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ABSTRACT

There has beearisein the number of initiatives undertaken by individuals and organisations to
rethink the process of building design, construction, and administration in order to reduce their
negative impact on the environment. Specifically, it would be helpful to leara about hova

house's thermal performance affects people's needs for thermal comfort inside the dwelling, since
this would shed light on the importance of enhancing residential building design. The thesis's
primary focuds on traditional homes in Ghard@asouthern of Algeria. Two residences pairs were
located in the Ghardaia neighbourhoods of Beni Isguen and Tafilelt. They're rated and compared
in accordance with criteria including ideal climate, desired home design, and appropriate build-
ing materials. Wth this researctthe aim wasto better understand how traditional and modern
settlements in Ghardaia responded to residents’ climatic, cultural, and architectural preferences.
A low-energy building that is suitable for modern people is therefore spebifiegsearch into

the social and cultural factors that go into the making of vernacular dwellings. In this research,
evaluation was carried out by the use of observation, field survey, and computer simulation. By
studying how well local homeareinsulatal, we can learn how to improve the thermal perfor-
mance of new houses. Both communities in Algeria's hot and dry interior relied heavily on pas-
sive heating and cooling techniques. A field investigation was conducted to evaluate the thermal
comfort of both hstoric and modern Ghardaia homes.

Both case studies in the hot and arid regions of Algeria emphasised the use of passive heating
and cooling systems during the monitoring and evaluation. The thermal comfort of traditional
and modern Ghardaia homes wadeated by a field survey based on observations of occupants.
First, the thermal performance of old and modern Ghardaia structures was calculated and com-
pared. Second, recognising and learning from the differences in the performance characteristics
of new houses contributes to the creation of innovative and superior urban dwelling designs. The
findings of the computer simulations of the interventions suggested that traditional and new
homes might increase the future potential for-Emwergy housing in southeAlgeria by increas-

ing the thermal efficiency of the existing dwellings in both settlements. The outcomes of the
investigation oftwo villages illustrate that a suitable indoor atmosphere may be created using
locally accessible building materials and eentional environmental pracés. This study par-

tially fills a gap in the research on thermal comfort standards for Algeria and demonstrates the
potential to minimise energy use in contemporary structures in hot, dry settings. The study also
gives simulabn-based suggestions for how buildings should be built in Algeria's hot, dry cli-

mate.
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CHAPTER

Introduction

1.1Introduction

When the outdoor temperature cannot maintain thermal comfort, natural ventilation is an im-
portant technique to preserve indoor dwellings in Ghardaia City. The sun is a primary source of
heat absorption through the building envelope, which absorbs heatimuan through the roof,

walls, and windows, raising internal temperatures to uncomfortably high levels. However, estab-
lishing an air conditioning system can provide some relief. Nonetheless, installing and operating
air conditioning equipment will incuaidditional fees in the form of higbriced bills. Further-

more, typical air conditioners use chloribased refrigerants, which are suspected of contrib-
uting to ozone depletion and glolvedrming (NREL, 1994)Therecent popular trend of passive
architectue design has beconaeuniversal requirement where passive cooling is maintained
asan alternative to employing a mechanical system to maintain a reasonable indoor temperature
system for lowering energy demands. However, in Algeria's south, architectnsaderep-

tions include how to create a passive design for buildimgisdo not have a significant impact

on the environment or society's needs.

A vernacular building design can be used in the hot, dry climate of Ghardagstasing point

for undersanding how environmental pressures and climate change have an impact on the archi-
tectural features of the home as well as how buildirey® the potential to be more responsive.
However, according to Algerian construction codes, they did not investigatdirtate design

issue because conditions should occur as expected, and as a result, people’'s modern architectul
in Ghardaia has sufferedrchitectural solutionarepresented by designers who believe that the
protection of the environment is not a pitpr

As a result, the primary goal of this research was to conduct case studie&sars in Ghardaia,
Algerian Sahara's northernmost city: Tafilelt ksar and Beni Isguen ksar. According to Ravéreau
(1989),the ksar is a neighbourhood that is built on a rocky plateau and is home to a few thousand
people. It is also surrounded by alWwith watchtowers, which gives it a unique look for its
auction market anttaditional trade

The areas were selected since they have two different patterns of neighbourhoods with a micro-
climate of about 1.5 km2. The comparisons were based on urban tipenfieamnance, building
material s, and occupants6é activities. Thes:e
patterns of land use and population densities affect the outdoor climate conditions and, in turn,

human comfort and indoor conditions. Subsaly, this will provide a true account to suggest
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significant ideas on how the application of sustainable design can maintain indoor céheort.
rationale of selecting Ghardaia to be examined in this research, is that it is located in hot arid
climate, it has traditional and new housing as the governmeroeald have tried to design new
settlements utilising the old forms; in addition, the population living in Ghardaia, have tried liv-
ing in both the new and old settlements and are able to provide a sensible comparison between
the two which is useful in thigsearch. The rationale of selectBgni Isguen and Tafilelt is that

Beni Isguen is the original form of designing houS89AD) in this region while Tafilelt1997)

is an extension of Beni Isguen that used similar building materiatdifferent urban morphol-

ogy to Beni Isguen; this is unique and will add value to this research in identifying whether the
new settlement is actually better than the origihather details are provided in chap8and

5. This aspect drove this reseatohstudy the impact of the urban form and the outdoor condi-
tions on indoor thermal comfort. For this purpose, the traditional and the modern houses of south-
ern Algeria were compared using thermal simulation and sensitivity analysis of the peak outdoor
temperatures that can impact these thermal conditions in order to examine how indoor thermal
conditions can be improveth this study some observatiorererelevantfor a suitable ventila-

tion strategy to be integratedwitht he bui | di ngds de sthegmalingpacd o p
of urban developments in Ghardaia was also assessed as a reflection of an effective built envi-
ronment that promotes an appropriate sustainable urban form based on the climate and a mixture

of theeastern and western design patterns of old and large cities like Ghardaia.

From these standpoints, two existing neighbourhood cases are discussed in Chapter 5 and late
numerically examined in Chapge6 and 7 using the DesignBuilder software; such stualy

been conducted for the first time in Ghardaia. It combined clipased tools and urban plan-

ning research to assess the thermal performance of the neighbouring outdoor spaces in these

settlements.

Geographical information and methodological solugiarere of vital use in getting the needed

input for the simulations. Measurements were collected for two base case pairs; for each case,
measurements were made for a week each in summer and winter. The results have implications
for architects and urban piaers by strongly relating urban form with building design typology,
materials and energy consumption. Moreover, they give not only approaches for predicting the
thermal performance of presesdy urban land use through the urban planning thermal comfort
model, but also approaches to adapt these developments to climate change by using the new

urban plan with a morphed meteorological data.
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1.2 Aims:
1 Examine thermal comfort temperatures in two historic and modern Ghardaia settlements and

use the findigs to inform the design of@mfortable dwelling

1 Howdoesthenew et t | ement within Taf ddedoimtconipdredr ei r
to the oldsettlemenfksao wi t hlsgner?B e n i

1 How may knowledge of the new Ksar's performance characteristicsiassigtroving and
making amore innovative urban dwelling desin

1 Create standards for future Ghardaia comfortable homes using the concepts above

1.3Research Questions:
1 How does the new ksar perform when compared to ol®ksar

1 How can knowledge of performance characteristighehew ksar (when compared to
theold ksar)lead to a better manner of designing unique urban dwelings

1 How might fresh proposals be used to set gat®r future comfortable Ghardaia homes?
1.40bjectives:

The primary objective is to identify areudy two buildingsettingsi n t he M6 Zab v a
and old buildings that bothise natural ventilation systenghis will providereliable practical
advice and guidance for designevlen designingiewbuildings thatcan provide a satisfactory
internal environment for their occupamtsm thermal comfort perspective
Furthermoreliterature reviewsvas investigated specifically focusing thermal comforto var-
ious building designs and their suitability in thet dryclimateIn the south of AlgeriaAdded
to this was the researcherds experience of
helped to further understand the flaws with the current designs.
These problems will be investigated so that suitable solutions can be devised to adequately meet
the indoor environmental requirements and reduce thermal discomftis research, thdic
mat e of Al gombinedwibhghe lenscesocial way of life were useddefinea an
improved methodologhy which courtyard houses can be modified to achieve thermally com-
fortable indoor <c¢climates t hatrdsasveelp Eereforepe op
through a field survey of the selecteettiementsthe following points outline the general objec-
tivesof the research
1 To study anexplainof the difficultiesand thecrucial components of passive design methods
and thermal performance in both the old and new ksar.
1 To evaluate the internal environment and determine solutions that can provide qualitative,
physical, and psychological benefits to dwelling occupants (adaptive, comfortable houses in

a hot, dry climate).
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1 To examine the impact of the outdoor climate on building design and indoor comfort by
evaluating the format of real weather data used in the simulation process.

1 To create computer simulation models for the thermal performance analyaisiafly ven-
tilated buildings and to examine the connections between passive design and performance
characteristics.

1 To make use of the computer magl&d propose features that will improve the performance

of the new ksar

1.5 Structure of the thesis

In order to achieve the aims and objectives of the present study, the thesis is structured into eight

chapters that cover four parts:

1 Partl: A literature review and a backgroutwldesert architecture, specifically in Ghardaia

1 Parts Il and lll: The methodology that covers fieldwork (survey and data collection of the
temperature and relative humidity) and a computer energy simulation analysis

1 Part IV: The findings, comparisons, discussiotnclusionsand recommendations

The chapters are organised and outlined as follows:

Chapter 1. General Introduction: It presents the background, problem statement, aims and
objectives and explains the research strategy.

Chapter 2. Literature Review: It presents the literature review of the most significant aspects
thatarerelated to passive cooling technigues andmagttentilation. It looks into the issues per-
taining to the thermal comfort and bioclimatic design of buildings in hot dry climates.

Chapter 3. Ghardaia City Case Study (Beni Isguen and Tafilelt)It providesawide-ranging
overviewof the nature of the climate of the area, the outline of the vernacular architecture and
the urban texture, besides the architectural characteristics that come into play adding value to the
analysis of this research.

Chapter 4. Methodology: It explains two methods adopted for the present research. The first
method is based on eite measurementsherethe monitoringthe local indoor and outdoor
climatewas collectedspecifically temperature and relative humidity

The second method uses adigsaireb ased sur vey t ofulfimesandpei-gat e
ceptionwith the environment of their homes, in both the old and Kearin thatthe structure

and the coding of the questionnaire are discusd@d.chapter also explains the simulatiosda

model to suggest an enhanced model to improve building designs prevailing in Ghardaia.
Chapter 5. Thermal Performance of the Residential Buildings in the Old and New Ksar

(Case $udies): It documents the output from the thermal measurements for the two sites
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including temperature and relative humidity. This was done at two levels where the individual
reporting of results for the selected buildings was performed, and then a canpmaiween the

new and old buildings was performed and discussed.

Chapter 6. Building Simulation, Calibration and Validation: this chapter introduces simula-

tion modelling concept using DesignBuilder; éwamining if the software is suitable to provide
data for future designs. This was achieved using the results obtained in chapter 5.

Chapter 7. Simulation Analysis: different scenarios were suggested to study the influence of
these on the thermal performance of a given building by looking amjb&ct on the indoor
temperature using DesignBuilder. Interventions such as roof, wall modifications and combined
strategies were proposed, simulated and reported in this chapter.

Chapter 8. Conclusions and Recommendationdt summarises the main concioss of this
thesiswith limitations while also presenting the general recommendations and scope for further
research.

Figure 1.1 describes the above research proposal

OLD KSAR

N%E&\TR "BENI ISGUEN"
TRADITIONAL
MODERN
BUILDING
BUILDING | PROBLEMS Lo
PROBLEM STATMENTS
AIMS, OBJECTIVES
LITERATURE REVIEW
METHODOLOGY
QUALITATIVE o’ * & —
MODELING MEASUREMENTS
QUESTIONNAIRE § SINULATION SURVEY
1 .
\ - DATA ANALAYSIS AND |/
COMAPRISON
- DEVELOP OF NEW

APPROACH NEWAPPROUCH

!

DISCUSSION AND
CONCLUSION

Figure 1.1 describes the researsirategy as outline in this section
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1.6 Publications:
The following publications have resulted from this work:

1 Mohamed Yacine Telli, R. Giridharan, Richard Watkifsermal characteristics of the
roofs in Ghardaia with a new material extracted faate palm treesBEO'2019con-
ference February2019

1 Mohamed Yacine Telli, R. Giridharan, Richard Watkins. Thermal Conditions in Urban
Settlements in Hot Arid Regions: The Case of Ksar Tafilelt, Ghardaia, Algeria. PLEA
conference, September 2020

1 Mohaned Yacine Telli, R. Giridharan, Richard Watkins. The Impact of the Tree in the
Patio on the building microclimate and the indoor thermal environment, Case of Study
south of ALGERIA. Windsor conference, May 2020
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CHAPTER

Literature Review: Part 1

2.1Introduction

The literature review consists of two parts

1 Part 1: of theliterature review defines the link between urban morphology and the micro-
climate by presenting trexamination ofinalysisof the urban morphologeffecton these
flows considering the relevant studies of urban strategy and naturally ventilated buildings.
This provides the morphological indicators influencing the comfort parameters (solar radi-
ation, air and surface temperature, wind speed) are identified.

91 Part 2: of the literature review focuses on the aspects related to the arclatdesign in
a hot dry climatenore specifically thelesert architecturand the thermal comfoadapta-
tion. Thereview outlinesdifferent aspects of local architecture that ategrated with the
hot dry climate and design characteristics on comfort living as well as the potential for con-

sidering these aspects in recent building designs.

In an urban context, the main goal of environmental design is the creation of urban dreasnwit
fortable outdoor spaces. However, unlike interior spaces of buildings, defined by relatively regular
and controllable thermal conditions, exterior urban spaces are characterized by significant varia-
tions daily and seasonal microclimatic parameters;hvéire much more difficult to understand (air
temperaturewind, and radiation, for example). The specificities of the urban environment generate
perceptible climatic changes at all levels.

Understanding the relationships between urban morphology aptiykieal parameters of the local
microclimate is essential. First, this chapter presents the definition of urban morphology as well as
its different types of associated forms. Urban boundary layers resulting from thermal and aerody-
namic disturbances retat to urban morphology are also discussed in this first part. In a second
step, we define the link between urban morphology and the microclimate by presenting the urban
energy balance, the associafiedvs, and the analysis of the impact of urban morphology on these
flows. Thirdly, the morphological indicators influencing the comfort parameters (solar radiation,
air and surface temperature, wind speed) are identified.

This crossing of physical and morpholcg) parameters aims to distinguish the most influential

morphological indicators.
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2.2 Urban morphology and its impact on the local atmosphere:

What is an urban morphology?

Research Centre in AridonesRCAZ (2010 in Algeria, definesurban morphology aseing the

result of the historical, politicabultural,and more particularly architectural conditions in which

the city was created and grew. It is the fruit of a spontaneous or planned development by the will
of the public authorities. The related nosoof "urban structure” and "urban form" are not always
clear and the definitions often vary from one author to another.

According to Lévy (2005), the main object of morphology is to allow the city to be read by under-
standing the evolution of the urban farfthe latter constitutes an object of study constructed from

a definition hypothesis, eepresentationand a point of view on the form. The urban form is a
polymorphic notion that can be grasped from different aspects depending on the point of view taken
by each urban planner and the definition adopted. By crossing the different points ofheew,
following notablefive approaches or registers of urban farapresented below

A. The approach of the urban form as the form of urban landscapes, for whichdhespace

is captured visuallyoplour, style, etc.) in its thredimensionality (form and sizes) and in
its architectural style (modern or higech movement for example) (Lynch, 1960; Castex
et al., 1980).

B. The approach of the urban form as a sociahfdor which the urban space is studied in its
occupation by various social, demographic, ethnic or religious grénagngeyer and Jo-
seph, 1984Roncayolo, 1996).

C. The approach of the urban form as the form of urban fabrics, which consists in studying the
correlations between the elements composing the urban space (plots, roads, relationship be-
tween open spaces / built spaces and morphology of blocks for example) (Panerai and langé
,2001).

D. The approach of the urban form as the form of the out{iPie®n, 1994Lévy, 1996which
refers to the geometric shape of the city pfan éxampleorganic plan, checkerboard plan
or radio concentriplan).

E. The approach of the urban form as a bioclimatic form, for which the urban foomsglered
in its environmental dimension, as an urban microclimatonsists ofjeographical varia-
tions by districtin terms ofits varietylinked to thecategorie®f fabric (open, closed, verti-
cal), according to the orientation (heliothermic) and the site (water, relief, vegetation) (Es-

courrou, 19&; Escourrou, 1991)
The bioclimatic method has sparked a significant debate on the urban forms of the future (sprawling

or compact forms) in terms of sustainable development, the rise in energy consumption and its

effects on the climate, and, more recently, the "optimization of physical environments in urban
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spaces.” According to Lévy (2005), the urban fabrics approach igbtroglated to other ap-
proaches. Indeed, the elements composing the morphologies of urban fabrics and layouts function
as urban microclimate variation factors and cause a shifting distribution of comfort characteristics
(air temperature, wind speed andident radiation for examp)eHowever,research (Chen and

Chao, 203; Leung, 2015has demonstrated that veniitat is an essential part of any construction,

and the value of healthy indoor air is undeniableis possible to achieve a high level of thermal
comfort and prevent moisture damage to a building by allowing natural ventilation to occur. As a
result ofignoring these factors, poor habits persist, especially in densely populated urban areas,

where traffic on the roads and air pollution have a negative impact on residents’ quality of life.

2.3The Urban boundary layers

On a city scale, the interactiontx@en urban form and climate produces different layers of air
superimposed in the atmosphefe stability ofwhich depend on the thermal stratification.

2.3.1The surface boundary layer

This layer extends over several tens ofneseaibove the buildings and breaks down into two flow
sublayers (Figure.1): the inertial subayer and the roughness slalyer. The first is characterized

by the homogeneity of the vertical turbulent flows and deppnsrily onthecollisionspeed and

the height of buildings (Taha, 2000). As for the roughnesdasr, it is in the immediate vicinity

of the surface and its thickness varies between 1.5 and 3.5 times the height of surrounding buildings
(Rotach, 2000).

2.4 The urban canopy

The urban cangp(Figure2.1) corresponds to the study scale consideréusmresearchThis scale

refers to the urban fabric integratimgth the urban ground (street, green spaces), built structures
(buildings,block, or district) and open spaces (courtyards or public places), because of the turbulent

movements caused by the interaction of mitreteorological parameters with urban structures.
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Figure 2.1 Vertical distribution of the different layers of air circulation over an urban environmesb(rce:Rotach
2000)
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2.5The influence of urban morphology on outdoor comfort

The relationships between the individual and his external environment are decisive in estimation of
comfort situations. Taking into account the external environment requires knowledge of four im-
portant microclimatic parametensteanradiant temperature (lcallated from incident solar radia-

tion and surface temperature), the air temperature, wind speed and air humidity (Vinet, 2000; Ali
Toudert et al.Mayer, 2007). The modification of the perceptual process of the human body depends
on the intensity of thesexeernal environmental components. The body's responses appear, with the
change in skin temperature, internal body temperature, sweating and speed of blood circulation.
Light-colored materials have a higher albedo than-datred materials. As a resultties in the

South have higher albedo (0.30 to 0.45) than cities in the North (0.10 to 0.20). (Taha, 1997).

Synnefa et al. (2007) measurtbe albedo of several coloured roofs. Roofs painted with white
coatings, for example, have a high reflectivity tte reach 72%, compared to 26% for black
roofs.In addition, Akbari et al. (2003) investigated the effect of facade colour on surface tempera-
ture. Facades painted black can achieve temperatures 7°C higher than those painted white during
full daylight hous. The Simpsons, urban morphology, and their interactions with microclimate

and outdoor comfort McPherson (1997) investigated the effect of roof colour in the Arizona desert
in the United States. In this scenario, white roofs with an albedo of 0.75 wer@0fC cooler

than grey roofs with an albedo of 0.30 and up to 30°C colder than dark roofs (albedo of 0.10).
Furthermore, Bertolini et al. (2011) investigated that the commonly used colours of concrete pav-
ing blocks include natural grey and pigmentsrohioxides, which contribute to its red coloration;
whereas manganese dioxide is used for the paver's black coloration, which reduces the tempera-
ture, which can the surface temperature of conventional pavements reach UpA&€C48iring

peak solar intensj.

According to Lin et al. (2017), the coolirgffect of vegetation on surface temperature is greater
than the cooling effect on air temperature. Grass and vegetative ground cover, as opposed to paved
asphalt roads and squares, serve a vital role in @iogithermal comfort by maintaining a low
surface temperature. To begin with, the majority of the energy absorbed biyrigated grass

would be transformed into latent heat via the evapotranspiration mechanism, resulting in a signifi-
cant fall in surfae temperature. Furthermore, the albedo value of grass@®3pis lower than

that of lightcolored structural materials, implying that it would reflect less radiation onto the human
body and hence result in less thermal stréls. effects of urban mohplogy are studied in the
sections that follow. Technical material is not considered, and vegetation is thus excluded from this

literature review.
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In the following sections, the modifications caused by the urban morphology are examined. Tech-

nical material is notonsideredandvegetation is therefore not considered in lisature view
2.6 Morphological Parameters linked to the irregularity of urban forms

The term "irregularity” is not usually used to describe urban form, particularly in urban typologies
such as Ghardaia settlements. However, as morphological approaches to the urban environment
have evolved, this term has comedter to the roughness or discontinuity of a surface as opposed
to a smooth horizontal pkorm (Ben Messaoud, 2009). At the urban scale, two types of irregular-
ities are observed: horizontal and vertical irregularities.
2.6.1Horizontal irregularities in the urban fabric

A. Variation of the sky view factor:

Figure 2.2 Sky view visible from a street in Boston in the Unit&tates gource:Ratti et al.2003)

The Sky View Factor§VF) (Figure2.2) is ameasurementf the solid angl®f the skyperceived

from an urban spac#cation(Sarradin, 2004). It is a dimensionless parameter between 0 and 1
(Oke, 1988, thathelps indeternine the heat exchange by radiation betwaegivenlocationand

the surrounding atmospher@n SVF of 1 indicates that theiew of the sky is completely unob-
structed (flat field). Therefore, the air temperatures will be extremely near to their corresponding
meteorological values. A SVF of zero, on the other hand, indicates that the view of the sky is fully
obstructed and thaas a result, the temperatures will be substantially influenced by the urban set-
ting. Thus, the sky view component influences outdoor comfort. Using the PET6 comfort index,
Tzu-Ping et al. (2010) experimentally investigated summer thermal comfort in owelbings of

a Taiwanese university campus (Physiological Equivalent Temperature). The findings of the SVF
exceeded the proportion of thermally comfortable periods for various campus locations. The re-
sults indicated that location A (Figure 2. 3 (a)), wh8%/F is 0.13, has the highest percentage of
comfortable periods with over 53 percent (Figure 2. 3 (c)). This percentage falls as the SVF of

surfaces increases, reaching zero at location F (Figure 2.3 (b) and (c)), which has an SVF of 0.81.
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In contrast, whn the SVF values are smaller than 0.13, the proportion declines until it hits 25%
for an SVF of 0.04. (figure 2.3c). In the summer, spaces with surfaces that have a high SVF may

induce discorfort.

Figure 2.3 (a) The sky view factor of place (8VF = 0.13). (b) The sky view factor of thtace F SVF= 0.81).
(c) the relationship between the sky view factor and the percentage of comfort pesodscé: Tzu-Ping et al.
2010)
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Furthermore, Ratti et al. (2003) have shown the existence of a close link bedwvé&eand

temperatures of urban surfaces, by numerically studying three different configurations in hot and
arid regions. The first presents geometrically closed shapes wetibincourtyards, similar to the
urban forms observed in the didiropeangity CentergFigure2. 4 (a)). In the second configura-
tion, the interior courtyards were removed, thus showing compact forms (Ridgybg). Note that
these twaconfigurations pesent a dense fabric with a high built surface densitynanwstreets.
On the other hand, the third configuration presents an open fabric with airy .shhpegsults
obtained for these configurations show that the closed formamahor courseshow the lowest
SVFvalues of around 0.13, while it is 0.23 for compact shapes and 0.48 for pavilion IHsees
tively. Temperatures of thep surfaces are obtained for suburban forms with valuasooind 40.5
°C. This 5.X higher than theompactforms and 8.&K highercompared to closed forms with
interior courtyards. Ratti et aR003therefore suggesipeningurban fabrics in ordeto promote

heat dissipation and thus avoid the risk of thermal discomfort in these splaseset al., 2015

Due to small differences, Alioudert et al 2005presented a study that related urban geometry to

the problem of outdoor thermal comfort in a hot and dry climate, finding very minor changes be-
tween the twoWhich The goal of this experimental effort in Ghardaia city is to provide some
guantitative knowgdge on the efficacy of traditional design forms in creating a suitable thermal
environment outside in extreme summer temperatures. The significance of urban canyon geometry
was the subject of the research. During the summer of 2003, meteorologistancidre Saharan

city of Benilsguen monitored the temperature, humidity, and wind speed in a number of @he city

streets.
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As a result of less exposure to direct sun irradiation, Measurement Points with low SVF tended to
be slightly colder than the otheiBhe longest period of shade from the sun is provided by the fact
that both the deepest canyon and the overhanging trail are oriented-8e@kliNlroudertet al,

2005). But the marketplace cooled more quickly than the other enclosing measuring giations,
coming 1.5 K cooler at midnight compared to 22:00 LST. As a result of the high SVF (0.67), heat
can be dissipated quickly in the marketplace. Due to the low SVF values of the city streets, the air
volume of the canyon keeps the heat given off by thear@aymnaterials. The lowaporpressure

(VP) was consistent with the usual humidity here . Between 6 AM and 10 AM, it reached around
12 hope and between 10 PM and 6 AM, it dropped to arounkdyp@ There was no evidence of a
consistent effect of the locahvironment. s worth noting that the results may have been affected

by the fact that many kitchens are situated on street edges, where they serve as local sources of heat

and humidity.
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Figure 2.4 The sky view factor for the three configurations studiedlosed forms withinterior course(a), compact forms
(b) and suburban forms (c(source:Ratti et al.2003)

In addition, Ratti et al(2003) have shown the preponderant role of the arrangement of tissues on
their percentage @VF. Ali-Toudertet al, 2007haveshown numerically that théght organization

and fractionated buildings @hardaigFigure2.5) reducethe SVF of facadesand floor compared

to an open and airy organization. They also showed that geometries with a high percentage of hor-

izontal surfaces, especially roofs and terraces, are characterized by high v&ués of

Figure 2.5 Left: Urban canya in Beni Isguen(source:by theauthor).
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B. Variation of the H / W ratio of street canyons
The street canyon in hatrid locations such as Ghardaia is the most basic kind of urban fabric
(Figure 2.6 to the left). It consists of a street bordered hwildings at least twice as tall as the
streeés width (Izard1999). As shown in Figure 2.5, an urban canyon is defined by three primary
parameters: the building height (H), street width (W), and street lengthrfirh these parameters,
the geometric description of the canyon can be carried out through mogated indicators, such
as theaspectatio H / W for example. This greatly affects the amount of solar radiation incident or
absorbed by a canyon. Indeed, experimental studies maflieldynd Gotoh1982on streetan-
yonswith different H / W aspect ratios haghowed a reduction in incident solar energy absorption
from 27% to 13% when the H/ W ratio goes from 0.5 to 2 (Fig6e Similar results were obtained
by Bourbia and Awbi, (2004Wwhoobserved that a street with an H / W ratio equal to 0.5 receives
a high percentage of direct solar energy including vetigéding surfaces reaching a peak surface
temperature of 53°C. This thermal capture decreases when the H / W ratio is equakte he

temperature peaks do not exceed 46°C.

H/W =0,5 H/W=1,0 H/W=2,0

Figure 2.6 Different aspect ratios H / W of canyon streeso(irce:Bougiatioti. 2006).

