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1 ABSTRACT

Rapid urbanization among many factors contributeléwate air temperature inside city’'s urban faktmt
causes urban human discomfort. Natural ventilaitioarban canyons is one of the measures that oan li
that effect and minimize the air temperature ofaurlareas. Benefits range from pedestrian comfottien
urban environment, to efficiency of natural veriila systems in urban streets. Studies have covered
different urban forms and their impact on pedestdamfort, others have investigated the role ofthwyg
density on pollutants dispersion, some have stufliedole of urban configurations on natural vextitin in
buildings, while some studied different physicahccteristics which also affect the urban heahdl&Vhat
Is yet to be defined is the effect of those phystd@racteristics on shaping the building regufatjo
especially in Egypt, and their efficiency regardmajural ventilation systems in urban canyons itoieate
the raised temperature. Spreading green archieedtulegypt requires reshaping current legislatiod a
codes, starting by revising the existing local tinily laws and regulations. The aim of this workoigssess
and analyse the main building code in Egypt byytgland analysing theories on natural ventilagod its
physical characteristics.

Keywords: building regulations, urban canyon, pé&tks comfort, natural ventilation, urbanisation

2 INTRODUCTION

The world is currently experiencing the largest evasf urbanization in history. According to World
Urbanization Prospects, by 2050, nearly two oubhcge of us will live in cities (Santamouris, 1997 ei et
al., 2018, Nazarian and Kleissl, 2016). Global arpation includes the rapid growth of high-riselBings,
superstructures and increased buildings densitgy Thntinue to cause concerns about city breaihaby
blocking the prevailing wind and are associatechwticroclimate variations in urban districts. Thane
causing deterioration of pedestrian thermal comfodreasing energy consumption and are causingraev
negative environmental impacts such as urban dutfmm and urban warming (Juan et al., 2017, Omean
al., 2017, Lin et al., 2014). For those reasonscareeasily notice the significant difference ircratclimate
when we are moving between urban areas and r@asar

Outdoor urban ventilation is very important for eatthy and liveable urban environment -as it is ohthe
most effective passive cooling techniques- whicktiengly affected by urban morphology (Ramporalet
2015, Santamouris, 1997). The interaction betwekarumorphology and airflows needs to be considered
new urban developments since their effects on hdifamay be beneficial or detrimental. Such effedd
not only depend on the characteristics of the veisé natural phenomenon — intensity, speed anctidine
but also on the features of the obstacles and @amvients that the wind encounters along its patlugkia
and Cecere, 2022). Baruch Givoni states in (Giva@eB9), that “Of all the climatic elements the wind
conditions are modified to the greatest extent yamization”. There is a clear need for basic gifien
understanding of the airflow process in urban anegphologies for improving outdoor thermal comfand
lowering energy consumption (Mei et al., 2018).

Numerous studies have demonstrated that it is lplestsi improve urban air ventilation and urban elienby
manipulating the building configurations during #erly stages of planning and regulations. Counsieh

as United Kingdom, America, France, Germany aneérstimade energy efficiency strategies a priority in
building regulations (Omrani et al., 2017, Juanlgt2017).

In recent decades, a large number of investigatienge been conducted for the assessment of natural
ventilation in urban areas. This paper aims to yameakthe natural ventilation behaviour and its ptalsi
characteristics and assess the Egyptian regulatiBodding Law No.119 of year 2008 — regardingurat
ventilation aspects.
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3 NATURAL VENTILATION

Ventilation generally is the process of deliverfrgsh air. It could be natural, mechanical or hybNatural
ventilation relies on natural forces; it can beatlié®d as a process for providing fresh air movdmidatural
ventilation can be used basically inside buildingsimprove indoor air quality (IAQ), achieve theam
comfort, reduce energy consumption and reduce tpolisl inside spaces. Meanwhile, natural ventilation
plays a very important role in the urban environmers wind flow- to: control the humidity, adjust
pedestrian thermal comfort, dilute pollutants and Summer cooling (Arup et al., 2002, Fordham, 2000
Krarti, 2018, Schulze and Eicker, 2013, McConrE6).

3.1 Wind flow

The wind flow in the urban environment is compléazhto follow. Small differences in land topograhie
cause irregular flows; as the wind flow is completgifferent in rural areas and urban environme(is
Bozonnet, 2006, Azizi and Javanmardi, 2017). Wilmvfhas many characteristics to be analysed and
measured; its direction, velocity and pattern dhthase characteristics change significantly frone place

to another.

