4.1.1.2 | Tank Unit | 16 300 | 4800 82.09 | 1313.44 | 6113.44
support
1.14.1.2 manholes 0 0 0
1.1.4.1.2.1 | manholes Unit | 14 850 | 11900 82.09 | 1149.26 | 13049.26
1.1.4.1.3 | drain water | Unit | 154 25 3850 82.09 | 12641.86 | 16491.86
pipe
2 inch
1.1.4.15 | Tank
Drains
1.1.4.15.1 | Floor drain | Unit | 72 33 2376 82.09 | 5910.48 | 8286.48
1.1.4.15.2 | Roofdrain | Unit | 7 25 175 82.09 | 574.63 749.63
1.14.2 Water 0 0 0
System
1.1.4.2.1 | Sinks 0 0 0
1.1.4.2.1.1 | single sink | Unit | 74 50 3700 82.09 | 6074.66 | 9774.66
0 0 0
1.1.4.2.2 | Valve Sink 0 0 0
1.1.4.2.2.1 | valve sink | Unit | 74 200 | 14800 50 3700 18500
single
0 0 0
1.1.4.2.3 | Fire System 0 0 0
1.1.4.2.3.1 | Fire Fitting | Unit | 215 20 4300 15 3225 7525
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1.1.4.2.3.2 | Sprinklers | Unit | 215 40 8600 30 6450 15050

1.1.42.3.3 | Fire system| M 1870 15 28050 20 37400 65450
pips

1.1.4.2.3.4 | Hose Unit | 7 700 | 4900 150 | 1050 5950
Station

11424 WC 0 0 0

1.1.4.2.4.1 | WC cabinet | Unit | 53 600 | 31800 150 | 7950 39750

1.1.4.2.4.2 | bidet spray | Unit | 55 25 1375 82.09 | 4514.95 | 5889.95

Total cost

Item No | Description Quantity | Material Cost | Labor Cost with
waste
factor

Unit | Total Unit Total
Cost | Cost Cost | Cost
1.1.4.2.4.3 | Stopcock Unit | 53 15 795 82.09 | 4350.77 5145.77
water  for
we

1.14.25 Elbow and 0 0

valve

114251 |12 Inch | Unit | 53 15 795 82.09 | 4350.77 5145.77

valve

114252 |1 Inch | Unit | 53 18 954 82.09 |4350.77 5304.77

valve

1.1.4.253 | elbow 90 | Unit | 133 6 798 82.09 | 10917.97 | 11715.97

1/2-inch
steel

1.1.4.2.5.4 | elbow 90 1- | Unit | 53 10 530 82.09 |4350.77 4880.77

inch
steel
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1.1.4.255 | elbow 90 2- | Unit | 53 4 212 82.09 |4350.77 4562.77
inch plastic
1.1.4.256 | elbow T 4- | Unit | 87 8 696 82.09 |7141.83 7837.83
inch
plastic
1.1.4.25.7 | elbow 90 4- | Unit | 111 4 444 82.09 |9111.99 9555.99
inch
plastic
1.1.4.2.5.8 | elbow 45 4- | Unit | 111 4 444 82.09 |9111.99 9555.99
inch
plastic
1.1.42.6 | solar
mirrors
1.1.4.2.6.1 | Solar Unit | 16 750 12000 | 82.09 | 1313.44 13313.44
mirrors for
tank
1.14.2.7 meters 0 0 0
1.1.4.2.7.1 | meters Unit | 68 150 10200 | 82.09 | 5582.12 15782.12
1.1.4.2.8 | collectors Unit | 24 150 3600 82.09 | 1970.16 5570.16
0 0 0
1.1.4.29 | Water Unit | 28 350 9800 50 1400 11200
Pump
1.1.4.3 HVAC 0 0 0
11431 |VRF Unit | 4 70000 | 280000 | 82.09 | 328.36 280328.36
outdoor
unit
1.1.43.2 | Split unit Unit | 271 2000 | 542000 | 82.09 | 22246.39 | 564246.39
1.1.4.3.3 | Cassette Unit | 32 4300 | 137600 | 82.09 | 2626.88 140226.88
unit
1.1.43.4 | Pipes M 643 60 38580 | 1.07 688.01 39268.01
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1144 Pipes 0 0 0