However, ahigh H / W ratio generates another important thermal phenomenon, namely trapping
heat within the street. The study of the effect of the aspect ratio of a street on its internal thermal
environment shows that the greater the H / W ratio, the greater the dragiesphenomenon is
marked (Sakakibara, 1996). The difference in quantity of heat stored between a canyon with an H /
W ratio of 2 and a canyon with a of H/ W equal to 0.7 would be 50 W / m2. A summary of the
impact of the H / W raticompared to thdifferentconditions of thermal effects which performed

by Tiraoui (2000). These conclusions are specific to a canyon street located at the latitude of 45 °
North and oriented NortBouth

Bakarman et al2015 conducte@nother investigation in the hot and arid city of Riyadh, Saudi
Arabia. It assesses the thermal performance of traditional and modern residential urban canyons
with H/W ratios of 2.2 (Deep) and 0.42 (Shallow). The study demonstrates that the exposure of
urban surfaces to solar radiation is a function of the caisydAV ratio and orientation. They play

a significant influence in determining the amount of incoming solar radiation received by the can-
yon&s horizontal and vertical surfaces, hence influendiegaimbient Ta and Ts inside the canyon.

These temperatures rise as the H/W ratio falls, and vice versa. As an urban profile deepens, the

29



exposure of urban surfaces to the sun reduces. The more solar radiation the surface réceives, th
more net radiation ieft at the surface and the more sensible heat is contributed to the ambient air,

resulting in a significant increase in temperature.

C. Variation of urban surface density
Urban area density accounts for the occupation of structures built urlihearea.This corre-
sponds to the ratio between the built area and the total urban area. Morphologically, the urban sur-
face density varies according to the occupation of the space. At the scale of the city, the latter is
based on a progression of urban forms ofrtfust compact and dense in the agntretowards
more open peripheral individual housing, with urban forms of transition. The variation in densities
between the different urban portiofifius, brings out outdoor public spaces of various sizes. From
a pont of viewof climate, urban surface density interferes with cetiaiianclimatic concerns like
the urban heat island. Indeed, a study carried out by Boukhezer (2002) on three urban fabrics with
different land use densities in the city@hardaian Algeria has shown that the surface density of
buildings acts on the quantity of daily energy absorbed by buildings. The historic criy deant
acterized by its organic fabric, its stromgneralizationand its high surface densityhich presents
greater gantities of solar energy absorbed compared to the urban checkerboard and scattered fab-

rics. Soo
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height (source:Aida and Gotoh 1982).

In addition,Aida et al,(1982 have approachegrban area density in a more simplified way using

the ratio W1 / W2 (where W1 is the width of the roofs W2 is the width of streets). This indicator
was subsequently studied on a street configuration canyon by varying the parameters W1 and W2.
The objectie was to quantify its variation on the amount of solar energy reflected from surfaces.
The results given in Figure 2.7 show that equivalent albedo vgitadsally decrease with increas-

ing of the W1 / W2 ratio. In other words, the albedo of surfacesdses with the density of
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surfaces built. Indeed, this density generates less energy exchange between surfaces than in the case

of a fractional geometry

2.6.2 Vertical irregularities in the urban fabric

Variation of the facadeof streetcanyons

In urban areas, not all streets have a sefmite shape with widths andomogeneous heights.
Limiting research on these theoretical configurations reduces the relevance and applicability of
the results. Thus, AlToudert and Mayer (2007) studied numerigatie impact of the irregularity

of thefagadesn the thermal comfort within a street canyon, using the EIM&i model. Thermal
comfort has been evaluated through the physiological equivalent temperature (PET). The study
panel includes three canyon steeall presenting pedestrian galleries. The first street has homoge-
neousfacadesandis symmetrical with an H / W ratio equal to 2 (Fig@8, case I), the second is
asymmetrical with a steppéacade(Figure2.8, case Il) and the last configuration is gmsed of

two differentfacadesvith overhang devices (balconies or terraces for example) (F2firease

I)y.

Hi

H,

Case | Case Il Case Il
Figure 2.8 Schematization of the configurations studied BYi-Toudert(source:Ali-Toudert et al 2007).

For the symmetrical street (case ), duringdhg, the percentage of comfortable summer zones in
the surfaces covered with galleries is higher than that obtained in the middle of the street due to its
long period of sunshine. According to Aloudert and Mayer (2007), this percentage is closely
linked to the geometric H / W ratio of the street and the dimensions of the galleries (height and
width). However, during the night, the percentage of comfortable zones recorded in galleries re-
mains lower than that of street surfaces. The researchers atttibisteidferenceto the poor ven-

tilation of the galleries compared to the street and ttegiacity to tragheat emitted from asphalt

paved ground.
In addition, sensations of heat were identified in the asymmetrical street presenting afatgujeed
(case Il) due to its large opening to the sky. Indeed, this opening leads to more solar energy capture

than in thesymmetricatonfiguration(case I). Orthe other hand, when the solar rays are obstructed
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by thefacadesthe asymmetristreetpresents better thermal comfort than case I. Finally, the opti-
mal results of feeling of comfort were obtained for the street presdatadedevices overlooking
thestreet. This is due to the morphology of the street which presents a low sky view factor gener-

ating more shaded areas at street level and galleries.

The urban geometric shape of public places has been the subject of a thermo radiative digital study
in hat and arid climates by Masmoudi and Mazouz (2004), for three places of rectasquéag,

and circular shape. At first, the height of the buildings surrounding the squares is considered con-
stant and equal to 16.6 m. The circular shape presents the lofgsuls of absorbed solar flux.
Indeed, the amount of solar energy absorbed by the circular space at 1:00 p.m. is the lowest with
only 81 Wh / m2, compared to the valudshe order of 114 Wh / m? obtained for squares in the
form of arectangleor square. Similar conclusions are drawn for mean radiant temperatures, equal-
ing respectively at 36°C, 38°C and 39°C, for the circular, rectangular and s§eaondly, three
building heights were considered: 16.6 m,m@5and 50 m. This geometric modification has very

little effect on the absorption of tHacadesof the squares. However, at ground level, the amount

of solar energy absorbed is then reducedifsigmtly andalmost homogeneous for all places.

The majority of research in the region concentrated solely on the ancient city of Beni Isguen as a
case study and did not compare it to modern buildings sudlafdslt settlementleading to a

paucity of knowledge regarding the neettlementn particubr.

A. Heterogeneity of the height of built structures

The effect of building height on the amount of solar energy absorbed has been studied by Kondo
et al. (2001) for three configurations. The first configuration presents ssfuaped buildings
(Figure2.9 on the left), with a uniform height of 25 m. The second and the third have varying
heights of buildings (Figur2.9 to right), but with homogeneous frame percentages. This numeri-
cal study showed that the amount of solar energy absorbed is greater iguredioins with het-
erogeneous heights. According to Kondo et al. (2001), this is due to the fact that a fraction of the
flows reflected by the roofs is intercepted by the adjacent higher vertical walls, thus increasing in-
temreflections and consequenthetiquantity of solar energy absorbed. Note also that Chimklai et

al., (2004) have shown that the variation in the height of the shapes urban areas play a very im-

portant role in the amount of reflected solar energy.

This difference is readily apparent imetbuildings of the oldettlemenin Beni Isguerdue to the
pyramidal shape of the pal@senorphological framework. The entire palace is built on top of the

hill, which creates a contrast and gradation in the ceilings and built spaces, in contrast to the modern
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settlemeniTafilelt, where the buildingsllaconform to the settlemeds flat surface. And its height

and level are identical.

Heterogeneity of the height of built structures

Figure 2.9 Left: the squareshaped building model used for the digital studight: the second study configuration i
differentiated heights gource:Kondo et al 2001).

2.7 Parameters linkedto spatio-temporal factor

2.11.1 The orientation of urban facades
The orientation of an urban fabric is a spatial parameter making it possible to analyze the accessi-
bility of solarenergy and daylight within an urban fabric. It generates shaded and sufages
causing variations in ambient and surface temperatures. Morphologically, this indicator produces
forms of protection or sun exposure in urban spa@epending on the dirgon of the structure,
these protections are frequently effective just at the beginning and end of the day. Indeed, when the

sun is at its highest, the shaded regions in both new and ancient settlements are relatively modest.

From a climatic point of view, the impact of solar orientation on thermal behdwidoan surfaces

has been the subject of several studies inl&iitude regions reported in the literature. According

to Aida and Gotoh, (1982), solar height affects the amount of the reflected solar flux. Similarly,
Kondo et al., (2001) found that whdresolarheightleads to consume a lof energy the value of

solar energy reflected from an urban fabric increases, regardless of the value of the surface reflec-

tion coefficients.

On the other hand, when the solar height is low, the amougfletted solar energy decreases in

the event that the building surfaces have moderate reflection coefficients. Moreovesuddirt

and Mayer, (2006) have minimized the role of the solar orientation of a canyon street on its thermal
behavior. Indeed, aoeding to them, when the aspect ratio of streetis H/ W = 0.5, urban thermal
comfort is almost independent of orientation. On the other hand, when the H /W ratio is equal to 4,
comfort is optimal in the same way for two E&gést and NortiSouth orientadns, thus providing

a much better environment thermal
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A. Shade of surfaces
Urban structures as well as plant structures constitute sources of shadow generation, depending on
the solar height and the orientation of the tissues with respect to the suntEspaioral parame-
ter). For scattered configurations, only the floor and hiddeadesan benefit from shaded areas.
However, for dense configurations, shaded areas may characterize severfalcadaland the
floor is most often protected from suriiig According to AitAmeur (2002), the shaded space is
not favorable to thermal accumulation (inertia or storage) and limits temperature increases of air
generated by the action of direct solar radiation. In addition, Vinet (2000) and Robitu (2005) nota-
bly mentioned that, in outdoor urban spaces, shaded surfaces record the moabfavvmmfort
indices. Parameters related to the optical and thermal characteristics of urban.surfaces
The diversity of types of surface materials makes heat exchange mopéexdmtween urban
structures and their external environment. Indeed, exposeditientsolar flux, these materials
become sources of reflection of solar radiation and emission of infrared radiation. These contribu-

tions depend on the albedo of the maiteras well as the inertia of urban envelopes.

In this context Bekkoucheet al 2014analyzedhe thermal performance of buildings in Ghardaia

city, which is described by the equilibrium between heat losses and heat gains, taking into consid-
eration their heat storage capacity. Insulation level, thermal inesgiand solar radiation manage-

ment ae the three essential factors of this equilibrium. A novel technique to modelling multizone
structures in Saharan climate was developed.

This simplified technique is an effective way to comprehend the thermal behaviour of walls and air
in a realworld stucture. The suggested numerical model is one of the tested strategies that accu-
rately predicted the experimental value of the time lag under steady meteorological circumstances
and a cloudless skiyl.he estimation of the time lag and the decrement factghtibe hampered,
however, by climate fluctuations.

Solar radiation is the leading cause of heat gain in buildings. In the Saharan climate, the average
daily sun insolation is greatest on the horizontal, followed by the south, east/west, and north walls.
Simulated temperatures demonstrate that the best building orientation is heavily influenced by the
building materials, thermal inertia, and compactness index, which describe the stsgiagrege-
ometric form, and manner of interaction with the outside.

South has been proven to be the optimal direction for glazed openings in order to keep the sun out
in the summer and allow it in during the winter.

In general, it is simpler to shade a sefgbing building for summer cooling than an eastwest

facing one. In addition, it is suggested that southern exposure be used for solar heat tgdake to
heating demands during the winter season. Southemntation also permits the adoption of shad-

ing methods taninimize cooling loads produced by direct solar gain on south facades. During the
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summer, they must be fitted with shade devices, such as overhangs. These findings correspond with
those of Raychaumlri et al (1965). Based on both practical observations and theoretical calcula-
tions, it was determined that the interior climate of saabt and soutfacing homes is superior
throughout the year. Observed effective temperatures are found to be ethontfort zones only

during the winter afternoons, while during the rest of the year, they are outside the comfort zones
in every home. In contrast, we are unable to reach our comfort zone due to a variety of factors. Cold
storage utilises wall stone timeal inertia. This indicates that walls will absorb cold throughout the
night and release it back into the air when the temperature rises during the day. In contrast, in hot,
dry areas (e.g., deserts), outdoor nighttime temperatures are almost alwaysrdugihdut the
summer. Therefore, it is impossible to prevent external heat from entering the home for 24 hours

during very hot weather. We may maintain that the walls are thermal

As the evenings are not cool, inertia in these circumstances plays a jEabfilmction.

This research instructs architects on how to choose the optimal geometric form and orientation for
this sort of structure. The findings of parametric study reveal that the influence of building form on
total building energy usage is depentdem the buildings compactness and amount of thermal in-
sulation. With a compact cube form and orientation in the sooittin direction, we may approach
thermal comfortCalculations indicate that, in actual weather circumstances, the time delays and
decrement factors of wall

B. The albedo of surfaces
Akbari et al., (2003)then Synnefa et al., (2007), haslgown that the increase in reflection
of the materials of urban surfacéagadesand roofs) is linked to their calo, their states

of use and theature of urban surfaces

Bekkoucheet al. 012) examinedhe solar radiation in contemporary buildingsGhardaia

which played a fundamental role in building heating. On the basis of their trajectories, these
radiations may be categorised into twoegafties: direct and diffuse. As solar energy flows
through the earfis atmosphere, air molecules, water vapour, aerosols, and clouds absorb or
disperse a portion of it. Utilizing a serampirical model that allows for the calculation of the
energy receivetdy various barriers is the most significant step in his research. In this regard,
the Capderou model has besglected since it is the most applicable to the study location.
(According to past research) However, instead of using the Capderou model lettesitine

global and diffuse irradiation falling on a horizontal plane, experimental findings from a station
placed at the location where the research is conducted were selected. This allows for more exact
and accurate estimates of global irradiation oticedrwalls. For a space so near to the outside,

the two exposed walls are insulated with a 4 cm air layer and a 6 cm polystyrene layer. The
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western wall is insulated with a thickness of 8 cm of polystyrene. The roof is also insulated by
a 4centimetedthick polystyrene layer. Then, to finish the insulation procedure, 4 cm of poly-

styrene was used to insulate the northern wall.

Proper insulation of exposed walls in building stone has been discovered to not only
boost comfort but also reduce heating and ogplexpenses. In prior research, it was
determined that the best way to reduce energy consumptioBhardaiais to insu-

late the external walls throughout both the warm and cold seasons.
- Temperature measurements suggest that thermal inertia igpritmary factor gov-
erning temperature oscillations. The right application and usage of thermal mass is
dependent on the current climate. Due to the fact that multiple walls are exposed to
solar radiation, the thermal insulation in this instance is inadequist addition,
stones are a good thermal mass material (owing to their high specific heat capacity
and high density). In other words, during the hot season in Saharan regions, the us-
age of walls with high thermal inertia cannot prevent external heat fatering
buildings for 24 hours. Because the evenings are not cool, we might conclude that
the thermal inertia of the walls has a conflicting function in these circumstances.
Therefore, even in the face of high thermal inertia, reducing energy consuniption
buildings is a primary objective and a particular difficulty in arid climates.

- In the area ofGhardaia it has been determined that altering the orientations of
buildings is detrimental to thermal comfort, especially during the summer, since it
contibutes to overheating. The effect of a change in orientation depends on the ma-
terials used to build the floors and outside walls, the level of insulation, and how

well the bioclimatic design criteria are met.

x  Impact of surface colar on albedo
Light coloured materials have a higher albedo than dark materials. It is why cities in the South
generally have a stronger albedo (0.30 to 0.45) than those in the North (0.10 to 0.20) (Taha,
1997). Synnefa et al. (2007) measured the albedo of roofs of difteents. Thus, roofs painted
with white coatings have a high reflectivity, up to 72%, compared to 26% for black Footiser-
more, Akbari et al., (2003) studied the impact ofdblurof facadeson the surface temperature.
During hours of full sun, black patedfagadesan reach temperatures7°C higher than those
painted whiteSimpson and McPherson, (19%I)died the impact of roalourin the Arizona
desert in the United States. In this case, white roofs with an albedo of 0.75 were up todérC co
than gey roofs (albedo of around 0.30) and up to 30 °C cooler than those of dark roofs (albedo of

0.10). Figure2.10 below clearly shows that the temperature of a material decreases with
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increasing albedo (Taha and Bornstein, 198Bjally, stone, characterized by a high thermal ca-
pacity, is generally the most used building material, even if it presents itself as a bad insulator in
general, it has the advantageabkorbingsolar energy and accumulatingTio return it later, eas-

ily releasedt night by natural ventilation effect. It is therefore a possible asset for bioclimatic

construction.
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Figure 2.10The amount of solar energy absorbed as a function of the surface temperature for several matedats€:
Taha and Bornstein1999).

2.7.3 Morphological factors influencing air temperature
A. Impact of urban density

The air temperature field in an urban environmenteésresult of all the exchanges heat produced
between urban surfaces and the atmosphere. These are widely dominated by incident solar flux.
The gaps identified between ciBentersand periphery are often important especially at the level

of meteorological stations airports, of the order of 5 to 10 °C (Oke, 2¥®ayi et al., 1997; San-
tamouris and Doulos, 2001). These differences illustrate the energy effect of urbanization on air
temperature, known as the urban hslaind,shown in Figure.11.

This phenomenon has been widely observed in the literature. Akbari et al. (1992) found that tem-
peratures in urban areas are higher than those in urban areas near rural areas whieteid &stim

be between 1 to 5 °C. This phenomenon is an advantage in winter because it reduces energy con-
sumption linked to heating. At the same time, it increases the fog production. However, in hot cli-
mates, an increase in temperature leads to increasey el@enand for air conditioning. In addition,

a study by Oke (1988) of 30 American and European cities idatitddes has shown that the
openness or closeness of an urban fabric affects the urban heat island. Oke (1988) proposes an
empirical correlation mking it possible to characterize in heat island terms an urban fabric of street

canyon type according to their aspect ratio H / W.
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Figure 2.11Diagram of the heat islané schematicconurbation (source:Akbari et d. 2003.

Furthermore, covered streets in Beni Isguen have the lowest PET values since the heat radiated
from these surfaces is substantially lower compared to other cahydosgtet al.(2007), and
the protected location is practically unaffected by the dailyr satfiation cycle. This substan-

tiates galleries' utility as pedestrian walkways.

Thick, dense materials with high thermal capacities aid in reducingwarg radiant heat
throughout the day and minimising the disparities across roadways with varyingtgesmand
orientations. However, when high thermal capacity and high aspect ratios are coupled, the
nighttime transfer of heat from canyon surfaces is retarded, delaying the nightly cooling of the
urban fabric. According to Meier et al. (2004), whiight-time outdoor comfort is of less im-
portance compared to daytime, the cooling of the dwellings would persist longer and increase
the duration ohight-time discomfort. Contrary to popular belief, it was shown that the air tem-
perature in urban canyons ignsewhat lower than in undeveloped areas.{¥ 2 K). There

was no association between the aspect ratio and the tamperature.

This is in contrast to the larger variances in air temperature found by Coronel & Alvarez (2001)
and Grundstrom et g2003). In addition, being a conservative parameter, Ta responds little to
urban geometry and is thus just a secondary predictor of outdoor comfort. In fact, the reason
why Ta is still often employed as the primary indicator of comfort is likely due tath¢hat

a reduction in Ta is nearly always accompanied by higher shade and, hence, lower irradiance.
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According to Ali Tudort (2007), vernacular structures give essential information on climate
aware design, and this study calls attention to conckatseed more research, such as com-
paring ancient and modern typologies in ihé Z smaliey. This is especially pertinent for the

area where new communities and historic cities contrast sharply. These types feature much
greater urban planning density, ogaas, and plant coverage. These also indicate various uses,
such as the open areas being more suitable for social gatherings and vehicular traffic. This re-
search provides evidence for the existence of urban ventilation in the city's streets, despite the
dense urban fabric. Furthermore, this investigation demonstrates the necessity for more contin-

uous data to establish the relationship between air temperature and urban structure.

B. Impact of hot urban surface
At the urban scale, the heterogeneity of the surfaces causes the thermal exchanges between the wall
and the air to vary ladly. These exchanges depend mainly on the optical and thermal characteris-
tics of each face, as well as on its orientation with respect tsutheSynnefat al., 007)have
experimentally shown on buildings covered with concrete that the increase in albedo from 0.30 to
0.65 decreases the air temperature bi 2.1 addition, Niachou et al. (2008) experimentally stud-
ied the thermal characteristics of a street cargraanted in the Nortftast and SouthVest direc-
tion. They then showed that the temperature of the air measured near the facades varies according
to the orientation and reflection of the walls. The air temperature near the southwest fagade is higher
than trat of the NorthEast facade, the average difference in instantaneous temperatures between
two facades during the day is close t 3while the absolute maximum difference of the air tem-
perature is 5 during the day. Similar conclusions arepated by Oke and Nakamura, (1988)
for an EasMWest oriented canyon street. The air temperature near the north wall facing the sun is

higher than the air ambient temperature, dusbtovectiveand radiative transfers.

C. The influence of the volume of buildings
The flows around a building result from the interactions between the wind abdilihgtructure.
By its shape and its layout, a building modifies the distribution of the different zones of pressure as
shown in Fgure2. 12(Gandemer, 1981Pn the windward face of a building, appears an overpres-
sure zone characterized by a bypass of the flow up and to the sides of the building and the appear-
ance of a swirl roll resulting from interaction with the ground. At the edges of buildings, areas of
separ#don appear, characterized by their relatively constant depressions with the height of the build-
ing. However, under the face of the building, the wind forms vortex movements at the origin of the
wake. These eddies attenuate downstream of the building Wieeitew finds its upstream charac-

teristics. Figure. 12 shows a diagram of the bypass by the wind of an isolated building.
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Figure 2. 12 Schematization of the bypass of a structure built by the wiali(ce:Gandemer1981).

At pedestrian level, annoyanceegfts related to the flow of the wind can be caused by the way the
buildings are associated. Indeed, the dimensghragpesand juxtapositions of buiformscondition

the distribution of wind speed and turbulent intensity around obstacles. A good knewleitig
effects of wind on built structures allsws to understand the aerodynamic aspect of outdoor spaces
and to lead to urban configurations that generate situations of comfort or discdmfedpond to

this problem, the Scientific and Technicaln®e for Building (CSTB Nantes) carried out several
wind tunnelstests orvariousbuilding juxtapositions in order to study their impact on air flow. This
study observed severa¢rodynami@ffects Gandemer, 197&uch agfigure 2.13.

(a) (b) () (d)
Figure 2.13 Some aerodynamic effects of the wind: (a) venturi effect, (b) mesh effect, (c) block effect, (d) effect
of passages under buildingsource:Gandemer 1976)

Researchers Boukhelkhal et al. (2016) lookéd afilelt (Ghardaia, Algeria) in the summer and
found that the average July temperature there was 42 degrees Celsius. Urbap mlakehad a

role in determining the area's high solar radiation intensities; the horizontal solar radiation may
approach @40 Wh/m2 in June and July. The wind is warm and dry, coming from the emsthat

a speed of around 1.5 metres per secofs is in contrast to Beni Isguen, where the ratio of
building height to street width is lower. The amount of heat generatéa sy at any given place

is directly proportional to the SVF value. In fact, the amount of natural light that gets into a building
depends on its width, length, and height as well as its location in relation to streets and buildings
nearby.also Both theair temperature close to the ground and the surface temperature are affected
by the road's geometry, which has a profound effect on the urban climate. It is widely held that the
greatest contributor to the urban heat island effect is the correlation betwibging height and

street width. This decision was reached after considering a number of factors (SVF, RATIO, Ori-

entation, Vegetation, Albedo, etc.). Stations are chosen along a path that traverses a variety of
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outside areas (plots and urban canyon#) warying shapes and orientations, with the final decision
based on a number of parameters (SVF, RATIO, Orientation, Vegetation, Albedo, etc.). The amount
of solar energy received is affected by the angle at which the sun is in the sky. In actuality, the
street's direction, the width, the length, and the height of the surrounding buildings all affect how

much sunlight enters the area.

X

The Venturi effect: this is a phenomenon caused by buildings converging in the direction of

the wind. (Figure 2. 13 (a)).

x  The mesh effectit is an effect caused by a juxtaposition of shaped buildings. This effect dif-
fers according to the dimensions of the mesh, according to its shape (open, closed, parallel to
the wind for example) and the direction of the wind (Figur#3 (b)).

x  The block effect: it is a spiral deviation of the flow wherbéock passes for an incidence close
to 45 °C. The phenomenon is generated if tthack is isolated or in the case of sevdrkdcks
of neighboring height if the spacings between the buildings are less than or equal to the height
of buildings (Figure2. 13 (c)).

x  The effect of passages under buildingst is a flow phenomenon which can be seen in the
holes or in the passageways under the building that connect the front of the building in sup-
pression and its rear in depression. The height of built structures plays an important role in
strengthening the sicomfort in thespassagedndeed, thdigh thebuildings, the more the
comfort decreases in theareas|t is comparable to the Ventweffect (Figure2. 13 (d)).

The orientation of built structures: makes it possible to determine the wind regime and control

its speed. Indeed, if the orientation is parallel, the speed increases more than if the structures are

perpendicular to the wind. The example of the sttaayonhas been the subject of sevetadses

in order to determine the nature of the wind regime according to the orientation of the street (Oke

and Nakamura, 1988; Santamouris et al., 2001

—_ - -
r} _./,0%1;23 ;;%D\r oo
(a) (b) (9

Figure 2.14Profile of the air circulation in astreetcanyon as a function of the aspect ratio H / W of theightand its
width: (a) flow with isolated roughness, (b) a flow at th@erferenceof wake, (c)skimmingflow (source:Oke and
Nakamura 1988).

It has been found that when the flow is parallel to the direction of the street, a channelling effect is
observed igure 2. 14 on the left). According to Gandemer (1976), for the effect to be observed,
the channel must be water resistant and composed of low porosity walls, with a width less than or

equal to the thickness of the buildings and finally, the height dbuiidings must be greater than
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or equal to 6 m. Otherwise, Gandemer (1976) specifies that the canalization does not constitute a
hindrance. It becomes problematic when associated with an aerodynamic anomaly, during an asso-

ciation pipeVenturi for exampléFigure 2. 14 on the right).

A spiral movement, on the other hand, occurs when the flow is vertical to the direction of the

street and the air flow generates one or more vortices; the movement may be amplified by increas-
ing wind speed and associated thareffects with suheated walls. In actuality, the rising heated

air is replaced by cooler air that travels above the rooftops, perhaps enabling heat to escape from
the street (Figure 2.14). Oke and Nakamura (1988) distinguished three types of flowrbtdsed

H / W aspect ratio of a street: an isolated roughness flow when the ratio is less than 1.5 (Figure 2.
14 (a)), a wake interference flow when the ratio is between 1.54 and 2.5 (Figure 2. 14 (b)), and a
grazing flow when the ratio is greater than Elgure 2. 14 (c)P. The influence of the density

or porosity of an urban fabric

Measuring the density of an urban fabric makes it possible to evaluate its porodayiom te the

wind. In compact and tight fabrics, only roofs and terraces are likely areas of discomfort. A set
back construction group organized in a vertical can generate a pyramid effect defined by Gandemer
(1976) (Figure2. 15 to right). This form seesrjudicious because it does not produce discomfort, it
dispels thenaximum wind energy in all directions and reduces over speeds in levels lower buildings
and at terrace levels. Howevegrous,or open fabrics generate aerodynamic disturbances which
extend over long distances. In fact, the horizontal or vertical porosity oirt@afabrics (court-

yards, residential spaces for example) as well as the porosity of buildings (holes for example) mod-
ify the air flow and create risk zones linked to stramgcurrents. In order to limit these risks, the
opening of an urban fabric must be I¢isan 0.25 times its perimeter and that it be made up of
buildings of neighboring heights (Gandemer, 1976) (fedul5 on the left).

