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ABSTRACT

The average temperature in South Africa is increasing at nearly twice the global rate. South
Africa also has a large population living in informal settlements characterised by inadequate
housing with poor thermal regulation. This population is consequently particularly vulnerable
to the risks of increased heat stress exposure, underscoring the need to develop well informed,
contextually appropriate heat stress adaptation strategies. One of such is the use of solar
shading devices that block solar radiation, which after a literature review prove to have an
increased potential in reducing indoor dwelling temperatures. The study therefore investigated
the performance effectiveness of static and adaptive shading strategies. This was achieved
by digitally simulating fourteen static shading strategies applied to a prototypical informal
dwelling in Tshwane. An adaptive shading strategy with rotatable louvres was developed
based on the synthesised results and was further tested in both virtual and in situ
environments. The results of each were comparatively discussed using a control dwelling, and
the accuracy of the digitally simulated data was compared to in situ measured data. The
findings indicate that the performance of solar shading strategies is not directly proportional to
the material surface area, suggesting that the availability of resources should be the first
informant when developing shading strategies in informal contexts. The findings also present
built environment professionals and informal settlement inhabitants with a practical guide to
optimise shading performance. The roof is the most important building envelope surface to
shade on an annual time scale, yet seasonal adaptive shading proves to reduce heat stress
exposure significantly. This is accomplished by prioritising shading devices based on available
resources and applying them to the surface with the highest thermal gain, while using optimal
fin orientation. The results finally indicate that despite observed differences in absolute values,
digital simulation is an effective method to verify design choices and optimise solar shading
strategies. This study provides data and evidence to support a limited field encompassing
locally appropriate heat stress adaptation strategies within informal contexts.

KEYWORDS

Heat stress, cli mdtae acleasmda,r asdhapti i nge retrofi

digsitmul ani s@sui ng.
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KEYTERMAND DEFI NI TI ONS

He at stAr csognbi nambomhnobf t emper atur e, r aadni daitri on,
moi st hiampatchpssycholadbgilédaly to maintain body tempe
heat t o(l eécoamgwane, Botai, Sivakumar, Botai & Ade
Adaptfia-eade AFAFyepresent an advancement in build
dynamic barriers between i ndoorneann c to watld oo I2i0kLbV. i1
static facades, AFs are distinguished by their
variations and inte(rlhadnewmserTrgdrkef,er@nxctessl a & Hi
through modificatiof3ol bathe&lr Mokatlegqur Ba.dawy &
Retrof:i tAt itregchni cal modification to a building,
(Tol ba et ,alt.o, opG2d23misce( BEebapeanfor Ahkhadr i, Chair
2023: 2)

Representative Concent r:abBeiveed opPadhvwayst h(eRCIPHt er g
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ABBREVI ATI ONS

| PCClntergovernment al Panel on Climate
RCPRepresentative Concentration Pathways
ABT alternative youilding technolog

AE ad afpda-i avcee

Ta ambient tAChperature (

AT apparent (A@mperature

MRT mean radi anfAC) emperature

To operativeACepmperature

wswi nd g prd ed

eevapour p(rkePshs)ur e

RH relative humidity (%)

SG sol &dkWjyain

STDEV standard deviati on

SSN: solid shadinfga-ommdd he northern

SSE: solid shadifdf@a-ardet he eastern

SSW: solid shadinfga-oandet he western

SSR: solid shading on the roof

Change

R SH: roof shading with horizontal fins extending

R SV: roof shading with vertical fins extendi

WB-445 445mm deep window box shading
WB-1075 1075mm deep window box shading

HEN: horizontal fiasade the northern
HFE: horizontal ffisn-saden the eastern
HFW: horizontal ffimsade the western
VFEN: vertical fiha-adethe northern

VFE: vertical fifnas- aodne t he eastern

VFW: vertical fifnes- aodhe t he western

ALC: adaptive | ouvres positioned cl osed
ALLSQO adaptive | ouvregsenpositioned semi
ALLO: adaptive |l ouvres positioned open
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1 NTRODUCTANIMACKGROUND

Al t hough cities are the biggesnhcdmevidwléneyr aolf| e | ti ana
rel ati ddso d ma n Archer & .Sats$ erarhmvidsdtean,t 201 F)or mal

settyagnsf,or mal wurban settlements are increasingl)
SouAhrica has a ftasigei popiuh ait nfodramalc t eatitsleadméryt §
dwellings with po6¢&tathdbbecsgS8aluthi AddDuieca,o Z0 2 2ns
change, Sout lal sAdxrpiead a esnewienrga | adverse i mpact s,
t empersatnucriemas at t wice ((Depagltonbeanlt roaft eEnvi r onme
2016;vRi)mhkeshose | iving in informal dwel l i ngs ¢
related to heaft Matessé& Brpbeut, 2016)

Climate change has several ,dwrarvéamtg damd ofmalr e e
vulnerable toTd heseéeri amparcd sits i mplications on

change in terms of the gl dmalpaacrkeedSouth African
1.CLI MATE CHANGE
1. 1 GCGlLokcanlnt ext

Climate change has already i mpgddtmad anrgeltaitpedde r
extreme weathese d@dWONKdsgdtobhal | y2 ®EAE werech RWrli9ng t hi
per iUs&#,58 trilslpieam wasnge ocfl idmatfeercehnanmgeasdaes at i
(Eckstein, K¢nzel . T8& éScthédrfgeay, eRraghm&in:tsayp Cl i mate C
(I PCC, r2e0pd®Bratat cl i mate change adaptatitoeonemsat ebe
the future of <cities

The gl obal mean surface temper at urAe&h ibgehewe einh &0
bet ween 1850 afhdhwhrB®r acca wsldd’ &€l PCC, 2TR8b: 5)

averggebampe ature in 24uGvar 623t Wwas any other J
( NASA, 2023whéhanenatgemploldmalur e fi nig704A CJ unhayk irnega ¢ h
it a record HiPadsisomme .EORBt onést e mfcthaoreAE€ t he 1
target as per t he PaariinsQlifif(nikotiiet rAlg rNeaetmeonnts Envi
Programme, ,%02haaxwi0) chwnrodeechatt hwet §d Woetl dby 2

Met eor ol ogi cal Organi zation, 2022:o0online)

Climate change agalmos paefrbahsdiprcdacé@0r wason, wi
higher iniadhek9 ptalsdn 2 M PCConBydmdrpegyl at ged CO
emi ssi@mamched a.,r éddrhdso3di7nt (AME2A3 202ZHBe3bui lt envir
was accounat atbibifer df be stemtiesslsi ©@s dur i wWgi tbeds Naer oc
Environment Programme, @&f02wWlti; cH E\& ed@elrda:cdigi on an
producbuohdohg(mat eai atsal ., 2023: 2)

A third o$l iaf ebtupiehrad isCE@ N i s generat edt wwhiimdis con
whetnhe buiblediinngg( Boed chewski .€¢meant ,arpd dRtuecetli on
for exam@elseponsi bl e for mor genihsas(i 3% Vofl lgleolsgl 20
The construction in y therefore has a signif
(Fern8ndez edanneéasuyr ¢y t o bteh ¢isnkpeanc atso fnairt iagsa
possible.

dustr
282ae

These statistics highl i ghtthaahded reessgse nta tnee ecdh afnogre g
its efld@ae2t0s23: @&bsd @ hdtihgerti rio¢c &1 built environment
havienhi s gl obhal nigdmda e cl i mate change and adapt

1. 1CRi mehtaenge i n South Africa

While climampaSbhaniyeAfrica in multiple ways, t h
reqguur@ent conlshedearvaetriaognee t emper ature bneSauantdh Af
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a htail Mtes ttwh & egrl aptvent h t he weosrgehshpeamds t he countr
as t he ekNcemgwane et al ., 2021: 2; Engel brecl

Environment al AUhdier s ami 2bmp&atiadn scenario (RCP8
predi ¢thet mater age tSanptehr aAfurries a@A@ioAID erfiosree t he ye:
2100Engel brechtHea2wh8@esined as a tpreeg i onéd x iwrhtem e
temper aAW0n®r é st han the average tempé¢lEaget eretht
2019;a28 expected to increase with 80 days per
South (AEmdgelabrecht, 2019:28)

Toensupreeo pheal tshut h AfrheaNati onal Climate Chang

communi cat edyotlileer edrogppeammg | emdnt i ng h etadtctohn saicd @ rosn ¢
temperature extremes( Deenpdarltaomeanlt ood  dHetaidotnhge s Rdrislg
measures correlate wit kattihoen 6Wo rrledc oHemeelIntdt Orogma n if
heattti on plans, which promote preparation measur
heatel ahteemad t h (i Wpralcd sHeal t h Organization, 2009)

Il t hough climate change, sauaxihs eass sfelvoeadaidn glyia dwahr iylcst
nvestigatedianddadipsatsosadstrategiioss teamd npglliexit &
Laue, Adegun & hkeeWat202211)CIli mate Change and |
oes howeveéeheidepesbkbymma oafore frequenpodieraeg &g r
ne ohi fcdh & ntataencgaeu seerdvi ronmefDalpart meat of Heal't
hese aridgsekfsi ned not only by the magnahbeundtei tayrosds f
vul nerahi $i $syggests that heat stressmakiaggtdwi n
population increasingly vulnerable.

Thi s sftoucduysas heat,wsthesrsi si ng atse mptesi afhairmmgnt ,
investigating ahdatestiaegspadapbadei on strategies

1. BEAT STRESS

Climateimpaswagai ety throughiaci adhgee §ganfc rfeaacsteadr o,c c u
of heat estoessncdeasi ngHdatmp st ana s wafsif.®€ btyaidr
temper geallreadi ati on, ainmoicsitrua wel, attiloen ncdliovtihdigagl o f
well as the biological and psychological ability
heat toleradtcANcfonysvad e et al ., 2021: 1)

The increase of h e ahta as tdreevsass t cact d unrgr ednfofeeschtd raan p e
exampltehbfeC Ot emperature increase between 1960 to
heatel at e ¢ yldseOdtMa z di y as ni .Deutr ianlg. h202H5t7Nte me heat wa:
I ndia caUBGedid &teh s i ngiri ,vehhibad weer202®1&59nd 2020,
totabD66f dédat hsrawegddwtdagdtt et.Ghlobal 2023t 1pktress o0«
are expected to increase by 246% by 2060, compar
(I PCC, .Zmi2shhay easbdeat st riesscsa uesxep ofsourr ec an csd rmri | iam t
probabhé¢atey altefmasiclan be asAlUumieKliarhemi a, Van Nieker k,
& Seedat,. 2020: 29)

1. 2 EXfecheadtorfesposur e

Heat stress does not only Exewouwlutrei rbeit werema sie d od
we t bul b gl obef tAMIé@mer alteuarde t o per manhkwtt kiheenaitc zt

Mastrucci, Rao. &THias nmhend2ildakaleat ed i mpl i tat hbheg, s
dehydraxhauaonsti on, brain damage( Kapwdtna,er @Gabr eoglg
Mat hee & Wright, 2018: 2; GrubetHreafdfa,c hs , Forad h& s

exhausatrieonhhe most coMmMmawme sggtmpd lo.msmPdDRr2,: 5Ro tLluegmoh a
& Moyer, 2004)

People wistihngrbheal th itslkesbder g, wehtoascally ill,
i sol at-ienl¢ opteeovp ne@c hi | dr en youngearmrhoatne fthheee mopedr s
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vul nerable to heaWrsghesseteaposukR623:2; Laue et

et al ., 2021: 2; Kapwat aaeatdd ash.r,esz20 B8mplaXx)ur es oaxli sad
structures afdiRarzakomitcsal ., 202 2; Chevisalsdntet
behaviOGler sich et al ., a2n0dlfof;e cRld nvg edrufad 2dad ghe

psychol ogical ( pyandadent Bs hyg, Popool a, Jeje & Or

Parti chuilgalr$lgt t | ement s are those with l'imited a
sani t(aLtaiuoen et 1dlt . Ncp@gdahe ,etasmbtshfe a plpehhr @wWitour al
respamseneat st roems sa elxgpuwssaihtoal dtad leaw led nlda iwnakt. e r

The most apparent sttrou catdwrdaolw rsersapdoimesgdarso vwreent i | at i
by either openusnignigeicnddws fams aphldawe retcoaldi ti 2@
Alt hKaghvat a( 2201 8:Inld2i)c ad rel .2 %4daf i nfor mal dwellings
Greater Giyani Municipality iusi ng melogot rhiafviee dairr

remapnebl eMatt i anltyy ncoeesasie gy usteh,e whaiacnhot ,iatf f or d
remost he userdéds natoursaednsst itmue udangerlLoawse eentvialo.n
20221te,® her edroucei al to reduce heatdantgr eesnse regxyp oussue
given the current st gtebafl eclhjamatyd ocechramhge popul
gr oulpisi t ed acces(sl PPGC, e |2e0c2t3rai: c9ib5t3y; Sebayang et a
Lienhard, Zanelli & Monticellii, 2016: 275)

1. BNFORMAL SETTLEMENTS

I n 2020bifllion people lived in sliwWwmsted Bami ba
2023:13M)208B8%% of ASobwitdan households reside withi
adding up to BppmidAiimat elnyf(cRtmali sdwelsl iSmogust h  Af r |
118The gl obal popul ation | i 8i pg ddbhncctreetlagdrennat b | sBeotnt |
by 208Bm®i ted Nati,omsf, wh@zxh: d4)571 million wildl be
Huchzermeyer(200da&adiiiamd i nf or maulr bsaent tllaennde ndtesv ed so p
occupied by the urban .ploddNHavh it(tRadilt9s: idmdit)thefrsi peat i o n
i nfor mal sehddeameed sd arst wiathlo aseasarity or tenure
| and, ¢t as &rsteifavli ces and, ainntiforuassitnrgu cttluate does not
building regulations.

1. 3.nlf.or mal sdwel |l i ng

An infor mal dwel ling is defined caoampd ylmaklddihmg t
standaudb as (aStsahtaicskt i cs Sout hf Aftmatadw2O0ORPP2ng4) a
constructtédhawtei gtht bHLdbng2MmaBebbal §8wi thue et
no insyglA&t hwol emi wa, Bl eil De Souza,Thkef buea &
i nformal tdcewdl Itipngsehvee mal ,qudast ittoerducti ve, conve
radiation properties of any building envelope ar

and | dSedayang et. allmé,anz30i2rdf.atry mal cdawelolti nsgtsor e
release heat when needed and theref osruef fdeanremtt | r

(Laue et al ., 2022: 4;Md&lirm@ nrdatztnef rtosr amMaol r, sd@y@ 2i0 :i h)g s
t o hpaovaarivient i ( deli loinngi ri et al ., 2020apé;fdarewpmanl a
incor reoercitd nt Ak iedwo !l emi wa et al ., 2018:277)

lteri tocaehsur éndgdoioralblué ! di ,nga e hmdadg tsraariealtead h s

happen atKihmemi a et .AB. no28d0: 2% or madvedweddri ng
performance standards and negl ectalslountiarbehbchir
severely neglected witeltion etchoen oinn fco rcroanls t a can tne xst.  ©

peoglamhange their indoor conditions to suit thei
people within infor mal cont gxRti ctcand Pomtz i tog Havwe
& Naboni, 2021:0%) which further anmmMlairfeys t&h aloéd ff fed
201.6)
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1.3 12mpact of heat Bhfesmakxpestulements

The ur ban heat ocicsdirascd e &8 i reghltiygh | vy ur darciksemdy ar
greenspga/edd i ngi ri .eTth dailg h | y2 02t0b:e2ybi)odé d Mad wane
popul at,@omi bffi @init 9 np r2éddpitcoomedt o 4. 4 mi | Bi emhl by oBAO0:
by 2068I R, 202%at bnbehe) ement fabric increasing
incr éseci et, at he QQi0O22Y :hdifyg &lMsihencatneadr ilbsyn t heat | sl &
The popul ation density soufchi gt dmrdmadu rsetutnbdd meght s
subumMes$ usi , as a typical exampl e of ,bhaans ian f6o3r%na l
i ncr epacspewdl ati on density c¢omp(aHuegdo ,t 02 TftRaSr : nbd8lf) esce tst o
ur ban heat it $1le anmodr ceif sevi dent , fulh e hefhelh hcrse aeisrsg
exposguWNrceongwane et al ., 2021: 2)

Evidence indicates eXIcsesvuaisweel nffeoatmast rseestst | iement ¢
ambi eemperatures readAfiHngoup 207 H8:48%)c uorfs el e
dangerous indoorprteedmpcetreadt ineepi 1 o &Pl &(OHuU g 0,

2023:16n3)i nf or mal settl ements, individg¥les | angi of
et al.,ag020e2g) LAC increase above 25AC |l eads t
produdqtViediltiyngi ri .et al ., 2020:26)

Al t hough tihieeancsetnsespreixnpdouseulryeo icsl i mat es ucchhange,
aspopul ation HWwinlsti t g nwainrdo n,menrctl usdedtmtdli e mesrdasn d ayout

buil di nge(Nwptokdioggwi cz, earal exaceérRated i,al saf or mi
affect hexposAMdrdeistsi empllleyj npinformal settl ements
l evel s of heat st-eesnothuie tdDrtbhebtasoegbagd, | ack
2023: 56 ; Nut ki ewicz et al. , K GROR2I | Kapwldeasdesens e at |
of t en excluded from climate change adaptation s
mi titglae e Hegse, 2023:56)

The high population grofwthtulndrer sforesal tbet heéede:
heat stress exposur e. As these vulnerable commu
climate change, urgent adaptation strategies ar e
1. RESEARCH PROBLEM

Compared tCoi ochhhaengses ociaa@tae@d ati on strat egheeas such
tradaptati onarsaotaitcesga gelsgicn edens el yarpeogsu |l witteld ho
i manhe need to (pPplaaddetsasled, 2022:1; Aki Wwblh e mi
verage temperatur e i n Sout h Africa increasi
gel brecht, 2019: 7; Departmenandft Eaevi nogmengt
ulation residing wiShiabhi snfosm&busbtiAtf eingat s
entoi alleaed opqui pdwenlflaiirnhgast a | adaptathaen sée¢dat ec
t stres$hiesx proegquuaierteist adrni nel baidatl aomd)yi { Lams et

, 2,022s 1it € bsgee ndnjailmietveidd eanncde under stlarcdildy of
propriate and assessed adapt at(iHung os,t r2a0t2e3g:i5ebs; fl
al .,. 2022:10)

. RESEARCH QUESTI ON

How effectivesdanei ceandfiatdapti vei smpadvngg sindbo
t emper athnulreedsu dhierad stresisnekpomal e diwvsen wa nmmeg s u ti n
Africa?

