Tall Building Design Exploration: Designing for Wind Resilience

PhD Thesis

Mohamed Khallaf

Supervisor: Associate Professor Julie Jupp

Co-Supervisor: Associate Professor Sumita Ghosh

Date: 2019



CERTIFICATE OF ORIGINAL AUTHORSHIP

I, Mohamed Ibrahim Khallaf declare that this thesis is submitted in fulfilment of the requirements for the
award of Doctor of Philosophy in the Design, Architecture and Building/Faculty of Built Environment at
the University of Technology Sydney.

This thesis is wholly my own work unless otherwise referenced or acknowledged. In addition, I certify

that all information sources and literature used are indicated in the thesis.

This document has not been submitted for qualifications at any other academic institution.
This research is been supported by an Australian Government Research Training Program

Scholarship.

Production Note:
Signature; Signature removed prior to publication.

Date:2019



Acknowledgements

I would like to express my deepest gratitude and appreciation to my principal supervisor, Associate
Professor Julie Jupp, as well as my co-supervisor, Associate Professor Sumita Ghosh, for their considerable
effort in supporting me throughout my PhD. Working with them has been a rewarding and enjoyable
experience.

I am indebted to Prof. Heather Macdonald and Associate Professor Leena Thomas for their valuable
criticism and encouragement at various stages of this thesis. In addition, I would like to thank Associate
Professor Daniel Lee for helping me to develop my technical skills in the aerodynamic field. Also, I would
like to express my warm appreciation to Professor Charles Rice, Dr Michael Er and Associate Professor
Johnny Wong for their support in the last stage of my PhD journey.

I will never be able to find words to thank my mother, wife and daughter for their endless love and sacrifice.
They have tolerated a hard time and shared all burdens with me. I dedicate this thesis to them.

il



Contents

CRAPLET OMC.....ieviiiiieiiecie ettt ettt et e st e st e et e e bt e te e taessteesseasbeasseesseessaessaesssessseanseanseensaessenssesssennsennsennsenns 1
53T (o6 10175 () o OSSPSR 1
1.1 ReSEArCh PrODICIM ... ..ottt ettt 2
1.2 ATMS ANA ODJECHIVES .. eeeuiiieieiieeiiieeiie ettt et e et e e sttt esteeeteeesbeeesteessbeessseeessseessseeesseessseensseensseenns 3
1.3 LY 710 T [ Lo .y 2RSSR 4
1.4 OVETVIEW ..ttt ettt ettt ettt ettt ettt e b e s bt e sh e e s a et e aeeeabe et e e bt e bt e eseeeabeembeembeemseenbeebeeensesneeenteenseens 6
