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ABSTRACT

The main goal of this study is to review the environmental design requirements
for courtyard buildingsin the hot-dry climatic region. The study aims at bringing
to understanding the design requirements for shading and ventilation
performances of the courtyard. The study was conducted by making an analogy
with respect to courtyard buildings in the hot-humid climatic zones. The study
shows that, for optimum shading performance in the courtyard, its shape,
orientation, and sky view factor are the most important environmental design
requirements for courtyard in the hot-dry climatic zone. For ventilation
performance, the use of night ventilation could improve the interior thermal
situation in the hot-dry region, but in hot-humid zone, however, some scholars
opine that air flow through courtyards is vital to comfort, whereas others state
that ventilation is needless because it would allow hot air into buildings. This
study concludesthat the courtyard shape, orientation, and sky view factor are
the major environmental design reguirements in the hot-dry climatic zone, but
their appropriatenessisstill unknown and need to be studied in future simulation
studies.

Keywords: Courtyard, hot-dry climate, environmental design, shading,
ventilation

INTRODUCTION

Mitigating the challenge of globa warming and carbon dioxideemission caused by energy
consumptionin buildingsintheentireworld and most especidly inthe devel oping countries
liketheAfrican countries (Nigeria) inclusive, hasremain on top among the numerous
challengesinthistwenty first century, and the application of courtyard asaPassive and
Low Energy Architecture (PLEA) design strategy may be one among the most suitable
approaches (Abass, Ismail and Solla, 2016). According to Koch-Niel sen (2002) acourtyard
houseisdefined asthat which hasaninterior areaopened to the atmosphere. Almhafdy,
Ibrahim, Ahmad and Yahya (2013a) emphasisethat courtyard in buildingshad beenin
practice during the Neolithic civilization and wasbroadly familiar in Chinaand Morocco.
Courtyard majorsin providing protection against theincreased climatic conditionsand
eco-friendly purposessuch asnormd lighting, shading and ventilation (Hyde, 2000). Climatic
conditionsare the major determinant factor for courtyard shape. For example, theform of
the courtyard changesfrom the colder regionsto warm regions (Knapp, 1999). A perfect
exampleis Chinawherethe colder region—the northern part, has courtyardswith small
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depthin other to enhance solar radiation, but thewarmer regions—the southern part, uses
deeper courtyard form to avoid solar heat gain (Koch-Nielsen, 2002).

Accordingto Hyde (2000), the design of courtyardisvery important inimproving
thermal performance especially when the appropriate sizeisknown. Heemphasised that
therearethreebas c courtyard typologies, namely: fully enclosed courtyard, semi-enclosed
courtyard and semi-open courtyard. These courtyard typologiesare suitablefor different
functions, for instance, along building will requireafully enclosed courtyard. Also, the
eco-friendly behaviour of courtyards can be enhanced by nature of the building form and
the heat improvement strategies (Hyde, 2000). Therefore, one canrunto conclusion that,
thereationship between the buil ding, the courtyard design and thelocal climatic conditions
would bedirectly proportiona toitsenvironmenta performance.

Thepreceding workson courtyard buildingsare still inadequate, but few of them
looked at theeco-friendly functionsof courtyardslike, Jamaludin, Hussein, Mohd Ariffin
and Keumala(2014); Almhafdy, I brahim, Ahmad and Yahya(2013b); Almhafdy, Ibrahim,
Ahmad and Yahya (2013a); Gou, Li, Zhao, Nik and Scartezzini (2015); Jamaludin,
Hanita, Mohamad and Syed (2014); Ahmed and Mohamed (2006); Berkovic, Yezioro
and Bitan (2012); and Ghaffarianhoseini, Berardi and Ghaffarianhoseini (2015). Also,
studieson theimpact of courtyard shape on internal environmental behaviour, such as;
Muhaisen (2006); Canton, Ganem, Bareaand Llano (2014); Ok, Yasaand Ozgunler
(2008); Retti and Raydan (2003). In addition, studieson ventilationimpact of thecourtyards
include: Taleb and Sharples, (2011); Al-Masri and Abu-Hijleh (2012); Tablada, Blocken,
Carmdliet and Troyer (2005). Other scholarslike; Gou et al., (2015); Al-hemiddi and Al-
saud (2001); Yan and Santos (2009); Canton, Ganem, Barea and Llano (2014) and
Akande (2010) suggested the courtyard asapassive design strategy.

Most of the studiesmentioned were carried out in hot-humid climatic regionsand
temperate climatic regions, and only few focused on environmental requirementsfor
courtyard buildings in hot-dry climatic regions. Therefore, this study reviews on
environmental design requirementsfor courtyardsbuildingsin hot-dry climatic region by
making ana ogy between courtyardsin hot-humid climatic region and thosein the hot-dry
climatic regions. Thisstudy has provided the background for future prospectsin design
thoughtsfor courtyard buildings.