3.1.1 Wind direction

Wind direction is generally defined as where thedvblow or by the direction from which the wind
originates (for example, a south wind blows frora south to the north). Any obstacles as buildmgsind
topography directly affect the wind direction (NW&)21, Kutz, 2016, Serway and Jewett, 2018). Wind
direction is usually reported in cardinal direcsoor in degrees. A wind rose is a simple way & reind
direction as well as its velocity. For example,sa®wn below in Alexandria’s wind rose (Figure et
prevailing wind direction -where the wind blows moften- is North North West (El-Geziry, 2013, (N8V
2021). Wind direction can be measured by the wickfsand vane or by ultrasonic Anemometer/thermal
Anemometer (more sophisticated) (Hawkins and Su6A9).

NORTH

WEST EAST

SOUTH

Figure 1: Alexandria's wind rose. (El-Geziry, 2013)

3.1.2 Wind velocity

Wind velocity (wind flow speed) is a fundamentahaspheric quantity caused by movement of the ainfr
high to low pressure (Hogan and Monosson, 2010hdWelocity is affected by a number of factors and
different scales as the pressure gradient. Wheraittpressure differs between two points in tineoaphere
or on the surface of the Earth the wind flow becdaster or slower to balance out the variationnespure
(Chua et al., 2010, Garrison et al., 2002, Jusdtat €1978). The Beaufort wind force scale wasvikmas the
first measurement technique of wind velocity. Noaxs] meters per second (m/s) is the internatiorsem
unit for velocity (Saucier, 1955, Mcllveen, 1991ayH 2016). Wind speed could be measured with thesa
instruments that measure wind direction mentiongtieé last section.

3.1.3 Wind flow pattern

Generally we can define wind flow pattern as howdvimoves horizontally between different areas. The
large global wind pattern is the result of the eliéntial Earth’s heating. This difference is crddiecause of
the uneven heat by the rays of the sun which haggbbacause of Earth’s rotation, its ellipsoid sheape its
twenty three and half tilted axis (Dashamlav.cofRL, Bu and Kato, 2011, Perry, 2004). When it isuab

—E P REAL CORP 2023: LET IT GROW, LET US PLAN, LET IT GROW
0 ﬁ:::usx@

o X Nature-based Solutions for Sustainable Resilient Smart Green and Blue Cities
i A Y L P



Rana Elbadri, Hassan Abdel-Salam, Mohamed Fikry

cities and urban areas, wind interacts differentith the surrounding urban areas with differentawebur
and characteristics that will be discussed in @ section.

3.2 Urban wind flow

Allard and Ghiaus, (2006) mention that the genasglects of wind patterns in the urban environmextt -
compared to those of undisturbed wind - are: meaed due to differences in terrain roughness retlbge

20 to 30%; turbulence increased in intensity byd000%; and greater incidence (20%) of weak wiltds.
also agreed that the mean wind speed above anttitte canopy height is closely related to centaiban
dimensions. For roof-top speeds above 4.0m/s, mekotity decreases by about 33%, while for speeds
below 1.5m/s this coupling between the externahnaaid internal secondary flow is considerably reduar

is lost. The centre of a city is warmer than itdyong areas. Daily minimum temperature readingsedted
urban and rural sites frequently show that the mrkige is 6° to 11° C warmer than the rural sithisT
phenomenon called “urban heat island* (UHI) could defined as the maximum temperature difference
between the city and its surrounding area (Raffa®@8).

3.2.1 Urban wind flow pattern

Once the wind flow from the suburban surroundiregeches an urban area it tends to skip over the eoaf
sides of buildings and its momentum is transforn@d pressure on the windward surfaces of solids,
creating several types of effect, such as acc@eratiown-flow, flow detachment, low wind speedghni
and/ or low pressure zones, sheltered areas amargavakes of turbulent vortices (as shown in Fegay.
This unsteady behaviour tends to diminish the flomomentum due to the drag and viscous forces dause
by the friction produced between surfaces andli@wv.fThe Atmospheric Boundary Layer -the lowestr 2o
km of the atmosphere which is directly influencedtbe presence of the earth’s surface and respiands
surface forces- is then set by the energy spenwé@ncoming the shear stress due to the roughnetie of
terrain, which is determined by the canopy heidglow this height, the free airflow momentum is
transformed into wind pressure on vertical surfagé®ve this height the flow tends to stabilizevdipuntil
reaching the gradient speed (Oke, 1978b, Oke, X088k, 1986, Faria, 2012).
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Figure 2: Flow in the interfacial layer (Both candpyer and surface layer together create the ext&f layer which is extending up
to one tenth of the total height of the ABL). (Co&R86)