1. BYPOTHESI S

Retrofitted static and adaptive shading strategi
by owet hagindoor temperatures oFfTshwdm&omatl h dAvfed il ¢ a
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1. RESEARCH OBJECTI VE

As pamiooreeXt emseisveea f ¢ ®fr twhich the aim is $esdevelo
t he ieefnicifyc f adb-aasdeedr at ¢ miea s €is gk pwrstedheat strleiss st ud)
wi:l |

l.Create a referoixet efnrtamdvwor kappr anp rtii aytad i be a
strategies for biynrf pa ontad agifweda@aeager at ure Revi
ParMandeviewingesxiesltishgaeegi esaPBRevi ew

2. Test diofwW steasfmadi ng strategies affect t he i

prototypical infor gnet mdwat l omgamdi ngport on
viability of each in r®ateai colhealli oasnr phasex
3.Synthesise the r2etsouldesv edfo po bajnedc tfiuvret her t est
an adaptive | ouvre shading strategydiogi ttdle p
simul atiimnseasnidbatga col |l ec2).i on phase O
4 Reflect on the accuracy of digitally simul at

and consider how future studies <could wuse
strategies' performance to reduce heat stres

1. 8ONTRI BUTI ON TO LARGER AGENDAS

Ki memi a( 202 Gmls2s9efhat wunderstanding the unique con
i nfor mal sparttliednelleanrsieyl y popul at dd heowiahieest @alsuch a
achietvhehmgi t ed NaOX@upsst ai nabl e deveSDoG)mesntst gaylds

fi ndwindgishancendtehrisst andi omgbod heal tbhheidn®dD Gwal) | by

mi t i gtahtei nrgi s ks oOfIfh eh esattu dsyt rweislsl s up psourstt aihrea bdleev ed io
and communiti eismgrSdwMa ulsgi IngbyadVv angl lmmalt e acti on (
13)identpdtye mgaal sadanes @t i on( Wntirtaetde gNaetsi ons, 2023
1. @ONCLUSI ON

The indrmeeaste stress due $ibgrilfiimad dtileyle aintbipeocdtss,

economand the environment. I nf or mal settl ement s
the South African popubtt-eeh a@tf f dio reex poefrtieenn cteh ahne al
in formal .Hewe¢ ytehmeeyntcsan sel dom avoi d gtiveqe thever
socdmonomic circimetahoeree, testi ndg atdi e ge Wdfelivid acceys
provide critical i nsight for devel oping cont e
strategies that could |l ead toom moamr fiofcheEsuvik
foll swicnd on wi || consider the nature of adaptiyv
strategies that can mitigate heat stress exposur

2024 © University of Pretoria g
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2 LI TERATURE RERTAEW

This study focuses on reducing heat stress insi
technology'.§happhiapatiromwi | | di stinguish adapti ve
and didcicfufsesorehteafr atEgyesategories and teyrminolo
creaaingferenceFifg@rmetvwoartk wi | | be considered in
heat stress adaptation straTkhgie®ascaond hpar t hef i mH
revileiwt e(r at ur aPBRe wiedvit ew s edat egi es that I mprove I
of the building envelope.

: Control
Facades strategies

Building tiechnology

Construction materials

| Conventional Static ‘ Passive

Building systems Building

- | Alternative i oot
# Construction methods - Integrated

Active

Fi gdrTehe studyds fochsoredtiacalve to the t
framewonmkackediitrertalteurParARevi ew

2. BULDI NG TECHNOLOGY

Building techmategiyal s, met hplsl bandt salst ema23023:
& Peng,. Th@elxurrent buiidn t Sewntvli s Afwmieda est abl i she:
conventional buidsdppgs @daBdhG6ohsgiesti on | ndustry
Boar d, .CoOnv2e)nt i onal buitdspgnsechootbgmése chang
they were developed based on pa@GManzZmsasog!| $ avy er, e
Mont oya;Or$a&lgiao &CrGaz,c22a015; Ol gyay Mor@l AyBelacse,nt 1 9 9
have an increased potenti al in addressing cli ma
during the current c¢climate conditions.

2.1 Theurrluné&ntvi ronment

Archit ect uand e gbuol daiteosrwse | d nvaesnt ¢ onal bri ck, concr
i ndustareesel | estabkbtus hbeuditlvii tehni \nCotaheeme ntt i on I nc
Devel opment BABTdre 20223 agti e i Idye | (yN HBtRICI, i sne.dd . : 3
Fortunla% Bopfut h Afurmacna6Ssett | ement Devel opment Gr a
i mpl ementABtTisoan®D07 of,8 tmiel 12i on resi dencadauwtsh prov
Af rigamer nment s endd@fd 6§ Adet oot o, WRRed22cdil3i dering hoc
provision in South Africa and the prolific grow
more effectiveABDhsl sustainabl e

ABTapplticest he enti rreanbgbeisbthi cgnanhduct i onotfsfiet @ods,
pref abr(iOsatniscam mi |, Aigbayboa &uDkdgunghégsstearsdba

building (Adbnhobbgy Wi ndapaoARTa&losmp o etihfeta@ @2 2)

t hat make up the (RAuitlidi,ngLieonuvel o eDERIaaudeudypyoO
considers alternative forms of enABellsope articul a
2.1 Ba.i | ehivred opdsa-amdae

Theeremveltapedi ti onally refersln ocotrinter absfeta,imad eg e
refersuitlodeixntgedrs aorroz z i et aanld.s,h e efoomrs27¢@a r ¢ ch e f
building(&dhvéebope aBuil @DB: 882B88)opes ensure str
user safety, p e r,faonrdnr ekheey ifnunreatfiaccres bet ween i ndoc
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environfmemtinen et alThubsz20biu:i128%)y envel ope signi
buil ding' se(porofn@emmeaenc all ., 2015:1284)

Buil diangdéerectly amd febdiui ¢dp gt er nminrceedtyl vy
regulating heating and cooling | oadcSBarespioneati ba
2016:.2wdki)rectl vy, t hey regulate wventilation and
openings, influencing energylLeen®umBetlikovAildizd @9

these performance ma&et dras adenss imbearredc ompl ex t han
component .

Bui |l ceinvgel opta- al@d ong eesearbtuiidldi ng c(oMapnozhaennot s
l'iaro et al ., 20Lpeuntligy atyd eke fOkelgwmsopetdd 99 )
st struc(tluagadens yestt eanlsCI,i n2at 1le5 : di2a8idguead s nfg c | i 1
itions demand that building envelopes shoul c
ba et .Helncae 28BRPBt 2) owar dsi sealdaent v & ca dsaydsds neitnas

pce @R it G C i et al ., 2021; Tabadkani, Roetzel, L
2016: 276 Loonersugtyg e abuiingdMnidlt olR2é8sH-) ad d

n ort

g
u
d
I

O O S5 TC

, 6 ;
ai i mp ant b(uMal ndzifrmgog ¢ O mponent sal . |, 2015; C
ABTsuchABs atrrersegarded by built envicroosntme nt

eateit hetdismpebuil ding performance while having
tphZzwhvensi abnuaicl di ng t(eAdentod ootginil, 32022 : 2

DAPTI VETXBEXCSTEMS

DRSO —~0 ">
O "TOM®— 5 40 0«
3 -

N
N P O o

2. Stht sgycst ems

Systemgil ding asgnttergy at ed i natso gae n ébrua H gamae
environment a(lT achoandkiatniionestSt aby st em¥s4pbo indoor
and outdodr wi omo ut habi it pt ictheange their confi gt
(Tabadkani efThdk.atde208&r 1 modi f i ,@at isdmms i @v esry stt iem
designed for optimalSt asdwesrtaegmes paeerrfeo rwmadredey used

are stildl rel evbot | dinonuglsl net esnkpionrtraeemid e |l wpé s and
shading devices are exatmpdtesi mdr osvteam tvlitce osmnymset metors

(Tabadkani et al ., 2021:5)

r

FigalLeft: Stellenbosch University Faculty of Medicin
(Gl eich, .nMidddlodhhée n&nk humbane Cul tur al and Heritage
(2017) by ChOhrormmamasrkski. Ri.ght ion®Odemaer Sciences Campus:
Extensions NMU (2022) Ray SVAtlent ehmd toigograplhy, n. d. : or
Recent technological advancements lasadvedtbhdmst t er
systems tdlerfownmghecutudiohe exammp et erc numeri cal cont
machining | ed to inn¢(¢vagt2)rwdet ts hiardm magd wsdeetdd iocne se f f i ¢
and accuracy, as well aAbceugaxredi rpr&@ dlabheton 20!
2023: o.ndtiantei)c sy,shoewesyvieamet ed by t heh angien atbh & ii 1t
configuradapn awdr time, making them inferior to
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2.2 A2laptsiysé ems

Classi higierdor mance bu(Atddtiing atysakms aRleRdi: 2156 )
barrbetrween the indoor a n(dL ooountedno oert eanlw.i .t InZ2MnES:t 1 :
primary ofhmecoivvbaug |tdhiergf'osr hndaoktba et al ., 2023: 7
2020: 3256; Bedon et al ., 20AMRaclhi evpee ntéhoirsmianale. ,
respondifnegr etxd ed infa | antdi nexitiensmalime f ietrhwtao i @f i on

environment a( Boacrosncdh e wsoknis et al ., 2023: 1; Tol ba
20: 3256 ; Bedon et al ., 20W®iille iLotoerer atlentet tail muy |
i Aatwisemr prefBoresclswski et al ., 2028BB 1lcaAttia
ore be described as oardd aptati one diwkaitloe sc o hai
ences and throwagh pernsfitartneEomde nanieon et al
86)

T W= -

ility to adapt is most often achiexkedetthrcoug
fa-adelhetics is the study of di fferent movement
masses an@fHifobeleaWhent&®é)ysm aits ccharacterised by
movement, ani mati ¢ ™Me r eWeapsrtoegrr, e s2sQi 2omaeftad chid ae e

charactetihmedi diys of mechhaprcatusegstaemartety o
geometrsesesh as displacing, sliding, expansding, f
Si mi |AdS,i nkeftai-cadal so respond to external stimul i,
tuned accordi hgtouoeg¢iredadama cklda n i efTharef oRB21K6n:
fa-adenly rethendbbbtheg to move and doecapaoittyefe

)]

ARBOor espamti makhi dwehdainggheiomf i gumTat banet aanld. , 202
t hereby c¢chéamgit(filgpponn memn ret a.lThe 205 gk2 8 Mdlcloonvisi gur
AB to control thermal mass properties, solar sha
humi dLbgynen et a,lvi,ew20@bwaXad&4)outsi de, ddretrrmall c
(Tabadkani et al ., 202TR2;reGploens & Bwansyt, mB0O 0O 9 X ¢
scal es, swltadtyide iyd aiolryeasadf Yabadkani etAdalpt, veo21
par ameters i nclude t he type of control, respo

aest hatdlepe,nddamt sondi ¢t Tolnlsa et TabFa-a0é3paBamet el
ar®ontseexns iatmidv e an t haedveanotraeg eboeus or (dTi asbaaddvkaanntia geete
al ., 2021:1)

Theouvandaptasi deft hiemdo dcaisfi cati on of an organism o
mor e fidt for existence under t b Me rocr\Weddd tt @ ro,n s

2024b: o0Mmbonk)environmental conditions,awthetder p
i nstant of Asttiasomrtl al . , 2020: 3,2A9% ; wiBleld ommh aentgealt
function repeatedly and have théTabbhitey .ab.re®
Bor schews(k2i0 2e8tt dgfle. t hat thisi gabaoge!l isshddinlcy i omt
fa-ade t eacnhdnioniobgays t midla@ t aabsi Ititey modi ¢ o mpoda®mt of

physical .properties

The multifuncti omldslf uc hddiresatcitnegruiissthi ctfheefma aferdo nmi sst at

t hper i maeayson why t heyvarlatéi®&mssodyeetedal ., 2019: 1;
2015: 1a2n8di)a bl eer naddnwen ttioonal bu(Bdi sghe¢ewskhinoé b
2023:A10bai di , Azzam lasnnsebdyl HR&EB@RAMAdAaS¢ri be t hi

evol ubtyi ornef etr mmuwnligt itfounct ofonaFsaabirleistpyond t o mor e
parameter Loronstni(@OI1LiBF 486asrcri be t hitseadaapttiuotni on
over l onger time periods t ounreprrseudiec toepdt i fmatlurpee rd
Loonen (t018la48&84) menti onophphatt ®d dcsd pattii wer ebyesetnems h
investigated 1in ttheenopagtl, esbduaephtbivaisda di ng shel |l s t
polyval d DtavwalsIAF&a8 1) f uintoya k @ eehc o n armit e/ lbu Eeo r

the built aesnkéypyonmaregy and resonmrcce@acfefl icoimé ma y,
andrmorseust ai(neamlneen et aAFs &m0d3al4d86)more afford
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area effici éeémpyoaed Ispad Balrsvbewakil etyal ., 202
al , 2013:486)

Despite the shift towards adaptdweh systbmsndso
shut,tsari d | dominate the fa-ade industry even th
cont emporfaorrym fernefeBlao pe 2 | et .ahi s Riahictoa tfagppnl i e s

i nfor mal dwel |l i nfger, m gmakeens htihfeti rstfrreecet ure and i rr
suggedthiang adapti ve systadmse rrneaif évieen fatohvel eaidbdieent i f i
need to investi gaARewitthhei na ptphl el csattuidoynb so fcont ext
2.2L3mitaidaps yefe e ms

Sever al aspedhtwws dutiinldiesfat mdbm ernati ve andd@uialdtapt i v
environment prefesstopabviewitli dinmadg tkkeeaedawd a gti lkeesy
nohtave the requitmowmed mpih@imeWidgeapo & Cattell, 2013
AB aalescaruouség due to the |l ack of standard proce
met h é dass s e ststiapger at i onal ofdsr(fLmromemcet al ., 2015:

Sel kowi t zThe&r0dd 9ar3e tak ehs etdheat ABUsESBor schewski et
2023TRA) s sugglelst sho hdaotin shiehewl e dt o cahbyre their fe
and that further receoasdclern st meied e @& fbtdoicladkciyn gi n
perf or.mance

Kol araenvBiacr I 20 T u) t hetrh astt attltee | ow ARic@reas smaiamnley odu
the complexity of thandobeegna(tezdl st e4cqmnioal thoeg v ,
devel opment al status of technol.ogAyd arpesitvrei cstyss ttehm

were dewvenlloypetdo address one buiafreéi agtpent ocmbhyge
compared to those addr e(slse en g& aS erlaknogwei H ozfy e @2e0p0e9c: t 3h)

mul tifuncABonalcirtemsaefs their complexity, potent.i
costBorschewski &4 well 2292Bh&)assoc(kKdleadr enaiiant &
Parl ac, TR®&1bdpw success rate of AFs is primari/|l
integrated(KethnelVbgy &, alsarwalcl,d e2deltohpeme nt al st at
techn¢lLoownwen et al., 2013: 484)

Kol araenviiacr (20 5 )at e t hat the bal amrgeoeflk ea dveepetna bfiulnic
and optpemifscerdmaompea, ed t o tdhesitas kKkegi atoeddevel opin
solutions that successful Aytraedpp®rdl 88 &tw@Jait mat e
resource efficient technol ogegnhvdntdeesa pleadw o mwainrc @ |
AB, reaffith@éiBngshoul d be carefully considered and
should be anal ysedagii vphrimonj etchte tcoo netnesxutr eofi t s f eas

2. 2 Adaptfiav-edad e es

AB include a -gwiodvwei nagn dv aervieeet y of typeAskvat haRDO6Bs
had already bedgdmMttdoaumdanteld.SSome20 1o8&: 1t6l8dakl yar e ¢
categorisuedcd as fbai-oangiemehniiocch draw inspiration fro
(Tabadkani e Fa-adde t2y0pR2els 5hecome so specisfuibc t hat
categorissuecth asampd obobeartdad nbi dmi-mdlttiadadkani et i
2021:5)

Adaptive systems are often referrBddbao (a0 1d%)n a mi
compares the structur dla-aldari d ht diyzinamiedcsAmt st ati
Dynasmis the study of forcesHi bhatl edhegd® Tammv ebnee r
categori setdy mesd aap tsiawwbe sy stsgprec i tchhata acyer it $sed by |
(Barozzi et .ladone (021061 8207478)5) bguwadapandgnamic
byemphasiABl ngbil ity to regul atewhihehiinsoonot eavir
dynanhiac a.dDey na mi ¢ facades aredinroetz ft i ¢ ne | obpueid di ag
perforfmeoceen et al suchO&adifadddene Kindergarten
(Fi g@y e
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FiggBreLddddi a fdiradergadrten Kekec (2010) by Arhitel
Jur e KdKtammbk | , n. Righnli Sew)| ar fa-ade at the HilLo
m ne)