Environmental Design Requirementsfor Courtyardsin Hot Climates

Shading and ventilation arethemost significant eco-friendly designthoughtsfor courtyards
inbuildings, especialy inthehot regions. Theimpact of shadingin courtyardsiscommonly
influenced by the building orientations, height, and their exposure to the sky (Meir,
Pearlmutter and Etzion, 1995) see, fig2, 3and 4. But theimpact of ventilation by courtyards
islargely based on the outside wind situation or theinside temperature variancefor the
stack effects(Koch-Nielsen, 2002; Givoni, 1994).
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Fig.1l: Shading generated by building form.
Sour ce: Jamaludin, Hanita, Mohamad and Syed (2014)

Fig.2: Shading generated by building orientation.
Source: Jamaludin, Hanita, Mohamad and Syed (2014)

Fig.3: Shading generated by courtyard roof
Source: Jamaludin, Hanita, Mohamad and Syed (2014)
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Courtyard Shading and Ventilation

Inthe hot climatic zones, the main significant design strategy for courtyardsin buildingsis
believed to be shading and ventil ation Strategies. Shading strategy of courtyardsisgenerdly
based on the orientation of the structure, itselevation, and the degree of itsopen contact to
the heavens (Meir, Pearlmutter and Etzion, 1995). Also, the courtyard form isanother
factor (Jamaludin, Hussein, Mohd Ariffin and Keumala, 2014). Itssuitability ishinged on
theclimatic situation, in Chinafor instance, theform of courtyard reducesasonetravels
from the northern to the southern part of China, that is, asthetemperature goesdown from
the north to the south (Knapp, 1999). In sketching the courtyard, itssizeissignificant if
shading isrequired (Hyde, 2000). Jamal udin, Hanita, Mohamad and Syed (2014) has
concord that courtyard can better eco-friendly performanceif itsshape and heat gain/loss
ability isnotignored.

But the ventilation strategy on the courtyard primarily isbased on the open-air
breeze conditionsor theinside hotnessvariations dueto the stack effects (Koch-Nielsen,
2002; Givoni, 1994). The amount of assimilation of radiant heat on the structure and
courtyard space may lead to arisein the degree of air hotnessin theimmediate areas
(Muhaisen, 2006). Consequently, shading could be essentia to lessen theamount of direct
radiant heat gain (Hyde, 2000). Shading methodsthat are usually employed for courtyard
housesinclude: Shading produced by house shape, Shading produced by houseorientation,
Shading produced by courtyard roof, and vegetation (Muhai sen, 2006; Almhafdy, Ibrahim,
Ahmad and Yahya, 2013a; Berkovic, Yezioro and Bitan 2012; Tabesh and Sertyesilisik,
2015). Almogt dl thestudiesconducted in hot-dry climatesreved that acourtyard orientation
isoneof thebest strategiesfor shading effects. For instance, Meir, Pearlmutter and Etzion
(1995) studied two courtyardsin I srael through direct measurements. Still, Ghaffarianhosaini,
Berardi and Ghaffarianhosaini (2015) carried out asmulationinvestigationin courtyardin
the sameregion. They concluded that, North to South direction of arectangular courtyard,
possibly, will attain the uppermost shading result.

Onthe contrary, investigations on comparison of thetwo zones (hot-humid and
hot-dry) on shading strategy by orientation of the building, for instance M uhai sen (2006)
inashading s mulationsstudy, cons dering thetwo climatic Situationsthat is, hot-dry and
hot-humid concluded that in hot-humid situation, the mainly appropriate direction of
courtyardsis the north-east to south-west direction. On the other hand, based on an
investigation by Almhafdy, Ibrahim, Ahmad and Yahya(2013b), orientation strategy possibly
will merely trim down for about 2% for the atmospheric hotness of courtyardsin hot-
humid situations. The courtyard direction for hot-humid situation isrecommended to be
based on thedirection of breeze (K och-Niglsen, 2002; Jamaludin, Hussein, Mohd Ariffin
and Keumala, 2014; Givoni, 1994). It then meansthat, theresult of radiant heat in ahot-
dry situation has superior asweigh against in hot-humid situations. But onthe contrary, in
the hot-humid region, manipulating thedegree of sky exposureisthebest optionfor obtaining
effectiveshading in courtyard buildings. Because of the high concentration of radiant heat
in hot-dry region, the shading result by building orientation possibly will provide akey
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defence ahead of takinginto cons deration the use of other additiona approaches(Akande,
2010). Theamount of contact of courtyard to the radiant heat mostly causesarisein
temperaturefor the courtyard areain hot-humid region. Consequently, the shading obtained
by the amount of direct contact with the courtyard or the direct shading deviceinthe
courtyard ismore significant than shading obtained through buil ding orientation.