CRAPTET TWO 1eevtiieiiee ettt ettt ettt e ettt e e s te e e et e e e steeestee e sseessseeessaeesseeensaeenssaesssaesnsseesssaesnseeensseessseeenseenn 8
An Overview of Tall Building Design, Urban Context and Resilience............ccoecvvvevvriierieeniieneenieeiieeene 8
2.1 Tall BUILAINES ...eevteiie ittt ettt ettt st e st e et eesbeesbe e s e e seessaesnseesseenseenseenseans 8
2.1.1 Definitions of Tall BUIIAINGS .......cceiiiiiiiiiieiieiesee et 8
2.2 Approaches to Tall Building DeSi@nN ........cc.eieeuiiiiiiiiiiiiiieeciie ettt eeaeesesee e 9
2.2.1 UTDAN COMEEXL ...ttt sttt b ettt ae e seeeat et sb e et et e eseestebeeaeenee e 11
222 Interface Between Tall Building Design and the Urban Context ..........ccccooeeeveverernieneneeeennnn 12
223 The City as @ COMPIEX SYSTEIM...cuuviiiiiiiiiiieiiie et e eiee et e esiteeeteeestaeesbeeeteeessbeesseeessseessseaensseeans 13
224 RESTHEIICE .ottt ettt ettt e b e sb e st st e sbeesiteenteeaeens 14
2.2.5 LD 112 (o) FO PSSP 14
2.2.6 Theories of Urban RESIENCE ......c..ovuiiiiiiiiiiiiiiiiee e 15
2.2.7 Urban Resilience and WInd ............oooiiiiiiiiiieieee ettt st 17
2.2.8 Designing for Wind Flow and Wind Load ...........cccoeeiiiiiiiiiienieciecie e 22
2.2.9 APProaches t0 Wind TEeSINE .......cccuieiuieriieriierierieeie ettt erteeseesieesaesteenseesbeeseessaesseessneenseeseens 23
2.3 Performance-Based Generative DEeSIN .......ccc.eiiiriiiiiiiiiieiieiiesiiesiie ettt siee s 24
2.3.1 DB TNITION ..ttt et b e bt s et e e bt et e e bt e sb e e s bt e sbeeebeeeaeeenteenteens 25
2.3.2 Aerodynamic Design Approaches to Tall Building DeSign ..........cccceeveerieiieeiieiieieeieesieeseens 25
2.3.3 Generative Approaches to Urban DeSign ..........coevvieriiiriieriiiiieiie et 32
2.3.4 Towards a Performance-Based Simulation and Exploration Method ............c.ccoovvieviieiiiiennnnn. 35
2.4 SUMIMIATY ..ttt e ettt e et e ettt essbeeestae e sseesaseeesseessseeensseessseesnsaeensseesnseennsns 37
(O F:1 0173 S I 1 (<SSP 39
Performance-based simulation and eXploration ............ceecuiereerierienie et 39
3.1 INEEOAUCTION ..ttt ettt et e b e b e s b e et e st et e e e e sbeesseesaeeenneenee 39
3.2 Building and Urban Performance ReqUIirements ............occuveeevireriieniieeiieeeiiesiee e eveeevee e 40
3.2.1 Multidisciplinary Design and Wind Performance ...............ccoevvenieniinieniniieeie e 42
322 Tall Building Design and Structural Wind Load Requirements............c.ccceceerieniineeneenieennne 44