Research Building (ZE0HL)Zuby cBTHDNRZuWr.ii®© i

Being multbfilapti veagpbsteeseradgori sed according t
fwnion, such as (pKoorvs tdda mtgo gslhoaudi & gTsangrassoul i s
al ., 20 LD 0h2h9)R0D1a!l di2f8f9dr ent i at e among si x di st
which deals with a unigue aspEhhéesaox ¢ &eoerdgearn il @s n
ther mal comf oritndomegulaaitri oqqyahihaypciregulivasiuah per

acoustic ,rem@geulgayt i @gen earnsslteironpr ef erefhkc@esnecnoneétr olal
2015: 112Mt91) i a (et0 2a0l: s32es6d?y) wher eARR xparitest weasfe i nter
Acomfort-bandigemelrilgy mamradoememptdt | weeaddittiiommal
popul ar topics amowmhge nt haes kierdtA&rovmgeevibeveesd c omf or t |,
management and user contr olperrdfolrematn cteh d®@bmeaicnt i bveen

Adaptive Facade Group Primary Objective Secondary Objective

: Reduce energy demand
i |

Generate energy

*4 Reduce operation energy ‘

I
I
i :
: ** Reduce operation cost ;

|
) — . —+ Reduce glare
] —~| Reduce emmisions ‘ !
1 | 2 &
: —)I Improve indoor comfort : mpreeighing
l l
1
1
I
I
I
1
I

Affect building performance

Improve temperature ‘

*-| Aesthetic benefits ‘

"‘ Improve air quality |

|
3 —+ Improve visual privacy ]
|

Doesn't affect building performance ] + Communication ability l

*»| Improve outdoor comfort ‘

4,| Improve acoustics*

FigdrSea udyds focBersehawdgi20&8 padpti ve
fa-adegpe clas8l mpcaveonacousticso i s not include
Bor schewqki028tp2atl . ment Looaprpdnbg@0D18t.1289)

Bor schews(k2i0 2e3t)g2ad At ypes according to more gener
l'imiting theanddroe Dail lyge rhfgesreanmadiicet i ngui 8Bt hat ween
do abtietdi ng paenrdf otrhnoasnec @ ih@ad)rAetoy piteddta f f ect bui | di
perfor macd @hiles e retdneeccdper aegme@mgrydper at 0o Htresd @c

emi ssi oinmpriamadlo o mf, o wth isc Id e f ti oeodnbb ynoaff li @me, adequat
lighting, temperatur e, (aBorr sqcuhael wstkyi T8ndkavifitsaura2 0 2p3r
simultanedusky oper aatnidomd ceonrerggryvi r osmenuti dlangqaakl|
(Loonen et alBoyrszhEewgROXBYuLdlher divide the obj ec
operation ABehagy @¢eetereangly t hosedudeatt he energy d
Energgeyner 8t adecrease the dependencih aandagphteidv eene
photovoltaic HpdmelNsESdn Rtetsee &1 ghBy BBi Itchiatg r(educe

energy desaod astboewnltaroldaings, reduce the need f

2024 © University of Pretoria 1o



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(og@

therefore decrease the ener(dgyldan=sudmmtli.gn 2df2 3t e
202 1LAR)y ptelsat do not affect & hteh obsuecalendiitthg tp er foemmad
communi cat easnmd haobsielnit the@& st d o o r ,whoi nufdhvesatft taefnf ect t hose
not involved in the design -hl¢Bossochemakiifigtsacth
3)

Attia(202@)f ARteypes not according to the, bbhbutdincg
rather the takhadwsstomgyf ut(fdadgilskxmhe firstAFgypep of
accord{Agtita et alare 202am3f2é zhdeaviheg e movabl e
regul ate sunlightsvalrhiisdursgt egple shset udes, roll er
Venethilanndsnatamdelnltyi ¢ lado eeld faawididye second group
chromoffeniadietch e mired laateecchnol ogy are i ntsaigrataesd i |
el ectrochromic glazing, l'iquid crys¢inati gl eri nd
2020: 32®l29r faac-tadveer e the third group which inclu
doubl ef as-kaidngr een wal |, and phagsdtthangitna@ltecl2mc
The fourltshctglr\oeupvfemtadmhiio/ha i ncl ude cd otsiewde Icya vv & n
fa-saamed automated ogfgeértablae ewi mdows 2020: 3262)

Adaptive Technology Sub-types

| Dynamic shading

I | I 1
‘ Roller blinds ‘ Venetian blinds ‘ Shutters | ‘ Naturally ventilated closed cavity facades ‘

Chromogenic T T 1

1
]
I
I
I
i
I
I ‘ Liquid crystal glazing H Thermochromic glazing H Electrochromic glazing ‘
I
1
I
I
|
|
|
1
|

Solar active T T .

‘ Photovoltaic cells ‘ Phase changing technology ‘ ‘ Green walls ‘ ‘ Double skin facades ‘

Active ventilative 1

‘ Actively ventilated closed cavity facades ‘

Im

‘ Automated operable windows

5 &t udyods focug Atrteil at iexe at o,

Figu
2 0:i1B2®mAd)a p tfiav-ed ype cl assi fication

ig
02
These two f(Fiagnéd&dir §&r ei ndi cate that AFs are deve
objectBoreschewskii3eanadlt.hat20odi3f:f2er ent fa-ade tech
adaptive f UrAdttiian altl hadlsees t2v02 G) amewor ks can be u:
whemonsi daeprpirrogpr i at e ABRsntdr afteeagsii ebsl . e

2. BONTROLLI NG STRATEGI ES
Th st utdggst s the efficacy of shading whircaht ema keess w

comgplxcontrol |l i ngnapgprad pergiietse given their resourc
associat ed tceocnhpnloilcdagtiicoanlshowever necessary to d
controlling strategies as part of the reference
Fordagptswet emsespomedxternal asdi muktieeynabre strat e
cont r(oBdresdc hewsKk i et al . | 2023: 1; At ti a e€etheasle. , :
controll i ng esttrhaetre goiee se xctaani nsi ¢ or intrinsic, mo

passive contr ¢Bhrongzsteatadgi es2016: 280)
2.3 Aktive strategies

Active adaptive systemadjarset ided aomewldibtgye 8 hait s s el
receive inputs from senger@dlbbadiganedebyal ., 20 2
et al .Thi291Bpamotese i s sDbDglpibaky ead tthgeetrdror m a mot i
(Bar022| et .&ahe, dgHdfthi 2B80)vai sysngmssh them fro
syst ems otulgdni r ability to react i ndependently to
i nterna( Risddimudé i al ., 2021: 2; Tabadkani.Téate al . ,
adj ecetxitvrei msidcef i ned as fAoriginati Mgr Miedbmt er, on
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2024c: onivhnehstshuggtgeassdt i ve systems are affected b
t her i mayrsgyt(eTnabadkani .6Stunal aGotu2®®2a) 8t: Me3r)ef ore refe
heating, ventil ati ¢dtv A¥snedr vaei sre scno nadx a mplnd ngf (act i\
where the sensor and actuator are often separate

Extricostcol |l i ng fsutrrtahteergibeesd dcraenc dedr ematdoi ve and s
strat(elgaeasdkani et Dhilr.ect2 B20m:t3n@n u alelfyercontr ol | e
reactive sbotsbitareffiees where sensors are used t
based spgoceesor$si medeneakropfomabadkadiatat al ., 20

2.3 Passive strategies

Passive adaptiwviemistyesft ldgpesdt ehred@ drj ussetlifng abi | i ty, y
active agYyapemse are achieveadilgy eirred Teg loeandekna isi s et
al ., 2021: 3; Loorsamheet vad a dft a2v0eldFg)g G)r The el ement

i t speelrffsarhm aacft hensensor, processor and actuator
system as whnoelregnyd ®p dofeRie o ¢ i et al ., 2021: 2; Taba
Stamhuis,.P20I®»rm2ng the actions of thesy®tnsmr , fj
beconeismited to onMeRiewmvi reannaelamn,d ZT@hlryX)psend to

externa,l a&snd mudti to(Tabadkahi séei mal i, 2021: 6)

Fi g6rLe W ntrdeacti ve Glod dadeo asft Est ate Sibaya Sports Fac
by Craft of( PArtcchhietre c tnuidaVd brael aicntei)ve TE webh deed e

Building (2016) by Mediplan(Medhipl aant Aramdt Bleaabt angl
Heal th Pl anner sRi gghtd:. :VBentdeatj i veadtf aOlaydmepi a Car

Par k, British Parking Assoc(ilaang@aFulnt ®undre.ed byonlainmge)F

Amt hexamplpeasasfi vely contr olslietdh oasdea pa s svoec i sayt setde nw i
material s, such-Mas ebhesélggr biSke nfFPiagedyl&i am | iam FRroa
howassively contaoétl egf simadt egnagxeri als refer t
ability of a materi al to respond to stimuld:i i n
mat erial 6s original st at(eStoanncheu itsh, el RiIGMAIKiIR i ins r
Met eor os eanvsiiltiiovned sP f sav-eandtei |raetgiudl nasnbeypgl ydsvbedt s f or

their hruensipdpinbsgieb i known as hyrkoseagpi cGhtryi sti an,

Menges,.AbWudginadHAl wd 2 0k3)at e t hat the resul't of |

materials into architecture is a distinct higher
Preuning according to predicted conditions i m
however, they tend to require |l ess efégabgbadkanbpe
et al . ,.Clk®anl:y) both active and passive strateg
buil ding performance by offering distinct contr
advantages Operating di suthngtody méeams nt matbueé & afi
opti mal building performance, a combinat®wm of &
et al.,. 2018: 43)
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FigureLeft: -MgtgeorSksensi tive Pavilion (2013) by Achim
Ol i ver David Krieg(la@D WBrtiefdreqi tRei afh eRti gthttgart, n. d.
HygroSkin aperture adapt(iArcd i tmo M\eenrgleastlmndlnomUmlndal)ty

2. RETRORBIYBTEMS

Shadisng attelpdatescoul dr epdouhceeat i at I ¢ sisn eixpfoesrumal dwe l
can doeevel oped ashuihtdée gmgatdeas tdeenvsel mrpped a@areystem
retrofittéeditadi ®DBhmii pdgo o mrheesainstn f or mal | chwSloluit ing s
Af r({Baatistics Sout h tAfarniccrae a s20 2i2n:f300i, malhlb8&s)e a nl & d
vul ner athielaitt ysttrees{ Hegp os 210&r3et5r7of i t t i agualylsyt e ms
i mporttoamnttegr at ed sol utions.

Sebayand 28dt28&R2) ne retrofitting as faseeichamiciahel
bui |68 megr gy 6. Buil dings | osas tthledbrudcaaghe,bgyi mpr boe
with a variety odopetwsdfuiit tdimg s<yystd femhawabogi édi
al ., 2DRIBbd)(e202a®eb )i net ir @gmoodfiiftyi ng technol ogy t
unpredicted enviromwrhercthali svarii ateinomsf uaedt maetail ¢ ¢,
and economics.

Tol ba (e202a3luT Ydh &rf egleaentt wead n-, mmodeand emaj sof | evel

retrofitting. Mi nor | evel is mostly associated
Moder at e l evel i s associated with renovation \
upgraded or replaced, such windowsdesdtihesaddiito

of cladding and Mahadi h@vdeEviionfcelsuettprs cafcietriteinnge o f
building componenthbsuisliddahnagage t he entire

Retrofaistpponged to npwodsudcdésdi cpn,st r ucutiiclhiesem st e
buil ding, amad lee i eflfasst e s mad nveirr onimempaecBle bayang et a
2023 EDpr was@oma(a20lirnd) cate that simpneduoveerophet
energy consumption of exiwhQ@muaa ,b Siahddam@2 0Ap)t o 3
repohat buil dregr edaredduypcge ener gybywpnsaimp8®an

et (a210.28ugytelsdat 20% of al Imuesxti sbtei mtgot braumi fHiidd tvegdsn e t
CQOemi ssi onsGibye 2 Otbi@risgdosfaintt tatyeeysf, @aa €i b | ieetsntarkaet e g
buil dings morcd i mas ie set diratad gRe®C , 2Q23a@an:d9 5a3r)e consid
vi abl e heataitsotnr esstsr &atSdadpi,te X 02BRbt naf i ne)ingclsudat eg
i mproved insul ati oinmpmrnalv e dh er antad s arlaasns e svhianddachvwy p n
orientation, greamd rwatfer amar waldG@,g 30FZR e m$5 3)
| PC(C2023aal9ssdB (s hateusing a combinationneul adoli an,
and ventilation, prove to be the most effective

Theéi ggest odompemrmp rsiyastt ée smse threo &dfj eveegrsaphyi cal and c
condi ¢ Roasi et . ’hleabhi t20t2@d&2pt to di fferent conte
critical concshdes a@tiyearowheaeay st esoti tet, awhi,ci2021
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sugagsetshatetrofiftigngwedMFd heir mul ti funcdliiomatla t vy
medi at ocrasn be extr.elthdlsy elxd reefdiscitahle ne@gl|l i cat hva:c
ofAB within the ialf90o madrcioddiexti ng@ sol uti ons.

2. B0O0NCLUSI ON

The literatur e arnayv igedveircnoing éeld @aghemd 1tdda ng pEmME or man
findings sfuag-geddtrydgph gtat i nad cloybi nati on of di ffer
stratebaadkani etThal I jt@0&0uibdsthlbaudrl lide nigdei cat
remain a cruci al building component when consi de
whi cihvaelhbe develdMPB mastabfernbébi adsl htios sltilkghi lcieghlt s
to investigate AfShewiaphplIni ctahtei oinn foofr ma | cong ext . T
th&fs are develibdpedehdr obj ectives andSiuniillarsley d
active and passive systems &alaveot hehbhthwhadoeagn
strategies aimed at reducing heat stress exposu
considered and agiaVvaoyasnetde xwi tthoidnertshiebe | i t y .
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3 LI TERATURE 'REAIRBEW

With a clear disti fatcidamn theejtanwetainomsli f b podanti ay
heat stress adaibtyae Vv ioeaswednerqerteedgd ceesn t Fthedisetsudi e
i nvesddigfafteer ent strategiiempritthaen dbdbaoauwl d@an wigt emme &t |
ei t her dtihgrsotuaglhl a tiino nk, & saufii migs. | | a drde fteor etnhcee f r ame w
when conbdedeéer atna@s st anfeqgri eisnf or mal dwel l i ngs

Si mittaBror schewsk(i20@8)czhlaissatfi adamtfi ve sgysgthem typ
precesdverrte | i mhtgdt hose idmtgheecthb yi ladifregctper f or man
increasing the indoor <comfor tProerc erdeedhu csi niigdo etsh ed ea
operati oonf emeimggien g snacdl melye dr eport on t hevhemcenr gy c
i sno st of t ednb ya cahniaelvwesi ng t hGa vtemé dunaels od&i,ndbeal gt ud

strategcesl dhpbobtentially be retrofiteedBddro i nfc
exampletudi es @&fhfaitafa censett rtohfe tt angugmpracvaedcfdgecti
| oo&v gl ass, was excl iechesd Db pheswwedmatgn otupfed accol
to the phramdbaggan(i20e2l:.ad)nen (RO 1& drR2dB 4)

keyd
ColammBr ow2009and al ilghhCuRsD B 3 aehx@bmpl es of retrofit
This included focusing on (i) niampumraJv eawmssntt(dilidt)i
solar shading, wihi lcldi taerrea tdui:rBacrfaRsesvei de w

3. YENTI LATI ON

Ayanl adé2etompar eéidndtohoer ventilation of |l ouvre wi
in the informal tbooiugkhtiewbli NggeTha fiddiunvgse i nc
windowmpr ove t he nweeretpi Itahtei omean i ndoor A@mper at ur
28 C opptoses| i di ndlwigmpdeo wsean i ndoor temp@ndtures
3AC which i 2AGhil moesrt e rmc eAb dtiemidlgar d &B)gst bl at i on
bas®m the for m&Elgy sthotwhxatheofi md@eadmuc &7 bACue t o

i mpr ooveend i U @itsiagmr ¢ Diamaeedh., aZbhkaddm2a023t udy tested
the wusreadift itbtoea8imi sha cliay f lw@niehsbyadp aadghretme x t
to conventi onali ndii madhisivkrd teaTyb & ah s enlps veret i dad i on

t her efedriueheever agedoor t eanptumitthi2tdy@nd T E%pectively
(Dabaieh et al., 2021)

These results suggest that improving natur al Vel
to reduce heat Ysettr,edsPsGE@opR8asOdtBdat the perfor ma
i mproved ventilation strategies wild.| decrease a:
These stradtgegqg weisre ewidensiteeto major blyeveeilt hefr
switching from sliding to |l ouvre windows, making
as windows, allioppwhtituecmi 8t pwieem hder eindf offimatl ed ont
3. ZHERMAL ENVELOPE

Fall ahi, athdddhsiagpgR®ts@ udy tested a rangef afadéeffer
throdgpisttanlul ati on amidechaundallhyawt ventfif hagdd dou
compared to conventisnatdtudeubhe ekéengyaecadsegumpt.i
to deuw sonogm®abaaeaBl bab20sb mi 1 as Trgacdmbe wal | system
t heihrer mal efficiency by reportiBag eadn itnheSjmeadt,i nE
a conventional \VTirrdtmbasd ownplalr emlads o a Tr ombe wal l t
asoppase® blackmmhadvé@b®6ible insul ati odevaenldo pae dp a i
Trombe wadtlhceoeduog | oad by 73% c qrmmadraé e ht & tEH é ak
201.5)