Figure 2.15 Left: A porous fabric presenting buildings of homogeneous heights. To the right :A pyramid effect on a
pyramidal construction groupgource:Gandemer 1976).
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2.7.4. Generic urban forms and their impact on comfort

The city is a space composed by the assembly of several urban forms each reflecting a vision or
theory of the city at a given time. Every major political ideology or urban produced original urban
forms, but different typologically. Indeed, the typologyudban forms varies from one district

and one location to another. These variations are observed on the one hand in the organization of
the building and the shape of the plots and on the other hand in urban forms and their mode of de-
velopment. Indeed, theajority of cities, in particular, present histo@dy Centerdrom which

arteries in the form of streets or boulevards serve the new districts. These cores historic sites are
characterized by their high urban densities and vertical and horizegtaity. Modern forms,

on the other hand, are characterized by their horizontal and vertical heterogeneity and by their
fragmented and porous distribution. Thpatial and morphological differentiation generates mod-
ificationsof the climaticp a r a meohdéian®) vehichlinked to outdoor comfort. A morphologi-

cal and historical description of the most representative urban forms of cities as well as the main
climatic changes caused by each formdeiled in the following sections.

2.7.4.1Compact form

Accordingto Bouchair et al. (2013), the compdessign of settlements 6Ksouro has been ex-
tensively adopted in Alger@a hot, dry climate in response to enforced local environmental cir-
cumstances using passive design techniques or ways. These techniquesetderdovitiree cate-
gories: settlement planning, building design, and building components. A compact community
protects the thermal environment and adapts well to extreme environmental pressures. It is de-
signed to endure extreme heat and to reduce thessinaposed by the environment on individu-

als who work outside while also improving interior comfort with little energy use.

Although there are now technological methods for ignoring climate in building design, there are
still compelling reasons to use passstrategies, not just for economic reasons, but also to pro-
mote environmental sustainability at both the local and global levels. This study seeks to provide
an overview and full understanding of compact city ideas and techniques for dealing with the se-
vere desert circumstances in a sustainable manner. Recommendations and basic ideas that could

be useful in the future for building and designing settlements in a sustainable way are also given.

2.7.4.2. The traditional island

Unlike in mild climates, where cities may be found in dispersed, clustered, andcoieglra-
tions (Bouchair et al. 2013), communitiasAlgeriaés hot temperature are constructed in a tight

cellular pattern with limited exposed exterior surfaces. They#en surrounded by a wall for
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defenseand to prevent highielocity winds and sand storms from accessing the community during
the day. Figure 2. 1) depicts the Ouargla Ksar, which is surrounded by a defensive wall.
Inside the village, the air is mestatic than outside. Buildings are clustered together by tight and
twisting streets, alleyways, and ald-sacs to mitigate the effects of severe winds and provide
darkened space during the day. In a hot, dry region, this pattern creates a pleasartgldemf
microclimate that remains quite warm even on chilly nights.

Accordingto Rosenlund et a{ 2000. Structuresuse five times more energy than grouped build-

ings with simply a roof surface exposed to the outside environment.

Beni Isguen Ksds tiny cellular structure with meandering streets andaetsacs. To decrease

heat transfer into the building, the surfacea of its exterior envelope should be as little as feasi-
ble. The ratio of the surface area to volume of the building envelope or the ratio of floor area to
volume defines the buildirdgg relative exposure to solar radiation. The optimum design is a patio

or courtyard enclosed by walls, which is somewhat shielded from the full influence of the external

air. This arrangement is especially frequent in hot, dry climktgare 2. 16 4) depicts a dense

tissue of Ksar El Mihan in Djanet.

Figure 2.16Left: Mass plan of Ksar El Mihanen Djanet as a typical compact cellular lay outRight: Compact cellular
layout of Ouargla Ksar(source:Bouchair et al. 208).

2.7.5. The Haussmannian

The Haussmannian island refers to the name of Baron Haussmann, former prefect of the city of
Paris. His work consisted in making great mechanical breakthroughsfitadledsmannian break-
through®in the urban fabric of the city of Paris (Fig@€l6 on tle left). The goal of this operation
consisted of cleaning up unhealthy habitats, to transform them into habitats for the bourgeoisie and
to achieve a profound change, which consisted in transferring the working population from the
Centre toward#he outskits of town. Morphologically, these breakthroughs gave birth to new urban

meshes always aligned on the street and often presenting cotripagular shapescalled:
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Haussmannian island (Figu2e 17 on the right). The latter is the fruit ahoften diagonal cutting

of the existing traditional island, thus giving birth to islands, of small and variable #iiespas-

sage of these breakthroughs was not always done in the same direction of the traditional island,
which in this case is dividedaonally in two parts which disrupted the fabric of thefiantcity

and favarred the birth of the triangular islet called the Haussmannian i&(&asherai et al., 1997).

The city ofTafilelt was constructed in the Haussmannian style with perpendicalds and alley-

ways, since this architecture enables the city to avoid a rise in the Gaajtennoon air temperature
caused by the more open and exposed character of urban streets (bourbia et al 2009).

This impact may be mitigated by regulating the sieywfactor and including greenery. Shade trees
limit heat input by shading buildings directly and via evaporation. Adding vegetation to the sur-
roundings, planting trees, and putting plants on rooftops may minimise UHI, energy consumption,
and enhance aiuglity. Therefore, the geometry of urban canyons plays a crucial role in the abate-
ment of urban heat islands. In addition, SVF is suited for incorporation into urban design assessment

and decision making due to its potential position as a significant desagn geometry parameter.
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Figure 2.17 Haussmannianblock, road in Tafilelt, Ghardaia( source:Google/images

In addition, the diagonal cutting of the traditional island has caused a spatial upheaval of its core
island which has found its surface area shrunk, causing the migration of thiesec tinteoon s 0
This new situation caused a distribution of functiansl favared the appearance of the school
island, the equipmeimgland,and the building island: "it no longer functions as before, its triangular
shape highlights the periphery to the detriment of the heart of the island which in this case is no

longer ofthe same importance "(Panerai et al., 1997).

2.7.6 The influence of compact shapes on outdoor comfort
A compact urban fabric is generally narrow and deep. It prevents solar rayisggadslic spaces

(streetssquaresor interior courtyards) and geraes shadows that help to increase the comfort of
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these spaces. Moreover, in stable weather ahdtiperiods, these spaces promote the phenome-
non of radiative trapping thus increasing the surface and air temperatures and thdisstnof

fort. This radiative trapping is due moultireflectionof solar radiation from urban surfac@sr-

jung and Louie, 1973; Hunter et al., 1991), reductibalbedo and reduction of sky view factor
(Oke, 1981).

Solar protection for pedestrians is mudore critical in hot, dry climates than rain protection
(Bouchair et al. 2013)Overhangs and colonnades, of course, give shade from the sun and rain.
When such constructed elements are not available, trees planted along sidewalks may give sun pro-
tection.Ground cover and wind speed at ground level are the two most important elements influ-
encing the frequency, severity, and range of local dust storms. Indxyhehvironment, urban
ventilation is secondary to street layout since high velocity is notrezhjautside and is not sought

inside throughout the day.

When there is a clash between solar and dust factors in terms of roadway orientation. This tension
may be handled by using design methods to reduce urban dust levels across the city.

In hot, dry climates, the key problem with ventilation is ensuring the ability to ventilate buildings
throughout the nightBourbiaet al 2009. To the degree that such ventilation can be guaranteed

by the design of the buildings themselves (e.g., by the installatimindfcatchers of some kind),

street ventilation is secondary, albeit gentle breezes are preferred in the streets and open areas to
offset the impact of sun heating. In fact, high breezes are undesirable during the hot daylight hours

because they enhancestiformation.
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Literature Review: Part 2

2.8 Literature Review on Traditional Building Performance:

Several studies were reported in the literature that recorded field measurements considering the
thermal performance of traditional houses, the results of which indicated different parameters that
influences the principal differences in the performancefample materials, local climate, orien-

tation and in the design deta@@iver, Paul. (2003)Fathi H., (2000; and Fathi; Roaf, (1986).

Based on these studies, the traditional house design is proved to be better in comparison with the
contemporary builthgs; this is attributed mainly to the fact that architects and designers have ig-
nored the climatic variable and the importance of the courtyard houses in hot arid regions.

In addition,several authors have recommended that the courtyard houses aneg@réde to re-

duction in the external surface area leading to reduction in heat gain where the courtyard acts as a
shield as it diminishes the speed and penetration of the hot, dusty winds as well as the solar radiation
penetrationOlgyay, (1963, May et & John, (2010; Evans, (1980andSteven F. and CooM .,

(2010. Danby (1986)ndicatedthat thedifference intemperature between air at the roof and the
main reception in another courtyard house was about 11°C ber@@m@and 4:00 p. marren

and Fathi (1982) studies a house in Irag, where the differences between the air temperature at the
roof and the lowedevel (Serdab) was’2 and was reported to Be4°C when compared with the
courtyard level (see figure 2.18). Ahmed (1985) also came up with a similar résutted 1985
investigated the performance of a traditional building and a new one wherddewaged that the

former was on averagé@ below the ambient air temperature while the new building was 4C higher
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figure 2.18 The temperature at different floors level in courtyard building, Baghd@burce:Al-Zubaidi etal. 2007).

Al-Hafith et aJ (2017, usedcomputer simulation to monitor the impact of solar radiation on var-
ious courtyard geometries and suggestad the Arab traditional building with its courtyard in the

middle is the most recommended schefoea hot-arid climate.Al-Zubaidi, M.( 2007 studieda
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simulation model in Egypt, where the model was developed using average monthly meteorological
data. The aim of this study was to simulate the radiation interactions taking place at the external
surfaces of the courtyard envelope which are indgeidal for the hodry climate of Algeria. In
summary, Mohsen (1979) concluded that the courtyard length in plan should not exceed its height
for adequate sharing or if not alternative shading techniques e.g. overhangs and pergolas should be
considered.r addition, it was also concluded from the analysis of different sizes of courtyards,
orientations and proportions that adjustments to the these parameters in relation to its height signif-
icantly affect the irradiation load especially in winter. It was algted that for a one storey building

(3m height, 2.5 m x 2.5 m), the irradiation load occurred in the summer while a building of 3mg
height, 4.3m x 10.7m was elongated in the -@a&st direction with a maximum irradiation load

occurred in the winte(Figure 2.19.
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Figure 2.19 The temperature and relative humidity for Old Buildinip Egypt(Source:Al-Zubaidi et al. 2007).

2.8.1Introduction to the vernacular building:

The interest in understanding the transmission of culture has given rise to a great deal of research
on material culture since the nineteenth century, and the subsequent appearance of arcAteology.
the start of the 20th Century, there was an increagerkst in objects of martials culture by an-
thropologists, ethnographers and geographatstlwas not until the 1960s that the vernacular
world experienced invasions of researchers, and as a result, vernacular treatment methodologies
lead to rapidmultiplication and spread in the world of research. The methodologies of Glassie,

Bourdieu, Levi Strauss, Kniffen and Rapoport, have undoubtedly marked the vernacular research

in the last fifty years.
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These researchers have introduadubdy of work to reeal new facets of life, history, or society,
whether it is the transmission of construction methods or other cultural achieveltnsrdasgues-

tion for the researcher to close this aim by investigating and study two building environments in the
MO Z a bey:wnewlahd old buildings that both have a naturally ventilated courtyard system. This
will give reliable technical advice and guidance for designers when designing courtyard buildings

that can provide a satisfactory internal environment for their occsipant

2.9 Climate and Building Materials

The environment is an important factor for any individual and be changed by it and so the environ-
ment also have a great impact on the buildings where the individual is llvisg:ommon in North

Africa that roofs are flat and at times used for slegpind social activities while in Europe, roofs

are of a gable shape to help with the frequent rains and snow during winter. In the humid tropical
regions, it is common that pitched roofs are common and using grass and reeds to build the huts.
Modern mateals have taken a negative impact on the comfort of buildings as they replace tradi-
tional materials whereby traditional buildings using these traditional materials are still surviving
and considered to be historical buildings. Shawesh@)1@@licated thanew buildings in Libya

using modern materials did not achieve as much comfort as traditional buildings during the summer
and winter months. Shawesh (B)&ttributed the discomfort to thermal storage capacity of the

walls and roofs associated with smalkeaings.

Traditional materials in Algeria include clay soils, stones, mudgdsiga bricks, palm, palm fonds
and trunks are widely used in building traditional houses. Figure 2.20 shows some of the natural

materials used in Libya which tend to be simt@what Algeria uses.

In general, buildings are rectangular in shape with flat roofs that has brick pillars in their centre
and load bearing walls (40 to 85 cm thick) made also of bricks. Moreover, burnt clay bricks were
used in the construction of Wawith an objective that these tend to insulate against the noise and
achieve a low heat transfer compared to the modern materials that in turn help with the interior
thermal comfort. Mud is another alternative natural material that is cheap and antgsesgmi

skilled labour to build with it despite the challenges of its erosion during heavy rains and as in the
hot arid climate there is little rain, mud can be a good alterna8liawesh (1996) highlighted that

due to the rapid population increaseghin Algeria since the 1970s, new building materials were
imported and were made available. Several limitations to the comfort during summer and winter
were indeed reported due to the change in the materials and the design of the new buildings; this

was atributed to western design influenceA number of approaches were proposed to minimise
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the thermal discomfort and have proven unsatisfactory from an economic point of view as the av-
erage households will not be able to afford these solutions.

Evan (1980)tatedthat there were several new materials introduced were indeed superior to the
traditional ones. However, the described materials have not been studied as such to determine
their appropriateness for climatic conditions especially in areas like Algeria.

The public sector within Algeria produced in large volumes the modern building materials to try

and help with the burden of importing materials and the economic impact that it has.

Artt Bt
coal bl B

Figure 2.20: The traditional building material§Source: Stawesh 19%).

Shawesh, (1996hdicated that there is less experience in building techniques introduced from
abroad in developing countries which is an issue in itself particularly when it comes to under-

standing the relevant properties.

Most of the projects built in Algerisetween 196990 time are showing serious issues e.g. cracks

and everbuildings collapsingCote 2005) This essentiallyighlights the less consideration and
attention of climatic factors during the construction e.g. walls were too thin (20cm) and roofs were
not protected from direct sunshine. In addition, to the selection of concrete and steel that raised a
number of prolems. Weakness in the strength of the building blocks is noted especially during the
hot summers where the high ambient air temperature and intense solar radiation has an impact on
the water content within the concrete mixes. This is due to the heatexposother materials e.g.
stockpiles of aggregates, cement and metal parts e.g. mixing drum, transport skips, formwork and
reinforcing steel are all affected’he use of modern materials within Ghardaia for example influ-
enced the occupants to use ainditioning to achieve thermal comfort which in turn can have an

impact on the economic situation for the household as the electricity costs rise.
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2.10 Aspects of the Arab Courtyard Building

2.10.1. Its Genesis and Definition

Fathy (1986 and AFAzzwi (1994 namedhecourtyardhouses as "Bayt Maftooh' (an Open House),

or as Bayt Shargi (an Oriental House), or Bayt Qadeem (an Old House); these houses are common
in Algeria but not as common as roourtyard houses nowadayghe courtyard or the pia is an

internal space that is open to the sky with rooms and ancillary areas surrounding it; it is thought to
provide natural ventilation and daylight. The space is certainly used throughout all seasons but more
particularly during the summer periodhdre are different namirgpnventiorto this space such as

Wast Housh (a Middle House), which literally means the space at the middle of the house; or Fina
or Sahn alDar (the open centre space of the houSefloenauer (1981), statdtht, the concept of
organising the house around an open space was established more than 6000 years ago which has

evolved over the years to be reduced especially if family grows.

2.10.2 Social Aspects

Social aspects of the building designs are important in the Algeriamreutt that most Arabic
traditional buildings (e.g. in Algeria, Libya, Egypt, Iraq, Syria and Saudi Arabia) have courtyards

to take into consideration the sogmligious requirements as well as thermal comfort requirements.
Courtyards are private spacasch that street passdrg have no direct view of the interior of the
house. The sizes range from 4m x 4m to 12m x 12m and at times, one house can have two courtyards
split between the male and female occupants, again to maintain privacy. The courbgaodda-

pied by the males, is wusually reached direct|
quarters. Ghardaia is a great example in that regard where there is a complex design to the building
such that privacy is maintained.

It is often observe that social tensions between neighbours can easily raise due to the design of
modern buildings that has gardens instead of courtyards such that gardens are not usually used if
there is someone in the balcony looking over the garden which is a privatd Jssan,2015.

New building designs in Ghardaia, on the other hand, have done away with all of the traditional
architectural characteristics. This is especially tru€afilelt, which is supposed to have been de-
veloped based oradier models but is in no way similar to them. In order to achieve this objective,

the study will make all comparisons and define the characteristics of each settlement.

2.10.3 Environmental Aspects

There are some influencing factors that affect the thermal comfort of the courtyard including air
temperature, solar radiation, wind and heat transfer with the adjacent buildings. Courtyards has
limitations in staying cooler in comparison with the outd@onperatures, this is thought to be due

to the heat absorbed or released to the air by the building materials. Moreover, the air velocity is

considered to be lower than the mainstream wind where the courtyard geometry certainly plays a
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substantial role. Athe windows and doors of rooms opening inwards the courtyard, the overheating
problems can occur in the rooms if there is direct sun light exposure where shading of these open-
ings can add value. Shawesh (1995) highlighted that Ksours in Ghardaia rkesudrisolar expo-

sure on both internal and external walls and the covered passagBwigis.g Occupants in this

region tend to relocate from the north facing summer quarters of the building to the south facing
rooms of the courtyard in the winter montfi$e roofs are used mainly by the male occupants.
More details on the use of the space during summer and winter in the selected case studies will be
described.

2.10.4. Thermal Cycles in the Courtyard Building

Two different thermal cycles have bedentified by AlJared (1991) namely diurnal when the

heat is absorbed and nocturnal cycles is released (Figure |R\243. also observed the changes
significantly from hour to hour due to the movement of the sun during the day and the courtyard
geomety. Al-Jared (1991) defined few contributing factors that affect the rate of temperature in-
cluding angle of incidence, the convection rate, the optical and thermal properties of the materials.
It was noticed that heat stored is released into the neighigaoires including the courtyard

leading to an increase of its temperature (Figure 2.22).
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Figure 2.21: Diurnal Cycle in the Courtyardbuilding (Source by theAuthor).
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Figure 2.22: Nocturnal Cycle in the Courtyarduilding. (Source:by theAuthor).
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2.11 Passive Cooling in Vernacular Buildings

To improve indoor climate comfort, passive cooling in vernacular buildings is one of the traditional
techniques used which are no longer used especially in areas filkatt&ibya(Foruzanmehr and
Nicol, 2008) principally because of the changed cultural and ecological situaimhso lessons
learnt from these buildings are not really considered to further develop a new hoosiel (Al-
mansuri et al,2008)his has returnethat themajority of the new residents have changed their
living circumstances and have grown reliant on technology in their contemporary lifestyles, which
is dependent on energitensive usagelt has been suggested that passive cgdkichniques can
accomplish its optimal performance and potential benefit if the building is careledigned
(Adenan, 2013)A number of quantitative and qualitative research have been performed to investi-

gate the efficiency of passive cooling tradigbtechniques.

Taylor et aJ(2009) confirmedhat natural and renewable forms of energy are able to provide a
comfortable environment when the vernacular architecture within thérhalimate of Oman

was studied. Similarly, within the city of Yazilan Foruzanmehr and Nicol, (2008) illustrated

that the traditional passive cooling techniques are indeed acceptable especially that they reduce

CO, emission
2.12 Passive Cooling Technique

Traditionally, nighttime Ventilation is one of the established passive cooling techniquesdnyhot
climatic conditions which is supported by windows opening as cross ventilation helps with the re-
lease of heat gain inside theildings(DeKay and Brown2014). Givoni(1994) & (1998), San-
tamouris and Asimakopoulos (2001) gave a good overview of the passive cooling techniques of
buildings which can be summarised as follows:

1 Primarily, he use of vegetation and water surfaces that in turn help with thasecoé
relative humidity and lowering the air and surface temperatures. In addition, they propose
methods that contribute to thermal resistagcge,shading and glazing type.

1 Secondlyenhance the thermal storage by utilising the thermal mass whiaim witlhave
an impact on théeat gains

91 Thirdly, the use of natural cooling techniquerémove internal heat.

Walker, 2010 highlightethat natural ventilation indeed helps reduce the overheating in the summer
months while in winter, ventilation is hased as frequent and normally used to just remove the
excess moisture and pollutants.

Moreover, the ventilation and air infiltration has a strong relationship with the thermal behaviour

of the building (i.e. thermal insultation, low proportionglézing, outdoor solar shadingsan-

tamouris, 2005 indicated that night ventilation techniques can indeed improve internal microclimate
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from heat, solar protection, heat modulation and dissipation methods which can in turn increase the

thermal comfort of given building especially in the summer months.
2.13 Nocturnal Ventilation :

Santamouris et a{2010) expresseithat night ventilation is one of threore efficient passive cool-
ing techniques. It is based on the circulatiothefcool ambient air to deease both the temperature
of the buildings structureand so this technique relies solely on the difference between the outdoor
and indoor temperatures during nigime. In addition,this technique is morealuablewhena
particularbuilding includes dairly high thermal mass tabsorb the heat during the dakien tem-
peratureandsolarradiationare high; whentanight, the outdoor aitemperatures are cooler, out-
doorcoolerair isthendispersedhrough the buildindgGrondzik, 2006).
CreditCavelius et al. (2009ndicatedthe building fabric can store the free cooling at night that can
be used the following day to counterbalance the gained hethas thebenefit of depressing
daytime space temperatures bytog°C.
However, thee areseveralcontributing factors that has an effect ontight ventilationincluding
time, wind characteristcs occupant 6s behaviour (i.e.(A- open
lard, 1998).Considering these factgrBlok et al.(2007) assurethat airflow requires a driving
force and an adequate number of openinggh canbe generatedhrough pressure differences
occurringfrom inside and outsideemperaturezariationsor from wind.
Kolokotroni et al. 1999 described waghow night ventilation can be an effective way of support-
ing thermal comforand reducing air temperaturas follows:
9 Firstly, rely on wind induced flow cross ventilation.
1 Secondlyflush the thermally massive components of the building structurecattinight
time air.
1 Thirdly, by reducing slab temperaturss they carake effectas a heat sink during the
following day.
9 Fourthly, creating a time lag between the occurrence of external and inteen@num
temperaturepermittinga declinein extremechangef alternating hot and cold tempera-

tures.
2.14Thermal Comfort:

fiThe American Society of Heating Refrigeration andlir-conditioning Engineets

(ANSI/ASHRAE standard 52010) definedhermal comforas aicondition of mind thagxpresses
satisfaction with the thermahvironment and is assessed by subjective evalded®it is signifi-

cant factor in maintaining human health (described as total sense of physoéd),and social
well-being)(Chappells and Shove, 2004).
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There & a different definition of thermal comfort outlined by Gut and Ackerknecht (1993) who
thinks thatfithe optimum thermal condition can be defined as the situation in which the least extra
effort is required to maintain the human b&thermal balance

Taki et al. (1999) and Ealiwa et al. (20GPecified that the use of air conditioning systems makes

it difficult to identify thermal comfort criteria in new building desigrespecially thathe building

envelope design has regnificantlyimproved with arabsolutely low heating araboling demand.

2.15 Adaptive Thermal Comfort :

Nicol et al.(2002)articulatedt hat A Adapt i v e funbtienrohtleelpossbdites forr t i
change as well as the actual temperataresh i evki@h thdicates that there is a strong relation-
ship between the inhabitants of the building and their behawogr®pening and closing of win-
dows in case of natural ventilation or mechanical ventilation respectively. This validasesivlee
relationbetween peopland their daily environment with their clothing and activities (Oles®h
Brager, 2004).

Taki et al. (1999) found out that the adaptive thermal comfort in hot dry climate, Gh&idaida
(summer seasons of August 1997 and July 1998héeaitral on their thermal sensation vetere
31.6°C for old buildings and 29°€ for new airconditioned buildings in that the adaptive model
was noted to be effective in predicting the thermal comfort of the inhabitants. In adutapants
believedthat the building designs with adaptation effects raugstantial implications on energy
consumption.

Ealiwa et al. (2001), differentiatdzetween PMV (predicted mean vote) and PPD (predicted per-
centage ofdissatisfied) to measure adaptitreermal comfort within two types dfuildings: old
(traditional) and new (contemporary). However, the PMV mad¢he form of ISO 773QErgo-
nomics of the thermal environmemat} a tool of analysis cannot be used inr@turally ventilated

buildings withaut modifications, in order to predittie overall thermal comfort of the occupants.
2.16 Adaptive Comfort Standard in ASHRAE Standard 557 2010

The adaptive comfort standard in ASHRAE (2010) applied a sithelenal index of operative
temperature to characterize the indoor comfemperatureprincipally acombination of indoor
spaceenvironment and personal factors which is acceptable to 80% or more of the occupants within
agivenspacesee Figure 23).

Optimum indoor comfort in aaturally ventilated building equates to: 0.31*Tmot + $Z.8Tcom

= 0.31x Mean outdoor temperature + 17.8), whereas the upper limit and lower limit can be calcu-
lated as illustrateth Table 21 (McGilligan et al, 2011).

In order to determine the width cdbmfort zoneFigure 223is showing the range of width comfort

zone that is arising at the 80% of thermal acceptability band with the optin3usk, whereas the

90% acceptability band #s2.5K of all the naturally ventilated building (de Dear and Brager, 2001).
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The relationshipbetween the desired indoor temperature and the range of outdoor temperatures
shows whether, for instance, night cooling is likely to be a viable way to keep the building comfort-
able in summer, or to calculate whether passive solar heating will be emowgtter (Nicol and
Humphreys, 2002).

Mean monthly outdoor air temperature (°F)
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Figure 2.23: the adaptive comfort model used in ASHRAE standardABL0(Source: ASHRAE 552010)

Table 2.1: Operative temperature limits of comfort zone adaptive standard in ASHRAEd ce: McGilligan et
al.2011).

Upper limit 0.31 xTmot +17.8 +x
Lower limit 0.31 xTmot + 17.8-x

Tmot = mean monthly outdoor air temperature,
where x = 2.5°C or 3.5°C
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In conclusionthis chapters divided into two parts: the first part analysed and highlighted the im-
portant role of urban morphology on the low atmospherentbeclimate and the elements of the
outside comfort. It also made it possible to draw up a panel of certain pinysiphiolaical indi-
cators in relation to the physical parameters of comfort. Thus, thexdative indicators (the view
factor of the sky, the ratio H / W, the surfatensity,and the albedo of the surfaces) were identified
in relation to the solar radiatipthetemperature of the surfacasdaeraulic(the density or porosity

of an urban fabric and the nature of the arrangement of urban tissues) in relation to wind speed.

The second part has reviewed the theory of thermal comfort, proving ithat
isconsiderd as o0 ne o Dstimpomaatequitergedtsor dasigning hosiey studying its
characteristicst requires an understanding of different factors such as the physiolagdjathys-

ical factors and their impact on predicting th@imal thermaktondtions in addition to an under-
standing of indexes and standards that have teexioped to predict thermal comfdri.addition,

this part discussed the two thermal comfort schools of thought, the classic theory of heat transfer
between human body and gsrroundings and adaptive approach (field studies), were broadly re-

viewed and compared.

In such a weather of Ghardaia where high temperature of outdoor environment in summer is prev-
alent, night cooling refers to the operation of natural ventilatiomnderao purge excess heat and

cool down the building structure. This cycle allows the mass to discharge and renew its potential to
absorb more heat, and this has been the most effective solution achieved in vernacular architecture.
Conclusively, in hot drglimate, the superlative solution of cooling the buildsmterior carbe

enhancd indirectly by using natural ventilation that effectively contributes to providing comforta-

ble thermal conditions for the occupatiisoughout the day

The next chapter M cover the methodology adopted study the aims and objectives of this re-

search study as described in the introduction.
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CHAPTER
I
GHARDAI A CI'TY CASE S
( BENI | SGUEN AND TAE

58



CHAPTHR
Ghardaia City Case Studes(Beni Isguen and Tafilelt)

3.1 Introduction:

The Algerian Sahara Desert is considered as one of the largest and harshest deserts in the world. It
has an arestretchingmore than 1,500 km from north to south and 1,200 km from east to west. It

is situated on 1 million km2 of barren land.
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Figure 3.1The geographical situation oEhardaia ( Source:Google/images

Of this, urban areas cover 200,000 kmz of land, which make up nearly 3% of the globe. Although
the desert has the potential for urbanisation, there are several obstacles to this, such ak-the hot
mate, water shortage and vast area. Moreover, the Sadmudifferent soil types, sucand Sea

(ERG) and parchment flat salty soil (REG), and land types, such as rockyresesi§ and the

arid mountains, as indicated in Figu.@.