33 Bridging Design Scales for Improving Wind Performance...........cccccovvveviieriiieciiecieieieesieenienns 47

3.3.1 UNIES O ANALYSIS 1orvvieitieiieiieiiesite sttt ettt ettt st e e ateesteesteenteesseesseesnaesnseenseenseenseennnas 49
34 Approach to Context Sensitive Building Envelop Generation .............ccocceeveeneeneeniinnieneenene 51
3.5 Approach to Assessment of Building Envelop and Urban Interface...........ccceeevvevieeeciireniennne. 52
3.5.1 The Process OF CEFD .......iiiiiiiieiieeie ettt sttt et e e ssaessbeesbeesseessaesseesnseenns 53
3.5.2 An Overview of Available CFD Software Packages...........ccocevievininiiiininiiiccccccec 54
3.6 Toward A Performance-Based Simulation and Exploration Framework .............ccccccovvevveeennnn. 56
3.6.1 SYNTHESIS MOAULE ...viivieiiieiieiieeeee ettt e b e b e et e e steestbestaeesbeesbeesseesssesssenenas 56
3.6.2 ANALYSIS MOAUIC.....ccutiiiieiiesiecie ettt ettt et s aeetbeesbeesbeesaessaesssessseensessseanseesanns 57
3.6.3 Evaluation MOAULE .......c.coiiiiiiiiieieeie ettt ettt beesaeesneeenbeenbeenseenseenseens 57
3.6.4 Constraints MOAUIE .......cooueiiiiiiiiieee ettt st st st 57
3.6.5 EXPloration MOGUIE........cccviiiieiiieiieeie ettt staestaestaessbeesbaesse e saesssesssessseansaessanns 57
3.7 SUIMIMATY ..ottt ettt ettt e st te ettt e e a bt e e bt e e sabeesabeeenteesabeesnseeenteesaseeennne 58
Chapter FOUr: EXPeITMENTS. .......oeuiiiieiieitieetieeie ettt ettt sttt et ettt e st esseeeateemte e bt e bt enbeesseesneeenneenne 60
4.1 Exploration of Multiple Design Variables..........cccviiiiieiiiiiiiiieiieciie e 60
4.1.1 SYNTHESIS MOAULE ...veiiieiiieiieiieieeeee ettt b e e sb e et e e staestaessaeesbessbeesseesseesssenenas 61
4.1.2 ANALYSIS MOAUIE.....cuiiiiieiieie ettt ettt ettt e st e st esnteenbeenteenseenseens 63
4.1.3 Evaluation MOAULE ......cc.eoiiiiiiiiie ettt ettt ettt e 66
4.1.4 EXPlOration MOGUIE........cccviiiiiiiiiiiiieeie ettt ettt steestaeetbeesbeesseesba e baesssesssessseesseasseens 66
4.2 Pilot Project Results and ODSErVAtION ........c.cccvvervieriierienienieeie e et esieesieesieeseeseaessressseesseeseens 67
4.2.1 Exploration of Multi-Design Parameters at Multi-Dimensional Scale.........c..cccceoeverencnennens 69
422 SYNLhesiS MOAUIE......ccueiiiiiiie ettt ettt st ettt e e e e saees 70
4.2.3 ANALYSIS MOAUIE .....oeiiiiiieiicicce ettt te e s teestaessbeesbeesse e saesssessseesseenseessanns 72
424 Evaluation MOAUIE........c.oeiiiiiiiie ettt ettt et esnteeneeenteenreenbeens 74
4.2.5 EXPIOration MOAUIE ........oooiviiiiiiiiiie ettt e ettt e e et e e etae e sabeeessaeesseeesseeessseens 74
43 Results and ODSEIVALION ......cc.uiiuiiiiiiiieiieeiie ettt ettt e sttt sttt e b et eeee s 74
4.4 FINAINGS ...vvieieeieece et ettt et e bt e bt e ta e e tb e esbeesba e saessaessbeasseasseenseensaessseesseensaensaens 76
4.5 SUIMIMIATY ..ottt et ettt e ettt e st te ettt e e s bt e sabte e st e e sabeesnteesnseeenseesnaeesnneeenens 77
(O E:1 0173 S PO PSRRRRPRPR 79
Multi-objective Simulation and EXPlOration .............ccoecieviienieriienieiiesie e eie et esie et seeeseveseveesseesaessne s 79
5.1 Improvement on the multi-objective simulation and exploration method.............cccceceerinennnene. 79
5.2 System Structure RefINEmMENtS. ........c.eeiuiiiiieiiiiieeie et 82
5.3 Summary of system deVeIOPMENL. .........ccuiiiiiiiiiiiiieciee e e 93
CRAPLET STX .1iiuviiiieiiiieiieeie et et e et e et e ete e bt ebe e teestbesabeesseesseesseesssessseesseesseasseessaesssessseasseasseasseesseesssesssenssennns 96
Exploration of the validity of the Method............cccuiiviiiiiiiiieice e 96



6.1 EXPEIIMENtAL SETUD 1..vvevvieiieiiieiieeie ettt et estte st e st e staeesaeesbeesbeestaesssesssessseesseesseessaesseesseenssessseenns 96