Kuczyé@s &t as zoicz2 k20 utdgst b@f f ect ther mal mass has
temper.&ahenetsestui ng was conducted in Nowy Kisield:@
identical, Thbemhir sbubesse was constructed with
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waldmsdn the second the walclomcwertee aa ndd mimismud taic a mo n
col | omowteed a summer 2@doanytsh ewhcdh@d échd3 cate an aver a
temperature2 ®fdCored WB@nNn t he house withoppeseoncr
t @48 3AC abBdA@9 t he |I,i gihnswelatdtd ,fr ame howae. This
average indoor tempe&/Ad uamrd r maeudcunaodipp AL wi2i ¢ h

echoes other studies fiimgulnatsbtoh ilpehohi engddH caafofei ctihee
202 3; Vel l ingiri et al ., 2020)

These studies indicate that i mproving the therm
using developed wall systems provide different |
that retrofitting the building eryel oge ctoompil mxr, o
higrch building technology, and secondly that t
extensively and sé&wval dianb esdpicemcd it botpur solvliiyng t he i ns
of a building withoutd caodndsiindge rsion ga rv esmhtraielld antgie @hnl saor
cooling performagctPCe@ftea2s8lenridb@d)ys probl ematic i
are dependent on the heat | oss overnight to ensu

3. SOLAREFLECTI! ON

Cool paints reflect a portion of the solar radi
heat (kdimmemi a et .Glo.l, p2ald @ :s3 @A) er engirt anage fc felwiovgeh v e i
sol ar rwidt la tehxotgehr n a | tsd Kme oktourmreni .&@8he abi ggeaedDtl 8
drawback of dadcdlbhedai mptey faorramasacehdepakabmddedraade:
they tend to undeKipme mioa mei ndwhenrt 202 0st3Wdi es hav

conducted testri rguwtond epfafiencttss ionf t he i nfor mal col
res ulHusg o, 2023; Nut ki ewi cz et al ., 202 2; Ki me mi
Kol okotroni. et al ., 2018)

Kol okotr@©Oa0 1 &:tebsH)le.d commer ci al | sys paevca ifliachafl @ rymaef bol r
dwel | i nigat wirddid 6i hdi ngs i ndincdaiteaR,8A@uerdMar ch

and Ap rainld tl ugisth anlu | saitn doinc @ t d @e n uian d ofaaw f1,2A C

Kol okotr¢R2iDl18al6sad .repontdt f@adentthe moennaefufreacltliyv e
ventil ateWWedWwehnlgicRdR@) sah dii mglsnrddiagcate a similar
in i Tho@M2AQi white coloured cool paint

Ki memi a(202G)EE®estednt petior mance of white col our
i nfor mal dwel |l ings i n Jyceha nfniensdbi umggeA G Saoduiitchi it Aefnr ii on
maxi mum daily mekainme neing €2t 2adln.dfi nrgishe i c actrei ttihcaa |
heat str okesatbeondpde@ rardeudruec e d f r o nN ult9k% etwoid 20 ) al .
st uduwmd isctahtaet building ehaeéopd e nhdf acmhieaalits est r es s
exposHudgdasd 2022 edngstatdyshwan&outh Africa, al so c
the use of <cool paints othhé nrfiogknad f dhweavil t Intgrse e C
to 6BRe sadalugslgmpared the effects of paintoindg t he
painting the roof anfdi naddidnidyrisg ait res u lhatti ma.i nTheg t
envelope isvegndugoef2@238)

S

r

f

ol ar reflectivity is an inexpensive strategy
etrofitting with cool paints can be easily i mpl
or i rcfoont mxlt s .

3. 80LASHADI NG

Sol ar shading can be used to both adjust, the ir
t hrough shading sol ar radiati on with (loR@EChang:
2023 a:MAad)tive shadingrdeviougséeydo shmpt dve dayl i ght
environments in cos$tderwearl merat elsi, matpep,suewétdr e t he
reduce sol drkomadiaatioghou & TsanQurrasmsgmd leirs, s20 h
shading systems are typiwbaltbysummdrtohegdace Qgle¢
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toeduacleas rag@8oascbewski i3)t Tahli.s, nRabk2e3s: 2mobi | e s ha
favourable as they can be removedP@azr ngmwifanar
Gonz8Awizl ®s , Cast-Gat mi ¢& sGdaIheGa2eds: o2r)e , given this
warm t emper atnéd yclsitmaties that tested thienckddrect
buil ding environment through shading solar radia

3.4WMindow box shading

Abdul kamddévmai y(aZzhO 1 & v esti gat etvi ni® wefsthadti ng box s
on timaeoor t her mal c omf oirg o vaenrdnbnueiingth t ihnogu sAjpbuug lai,t y
Ni geAi0@0nm deemgnd 300 mm deewesvb adiung (Fd/egvi)eceet e d
The fiinddinglsate the frequency of indoor tamar mal C
l6%i th trmmamBdomdOhadi ngsadpepvliiceed r .eOsnpyeetoilapedr yo
Ochedi0OE9mi l arly tested the use of window shadin
retrodtirtateadgi es, wbhbopthpanotudedof insulation an
findings indicate thkaheraohuahsopaeribbonveedemper
3,3 %, and window 500mm window boxl%mheardg nhi arh,e Azei
Tengku | ntan Sanrtaeynrag TReanuwg(kZuhZid g ttuead tiyd per f or manc
di fference of concrete, al wmmirnihuwhi,ancéions tii mbMdal aw
The findi nglavierochiamagteé hh e diurcd o or btye nap entaaxt28ngn o f
with negligible differenceslRbksetiwmadamgizeast diredearce
heat stress exposure bygxesbrpceaymeasd dliinngi twei dn dwohwe n  t
windows are not exposed to solar radiation.

3.4V2getation as shading

Vegetation is regarded as a means of shading duc¢
(Hol m, . Veg&8B)ancowoaxsyegen (supmplegt alact 2asl 8a 4w at hel
protection | ayer, allow food cultivation, reduce
the solar radiation t Ha&tki aafwfod etmi avdhj a&d e ratl . d wel0l1i8n

Aki nwol emibwa2 Odith) adi.udy condagbed ,Nhigrewdsati gat ed
advantages of diff er(eing 8rgea Blreen fwiandi rsgysstiermdsi cat e
reduce the indoor3dACempe awleinalgei byoro@afscer ttahbel e i nd
enviromyeal mos(tAklionOwe | emi waSeh @t§.20IcE0sde8 Jalfy

the Zero Energy Buiilndliigtapstiemial@irin@mpoomre, t emper at
reductdA@noAdheqir een awel luwsstelde west eMmef i adddgs
howeverdi cageeéemaroofs out perrddudnhmggr egbhemwmadll ssur
temper at ACasolpy s34 -16ACGVi t h gr eRont hwva laktiergdresve t he
i ndoor environment due to the additi(oSun estol alr. |,
2018:MBRivsakes vegetation as shadirregumel thiefau n csttirc
exposure while having additional benefits.

Additional of
vertical fims
Changing of *—
glazing properlies

Brickwall +
brick tiles

300

Existing -
conerete shading

Fi gwBrkaleft : Wi ndow shasi e@A bodeuv ikcaer eem & Al

Mai yah, .20ML-8el8 5r een wallesp e ddkdtiynywoel e mi wa

et al ., . MO dé&il@®mBtd:) Verntist & Sdliympang et al .,
2023F&night: Verti d@®®faiznrsa miefsatnead ebty al ., 2024: 6)
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3.4 Sh.adi mand

EIDar was@omaa201 hyestigated
e xstteastwaclari sbaldanigdnanandi mul at ed

air tightness,
bui |6de mgr gy

consumpndiowmiadpupald i eyd
buil dinngsortherdh&gppit | dii ntgisn gweirseh ed
const r,ucyteesoinmu | fait reddi n g st hi anedti eclactden snissa wetnpd ryf or m
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| ouvr es

three retrofit strate
tdiof ftehrdeeretat i on al
by orientat

t h

other stratredies,t hendenerbgyas c s RWEHAED@ASNWI sh &
Gomaa, 20%@b&dgand 28&tmdyteecleppnitmul ated the perfor ma
X 10mOn0 vert jrceatlr offiintst ed at an angl e on aFi geudruec at i

8) . The findings imsdiacatcei ¢ alat f iriesprroobvh gnégigh @rzmn g
from clear ,bw edeard] heacvteirvaep e o o r temperAGSurme | ay 0.
performance benefbiy ®r-&&mrea mina(adt2etmympbri ng vert.i
fins to venetian b(Fiigdy eiCo mplaircalntt ®, aSgaint r ol ¢
shading, the use of oytdem@naﬂsm{ardbajmlcefitmse onaern m
indoperating {( &mderoal BOe t30ACR 7 while indoor venet
reduadhen.fo 828CP®«Caz r ami fana elteaht QaOO2van) Adebi
an®ni gb(o2g0iX)und t hat horizont al fins outperforn
over hangducing the $6kar gain by 56

L____*a:n:lm A D‘

i_—gl%ﬂ ———5 “1 4 %" A

TR e v AR T |

Horizontal louvres

Fi g9r eThardeagp s bV ar

Vertical louvres Folding shape

shadi ng (tMam&ojltsedfit«e2d 218y 9 3)

De Bem (e2t02BRi)cci (eD02atn)Madk ammi UPIIBFN(«202 )t b é

effect ofhaddagt dwaed ksl s G&2023udy compared hori
l ouvres, | ovievrdaagt,alf ol di nlgi gsuBeepeand( how t hey aff e
temperatureal stélse edt tdhye performance of each wher
materi al s. Al t hough the simulated results are v

| ouvres reduce
and glass fibre
t he

t he

i ndoocohetp awoaogud raesftti lte croonpto s

reinforced polymer s, and that v

mo sd o rwsdhte muucnt pel dasesatfi pecd | y vi rfMla dk ol s rdigcke? 0 2.3 : 95)

Control .Stafic Adaptive
Fi guOBhree fa-ade conf{(Qurcatiehsatesteaf2hy38)
Ricci 66203tudy tested howafhfoercitz otnhteali n doauovrr etsher m

i ght

t@nadapfti ge rwahteiroen

constr ed with
contro d by
Copenh

the fin

2024
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gsdeodeaatein
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are fixed a
| gruivgrderBel ot mdei zont al | ouv
tath migni tnd duiinn agd ampmeed ssav e by
.STehnessiet i ¥y @ e n aprairoasf f wear ehy

t he
poramudg

uct
1 e
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ver 2widwohndag he fi xed and adaptnvédoeaeaaritbe e
ndi cMRTdear eas,elwfag/@%,2 in BYRTWgocagegcasae of 19. 8%
29 7 %, and i n At hawRslof al72de eam@E&® gwii nh t he fi xed an
cenarios respectiswuglgye s ttThhaets et thiey nsdammeg sf a- ade des
ifferently in different |l ocati ons, and second
ut performed the static corfidgdrfarieoacei mnsalmli nf one

Bem €©2022)so found that AFs have a relativel
rovement Ri &¢cim{( 2@ 2D}l dBem (e2t0 2a&@)mpared static hol
adaptive louvres that &dcCti dihtpeblhhaas andietatpoi
he adaptive strategy incverasaby @& t B &0 %Waldas omf o
ulated in Curitiba, Brasilia and Picos respec

ONCLUSI ON

-3
o]

o 3

literature review considered different retrc
oor buil ding envisrtoundmeenst .c o/ sfiudlelr e\@ [sidn gdf x M haer |
L8 Theviewed shdategeeortantFifradct gr,soallarhougl
| ecti eenf fiesctd veeossttr at egy, adafiyhialfieey iani ¢ edl § o
most widely tested sSoruatthe gAf riinwiaththec pinrbfearaimapler f or
benefHugo, 2023; Nutkiewicz et.Sdconddl0y22 ;s tKri arteeng i
aim to improve ventilation can be compHekxenthot e
underperform compared t oThsiorldalry ,s hsaedtianagt ssthdameast negg i
promiismcecgor temper at ur et d nmpbreb o eupeeormpoara @ed t o ot h
strat@8gl &@s. dheavdechegso range in geometry and orient
tper fairimlerrevneti s@ntseAxntd | ast | W, stchh @epteonawreet her an.

t o whxattadapti ve sunmnmasegitelse performasteasgof hat at i
tested the perfor manaree odl sad alpitmivtee s,y spgaermsi cul ar
As a néstlutdy eboosiump Isitsattiioc and adaptive,sa@alnar sh
how theyheffiedtoanvbiuiondmenngt of j ndlotrimaadt alwel il n adi
whet her they can reduce heat stress exposure
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4 METHODOLOGY

The studwsaigshse teof fi cacy of r et r dfoiwmtetheeda gs hsa driensgs
exposure in inbtsratdh ganvtedl li aatgisro ns éasntmlien dpo d s

The UrNiattédédons Framework Conventhnod. . ommd@soeemat e C

circul arstpardtciesaggi mpact , vulnerabilittwyhraomtdg hr i s k
moni toring oa(d gelvl®l uhhe study f ol | owehde hae asi mi | a
st essaknsd vul nernabdoduttiwerstsrsiecsas eads wel | as measur

r
Sstress exposure i.A mefcemeéemoé¢ owaehadtweodg kb ywafsi r st r
adaptive facapglersf asmébmudé dii mgr olvietmemdt s:PerdReyii ew
Il owed by a preciedémdr Isdnuwigr odnfimetmeds/teance N st r at
(Literatur aPBRevVvliihedvw r ef er end & afsreadmetioa t &sgiwnaual | al tye

di fferent strategi esialafpepd mald dwedah weedeitimdtytohe The
synt hersedssiteldtasdd t o the devel optmeattle apfs aanptpd diaepdt i v e
protiociangf or mal | dwméhsngement s weirrdea@akiemomwmmenmnthe t
ul t i naastseehdlyset heri veelapritendjslceat stress exposur e.

Background +
Data collection phase 01

Heat stress
exposure
assessment
Study
UNs Framework Convention L?In?ecrtablllty
on Climate Change and risk
assessment Literature review
Reference framework
\ of facade types and
In situ Monitor and Adaptation :nmd;frgzgrﬂ:gr;?gtsant\gé?ggn erk
measurements evaluate planning -
Data collection phase 03 Q\ / Si mu|a.te d.iﬁerent
strategies in context
= Data collection phase 02
Implementation
Apply strategy to
prototype informal
dwelling

Data collection phase 03
Figudne Studyos approtaehUrmiompadr dat it@ens Fr amewor k
Convention on &€¢énmdt eaod@hpatnagtei on pol i cy.

4. RESEARCH PARADI GM

o6dui Fosto, panaig,]
f heat amel i or a
heat stress ada
| e

The study is situated within a P
develop and assess the success o
provides @&uvihdkennecfef edti veness of

settl ements on an individual sca Using si mul
focus, the findings hope to inform climate chang
curent infor(mailv usnejtat i€ gksuyini, 2017: 30)

4. RESEARDKCHSI GN

The study fol sovedsbmbl ati on research design. T
with digital simubhasimombatoonnfBrmathg, both met
simultaneously to enable comparison.

4. STUDAREA

Foceson i nfdeovemmésiingisat ed i n Ts hMhaen et,woS dpuiattfoatynpa ¢ a
dwel lings areUhouvat edt wonkoxtphe® ri eReonsthiadt f i el d, Pret
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(og@

South RBAUBR2S8A1IB7)madevail able Toeitkeistaotdpnssi
asCwgd Kopyengdri mate cl,abarbictaawasrsml thegmper,ate cl i
with dry winter ¢ C&8h®R,hQ@0.1Summeéi 1e)

4. BATA COLLECTI ON

The data collection was €0 gsliRéeRrhraedeiinc | tlheee p
construction of the proi oonfy ptiheed lu a.d wedoldrethegen adidf
static stratcaigglietsasiwerrud hatt®ednhirme confi gurati ons
strawenmlg gliyt asli mul at e, d whn dpehrmafsiegWa?at i eat et ung
phad®z These three phiahseesUnaltiegdn Nmittihons Fr amewor k
Climate 66h @maggdeaupltaart i 6 nh gddglki cy (

h
fv
o

i Phase 00 i Phase 01 Phase 02

In situ construction % :
Control dwelling in situ testing ﬁ
I

L 1
\
|

Control dwelling model validation :
Static shading simulation : I
Adaptive shading design : : J‘ }
Adaptive shading simulation i :
Adaptive shading construction : ; 1 :|—
Adaptive shading in situ testing — : 1 I
FigaRke Data coll ection phases.
Three main methods exist in evaluasihnmgierheaper fc
cal culditgoinaalyl ati onsesafidmdpadkani eNumdr.i,cal021: 4)
cal culiastoinosni dEaetl and easftfiom@daabolaed k a n i eandl . | 202
di gsitnaull atsiommsi dered an accur at fnopreedii antei @ro nafu mi @
(Ricci et al ., 2021: 2Di gsataid kad n id rendpltadaiwse 202 1 : 4)

i npaobmpariend ®®$ui aogndcteo o many assumpthensacaueamygd
decres@fabadkani eDi ghitnu | 2a0tRidovrel dies ef f ect i ve met ho
opti thesisgmathbeefiterseisimpluemegRaticonet .8Imul &2t0e2dl: 10)
performaaser emprtcs t hearmdbdsur emamt $dfrearstfircarh | y

I n situ me@SaeedmenMsasl en, ChamanzarTh& Kmoissthnamur t
S|gnlflcantdlagjswrtamlltlaagtel onf with regards to the con
hea stress adaptation strategies were tested fo

ensdamptlmlsed design for i ndtlheemerntsaktd aopfth amtadlad d «
(Hugo, 210 3 &By)imog ei £ i me ¢ otnhseu nMmonsgt bauctc ur at e met
(Tabadkani eThias. st ad@pads 4y ahaodvigds itciaoli |1 aetcitaends and
siteastTihnegr tmwoadlel i andwe udriefd ectedi@atkermshef t he
buil di ng c¢ hlaalledndr igdltBiec s
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Tabl:Brototdweplepanmgmeters

Buil ding ComponenDescription Ref erence
Geometry Se€iguBe Measured on site
Fl oor area 4,0 8n? Measured on site
Vol ume 9,4 Im® Measured on site
Roof Mat eri al 05mmcorrugate(Measured on site
Rvalue 0, 0& /v (I ESve,l i202a4)y
Emi ssivity 0,28 AssuniefTcher moWor ks, 2024: on
Solar refl e/ 0, 68 AssunfeDdean Steel Buil di ng§d
Wal | s| Materi al 0bmmcorrugate(Measured on site
Rvalue 0,0 4 %Kl W (I ESve,l i202a4)y
Emi ssivity 0,28 AssunfefTcher moWor ks, 2024: on
Solafl ectiv] 068 AssunfeDlean Steel Buil di ng§d
Fl oor|{Materi al Peat soil Measured on site
Density 70RgFfm AssunieBr own & Wherrett, 20
Rvalue 0,52 %Km W (I ESve,l i202a4)y
Emi ssivity 0,9 (I ESve,l i2024)y
Solaflectiv]|/0, 28 (I ESve, i2024)y
Wi ndo Window to f|1:8,68 Measured on site
Wi ndo-walUue 5,0 W/ A Measured on site
Gl azing 04mm cl ear fl {Measured on site
Fr ame St eel
Frame perce/  25% Measured on site
Popul ation densi t0 ?mperson
Ventilation Ol / person/s
I nfiltration rate25ACH AssunfeHlender son & Harl ey,
4 2180 ] } 2180 %
R T A A =] ]
oy e 0, % | I NIl M |
PO | Window | : Door : T ||‘ |‘ =] [~
2 il § 2la
5 el i <8
§ S Doar| = K ___.§
Logger i -
position
//’ §
§
- . |
} 2020 ; ; 2020 ; ' 2020 1
Plan @ Northern Elevation Eastern Elevation

FiguBBwel | ing geometry.