3.2.2 Wind flow pattern around isolated structure

As shown in (Figure 3), when the wind is approaghanstructure, it gradually diverges. At the winddva
facade a stagnation point with maximum pressursitigated at approximately 60—-70% of the structure
height. From this point, the flow is deviated te flower pressure zones of the facade: upwardsyards
and downwards. The upward and sideward flow sepatathe upwind facade edges and create a separatio
bubble or recirculation zone characterized by aVelocity and high turbulence level intensity. Degiag

on the dimensions of the structure and the turlweleri the oncoming flow, the separated flow carttaeh

to the side facades and roof (as illustrated bydibtted lines in Figure 3). A considerable amounaio
flows downwards from the stagnation point and poedua vortex at ground level. The main flow dir@ucti

of the standing vortex near ground level is opgositthe direction of the approach flow. Where Htitvs
meet, a stagnation point with low wind speed valexdsts at ground level, upstream of the structliree
standing vortex stretches out sideways and swaepsié the structure corners creating corner stresiths
high wind speeds. At the leeward side of the stimectan under pressure zone exists. As a resulkfloe or
recirculation flow occurs in a cavity zone that sists of vortices with horizontal and vertical axéhe
mean cavity reattachment line downstream of thectire marks the end of the cavity zone. After this
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structure, the flow resumes its normal directiohwind speed stays low for a considerable distdatend
the structure until the wake flow (Bert Blocken 21

Separated zones on
roof and sides Lateral edge and

L_lpstream 3 elevated vortex pair
wind-speed * . Reattachment lines

profile .« % on roof and sides
Cavity zone

Horseshoe vortex 5
system and mean ..
separation lines =t

Figure 3: Schematic representation of wind-flowtgratt around an isolated structure. (Hosker, 1985)

3.2.3 Wind flow pattern in urban canyons

Urban canyon is the volume lying between buildirags] the urban canyon volume is the volume between
road surface and the roof tops of buildings (Figdje(Vardoulakis et al., 2003). Urban canyons are
characterized by three main parameters: H, the rheaht of the buildings in the canyon, W, the camy
width, and L the canyon length. (Georgakis and &antris, 2008)

Canyon - air
volume

Figure 4: Schematic cross-section of an urban gayban conyon’s volume represented with doted ([@&e, 1978b)

As shown in (Figure 5), Wind flow speed and direictmodify as a result of the urban canyon’s geoynetr
parallel, perpendicular or angled.

Figure 5: wind flow in different canyon's geometpgrallel (left), perpendicular (middle) and ang(gdht). (Yazid et al., 2014)

When the wind flow is parallel to the canyon’s asisearly parallel (deviation of less than thiiggrees), a
mean wind component is created along the canyons @&he wind speed is reduced due to friction and
there is also a possibility of uplifting near thertical and ground surfaces. In this case the oadrti
components of velocity tend to be much decreasddratihe stream wise direction, if only wind driferces
are applied. Further, the flow inside the canyorcapying the free flow behaviour, but with reduced
intensity (Nakamura and Oke, 1988).

N
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An important aspect observed in the perpendiculadvilow is the production of vortices rotating fine
mainstream direction below the canopy height angvéen the two structures shown in (Figure 5). The
vortex occurs as a result of pressure differenedaden the leeward side of the upstream structwlettee
windward side of the downstream structure. The fb@parates at the edge of the leeward surfacengeat
large wake of low pressure behind the front stnectdhen the flow is diverted upwards due to itsssna
conservation and rises, though with a weaker \artomponent. The vortex created in the canyonespac
therefore presents wind components near the sgrilagelittle air movement at its centre (Georgadisl
Santamouris, 2008, Cook, 1986, Faria, 2012).