6.2 System IMPIemMENtation .......c..coieriiiiiiiiiieere ettt 98
6.3 FANAINGS ..ttt et ettt et e et e et eeabe e bt e ae e neeeaees 118
6.4 SUIMIMIAT ...ttt h ettt et e b e bt e s b et e b et ea bt e bt e sbeesaeeeateeabeeneesmteenteenaeens 124
CRAPLET  SEVEI ..eiiiieiiiiiieiieiie sttt ettt et e st e st e et e e bt e st e seesseeesaeesseasseasseessaesssesssesssenssesssensseenseenseens 126
DIISCUSSION ..ttt et ettt ettt ettt e b et e e s bt e eateeateeabe e bt e st eesteeneeemseenseenseenseesseesseesnseenseanseaneenneennnes 126
7.1 SUITIMATY ..ottt ettt ettt ettt e e ettt e e et ee e ettt eeeenaeee e e sbeeeeesseeeeansseeeeansseeeennsseeeennsseeeensees 126
7.2 Contribution to Design COMPULINE ......ccccveeeeiieeriieiiieeieeesteeeieeesreesaeeesereesseeensaeessseesseeesseens 128
7.3 Contribution to Building Codes and City Design Guidelines Authorities.............ccccevvereeennens 131
7.4 Contribution to The Implication of Urban Resilience ..........cccoceevveviniininienicncniicnceeee 132
7.5 LIMIEATIONS 1.ttt ettt ettt et e b e bt e eb e e sbeesat e ea e et e e bt e bt e nbeeeaees 134
7.5.1 Research Method and System Validation. ..........cceccueeciieiieiieniiesecsiecee e 134
7.5.2 Multi-objective Simulation and Exploration Method............ccccovcviiiiiiiiiienieieeeeieceeeee, 135
7.6 FULUTE WOTK ..ttt ettt et et et e bt e e bt e sneeeaees 137
8 F N 00153 116 (oL USSP 152
8.1 APPEINAIX A oottt ettt ettt ettt et e e e et e e bttt e bt e tbeatbeerbe et e e b e e taeetbeetbeesbeenbeeseetteanes 152
8.1.1 DIETINITIONS ...ttt ettt ettt e et e et et et e bt e s s eessteeneeeaseeteesteenbeeseenneenneas 152
8.1.2 Wind: Understanding Global Circulation..............cceeviieeciiiiiiieiieeciee et 152
8.1.3 Classifications of Air FIow Phenomena ............ccoccoiiiiiiiiieiiiieeeee e 155
8.1.4 WINA SPEEA. .ottt ettt e et e esbe e se e baestaeesaeesbessseenseensaeseenseas 157
8.1.5 WINA LOAAS. ittt ettt ettt ettt ettt b et e e 158
8.1.6 Wind-induced Building MOtION........c.ueiiiiiiieiieiieeie ettt 158
8.1.7 Air flow pattern around bIUff DOIES ........ccvveviieiieiiiciieiieeeeeeee e 160
8.1.8 VOTtICES GENETALION ........eetieeeietieriieeiteeteete et esteesttesateeateenseesseeseesseesseesseesaseenseenseenseenseenseennees 160
8.1.9 Pedestrian Wind STUAIES .......cc.eeiieriiiiiiie ettt ettt sttt 161
8.2 Appendix B — Additional Material. ...........cccoeriiiiiiiieiiieiie e e 163
8.3 APPENdix C — PUDLICALIONS .....veivviiiviiiieiiesiiesiieete et ettestteseaeeeseesbeessaessaessaessaessseasseessaesseensns 169



LIST OF FIGURES

Figure 2.1 The building design process (Moughtin ez al., 2003) .......ccccveverrririiiiiiiieiieseeeee e ere e 10
Figure 2.2 The conventional building design process (Touloupaki & Theodosiou, 2017) ..................... 10
Figure 2.3 Winmad speed in miles per hour and loss rate (Kurban & Kato, 2009) ..........cccceevvveeneennen. 18
Figure 2.4 Physical model and grid solution (Rodrigues ez al., 2015) .....cceevevieeciieniieiiieeieeeiee e, 20
Figure 2.5 Plan view of different characteristics of tall building morphology.........cccceevvevviieeciienneenne. 26
Figure 2.6 Hearst Tower by CTBUH. .........cooiiiiiiieeee et 26
Figure 2.7 Chamfered Corner by CTBUH. ........cccciiiiiiiiiiiieeee et 26
Figure 2.8 Shun Hing Square by CTBUH. .......ccooiiiiiiii ettt 27
Figure 2.9 Rounded Corner by CTBUH..........cooiiiiiiiiiiiiet et 27
Figure 2.10 Taipei 101building by CTBUH........ccciiiiiiiiieeeee et 28
Figure 2.11 Taipei 101 building Plan by CTBUH.........cccoiiiiiiiiiiiieeeee e 28
Figure 2.12 Turning Torso in Malmo by CTBUH. ......ccccoiiiiiiiiiiieeeee e 28
Figure 2.13 Chicago Spire in Chicago by CTBUH. ......c.ccooiiiiiiiiiiiieeeeeeee e 28
Figure 2.14 Canton Tower by CTBUH. ......cooiiiiiiiiiiiee ettt 30
Figure 2.15 Twisted Elliptical Shapes by CTBUH ........ccccciiviiiiiiiiiieieieeteeeeee e 30
Figure 2.16 Shanghai Tower by CTBUH. .......cciiiiiiiieieeee ettt 31
Figure 2.17 Twisted Fagade 120 Degree by CTBUH.........ccooiiviiiiiiiniecieciecieceereeeere e e 31
Figure 2.18 Shape grammar assembling €lements .............cceoeriiiieriiieieiieeeeeee e 32
Figure 2.19 L-system approach to urban deSiZN...........ccvevierierierieeiieiieiiesieeseeseeseeeneeseesreesseesenees 33