4. 4 D1 gsitnau | stoifdmwar e

Di gistanul ati ons wlemrtee gdroantee dwiBnhvi r onment al Sol uti c
I ESwweodel | i ng BbD30awa rdea,t ead anal ysis tool using t
i(MeESve, TRO24ESve software is based whatdebal a
external and internal heat s,ouaicmefsi | & ccad u not
porati on,anao ncvoencd W aotaiu ot for t he Thersmam o6Dss$
rmal gains and | osses Il offgiocna tteh et hbeu i€ rideirggoy, ernevte
3:PBHRe weat her file used in the simulation we
toria Experimental Far mbs (we at hemlsgthat)i on usi

- OO < T3S

4 D2 gmbdkehl i dati on

Thedi gmodél aMaisdavt ed atchiemr dnierag utr @ ame d $ shegar son' s

Rcorr elaatail ofrAissier o, Sayago & aGonweSlhlewdas 28106 ) at
comparAts ohiOlsMCT aca@and8TWRHeaddi fference was recor de
dwel |l i ng dB ganw dhbtth eween 28 Mar ch (halR) @&Bi Adpbri ésabeéd
to a corr,ébanpdndofr RIHheapdcPi @byl a experienced
the ordinary codrdi nrgaitntye plee gaomtha thay odn sApdreirled f

2024 © University of Pretoria 22



&

UNIVERSITEIT VAN PRETORIA

UNIVERSITY OF PRETORIA

Que® YUNIBESITHI YA PRETORIA
validation wami t@deredbobet weEBingudBd®andngot Apsi pefi
correl a8oandf Were dohi dBéldensdpecanwae&s yconsi der edc

acceptable.

Using a validated virtudlhpmededemtndstimdsy gans heé
adaptation, various sol ar s hfaodri ptglodsi ocraanf eogrinmeasl w e
dwel |l i ng. A factor screening method systemati czé
results were then usread ptt asvodisaire b @ g a smsheest ghifesr a

mor e efifhreepriotvdiengi ndoor tehnavi atoinanesithadi ng strategi

Tab2 e TaRHmalcor ded durpmhagéted@ii Maricanand 29 April 2024.
Ambient Temperature (ARelative Humidity
Cont ext Ma x . Mi n . Me an Ma x . Mi n. Me an
I n @Oiwtedw |1)ing A 370 1 0 2106 10,00 2 290 6 6 9
I si ODwel l)ing B 3 670 1 Q10 2 10 3 990 220 6 40 2
Di gliviagul at ed 365 8,1 6 2 117 997 177 5 6l 6
Insitu (Dwelling A) Ta Virtually simulated Ta
_______________________________________ )
40 i Considered period in model validation !
35 ' ‘ i
30 | i NI, \ /‘ ‘ﬂ J A 4 "4 :
825 \ \ ‘ ’ ‘ [\ p ‘ ‘ { A ,:
\ \ \ | \ \ ‘ [
72 ANV ON UL AU
VR \ \ W |1
10 l RR \ V!
5 i !
mOHH(\IMVLDGDI\COO)O\—!(\IIO')VLD(OI\COGO\—!NOOQ‘LDLOI\COOU:
N O ™ = d dld d o d d d N o o NN S NN N

March / April

Figadlen e &t gliyt adi niuad at(2a8d Mal2 & h Apr i |

4. 413, wisttuwng

The site was prepared by removing allwo viedgentta tciad
dwel lings wer esictomd tpluch edlp &rftf f docaiviog dn corvtelr cast i
(Fi guBdaanBHwer e meas WHad dSUSWWB2h USB It cheagveenhsaN 3 %

RHand 3MOa ol er(aHade r ui s, mM.hae. | omilgiesttesy hweerdee centr e

each dwelling to I'imit thermal(Fragdiataadd 1li2@t0er f
mm abohkfeini shed fl oor dxepveerli(Feingcieh.ef | ect user

ST T T i P2 i 2 DRSS

j ] i _ ¢ wolgd
i F Dwelling A * i

Outdoorlogger |
Dwelling B

i
[} Existing structure §
I

f

-~ Proy ided Site

! |
/ { - =

J-’ W Existi‘ﬁg structure

Fi gulrbeL ef t : Site pl an indicating dwel |l ing A, dwe
structures, and the outdoor | ogger position. Middl
shading strateBRPebSBRIighger SSNstalled inside the d
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To ensure identihealstpayf compaced t he indoor envi
dwelling A and B between 280M@sedmnan @, DR WA RrHi |
di fference \faasb2reeltioctd edeakndt sorcs rRI Dt i9&oo f
both Ta and RH. The difference can be considered
reported by the sensor manufacturer.

Dur ipmhgpsediOdst mbl ati on gvearse rdaateda .htatsre tghZz, adapti ve
strategy was applied to dwelling B,exwherriemedmte Itlo
enalcloanp araingdddhre quanti fi cat i on( Soafu naddearpst,a tLieown se f& iT
2015:. M&aG)er i al choice of smiadi magl defvi eets bdrave ha
(Madkaogus dg«2023; Peng Jti merr eftroméC.+H1B »yar2ad)e pine pl
(York Timber swas20lséedohisheuct the adaptive shadi
4. SOLA®HADI MGRATEGI ES

Atot aflouofseasahadi ng st raamtdegtihersee adapti wershadin
di gligiarhul (@ab8eAdaptive systems that only address
aspect, are automatically inferior conplageed& t o
Sel kowi t z ,ho welv0edr:d3e)g rhemu lotfi functional ity i Nncreas e
l eading to hiagrhdermdinrst ead(dBodrasam e ws K i et al ., 202
Parl ac,Complbeux |tdé mlgnocbhogy owercctelsas AB,dhteer eofifb t b ,

t het ufdydwnsn heat stress adaptation sheaskagdiesg f
strategies were osiimpplreovien tdheesifgenasi bi | i ty.

Tab3 8l ar shadi ngesdtatiast etgliye s

Descrip
Approac Buil ding envel|Strate RequireqReference St
no. mat e ( ifa |
Factor Solid Northern facade SS-N 401l (Conradi e, 2
screening shading Eastern facade SS-E 456
Western facade SS-wW 456
Roof SS-R 55 4
Roof shading | Roof RS-H 485
iterations Roof RS-V 4,7 6
Window box 445 m deep n/a (applied to window) WB-445 114/ (Onyenokporo
strategies box 2019; Abdul «k
1075 mm n/a (applied to window) WB-1075 275 Maiyah, 2018
deep box
Static fin Horizontal Northern fagade and roof HF-N 788 ( Madkour & yI
strategies fins Eastern facade and roof HF-E 821 2023; De Bem
Western fagade and roof HF-W 821 2022; Ri cci q
EiDar wi sh & G
2017)
Vertical fins Northern fagade and roof VF-N 907 ( P®fCaaz r ami T a
Eastern facade and roof VF-E 965/al ., 2024; M
Western fagade and roof VF-W 965/ VIl s«q«\, 202
et al , 2023
Adaptive Closed Roof, northern and western AL-C 149 (De Bem et al
louvre louvres facade Ricci et al
strategy Semi-open Roof, northern and western AL-SO 19
louvres facade
Open Roof, northern and western AL-O 19
louvres facade
4. 5 Facsareening
To establish which side of the dwelling envelope

stresposaselid shading devi ae asttar atth8g)yn eratsh emr m
fa-asliter (68H)y wester (thraS&8dgy amadsfit r aSER)wer e
di gliggiarhul at ed.

Wi tthheoof irretcheei vhi ghest sol ar radiation compar ec
sur f,acatshde r enfavntghe bi gges{( Cent adi,gnadn 8@ 1 7r) omanfal
shadgthnrgat egi es (Fwagrid.et Els¢ efdi r st made use of fl at,
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west, swhdsbhlghocuvadioast oat ey nRRdDe Eecond

to
made wuse of upright fins, extending north to s
n solar radiation dtnr athedfynoR%ing and after

Figdabe Roof strategy iterations.
4. 5W2. ndow box shading

Theimdow box shading strategy wa®Onpasekipnawmo t he
Oched2019aMbddul kamdéléMa i y(a2h0 58 udwodi Tf erent wvariati
di gliyt asli mMeil g @el each withdeptlhsedrmtenbsomXd ar angl es
equi noxsapnedr soonthmer wantder 3$bésfiac e bsttiroanWB{g 4)5

made usebnonf daeedpd shading box to all ow ssoollasrt ircaedi e
buhl ock solar radiation saummsooolns tiinc et. h el heeq usiencooxn d
(strawBpyyjis5407mdm deep to block solar r a,dviianttieon at
angdgummer sol stice

WB-445 et WB-1075

Figare Window box strategies.

4. 58S3atic fin strategies

To test and compare the impact ofMashlkdlismdgRdi ffer
2023; Ricci ®Daorwish 20L5ymaEmwié7)i zonspacddns
400hm apart, were appliedstoatiéNgyt heastherm fa-ad
(stradlR)y, tahmed st er n sfta-adldEeg)ylh e steh rseter at egi es wer e t
in combination with f| &ti,gdh@oer i zontal fins on t he
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FiguaBe Hori zontal fin strategies.

Si mi ltéhre thoori zontaltheni smpaat egfi gwardtkioftasl s adi n
2023; Sebayangweerte atles,t exd0 203)a t dsbter md/rEthiiye r nea st er n
f a- gdter aVEBY, and westtaraWV Efgd-heecsee (3 sErgtidgi es (
were also tested in combinati onThwei tfhi nfsl e r eh o3r0iC
wi de and smpmcapa r3t0.0

.

Figu®e Vertical fin strategies.

4. 5 Adaptiowuateat egy

Thadapstvat egy was devedtogpteidc bsatersaliVietiplin ¢ sh@@r evi ous
strategies merely concept a$ hraedp rnegs emae tiahtapdpsd, i ¥ &b le e
strawagegsi gned for .Tmepl émentrasi oot at e awhoiucnhd a h
al liomdi vi dualdg usngfiftelreiirncr easaddv émos atciclosneypp dat e
prefer(elh@&t@€smsz r ami fana eEaah.fak2f@dd: ipasures appro
x 2000 mm, while the pitched roof has two 1000 x
mm | ouvre shading dewiitche st hwee rleo udversei sg noerdi,ent ed

and along the widthhexnxethan olbdhepaitwed on any e
in situ testing in both horizont al and vertica

a
nv
I
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L Vil W W N ":‘-"'L__A
1Y W . W Y O O O . ]
D
% .

Fig2Oe Adaptive |l ouvre strategy.

The strategy was appliedf daoaddalee aaddp tainvde t chaep anoir
test ald ghgtianhul ating the | ouWig®f0ienl n htrheee fpiorsd tt,i otn
werpeositioned parall el to buil disng adle@ gl oipne tahse :
secotniley were positioned paocop@méncel pled 0i &ASgFFFL as
and in thwet bir dAaash esn 450 p etnod aflaidal aronr adi ati on &
(strafBAe)ystrat el @ wds furt her itne ssheetds ubrye nteankisngaf t e
was appliedFitog2f@ievel | i ng (

e Y P

Figade Str aiS©gy¢ ouAcktted and applied to Dwelling B.

.PATA ANALYSI S
.6 .Met hods

criptivwersd aisesdita@addevanhieltei cacy of shading
e, .2i0Mi8l)arOnye nmokyndrcd ed2i0 * @an keheef f i cacy of dif
erventions based on materioshe¢ guashhibg pwaaead i m
performance of strategi es atnhde trhescsehsasdaarinygs ur f
were usedptoadtiisvceullsys ae yThiedcatasmal ysi s focused on e
whisgthr at egtyhe mostr edifuftghteeiat e sit m e sisn seixdoeo stulree dwe |
per year and per season.
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To ensutrlee tdhad en e acifosneafcthect i wkeil yecmapatonteaedni ng
consistent, and maMageabl| dudet aSept ember , and D
represent the four seasons. eldhweisrea nfdosusro | nsat nitchess , a
therefore the dat apef e stelndt hcehsaer antotnetrhisst i ¢cs of e a«
most defi.ned points

4. 6 H2.at qert g 9 <

Apparent t € Ad@r amtaussr eused to measure heat stress
applic¢atiimind ar Sowtthd(iAisgiogcar023; Kapwata et al .,
Mazinyo & Nel, 2017 ;. @arnmiesnsda reetmeanlt. ,i n2dd Icm)t i ng |
perceive tempemnatbumatarmd of ambient temm@Rd&r at ur e
andgi nd dpuegeAddistrali an Government Bureau of: Meteor

O"Y YO o & Ti0 i T

The water vapour pressutrm é@Riflaend wlaas: cal cul ated usi

YO b uaa P I KYEd

—_— TT L WHF—

p TTTT ¢ oy YO
With no official index table of thheeatridalkat ii an Shiup
Africa, ri sk I evels of heat st riknsistSeedxtipssiuo malwas
Weat her o6Zenr.vdi.c:doendti ni@nachdl)e as usedtiumti eessthierg heat
stress dxKpgpswmartea et al ., 2018; Grtiamdledaya et all.
Garl and et al., 2015; Blazejczyk,. Epstein, Jendr

Tab4ATi sk I(dwnmdltsed States National .Weather Service,

AT range (A Risk Level Heal th Ri sk
< 26 None None
2631 Caution Fatigue and discomfort
3240 Extreme cauti/Sunstroke, muscle cramps and he
4153 Danger Sunstroke, muscl e cr antpesat shteraak
> 54 Extreme dange Sunstrokesfandkbaeat

4. DELI NEATLOMBTATANINSASSUMPTI ONS
4. 7 Dkl ineations

The aim of the study is to determine whether pa
strategies craendusoreh ff i sie@ssyexposumeaomy iempri o \voinn
of informaltdwelkblcondegssrel opment and i mpl ementatio
were disregar dedWhfirloem Itahreg est ucdoyn.t ext ual factors
performance of i nfor mal dwel |l i ngs, this study f
applied to the Absuitlhdei isg uednyv eéalndee .tnal agddpeseeameéeant
studinswhich the effect of i mproveexgl adzlieenigt ost r a
the resource accessi bAddittyi amall lay,s ocd mp leidc &tosd c
such as actively controlled strategies, that regqg
unf easi bl e given theiTrher @ anpuarcda e orf e qusierr e Mheerhtasy.i o u
were excluded from the study to ensure better co
al so excluded from the digital simulation.