For buildingsinthe hot humid regions, Shading obtained by determining thelevel
of the courtyard roof exposureismoreimportant in proffering improved interior thermal
environment for buildings. An appropriate design thought of the courtyard roof exposure
could present advantageous shading resultsand permit theflow of ventilation. Theamount
of courtyard roof exposure can be ca culated by using the sky view factor (Muhaisen and
Gabi, 2006).

Analogy of Courtyard Shadingin Hot-Dry and Hot Humid Climates

Itisavery clear fact that shadingin courtyard ismainly achieved through its shapeand
orientation, most especidly in hot-dry climatic regions (Jamal udin, Hanita, Mohamad, and
Syed, 2014). It isdueto thefact that in ahot-dry region, the radiant heat isto agreat
extent stronger than that of the sky emission. However, the hot-humid region, hasmist
content inthe atmosphere at ahigher degree and consequently, theradiant heat isfor the
most part diffused inthe atmosphere (K och-Nigl sen, 2002). So, theatmosphericemissions,
which movetowardsall ways, mostly have an effect on the heat gainin the courtyard.
Therefore, itisexpected that courtyard shape and itsorientation are not too significant for
shading and cooling inthe hot-humid regions. Asaresult, for the hot-humid regions, the
degree of exposureto the atmosphere hasto be the most significant factor for obtaining
shadingin courtyard. Inreality, considering thelevel of atmospheric exposuregivesthe
impression to be much better than acompl etely enclosed courtyard (Jamaudin, Hussein,
MohdAriffinand Keumala, 2014). Thisisdueto itsdual function of creating shadeand
opportunity throughthe courtyard roof for alowing gentlebreezecirculaionsinthecourtyard.

One of the processesto cal culate the amount of exposurein courtyard isthrough
theuse of asky view factor. Almhafdy, Ibrahim, Ahmad and Yahya (2013a) examinethe
coolingimpactsof courtyardsin conventiona Chineseshop buildinginMaaysaand made
known that aconnection exist among sky view factor and air temperaturescalculated in
courtyards.

Inthe hot-dry region, themajor design Strategy isconsideration for shading impacts
rather than ventilation (Jamaudin, Hussein, Mohd Ariffin and Keumal a, 2014). Courtyard
areuniversally commonin conventional buildingsinthiszoneand areknownfor giving
shade, and their design strategy for ventilation by evaporative coolingisconsidered suitable
in both hot-humid and hot-dry climates.

Ventilation Effects

Theimpact of stack and wind isconsidered to bethe significant factorsfor ventilationin
courtyards (Ok, Yasaand Ozgunler, 2008). According to Knoch-Nielson (2002), the
warmed wind growsup and liquidatesin the heavensthroughout the daytimeand thethick
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cool outsideair descendsinto the courtyard throughout the night timeasthe result of stack
effect. Thenature of pressurewill also determinethewind effect inthe courtyard (Meir,
Pearlmutter and Etzion, 1995). Yu and Su, (2015)opinethat aconstructive pressure enable
theair toflow into the courtyard but the destructive pressure causesair suction externally
fromthe courtyard, seefigs4 and 5.
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Upward air flow caused by cross-ventilationin (a) Wind tunnel study on courtyard model
(b) CFD study on detached courtyard housein Sri Lanka.
Source: Sharplesand Bensalem, 2001; Rajapaksha, Nagai and Okumiya, 2003.

(b) Wind effects Source: Koch-Nielsen (2002)

Uninterrupted ventilated conditionisvita inahot-humid climatic region, whereit could
eliminate heat fromthebuilding for attaining comfort (Koch-Nielsen, 2002). Building design
issupposed to encourage thoroughgoing air movement with littleinner hindrance. The
traditional wooden houseisone of the examples, which hasaraised timber floor with
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multiplewindow openingsonthebuilding' sfagadeto achievethe necessary crossventilaion
condition. However, the approach isdifferent to the ventilation methodol ogy for the hot-
dry region. Inthe hot-dry climatic zone, the outside wind during the day isdry and warm
with gusty air. Consequently, buildingsin thiszone arerecommended to bedesigned with
fewer fenestrations on the outside wall or shut during the daylight (Kabre, 2010). In
numerous circumstances, evening ventilation isconsiderably more appropriatewith their
climatic situation (Cook, 1996; Givoni, 1994). Table 1 revealsseveral contributions of
literature on ventilation meansby courtyardsin hot-dry climatic zone.