Figure 3.1 The spectrum of design and planning across scales of urban microclimate relative to architectural

AN UTDAN AISCIPIINES ...viieiiiiiiiie ettt et e et e et e e et eetaeeesbeeebbeessbeeessseessseeessssanseeensseenssneesees 48

Figure 3.2 Five building morphology parameters influencing wind flow performance at the architectural



Figure 3.4 Six parameters of urban topology and geography .........ccecvevierierieriiniieiie e e ereesee e 50

Figure 3.5 Finite element Method............ooviiiiiiiiiiiiceceeee et s es 52
Figure 3.6 Finite difference method ............cccueviiiiiiiiiiiieiecee e 52
Figure 3.7 CFD: stages 0f data ProCESSING ......ueiiuiiiiiieiiieeeiieeeieeeteeeieeesreeeteeesteeesveeeaeeesaseessseeesaneensnas 53
Figure 3.8 Performance exploration framework............ccuooeiieiiiiiiiiiieriieciie e 56
Figure 4.1 The fICtIIOUS STEE.....uiiieuiiiiiieiiie ettt e etie et e et e e et e eteeestteessbeeetaeessseeesseeeseseesssesensseeasseesnsseensnes 61
Figure 4.2 Synthesis MOAUIC..........oooiiiiiiiiiiie ettt e e tae e ssbe e e sebeeenaeeeenas 62
Figure 4.3 Synthesis Parameters and Their Relationships..........cccocoeiieiiiiiiniiniiie e 62
Figure 4.4 Alternative desSign SOIULIONS .......eiuiiiiieiieiieteesi ettt ettt et et e et et ebe e seees 63
Figure 4.5 Evaluation fIow Chart ...........coooiiiiiiiiieee et 66
FAgUIE 4.6 CIty DIOCK ... .eiiiiiiieeie ettt ettt b ettt ente bt ebeebe e aeenes 69
Figure 4.7. Alternative Design SOIULIONS .......eoiiiiiiiiiiiieiieee ettt et e 71
Figure 4.8. Feasible design SOIULIONS .........ccoiiiieriiiieeie ettt et steestaeseeesnaeenneenseeseennes 74
Figure 4.9. Infeasible Design SOIULIONS. ......ccviiiiiiiiiieiieie ettt seeestaesteessaessseenseeseeees 75
Figure 5.1. Framework of performance-exploration wind design for urban micro-climate.................... 80
Figure 5.2. Example of defining the design parameters using grasshopper ..........coccvevververvenvenvennennns 84
Figure 5.3 Example output of synthesis module: building facade..........c.ccccoevvvevieviiniieniienieciece e, 85
Figure 5.4 Example of generated building facades ..........cccvevierieriiiiiiiiiiicieee e 86
Figure 5.5 Infeasible design SOTULIONS .........ccviiiiiiiiiietiesiee e ste et ere e et ste e e e seaestaeesbeesseesseesseesseenees 86
Figure 5.6 Filtration module WOTKIIOW .......ccc.oiciiiiiiiiiiieiieseesieese ettt s esbe e sa e 87
Figure 5.7 CFD Data PrOCESS .....cccvievieiieiieiieriteseeetteeiteeve et esteesttestaessaesssessseesseesseessaesssesssessseessessseenses 88
Figure 5.8 Structured MESH........ccoouiiiiiiiiiie et et e e ba e e seba e enaeeeenas 89
Figure 5.10 Analysis module WOTrKIIOW ...........cccuiiiiiiiiiiiiiiic ettt e 91
Figure 5.11 Analysis, evaluation and form evolution Workflow ...........ccccceeviiiiiiiieiiiiiniiece e, 92
Figure 6.1a The Existing Tall Building and The Surrounding ............ccceeeveeviiienieeecie e 97
Figure 6.1b Existing Tall Building Design by CTBUH .........ccccoooiiiiiiiiiiiiicceceeeeeeene 97

vil



Figure 6.1c The Existing Tall Building Street View by CTBUH..........ccccoooiiiiiiiiieeeeeeeeee 97
Figure 6.28 PrOPOSEA AIEa .......ocuieuiiiiiieieieeii ettt ettt ettt ettt ettt s e et e bt et e neeeseensesaeennens 98