-

~ A

Figure 3.2 Different typesof the Sahara surfaceERG, REG,hamadaand arid mountains(from left to right).
( sourceGoogleimage3.
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The province of Ghardai a, i ncl udi-cnagl Itehde OvHaal nhe
pl ateaud that has a anodr t3n3eAr 2 Olda taintdu chen leeatswea n
an area of 86,105 km2. With its nine datmsd 13 municipalities, this wilaya has approximately
375,000 inhabitants and is surrounded by the wifaga&l Bayadh and Adrar city to the east,
Tamanrasst city to the south, Ouargla in the east and Laghouat and Djelfa city in the north (Figure
3.7).

The traditional architecturen Ghardaia comprises a diverse variety of space, ranging from ex-
tremely wellsheltered rooms on the ground floor to the comjylebeposed roof. This architecture

is unique, as it combines the compactness of metieight houses with minimum exposure to the

sun and sufficient privacy for the residents, as shown in FigGrd-urthermore, each building is
surrounded by other buildgs on three sides and the fagade of each building facing the alleyway is
covered to provide sufficient shade, helping people to sit, meet or walk comfortably. It is worth
noting that only the rooftops and a few facades are exposed to the intense mdlanrddhe streets

are extremely narrow and shaded by the neighbouring walls otherwise, and in some places, they are
further protected from the sun with trellis, cloth and awnings. The thermal inertia of the whole
structural system is high as a conseqeeasfa minimal envelopt-volume ratio (compactness) as

well asthe use of heavy materials, mainly stone, which has a high thermal capacity. The mostly
horizontal configuration of the city increases the urban albedo, as noted by Aida and Gotoh (1982).
The use of light colours (houses agenerally whitewashed or painted in light colours) further in-
creases the urban reflectance (twice as much as that in modern cities; Taha et al. 1997).

The roofsi being the main exposed surfaces to theisare flat ancheavy, allowing a minimal
conduction of heat indoors due to the high diurnal heat storage capacity. Moreover, their large sky

view factor (SVF), which is close to 1.@nsures a rapid nighime release of heat.

Figure 3.3Relationshipbetween the courtyard, /) ﬁ

sky and sunlight(source:Ravéreau AL989) V27277 27770 777 -~

|
z \ e /

It is asubdivision ofwilayain both countries
%is used to refer to thetatesor province
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Further, house design contradslar radiationand glare through superimposed courtyards. The
courtyard is the main source of light as the external fagades are generally windowless. On the
ground floor, therés usuallya skylight that can be covered with a latsceeersee figure 3. This

space offers respite during the hottest time of the day. Moreover, the walls are made of stone and
gypsum which combined with their whitewashed coloured surfaces further reducaalayer-

heating during the summer. Even though these houses were built to cope primarily with harsh and
long summers, they also offer comfort during the winter, since the southern orientation of the semi
outdoor living spaces on the terraces (galleries)la@dverall heat storage capacity ensures suita-

ble thermal conditions (Ravérau 1981). In addition, air movement occurs through small openings
in the walls, and doors are left open most of the time. Furthermore, the thermal differences between

the cool steet, the house and the warm terraalso capable of facilitating indoor ventilation.

Figure 3.4 An aerial of Beni Isguen (source:Google/images

The plateau of the hamada is covered by land where considerable erosion during the Quaternary
period caused Bmestone plateau to emerge dissected, cut into intertwining valleys and ravines.
Owing to this phenomenon, the regi orn,asshownnhabi
in (Figure3.2). Inclined from northwest to southeast, the plateau hawvarage altitude of 700 to

800 m in the norttwestern part and only 300 minthesecatta st er n part. The MO
an area of 50 kmz2, is over 20 km in length artdktn wide(Ali -Toudert et al.Mayer, 2007

The chebka of the M6Zab vall ey &naassteralatiuderof h e r |
3° 40. Four main valleys receive the waters of this plateau: the Metlili valley, which borders the
chebka in the sout h; t h e thdoZhavést of thel chebkg; the-dMh i ¢ h
Hitan valley, which originatesinEHeyd and gets | ost in the MO0Ze¢
which originates in M6Daguin, waters the ksal

of this city6o.
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The il is composed of dolomites that are yellow brown on the outside and white on the inside
with a crystalline structure. Their surfaces comprise fragments of greyish black quartzose sand-
stone. Alluvial and aeolian sands constitute the beds of the waditayEne below comprise dol-

omitic limestones, whitish grey marly limestones, subordinate sandstones, and greenish clay.

The chebka landscape is devoid of any vegetation except for a few palm groves that surround the
city. It is an almosexclusively rockyterrain within the hollow of wadi (sandy beds that are unfit

for economic activities). Then, there are small arable lands, except at the bottom of the valleys,

which are flooded by the valleysMo6 Z a b , Metlili, NoOosa and Zegri

Despite these challenges and constraints, human settlements were built in different areas. These
settlements, called the Saharan ksour, are a valuable architectural and urban heritage.

The M66Zab valley is a uniquellcagmds nadgiimqulodr f
ning across an area of 75 kmz, situated 600 km to the south of Algiers. This conglomeration is
known as the city of Ghardaia. These ksourtErAtteuf (built around 101@&D), Melika (built in

1048AD), Bunura(built shortlyafter Melika),Beni Isguer(built in 1050AD) and Ghardaia (built

in 1053AD). They exhibit specific but not homogenous urban shapgsre3.5 shows the distri-

bution of the five ksour in the MO6Zab Valley.

The M6éZab valley was i nscr i b e sgientficand CulturahGr- Un i t
ganization (UNESCO) World Heritage List in 1982 as a precise example of a traditional human
habitat that seamlessly adjusted to the natural environment. Ptlatiat was listed as a site of
national heritage in 1971. Predominantly, the inhabitants of these ksour are Ibadites, who are char-

acterised by stringent morals aadirm belief system

La Valide de Loued M'ZAB
1:100.000

Figure 3.5 Thefive ksour before the colonial perio¢source: Benyoucef 1986

With the advent of urbanisation, there were some consequential effects, such as the threat to the

62



existence of palm groves, that could damage the equilibrium of the ecosystem. Moreover, the in-
habitants are aware of the need to protect the ksour and their agricultural lands. This triggered the
creation of the o6Tafilelt projectd to mini mi:¢
The following section will elaborate on the old city of Beni Isguen. Soméitamas, mainly new-

lyweds, moved from the old city of Beni Isguen to the new settlement in Tafilelt; this shift was in

fact considered auccessfusocial experiment for housing newlyweds.

Figure 3.6 A view of the urban Beni Isguenspurce: by the author)

3.2Characteristcsof t he MO0 Zab valley:

3.2.1Climate Data for Algeria:

To refine the climatic zoning d&flgeria, research was carried out by fRenewable Energy Devel-
opment Centré CDER) Algeria, the Office of NationaMeteorology(ONM) Algeria, andthe Re-
search unit in Renewable energies in Saharan (URER.MS) AlJéwme organisations classified

all the regions of Algerianto zones and subones as follows (Figur&7)

Zone A (coastal zone): The coastal asdending over a small width, includes the shore of the sea
and, sometimes, the northern slope of coastal chains. It is characterised by a Mediterranean climate
where the winters are rainy, and the summers are hot and humid.

1. Zone B (the Tell Atlas): Thisane includes the mountainous regions of Kabylia and Con-
stantine where temperatures around 0°C are recorded in the winter. On the south of the Tell
stretch, two mountain rangéshe Saharan Atlas and the Tell Atiaare separated by high
semtarid plateas. Their climate is influenced by altitude and marked by warmer and less
humid summers with significant variations in the daytime temperature.

2. Zone C (highlands region): This zone stretches from east to west of Algeria. It has a semi
arid climate charactesed by a hot summer.

3. Zone Gzone) Is aorstitutes the Cheliff valley, which records an average summer
temperature between 34.1 and 38°C. The daytime duration, especially during the summer,

is approximately 11.7 h.
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4. Zone D pighlandsregion):This zone differs from the characteristics of Zone C with regard
to higher temperatures, low humidity levels and a longer sun duration (Mezred, cited by M.
Dahlietal. 1997).

5. Zone E: The south of Atlas Mountains stretches out into the Sahara Desertcosech
nearly 85% of Algeria, where the climate is hot and dry. This zone includes the regions of
Ghardaia, Biskra, Bechar, Touggourt and Hadsssaoud, where the temperatures and the
daytime duration are very high.

6. Zone F: This zone, comprising the i@gs of Adrar and AirSalah, is characterised by very
high temperatures.

7. Zone G: It comprises the regioimghe extreme southeast of the country, such as the Hoggar

and the Tassili, where the daytime durai®rery high.

ALG
g g

Figure 3.7 The climate data zones in Algeri@ource:Google/imagey

33.2.2 Climate Data for the M6Zab valley:

The climate of the MO6Zab r egi on37iltsscharactetisede S al
by dry air combined with a low rainfall. However, microclimates play a coraiferole in the

desert; the presence of vegetation can locally modify the climatic conditions. A palm grove, for
instance, can raise the humidity levels and contribute to thermal comfort. Coming to seasons, au-
tumn and spring are mild, while summer is vhof. Winter is a comfortable season since it char-
acterized as an intense brightness and significant range variation between the daily minimum and
maximum temperature. Understanding this climate variation is key to more successful human ad-

aptation to the mvironment, which it makes it vital that the following elements are explored.

A- Air Temperature : The annual temperature distribution is uniform. Summer is the hottest season

and is marked by a large amplitude between daytime and-tmghttemperatures. The season

64



begins in May and lasts until September. The average temperature recorded in JBfCisv@iile

the maximum temperature can be anywhere near 46°C. During the winter, the average temperature
recorded in January does not exceed 10.6°C. The temperature is usually around 8.7°C, although it
can sometimes drop to 1.5°C. The following tablesgraghs indicate the temperature and relative
humidity values recorded by the Ghardaia weather data station of the National Meteorological Of-
fice (NMO). It is worth noting that the meteorological office only shared data for six years due to
unknown reasons,This applies to the graph in Figugs, which covers only 2012. Moreover,

looking at the submitted data, the temperatures seem to be lower compared to the real average tem-
perature. Now, per the Algerian law, an area with temperatures above 50°Cdseong d a O0di S
areabo. I n this regard, the inhabitants shoul
sence from work and face no electricity costs, to name a few examples. The data in the tables below
show some wuni f or mMerage temperaturbsdor teanedswement perids. In fact,
Figure3.8 shows significant variations between the maximum temperature (46.2°C) in August and
the minimum temperature (1.5°C) in Decembéowever, a significant increase was noted in the
averagaecorded in the recent years, indicating the prevalence of global warming, which is highly

felt in Algeria.
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Table3.1 Monthly average (MA) temperatures and relative humidigtween2012and 2017 source: Ghardaia
weather station)

Year Months MA MA Year Months MA MA
tempera- humidity temper- humidity
ture (°C) (%) ature (%)

C)

2012 | January 12.3 49 2013| January 10.1 57
February 13.3 40 February 14.6 39
March 21.3 33 March 18.3 41
April 21.0 32 April 21.1 35
May 25.9 31 May 26.3 27
June 32.6 26 June 31.8 22
July 36.3 23 July 35.0 22
August 34.6 24 August 33.8 26
September 30.1 37 September;,  29.1 35
October 26.6 39 October 22.7 41
November 16.3 54 November 17.0 48
December 11.4 60 December 13.8 51

2014 | January 11.7 49 2015 | January 12.0 57
February 11.8 46 February 14.7 52
March 15.9 46 March 17.9 42
April 21.6 38 April 20.5 41
May 26.5 30 May 23.0 34
June 31.5 25 June 30.6 28
July 36.0 20 July 33.0 23
August 33.0 23 August 35.0 29
September 29.0 34 September,  27.7 35
October 25.1 48 October 24.9 35
November 16.1 36 November 14.3 62
December 11.5 54 December 11.3 66

2018 | January 9.0 54 2017 | January 8.7 65
February 10.5 45 February 12.2 53
March 18.1 35 March 18.8 35
April 21.9 29 April 23.8 33
May 28.3 24 May 28.3 31
June 31.7 29 June 31.7 20
July 36.9 20 July 34.5 23
August 34.0 30 August 33.9 28
September 28.4 41 September,  26.9 40
October 23.7 54 October 24.8 35
November 17.0 47 November 17.1 45
December 10.8 56 December 11.7 64
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Figure 3.8 Variation of the minimum and maximum temperatur@912( source: Ghardaa weather station)

b- Rainfall and Humidity: Low r ai nf al | is one of the funda

valley. It is extremely variable, as shown in Fig@®, and sometimes becomes as severe as a
thunderstorm. The rainy season lasts between September and January. The average rainfall is be-

tween 50 and 70 mm. Occasionally, heavy rainfall as high as 120.5 mm is also recorded.
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Figure 3.9 Averageprecipitationbetweenl977 and 2004 source: Ghardéa weather station.

Figure3.10shows the changes in humidity levels. In summer, the level is relatively low, as it varies
between 20 and 30%, although it can sometimes go beyond this as well. At times, during certain
periods of drought, it can go as low as between 2 and 6%. In wimteayverage humidity levels

can cross 55%.
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Figure 3.10 Month Averagerelative humidity level( source: Ghardéa weather station).

c- Winds: The winds can also prove to be significant, given their contribution to sandstorms that
can become violent and go several hundred metres high, especially during March and April. During
these storms, all social and economic activities cease since storlastegnto three days or more,
transporting sand masses through considerable distances, lulling only during the Tinght.
knowledge of the local climate comes under the study of the winds (intensity, direction and fre-
quency), which lead to the most kirig climatic contrasts. Winds, with an average of 4 m/s, can

be a significant factor in human discomfort. They can go up to a speed of 20 m/s and, in extreme
cases, 36 m/s. Therefore, protection against strong winds, during both summer and wintpr, is a to
priority in urban planning and desigmhe prevailing summer winds from the northeast are dry and
hot, while the winter ones from the northwest are cold and humid. However, the measurements
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Figure 3.11 The average monthly variations ithe wind speed source: Ghard#a weather statioi.
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Carried out on site by Kitous for his doctoral thesis show that the aeraulic conditions depend on the
location of the site in relation to the relief provided by the surrounding areas (Kitous et al 2006).
According to the NMO, a minimum speed of 15 m/s can trigger a sandstorm that usually lasts be-
tween 15 min and 3 h. These storms are mainly from the west/southwest, west/northwest and west
directions. As for the Sirocco, the researcher noted an aamerage of 11 days per year from May

to September.

d- Solar Radiation:

Algeria has one of the most important solar fields in the world since the field is rated as capable of
receiving more than 3000 h of sunshine per year. According pyés&lent of the AlgeriaGerman
Chamber of Commerce and Industmeference)which quotes the conclusions of a German study

on the subject, the energy receivedround 1700 kWh/Atyear in the north regions of the country

and 2263 kWh/m?/year in thewhernThe M6 Zab valley is one of t

and valuable solaesourcan the Algerian territory, as shown in Tal3&.

Table3.2 sunshire hours for each month during the seveears( source: Ghardé weather statio.

Month 2012 2013 2014 2015 2016 2017 2018
January 267 251 263 222 262 261 211
February 287 251 267 234 241 239 231
March 279 294 283 269 252 224 321
April 298 302 286 290 296 299 293
May 297 315 266 321 334 309 272
June 351 332 350 350 318 301 314
July 351 322 298 323 370 295 357
August 348 289 263 351 378 312 333
September [ 274 262 282 267 307 272 275
October 255 232 275 189 228 271 297
November [ 245 208 225 264 205 252 261
December J 235 226 246 242 220 237 211

The average daily Solar Radiation a horizontal plane is d¢ifie order 6000 Wh/m2 as an annual
average radiant energy distributed shown in Figur8.10. All surfaces directly exposed to the

sun, be they walls or roof, absorb a lot of heat during the day, which gets released during the night.
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Figure 3.12 Variations in solar radiationgWh/mz2/day) ( source: Ghard& weather station.

e- Summary of the Climate Data: Based on the climate analysis, it can be summarised that the
valley is characterised by an extremely hot and dry summer with mild winters. In terms of humidity,
winter is characterised by a relative humidity of between 40 and 70% and in sietmveen 20

and 30%. The rainy season lasts from September to January, recording a precipitation rate between
50 and 70 mm. However, it can also get severe like the Winter 2008 floods.

In the winter, the cold and humid winds originate from the northt @resorthwest directions with

a west north west preference; their frequency is as follows:

6 to 15 m/s: 20% 1to 5 m/s: 60% Calm: 20%

In summer, hot and dry winds blow from the north, east or northeast directions with a preference
towards northeast; their frequency is as follows:

6 to 15 m/s: 25% 1to 5 m/s: 55% Calm: 20%

The dust storms arideom April to month of June come from the west direction, the Southwest,
West / Northwest and West and Sirocco (South) starting from May to September.

The global irradiation is of the order 6000 Wh/m2 and can reach 8000 Wh/mz2 in July. Solar exposure
varies startingfrom 231 h in December to reach its maximum in June and July with 350 h.

4.3 The Ksar of Beni |l sguen in the MO6Zab Vall
The ksar of Beni Isguen, the intellectual centre of Ibadism, is located on the side of a peak equidis-
tant betweentheksur of Mel i ka and Bounour a. 't i s at
valleys. This ksar originates from an old toivmafilelt i which occupies the upper part. The palm

grove of Beni | sguen stretches a,lhydragicsystems N6t i
and summer houses.
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The inhabitants of the old ksar of Beni Isguen have a unique way of using the space inside their
house, depending on the season. For instance, each family uses the heavyweight ground floor for
the summer season ane ttelatively lightweight first floor for the winter. Moreover, the open roof

is used for sleeping during summer nights. Therefore, in the old ksar, some buildings are still occu-
pied and in reasonably good condition despite being nearly 1000 years oldth&mew couples

were moved to the nearby new town about 10 years ago, some parts of the traditional buildings in
the old town, unfortunately, started to deteriorate. Several lessons can be learnt from the experiences
of how people have constructed dwedlover the ages to satisfy their social needs while providing

a goodquality environment. which represents a unique traditional human settlement and is consid-

ered an apt representation of the southern Algeria towns.

Figure 3.13T h e in the MOb

Moreover, the old town of Ghardaia comprises more than 30,000 dwelling units, mosques, markets
and other public squares where the inhabitants gather and meet. It has a tot@lzhea imficluding
buildings, gardens, public places, and palm groves.
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Figure3.14Avi ew of the ksar of (dec: AiTogletRtdds ur ban section
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3.3.1 Urban Data:

a-General Principles The urban layout of the ksar of Beni Isguen is such that every 100 m, a
street in the direction of the contour lines can be found, while one can be found every 50 m in the
opposite direction. The existence of a ksar depends directly on the availabi&yesfresources,

a condition that ensures the creation of palm groves, which act as vital microclimates essential for

human habitation Figurg15.

— route
@ Measuring

Figure 3.15Beni Isguenroutes with the measuring points at different positions (source: Alpudert 2007)

Certain writings report that to accommodate demographic growth in the ksar, once population
growth exceeds the capacity of a mosque, another must be built and a new city lrd Bronchd

it (Chabbi ,1985). This rule has been a constant principle in the urban development of ksour over
the centuries. It would not be surprising if it were followed for the construction of the new ksar of
Tafilelt as well. The fortified morphology dahe ksour still reminds us of the historical need to
protect them from external threats and help them survive various bioclimatic conditions. To ensure
this, compliance with the required town planning rules, architectural design principles and construc-
tion techniques is essential. The following points describe the urban scale, scale of the buildings,

architectural scale and construction to help one better understand the characteristics of a ksar:

b-Urban Scale:

1 In winter, rocky peaks overlooking the vallsigelter the houses from floods. In summer, the
houses enjoy cool air conditions despite t
built at the level of the palm groves.

1 The circular view around the piton facilitates the defence of the citygside the rampart,

helping to get a better look at the nomads and strangers approaching the ksar.
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The highly compact urban morphology is a result of the climate and social practices, the south-
ern orientation, which shields the area from the northerlylsyiand a regular and radial con-
centric adaptation of patio houses with the mosque at the top. Moreover, the streets are narrow
and sometimes firmly protected by corbels, extensions on the houses or lightly protected by
trellises or tarpaulins Figui14.

The influence of the covered passage manifests itself in a strong acceleration of the air even
when the winds are weak (less than 1 m/s on average) above the roofs. Under these conditions,
unlike open streets where the average air flows do not excged/s, air movements with an
average intensity of 0.6 to 0.7 m/s and a maximum instantaneous value of 1.5 m/s are observed
in the ksar under eovered passage of 15 m length. These light winds, highly appreciated in
summer, play a significant role in eét ventilation.

A reduction in exposed surfaces, with the exception of terraces and the frontage of the street,

reduces the impact of solar irradiation.

cBuil dingsdé Scal e:

Many buildings are clustered and arranged the same way around the Centrierarcay that

results in the ksar. All the ksour are established, generally, according to common morphological

principles. They share a succession of significant historical events, which creates a strong social

cohesion between the population.

d-Architectural Scale:

The beauty, deep harmony and wunity of thoughi

aspects that immediately strike the imagination of the researcher. Its beauty can be found in its

almostorganically curved lines, which harmonise gestel shades of blue, ochre and white, mak-

ing the sun dissolve in their ambient light. Houses with patios to deal with the impact of the extreme

c |

i mate characterise the ksour of M66Zab. Org

often fully covered but has an opening (chebek) at the top and in the Centre, which, more or less,

provides air and light. The houses are linked to the street by a chicane entrance called squifa, de-

S i

T

gned to maintain the r 8k,itdshasthéfollpwing feaducey.. A <
A distribution of space on two levels, with some sun exposure. According to Orf (local town
planning law), there are certain guidelines to be followed, such as one house cannot cover the
neighbouring one (to allow sun exposure) and should respect thé ihhabnt s 6 pr i vacy
An introverted structure that does not open directly to the outside.
A distribution of parts around the patio and terrace. A concept first taken up by André Ravéreau
for his economic housing project in Silbaz (Figure3.16), it facilitates ventilation through

doors, cracks in thick walls and the chebek of the patio.
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1 A superposition of the patios to reduce the heat in the functional terrace, which is reserved for
women and used by them for sleeping at night. It is made up of a heashaflahat reduces
the heat transfer in the house through convection.

A cellar which, through the thermal inertia of the soil, provides freshness during day.
the orientation generally on the south to
become vertical in summer

1 A height defined by the maximum of the sun in winter (approximately 33° at noon Figure 4.14)
to allow the neighbouring fa-ade to benefit

1 The covered/open spaces in the form of arcaded galleries, generathosented, to take ad-
vantage of the ambient heat in winter.

1 The use of suitable heavy construction materials (e.g., stone), characterised by a high heat ca-
pacity. It is the most preferred method despite these materials being poor insulators in general.
However, they store solar energy and dissipate it at-tiigetwith the help of natural ventila-
tion, thus ensuring better thermal comfort conditions. The method is, therefore, a potential asset

for bioclimatic construction.

Figure 3.16 A section of a traditional house in Beni Isgue\(dré Ravéreaul989.

e-Constructive Scale:

Traditional knowledge and knetwow in the face of a hostile environment coupled with few re-
sources require the development of techniques that can facilitate the better use of water and land
regardless of whether their availabilitygerennial or cyclic. In sedentary establishments, the need

for protection from wind and sun is manifested in the design of architecture and town planning. It
has led to the formulation of suitable technical solutions and their combination with art, giving
homes and urban fabric a particular aesthetic
are rationality and simplicity, incorporating the use of materials that harmonise perfectly with the

environment in particular:
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9 Stone: Coarse blocks eériable dimensions are extracted from the regular strata of white lime-
stone without being pruned. Flat stones are reserved for horizontal fittings.

Sand: Given its clayey texture, it is used to compose binders for mortar.

Timchent: It is a sort of traddnal plaster, grey in colour, obtained from a hydrated gypsum

found in the chebka.

1 Lime: Carbonates are abundant in chebka. Their calcination, similar to that of timchent, is car-
ried out in furnaces about 2 m in height; however, they require five tor@s more wood.

1 Palmtree: This tree, fully usable, is not used until after its death. The construction employs the
stipe (or trunk) for beams or carpentry planks, while the palm and the sheath (base of the palm
rib) is used for support because of itsiseance.

1 Inaddition, if the inhabitant takes its architectural forms from a cultural tradition, the building
concept creates its appearance, texture, colour and typology of the building, the elements of
the construction are made according to the saoiiteal rules, which cover:

1 Foundations:

Foundations do not exist as such. The natural soil of the ksour is mostly composed of rocks. In this

case with use of the palm trunk on sandy soil, the stone wall begins, and allows the wall to stand on

compact sand. Good soil is always kept close touhHace.

1 Supporting Elements:

1 Walls: They are composed of rubble, more or less large, which form an irregular masonry.
The thickness of exterior walls varies along the base, reaching nearly 1 m: further, the par-
apet wall always between 1.50 and 1.80 nihhfgr privacy considerations.

x Pillars: They are made up of rubble. Although timchent is the predominant material, pillars
can also contain clayey sand. Their dimensions vary between 0.2 and 1 m height.

91 Horizontal Crossing:

Space crossings constitute two types: linear crossing (beams, lintels and arches) and surface cross-

ing or cover (floors, vaults and domes).

x Linear crossing:

3) Beams and lintelslarge pieces of wood carved from the stipe of the palm tree are used.
Palm trees are readily used as a building material for house walls, rafters and roofing.
The fibrous wood is pulled apart and woven together as thatch for roof covering and
small posts are fashioned for hanging hammocks. This fibre is also woven tohmake
carpet and wall coverings and the leftover is salvaged for forage, fertilizer and firewood.

b) Arches: They are made of rubble stones laid over successive courses using two tech-
niques: The arc can be defined by a few props when setting the timchBninaans
of a lost formwork. To make arches between two pillars, the palm ribs are bent so that

the pillars are sealed with timchent and then mounted to the rubble.
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x Surface crossing:
a) Floors: For the supporting structure of the floors, joists made froeddoalm stems

are used. Thee joistaare 2 to 2.50 m longnd they are arranged in a triangular manner
They are spaceflom 30 to 60 cmapart The ceiling is constituted either by a tight lath
of palm ribs, flat stones or vaults formed of stones linkethé timchent between the
joists (Figure5.30. On terracegxposed to air, sun and rain, this base is then covered
with a groomed sand layer up to 30 cm thick, which serves as thermal insulation, and
protected by a screed lime mortar, whipped with a broom formed by a bunch of dates
stripped of their fruits in or to fill the interstices resulting from the implementation
and to obtain a better se@he screed is finally brushed with lime milk. Its white colour
reflects the su@ rays. Moreover, the colour makes it possible to fight against the phe-
nomenon of urbaheat islanddn general, the abovésted aspects allow the researcher
to highlight the following fundamental principles of constructing a bioclimatic habitat
for a hot and dry climate:

1 Compact organisation of the houses to limit the surfaces exposethtaays in summer and

minimise heat loss in winter.