1.1.44.1 | 8-inch m 6.88 25 172 82.09 | 564.7792 | 736.7792
plastic

1.1.4.4.2 | 6-inch m 147.8 25 3695 82.09 | 12132.902 | 15827.902
plastic

1.1.4.4.3 | 4-inch m 600 4 2400 82.09 | 49254 51654
plastic

1.1.4.4.4 | 2-inch m 63.5 4 254 146.15 | 9280.525 | 9534.525
plastic

11445 | corrugated | m 1073 3.35 | 3594.55 | 82.09 | 88082.57 | 91677.12
tube

Total cost

Item No | Description Quantity | Material Cost | Labor Cost - with
waste
factor

Unit | Total Unit | Total
Cost | Cost Cost | Cost

1.1.5 Electrical

1.151 Lighting System

1.1.5.1.1 | rail light linear unit | 28 110 | 3080 17 476 3556

1.151.2 | LED lamps | unit | 184 200 | 36800 17 3128 39928

residential

1.1.5.1.3 | Downlight 40w | unit | 33 85 2805 17 561 3366

1.1.5.1.4 | Downlight 12w | unit |50 40 2000 17 850 2850

1.1.5.1.5 | Track Light unit | 521 160 | 83360 17 8857 92217

1.1.5.1.6 | Main unit | 34 200 | 6800 82.02 | 2788.68 | 9588.68

Distribution

Board
1.1.5.1.7 | Switches unit | 510 15 7650 17 8670 16320
1.1.5.1.8 | Light Wires M 24366 1.2 29239.2 | 17 414222 | 443461.2
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1.15.2 Power System 0 0
1.1.5.2.1 | Power Socket | unit | 483 9 4347 17 8211 12558
outlet
1.1.5.2.3 | Power Wires M 9710 1.2 11652 17 165070 | 176722
1.1.5.3 Fire Alarm 0 0 0
System
1.1.5.3.1 | Fire Alarm Panel | unit | 6 50 300 17 102 402
0 0
1.1.5.3.3 | Heat Detectors unit | 92 200 | 18400 17 1564 19964
1.1.5.3.4 | Fire alarm red unit | 12 40 480 17 204 684
Flasher
1.1.5.3.5 | Fire system | M 11360 1.2 13632 17 193120 | 206752
Wires
1.1.54 | Circuit Breaker 0 0 0
1.1.5.4.1 | Breaking unit |1 300 | 300 17 17 317
Capacity 25KA
1.15.4.2 | MCB (40AM) unit | 58 90 5220 17 986 6206
1.1543 | 16 AM unit | 415 11 4565 17 7055 11620
1.1.5.4.4 | 10AM unit | 400 7 2800 17 6800 9600
1.155 Earthing 0 0 0
1.1.5.5.1 | Earthing unit | 10 100 | 1000 17 170 1170
Electrode
1.1.5,5.2 | Galvanized Steel | SM |5 30 150 17 85 235
Plates30*3 mm
5.4. Summary:
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After calculations and using the needed information for this project, the results were:

Table 113 cost Summary

Unit cost Total cost of the project
GP1 700$/M Around 5,600,000$
GP2 1532 NIS/M 12,107,000 NIS
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Chapter 6
Conclusion




Conclusion:

In conclusion, the effective integration of architectural, environmental, structural, and
electromechanical designs demonstrates the power of combining diverse expertise in
creating a well-designed structure. This collaboration not only results in pleasing and
comforting the occupants of the building, but also ensures their functionality,
sustainability, and durability. This successful combination signifies the process in our
approach to design, emphasizing the importance of dependency between different designs
mentioned before, in addition to efficiency, and environmental responsibility. It points
towards a future where the harmful emissions are decrease to the minimum and also the
comfort of the users is up to the max, this teamwork not only makes structures look good

but also makes them work well, be eco-friendly, and last a long time.
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Appendix:

There are PDF files including AutoCAD pictures that have specified details for the
architectural plans and for the structural plans including the bars’ quantities and lengths,
also the electromechanical plans. In addition to the numbers of the split units for the first
floor up to the fifth floor inserted in tables. Those mentioned files will be submitted with

this Microsoft word file.
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