Figure 6.2b MelboUrne Wind TOWS .......cccuiiuieieriiiieieitieieste ettt ettt ettt sttt ettt e e bt eseente st eeeseeennens 98

Figure 6.3 Defining the parameters OF relationship encoding and the relationships between design

PATAINIELETS ..eeeeuevtieeeeeiiieeeeiteeeeeiteeeeettteeeaatteeeestaeeeeasaaeeanssaeesassaeesaansaeeeansseesennsaeessnnsseesanssaesennsseesennseens 100
Figure 6.4 Filtration WOTKETIOW .........coiiiiiiiiiii ettt ettt s be e e tsesbeeennaeenes 102
Figure 6.5a Boundary Condition Definition...........cccueeeiiiiiiiiiiieiiie et ciee et 104
Figure 6.5b Proposed Area Martial Definition.............ccceerieiiiriiiiieiie et 105
Figure 6.6a Finite Element Discretization Method of the Experimental Area.........ccccooeevviviiiininnnns 105
Figure 6.6b Finite element discretisation method of the model .............ccoooieiiiiiiiiiniin e, 106
Figure 6.7 Alternative solution design eVOIULION ..........cueiiiriiiiiiiiiieiieeeee e 115
Figure 8.1 Aerofoil Body. (HOIMES, 2007) ...cccueiiiiiiiiiiieieeie ettt 154
Figure 8.2 Bluff Body. (Mendis ef @l, 2007) ......cccveriierieiieeieeie et eeitesieesee s eveeseeseesseesseessnesnne e 155
Figure 8.3 Turbulent and Laminar Flow. (Ayoub, 2012) .....cccccvieriieiiieeieeiieieeieeieeeeiee e sne e 156
Figure 8.4 Mean wind profile for different terrain (Mendis ez al., 2007).......cccceveriereninienenieeeee 157
Figure 8.5 Wind response direction (Ayoub, 2012) .....ccceevieriirieiiieiieeieesie et esieesee e svesenessseeseenseens 159
Figure 8.6 Air flow pattern around bluff body (Ayoub, 2012).......cccccvirriiiviierieiiesiesieere e ere e 160
Figure 8.7 Vortices formation around bluff body (Mendies ez al., 2007) ......ccceevveevieevieecrieiieieesiieniens 160
Figure 8.8 Downwash (I1Zin , 2007) ...cc.eevieiieriiiiieiieteereesieesteeseestesveeseesseebeessaessaesssessseesseassesssenns 161
Figure 8.9 Large Canopy (I1Zin , 2007)....ccuiiiiiiieiieiieiesieste e ere e esreesteestaesiaeesaessveesseesseesseessessseens 161
Figure 8.10 Large Canopy (I1Zin , 2007)....ccccuiiiiuiiiiiieeiieeeieeeteeerieeesveesveeeteeesraestaeessseessseessseenseeenes 162
Figure 8.11 Open Plaza entrance (I1Zin , 2007).......ooouiiiiiiieieeerie ettt 162
Figure 8.12 Recessed entry (I1gin , 2007) ...cccveieuiiiiiieeiie ettt et e s e v e eeaeeesnee e 162
Figure 8.13 Corner Entry (IIZin , 2007)......cceiiiiiiieeiie ettt ettt sveeetee s e steeeeaeesnaeenneeenns 162

viil



LIST OF TABLES

Table 2.1. Pedestrian Wind Comfort Criteria (Planning and Building Department of Mississauga City, year)