Table1: Ventilation meansby courtyardsin hot-humid climates

Ventilation strategy Effect Sour ces

Landscape strategy by (1) Compared to a non-vegetated exposed Shashua-Bar,

efficient water use courtyard, which on average reached a Pearlmutter and
maximum air temperature of 34°C in Erell (2009)

mid-afternoon, a similar courtyard treated
with shade trees and grass yielded a daytime
temperature depression of up to 2.5K

(2) Improved interior comfort when courtyard
acts as air funnel.

Analogy of deep and (1) The deep canyon was considerably cooler Yuand Sushallow
street canyon than the shallow one. (2015)
(2) The shallow canyon conceived more heat in winter.

(3) The study concluded that, in hot dry zone a
compact built-up design with deep canyons is better.

Evapo-reflective roof The maximum interior air temperature could further Ben Cheikh and
beneath a water pool be dropped by letting ventilation of the structure Bouchair (2004)
in the nightfall.

Galleries and The influence of wind under the studied shapes Sigalit et al.

horizontal shading was limited and considerably lesser than the shade 2012
influence.

Simulation studies The results show that the courtyard provides Ok, Yasa and
high competence in providing cool interior air Ozgunler
by cross-ventilation. (2008)

Eco-Friendly Thoughtsfor Courtyard in Hot-Dry Climate
The shading impact of acourtyardisprincipally influenced by itsform and orientation,
mainly inthecaseof hot-dry climates(Meir, Pearlmutter and Etzion, 1995). Thisisdueto
thefact that, inadry environment, thedirect solar radiationismuch higher than that of sky
radiation. But indivergenceto ahot-humid environment, themoleculesof water intheairis
higher and consequently, the solar radiation ismostly diffused intheairborne (Koch-
Nielsen, 2002). So, the sky radiation coming from different routeslargely influenced the
heat achievement in the courtyard area. It isexpected that the form and orientation of a
courtyard arelessimportant in the eco-friendly design thoughtsfor hot-humid climates.
Intermsof the ventilation eco-friendly design thought, adjusting thesky disclosure
seemsto be much more correct rather than acompletely covered courtyard. Thisisdueto
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thefact that, apart from providing shadeto the courtyard, thisstrategy generatesaroute
onthecourtyard roof permitting theair flow insdethe courtyard space. Thus, the courtyard
space performsadual function of shading and at the sametimeair flow throughout the
daylight or night-time. The methodology for measuring thelevel of courtyard exposureis
by the sky view factor. In astudy carried out by Kubota, Toe, and Ossen (2014), the
coolingimpact of courtyardsintraditiona Chineseshop householdsin Madaysawasstudied
and reveal ed that aconnection between sky view factor and air temperaturesmeasuredin
thecourtyardsexist. In Figure 8, the connectionisthat gotten from thefour courtyardsis
anillugration. Thechart reved sthet, areductioninthesky view factor isdirectly proportiond
reductionintheair temperatureinthecourtyard. Though, itisunderstood that moreexamples
areessentia to eucidatethispoint.
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Fig. 8: The connection that gotten from thefour courtyards
Source: Koch-Nielsen (2002)

However, in hot-dry climatic zone, themost significant design eco-friendly thought isnot
ventilation but shading effects. Courtyardsare usualy seenin old-stylebuildingsinthis
zonefor providing shadeto the surrounded area, whereasfor the ventilation approaches,
night ventilation or an evaporative cooling ismore gpplicable. The high temperatureranges
amid daytimeand night-time offersbenefitsin thisclimate.

CONCLUSION

Thisgudy isareview fromontheenvironmenta design requirementsfor courtyard buildings
in hot-dry climates. The study primarily focuses on the shading and ventilation impact of
thecourtyard. Thestudy reved sthat climatic circumstances do affect shading and ventilation
strategiesfor courtyard building. From the studly, it isdedued that Courtyard form and
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orientation areconsdered to bethemain priority for shadingin buildingsin hot-dry climates.
But for the hot-humid climatic zone, the thought of shading impact by adjusting the sky
exposureor courtyard roofsisexpected to bemoresuitable. Therefore, the shading impact
by the sky exposure could belessimportant ascompared to theform and orientation.

In hot-dry climatic zone, the use of night ventilation could maintain theinterior
thermal situationinan appropriatelevel. But, for hot-humid climatic zone, appropriate
ventilation approaches are still debateable. Some scholars underlined that unremitting
ventilation withrising air flowsthrough courtyardsiscentral to offer comfort tointerior
Stuations, whereas others state that daylight ventilation isneedlessbecauseit would alow
hot air into buildings. Findly, morestudiesconcerning theenvironmenta design reguirements
for courtyard buildingsin hot-dry climatic zoneisneeded. Inaddition, smulationsstudies
to permit prediction of the appropriate courtyard dimensionsand proportionsfor effective
environmental performanceisrecommended.
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