I Southwest orientation (the fi,gtl oor porti co, |l iving room) to

and protect the adjoining spaces in summer while providing a shield from the prevailing winds

Narrowress of the streets to limit the number of-exposed surfaces

Sinuosity of the streets to constitute screens against the winds and sands

Ventilation using the front door as the only opening in the lower part of the house

= 4 A -

A patio or central opening (chek) to ensure a permanent thermal draft and natural lighting for
the living spaces on the ground floor. The chebek is often covered over summer

No airtightness in the openings

Maximum dissipation of heat through natural ventilation

Zoning of the houseotshift rooms, depending on the time of the day

= 4 —a -

Arrangement of spaces according to the course of the sun, such as the tizefri (reserved space for
women), which receives the sunés heat throu
91 Clear raw lime renderings or a tinted light colour to reflect the solar rays glighheat)

1 The roughness of the coating surfaces of the exterior walls to cast a shadow on the wall itself.
This characteristic also allows one to see which items are unimportant or counterproductive, such
as open large windows, which can lead to heait and privacy issues, unlike the ceiling opening

of the patio. It is also vital to use mater.
absorb it, making one feel afresh. The iiabal

house built around a thermal chimney (patio), leading to a constant air displacement, which in turn
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cools this mass and its occupants and dissipates heat. These dwellings generate an internal atmos-
phere that does not exceed the limits of thermal cdnfiiglr also does not consume energy for
heating or air conditioning, either.

The Mozabites now build modern houses using hollow concrete blocks of cement, on which they
put large watertight glazed windows, which are then concealed with perpetually diosesss

This endows the structure with thermodynamic air conditioning, without which residing in these

buildings would be impossible.

3.4 Presentation of the Tafilelt Ksar:

The ksar of Tafilelt, initiated in 1998 by the Amidoul Foundation as part afialgwoject, is built

on a rocky hill overlooking the ksar of Beni Isguen. This urban complex, comprising 870 housing
units, has numerous features, such as small square streets, alleys, covered passages, playgrounds
shops, schools, sports halls, librarieommunity centres and religious facilities (Balalou 2008). It

is considered to be the extension of the old ksar of Beni Isguen and was built thanks to a financial
package given by the Amidoul Foundation to the benefidiatlye state (the framework offie
formula O6Participatory Soci al Housingdé) and t
of the old ksar to ensuen uplift of the thermal comfort conditioria the new settlement, certain

architectural principles and traditional urban planning were updated.

Figure 3.17 A viewof the ksar of Tafilelt (source:by the Author).

The Ibadi doctrine, which is at the origin of the formation of the Mozabite community and of the

creation of is cities, shaped the culture and history of the Amidoul Foundation, which is well
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known for its architectur@Ravereau 1982). Moreover, in general, it also established the foundations
for the ksardéds structur e, o momnia lmsegMumphorch 1964w a y
When deciding how to construct their dwellings, the Mozabites use religion as their primary base
before considering factors like security, climate, and geography. Quite often, ritual prescriptions
preside over the mode of hongigroup (Moussaoui 2006). It is on this basis that the urban charac-

teristics and architectural features emerge.

3.4.1 Urban Scale:

1 The highly compact urban morphology is a result of the climate and social practices, the south-
ern orientation, which shields the area from the northerly winds, and a regular and radio con-
centric adaptation of patio houses with the mosque at the top. Mord¢e streets are narrow
and sometimes firmly protected by corbels, extensions on the houses or lightly protected by
trellises or tarpaulins.

1 The influence of the covered passage manifests itself in a strong acceleration of the air even
when the windsr@ weak (less than 1 m/s on average) above the roofs. Under these conditions,
unlike open streets where the average air flows do not exceed 0.3 m/s, air movements with an
average intensity of 0.6 to 0.7 m/s and a maximum instantaneous value of 1.5oh&seaved
in the ksar under eovered passage of 15 m length. These light winds, highly appreciated in
summer, play a significant role in street ventilation (Kitous et al 2006).

1 A reduction in exposed surfaces, with the exception of terraces and thgéroftde street,
reduces the impact of solar irradiation.

1 The shape adheres to a principle of organicity wherein a distinction is made between the differ-
ent appropriation and environmental scales (Zune 1994).

1

3.4.2 Architectural Scale:

A house in thésar of Tafilelt has the same characteristics as that of an ancestral house:

T A distribution of space on two | evels, with
law.

An introverted structure that does not open directly to the outside (CU8&T).

A distribution of parts around the patio and terrace. It is a concept first taken up by André
Ravéreau for his economic housing project in-Bidaz (Ravéreau 1983).

A superposition of the patios to reduce the heat in the interiors (Kitous2608).

A functional terrace, which is reserved for women and used by them for sleeping at night. It is
made up of a heavy flat slab that reduces the heat transfer in the house through convection (Ali
Toudert et al. 2005).
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91 A cellar which, through the thermal inertia of the soil, provides freshness during day (Kitous et
al. 2006).

T Generally the house oriented to the south t
that become vertical in summer.

1 A height defined ® the maximum of the sun in winter (approximately 33° at noon [Figure
3.2.4]) to allow the neighbour-Toudprtdta. 2005.e t o

1 The covered/open spaces in the form of arcaded galleries, generalhosentkd, tadake ad-
vantage of the ambient heat in winter.

1 The use of suitable heavy construction materials (e.g., stone), characterised by a high heat ca-
pacity. It is the most preferred method despite these materials being poor insulators in general.
However, they stre solar energy and dissipate it at nigiite with the help of natural ventila-
tion, thus ensuring good thermal comfort conditions. The method is, therefore, a potential asset

for bioclimatic construction.

3.4.3 Constructive Scale:

Traditional knowledgeand knowhow in the face of a hostile environment coupled with few re-
sources require the development of techniques that can facilitate the better use of water and land
regardless of whether their availability is perennial or cyclic. In sedentary estadtit) the need

for protection from wind and sun has manifested in the design of architecture and town planning. It
has led to the formulation of suitable technical solutions and their combination with art, giving
homes and urban fabric a particular agsthec ( Si d i Boumedi ene et al
the main features of the constructions are rationality and simplicity, incorporating the use of mate-
rials that harmonise perfectly with the environment, insofar as they are extracted on site (Benyouce
1994). We find, stone, sand, timchent (traditional plaster), lime and palm. If the habitat takes its
architectural forms from a cultural tradition, the building concept affect its aspects, texture and
colour (European Commission MEBRBuromed inheritancand CORPUS (Construction, Reha-
bilitation, Heritage Use 2002) and building typology, where the building is executed according to

the elements and characteristics are mostly the.same

The foundations

Foundations do not exist as such. The natural sefleoksour is mostly composed of rocks, which

that help build the wall on sandy soil, where always kept the good soil close to the surface.
Supporting elements

The walls (imouran in Berber) are composed of rubble, more or less large, which form an irregular
masonry. The thickness of exterior walls varies along the base, reaching nearly 1 m; further, the

acroterion, measuring, for privacy considerations, between 1.50 and 1.80 m high, is only 15 cm in
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thickness. The binder is often composed of lime and sdmpillars (amoud in Berber) are made

up of rubble. Although mortar and sand are the predominant materials, pillars can also contain
clayey sand.

x Horizontal crossing

Two types of space crossings characterise a Mozabite house: linear crossing (beams, lintels, and
arches) and surface crossing or cover (floors, vaults, and domes). For beams and lintels, large pieces
of wood carved from the stipe of the palm tree whose anel embedded in the timchent are used.

The palm tree is delicate because of its fibrous texture and possesses low resistance; this is why
these beams and lintels are extremely sensitive over time, which urges the residents to treat it with
special paintso live longer. On the other hand, arches are made of rubble stones laid over succes-
sive courses using two techniques: The arc can be defined by a few props when setting the timchent
or by means of a lost formwork. To make arches between two pillagsalinaibs are bent so that

the pillars are sealed with timchent and then mounted to the rubble.

a) For the supporting structure of the floors, joists made from dried palm stems are used. These
joists are 2 to 2.50 m long, and they are arranged in a triangalaner They are spaced from 30

to 60 cm apart (MEDAEuromed and CORPUS 2002). The ceiling is constituted either by a tight
lath of palm ribs, flat stones or vaults formed of stones linked to the timchent between the joists
(Donnadieu et al. 1986). Onrtaces exposed to air, sun and rain, this base is then covered with a
groomed sand layer up to 30 cm thick, which serves as thermal insulation, and protected by a screed
lime mortar, whipped with a broom formed by a bunch of dates stripped of theiriiroitder to

fill the interstices resulting from the executing operation and to obtain a better sealing. The screed
is finally brushed with |ime milk. Il ts white
makes it possible to fight against the pbenon of urban heat islands. As for the vaults, their
construction is based on the same technique as that used for arches.

TheTafilelt ksar project aimed at making housing accessible to everyone, without uridgrtimen

natural environmerdnd upholdingncestral traditions based on faith, gselfance and mutual aid.

It is noteworthy thatvhile respecting the requirements of the comfort of contemporary housing,
Tafilelt i which considers the traditional principles of urban and architectural scalesrabthes
practices and values of social cohesion promoted bydhzal was completed iten year$2006).

3.4.4 Urban Scale:

a-Compactness of Tafilelt:The ksar is organised to incorporate a road system with a rectilinear
geometry, a profile wider (3.50 nif)an that of the streets of the old ksour for the requirements of
modernity (the car)where the roads were desigraskeper and intersect at right angles. The houses
occupying the entire plot are constructed side by side as much as possible (Rigumaking it

possible to reduce the surfaces exposed to direct sunlight, except for the main fagade and terrace.

The introversion of homes, through their organisation around a courtyard, greatly reduces the
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number of surfaces exposed to the exterior (GhE#2). This makes it a suitable solution for the

prevailing climatic and social situation.

Figure 3.18 The Tafilelt ksar and its compact orgasation (source:Google image)

b- Solar Exposure The analysis of the sunshine at the Tafilelt site is based ostublg of the
streetsd6 geometry. At the | evel of the gener
chessboard type (regular layout) where the streets are oriented in two main directiomgegtast

and nortlisouth). The roads are classifieda three categories:

x The primary tracks with an average width of 9.50 m, which serve the ksar with the exterior,
showing a prospect (H/L) of 0.89.

x Secondary or junction tracks with an average width of 5.80 m connect the primary tracks with
the service org presenting a prospect of 1.45.

x  The tertiary or service roads are relatively narrower; they vary between 3.60 and 3.80 m, show-
ing prospects from 2.35 to 2.22. Measurements taken at Ghardaia show that diurnal air temper-
ature variations are very low fotreet prospects between 2.7 and 6.2 (Kitous et al. 26%@4).
gardingthese reference values, the east streets of Tafilelt, especially the service streets
whose prospect is close3an, can improve their relationship to the temperatures of the vertical
surfaces of the fagades through small interventions. This is because the main heat gain of the
facadecomes from diffuse and reflected solar radiations (which depend on the albedo of the
surfaces).

For primary streets with low prospect, the high ratehefreflection of solar radiation causes over-

heating of the southern walls. In this regard, protection by vegetation would be most preferred.

Conversely, horizontal walls such as wide street surfaces are highly exposed to direct sunlight.

c- Natural Ventilation: The Taf il el t ksar, |l ocated on a pl
exposed to the winds from all directions (Figure 4.17), compared to the palm grove which is able
to protect itself through its sedufficient behaviour. In the ancient ksotlre association between

the geometry of the streets (high prospect, sinuosity and oblique orientation) and the wind direction
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influences the attenuation of the flow velocity of air, unlike in the Tafilelt ksar, because of its loca-
tion on a plateau, manyeenents that greatly promote the penetration of the wind, like the roads

orientation at the summer and the winter, which caused the inhabitants embarrassment

TN

The warm wind

The cold wind

Figure 3.19 Thewind directions inTafilelt (source:Google mapps

3.4.5 Architectural Scale:

a- Form: The shape (form) has an important role with regard to the distribution and number of

the walls in contact with the outdoors. To limit the fluctuations in interior comfort due to exterior
phenomena (sun, wind, etc.), it is the rule to seek as much irdpaoe as possible in order to

minimise the surface area of the exterior walls. The rectangular shape of the Tafilelt houses, com-
bined with a joint ownership with the neighbouring houses, allows minimal heat loss in winter and
minimal heat gain in summerh& gains and losses are limited to the walls, from the exterior fa-

¢ade to the terrace and openings, considering that the courtyard is covered during both the hot and

cold periods.

b- Location and Orientation: The location of the Tafilelt ksar on a badatpau, stretching from

north to south (approximately 6@ 200 m) and being exposed to winds from all directions, makes

it experience cool air temperatures (2.5 to 4°C in winter and 2 to 3°C in summer) compared to the
valley, especially when the cityisover heat edd (Cote 2002).

c- Spatial Organisation: In a traditional house, the climatic functions of ventilatioprotection
and lightingi are subordinate to the morphology of the patio, as they differ between the ground
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floor and the upper floor(s).hE lighting of various rooms on the ground floor is quite minimal.
Ventilation is provided by the air currents that flow between the opening of the patio, which remains
open at night, and the open front door, and a few windows at the front facade. i@st fluof, the
semtclosed spaces open onto the patio (in the old ksour, the patio is located upstairs) through a
loggia oriented largely to the south. The loggias receive the solar radiation regardless of the season.
Due to this, the first floor is weprotected from the sun and becomes a daytime space, especially
during the winter. As for the terrace, the most open space in the house, it is protected by parapets

up to 1.80 m in height, making it an ideal space on summer nights.

In the present case study, the spatial organisation is less hierarchical than that of the traditional
houses, so that the climate analysis of the organisation of spaces shows an inconsistent distribution
with the principles of bieclimatic architecture apied to hot and dry environment, such as the
kitchen which in direct contact with the outside (Fig@r20), and very open to the living room.

Since the living room gets overheated, it would be judicious to isolate the areas of overheating and
ventilate them separately. The first floor is almost identical to the ground floor, with a narrowing

of the courtyardollowing the cantilever of the living room in the eastern direction. This morphol-

ogy of the courtyard gives it a better ventilation that is in line with the Venturi effect. Moreover, it
helps provide better shade to the walls on the ground floor.

The sugrimposition of the windows and chebeks causes an increase in the air temperature and a
decrease in the relative humidity on the first floor, the temperature reaches 39.9°C then it is 37.5°C
and a relative humidity of 21.7% while it is 26.8% respectivBtyavoid this overheating, it would

be thermally more coherent to reinterpret the climatic operation of the chebek on the ground floor
associated directly with the patio (open space upstairs). The researcher proposes the displacement
of the chebek towardbe corner of separation between the Tizefri and the hall so that it can dissi-
pate the heat stored in these spaces, even during the day when all the openings are closed. Through
convection, the hot air on the ground floor can rise due to the decreasdanstty

To prevent it from traversing through the floors, the chebek is insulated by a wall of heavy material
(stone). Only a single opening is given on each floor to dissipate the hot air. Inspired by the Badgirs
and Malkafs (Persian wind towers), ttieebek is isolated from the terrace by a circular stone wall,

the height of which exceeds that of the parapet (1.80 m). This enables the chebek to intercept the
outdoor temperature and sandy wind through small, oriented openings to the north, northeast an
east, equipped with a shutter that one just needs to open to catch the slightest breeze. Following the
capture of the winds around a tank filled with water in the chebek, the air in thig tardugh

forced convectioii starts to cool and refreshes 8paces inside the house. In addition, the well of
chebek is covered to avoid the penetration of solar rays during the summer. Thswuwviodupling

is a unique concept that could redefine a climate effect already used in vernacular architecture. The
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natual ventilation inside spaces allows the dissipation of overheating by exploiting temperature
gradients through outlets producing a chimney effect, such as the thermal operation of the traditional
chebek.

KITGHEN

3,800 300

=
500. 34008 JODI

Figure 3.20 A layout of the gound floor in the Tafilelt houses(source:by the Author).

d- Courtyard : The organisation and layout of the courtyard benefits the bioclimatic aspect of the
house. A courtyard with dimensions such as 4.00m x 4.00m is used to effectively provide shade. It
al so all ows, which is wunique t aernathral lightiegaof t y p
enclosed spaces. Moreover, it can embody the role of the patio through its capacity as a thermal
regulator, and it can benhancedy using the vegetation and water to provide shade and cool the

air by evaporation. Over the nighgat air is retained because of its heaviness compared to warm
air. In the M6Zab valley, where dry heat and
since it is quite small (H/R = 3.81). The sole requirement is to not create sensitive depressi

the dynamics of the thermal exchanges established between this courtyard and the interior space are
conditioned by the morphology of the latter. In the traditional houses, the patio is likened to a court-
yard placed at the centre, where insufficiggtiting of the ground floor is rectified by the chebek.
Thermally, this opening allows cooling during periods of strong heatwaves. In fact, in the summer,

it is covered during the day to prevent the inflow of solar radiation and opened at night ttihallow
relative freshness to penetrate. In winter, this hole is closed during very cold nights and opened
during the day to let in the sunlight in order to warm the house.

4.4.6Building M aterials:

The study of building materials comes down to defining tlesiel of adaptation to the climate,

which concerns the management of solar and terrestrial radiation through the walls. It looks at the
materials that constitute those buildings, their thickness, and their coating. In regions where daytime

temperatures arhigh, materials with high thermal inertia, such as adobe, rammed earth, stone, or
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various combinations of these elements, are used to reduce the inflow of heat, which have the char-
acteristic of absorbing the heat during the day and dissipating it dbhengght via natural venti-

lation. The construction materials used in Tafilelt (stone, plaster) are available locally, which does
not require their production, their transport which leads to reduce the excessive energy expenditure
which generates pollutidmarmful to health and the environment. The 0.45m thick stone walls con-

stitute the main structure construction of the house as well as all the walls on the facade.

The separation walls are made of 0.15 m thick hollow blocks (concrete chipboard). Ae éor t

terior cladding, the designers and builders of the project were inspired by traditional techniques
which consist of the use of an aerial lime mortar and dune sand, which is spread over the surface of
the wall using a bunch of dates, the high proportd lime and the presence of fine sand allow
better malleability mortar. The use of the palm tree branch allows the texture of the surface to be
roughened (see figure 5.13) to provide shade to the wall and reduce excessive heating of the wall.
The use oftone, associated with local lime mortar, represents a heavy material with high thermal
inertia, corresponding to the principles of bioclimatic architecture and old construction techniques.
The thickness of the loaokaring walls (45 cm) allows heat togtered during the day and released

at night (beneficial in winter) when the windows can be opened for its dissipation under the effect
of ventilation (in summer). Howevgn times of strong heat, the structure ends up having absorbed

so much heat that it takes more time. This phenomenon then encourages the systematic association
of strong inertia with good nocturnal ventilation by chimney effect of the chebek and the volume

of the courtyard.

As for the terrace floor, the part most exposed to solar radiation, the materials used are concrete for
the compression slab, reinforced concrete joists that are spaced 0.65 m and plaster vaults to ensure
thermal and sound insulation aglivas a proper structur&€he gap between the compression slab

and the arches is filled by a mixture of lime and sand. Care should be taken to avoid the heat input
from the walls and the roofs that receive very strong solar irradiation due to the igliegimeidence

of solar radiation. One of the solutions to this is to increase tfslation and inertia (Givoni 1998)

by offering reflective surfaces to the sun or by limiting the hot air infiltration into the building. The
researcher proposes the useanortar based on polystyrene beads, over plaster, to ensure good
thermal performance. The multitude of measures undertaken by the applied research unit in the
renewabl e energiesd6 centres of Ghardai aland I
of lighting. To exploit this energy resource for thermal comfort, especially during the winter, the
thermal insulation of exterior surfaces and the interior of the walls facing the exterior can be rein-
forced. This also includes the insulation of coartls built in agglomerate (hollow concrete blocks

with a high thermal conductivity of 0.8 W/m°C). The proposed insulation, within the framework of
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the principles of sustainable development, is made of local natural materials sourced from the res-

toration ofthe trunks and branches of palm trees cut in autumn.

3.4.7 Openings:

The glazing of windows has a significant impact on air conditioning use, which can represent a
range of 50% to 80% of the total load of-eanditioned premises (Bougriat al. 2000)For this

reason there was considerable interest in research on the openings of the houses in Tafilelt. Indeed,
the designers with the aim of allowing natural lightingy had to increase the size of the openings
(0.30m x 0.70m in the old kao, 0.50m x 0.80m for the bedrooms and 0.40 m x 0.80m for the
kitchen) to provide a French window opening onto the courtyard for the stays. However, to limit
the heat inflow, the designers developed a form of sun protection reminiscent of the moucharabiehs
of Muslim houses. This mode of protection covers the entire surface of the wivittow lattice

while providing natural light through the openings. For a better climate adaptation, a white paint is
applied as well. However, considering the very high &majres in summer, double glazing is

necessary to increase the insulation effect.

3.5 Summary:

It can be summarised from the study of the Tafilelt ksar that certain urban and architectural princi-
ples for better climate integration are an improvemennupose used in the ancient ksour. The
objective of its construction was to create thermal comfort through urban practices while respecting
the existing ecosystem, ensuring compactness (to reduce the surfaces exposed to adverse outdoor
conditions) and syrronising the orientation of the streets with the aeraulic conditions prevailing

on the plateau. At the architectural level, a set of architectural principles, spatial organisatien, socio
cultural requirements, and arid climate constraints were considedeldandled in line with the old
principles.

The aim behind the analysis of the new Tafilelt ksar is precisely to show that one can still provide
general and social housing in harmony with the climate and its inhabitants by considering the tra-
ditional habiat as an architecture lesson and bioclimate as a basic principle. The case study of Beni
Isguen ksar gives one a good lesson on development techniques that existed long before the con-

ceptualisation of sustainable development.
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CHAPTERN
Research Design and Methodolog

This chapter presesithe research philosophy and methodological fravoek, which incluegsthe
research design and theethodemployed wha carryingoutthe required investigations to answer

the research questions and reach the desired goals. The chapter starts witly dodingbevant
research philosophies and how they fit with the nature of this thesis and then moves on to the de-
tailed framework.

4.1 Introduction:

This chapter outlines the survey and monitoring methods utilised for this investigation. Through the
field studies, these sets of goals were tried to reach: first, the study tried to get a full picture of how
people feel about their thermal comfort in buildings through thermal comfort surveys; second, the
environmental performance of existing buildingsiard the selected case studies for monitoring in

the hot, dry climate of Ghardaia was gathered throughquestpancy surveys and environmental
monitoring; and third, dynamic building simulation was used to try to predict how buildings will

behave in theuture.

The research philosophy and methodological framework presented in this chapter include the re-
search design and the procedures used to conduct the necessary investigations to answer the re-
search questions and achieve the study's aims. This chagiterdivides an overview of the appro-

priate research philosophies and how they relate to the focus of this thesis, before moving on to the
specific framework. For the purpose of this research, both quantitative and qualitative research
methodologies weresected.

Two sample dwellings in each community (Tafilelt and Beni Isguen) were monitored to determine
the indoor and outdoor temperatures and relative humidity levels as part of the quantitative study
technique. This was used in a comparison of therragbpmance to help draw attention to the

variances.

Eighty participants, including occupants of the house being measured and of neighbouring build-
ings, were questioned according to a set process. using a predetermined protocol for the qualitative
researchapproach, and their responses helffegiresearcher gain a richer understanding of the
participants' experiences all four homes. After reviewing the relevant literatutiee researcher
decided on a mixed research methodology approach because it thateprantitative data plays

a major role in defining the primary differences between the two settlements and because no data
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currently exists to reflect this comparison for this region. Berman Brown and Saunders (2008) ech-
oed this point, noting that quitative data is quartative, making it suitable for statistical analysis

or other evaluation of disparities, levels of impact and influence, or whatever the subject of study
may be. The survey was utilised to shed light on domestic comfort, which vk drathe effec-
tiveness of both traditional and contemporary architecture, and the results were used to establish a

causal relationship between the two sets of data.

The aforementioned methods helped the researcher comprehend the distietti@en the two
structures as well as the residents' perspectives on life in each community. As a natural consequence,

this will be used to shape the area'’s architectural future.

4.2 Data Collection Procedure and Strategy

This section will discussthetet cal c¢cl ear ance, s ubopcaparicyande ques
comfort survey) development, subjective quest
pling.

4.2.1 Ethical Clearance

The University of Kent's Faculty of Humanities Research Ethicgsédy Group for Human Par-

ticipants has reviewed and approved the following materials:

A summary of the research project and its significance for understanding the existing situation and
prospects to improve the houses was included in the Participant &tionmnsheet. The plan for

putting the acquired data to use in this study is laid forth as well.

A consent form to record that participants agree to participate in the study after reading the infor-
mation sheet and realising that their responses will bedgfieéd before analysis.

-Residential Comfort Survey with Three Parts:

(1) General Information.

(2) Energy Use Data from Building Attributes.

(3) A Description of Indoor Temperature and Humidity.

The thermal comfort of these homes was assessed wi#ilyacomfort survey. According to the
guidelines laid out by the Data Protection Act of 1998 and the principles of ethical research,practi

only the approved papers were translated and utilised in the course of conducting the survey.
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4.2.2 Target population

There was a comparison made between the family sizes in Tafilelt and Beni Isguen, which led to
the selection of descriptionof the building type in both communities. The main way they were
defined was as occupied buildings with tstoreysor less.

4.2.3 Sample selection and sampling

Community meetings, satellite maps from Google Earth and Google Maps Pro, and visits to these
places were wused to find the neighbourhoods, individual homes, and streets.
The households that participated in gwvey were selected through the use of a method called
multi-stage area sampling. The census of housing types was carried out in both the new and the old
communities, with geographic affinity and socioeconomic variables determining which community
receival which sort of survey. In the fourth chapter, the selection prexesasidered more clearly

These case study locations were selected for theogospancy survey. Also, two homes were
chosen for monitoring at the same time in the different ksarafdélf and Beni Isguen. This brings

the total number of houses for the comfort survey and environmental monitoring in the four places

in both ksars to four.

The postoccupancy locations chosen were reflective of Ghardaia‘snoeme and lowmiddle-

income residential distribution.
4.2.4 Questionnaire:

During the hot and cold seasons, the study collected samples from occupants of the comfort survey
dwellings b learn more about their thermal comfort in the dwelling. The purpose of thequust

pancy study was to compile a comprehensive profile of the dwellings in Ghardaia. The assessments
werealso inteneédto provide a complete picture of how thermally condbl¢ the dwellings have

been and howheywell perform for their occupants.

The ASHRAE Standard 55 served as the foundation for the questionnaire's layout. The study began
with an introduction detailing its aims, followed by a main body that looked into genple's
perceptions of temperature in indoor transitional spaces affected their comfort levels. There were

three distinct parts to the questionnaire's main section's content:

-Section 1:is for gathering relevant personal information, such as partispgender, age, occu-

pation, and what they wore when taking the questionnaire survey.

-Section 2:looks into participants’ interactions with the building and the interior transitional area

they occupied.

-Section 3:looks into how participants rate thelretrmal satisfaction, sensation, and preference.

Thermal satisfaction is graded on gda&int scale ranging from very poor to very good. The
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ASHRAE 7-point thermal sensation vote scale is used to assess thermal sensati@c(ld,;2
cool, -1 slightly cool, 0 neutral, 1 slightly warm, 2 warm, and 3 hot). The temperature preference

will depend on how the occupants want the temperature to change.

The questionnaire was completed af@rquestions were answered., and the data was analysed
using the statigtal software package SPSS for quantitative data analysis. Mean and standard devi-
ations were used to describe the data, and the results from the two types of buildings were compared

in a fair way.

A separate Arabic version was made so faaticipantsvho don't speak English can understand

and answer correctly.
4.3 Comfort Surveys:

In addition to taking physical measurements, a comfort survey was also conducted to see how the

weather affected people inside the building throughout the year.

Subjective quasns were included in the comfort sunaydidDarby and White (2005), Adekunle
and Nikolopoulou (2014), and other researchefd out how the users felt about seasonal heat

and cold.

For the comfort survey, four dwellings were chosen, and eachhdapccupants of those homes

filled out a questionnaire about their level of comfort, the insulation provided by their clothing, and
their preferences. In addition, during a week in both the hot and cold seasons, residents' reactions
to discomfort were mesaired at various times of the day, including the morning, afternoon, and

night.