............................................................................................................................................................................ 21
Table 2.3 A summary of different design approaches..........cccvecvieiieriiiiiiieeie e 36
Table 3.2 Unit of Analysis of Different Parameters. ..........cooevviiiiiiiiiiieeiieciee ettt e 48
Table 3.3 A General Overview of Wind Analysis and Simulation Application...........cccceeeeeeevieerieeccieeeeneeennen. 55
Table 4.2 Quantitative Assessment of the Wind Performance of the Alternative Solution. ..............ccceveeennnen. 64
Table 4.3 Optimal DeSiZN SOIULIONS .....cveiiiuiiiiiieeitieeiiieciee ettt e eieeeteeesveesbeeestaeessbeeestaeessseeessaeesssaeesseesssens 67
Table 4.4 Fittest DeSi@N SOIULIONS. ......cciiiiiiiiieiiie ettt eeee ettt et e e et e e tte e sbeeeteeessbeeesbeeesseeensseenssassnsseesssens 67
Table 4.6 Quantitative assessment of the wind performance of the alternative solution .............ccccceeveeieennne. 72
Table 4.6 Quantitative Assessment of the Wind Performance of the Alternative Solution. ..............ccceeeueennee. 73
Table 5.1: Building and urban parameters. ...........c.eeiuieruierierieeie ettt ettt e s enne e 84
Table 5.2: Topography and Wind CONSIIAINES ..........eceeruieriierieeieeieeieerteesteeseeseeeteeaeeteeseesseesseesreesneesneeenseenne 84
Table 6.1 Defined deSiZN PATAIMELETS .........cccvieriieriieriieeieeie et ete et esteesseestaessaessaessseesseesseesseesssesseessaesssesssessseenes 99
Table 6.2 Generated desSi@n SOIULIONS .........ccvviiriieriieriereesieste et et ereebeesseesteestaessaesssessseesseesseeseesseesssesssennses 101
Table 6.3 Feasible deSi@n SOIULIONS ........ccviriiiieiieeiteerieeitesteeeeeste e seteesbeesseesteestaessaessaesssesssesssesssesnseessessseens 103
Table 6.4 Graphical assessment of the effectiveness of wind performance of the alternative design solutions

.......................................................................................................................................................................... 107

Table 6.4 Graphical assessment of effectiveness of wind performance of the alternative design solutions .... 108
Table 6.4 Graphical assessment of effectiveness of wind performance of the alternative design solutions .... 109
Table 6.4 Graphical assessment of effectiveness of wind performance of the alternative design solutions .... 110

Table 6.5 Numerical assessment of effectiveness of wind performance of the alternative design solutions... 111

Table 6.6 Wind performance ObDJECtIVE CIIEETIA ......ccvuiiruireerieeiieeeieeetieesiteeereeesteeestbeeeseeessseessseeeseeesseeessseeenns 112
Table 6.7 Numerical and graphical results of the alternative design SOIUtIONS .........ccceeveerienienienienieieeeene 113
Table 6.8 Graphical assessment of the effectiveness of wind performance of the hybrid design solution ...... 116

Table 6.9 Quantitative assessment of the effectiveness of wind performance of the hybrid design solution .. 117
X



Table 6.10 Summarised CFD ProCeSSINg SLAZE .......ccveerueerrierrieriierieseeiaeseeeteeseeseesseesseesseesseesssesssesseessessseens 120

Table 6.11 Comparison of wind performance of existing tall building design and the hybrid tall building

Table 6.12 Wind mitigation percentage comparison between the existing solution and a proposed solution . 124

Table 8.1 Terrain category (Mendis €f @l., 2007) .....oeeiuieirieeciieeiee ettt eeee et vee e sveesreesraeesebaeenreeenens 158
Table 4.6 Quantitative assessment of the wind performance of the alternative solution ..........c.cccceeeeuieennnennns 166
Table 4.6 Quantitative assessment of the wind performance of the alternative solution ..........c.cccceeeevieennnennns 167
Table 4.6 Quantitative assessment of the wind performance of the alternative solution ............ccccceerveennen. 168



DEFINITIONS OF KEY TERMS AND LIST OF ABBREVIATIONS

Within this research, several key terms and abbreviations may have different interpretations in different

contexts. This following section explains these terms as they have been applied in this research.

Air Ventilation Assessment (AVA): A system that includes technical methods for assessment and

guidelines for city development promoting better air ventilation.
CFZ: A file format that supports Computational Fluid Dynamic software

Computational Fluid Dynamic (CFD): A numerical simulation method that offers a powerful tool for
wind engineering
Design Performance (DP): Assessment of a design’s capability according to specified performance

criteria.

Design Solution (DS): A geometric model generated and/or optimised from a parametric system. This may

also be referred to as a solution.

Development Control Plan (DCP): Provides detailed planning and design guidelines to support the

planning controls in cities.

Finite Difference Method (FDM): is a computational method that divides the geometric model into small,

interconnected computational Quadrilateral elements in 2D, and into hexahedral elements in 3D.