Skewed flows usually create a vortex alongsidenta@ axis. The mean flow along the canyon axisenss
vertical downwards components causing spiral vestiglong the length of the canyon in the upwarmhstr
direction but with reduced velocity (Nakamura arlce(O1988).

4 WIND FLOW PARAMETERS

Many parameters are affecting the urban wind fldavdefine those parameters, this study analysedque
studies and the articles published in the fielchafural ventilation in the urban environment, wieetin
individually published articles, or in previous rew papers. Thr study investigated relevant pubbos in
related journals regarding natural ventilation dnel urban environment, including in particular: Birg
and Environment, Energy and Building and JournaMéhd Engineering and Industrial Aerodynamics.
Among these numerous publications, this paper éurtbcused on studies conducted in the years frod8 2
to 2018 with the following keywords: natural veatibn, urban, canyon, airflow and air change rAgH).
References are analysed according to: relationghads, type of natural ventilation, wind direction,
measurement unit, sensibility analysis, model anddtions of the study. As shown in (Table 1) stsdare
classified by building typology (high-rise, low-eiscompact, single block or others), scale (urbanyon or
building), measurement unit (Q, ACH, age of aifGp), type of natural ventilation (pressure or bumyg
and type of study (coupled or uncoupled). The fiertgraphs (Figure 6, Figure 7 and Figure 8) shioev
percentage of studies that discussed each tydasdification.

Model Scale of smdy MMeamrement’s unit Type of LIV Type of study

hizh- | low- compa | single Sweet . Ageof .
others | urban Building Q ACh Cp Pressure Buoyancy Coupled Uncoupled
rize mzs ct block Camyon air

Table 1: previous studies classification. Sourse:research

Model Scale of study

Dhigh-rise Elow-rise Dlcompact Dsingle block Hothers Durban Elstreet canyon  Ebuilding
28.57142857

25.71428571 51.42857143

40 37.14285714
17.14285714

14.28571429 14.28571429

17.14285714

Figure 6: study’s model (left) - study’s scale [itly Source: the research

Measurment's unit Type of NV
@Q BAch age of air @Cp B B buoyancy

a0 »
285714

3428571429

8.571428571 8571428571

Figure 7: measurement unit (left) - type of natweattilation (right). Source: the research
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Type of study

51.42857143

4857142857

Figure 8: type of study. Source: the research

From previous studies a number of physical parametere identified that affect the wind flow paften
urban areas and related phenomena as urban teorpesaid pollution. The parameters are: Aspect ratio
(AR), floor area ration (FAR), packing densi§P) and setbacks. The studied ranges of each phiaitar

are presented in (Table 2). Studied AR ranges fram 0.5 to 6, FAR ranges vary from 1 to&4 ranges
vary from 0.25 to 0.6 and setbacks were verticahanizontal and their values depend on road widith a
buildings height.

Physical factor Studied ranges
Aspect ratio (AR) 0.5t06

Floor area ratio (FAR) lto4
Packing densityAp) 0.251t0 0.6
Setbacks varied

Table 2: The four physical factors studied ran@esirce: the research

The four parameters and their definitions, imparéaand relation to urban wind flow will be discusse
next sections.

4.1 Aspect ratio (AR)

Generally as defined in Webster (1907), the aspea is a ratio of one dimension to another. Ibaur
studies, aspect ratios are related mainly to dinessof urban canyons; they are H/W, L/H and W/lg(ife

9). Those ratios identifies the built aspect rata the type of volumetric canyon within it. ltagpected that
the resultant wind flow speed and direction beltw tanopy height are connected to variations isethe
aspect ratios (Hunter et al., 1990, Nakamura anel ®888). A canyon can be considered accorodinigeto
mentioned ratios: for example, uniform or reguldrew its H/W ratio approximates to 1.0; deep or oarr
when this ratio increases to 2.0; and wide or shailvhen it drops to 0.5. Also, the L/H ratio is satered
short, medium or long for respective ratios of 3.8, and 6.0. Regarding the height, a canyon isidered
symmetrical when height is relatively constant asgmmetrical when there is large variation in heigh
(Vardoulakis et al., 2003, Nakamura and Oke, 198&, 1978a).

v

]

Figure 9: A simple urban canyon. Block’s height (Egnyon’s width (W) and canyon'’s length (L).(Afiga., 2012)