The entire comfort survey consisted of only 26 quick questions and took no more than 5 minutes to
complete. The poltartswith several demographic questions like "how old are you?" "what gender
are you?" and "where do you now live?" Participants were asked to rate how warm or cold they felt,
how comfortable they were, and how they would have ideally liked to be (See Qnastoip-

pendix 1 and 2). Furthermore, residents were polled on how they prefer to regulate the temperature
in their living spaces, using a variety of alternatives such as venting the space with an open window
or door, turning on an electric fan or the @nditioning and heating system, or using a hand fan.
Also looked at were the things people did in the last 15 minutes, like watch TV, cook, walk, read,

etc.

The occupants were given a selection of clothing options consistent with the ASHRAE standard,

from which they could choose the items they were wearing at the time of the survey.

The whole survey is provided in both Arabic and English in Appendix 1and 2.
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4.4 Environmental Monitoring

4.4.1 Data Collection Strategy

Site measurements, a sunegyestionnaire, and software simulation are all components of the mixed
technique described in the next section.

4.4.2 On-site measurements:

During this stage, the monitoring of the indoor climate of residences in both building Iscation
(Tafilelt and Beni Isguen) to measure air temperature and humidity was carried out during both
winter, which was the coldest period within the region (01/01/2019 to 30/01/2019), and summer,
which was the hottest period within the region (01/08/2018 1@832018). This was done to com-

pare the results of the measurements taken during winter and summer.

4.4.3 Outdoor monitoring:

Figure4.1 shows the placement of a single HOBO logger at a height of 2.5 metres within a narrow

street in Beni Isguen. This was done in order to monitor the microclimate of the environment and

to compare the differences in the microclimates of the urban vernaettl@ment of Beni Isguen

and the urban modern settlement of Tafilelt. The HOBO sensor was hung from the wall at an angle
and putin a radiation shield to keep the loggers from gettingdirect sunlight and giving falsely

high readings.

Figure 4.1 A HOBO data logger was placed outside of Beni Isguen housesirce:by the Author).
4.4.4 Indoor Monitoring:

In order to verify and analyse the indoor thermal performance and conditions, it was necessary to
conduct indoor site monitoring to compile a database of indoor air temperature and relative humid-
ity levels. Each dwelling had three rooms: a bedroom orirttdlbor , a living room combined on

92



the ground floor, and a patio in the back. The loggers were assigned to various rooms within the

dwellings.

Figure 4.2 A radiation shields was placed outside of Beni Isguen hoysearce:by the Author).

4.5 Installation of loggers and radiation shields:

4.5.1 Data loggers

Indoor climatic data, such as relative humidity and-laiib temperature, were captured by the
HOBO data loggers during the course of the winter and summer. Each dwellingpédam on

the upper storey, a bedroom on the first floor, a living room on the ground floor, and a patio outside
the living room that were all monitored every 15 minutes. It is important to note that the loggers
were placed further away from these sourgea height of 2 m from the ground so that young
occupants could not reach them, as recommended by ANSI/ASHRAE Standard 55 guidelines and
Occupants' guidance regarding the most used places within the dwelling and where heaters/air cool-
ers are used withithe space. Despite the fact that this is taller than what ASHRAE recommends,
the researcher found that it would not have a substantial impact on the overall evaluklion)(1

Before being installed, each data logger utilised in this studigrwent a thorough calibration in
accordance with the manufacturer's instructions to ensure precise results. Four hours before the
commencement of measurement, the loggers were set up. Through HOBO ware pro V.4.1, the
HOBO data logger was connected te ttomputer. This made it possible to manually transfer and

store data about the temperature and relative humidity inside.
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4.5.2 Radiation shield

During the dry season in Ghardaia, temperatures can soar to 45°C outside due to the prolonged
hours of sushine (Easy Weather station, 2017). Therefore, it was important to reduce the impact
of sunlight on readings of air temperature and relative humidity. The data recorder was shielded
from radiation and severe weather like rain, wind, and hail by an eneld$e logger and radiation

shield were set up 2.5 metres off the ground. Wall brackets found in old building were used to hold
the screen 500 mm away from the exterior wall (Figure 4.3 and 4.1).
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Figure 4.3 data loggemwasinstalled at a height of 2.5 metres above the groyadurce:by the Author).

HOBO loggers:

The HOBO U160003 is a temperature and relative humidity data logger that has the capacity for
52,000 measurements and features a resolution of 10 bits. It also haeasorement channels.
Launching the logger from a computer, where the data can be read out, is accomplished by a direct

USB link. It comes equipped with the following characteristics (Onset 2012):

Measurement range:

x  Temperaturet 20 to 70°C {4 to 158°F)

x Relative humidity 15 to 95%
1 Accuracy:

x  Temperature: £ 0.53°C from 0 to 50°C

x Relative humidity + 3.5% from 25 to 85% over the range of 15 to 45°C
1 Response time in airflow of 1 m/s (2.2 mph):

x Temperature: 10 mgytypical to 90%
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x Relative humidity 6 mins, typical to 90%
4.6 Thermal assessment
The relative humidity and air temperature were recorded and exported to Excel for data analysis for
the positions under consideration. Since the researcher could not identify any local standard defin-
ing therange of what is considered a pleasant temperature (Tcomf), ASHRAE 55 was used since it
is generally used in such investigations. ASHRAE 55 anticipates the acceptable range of indoor
operative temperature as well as the mean outdoor air temperaturethatezaployed itocations
that do not have an active cooling or heating system. According to the ASHRAE 55, 2013 standard,
there is a 0.31K per K linear relationship between mean outdoor air temperature and pleasant tem-
perature. This model takes into agnobtwo acceptable limits for indoor temperatures: 90 and 80%,
with 5 K and 7 K between the lower and upper temperatures.
A number of studies in hot regions employed the ASHRAE 55 model and found that it can be used
in situations where cooling systems acg available (see e.g. Nicol et al., 1999; Wong et al., 2002;
Bouden and Ghrab, 2005; and Indraganti, 2010).

As globe thermometers were not available at the time of the study, the researcher made the assump-
tion that the average of the indoor air tempematand the mean radiant temperature
(ANSI/ASHRAE Standard 55, 2010, page 13) are within a similar range. Because of this, the re-
searcher assumed that the average temperature of the air and the mean radiant temperature were
within a similar range.

The combrt equation for naturally aitonditioned buildings, which is generated from the RP884
ASHRAE database, serves as the foundation for the zones:

Tcomf is the best temperature for comfort and To is the mean outdoor temperature for the survey.
Tcomf may be alculated using the formula.ght=0.31To + 17.8.

While Taccept= 0.317T + 17.8Tiim, Where Theceptgives the limits of the permissible zones angd T
represents the range of acceptable temperatures (80% # 3.5 K, 90% if Tm = 2.5 K), it is

important to note that 3cceprdoes not take into account the temperature itself.

For the purpose of this research, the standard was used; nevertheless, the researcher felt that a re-

gional standard might more accurately represent the area if it were more specific

4.7 Software Simulation:

The meteorological data that was acquired was utilised for simulation analysis in order to validate
the results and optimise the indoor thermal performance of the structures that were used as resi-

dences in Ghardaia.
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Understading energy is one of the many elements that influence the design of a building. In gen-
eral, the design of a building is based on a variety of factors. As a consequence of this, simulation
software has been utilised in recent decades in order to pronideesacomprehensive grasp of the
building design, taking into account the thermal comfort of the occupants as well as an overview of

the manner in which a building behaves under a variety of different conditions.

In this regard, the thermal modelling creatand analysis of these residential buildings was carried
out with the assistance of Design Builder, detailed in Chapter 7. The software was version 7.0, and
it was obtained from the Kent School of Architecture. In addition to using the material that is a
cessible on the Design Builder website, multippigning online sessions were held on the use of

the software.

In a nutshell, in order to accomplish what was set out to do with this research, the following activ-

ities were carried out:

Before this research could go forward, the ethics committee at the University of Kent had to give

permission

Temperature and relative humidity readings were taken w$aimp loggers, which were placed
both inside and outside the chosen dwelling.

The peopt living in both homes were invited to fill out the survey at the same time that measure-

ments were being taken.

Using computer simulation, additional work was done to improve the layfutuoéhomegbeing
built).

4.8 Summary:

In this chaptertheresearchedescribé the research approach that was taken. The research philos-
ophy, methodology, study layout, sample size, and data collection strategies were all highlighted.
In addition, the study's limitations were outlined, asemiie ethical standards that were upheld
during the course of the research. In Chapter 5, "Resthitsg isan overview of the study's most
important findings, along with an interpretation of those findings in light of the literature review

and the chosemethodology.

The purpose of this research was to examine the actual and ideal indoor conditions of Ghardaia's
residential buildings and the perceptions of the city's residents. The first wascg@qsincy sur-
vey of homes similar to those in the casady buildings. They helped to round out the findings of

the separate case studies and provided further evidence for those findings.
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The second part, environmental monitoring, included recording data on the air temperature, relative
humidity, and solaradiation outside thiour homes for the comfort survey during the dry and rainy

seasons.

A thermal comfort survey, in which residents are polled three times a day about their level of ther-
mal satisfaction, was the third chosen approach (using the-pererASHRAE thermal sensation
scale and a fivpoint preference scale). These numbers were used to back up numbers that were

measured physically at the same time.

The fourth method modelled four of the ten houses monitored during the survey using the dynamic
thermal simulation application DesignBuilder to fully comprehend the thermal circumstances when
the modifications were made to improve the indoor conditions. As part of the simulation work, two
buildings were chosen, one from each of the two case stadiidos; one with natural ventilation

and one with air conditioning. These representative case studies accurately reflected the region un-

der investigation.
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CHAPTER V

Fieldwork and Survey

This study employed pesiccupancy surveys, environmental monitoring of the indoor environ-
ment, and comfort surveys. Chapdadiscuss the research methodology and survey and monitoring
protocol used for this stydincluding postoccupancy surveys, environmental monitoring of the
indoor environment, and comfort surveys. The quantitative data for this study were analysed using
the SPSS16.0 statistical software and Microsoft Excel. Exploratory factor analysispiged in

the development of the scale and in the extraction and classification of the major factors. In analys-
ing the frequency of satisfaction within the subscales, descriptive statistics were employed. Four
types of building samples were subjected té\aalysis of Variance (ANOVA) test, and the result-

ing statistic was utilised to assess statistical hypotheses. In order to analyse-tieemoshcy and
thermal comfort survey, recurring themes were collected. These were combined with survey results
to provide context for the findings.

Lately In this section, the research team provides a detailed assessment of the summer and winter-
time physical characteristics, energy performance, and indoor thermal conditions of a representative
sample ofdwellings.Also investigated arene occupants' direct experieraed understanding of

the building's thermal behaviour and the means by which comfort can be enhanced in the two set-
tlements. The data gathered from this type of study will be used to ittfieroreation of computa-

tional models and the formulation of contesxtecific, optimal strategies for improving the residen-

tial building stock as a whole.

In this chapterthedata from four case studies, each of which represents a group of households with

similar socioeconomic characteristicsscrutinised.

5.1Survey Introduction:

Fieldwork survey was conducted in Beni Isguen and Tafilelt among the same occupants and houses
during the summer and winter seasons. Measurements were taken using the Bdbggeas in

different parts of the houses to collect temperature and relative humidity values. A questionnaire
survey was carried out at the same time to gather information on the way each house was used and
the occupantsdé percegeasoneens of comfort in the

5.2 Site Measurements and Methods:

When conducting the survey to assess user satisfaction, three types of measurements were taken.
First, air temperature, humidity and wind speed data were collected from the meteorological sta-
tions, located atround 2 km from the castudy areas, during the winter (01/01/2019 to
30/01/2019) and summer (01/08/2018 to 30/08/2018) seasons. Second, the microclimate conditions
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around the casstudy areas were recorded using the Onset HOBO UX0DB0Temperature/Hu-

midity Data Logger. Third, four spaces inside a building (living room on the ground floor, patio, a
room on the first floor) were monitored during both the seasons around (ffbsugust to 3¢

August 2018 and from 6Danuary to 30January 2019). The weather data collected were used for

a casestudy comparison and, later, for the simulation to validate the results and adjust the indoor
thermal performance of the Tafilelt buildings.

5.2.1 Outdoor Monitoring:

Wind velocity (v),globe temperature (Tg) and global radiation (K) were collected from the mete-
orological stations located around 2 km from the <sdsdy areas. All the environmental parameters

that influence human thermal comfort in outdoor spaces, including air tempgfEa)iand relative
humidity (RH), were recorded using the HOBO UXA@@B Temperature/Humidity Data Logger

and radiation shield mounted on the exterior
microclimate conditions and delivered an accuciiteatological reading during the comfort sur-

vey. The device was programmed to take measurements every 15 minutes. The data was then down-
loaded and uploaded on a secure laptop and also saved a copy on a CD as a backup. All the loggers
were battery poweredhe data loggers and radiation shields were provided by the Kent School of
Architecture. Each logger was mounted and carefully assembled on an exterior wall at a height of
25 M from the ground and was hung 50 amiay from the wall by tying it to a piruding surface

via a wire The temperature sensors for the logger were shielded from solar and terrestrial radiation
to provide acceptable air temperature data. Moreover, the loggers were secured from the occupants

to avoid any possibility of any mistakdess or damage.

5.2.2 Indoor Monitoring:

A database was created to monitor the indoor spaces in both buildings in different settlements at the
same time as mentioned before and during both the summer and winter seasons. The data gathered
in the processvere used for air temperature and relative humidity comparison using the HOBO
UX100-003 Temperature/Humidity Data Logger at living room, patio, and theflfist room were

plotted at 1.8m height from the floor which programmed to take measurementd Buamutes,

(see Chapter 3). This comparison helped verify and evaluate the indoor thermal performance. The
data were then used by the design builder for analysis of the building model, which is covered in
Chapter 7.

5.3 Questionnaire-based Survey:

A questionnairdbased survey was carried out during both the seasons. The questionnaire was trans-
lated to basic Arabic so that all the occupants, regardless of their education level, could comprehend
it. Moreover, during the suey, all parts of the questionnaire were explained to the participants and

the importance of their involvement in this work conveyed.
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Essentially, the survey focused on identifying a perspective afcitigoantsvho are trying to cope

with the extreme and hot weathéy understanding and taking into account human behaviour
around the building usage

5.3.1 Purpose of the Questionnaire:

Generally speaking, feedback of the occupants tend to be extremely useful as they know what to
look for in a bulding as an improvemeri€Cohen et al, 2000).

In the present study, one of the main objectives was to obtain and understand a general overview of
occupant sd t herompale fsateinscfeasc trieqgmaradndhg c¢cl ot hin
The questionnaire provided two types of data: qualitative and quantitative. The qualitative data re-
vealed the participantsd perception of the e
faced by them. On the other hand, the quantitative dathruseeric values to provide a detailed
picture of the participants6é indoor dxamined How
through interviews/interactions with peoglei n o r d e robjettigevotes antl 10 dogrelate

them with the measad climate parameters and also used the available standards for thermal com-
fort that were exclusively based on laboratory tests for atiorey(Gossauer and Wagner, 2007).

5.3.2 Target Survey Area:
The field survey targeted old buildings in Beni Isg@ad new buildings in Tafilelt. In this regard,
a representative sample of people who have lived in residential buildings that represent different
locations in both settlements was selected. Each household was given a questionnaire in summer
2018 and them winter 2019; overall, the questionnaires were distributed as follows:
T 40 questionnaires to the Beni | sguends oc:¢
T 40 questionnaires to the Tafileltbds occup:
The survey was carried out at the cataly sites with theccupants in both sites. The aim was to
assess the participant s 6poiat ASHRAE sensetian scale (@sing ( A
which environmental variables such as air temperature, relative humidity is measuregjoamtd 4
comfort scale along witgeneral questions about their we#ling and behaviour. For more details,

please see Appendix 1.

5.3.3 Structure of the Questionnaire:

The questionnaire was divided into two pamssidential comfort questions.{.,personal details

(age, employment status etc), building attributes and indoor thermal conditions) arcbdddyt
guestions. The | atter section covered the par
and the air movement and huntidiln addition, the participants were asked about their clothing
choices and activities during the last hour before filling in the questionnaire (see Appendix 1).

Thequestionnaire had/Aguestions structured infour main parts
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1 Part (1)coveredgeneal information about the respondeptg. address, gender, age, mar-
ital statusemployment, soci@conomic status, education level
Part (2) irtluded details related the hous typeandnumber of rooms
Part @) wasallocatedinto two sections thatxdoredthe ventilationtype and thermal per-
formance.

1 Part @) gathered information about the clothing types that are usually worn by the respond-
ents during different seasons.

There five types of questions:

1. The first type required answers in 6Yesd

2. The second set comprised multhgleoice questions

3. The third type included a series of suggestions

4. The fourth comprised opeended questions to better describe the current situdfiua
was in the form of additional comments at the end of a given sebtbrthe respondent
feel that they need to add to help with the analysis.

5. The fifth type assembled knowledge regarding the percentages of opening doors and win-
dows, number of people, their occupancy hours in each room and the best orientation. These

data were used as variables for the thermal simulation input.

5.3.4 Questionnaire Administration:

It was essential to translate the designed questionnaire into Arabic before it was distributed to the
households within Tafilelt and Beni Isgudtollowing the initial translation by an approved trans-

lator, there was back translation performed to ensatetile meaning of the questionnaire has not
changed. It can be said that the translation process worked as the language within the questionnaire
was clearly understood. The researcher conducted a short training $esasidministration staff,

within Ghadaia City Development department describing the purpose and the contents of the ques-
tionnaire so it can be relayed to the selected respondents. The researcher with the administration
staff then distributed the questionnaire and provided general instrutbitime respondents in order

to fill in the questionnaire.

5.3.5 Coding of Questionnaires:

To understand the degree of satisfaction of the interviewees, a scale was established for coding
purposes as indicated in Appendix 1.

The selfadministered gestionnaire was reviewed and subsequently approved by the 'Sheikh'
(head) a religious chief of Beni Isguen, as well as the 'Cadi' (judge) who judges on the Islamic Law.
Public moral behaviour is severely regulated by the 'Azzaba’' (Clergymen) who giaates t

searcher the permission to contact the local residents and provided the researcher with guidance on
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how to do that. As well as a selective interview with a priori sampling: towards specialists in the

field including architects and historians.

5.3.6Methods of Analysis:

Statistical Package for the Social Sciences (SPSS) Software was used for analysis,-péitanon

metric techniques applied for data with nonnumerical interpretations, and regression techniques
used for numerical interpretations. The lgag considered a number of factors including the occu-
pant 6s number, age, and genderéetc. as di scus
5.3.7 Descriptive Analysis:

The below analysis is based ondifestionnairesompleted on each settlement (in total(@@s-

tionnaire$

A. Number and gender:
Figure 5.1 shows the household size in both the-stagly areas categorised into three groups.
Overall, small households, comprising two to four members, represented 35% of households in
Tafilelt and 30%n Beni Isguen. The majority of households had five to seven members, and these
represented 55% of households in Tafilelt and 58% in Beni Isguen.

The household gender The household size
60%
60% 0
£ 50% s
< 0
3 38 40%
O 40% 5
IS) =  30%
= 30% £
o) <] 0
S 20% g 20%
[0 o
& 10% 10%
0% 0%
Tafilelt Beni Tafilelt Beni Isguen
Isguen m02~04 35% 30%
female 55% 51%
’ ? m05-07 55% 58%
= male 5% 49% m08-10 10% 12%
~ 0 0

The age structure

60%
50%
40%
30%
20%
10%

0%

Percent of Count

Tafilelt Beni Isguen
m00~17 34% 48%
m18~50 58% 32%
m51~80 8% 20%

Figure 5.1 Distribution ofgender, number and age group of people living in the study areas
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Larger households had between eight to ten members representing 10% and 12 % in Tafilelt and
Beni Isguen, respectively. Further, most of the subjects were between the ages of 18 ayd 50, the
accounted for 58% in Tafilelt. In contrast this age group is considered a youth community in Beni
Isguen, and they represented 32% of the members. Next, those aged 51 to 80 represented 20%
population in Beni Isguen and 8% in Tafilelt. Finally, those dgsteveen 6 months and 17 years
contributed to 34% in Tafilelt and 48% in Beni Isguen.

In terms of Gender, the percentage of female was higher than male in both settlements and there
was no significant difference between the genders in each settlemiesit iemhale percentage

was 55% and 51% in Tafilelt and Beni Isguen respectively; and 45 and 49% for male population

respectively

B. Activity (Metabolic Rate):
The activities of the occupants were recorded for the last two hours before the interview such that
the recorded information was used to estimate the metabolic rate of the respondents based on
ANSI/ASHRAE Standard 53992R (Activity levels Metabolic Rate for Typical Tasks)
From the questionnaire, the respondents indicated that most of the activities ranged between stand-
ing or sitting, which correlates to In2et (70W/n3), and medium to light movements which corre-
lates to 2 met (118v/m?).

5.3.8 Analysis of Thermal Environment:

The main focus of this study was the thermal environment, which is a distinguishing factor from
the other indoor conditions. Therefore, thermal performance was investigated to analyse the reasons
for discomfort during the summand winter seasons in the selected houses. The findings are dis-

cussed and presented in the following-sebtions:

A. Natural ventilation:

 Summer:
In both the areas, around 39% of the occupants used natural ventilation for cooling during the day-
time and nghttime, generally speaking it seems that the residents in Tafilelt tend to use more me-
chanical ventilation than natural. In Beni Isguen, the percentage of occupants using ceiling fans for
cooling was estimated to be 75% during the day and night timége whi afilelt it wasclearly
observedhat during the daytime the usage of mechanical cooling system was higher (see Figure
5.2).

1 Winter:
The use of natural ventilation was minimal since all the openings were closed throughout early

morning, evening and night. Around midday was the only point of time when natural ventilation
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was used (10:00 am to 01:00 pm). In Addition, in both settlemeststyves were placed in the

gathering places of the houses such that the warmth is somehow maintained (see Figure 5.2).

80%
70%
60%
50%
40%
30%
20%
10%

0%

% of people using natural ventilation

summer winter
H Beni Isguen 75% 75.00%
m Tafilelt 39% 33.00%

Figure 5.2 Percentage distribution of people using natural ventilation

B. Mechanical cooling and heating:
Dependingooccupant sé6 activities and their ther ma
sites use ceiling fans and air conditioning for cooling during the summer months, and gas stoves

are used during the winter.

1 Summer:
With the outdoor temperature rising aleo%0°C, the use of air conditioning is inevitable if the
building construction is not tolerant to the outdoor climate. Figure 5.3 shows that 61% of occupants
use air conditioning in Tafilelt, while 39% use a mix of both natural ventilation and elecsimfan
the same. On the other hand, 25% use air conditioning in Beni Isguen, and 75% using natural ven-

tilation and ceiling fans in Beni Isguen see Figure 5.3.

1 Winter:
Both traditional and modern buildings use gas stoves during the morning and\aighal venti-
lation is minimal, compared to the summer, since all the openings are closed throughout the night
owing to the usage of the heating system during early mornings and evenings. Midday is when

natural ventilation is primarily used (10:00 am toG@Lpm).
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50

40

30

Percentage of
usage for mechanical ventilation

20

10

0

Tafilelt Beni Isguen
m With Mechanical heating 67 25
m With Mechanical cooling 61 25

Figure 5.3 Percentage distribution of population that using mechanigahtilation in the summer and the
winter

5.3.9 Analysis of Participantso6é6 Ther mal Res
In Tafilelt, windows are designed small and directed for the exterior, for sndtalal reasons
(opening/closing window or door), participants struggle to use the natural ventilation methods,
which in turn have an | mp at;dncouragingttie eise ofche aip a n t
conditioning to help reduce the temperature. In Beni Isguen, the windows designed in different way

in that windows are directed to the interior of the house (patios), which allows the occupants to use
the natural ventilatin methods while maintain the privacy of the household. People answered the
guestionnaire considering three intervalsorning, noon, and afternoon; this helped understand
peopleds ther mal perception and respadentsifithit he s
study were assumed to be at the steady state, and the results are based on thegdshictihe
comparison with the predicted mean vote (PMV) model.

The predicted percentage of dissatisfied (PPD) thermal comfort index is basedasautimption

that people voting the middlle] ,t hdrneeeu tcraatledg o[r0 ]
war moé [ + 1-point thermal sehsation7scale are satisfied with their thermal environment.
Extending the assumption to the AMV in tlsigrvey

Figure 5.4 shows that 15% of the participant s

trald while 12% in Beni | sguen stated the sar
In Tafilelt, more thar¥1% of t he votes fell i n (tolsed i gwad me v
[15%] , O 8&A6] m&@& n[d35%]h)o,t 6wHi | e 9% f el | in the O0coo
cool 6 [5%], 6cool =6 [3%] and 6col dbd6 [ 1%]).
I n Beni | sguen around 47% of the vot ensarfndl |
[ 25%] , 6warmd [11%] and 6hotd [11%]), while 4
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cool o [15%], 6cool 6 [ 18 9% dthedarticipants id Kafildlt Buitly )

the summer were dissatisfied with the theromalditions in their transitional spaces.

40
35 %
35 32 %
S 30
3 25 %
2 25
F 20 18 %
£ 15 % 15 %
215 2% 119 119
F10 | 8% 9%
5%
5 3%
1%
O - - - - - -
-3 2 -1 0 1 2 3

Thermal sensation scale

m Beni Isguen m Tafilelt

Figure 5.4 Percentage di st ripdnuthermalrsensation $eaerquestions guangt sd Respo
summer

In winter, as indicated in Figure 5.5, with regards to Tafilelt alrb@%t of the votes fell in the
6cool er than neutral & regi @%)] of 632%h]e!l &drch | s I(iw
c 0 015%4]), While in BenilsgueB%%oft he votes fell in the O6cool e
6collwp, [ 61e%loladnd 6s11d%d)ht |l y cool 6 [

This indicates that the transitional space of buildings in Tafilelt and Beni Isguen does not meet the
industry-accepted minimum stanahof 80% acceptability, as recommended by regulatory docu-

ments such as ASHRAE Standard 55.

35 32%

30
25%
25

18 % 18 %

14%15% 15 %
10 %
8% 8% 7 %
5%
1 0 1

2 3

20

15

% thermal senstaion

10

Thermal sensation scale

H Beni Isguen m Tafilelt

Figure 5.5 Percentage di st ripdnuthermalrsensation $eaerquestions guang tvistdfr Re s p o
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While thermal acceptability, thermal sensation and thermal preference do overlap, they offer
slightly different perspectives on peoplebds
1 Thermal acceptability determines whether the current thernmalittans are ac-

ceptable or not (poor, neutral or good).

T Ther mal sensation assesses where a resfg
ditions |ies along an axis of &6dhotodé to
1 Thermal preference determines if and how a subject would prefer tingatteon-

ditions to change.
It is worth noting that the literature on thermal comfort (Fox et al. 1973; Mcintyre 1980; de Dear
and Brager 1997) shows that people can express satisfaction with the current conditions, select a
neutral sensation and yet coemintuitively express a preference for a different set of conditions.
In terms of thermal unacceptability with Tafilelt, 89% participants in the winter and 73% in the
summer found their thermal environment to be poor (unacceptable) (Figure 5.6). Retenmatired
sensation, in Tafilelt 78% and 80% of the participants in both winter and summer respectively were
di sappointed with the ther mal condi tii2,43l)s, ac
(Figure 5.6).
In Beni Isguen 55% and 45% of the paigants in both winter and summer respectively were dis-
appointed with the thermal conditions (thermal acceptancy). Regarding thermal preference in Tafi-
l elt, only 17% participants preferred &édno che
satisi ed with the present conditions, while 10
39% participants preferred éno changed durin
changed during the Winter for Beni | sguen (Fi
The results sheed that thermal unacceptability and thermal sensation indicated a high level of
thermal unsatisfaction (higher or lower, according to the ASHRAE Standard 55 recommended lev-
els), while the thermal preferences indicated a significantly lower level of thdissatisfaction

about 20% during both winter and summer.
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Thermal Acceptency Thermal Sensation Thermal Preference

100%
90% - N . ]
80%
70%
60%
N (-2.-3) m Prefer it to be cooler

50%
40%

30% ® Good

0 -1.+1
20% Neutral ( ) Prefer no change

0
10% Poor (+243 Prefer it to be warmer

0%
winter Summerwinter Summer winter Summerwinter Summer winter Summerwinter Summer
Tafilelt Beni Isguen Tafilelt Beni Isguen Tafilelt Beni Isguen

Figure 5.6 A comparison of thermal satisfaction in terms of thermal acceptability, thermal sensation, and thermal
preference in Tafilelt and Beni Isguen

5.4 Summary:

According to the results of a field assessment, Tafilelt's residentidings are uncomfortably cold

in the winter and extremely hot in the summer. Without electric heaters in the winter and mechanical
ventilation in the summer, these structures cannot provide a comfortable living environment. Nev-
ertheless, based on thearviews conducted, all respondents felt that the traditional structures in
the old city of Beni Isguen were more pleasant throughout the year. On the other hand, the people
of Tafilelt no longer live permanently in the Beni Isguen, and all of the hoaseddeen left empty.