4. 7 L2.mitations

The swasdypri mari |y |fium dtemgrbegf ocrbemb i aiand itsoens woi fn g
andi gstmul ati ont ovee rmesousrdee ¢k fafn e c rdaepweed o.pfrheemt si t u
testingwapselrs @dl| ientid edheluti me constraints of t hi
continuously monit oAseda breeysoun d ,t htehes tiundfyidli gi atail on
simul ations wedeendasswmed®d Hadhleywtud®22:sl)al so sp
climati,chua®rge onist § i mi ted tTos htwaenec ont ext of
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4. 7 A3sumptions

The i bdobding eonfvitrhoen ntewnati ttwe Lt i a g gyweardea pmoantiitoonr, e c
and compae e3ddhaperi od. The differences were witdl
equi pment and therefare ddhdmepmsdwedbtlttveb!|l 1l ggsthe t1
reflective characteri starfsl @lda btllfewe rceo rarsusguameedd bsahse
onexi sti ng( Hutgwd i& sSo n n e n.dLeacsktel ryy,i n2dph2eg v s ) used to
calculate the AT i nmselei, ¢thlek alwien d d wsg Bahnack ddaoced rlsi n g
wer e per manelntt |ays scul noesgolda sff ®apwata et al ., 2018)

4. BONCLUSI ON

Using a variadidgomnmibled twieskeimt a ntdesmhi ng met hods, the
were collected for Ahewasfétareuntasedtnmacsiozsdedgt
heat stress exposecreteéewins e me gluaarsgeeerédxb y eme danger
exposur g Iwehvi eclhs wer e usedlThfeorreamnmalt gsipsr esent t !
experienced inside a prototypical informal dwell
applied.
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5 RESULTS

The study firstly aims to investigate whether

building environment  Tehwamé ori halg ad we lhleilangstirress
was examined through digital simulations of a pr
shading strategies. Secondl vy, the study digital
l ouvre shadi g estsr dthegypyottendai al for further red:1
findings from the digtigdli mitmilatc bapt err.e Ppirreaslel
verify the accuracy of digital data i n measurin
comparing it with.in situ measurements

5.DI GI SAIMULATAM@BIL ENT TEMPERATURE

The simulated ambient temper atture dultadg o orv egnvai rfa
control ,admwdeldpmlgi ed adapt ptriecreinfedidlegi £tsandared

deviation for BACT rfamrgesutidmor BABodi t henspntooB, @
The reasdhowt Fapf A nAT@&.0f 242G nsi de the control dw
is |l ower cbmpa?2 ed3itd e ur ement s i Rdi@zmagiimg a
bet ween 22AC andma@26, dACtGods8npdgiacal informal dwe
Ki memi & 62t0 2aDi:m3 3)e asiur ement s al so damckicla®d@ eraahi gh
similar dwelling. Fur hchtelmenoc@nt i et Hicdli®184 ibh ghlee T
indoadagOmpared to tndaglB8uMBEBSOCcOAtar ol dwelling: 21
20,88% higheksxcomodaoed Tao tdheg 3duttd€orvsTaontr ol

41, 22AC) .

Tab3% e Ambient temperature per year (simulated

Ambi ent Temperature (AC)
Scenar|Coun{Max. [Medi a|Mi n.|Mean Skew |[Kurt |[STDEV
Out doo 874 340 100 120 1% 2 -031 -0,4 4 6,3 4
Contro 175 412 2 2076 1,16 2104 -0,0 2 -0,7 0 801
Factor S SN 175 47154 2@B1 128 2%5 001 -0,6 3 785
screeni n(SSE 175 4141 288 132 2069 001 -06 5 7,8 8
S SW 175 428 269 1,32 285 -0,0 5 -0,6 6 7,7 4
S SR 175 386 247 146 20438 -0,1 3 -0,6 4 733
R SH 175 3P9 2% 3 141 2% 2 -0,14 -0,6 5 736
R SV 175 3978 2% 6 1,32 2070 -0,0 7 -0,6 6 7,6 4
Wi ndow b(WB445 175 4130 2062 1,18 2®0 -0,0 2 -0,6 8 795
strategi ¢WB1075 175 413 4 2065 1,19 2 B4 -0,0 1 -0,6 7 7,9 2
Static | (HEN 175 3748 2@1 1,45 2®@3 -0,1 2 -0,6 0 721
strategi ¢ HFE 175 3809 2®B6 148 2®3 -0,12 -0,6 0 7,2 3
HFW 175 363 29 148 240 -0,1 8 -0,6 4 7,18
V EN 175 3778 2®@5 147 2 @6 -0,1 2 -0,6 3 7,2 8
V FE 175 387 2@ 6 150 2338 -011 -0,6 5 734
V FW 175 37 4 2007 1,4 9 2044 -0,1 5 -0,6 3 7,25
Adaptive ALC 175 IR 2 2m9 153 208 -0,0 8 -0,6 1 729
|l ouvre stALSO 175 3P4 204 146 2®@0 -0,1 0 -06 1 72 6
A O 175 388 2063 145 2061 -0,1 0 -0,6 7 751
Abbrevi:atSSN: solid shading on tFrHFEN: horizontal fins on
SSE: solid shading on ttHFE: horizontal fins on
SSW: solid shading on tFHFW: horizontal fins on
SSR: solid shading on trVFN: vertical fins on th
R SH: roof shading with FTVFE: vertical fins on th
RSV : roof shading with VvVFW: vertical finaden th
WB-445: 445mm deep windo'ALC: adaptive | ouvres po
WB-1075 1075mm deep winiALSO: adaptive | ouvoeesnp
ALO: adaptive |l ouvres po
Comparing the solid shaeN,nggSsd¥SaneB)]S&Eso(sheatenqgl
dwel (Tiabf,e t he results i ndR c(@gcel itch as h asd & calgieegvye tSHSe
thegreatest rediUeadaidaonld abybyb @t 169 WANSOoABRO I dwel | i

21, L9 atdd% 3(81 A Gs contr o4 2&We lrleismpe:icti vely. Two d
shading strategiesf iwedien ¢ attlecdw rdan@@rgeytifeRSs hadi ng
horizont al l ouvres extendisisgt rfartoeM y¢ aRDd ft s hweds h )
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verticalrddudaeaby Z,Ze%é@/scontrol 2diwed 29 nand
Taabyl, 84% A& control 4dvaAELCLl i ng:

The two window box shadi-h45 sa rrhOt TRpir & © r (metdr & theeg w c
compared to the(Tabh.erStsnt a taladghyg (WA 5mm deep window
box) reduchyt De(ZU®SE s contro2l1 d@wg9d | whigte strateg
1075 (1075mm deep window snhadbdi 0g(BF &AW sr ecdouncter otlh e

dwel:l inlhP.49Bot h strategdady 0ndoOehSFARTe cToant r ol
dwel:4Wi2nZHE and O0,20%hY WEBMAS controdllR2AEel | i ng:
Among al l t he stTaabibres f i at aNy y(ahHoergiizeosnt a l fins on

fa-ade) r egtutichee tmoestTad@, B&E@&6 b o(nt rol dAR) | winigh e 21
strateNgy( veeF tdamrc atlthe imosrt hern f @abayded, A®RUWAUESe t he T
control dweA@.i nt:r a¥Wiel@y4d dHFont al fins on the west e
Taadt he most Db3y6 ,866,s14%ntrol dAWdlpllil mgsea ddah ey VF

(vertional thenwesttemamedwucadehy FaBBUW60OEs control

dwel | i PAg .41, 22

Strate@y(adaptive strategy awihtitevtehd hleogvie@md eslt o ¢
Taeab ¥l 2% 200 8A&s contr od0d%w®) | Wil eadapti ve strate
the louvresriediulce nd.hreddh) DB 2GFA®s control dwel
2104 AL(Tabd.e SO (adaptive strategy wirtehlutcleeailh®u Trae
the mo7s96% B(W AQ s contr o4 2&Ke!| Ivihar:e dAkL e nithlee Ta

l eas@leby(f3®BATs controd2d@wgel | ing:

5. Pl GI SAIMULATRBINATI VE HUMI DI TY

Tab6:e Rel ative humidity per year (simulated de

Rel ative Humidity (%)

ScenarlCoun|Max. Medi a Mi n. Me an Skew|Kurt |STDEV

Outdogq 876/ 1000 5400 1200 547 0,0 4 -09 8 1%9

Contrq 1752 997 4 @87 7,58 491 0,18 -1,0 7 2180

Factor S SN 1757 997 4% 8 8,18 4917 0,18 -1,0 5 2127
screeni ngSSE 1754 9®7 48B3 74 3 499 010 -1,0 6 2160
S SW 1757 997 4809 791 4RB4 019 -1,0 5 2142

S SR 1757 997 4% 7 875 4P7 0,18 -1,0 0 285

R SH 17572 997 488 8,70 491 0,18 -1,0 1 2M™4

R SV 1757 9997 4% 6 799 4% 9 0,16 -1,0 3 2129

Window bgWB445 17572 997 48 1 7,8 3 4 B7 0,18 -1,07 2164
strategi ewWB1075 1754 997 48 7 79 2 4 A5 0,19 -1,0 7 2156
Stafiao H FEN 17572 997 489 937 5041 0,19 -09 9 262
strategi € HFE 1757 997 4RB5 8,6 3 5@ 4 014 -09 8 2073
H FW 17572 997 48 3 92 6 507 0,19 -1,00 2072

V FN 17572 997 491 9,14 5042 017 -1,00 2063

V FE 1757 997 420 86 1 5@ 3 015 -099 2079

VvV FW 17572 997 48 8 9,2 0 498 0,19 -1,0 1 2075
Adaptive |[ALC 1757 997 4RB2 910 5064 0,18 -099 205
|l ouvre st ALSO 17572 997 4916 921 509 0,19 -0,9 9 2061
A 1O 1757 9997 480 8,3 6 481 0,17 -1,0 2 2111
Abbrevi:at SSN: solid shading on ttHFEN: horizontal fins on
SSE: sol i d stadsitreg norf at-t HFE: horizontal fins on

SSW: solid shading on tlIHFW: horizontal fins on

SSR: solid shading on ttVFN: vertical fins on th

RSH: roof shading with IVFE: vertical fins on th

RSV: roof shading with ‘WFW: vertical fins on th

WB-445: 445mm deep windo ALC: adaptive | ouvres po

WB-1075: 1075mm deep win ALSO: adaptive | ouvogeasnop

ALO: adaptive | ouvres po

abéhei ghdthghdsi mul ated relatiov@lhumihei sxeBH) ose=a
hastandard deshatwd@néAdd®get he outdaodlc®0dlt i or
n the confThel rewel 859 9084%cae @¢ab & beean tRMHo | dwel | i |
ndoor environment coepear ed(orhedi® ddel %v sd @otomr o |

e
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dwel 4i9nY% The RELhs very similar for al |,34%teo str at
5348 (Tab6)e
5.BlI GI| SAMULATAPNARENT TEMPERATURE
The simulated apparent temperature (AT) resul ts
enivironmentoonfrohedwel |l ing and the si mudhbadtéerd str a
Appendi whBl e t he momtah!| eBnidmiAgTiat eTda BATET a bl @
and@abl®? Appendi NoBe of the strategies, Neak t he cC

more tA@n(6HEe

SSNs(olid shading on the
onlcyautewnr eme acnaduanigrairsk | evels of
considered.

5.3 Hkat stress exposure per year

| o woefer x tt rhe mees hdbeartlg esrt r e s s
nort hewaoZ728A G dEY e rhafvd mea,

h

exposure),

eat

stres

Thei mul at e te aatn nsutarle s ® fadsdqperrsainselmcswnT ab?7.dhet ot al

S

simul atedt empobhboweac hemriysk preeysedmhtiecdh i s t hen tr
to a daily average.
TabT:e Heat str @es demmulrad ed dat a) .
Ri sk Level Total heat strg
Cauti on Extreme cautibDanger
Scenalhours/|Averaghours/|Averag/hours/ yYAveraglhours/y(Average
hour s/ hour s/ hour s/ hours/d
Outdo 1 2 401 348 19,0 0,53 0,0 0,00 1 4 302 4,0 2
cContr 1 3 701 3,8 5 1 2 508 3,53 10 0,0 5 2 6 408 7,4 3
Factor S SN 1 2 906 3,64 1 1 508 325 18& 0,05 2 4 752 6,9 4
screeni n SSE 1 3 450 3,76 11 201 314 145 0,04 2 4 706 6,9 5
S SW 14 150 3,96 11 158 314 10 0,0 3 2 5 402 7,14
S SR 15 157 4,2 6 86,6 241 0,0 0,00 2 3 708 6,6 8
R SH 15 306 431 86,0 24 3 0,5 0,00 2 4 Q53 6,7 5
R SV 1 4 353 4,0 2 1 0 400 29 2 7,0 0,0 2 2 4 850 6,9 6
Wi ndow b|WB445 1 3 503 380 12 100 339 170 0,04 2 5 8§00 72 4
strategi|WB107 1 3 302 3,74 11 909 3,3 6 175 0,0 4 2 5 458 7,15
Statoavr| HEN 1 4 659 4,1 2 79,0 221 0,0 0,00 2 2 559 6,34
strategi|HFE 1 4 757 415 79,6 223 0,0 0,00 2 2 753 6,3 8
HFW 15 805 4,4 5 75,0 213 0,0 0,00 2 3 404 6,58
V EN 1 4 850 4,15 816 2,28 0,0 0,00 2 2 955 6,4 4
V FE 15 Q09 4,2 3 84, 236 0,0 0,00 2 3 501 6,6 0
V FW 15 251 4,2 7 82,0 2,31 0,0 0,00 2 3 454 6,58
Adapti vel ALC 1 4 300 401 835 234 0,0 0,00 2 2 655 6,3 6
| ouwrne at| ALSO 1 4 501 4,07 81,8 228 0,0 0,00 2 2 654 6,3 6
A O 1 4 953 4,19 95,06 2,6 8 15 0,00 2 4 501 6,8 8
Abbrevi:a SSN: solid shading on theHFN: horizontal fins on the norther
S SE solid shading on theHFE: horizontal fins on the easterr
S SW solid shvwastngr mnf a-ha HFW: hori zontal fins on the westerr
SSR: solid shading on theVFN: vertical fins on the northern
R SH: roof shading with h«(VFE: vertical fins on the eastern f
RSV: roof shading with ve¢VFW: vertical fins on the western f
WB445: 445mm deep window ALC: adaptive | ouvres positioned cl
WB-1075 1075mm deep wind ALSO: adaptive |l ouvaeogpesnpositioned s
ALO: adaptive |l ouvres positioned of¢f
The si mul adfe dt hree scud ntdéso o e Id &e OEWRINORN3f :i6ed)d obser vat
on similar i nfDs madthueb@e 0 R BinnGddi 3d @t%8 4 ® x posur e ti me
textr eme,danugaen@xt r eme rdakge embeilwkeidlhee resbi s
study indicate 14, 88¢%rempoeateimemdastkgdmrevteh e
control (dwelhl iOngzee»t rheome sdasrikg elTehveeil vy | ATea 4
(20 A@6h d nA(T42 AT si de the c@rtbiébr déwal songithin
range f Bug(d2 ®y3: 64)
With refersemlcied tohdadieng st r-Mtefs e®SdmdR)@Bagy SS
compared to theoclownt s DIRrdeedgsiiclle®e8 q1,eat stress expo
t hktangeirls &voeyl a (TlMWI).e5t r at eRyalSsSo st bdutet al heat
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ure t heQl InKs6t, 6BY hours/ day w3 donmntrsodldaywel
tgmaReH Y roof shading with horizpatfhdbhimsns e
e two laydds it imwlroaitl esdt b @ RIBH) | eersdVpReST f or m wor se t |
Qv &iStathd , t wo window box shadi agdeEWB)ataerge e s
st effective.

o P>O
>~ 0 — X
O M o
®» 3O

3

paring the results of the sTabl,e Whadatregves| 3
t |1 the strategiNes-B¥Wi-WFk hodi vent-Hkca®F AsnéH
J)reduce the heat straasn gexsphovseplr @8 WO O Wi 0t heur
control dwell Shgat &jebBelsHh oluarveeddezrne) t he t ot e

al h

osure tHd7MMostB, B¥7 hours/ day7488 bountwibttha ydwel
86¢tr
t

S0
Q =

at egays Hé& second mostduefhgctheet olt4hd hHhéaB e
rs/ day vidl iargg@8r b udfweldlaywsetdr alt yeNgtyh aveFd u ¢ e he
al heat st d&s¥% (ebx,pdods8urheo ubrys/ day7488 bontsobdbdag

~Suo<<™0
OO~ XW0WTITO

—~ C -0

W
r the adaptive | ouvr é ssthhaadtidm@nticyh dialp teigv esstrat e
e |l ouvr es ddrudtl yf eodpdegnbeedB)h e st ress expaswres kwi t hi
Tab7)eAISOi s t he mosrtedeundbleet i oeal heat dMMB &S s exp

6,361 hours/ day V43 8townrtg/dd@ ydvwdltulhieng:ot als heat s
Xposure the dedldobd 3réalstholuy s/ day V43 &G ont s)odlagdwel

—~ 7
= e}

.3 Hxat strespereapoBUTr e

aptive facadesd response to stimuld.i can vary
abadkani et TBher ef2d0r2el,: 3f) he s tnroantt ehgpiyedse taerremi a @ «
ether different strat esgiasslrhmee rtfootrant bheesatt isnt rdeisf
rr mositdi vem8and véaroes March, June, September, ¢
ed to represent the four seasons.

ctori Mab&®emdincgatreattéh@it s(@lti d oOmadihneg east er
reduce the total dueathgs tDreessnbé&yp @sdudr datr fr
rsveagontr ol Zdvwelulrisnaghay )6 (4,199 8ur svday

ldwéhobung, dmng9dpectivelsyt.r abeiyhgsoSlJiudhes hadi
nor threowne ftac alde )t he mopetdiunegghtetoitae heatfut
while during SeRtiesnbtelme sto atiegghfe SEtoit aé h e
ebxy2 ds 9(b& OBBur sysaygyontr ol dhvoeulrIsi/Ydgatyh) 6 , 4 5

dd

o L 0]
—_C ~

itional roof s haHdicrmog ssitsrtaetnd d iye so,u t spterr
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e
nt h, but onl R dwnt gdamfuarr D natardanblead ybo hyS b a ¢
445iersd WMBB1075 are the | east effective.
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ring the results of the st@tbBesthat egbabt
atreattengiyt (HFor i zont al fins on the eastern f a-
ure theY%mobsnti by Delz4Bnbenr sv(sdagontrolZBdwel | i ng
J dehi be&B(sol i d ®madihreg eastern fa-ade) red!
S exposure tB¥® dcdrrciomg DebccdmiGbeyr sydagontr ol

lizhngkour s./ & g)verhw er t i coanl nfloientsh a r ardeed u chee

heat st mosHEy eX@PpO% ud wer itwkerl etHé=B ¢h or i zfoinnt sa |

nor tedhred WEF ar aid@anl wkiesndeaa nade) redheat t he t
exXPdIBWO & 7bhrour s/ day v 0, 2lbonurrsa/l d Bdy@e Irleisrud :t
r i ndatcedh Mdéducestt he t ot al heat yos3t% es s e
(OMabr9c7’h hour s/ day V$h &hoonurrso/ddhatywethb athggy HF

ce the total heat 38 3 edsusr i enxgp 0Sgeupid ee mibloeer s iad | ty
tro645dwet $§1 dgy)
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= = = =