Comparative analysis of previous AR studies shdwas wind speed inside a canyon does not necessarily
increase with the increase of canyon AR. Apart fi&dRy, there are other important factors governing th
flow field inside a canyon. For example, thermaieefs, finite length canyon effects, traffic inddce
turbulent effects and other physical parameterng iptgortant roles in shaping the flow charactecsinside

a canyon (Ai and Mak, 2015).
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4.2 Floor area ratio (FAR)

Floor area ratio (FAR) is the ratio of a buildingisal floor area (gross floors areas) to the eizde piece of
lot upon which it is built. FAR is sometimes calligabr space ratio (FSR), floor space index (FSikg ratio

or plot ratio. The difference between FAR and FSthiat the former is a ratio, while the latter isiadex.
Index numbers are values expressed as a percaftagengle base figure. Thus a FAR of 1.5 is tiaes

as a FSI of 150% (Birch, 2009, Spikowski, 2006).RFA& often used as one of the regulations in city
planning along with the packing densit§p] (block covering ratio BCR) as well as zoninglitoit urban
density. While it directly limits building densitindirectly it also limits the number of people ttlaabuilding
can hold, without controlling a building's extershlape. (Figure 10) shows three different plotariwith
the same FAR (1); by decreasing the lot covering rand increasing number of floors. Thus, many
authorities have found it unnecessary to includghtdimitations when using FAR calculations in loiing
regulations. (Birch, 2009, Spikowski, 2006)

100% Lot 50% Lot 25% Lot
Covered Covered Covered

Figure 10: Floor area ratio (FAR=1). (DCOZ, 2022)

Previous FAR studies are wide ranging and vary freffiects on environmental aspects such as solar
radiation, day lighting. human comfort and natuwaehtilation, to business studies on land valuety, ci
character, regulations and laws.

4.3 Packing density §P)

Packing densityAP) is the ratio between the block coverage areau(gt floor area) and its total plot area
(Hu and Yoshie, 2013). It is also known as; blodvering ratio (BCR), plan area density, planar area
density, building area density and building to laatio (SUMEGHY, 2007). Ramponi et al. (2015) agree
that urban density can be described with geompatameters like the packing densiff] and the frontal
area densityA4F) (the ratio of the frontal area- front facadet tta@ing the wind - and the total surface area)
(Figure 11).

Figure 11: packing density (left) and frontal adessity (right). (Ramponi et al., 2015)

Previous studies agreed that building packing degtisithe key factor to influence the flow adjustrhand
urban ventilation capacity in the city model; ahattlowering the building packing density withinciy
could reduce the pollutant concentrations at stieastl and result in higher ventilation efficienty most
cases.

4.4 Setbacks

Setback in architecture, is a step-like recessiahé profile of a block. Could be from a wall (ettbuilding
frontage), a road or a water stream. In regulatiarsetback is the minimum distance which a blooktrbe

set back from any place which is deemed to neetegion (Davis, 1994, Allen, 1995). A setback as a
minimum one-bay indent across all stories is calletecessed bay or recess and is the more common
exterior form of an alcove. Setbacks were useddnpple to increase the height of masonry structbyes
distributing gravity loads produced by building erddls. This was achieved by regularly reducing the
footprint of each level located successively fartihem the ground. The most marked example of hasdt
technique is the step pyramids of ancient Egymufa 12).
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Figure 12: Djoser’s Step Pyramid in Saqqara. (egwumeents.gov.eg, 2019)

In previous aforementioned studies setbacks adiestuwith different parameters to analyze how itldo
affect the natural ventilation efficiency. PabloRbsado (2017) compared the change in solar fllected
from the simple narrow (no setbacks) canyon to ¢fahe simple wide (with setbacks) canyon. Thepdem
wide canyon was able to reflect from 2.90 (sumnter?.52 (fall) times more solar flux than the simpl
narrow canyon. These multipliers are the scalirgofa for adjusting air temperature changes obdaivith
the simple narrow canyon to the simple wide canydrich directly affect the efficiency of natural
ventilation.