They have moved to the city, but they still keep their old houses in vernacular settlements as a place
to relax and a sign of their family's uniqueness in Ghardaia.

As a result, comparing the thermal comfort of the s&tilements was a question that many ques-
tionnaire respondents were not able to answer with accuratye following chapter, a detailed
comparison between two pairs (Modern house in Tafilelt aradiiional in Beni Isguen) at the

same time during Summer and Winter is conducted and summarised in order to confirm the differ-
ences in thermal comfort considering temperature and humidity; with the intention of assisting ar-
chitects and designers in thdute to better design the upcoming settlements by using the herein

results.
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5.5 Fieldwak Introduction :

This section of the chapter will present ardepth analysis and comparison of the thermal perfor-
mance and indoor thermal conditions of a set of dwelling pairs during the summer (@jLstAo

30th August 2018) and winter (OIstnuary to 30th January 2018hese include a pair of dwellings

in Tafilelt and the traditional houses in Beni Isgukat were instrumented to compare environ-
mental conditions including temperature and relative humidllig assessed conditions range from
temperature and humidity to the thermal performance of the buildings. The placesrdsitidied
include the building's immediate surrounds, the patio and living room on the groundhfladd,;-

tion to room 1 on the first floor. The outcomes of this comparative analysis can be used to develop
strategies for enhancing thermal comfort. It intends to infer distinctions between the ancient and
new buildings, particularly in terms of their tegcal aspects. Understanding these distinctions fa-
cilitates the development of computsased models (as demonstrated in Chapter VII) that generate

contextual and optimal plans for the upgrade of the residential building fabric in this region.

5.5.1 Modern House {MH1):

Figure 5.7 An aerial view of the MH1 location (Source: Apple maps)

A new house (MH1) of less than 20 years of age was examined as the first case in this research. It
is a twastorey (ground floor and first floor) sdbiuild unit that was consteted in 2009 and is
located in Tafilelt, around 1.5 km south of Beni Isguen (Figure 5.7).MH# is considered a
mediumsized house with a roof terrace, a floor area of approximately?98r a ceiling height

of 3.3 m. It contains a patio behindwhich is well connected to the social activity spaces. It is
occupied by a workinglass family of four (young parents with two children) whose average
monthly income is around £500; that is considered a good income, compared to the general income
in Algeria. The ground floor has a combined living room (accessed from the entrance for privacy
reasons), and dining room, a guest room which is used occasionally, a kitchen that is connected to
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all the ground floor spaces and the patio. The first floor includiegng room as well, with a well
ventil ated patio characterised by the | arge
dows to maintain social privacy. The house plan is described below to give an overview of the
internal space organisatiose¢ Figure 5.8)
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Figure 5.8 The layout of the selected MH1 for the summer and winter measurensotgce:by the Author).

The ground floor is provided with small south facing casement windows, mainly aorthigined

living and dining area and the guest room, which is used occasionally during the summer period.
Since the roads are narrow, the need for social privacy keeps the small windows that face the road
closed, while preventing the hot air and sand frorterng inside gee Figures.9). Most of the
openings for ventilation and lighting are in the inner patio and regulate the indoor thermal environ-

ment to a great extent. For example, during summer nights, when the temperature inside the house
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ishigherthat he out si de t e mpeethewindowis often kept oger dil rightetk 6

allow the fresh air into the house by removing overheating due to the solar or internal gains.

THRRER ”

A { T B ,,; n
Figure 5.9 picture showing the opening in tfacade House MH1(source:by the Author).

Given this context, MH1 functions freely without mechanical controls despite using ceiling fans
regularly during summertime and a gas stove during the winter months. The electricity and gas
supply is facilitated by the national grid (SONEAZ) which is the case for the houses studied in

this research. It is noteworthy that this region regularly experiences power cuts during the peak
summer time when the air coolers are turned on in different businesses and buildings across the city
creatiy a great pressure on the citydés main gene
Table 5.1 describe the internal space within MH1, and the ventilation system used, which can be
noted that in all the space, natural ventilation is used throughout the house.

Table 5.1. Internal and thexernal spaces in MH1

Internal Spaces Services: Cooling/Heating
Ground floor Entrance Cooling: Natural ventilation
Heating: N/A
Living Room Cooling: Natural ventilation
Heating: N/A
Kitchen Cooling: Natural ventilation
Heating: N/A
Room 1 Cooling: Natural ventilation
Heating: N/A
First floor Room 2 Cooling: Natural ventilation
Heating: N/A
Room 3 Cooling: Natural ventilation
Heating: N/A
Room 4 Cooling: Natural ventilation
Heating: N/A
Hall Cooling: Natural ventilation
Heating: N/A

External Spaces
Patio N/A
Roof Terrace N/A

Figure 5.10 highlights the location of the loggers distributed in the two floors of the house.
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Figure 5.10 The locations of the loggers in the habitable rooms and spaces of the MH1 for the summer and winter
measurementgsource:by the Author).

The construction materials used at Tafilelt are locally available and do not rexgessive energy

during their production, transport or expenditure implementation which can otherwise generate pol-
lution. The main idea is to use traditional materials, such as mud bricks, gypsum, lime, and palm
branches for the construction of these bogd. However, the hipped roof that covers the first floor

is constructed with concrete to ensure high thermal conductivitgluke (1.88W/rfK); solid con-

crete blocks and reinforced concrete are used for floors and the flat roof respesteeRigure

5.11). The external walls are only rendered with lime sand render (from the outside) and gypsum
plaster (from the inside) with no insulation layer, resulting in a higralue of 2.0W/rK which
substantially i nfl ue therma petformancd. On thedthen lgaddstheaenn e r
ternal ones are rendered either with gypsum plaster or ceramic tiles, such as the ones used in the

kitchen and bathroom.

Composition of the loatiearing wall

Thick: 45 cm.
—4 Stone

Compression slab =

Plaster vault g Mortar cement
Beam | —_— Lime mortar

- g 1T |t andsand
Plaster filling and E et
N= Tt prcnse oo

sand -

Figure 5.11: Section of the wall and roof for MH{source:by the Author).
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As described in Figure.Bl, it can be noted that the 0.45 m thick stone walls support all the con-
structed structures of the house as well as all the walls in the front. THeadtrearing walls are

made in hollow blocks (concrete chipboard) of 0.30 m thickness. As for théoexteating, the
designers and builders of the project were inspired by the traditional techniques which comprise of
lime mortar and sand (spread over the surface of the wall using a bunch of dates), the strong lime
proportion, and the presence of fine d&nat makes the mortar more malleable. The use of rough

texture to provide shade to the wall, as shawiigure 5.12reduces the overheating of the walls.

. L
g %
e ’
e S

Kt
AL

Figure 5.12:The texture for the facade and watering the roads in Misburce:by the Author).

The use oftone, associated with local lime mortar, represents a heavy material with high thermal
mass. Despite its poor thermal performance, the temperature fluctuations are attenuated because of
the thickness of the lodaearing walls (45 cm). This is due to thisiermal capacity, thus allowing
heat to be stored during the day and be dissipated at night (high thermal mass) following the venti-
lation provided by the openings (in summer). Although high thermal mass is not beneficial during
periods of high heat, thérgcture ends up being overheated and takes longer to dissipate the stored
heat.
55110ccupant 6s Observations:

1 Summer
The questionnairesd responses revealed a var
summer heat which are quite simitarthe ones followed in the old buildings of Beni Isguen. These
include drinking a lot of liquids, showering to cool the body temperature, moving to the most com-
fortable space (usually the centre of the house which is far from the external walls and ttiese
patio), wearing comfortable clothes, removing carpets, turning on the cooling equipment (ceiling
fans), and closing all the exterior windows to prevent thermal discomfort. As previously high-
lighted, the excessive consumption of energy in the esipecially in the summer, leads to contin-
uous power cuts resulting in interruptions in using the ceiling fans during the peak time. It was

noted for other residents in the area who happen to use air conditioners, that duritigheighe
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situatonise mi I ar in at the residents sleep on the
el ectricity gener at or Wdaeae saethasstespingvath thetA/Cweoler st
on is better than sleeping on the roof which is extremely hot deeixpibsure to the sun throughout

the day, but we canét afford the electricity cos
t i mBefdre using the terrace at nighthe, occupants usually pour water on the roof to cool it,

s a y ithe groblém ishe same, excessive consumption of water or electricity at the end is a waste
of e ner gy.Mashofithertima) teeyoderheating during the night pushes the male occupants

to sleep on the terracsele Figure 5.13)fter cooling the surface with water and sleep under the sky

which is a welknown method used in hot areas.

Figure 5.13: Occupants sleeping on the terrace during the hot weafseurce:Goode images.

However, both the manual evaporative coolers, i.e., the indoor and outdoor one, cannot cool the
indoor environment to a degree that the existing ACs would do which is why the mother and chil-
dren, who spend most of their time in the house, are slightlgtdiBsd with the thermal conditions,
especially during daytime. Table 5.2 highlights that occupants use kitchen and living room for most
of the day during the summer.

Table 5.2. Summer occupation of internal and external spaces in MH1

Summer Morning Lunch Afternoon Evening

Internal Spaces
Kitchen

Living room Socialise
(ground floor)

Hall (First floor)
Rooms (first floor) Sleep

External Spaces

Patio Socialise Socialise
Roof terrace Sleep

Key: Never used (N/Uometimes usettequently used.
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1 Winter:
Most of the roads in Tafilelt are easest orientated, particularly service road, which are three
metres wide, that can help to reduce the sun exposure throughout the day (see Figure 5.14). Since
the main heat gain from the latter comes from diffusedrefhected solar radiation, which by small
interventions on the fagade improve their relation to the temperature depends on the albedo of the

surfaces.

Table 5.3. Winter occupation of internal and external spaces in MH1

Winter Morning Lunch Afternoon Evening

Socialise Socialise

Internal Spaces

Kitchen

Living room
(ground floor)
Hall (first floor)

Rooms (first

floor)

External Spaces

Patio Socialise
Roof terrace Socialise

Key: Never used (N/U);ometimes useffequentlyused.

Socialise

The use of indoor spaces in modern houses is frequently confined only to the kitchen and living room
throughout the day during the winter (see Table 5.3). This is due to the placement of the gas stove which
keeps these spaces warm during the night. Conversely, the horizortéke/allirfaces of wide streéts

is generally located at the edge of the egetént or close to the open spaces that are highly exposed to
direct sunlight. So, as shown in Figure 5.15, the feeder stréetged eastvesi considering the rela-

tively high prospedéthave a very low heat input in the winter. In summer, the horizomégtgurfaces

absorb a lot of heat, as shown in Figarg4, requiring masks or solar shades that can create shadows
on the fagades to decrease the heat input.

Figure 5.14: Different Road widths in Tafilelat midday(source:by the Author).

116



Summer sun 1,2,3
Winter Sun 4,5

Sunrise
Summer
118 Wes

Sunrise
Summer 118

Sun path in the

summer
West East
Sunset Sunrise

Winter 61 Winter 61 Est

Sun path in the Winter

South

Figure 515 Mor phol ogy of i ndoor spaces thr oudsburcebyéhe sunds path ¢
Author)..

The moving shadows continually adjust the temperature and pressure as draughts are created which
can be refreshed by the proximity of water or vegeta#snfor the primary streets with low pro-
spects, the high r a ttienovefheatslhe sostheldn walls wheaedvégatationo n 6
is thought to be the preferable method of protection (Figure 5.16).

Summersolstice

’ (@) Winter solstice
‘ i A7 !
| Vi L A0 1 sunny area in the Winter
— 5_ L {|l— 1 _  sunnyareain the Spring and Autumn
/) / ‘
r— 3.8M :‘

- —— sunny area in the Summer
\
‘
1

N

Figure 5.16: The prospect in the streets of Tafileltratdday(source:by the Author).
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In summer, the sun travels more than 2#Dazimuth, according to Figure 5.16, and its passage
through the southern direction is brief, unlike the -@asit tracks where the shade depends mainly

on the prospect (ratio between the height obthidings and the width of the street). In these north
south streets, the facades facing eastern and western protect each other from. sunshine

5.5.1.2. Summer Measurements in MH1 Form 02/08/2018 to 09/08/2018:

By following the research methods mengdrin Chapter 3, temperature and relative humidity data
were collected from the assessed places (outdoor, patio, living room and first floor room) through-
out the week. The results showed that the indoor/outdoebulb/temperature rose quickly after
dawn, recording a mean daily temperature ranged from 34.7°C to 35.8°C (table 5.4). While the
running mean outdoor air temperature (Trm) for one week ranged from 27.2 °C to 42.2 °C (Table
5.4). The average daily sunshine duration in Tafilelt was about 12 hatirg high level of solar
radiati on, this someti mes caused the occupan
prescribed thermal comfort standard which actually failed to meet both the 90% and 80% accepta-
bility limits of the ASHRAE Adaptive Comort Criteria (see Figure 5.17).

Table 5.4. Average, maximum, and minimum temperature of MH1.

MH1 Space Temperature (°C)
Mean Temp Daily Max Daily Min Mean Diurnal Range
Living room 35.1°C 36.7°C 33.5°C 3.2°C
Room 1 35.85°C 37.2°C 34.5°C 2.7°C
Patio 34.8°C 36.5°C 33.2°C 3.3°C
Outdoor 34.7°C 42.2°C 27.2°C 15.0°C
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Figure 5.17: The recorded outdoor dityulb temperature and relative humidity during the summer for MH1
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The MH1, on the other hand, is serviced by a natural ventilation system and ceiling fans, facilitating
a higher thermal comfort for its occupants. Table 5.4 summarises the findings for the air temperature
of MH1 during the monitoring period. The outdddean Diurnal Rangés found to be noticeable

15 K as an average amean Diurnal Rangéor the patio was abo® 3 K. During the interval, the

data report that the Diurnal variations of outdoor relative humidity was on average 28% (see Figure.
5.17).1t canbe seen from Table 5.4 that the hottest temperatures are recorded in the outdoor spaces
42.2°C and 37.25°C of the room on the first floor (Room 1). The coldest temperatures were noted
in the outdoor with a recorded temperature of 27.2°C and the patié@33vRere the building sees

an exchange of air. While all the internal spaces equally experience an average temperature re-
mained within the range of 33.537.2°C, the lowest indoor temperature is recorded in the living
room (33.5°C). Bedroom temperatures are very consistent with a range of approximately 3 K during
this period (see Figure 5.18).

40.0 °C ‘
&Y —~
AN
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Living room Room1 == - - ASHRAE 55-2013 comfort boundaries Patio Outdoor Temp

Figure 5.18Indoor and outdoordry-bulb temperatures over a period of one week along with the comfort boundaries of
ASHRAE for MH1

The external space has better temperature compared with indoor spaces and semi external patio,
which remained outside the acceptability range of ASHRAE adaptive comfort criteria (i.e., 80%
acceptability limit). The indoor mean daily temperature ranged 88r5°C to 37.2°C throughout

the entire measurement period. A peak indoor temperature of 37.2°C was recorded afflibwar first

room. It facilitated the heat transfer between the ground floor spaces through convection as the
ceiling is characterised by hidJ Value 1.88 W/m2K leading to the conduction of heat over time

from the ceiling to the first floor, consequently the heat transfers it to the ground floor contributing

to the rise in temperature. On the other hand, the outdoor temperature exceedtabtttenmper-

ature after midday, reaching a peak at 42°C around 13:00 hrs., as shown in Figure 5.18. Despite the
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outdoor space being the hottest area during the day, it can be noted that it is much cooler during the
night with a recorded temperature of 2TCQtompared to the other indoor spaces with a gradual

decrease in temperature starting in the afternoons until after midnight to 6:00 am.
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Figure 5.19 Mean Relative Humidity over a period of one week with the comfort boundaridSeRAE for MH1

Moreover, while the mean relative humidity was between 15% andr3d¥%andoor spaces, it

showed a greater range between 15% and 43% for outdoor spaces (see Figurad 4 9gally

just due to the very high temperatureshiese roomsThis implies that for 40% of the measure-

ment period, the average relative humidity remained within the adaptive thermal comfort range.
Similarly, according to the thermal comfort criterion, 95% of the interior spaces have a thermal
comfort ramge below the prescribed adaptive thermal comfort range (Figure 5.19). The lack of
clouds and scarcity of vegetation contribute to the extremely hot climate at the site, causing the

low relative humidity in the air. The relative humidity inside the buildingsidered very low due

to the narrow openings, high thermal mass, lack of vegetation, and the absence of water use inside

the building (spraying, pouring etc.) (Figure 5.14).

5.5.1.3 Winter Measurementsn MH1 From 03/01/2019 to 10/01/2019:

It is impottant to note that the monitored houses (traditional and modern houses) studied in the
previous section i.e., summer period were the same houses studied in the winter period. During
Winter, the residents use different spaces; more specifically, they ds@apen and ventilated
spaces, such as the courtyard and the terrace during the night. The occupants use a different living

room which is considered as a winter room, conducting the same activities during lunch when the
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temperature rises inthe patioilts t o be noted that the
Gas Heater regularly for heating during the winter (see Figure 5.21).
Table 5.5. Average, maximum, and minimum temperature of MH1 in Winter
MH1 Space Temperature (C°)
Mean Temp Daily Max Daily Min Mean Diurnal Range
Living room 17.5°C 18.5°C 16.4°C 2.1°C
Room 1 19.1°C 20.1°C 18.0°C 2.1°C
Patio 16.5°C 23.5°C 9.5°C 14.0°C
Outdoor 11.1°C 18.6°C 3.5°C 15.1°C
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Figure 5.20 The recorded outdoor diyulb temperature and relative humidityver a period of one weeduring winter for

MH1

N

Figure 5.21 An example of the Radiant Portable Gas Heater usechfmating (source:Google images.
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The outdoor mean daily temperature ranges from 3.5 °C to 18.fiCh is considered very cold

and failed to meet the acceptability limits of ASHRAE adaptive comfort criteria (i.e., 80% accept-

ability limit) (Figure 5.22) The indoor mean daily temperature ranged from 16.4°C to 20.1°C

throughout the entire measurement period. A peak indoor temperature of 20.1°C was recorded at

the firstfloor room making it more comfortable to sit in as it meets the ASHRAE adaptive comfort

criteria, sincet relies on gas stoveonstantly throughout the day.

The lowest recorded temperatures were between midnight and early morning. Alternatively, the

peak temperature in the patio was 23.5 °C at 14:00 hrs, despite the patio being consdared a

exposed part of the building and recordedean daily temperature of 16.5°60 % of the meas-

ur em

ent ti me, the patiobs temperature

ASHRAE adaptive comfort criteria (see Figure 5.22).
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Figure 5.22 Indoor drybulb temperature over a period of one week with the comfort boundaries of ASHRAE 55 for MH1.
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The living room on the first floor is one of the main habitable rooms due to the heater installed

there. Needless to say, it bewes the family room during the winter season, and they had generally

experience slightly as a warm place to gather which can notice from the figuret 5e28ains

steady during the monitoring record wittean daily temperature ranged frofr6.4°C to 1&°C,

and a range of the relative humidity is between 38% and 48% which considered within the comfort

boundariegFigure 5.23). The outdoor relative humidity range between 15% and 72%, and the patio

with the first floor experienced a low relativeimidity range of 25% to 38% and 23% to 35%

respectively (Figure 5.23). According to the prescribed thermal comfort standard, 100% of the patio

and outdoor spaces are not within the adaptive thermal comfort range. As per their diary entries, the

occupantof MH1 spent most of their time in the living room, owing to the comfort provided by
the heating (Table 5.3).
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Figure 5.23: Mean relative humidity over a period of one wehk with comfort boundaries of ASHRAE 55 for
MHZ1 during Winter.

During the week of monitoring, the occupants kept their side windows open throughout morning
and afternoon for lightingyhile keeping the single glass windows closed. Despite the cold air
blowing through the interior windows overlooking the patio, the heating in the living room en-
sured that their thermal environment was comfortable. However, despite the heating bebig distri
uted around their bedrooms as well, the occupants noted in their diaries that they felt uncomforta-

ble sleeping at night due to the cold weather.
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5.5.2Traditional House (TH1):

| A\ o ¥ ¢
=] - OS X g

Figure 5.24 Anaerial view showing the location of the house (Source: Apple maps)

TH1 is a traditional house that is more than 900 years old and was used as the first traditional house
in this case which is a doub#torey seHbuild unit constructed in 1100 AD locatetithe heart of

the historical city of Beni Isguen (Figure 5.24). TH1 is considered a meslzed house&vith one

facade that faces the narrow open alley with a width of nearly two metres; the other sides of the
house are attached to the neighbouring hqggeisg it an irregular shap# comprises two storeys
(ground floor and first floor) along with a roof terrace with a floor area of approximately 400 m

while the ceiling has a height of 3.3 m per floor (Figure 5.25).

Figure 5.25.A view of the house during summésource:by the Author).

The house has a patio located in the middle which is well connected to all the social activity spaces;
the house is occupied by a workiolgiss famy of six (parents with four children) having an aver-
age monthly income of around £500. The father works in trading and the mother is a stay home
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mother and the four children attend school. The family is considered to have a good income, com-
pared to the avage income in Algeria. Figure 5.24 shows an aerial view of TH1, and Figure 5.25
provides a view of the house during summer. The first thing that is noticed at the entrance to the
house is the threshold, which is a stone step that has a height of 10ithr@$hold protects the

house from sand, dust, rainwater, and harmful insects.

14,165
15,079

KITCHEN

8,867

Ground Floor 14,165 Fl&anst

Terrace

Figure 5.26 The layout of the habitable rooms and spaces in TH1 for the summer and winter measurements
(source:by the Author).

The entrance door usually remains open all day long; the privacy of the occupants is maintained
despite the opened door as pas$sgrsvill not be able to see the artor of the house due to the
entranceds design; a small hall way that ends
house is a curve (Figure 5.26). When one passes the second entrance, they find themselves in a
corridor called the shed, with@w stone bench built for sitting in front of the weaving loom during
summer, along with a mill in one of the corners to grind grain. This entrance leads directly to the
centre of the house which is lit by a window and connects the ground floor tosthéobr. Win-

dows, designed to be small and closed to the roof. The ventilation and the openings for light are
designed in such a way that the occupants can benefit from the sunshine as long as possible see
(figure 5.27), especiralicleypt i Dzairidr o senrc@ nEh el ewe d

appropriate location to sit around the centre of the house (Figure 5.27). This hall, which is almost
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be necessary in the Mozabites House, is a room with a somewhat wide entrance but without a door,

facing towads the East and West to benefit more from the natural light.

C D

Figure 5.27 Pictures showing the spaces in TH1. A: living room; B: Patio, C: Kitchen, D: Living Rdsource:
by the Author).

The hall has two main roles primarily, it serves as a room for weaving brushes and woolen clothes
and secondly, it is used for family's summer gatheand as the reception of the women. The
kitchen (D) is an open space near one of the doors of the house and usually is the main gathering
space during supper time. It consists of a stone stove connected to a ventilation hole to the roof,
topped by shelvegegs and some niches that are used for placing cooking supplies and utensils.
On t he si de sentedre thelerranbes o the giigate bedrooms of the house and next
to them is usually a table built, under which are pots of fresh water anchgashier (see figure

5.27 A, B, C, D).

Figure 5.28. A view of THland the narrow alley(source:by the Author).
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The irregularly shaped patio has good access to all the surrounding rooms, given its position in the
centre of the building. It has one arched gallery on the first floor that creates extra shade on the wall
that overlooks it. It provides access to the reamn the upper floor as well, in addition to giving
them good ventilation with a large windows and doors. For social privacy, all windows open on to
the inner courtyard in the middle of the house (Figure 28 indicating no external windows), which is
consideed as private area and larger, compared to the one in MH1, and has windows with internal
roller blinds. Each space on the ground floor is fitted with a ceiling fan which is used only during
summer. The electricity and gas, as is the case with the ogeestalies, is provided by SONEL-

GAZ. Table 5.6 describes the internal and external spaces within TH1.

Table 5.6. Internal and the external spaces in TH1

Internal Spaces Services: Cooling/Heating
Entrance Cooling: Natural ventilation
Heating: N/A

Hall Cooling: Natural ventilation
Ground floor Heating: N/A

Living Room Cooling: Natural ventilation
Heating: N/A
Kitchen Cooling: Natural ventilation
Heating: N/A

Room 1 Cooling: Natural ventilation
Heating: N/A
Room 2 Cooling: Natural ventilation
Heating: N/A
First floor Room 3 Cooling: Natural ventilation
Heating: N/A
Room 4 Cooling: Natural ventilation
Heating: N/A
Living Room <Tizfri> Cooling: Natural ventilation
Heating: N/A

External Spaces
Patio N/A
Roof Terrace N/A

The building fabric is characterised hythick wall (500mm) and roof (450mm) made from lime-

stone which is used to reduce both heat gain and loss. Insulation also contemisréige indoor

radiant temperature by isolating interior surfaces from the influence of exterior conditions. It also
reduces the droughts produced by temperature differences between the walls and the air. In hot
weather, the insulation is placed on thesalé face of the wall or roof, so that the thermal mass of

the wall has a weak thermal contact with the external ambient (solar gain, direct wind) and is
strongly coupled inside. Shading devices like overhangs windows on the patio, where canopies
covered vell the space during the sunny days to prevent sun rays reaching the space, moreover
windowsé shutters are well designed for sol ar
conditions. Moreover, they also improve the quality of natural lightiside buildings.

Figure 5.29 highlights the location of the loggers distributed in the two floors of TH1.
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Figure 5.29. The location of Hobo loggers in the habitable rooms and spaces of TH1 for the summer and winter
measurementgsource:by the Author).

The construction materials used at Beni Isguen are those available locally , it is considered cheaper
than the modern materials, which does not require at the stage of their production, and transport and
even their expenditure implementation excessiveggrigrat generates pollution harmful to health

and the environment. Limestone bricks (400 mm) and lime sand render (50 mm) were mainly used
for the internal and external walls, which resulted inaalie of 2.00 W/m2 K. The roof also used

the same materislbut in four layers i.e., 20 mm of limestone on the outside and 20 mm of lime
mortar on the inside using the palm branches to support the roof bottom, which resulted in a U
value of 1.88 W/m2 K, See Figure 5.30 and thought to substantially influendesithel di ngds e
and thermal performance.

On the other hand, the internal walls were rendered either by gypsum plaster or ceramic tiles, such
as in the kitchen and bathroofirhe stone walls are an essential element, with a thickness of about
0.50 m, mad of stones linked together by lime mortar. All the walls inside the building bear the
same characteristics and they are all (500mm) thick. As for the exterior coating, the designers and
builders of the project were inspired by traditional techniquesug®time mortar and sand which

are spread on the surface of the wall using palm branches and a lime mortar; the purpose of using

the fine sand proportionately is believed to give a better flexibility to the mortar (Figure 5.31).

Il T T
2

Figure 5.30 Asection for the wall and roof inTHXsource:by the AutHor).
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Traditional Roof

Palm Branches

limestone

Composition of the load-bearing wall
Thick: 50 cm.

Figure 5.31. The texture of the fagade in TH$ource:by the Author).