(7))

alysisthetdeéherent | ouvre pos(iTab®msshowf t he
raAkeSgyy (adaptive strategygpened) theddoavirikes IS
ss Xposud®BhHther mmgt Dbyohder svdagontr ol dwel
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12, 3@dur s,/ dalyi)l e-SOnhpeCAmIdapti ve strategy with tfF
reduce the total he@od et iregStireaxpbisyw reesftiiyemb e st
during Mar-80, pamfdbé@mmbest during September

Tab8Average daily heat st(esmubapedudatper month

Average daily heat stress exposure (hours/day

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

Outdol 9161 9071 612¢1461012¢000(000(0,194220(5037] 580( 819
Contr|]138351158(1%81625(3351025(05812321645(921(106]1237

Factor S SN 13838115541 1B7151371146¢000(0194146{{5567906!103]1240 |
screeni n SSE 159711874 990{555(317102810581229(600(854¢ 935(1154|
S SW 129(12411108B215917271¢(011703871185{6,031{882 97811225

S SR 1291¢1207110375161221(00671030¢15971508:816] 9161117177/

R SH 12011207110 1¢5317250¢(01310371172¢51171817 920(1180|

R SV 100(12411061560(280(01610431200(570¢(843 951711190]

Window b WB445/138351155410401{5861272(015(0431204{60671912¢(1006]1285]
strategi|WB107]13851155410401573]225{0061035!185!16,0119111105(1287
Stafiao H FN 129511208¢ 972¢(3961129(00170194112¢43830(800( 915(1180 |
strategi|HFE 1227711624 95914881{23710123:0381167714781758] 860(17324]
HFW 128711203¢99575117193!0061029(14844731817] 89311179/

V FN 129511208¢ 9774455(143%000(0161125§4567804¢ 915(¢1182]

V FE 1279(1203¢( 980¢4881{23710123:038116771485(796¢( 908711762

VvV FW 1295112071104¢(505(1,79(0011022¢1381485(819¢ 9067111775

Adapti ve ALC 1301¢12207] 975{403{104¢000(006!101¢440(814"! 930(¢17193}
|l ouwrne at ALSO 100(1208¢ 9774403711,12¢000(011710374838{803] 930(¢(1190 |
A O 100(122061120019550(277402110401119517528¢832{ 93811193}
Abbrevi:aSSN: solid shading on t HFN: horizontal fins on the
SSE: solid shading on t HFE: horizontal fins on the

S SW: sohadi ng on the we HFW: horizont al fins on the

SSR: solid shading on t VFEN: vertical fins on the no

RSH: roof shading with VFE: vertical fins on the ea

RSV : roof shading with VFW:. vertical fins on the we

WB-445: 445mm deep windoALC: adaptive |l ouvres positi

WB-1075: 1075mm deep wi nALSO: adaptive | ouvopsnposit

ALO: adaptive |l ouvres positi

5.3 C»nesl on

Thedi glivt aki mul at ed resul ts demonstrate t hat di

performance in different mont hs. The results st
fa-adeN)( HhFave the greatest annual i mpact, but [
acocrdance with the studyodés third objective, an
resembling -Mtduwd etgoay iHtFs superior performance in
situ measurements were taken. Thi se vaad aupattiev et hset
advantages of rotatable shading | ouvres in redu

ti me constsditrut g,estthengi nwvapen i Imo t-2@e 3 o( Ale mi
5. b1 GI| BAIMULATI ON $YBHASUREMENTS

To determine whethdrggstimaéil atccomnadcy @afm appropriat
heat str esascceoxrpdoisnugqr et o t he f ou,r tthh eo bmesacstu rveed oTra te
dat a, as wel | as the calcul at elOhewmdr staemparexg c
a2idagperiod (8 May to 29 May).

5.4 Abhbi denmiper at ualea taindedciotnypar i son

Compar idigglitythasli nTud a titeridewe a ®umrenT abd%,e t he resul ts ir
a311RACT aecadi ffe@éemecd anb | AtH WAy si t hiesi measur eement s
18, A9¢3, ahd@d @ aadi f fe(degsiemll| 84i2o0Gd N measur ement
3AUAT .
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Tab9bBigliyadi muil ate@asisred ambient temperature (8 May |

Ambi édretmperature (AC)
Scenarl]Coun/Max. |[Medi aMi n. Mean|Skewne¢KurtosSTDEV
Si mul at ed Out dog 52 280 1465 330 1460 ¢ 0,08 0,77 538
Contrao 105 349 1570 297( 1679 031 -0,8 6 ¢ 716
ALS O 105f 3142 1537 322 15381 0,18 -0,7 6 6,0 2
I'n situ OQutdoo 105 3400 140( 490( 17194 045 -1,14 7,6 9
Contrg 105 38O 1740 880 208 0,45 4 -1,2 4 74 4
ALS O 105 3240 105( 850¢ 183 0,4 0 ¢ -1,1 9 6,3 5

Abbrevi:at ALSOadapti ve stlroautve geys pwietnti

I n terms of r dhlea trievseur ti madii ciBZ2 @ RiEBL..di f f edéegc ¢ al
si mul &tHA0dnv.si n siefas ur e mBHh %o). , adl¥ e@RHa.xdi f ference
digsitmul 9Li3cMs n measur ednBep(T:abl @

Tabl@igliy asi muil mte@dassred relative humidity (8 May t

Rel ative Humidity (%)

ScenanfCoun|Max. Medi aMi n. IMean|Skewne|Kurto¢sSTDE
Simul atedOut dod 52¢{ 10,00 580( 1900( 505 0,00 1,11 189

Contrdq 105 9P4 54( 1301( 5188 000 -1,18 2206

A LS O 105 99 3 520! 1384¢ 530 0,0 2 -1,1 0 2B 1
I'n situ Outdodq 105 9®BO 595( 1P0( 579 -0,0 6 -1,10 2132

Contrdq 105 840 5405( 180( 5063 -0,18 -1,16 1739

ALS O 105 8B 0 545( 190¢ 5185 -0,17 -1,0 0 16L5
Abbrevi:at AtSOadaptive strategypwinth | ouvres semi

5.4 H2at sexpessaompari son

With respect to the(ThekhE 4t ebsesurxgobbBlieereence i s
cautriiosnk | evedi gixtpals ug5 mhid wirtssi iotne measdr 6thehovosr s) ,
and a 0,d3d freoemtcree me rciaswkt doegvietlal( 6i mows siimnsi tu
me as ur e e Bdt8y :. Comparing the totalcatuitneeo neempes ed
cautanoddnangedarsk | evel a4 ewomdri fnfeaine nckeserved (0,5 ho
digstmbl ati on vs im mwewreurwimemttsh e

Tabl®Di gliy asi muil atwmedaswsred heat stress exposure (8 May

Ri sk Level Tot al heat
Caution Extreme caujDanger exposure
Scenalhour s/Avg. hour s/Avg. hours/Avg. hour s/Avg.
hours hour s/ hours hours
Si mul at gOutdo 400 019 0,00 000 000 0,00 400 0,19
Contr 970 4,6 2 8,00 0,38 0,00 0,0 0 1060 5,00
ALS O 1060 050 0,00 000 0,0 0 0,0 0 1060 0,5 0
Il i tu Outdo 8750 417 13%0 0,6 4 0,00 0,0 0 10,00 481
Contr 1030 4,8 3 6 00 286 000 0,00 1630 7,6 9
ALS O 970 46 2 8,00 038 0,0 0 0,0 0 1060 5,0 0
Abbrevi:aALSOadaptive strategypwinth | ouvres semi
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6 DIl SCUSSI ON
The 6brettive has been addressed in the I|literatu
framework of potentially suitable heat stress mi
addressed in the following secti oengibes exm nti ma nign
building environment and heat stress exposur e.
comparesdgi to measur ement s., i s also discussed
6. EFFECT SOIFEARADI ATI1 ONVNIANND
As a point ofcrddpoarathudresrhs wah d rsn a,lb es thigeaurliiat i on of
climate cameicti drhse, contr elnvdwehmenghsdTieadvewi | |
t hesei murpiatchte heat Sstresst lexrpbbtggr eali nsnftier mal
constr uuwniends wlbatreudgat ed met al
Outdoor Ta Indoor Ta Solar Radiation (kW/m2)

1.6 . 35.0
S 14 1 E 32,5
£ ' .
S 12 ; : 30.0
=3 ; :
g 10 : . 275
208 : ; 25.0 &
R ' ©
?‘50.6 : ; 225 F
‘_;30.4 : : 20.0
& o2 i ; 175

0.0 : ; 15.0

S8 28 3938828338828 338888 383838248

S 4 A ® f B8 KN 8 ©® 6 4 & &M F B BN P8 IS A4 N &

© e o oococeeLedd A D At d Dt i s d

21 December
Fig2Rke Ef fect of solar radiation on the control dwel |

Figaded | esthraatt t he i n d®porro plaar tiindoreaelalsye atdour a chiga 2ilo n
DecembeThis ssh@ggedthe indoor Ta is | argely affec
echodsgpo 2023f 6B8Jhngdilngghd poor t her mal propert.|
dwel lainntdghsd imrp @ait he i ndoor bui lEig®Br3ehowebtbemehy

i | | ustthroahteads or Ta ddemeavesoutdoor wind speed i n
and 1.7:BIbi)s suggests that although the indoor Ta
wind aaf seot s t hieni oadlaloirnn §aéne buil ding envelope sul
Outdoor Ta Indoor Ta Outdoor wind
35.0 i , 4.0
325 — : 35
30.0 b : | 30 @
~ 275 —— : | o5 €
€ 250 P ' : 20 §
~ . ] i . (3]
© o i ' &
F 225 — : - 15 g
20.0 5 ; 1.0 =
17.5 o : : ; 0.5
15.0 b : ; : 0.0
n nm 1n 1n W w v WO L'.'.D O ' 'ND 1O DI OO v W WO W
A d d 4 d 94 94 94 dldld d dldld d d'd d'd «d «d -
S 4 A W ¥ b B KN B'P'S Hd NIMIE B BN BSOS AN @
o O O O o o o o o L_O__‘. — L,F,',,' — — :,,F,',,,‘,_',,: — N N N «
21 December
FigaBe Ef fect of wind on the control dwel l ingbdés indo
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The two most I mpor ttantcoestia@remalf ogt ihmwlhily conduc:
arther esfodraer radi atsipere dadrmd dsvsdem anp o rd easnitghyf or man't
when developing shading strategies.Natmedal| gt shedl
shading strategies block solar radiationbyut all
either having porous panels, shyRhcas (B adk umin
spacing shadi na@igiameudlsattioom.l | ow

6. OVERLIPERFORMANGBHADI MGRATEGI ES

The study aimed to assess the effectiveness of
environment of informal d.\We lglreitsaudglst st os hmoiw itghaatte shhe:
indeed reduce heat stress expofshwandli aettlyept cat
seventeen strategi edsanrgecdrsik etl exp®gpeavett,oere with

the best strattregyENpyppt i 2dnf{alrdofmmsamthharhre fa-ad

users stadutdnnddaxcter e me rickasstuicdhrf atsi gue, di scomfort,
muscle cramps, andhkeepteréwhamastcieomn shading str
accordingly.

6. 2.THe most i mportant bui bdbdsmhgdenvel ope surface
Considering the extremely poor ther mal properti e

surfaces with t hoefr ehd uychiersg ipmodoemrt iailr t emper atur e
identified using a factor screening process

mDanger ®Extreme caution = Caution

00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Heat stress exposure per year (hours/day)

Fi g@A®eotal heat stress eN,peS$SIre of strategy SS
ESSW, RS -RSandV RSer year (simulated data).

Full year December June
Fi g®2me Sol ar radiation on the control dwel ling
December and June respecta2®24)y, simulated in |E

ding to tlkee weemp&Sosod shading on tEhe nort
id shading on tWe( sealsitde rsnh &dai-nagd egn tShie west e
id shadi,ngstomafRehgegu trp®rfflor ms t he other strate
s exposkiregeherThyesaraComgmag &® T h)hdi nignsdi cat i n
lr oohlei g hheesatt (Fgiag ®B,e and suggests that shadi
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the most promise for reducing he@hessredy tapbsd
addi trioomfal shadi nagn dsntdridctdetadd essi ng hori zont al fins
west on the Hof r stitont @tl e hyeaRS stress exposure mor
fins extending-\zi)o‘l’.rhtirstswgsgoeustths (thh&2at over an annu
radiation during most parts of the day, especi ¢
morning and afternoon i gwolfdiralsr aadsi atth eo nh e sWi t fhe rhfoa |
strategy for the roof, it was further used in

configurations.

6. 2.Skafisthadstngat egi es

Oppose to adaptive systems, saht t ot whamngmrms tdhe
configumTabadkani eGiaén,tRO2r1: ilh eaminldatitya ,t oi mdtagd (
of the deofmea Bk gtdoc ompahe static (Hiigngset r at egi es

mDanger mExtreme Caution = Caution OMaterial use

Surface area (m2)
00 08 15 23 30 38 45 53 60 68 75 83 90 98 105 11.3 120

H - IN |

AL-SO |/

AL-C I ]

H - |1

V- N

e — 0

e "

=s —

S S-R S

RS-H |

AL-O /0000000 |

SS-N I |

SS-E I

RS-V |

SISV 00
WB-1075 | S
WB-445 ] S S

Control

00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Heat stress expsoure (hours/day)

Fi gw®kre Tot al heat stress exposu

r (hours
compar edantoou nttheof material @&sed t ca

e / da
o} st shadi
The solidstmhatde gies-Ef SBSand-RSxhd window box she
strateg#4ds5 aWBOTB)pler f or m time rvedructi ng heat stre.
(Fi gkeThe window badxn sptarratiecqiilesmsr, sg@etrfiam medpect e
compar@mydemolam@cbéé2019fRP6BH)Nngs. This performanc
beascritmed he hightgpyrrcogauedi sbheeting making up

envel ope inasolpipsigdet ubdeyt,t ed bonsudangs choonlsltorwuct e
SandcreteObyyenkkp@dedh éd¢i2019s2a6ad)y.

Stratedly plBven thoesbte ptehref or Mobhgostl yadegy it redu
stress ewpdamgersk | evels to zero but reduce the
mosbty 14 (F6 g%@de StHBE eigsy proven tbebe pbef semiong
shadi ng ,stfrodtl eogshe da nodf . WHF hes e r es ulatf st deau gtgleesft, t h a
northern and eastern fa-ade is the second and th
to shade on asnc aanesudesidi migme t with heffeohibak fir

using vertical fins.
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6. 2.SBadiefdiciency

The multifuABt imatrkleé mt p o tedmotnioarilcyal | yt hveéayl ciradd £e a s

energy and resbPpLooeerf &t c at®on ¢cfyui Onlh3e:s4t8heg)fatt iec acy

of the shadjtnhgeywhie adiegyti idyg utilsehesdur ¢ qeoeoadasat t he
i

necersy as h Stdroavt. e-jy p élFefdolren best i n terms of reducin
exposur®88miyneatt eri al was required tOnathéeevent has
strat e gdyd pWB feodt me wor st in reducing the otndtyal h e
uti lljlsie®dTher ef or e, efficacy constitutes a delica
theequisite nsaetrevriinagt is bdsecta@lr mi maemnstour ne i sfcamr mal
settl edremd st he storadeageaosr dairnege qtuos utehflea c @i e &

2%, the best str abtaesgeyd ctahne bree \sahudrSaEmanes t ,avi Oeh
mofavai ] abteaNpgywest effective in reducing tot

resource cWinnsddowvaisntasdi g dfoxleistwd ree ralsoaritieghl
Onyenokapno®cohe(dd019)y anking them as the most af
perfosmiragegi es

However, when?dofi mnateerital-BOSnbrasegneWBpti mal chec
[ l
f ol

h
g9
0

Unli ke other strateéegises asiom, aeviamprad vdayyv itchees ef f
i smnor e coampdiefxf isctudnd arodih®eg require a comparative
desired context, while considering the geograph
building form, as well as the available resource

6. SEASONADAPTISHRADI NG

Part of the object i vaed aipst ihtaoe i ensgt asbtlri asthe gw heest hfeurr t h
stress exposure compared.(tTabadkarnri sesadaitineg, tsitd@tal
AB respondthoposghmaoahamoqifngutrlagiiron, and that t hi
i hi me scales,tdeasndlbecopeadapioirve shadviemge dtersdteag
on a seasonably tciomesidoealieng the simulated data du

and Decembedpr saahtumn, winter, spring and summer
6. 3.THe most i mportant buibdbdshgdeneatbpeeasofhace
The building envelope surface with the | argest
identidomplarbiyng t he solid-Ns,haBld AESasntdriRgSFS(gue s ( S
27 . During summer andE aruetduunere, tsottraat ehgeyatS St r ess
most by 6, 65% and $t rddtdeN wsprSftchtrenvbad sydnigadt er , whi |
strateRgyeSst hiembest Thhsspuggegsts that while the

e, it

mo s t cruci al surface on an annual ti me sca
surface to shade on. a seasonal time scal e

Autumn ®Winter ®Spring = Summer

SS-N

SS-w &
SS-R |
SS-E ™
Control ™.