Finite Element Method (FEM): is a computational method that discretises and subdivides a geometry

model into small finite-sized elements of geometrically.

Finite Volume Method (FVM): It discretises the governing equations by dividing the physical space of

the geometric model into a number of computational arbitrary Polyhedral in a form of control volumes.

Floor Area Ratio (FAR): Is the ratio of a building's total floor area (gross floor area) to the size of the

piece of land upon which it is built.

Generative Design (GD): A design process wherein a flexible model can be varied to produce alternative

design solutions.

Innovative Design (ID): Non-routine design that proceeds within a well-defined state space of potential

designs by manipulating the applicable ranges of values for design variables.

Leadership in Energy and Environmental Design (LEED): is a green building rating system in the

world.

Living System (LS): Consists of eight levels of living systems, each of which is composed of 20 critical

subsystems that carry out essential life processes.
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Parametric Design (PD): A mode of design practice that utilises a computational parametric design

environment.

Performance Driven System (PDS): A parametric system that is driven by performance criteria to explore

to a selected performance criterion.

Parametric System (PS): A set of parametric models that are integrated to operate as a whole. This may

also be referred to as a design system.

Perfromance-Based Wind Engineering (PBWE): A method focuses on the performance of tall buildings

subjected to extreme wind conditions.

Reliability-Based Design Optimisation (RBDO): A framework is based on a directional fragility model

that combines the directional building aerodynamics and climatological information.

Council on Tall Buildings and Urban Habitat (CTBUH): The world’s leading resource for professionals

focused on the inception, design, construction, and operation of tall buildings and future cities.
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Abstract

High-density cities can be considered as a matrix of wind obstacles, comprising buildings of
different size and forms, arranged at varying angles with different distances between them. Such
cities can suffer from poor ventilation and air quality problems, whilst others are subject to strong
wind conditions due to their geographical location or improper urban planning. Further, the design
of tall buildings plays an important role in the urban microclimate. Tall buildings design envelopes
can affect urban microclimate wind flows by increasing or decreasing the wind flow of the
surrounding area. Typically, conventional tall building design methods focus on single-objective
design exploration techniques and/or produce a small number of design alternatives that explore

wind loading and wind flows.

The aim of this research, therefore, is to provide support to planning and building standards
authorities to bridge the gap between building code and city design guidelines at the architecture
scale and urban scale by developing a computational design method that is able to mitigate the
negative impact of wind flow caused by tall building in dense cities. This research extends concepts
from generative architectural design into the domain of urban design, focusing on generating a
design method to explore the effects of wind load and wind flow caused by tall building envelopes
within high-density city fabric. The research presents a novel approach to predicting and providing
instantaneous wind pressure data on facades of tall buildings, as well as wind flow data from the
surrounding area in early stages of the design process. This performance-based design approach
combines building and urban parameters to control the effect of winds on tall buildings at the
pedestrian, podium and upper levels of tall buildings. This approach is based on the theoretical
foundations of designing for urban resilience, highlighting the different objectives of this approach

relative to existing tall building design standards and urban city planning guidelines.

This research provides an overview of related formal regulatory requirements of the building scale
and urban scale, including buildings codes and city development design guidelines. In addition,
performance-based design methods for generating, analysing and exploring buildings are
investigated. The dissertation explores existing performance-based tall building design and the
development of an architectural and urban design method that focuses on the effects of wind loads

on and wind flows around tall buildings.

xiii



Publications

1-

Khallaf, M., & Jupp, J. (2017b). Tall Building Design Exploration: Designing For
Wind Resilience. in AUBEA 2017: " AUBEA 2017. RMIT University, 2017.

Khallaf, M., & Jupp, J. (2017a). Performance-based Design of Tall Building
Envelopes using Competing Wind Load and Wind Flow Criteria. Procedia
engineering, 180, 99-109.

Khallaf, M. & Jupp, J. (2016). Designing for Urban Microclimates: Towards
Multidisciplinary Optimisation of Wind Flow for Architectural and Urban Design, In
name of editor (Ed.), eCAADE . Publisher: place of publication.

X1v



	Title Page
	Certificate of Original Authorship
	Acknowledgements
	Contents
	List of Figures
	List of Tables
	Definitions of Key Terms and List of Abbreviations
	Abstract
	Publications