A coarse texture, as shown in Figure 5.31, is used to provide shade to the walls and prevent exces-
sive overheatingRapoport 1972)The use of stone in this building, with regards to heat control,
has the same benefits and characteristics as MH1.
55210ccupant 6s Observations:

1 Summer.
From the questionnaire, it is clear that residents of TH1 indicated that all the traditional buildings
had better thermal performance, compared to the new buildings in Tafilelt. Of all the spaces in TH1,
the participantsaid that they felt particularly comfortable in the patio. In old buildings like TH1,
there are a variety of adaptive strategies that can be taken to ensure better cooling techniques and
thermal comfort including pouring water around the patio and fleeosjng to the most comfort-
able space which is usually in the centre of the house that is far from the external walls and close to
the patio, adjusting clothes, removing carpets, turning on cooling equipment (ceiling fans), and
closing all exterior windows prevent thermal discomfort. The alleyways (see Figure 5.28) in Beni
Isguen kept pedestrians safe and comfortable from severe winds, sandstorms, and direct solar radi-

ation.

Table 5.7. Space usage in TH1 during the summer

Summer | Morning ‘ Lunch Afternoon Evening

Internal Spaces
Kitchen Eat

Living room | Eat Socialise

(ground floor)

e

Rooms (first floor)

External Spaces

Patio

Roof terrace

Key: Never used (N/UY; eftequentlyused.
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From Table 5.7, it can be noticed that usage of spaces in TH1 are almost similar to that in MH1.
During the morning, the patio (or courtyard) is mostly used for socialising, as the sun is still low,
and the opesair courtyard is better protected from satdiation. As the sun rises higher, the rooms
around the courtyard become the epicentre of household activities as they are protected from solar
radiation (although the courtyard is not), with the external temperature reachieghktst39°C

around middy. The rooms around the courtyard have wide windows, compared to those found on
the main facade of the dwelling. During early morning and evening, the cool air comes into the
rooms through the windows, and after it becomes warmer inside, it flows touhgard through

the upper parts of the windows which creates a stack ventilation.

1 Winter:

The spatial arrangement of the house was inf
kitchen, living room and the firdtoor room are essential aspect of t he houseds s
ment, where daily activities such as cooking eating and housework are usually done (Table 5.8).
However, the occupants stated that they felt uncomfortable occupying the patio and so they occa-
sionally use it during midday due the cold conditions (14~15°C) compared to the other spaces;

in addition to its smaller size that limits the exposure to solar radiation making it not within the
comfort boundaries of ASHRAE 55. According to Table 5.10, the average indoor temperature du

ing daytime fluctuates between 12°C ~ 15°C, while the average outdoor temperature remains as
low as 6°C. The relative humidity average fluctuates between 60 and 15%, increasing at night and

decreasing during day.

Table 5.8. Internal and external spacesaupied during the winter in TH1

Winter Morning ‘ Lunch ‘ Afternoon ‘ Evening

Internal Spaces
Kitchen ‘

Living room Socialise
(ground floor)

Rooms (first floor) ‘ Socialise

External Spaces

Patio Socialise Socialise

Roof terrace

Key: Never used (N/U;ometimes useBrequently used.
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All the courtyard houses are surroundedhbit rooms with thick walls 6.5 m high with an average
thickness of 50 cm within a compact urban texture. They were built to protect the inhabitants from
the extreme summer heat. Moreover, the main roads in Beni Isguen aneststientated for the

primary roads (3 m depth), while the secondary roads are-sauth oriented (less tham2depth).

The roads are planned and built this way so as to block sunlight during the summer while allowing

it in winter, which linked to the geometric H / W ratio bktstreet and the dimensions of the gal-

leries (height and width). Consequently, the facades are insulated from solar radiations as well (Fig-
ure 5.32) which reduces heat gain and heat loss. It can be seen that traditional houses use more
insulation (moretan 3cm of gypsum) on the building env.
on buildings texture figure 5.31. This helps control the average indoor radiant temperature by iso-
lating the interior surfaces from the influence of exterior conditions, imtiaddo reducing the
draughts produced by temperature differences between the walls and the air (Figure 5.33). Further-

more, the natural shading of the compact tissue, either as parts of a building or separately placed on
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the facade, significantly reducket peak heat conditions, enhance the cooling, and improves the

quality of natural lighting inside buildings (Figure 5.34).

Figure 5.33: Different Road widths and same orientation in Beni Isgu@ource:by the Author).
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Figure 5.34 The prospects in Beni Isguen at midd@purce:by the Author).

5.5.2.2 Summer Measurements TH1 From 02/08/2018 td09/08/2018

The thermal conditions during the summer season are quite important, as this is the period when it
is most affected by solar radiation. The internal mean daily air temperature ranged f@io 30
36.5°C for the living room and the first floor while the recorded outdoor mean daily temperature
varied from 23.5°C to 39.2°C.

During the morning the occupants stated that they feel between normal and slightly warmer at early
afternoon time. They alssiated that they experience cooler climate during night time, where most

of them sleep on the terrace and on the open patio. In contrast to the occupants of new houses like
MH1 who said that they experienced discomfort during midday and evening, the rsonfpaH1
indicated that they feel cool and pleasant during such times of the day during the summer season.
Table 5.9 summarises the recorded temperatures in TH1 during the monitoring period. It worth
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remembering that TH1 does not have any kind etading system in any of its spaces; it uses

only ceiling fans.

Table 5.9. Average, maximum and minimum relative humidity of TH1 during the summer

TH1 Space Temperature (°C)
Mean Temp Daily Max Daily Min Mean Diurnal Range
Living room 30.1°C 30.8°C 29.5°C 1.3°C
Room 1 35.0°C 36.5°C 33.5°C 3.0°C
Patio 32.3°C 33.3°C 31.3°C 2.0°C
Outdoor 31.5°C 39.2°C 23.5°C 15.7°C
50.0 °C 85.0%
45.0°C 75.0%
40.0 °C 65.0%
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Figure 5.35 The recorded outdoor diyulb temperature and relative humidity during treummer for TH1

Figure 5.35 shows the recorded outdoor-lbinjb temperature and relative humidity for the first
week of August 2018 starting from theff August to §' August. The average daily sunshine du-
ration in Beni Isguen was about 12 hours, it can be noticed from the taktleeSl®yest recorded
indoor temperature wa9.5°C in living room, and thihe highest recorded temperatwas rec-

orded in the firsfloor room 36.5°C. Additionally, theunning mean outdoor air temperat(fem)

ranged from 23.%C to 39.2C with diurnal temperature variation about 15.7 K as an average. Dur-
ing the first two days at noon, a noted high RH was recorded at 70% compared tagthewed

to pouring the water during the evening aiming to cool down and achieve high air moisture. For the
rest of the days, generally the RH was less than 30%, which reflects the very hot and dry climate.
For TH1, a very steady temperature was surmig recorded during the measurement period. The
data | oggerdés setup and operation were inves

devices were working normally when used outside the building.
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Figure 5.37. Indoor dry-bulb temperature over a period of one week with the comfort boundaries of ASHRAE 55 for TH1.

As shown in Table 5.7, all occupants use natural ventilation in the patio from late night till morning
(8:00 pmi 9:00 am) which has a temperature mamg 31.3 °C to 33.3 °C as shown in Figure 5.37
During the morning, all activities aeenteredaround the patio. However, it was also found to be the
hottest place during the midday when the sun is perpendicular at the space, with the temperature going
as high as 39.2°C at 15:00 hrs. Moreover, the first floor, which recorded a temperature flutteratio
tween 33.5°C and 36.5°C during the measurement period, failed to meet the acceptability limits of the

ASHRAE adaptive comfort criteria.
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Figure 5.38. Mean relative humidity over a period of one wek& with comfort boundaries of ASHRAE 55 for TH1.

The reason is due to the lack of air conditioning and constant exposure to the sun. In contrast, the living

room maintains a steady range of2€ to 32°C, successfully meeting the acceptability limits of
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ASHRAE 55(Figure 5.37)The chance of the indoor temperature exceeding the outdoor tempera-
ture is significant after midhight, this is due to heat storage during the day and allowing the heat
exchange increased to constantly occur by convection durimighiéime. Thanean outdoor tem-
perature has a remarkable effect on occupants
of using natural ventilation. Most occupants feel uncomfortabtdoor during midday when the

air temperature reaches 39.2°C. However, they start to feel slightly cooler and more comfortable
during the hours between midnight and early morning (06:00 am) since the temperature comes
down to 23.5°C.

During thefirst two days of the measurement period, the relative humidity was very low in TH1
due to the weather characteristics and the lack of vegetation cover. On the third day, there was a
significant increase in humidity, after referring to the residents, #msiwer was that it was the

result of pouring water into the patio, which gave a cooling effect. Doing this increased the relative
humidity to 15%, while helping to decreasing the temperature. In contrast, the mean relative hu-
midity outdoors is 25% highehan that of indoors, that for 40% of the measurement period, the
average relative humidity was within the adaptive thermal comfort range. Note that the patio main-
tains a high humidity and low temperature compared to the other indoor spaces, which thakes it
best place to be in (Figure 5.38).

5.5.2.3.Winter Measurementin TH1 From 03/01/2019 to 10/01/2019

Over the first week of January, data recorded outdoor and indoor thermal environment for the living
room on the ground floor, the Patio, and the ficor room1. The room 1 was chosen as it is open

to the patio and its roof is exposed to sunlight. The occupants use stoves regularly as heating systems
during the winter.

The lowest indoor monitored temperature was experienced in the patio (12°@camd a mean

daily temperature ranged from 12.0°C to 22.0°C, which failed to meet both 90% and 80% accepta-
bility limits of ASHRAE adaptive comfort criteria (see figure 5.39 and figure 5.40).

The living room on the first floor is one of the main habgaldoms due to the heater installed
there; it remains steady during the monitoring record with mean daily temperature ranged from of
20.0°C to 22.5°C (table 5.10 and figure 5.40), and a range of the relative humidity is between 38%
and 48% which considereudth-in the comfort boundaries (Figure 5.41).

Table 5.10 Average, maximum and minimum temperature of TH1

TH1 Space Temperature (°C)

Mean Temp Daily Max Daily Min Mean Diurnal Range
Living room 21.2°C 22.5°C 20.0°C 2.5°C
Room 1 20.0°C 21.5°C 18.5°C 3.0°C
Patio 14.0°C 22.0°C 12.0°C 10.0°C
Outdoor 11.5°C 16.5°C 06.5°C 10.0°C
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Figure 5.39. The recorded outdoor dityulb temperature and relative humidity during the winter for TH1.

Table5.16 ummar i sed of TH106s temperatures during
itoring period of the four spaces of the traditional house in Beni Isguen TH1. The outdoor mean
daily temperature ranges from 6.5 °C to 16.5°C, which was considered \ezgnddailed to meet

the acceptability limits of ASHRAE adaptive comfort criterig.( 80% acceptability limit), The

lowest temperature was recorded between midnight and early morning (6.5 °C). The peak outdoor
temperature was found to be 16.5°C at Q8.
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Figure 5.40. Indoor drybulb temperature over a period of one week with the comfort boundaries of ASHRAE 55 for TH1.
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In addition, it was observed that the recorded temperature at the patio was clearly different to the
outdoor temperature, which has an effect on the surrounding areas, such as the living room and the
rooms, this is what prompted the occupants to the usieeastove heaters during the cold days.
Interestingly the occupants utilise different spaces during winter. In fact, the centre of all activities
gets transferred from the patio to the hall on the ground floor, thus making it a winter room or in
other wads, it becomes the family room, thanks in part due to the heater installed in the room which
distributes heat the surrounding rooms as well.

The relative humidity ranged from below 15% to 61% and in the pdtiich was normally occupied

from 8 am until 04mwhere the relative humidity was ranged from below 30% to 47%, making it
similar and very consistent living room and first floor room on the first three days of the measure-
ments (Figure 5.41Yhis indicates that all the indoor and outdoor spaces weltewthin the adaptive
thermal comfort range during the measurement period.

The patio and the living room showed different values from the third day of the measurement period.
The occupants stayed in the hall throughout the day. According to their espgnses, this is due

to the comfort provided by the heating in the living room. The occupants kept the door and windows
closed in the morning and afternoon to avoid the cold air from the patio or outdoor spaces. This was
also when the heating operatetiethermal environmental conditions prevailing in the living room
were comfortable during this period of time. The distributed heating from the living room also

helped the residents to use their bedrooms during the night.
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Figure 5.41 Mean relative humidity over a period of one wek& with comfort boundaries of ASHRAE 55 for TH1.

5.6 Comparison between MH1 and TH1:
This section analyses the aforementioned findings together with an analytical comparison of the thermal

performance of TH1 and MH1 for one week during the summer and for another week during the winter
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to understand the cur riemand peceptiopd thda tketmal perfanihanaget
of these houses. The measurements will present the air temperature and the RH values (average, maxi-
mum and minimum) graphically for four spaces (outdoors, patio, living room, and room 1) for both
houses, in adition to the dairy entries and thermal monitoring.
5.6.1 Summer Measurement§rom 02/08/2018 to 09/08/2018:

1 Outdoors:
Significantly, the flow of data has the same curve pattern with small variations, which could have
an impact on the indodemperatures, the outdoor mean daily temperatures readings show in MH1
within range of 27 to 41 at midday, whil st
from 23 to 39 (Figures 5.42). The dliebe nal
tween the MH1/TH1 up to 6 k during the daytime and lowest during the-timgétup 2 k. The road
widths in Beni Isguen played a substantial role as well as the building heights, the narrow passage-
ways of the city and the light wells provided naturahtilation, creating different pressure zones
which caused air movements to move from Higéssure zones to low pressure zones, where the
hot air is replaced with cooler and humid air in the shaded passageways. Additionally, in MH1, the
high solar exposeron the exterior walls created a temperature gradient allowing heat exchange to

constantly occur by radiation and also caused a high indoor temperature by convection.
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Figure 5.42. Comparison of the outdoor summamperatures for one week

It is generally observed the recorded RH frequently outside the ASHRAE range which is considered
as very dry climate especially on the MH1, where noted that the RH less than TH1 which is below
the recommended criteria of thermal comfort and the averagengeratures. The variation be-

tween the daily minimum and maximum relative humidity is shown to be different between both
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building MH1/TH1, this is due to the residents of the TH1, were using the watering and irrigation
process, which makes big and flakfierences.
It was also noted that on at the start of the week and the, the occupants poured water on the narrow

roads to cool the air which, in turn, increased the humidity, as seen in the graph (Figure 5.43).
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Figure 5.43Comparison of the relative humidity during for one week during the summer.

9 Living rooms:
The mean daily temperature for TH1 range of 29°C to 32°C, which is within the recommended
criteria of thermal comfort and the acceptability range ASHRAE 55.
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Figure 5.44. Comparison of the living room temperatures during a week in the summer.
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The lowest indoor temperature (29°C) was possibly due to the advantage of-aesirtiriented

opening faces the patio as the temperature started to increase from 12:00 hrs as the solar radiation
reached the ground floor through the patio. Meanwhile, &fl Nhe air temperatures fluctuated
between 34°C and 37°C (Figure 5.44) which is about 5°C higher than that of TH1.

Furthermore, the mean daily RH remained within the range of 15% to 34% (Figure 5.45), which
seems to take a similar pattern in both building
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Figure 5.45. Comparison of Living Room relative humidity during the summertime for one week

The MH106s temperature was above the recommen
air temperature values during the whaleek, despite both building has same characteristics, the
fact that the thermal mass in MH1 influences the amount of excess heat accumulated during the
day, which is sorted in the mass and then released the night, leading to rise of the indoor tempera-
ture,and making the living room environment as uncomfortable. The living room on MH1 is almost
unventilated and far from the patio, its windows remain closed during the summer due to privacy
reasons and out of respect fempaccupahtewere ootsatigfiedht s 6
with their thermal environment during the summer.

T Room
Both first floor rooms at (TH1 and MH1) showed the same fluctuation pattern with different tem-
peratures. This is a result of their location on the top floor. Frgur&i5.46, the readings show
that the mean daily air temperatures for TH1 and MH1 ranged between 33 to 35°C and 33.5to 37°C
respectively, which is above the recommended criteria of thermal comfort and the average air tem-
peratures prescribed by ASHRAE $oth rooms were most affected by the outdoor temperature

due to their direct connection to the external envelope through the roof and the patio opening.
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Figure 5.46 Comparison of room temperatures during the summertime.

Thereason for the high temperature can be attributed to the roof which is the part of a building that
receives the greatest solar radiation in both cases. The thermal performance depends, to a great
extent, on its shape which is flat even though most suedessif design in hot arid climate was

the dome roof, it is identified that the spaces with curved roofs have lower indoor temperature and
lower heat gain compared with the spaces with flat roofs (Yaghoubi M, et al 2017) , based on his
research on hot aticlimate he pointed dome achievements the less heat flux per unit area, because
the large sefshaded area and dissipate more heat than other flat roofs where it fully exposed to the

sun and leads that provide a sun protection surface better thart thefitag.
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Figure 5.47 Comparison of relative humidity during the summer.
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Meanwhile, the data reveals that the diurnal fluctuation of RH at TH1 was from 15% t@m84%;
the other handhediurnal fluctuation of RH at MH1 fluctuated between 15% and 33%. This reflects
the higher temperature reached in MH1 Figure hik&wise, tie high and solid parapet walls along
the edge of the roof can provide daytime shade and privacy but can also have the disadvantage of creat-
ing an undesired stagnant pool of hot air, which cannot float away because the small size of the windows
and the cdings height.
The major function of the roof in this case is to serve as a radiation shield by blocking off solar radiation.
Effectively ventilating the attic in summer should not lead one to believe that heat gain to the building
through the attic igreatly reduced. This is because most of the heat transfer through the attic is by
radiation. despite the thickness of the roof, still the exposed to the sun for all day, which lead to function
to serve as a radiation shield by blocking off solar radialiming the day and after transferred from
the roof and walls by conduction to the inside building, which leads to rise the indoor temperature during
the night.

1 Patios
Figure 5.48 indicates that the flow of outdoor temperature data in the patio for MH1 has the same
curve pattern as TH1 patio temperature. For 7
range 28°C ~ 33°C which is within the range of ASHRAE 65hbuld be noted that the peaks and
cooling loads for TH1 were nearly similar to the outdoor temperature during the week.
Meanwhile, the temperature in MH1 varied diurnally much less, showing only a slight fluctuation
between 34.5 and 38°C which was ofithe comfort boundaries of ASHRAE 55 throughout the
whole measurement period, the period when the occupants being uncomfortable to use the patio.
The relative humidity levels for MH1 and TH1 were slightly different and showed fluctuation
ranges of 15% 34% and 17% ~ 36%, respectively.
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Figure 5.48 Comparison of room temperature during the summer.
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Figure 5.49 Comparison of relative humidity during the summertime for one week.

5.6.2 Winter MeasurementFrom 03/01/2019 to 10/01/2019:

1 Outdoors:
From Figure 5.50t can be observed that the outdoor spaces in both TH1 and MH1 had generally
the same fluctuation pattern but offset by 1~2°C. Based on the below figures, the air temperatures
for TH1 and MH1 ranged between 6 and 16°C and 3 and 18°C, respectively which is below the
recommended criteria for ASHRAE 55.
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Figure 5.50. Comparison of room temperature during the winter
The recorded temperatures in MH1 reached abol

and early morning, this is due to the wideness of the roads in Tafilelt, which helps to expose the
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sun's rays 10 the walls and floor, making it warmer. Based on the urban morphology and to the
compact urban fabric, it is noticeable that during the winter time, the only part that is exposed to
external elements is the roof. Almost all external walls (parts) indbsehare adjacent to a neigh-
bouring house, exposed to external weather factors and the low temperature explains those figures
to some extent. The relative humidity for TH1 was 100% within the ASHRAE range for the first
three days, although it was only 6086 MH1, implying a dry climate (Figure 5.51); which could
potentially be due to the cloudy days and the fact that it rained slightly during the first three days.
In addition, MHL1 is located in higher level compared to TH1 which is thought to influence the
second half of the week.
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Figure 5.51 Comparison of the relative humidity during winter

9 Living Room:
The readings show that the mean daily temperatures for TH1 ranged between 19°C and 22°C, re-
maining generally steady throughout the week and well within the recommended range of criteria
ASHRAE 55. The household was generally satisfied with the warm irtdeaonal condition, this
is due to the use of stoves during cold days (Figure 5.52). It can also be connected to the casual heat
gains,ventilation,and rate of infiltration.
The mean daily temperatures for MH1 ranged between 16.5°C and 18.5°@amation between
the daily minimum and maximum diyulb temperature up to 2 K. Despite the extensive use of the
gas stove to keep the temperature inside the living room warm, temperatures had slightly fallen
below the lower margin of acceptability limité ASHRAE adaptive comfort criteriaMoreover,
the living room environment is slightly uncomfortable based on the occupants questionnaire, which

was normally occupied from 8 am until 10 pm.
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Figure 5.52. Comparison of living roorntemperatures during winter (MH1/TH1)

The mean daily Relative Humidity remained within the range of i3@%b for which is 100%

within the recommended range of ASHRAE 55 (Figure 5.53). Using this comparison shows that
the living room aitemperature was within the comfort zone during the winter period when a heat
source was used regularly, indicating that TH1/MH1 does not have a good thermal performance

during this season without the use of gas heaters.
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Figure 5.53. Comparison of relative humidity during winter (MH1/TH1)
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1 First Floor Rooms:
Over the period of the monitoring, the mean daily temperature for TH1 had been between 18°C and
20°C, indicating that the area was generally warm, wet, andmitblh the range of ASHRAE 55.
Looking closely at the results, aside from the consistent improvement of thermal comfort for the
rooms of both the houses, Figures 5.54 and 5.55 hint at much better thermal conditions in the top
fl oor 6s r oo radiurmaltdmperatue varidtion ér MHt is found to be around 3 k, with
a lowest record of 18 °C. The comparison shows that the air temperature of the rooms upstairs was

well within the comfort zone during winter since they regularly used a heating source.
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The relative humidity ranges arei4/% for TH1 which is within the recommended range of
ASHRAE 55%; it was recorded to bei&%% for MH1 which is well below the recommended
range of ASHRAE 55% (Figure 5.55). This indicates the thermal comfort consithetimgaram-
eters examined that TH1 roonofithe first floor is within the thermal comfort required during this
season.

1 Patios
Both MH1 and TH1 had a similar curve pattern with small variations, which could have an impact
on the indoor temperatures; TH1 had mean daily temperatures readings, which shows a range of
12 to 22 , with noticeabl e dtifon MHLatlwastreeardede r a t
to be 9.5 to 23.5 (Figures 5.56) estimatin
patio in both | ocation TH1/ MH1 pl ayed a subs
which the temperature started tonease from 10:30am as the solar rays reached the ground floor
through the patio, which leads to rise the indoor temperature, as a result considered the patio envi-
ronment as being comfortable during the midday. It can generally be observed the recorded RH
frequently inside the ASHRAE range for the first three days (for both houses) and by then the mean
daily RH dropped below the recommended range (Figure 3i5¢an be summarised that TH1
behaved within the ASHRAE comfort boundaries compared to MH1 inittd@monstrated that
living room and the patio are best places of the house for the occupants to use during the hot sum-
mer; the living room was again a comfortable place within TH1 to use during the winter months

and partly the patio in addition to thedroomonthe first floor.
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5.7 Traditional House (TH2):

¥ 74 ! »
Y e B s

Figure 5.58. An aerial view showing the location of the house TH&olurce: Apple map3}

TH2 is considered to be more than 400 years old and is a madiathdoublestorey (ground floor

and first floor) house that hasra@of terrace and basement. It comprises eight rooms and a lot of
other spaces which is not surprising, covering an arepmrbximately 170 fand a ceiling height

of 3.3 m. The ground floor, the house incorporates a courtyard which is located in the centre of the
house with a good c on n encludingailiting roamoandtfduredbedeoonsi v i t
along with two other gathering sgs that are located around the courtyard including a colonnaded
gallery which opens into the courtyard. The first floor comprises a living room (the main family
space) and four similarly designed medigsired rooms which are located around the patio. The
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basement floor comprises one room and some storage spaces which is used for keeping the food
and other household items. The terrace is an open space that provides free movement and an oppor-
tunity for gatherings. Its external walls guarantee safety andqysiyespecially for women), which

is considered, it is suitable for sleeping and hanging the laundry (Ghardaia State Report, 1985).
However, unlike other traditional houses in Beni Isguen, TH2 is not equipped with a cooling or
heating system, see figureb8 that describes the layout of TH2. In addition, figure 5.60 highlights

a view of the house during the summer.

A working-class family of eight with an average monthly income of around £600 resides here. The father
works in trading while the mother isstay home mum. There are two other female adults who stay at
home, and two male adults who attend universit
income level is considered to better than the general income level of the people of Algesteerhd,g

the occupants of all the traditional houses in Beni Isguen use their house the same way throughout all
seasons, except for the patio, which is used more during the summer, and almost all have the same

activities during day time.

a. Terrace b. First floor

b. Ground floor

Figure 5.59. The plans of the habitable rooms and spaces of TH2 for the summer and winter measurements
(source:by the Author).
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In general, the inhabitants of TH2 use these spaces accoraing to the climate conditions of each

season.

Figure5.61. The interior spaces in THg&ource:by the Author).

Generally, all the openings for ventilation and lighting are open towards the patio (the centre of the
house) which is considered a private area used just by the occupants (Figure5.61). TH2, as a whole,
functions freely with no mechanical controls to mgdif regulate the indoor environment during
winter and summer as highlighted in table 5.11. Each space on the ground floor is fitted with a
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ceiling fan which is used only during the summer. The electricity and gas supply is ensured by
SONELGAZ.

Table 5.11 The internal and the external spaces in TH2

Internal Spaces Services: Cooling/Heating
Ground floor Entrance Cooling: Natural ventilation
Heating: N/A
Living Room 1/ Living Room 2 Cooling: Natural ventilation
Heating: N/A
Kitchen Cooling: Natural ventilation
Heating: N/A
Room 1/Room 2/Room 3/Room 4| Cooling: Natural ventilation
Heating: N/A
First floor Room 5/Room 6/Room7/Room8 | Cooling: Natural ventilation
Heating: N/A
Living room 1 Cooling: Natural ventilation
Heating: N/A
Stock room Cooling: Natural ventilation
Heating: N/A
Hall Cooling: Natural ventilation
Heating: N/A

External Spaces
Patio N/A
Roof Terrace N/A

Figure 5.62 indicates where the loggers are located in TH2 for the summer/ winter measurements.

The location of loggers were selected based on the residents occupation table 5.11.

Loggers()

Ed

= E2

Tahdja

Ground Floor First Floor

Figure 5.62. The locations of the loggers in the habitable rooms and spaces of(¥6l&ce:by the Author).

The building is thickly insulated by limestone on the exterior to reduce heat gain and loss, it employs
the same materials and construction methodology as TH1 see figure 5.65 that describes the texture

of the fagade. Furthermore, the occupants covereghdhie with wet tissues during midday to
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prevent the accumulation of heat (see figure 5.63) which were removed only after midday to im-

prove the ventilation and prevent the rise of peak heat conditions throughout the summer.

A

Figure 5.63. Patio covered during the summer (TH@purce:by the Author).

The patio or the roof window mainly functions to allow natural ligihtamd air pass through the
building. Given this, it was necessary to cover it to prevent the summer heat from touching the
ground floor and all the other rooms (Figure 5.64). The absence of green spaces was also a limiting
factor as it contributed to thegvalence of dry climate. Due to this, an odiéis concentration of

plant and grassovered areas was desirable, where the vegetation is nearly not existing in the pop-
ulated placesone of the occupants saidljost of the occupants move to orchards aeldi$ during

the summer where it is colder due to the presence of palm forests. However, not all occupants have

summer housghouses with palm trees outside the ksar)

Figure 5.64. A view of the patio from the terrace (TH@ource:by the Author).

Figure 5.65. The texture for the facade (TH23ource:by the Author).
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