0 1 2 3 4 5 6 7 8 9 10 11 12 13
Heat stress exposure (hours/day)

Figamleot aht hsetxrpessssur e of- strategy SS
N, -BS WS ®pegeas(osnin mul ated data).
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This is due to the differencgb5iAn dsigliarg nd@n we Ind v
(21 June) coimpAredrtog87he summer .Gwr sddwen t(l2yl,
during winter tihe expmded nddraeatdesol ar radiati on
(Fig@Be tambsan i ncreased ther mal @aigdbBommared t o
remat me mostsearstoami aaddr ess heaty atthvas $ aexpoasumneth
gaismoulcdonbsei dered wheeasewal sadhalgtnigv & tnreastoaug icees
scarcoeatexts.

Summer Solstice Winter Solstice

Fi guZz8 Vi sual representation of how the cont

dwel ling is exposed to the solar angles in the
This can be formalised by ranking the building
season as iFmidg RraeSehdhdi ng opnréisorapyl i cabslwehetre@ cont
resource | imitations only allow onShaluinlgbidry i €\
should be applied to the eastern fa-ade in autu
and again to the easasertnhe af-iard®hii gor isaurnifmey | owe d
pri otrwdtlyrared ourwhere resouatka@awssaicloali | itthy rd an
shading devi cd@hirisesss puescetdi ved yt he bpei Sorfmancoeptdwved
seasom®ptiimalori entation for each fa-ade is furth

Envelope Priority

Priority 1: 1st adaptive shading device

Priority 2: Priority 1 + 2nd shading device
Priority 3: Priority 2 + 3rd shading device
Priority 4: Priority 3 + 4th shading device

Priority 1

Fi gwr9sSseasomaldi sg priority of buil ding
envel ope,switaocpas oan tegxampl e

6. 3.0pti mal fihoobreanhasieanon

The need for adapmtdidv ¢ iisnlvaetsityiggawesd bleatomptresgy
perf or manscteatoifc tshheadp @ag s ¢FaisgBe)Sitesat elgy( Hori zont al
fins on the eastern fa-ade) is the best perform
that shading the eastern fa-ade with horizont al
one during the Riag@®mkest Eteasbho(¢gh (vterratieqy VYH ns
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eastern f a-adeb)esits stthreatseegecyonon terms of reducing
as the eastern fa-ade is already shaded when pr.i
priority is shading the wedWehids fias afdel Iwiwehd viey t
fins on the no#t)hersn pfra-oadea y(-HFFhswepeer iSorr apg eergfyo rHnkr
obser vreidgdrgne wi th a cl ear indoor AT i mprovement
the eastern fa-ade.

Autumn ®Winter ®Spring = Summer

VF-N
HF-N

HF-\W  f—
VF-W

VF-E —
HF-E =
Control ™=

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 100 110 120 130
Heat stress exposure (hours/day)

Fig80e Total heat stress exposure of the static strate

Control AT HF-E AT VF-WAT - - -~ HF-NAT

Morning Afternoon
4.0 ' 7 36

33
30
27
24
21
18
15
12

--------- Outdoor wind

AT (°C)

i .-
i

0D 1N 1 W VW WM W W WVIWM WO W WO W WO W W WO W LW

o g g o9 o o did od g g d o did o 9 d od 4 o3 a3 d

S d A W ¥ b N © O S!ld A &8 106 8 KIS A4 N O

© O © © © O ©0!0 © O HdAid dA «d dHid d drid 4 & N N N

FigBrildhe effect HBH, sWramadegy
HEN damdoodurAiTng 21 June. (simulated dat a)

Being the only strategy to reduce tWENtwerRti balt
fi s on t he nosrotnhse rdnh efeatt- easdte )per f or mi ng dtorl dtoenvgeyd
bwWHF andWa/#Fhe two second best per AoEmidBg t hiteatt ihg r
bes'lthlssuggetshtasrlor|tmcsnmlgertrfsehfoauladdemald]cgnevert|cal
orienteavtiiomal fins on t-Weasweisdmjonif dlal-awed (VYW hor
fins on the eaB)aer prtfhar{eaggd XeH F

ng autumnE( sdrriazcemtyalHFf i ns o tclhensé a@etredn t ha
or mi ngvhstd eatsHRN®Bt eggyonsi der t Horbestntadr ifn
on the eastern fa-ade shoul d refore be prio
he

ed
t he
rn fa-ade with horidontab FEpm2regho6ul d be p
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*Assumed the roof is already shaded

Facade Priority

Priority 1: 2nd adaptive shading device
Priority 2: Priority 1 + 3rd shading device
Priority 3: Priority 2 + 4th shading device

I‘ Autumn Winter

Summer Spring

Priority 1

FigBRe®easohatti sg pripobiimay WwWinhooientation
f oeracbhui | di nogviftdhc godrdecsr iatny exampl e.

These fulntdii maptseilcyat e t hat there is a need for ada
scal e. On a psreaacstoincad | aldeaweli,ve f acadselsoualsd sbheadi
desi glmed firstly consi deelicme tswer flawciel dp migoreénw,
consi deriprngdgfrnitathi é enf at i @em c hFoflalcoawdieng t his shading
gui deline when devel opi ngc adeaapdt utrvaeh etrhi &rdendmugcad t r at
heat stress exposure.

6. DAl LADAPTIMNMBEVREHADI NG

The adapti,we rstumstl ¢dywi th | ouvr esC)possiemriin-nleAdL cl c
SO) Bhodly epes (Akd t avhedethedmmi b@aeghraevse an advant a
over 6®6tmasiterms of the hlenitt isawkpsaot leaxrpédocatrieon o
need for adatphrioaegdll gsvymegs t he adaptiseasosnmat ¢ dgyne
ALC an®&OAlperform al most idemeégdliadiineledriy fseeasnocre w
stress exposur e, whil e t-O eisduin gheorripeg r f otrincaenackel eo fd
aut umn,,awidn s @i igrag} e(

Autumn ®Winter ®Spring = Summer

AL-O &
AL-C
Al-SO
Control ™

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 100 110 120 130
Heat stress exposure (hours/day)

Fig@Be Tot al heat stfS€Oss exposure of AL
ALC and ALO per season (simulated data).

Haowvever, t her e i s a clear i ndicati on ofwvh ¢ he nee
consi dielrAlT.n gWhALCe andSALredheet al heat stress exp
autumn, asguimmgr by effectivelyhepwatdend tbheodwel
dur iwigntbegyr bl ocokmmgh t®ol ar amddiriendguhsen i ndoor AT
uncomfortable (Eog@Apeonditions
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AL-C AL-SO AL-O

Figlde Seottiheedapti vedgstnagergy
winter solsiitaestli®Rshtaldaigneg) ef f ect

Fi gBmriel |l udbomad-Cer educe the solar wgaaprbhretgbott)
shading northern and,rveesutl drAfgsedlodlPdACadivht | enst r e
ALLSO reduce the solar -dayvesudlutrifhimg:e tmoldMA O.f Whied e
t hper f or mance wolud rde fhiaocwiealb eddanry is nAliTdwa r meessail Int s
uncomfortably colduriwideober cd@®éyshtoiweivesdless sol ar
radi aoimp@ar edC taon dB ORI gBBe i ncreasil agregBehni ng
AThean f 0135A(|€| gade

--------- Control SG --------- AL-C SG AL-SO SG --------- AL-O SG

Control AT AL-C AT AL-SO AT AL-O AT

0125 - —ALOATwen

® 0.100

AT (£C)

AL-C and AL-SO AT
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Fig8be The effect-Cof-aBtakddDegy AL
on the solar gain and AT during 21 June (si mul

Al t hough mobile static shading deviceqd P®Ramrzbe e
Carrami fana eddapgtive0olha ®i) nad jau d to wisn dicslmearsse di rod i t
on their per soannadl n dperresfceomr gepet et shdmtdiagpnt i ve sksadi ng |
designed to balance the eff ect sduorfi nogv ewipnretrefro rdra yn

6. BCCURACYI BFSTH®TI NG

The | ast objecti Wwetefrimhdeasct wWdsglkdy adftroul ati ng sh
stratkkeywieesmpartihieqm imeasBar edSt dat a-§Owadd t est8ed fr on
May to .2BBdMaglygiarhul at ed daantda isnetssi taur e comparati ve
Fi gB6Eei gadi7ei gdBA | arge difference between the in
observed f orSOsk(rgaBMeegy TWé& sTnao rdei f8AEBrar 48, 95% of
period, primarily between 8FMg@7entdi $9hkMaya Asarg
on the AT, breaching the heA®vstrryasispyragissékboe ev el
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simulated data indicating only twoAGedt Magesanwdh
21 May) .

e Ta difference

Insitu Ta —— Simulated Ta
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32 9
28 ‘ I ' ' \ oy 6 g
24 N 3 g
‘%20 0 %
= 3 %
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9

i g i

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 27 29
May

Fi g@®6len measur e ddiTg ytvasl
simul abé&dRA& Maxy9 Nay

mmmm |n-situ AT —— Simulated AT

Heat stress
shold

24
~ 20
2

- 16

<

12

8

4

0

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 27 29

May
Fi g@fflen m®eéasur eddiAgliytvasl
simul abé dA&IT Mazx9 May

This increase isn aAT ofnwcretrimd rm gr edd flIfter encki guwnr éeheat
33 The virtual dat a eixndieanetlecaaetlti atreadt osft r0e sh uaxs
10, 5 bautlseovne l heat s(A@&Hsuespdayr edretanderibagye )
and 29 Mawiddathae, hioweiveat e a teoxttarle noef | c8avubtloiuonnes a t
stress e®pdAbouves/ day oandaveT acteeultdi ®wne | heat str
expos(Wr,ed09 hour s/ ddwr ionng atvheer asgheip® n p e it kDY e5s
hohour s/ day an fdwereage) in total heat stress e
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mDanger ®Extreme Caution Caution
Heat stress exposure (average hours/day for the given period)

0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8

Control Simulated
AL-SO Simulated
Control In-situ I
AL-SO In-situ
0 21 42 63 84 105 126 147 168
Heat stress exposure (total hours in the given period)

Fi gwBr8é n wisdiugliyt asi mue att ed
stresocs udp:-SOB Mazy9 May

Tkse results suggest that the simulated heat st
shading sHowéeegepegesults indicate that the per
shading strategi eWi takemlaéaraqbbiémm@dbve@n t he si mul
and in situvameaesepddding,dmhi eved aft-80 issrapelgiye d
is still lcoimpatTeatbl@n -8S0 reducecabhPes5T859%A0d5, 81

control dwACI and: 618029 (20nttBol dwWe lalcicmg:dinhg, 3
di glivt adi mul atedi dat measdr éments rkapagieifiercdediyce Ai

reduction is obseaeAvedl f bdtigpdBed=ddtThe dat astéehdenc
c omp e twii tsihvid | ar sl opes and turning points.

Tabl2 Difference between the c¢cDOGg odatdavel I i ng and

Ambient temperature Relative humidity Apparent temperature

Tamean Tamax RHmean RHimax AT mean AT ma

3 3 s 13 3 S13 3 1S

Sz 1% 12 12|88, 2,8, 2, |8 /2_/8_ |2, ¢

. ER R ER| £ 5| & | £ | ER|£8| 5 |ER| L8| ERB|£8| 3
Scenario no | Ec| Wo | £ | O | o | s |Wo | Ec| O || Ec || Eo| O
Control |16792093493%9008451895063994846007415618534283650,8 1
ALS O 181189331423 24008153051869913838006914781873M4323B30,7§
Reductiof 588 622 969 9,7°¢ 331 -262 081 08 623 696 9751 %
Thee obsérivedreemmptheassi se the accfdi gy andkeat easne onc
parameter assumpTabadkamicr e.ashasl .i,n d2i0calt:ed4d) i n, S C
property values were assumed aandoudlbieg tthe appmo
reason for fimacobsespedi ally given that corruga
entire enhvéeheperototypical dwelling
Digital simul ati on demfefse chtoiweev eme trheonda i tho awer i fy
opti mi se st rian eisgmpelse nbeeff oartec bnet Al t ho2@B1t Aé&)abs
values aredigacalr asti et loatbieonv apruawd e i n tchoempar at
performance of shading strategies.
Simulated difference In-situ difference
Simulated Control Simulated AL-SO  --------- In situ control In-situ AL-SO

0
n n Lo n [Te) n n n n n n Lo n n n n n n n n n n n n
" A 94 d d o4 d d o4 +d 9 d A 94 d A o4 d +d A A A o
o N < [{e] [c] o N < © [ee] o N o N < © [ee] o [qV] < © [ee] o N
o o o o o i - - i — N N o o o o o i i - - — N N
9 May 10 May

Figd@®el n d&i gliwt adss mul ated AT reduction (9 May and 1
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ted t he edafrfosfiadtiyendp fdevi ces ad dpowenlmgea adtals tsrtasad
osure in i%lfomoantddsdhdvnamlel i ng

findings highlight sever al critical aspect s
sider when developing shading devices for in
enti ali nfgorheraddusct ress exposursadaingmeaowesiyctihm
nge related t emnmptetriaa (UBF B2 @ Ir3d2rHabxrs eeshat resource
hnol ogy enhances t,lwhipagfgesmanbat oAF&AFshoul d
dered and demands t hat fa-ade types should
n projddtdieraos i Ohaduedor e, these aspects can
n informants rather than fixed solut-i ons, |
fic shathmrgdsteahegiestress.

O»”w n >0 ”WS>SOD® TOBL—

rst critical aspbotshofi au n danddiant d esafs & aidity |, i
door environment of poorly insThliatedypl hiegt
degisckcul d bl ock whillag trakdiimgwi@mhdnd n.tuaxgee of
radiation remains the most i mportant exter
egies proved to be the |l east effective. AIlt
ce area, and shoul d be consildiemietde dwh etnh erye
e the entire buriddiidthiecens haldo pagn aelbyfssiosh arye v e a
a | arger shading device withiapil mmrcoweaded
or mance. |l nstead, the performance of sol ar
rial surrfatcee paernedae.ntl ton sf act ors such as geog:
external ,atmidmwlrii entttae i fooxr mf a$ hwetlbhuei dasivian d aebn v
our ces.
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from p n
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rr mal resiscena g ppf oorpntainncie . This is achieved
i ficance of a ptive @S magdriteteo wrodhet i @inist svhii h
n cTohnet ef xatc.t or reening ssitmaltatihenrpodcdéod | io
hern fa-ade are the two most i mpoor taann ta ntnwiall d
,Scapnhdeovo r i zomtsad p df eegvt i cal fi nsorbbwlrd altee sus e

axhemdmtsestress reduction

i
dp
da

scC

e factor scrfeuerntifmege alnal tylsats seasomadulmaatpt i ve
ress esxpmnsdudricantly. This is achieved wiyt  shadi
e highest t hieginagt i gneil n oared hdalmd d iomg- ioff illn9e .

|l ust sceatspmabasti oin of shading for building enve
whi ch tsahd.dreg gsBr2er owifdie t her i nsifgilotir i emt apt om
orizont alwhem \wératdii ngl.)Elaeht wachdgures indicat
rategies should be adapted seasonally, demonst
ading strategies.

€i ndfi mgtshugrgieb &t adapti ve swviiatdio thagt asltlreatle@u werse s
mited performance itrger dv emde mtg,s irfadicaidligha gtée tt éh e
adi ng sttgraedvegntesoverprocdosimasmcreeducti on of ind
n create uncomf ort danblcyo nctarllads t @ntvoimras oyimagrotad h aodi n ¢
viadpudtoiuvges togamddmwernslmdmace t he eff eicds venes
ring col defThiad sbesallsttaws. conf i guarcec otrhdad nfga d aod et |
dpoefernermpds mi sing. indoor comfort

e alwambgtsascetsisv et he daicgcsutiramidyatdfons in evaluat.i

fin
hading strategies on heat stress exposure. T
to

S
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performance i mprovement s dciogrsrienld tad d ans uefgrmd tni nyg e
met hod to verify design choices and nopsté@snlisneg s o

and i mplementation.

Wit h atvleeg age temper aturrri sianh g Saoluntohst Aftrwiiccae t he |
(Ncongwane et I ., 2021: 2; Engel brecht, 2019 : 7
2016;dmd t he | e growing population Stasi ditng s

a

arg

South Africa, h2022u8@, ptd8rs tlhoautv rree tsrhoafdiitntge ds tsr
i

caaf f elct mpeolve ndoor aemhedthaetatr s4 ress exposur e
dwel | iThsghswainnGout hPrAforriidd sbogl @pwali d p & asruer faal cseos
beneficial when | i mit.edAdaepstoiuvrec essh aadrien ga vsatirl aatbd gei
ef fedtnicvease building performance, andnformher |

dwel L Thhgsstudy o ptie@ ma vnnodreev | d e n deattaenuwdp pao riti mi t ed
fielbdsi derciand v appropriate adaptatsion strategie
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8 RECOMMENDATI ONS

Atti a( 202 a:la8kphrds heeneed for r essalarnfd & Fdedndut ieovrad u-
for different current contexthshadiwgllilstaat egret$
study easrteed for i nfTosrhmad n &@hved d isnlgasdiimg str ategi es
in diffesand cobinmaxxic conditions, as wel | as fut
solar shaditegfentthat egidewr buil ding environment .

Atti a(l 22 &:lBI2KWgt e t hat future research should f
technol ogies and f a-Tdhhccen dseErsturn olg datprt d heg il @uuvr e s
was | i mitedcodnuset rtaos htoismedndn the fubwyreasabregveaelvest
controlled stratwlgéetmere odemelrem nent egrcaan on of
i mprove t he ofersftfhardmamgeag i es .

Lastl vy, due to the absence of windows in infor ma
l'ight quality.-esdobabVeshedtthat webl ar shading de
ones i mpact i mmdagari fliidgohett Ipgruoaploisteyd shading prior
furt

n )
u her developed by incorporating |light quality
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