5 EGYPTIAN REGULATIONS AND LAW

Law No.119 of 2008 (and its executive regulationsglled unified building law - is the only law wbéor
planning and construction. The Egypt Green Budd@ouncil (EGBC) was established by 2009 and
introduced a national green building rating systethed the green pyramid rating system (GPRS) K¥lfi
2011). Regarding the law and GPRS, we cannot findbos planning criteria to be followed to enhanitg
breathability or outdoor air quality as a resultgafod natural ventilation penetration through thban
fabric. At present in Egypt, any new constructi@ame subjected to the proposed planning stratefpes (
example the proposed strategies of the city of éthelkia 2025, 2032 and 2050) and the unified bugjdéwv.

In the next sections, the unified building law (I&N®.119 for 2008) will be analysed, based on the fo
natural ventilation factors mentioned in previoast®ns.

5.1 Aspect ratio (AR)

In the Law No 119, aspect ratios are not mentiotieeictly. However, building height is defined a® th
distance between the surface of the sidewalk (tlwercentre of the frontal elevation) and the topese of
the concrete slab. Parapets and service roomgfieke| are not considered. The total buildinggheiis the
distance between the surface of the sidewalk (fiteencentre of the frontal elevation) and the hityipesnt
in the building.

The law states that the building height shall n@eed one and a half times the width of road wihigans:
AR=1.5- with a maximum height of 42 m, The legderfor the height of the building on two differeniads
stipulates that: if the building is located at th&ersection of two opposite sides with differentth, the
width of the building height is equal to one antadf times the width of the wider road with a mawim
height of 36 meters.(Ministry of Housing, 2009).

5.2 Floor area ratio (FAR)

In the Law No 119 floor area ratio is defined & tatio of total built up areas of all floors teettotal plot
area. According to article 26, FAR is determinedhmy strategic plan for each part of the city withximum
FAR equal 4 in the case of absence a strategic(Mamstry of Housing, 2009).

5.3 Packing density €P)

In the Law No 119 packing density ia defined as: rhtio of the ground floor built up area to thtatglot
area. According to article 2@P is determined by the strategic plan for each ghthe city (Ministry of
Housing, 2009).
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5.4 Setbacks

In the Law No 119 setbacks are mentioned in diffeterms and definitions.The Regulation Line is lihe
that defines the street and creates boundariesbatpublic and private properties; it could be imithvider

or narrower than the plot boundaries. The Constmdtine is the line within which it is allowed tild on;

it could be the street edge, the same as the Rigulaine or recessed from both. Finally, setbaaks
mentioned in three other terms: frontal setbaclte sietback and rear setback which are definedhas: t
distance between the Property Line and the Congirutine in all directions (Ministry of Housing0R9).
Article 26 states that, in the case of existingets, the Regulation Line is set back by half tifflerénce
between the width of the current road and the meg@owidth when building or reconstructing the plots
(Ministry of Housing, 2009).

6 CONCLUSION

The rapid urbanization we are living nowadays igst@y a number of problems, starting from pedestria
discomfort to the blockage of city breathability.rbdn ventilation is strongly affected by urban
configuration, therefore it is important to be doesed as a mandatory element in building regulatiand
laws.

By comparing the building codes included in the flédi Building Law No0.119 of 2008, and its executive
regulations released in April 2009 by the MinistédrHousing, and the GPRS document released by the
HBRC in the same year; there are serious contiadgtbetween both documents, as the Unified Bugldin
Law and its executive regulations allow buildingid@s and procedures that do not comply with thR&P
Moreover, there is no reference in the Unified B¢y Law to the GPRS or green building in general,is
there any reference to the Unified Building Lawtihe GPRS documentation released by the Ministry of
Housing, Utilities and Urban Development. Thussitlear that the GPRS is an isolated documentdbes

not fit into the current building regulations, rmepresent a law on its own (Ayyad and Gabr, 2018mar,
2012). The most important thing - more than thatieh between the law and the GPRS - is the existeh
natural ventilation as concept, importance and idenation in the law. As studied and mentionechia fast
section, when analyzing the law and the GPRS, tisare direct mention to natural ventilation rethte the
urban environment. Nor do the four main physicagleats affecting the natural ventilation have restd
requirements to enhace urban natural ventilation.

It is important to investigate urban ventilationther, its physical factors and its relation to $aand to
specify the requirements in law to be followed fimize urban natural ventilation and make it ohlfary.
Now that there are a lot of new developments in dbestruction field in Egypt, it is a perfect tine
regenerate the building regulations to supporctreept of natural ventilation in the built envinoant.
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