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ABSTRACT

Toensureoccupant 6s health and producti vitys t
paranount This researchlwas conducteth the capital city of Afar regional state 8Emeraon

a comprative analysisof thermalcomfortof condominium and traditional housEhe objective
of this studywas to evaluate thbio-climatic thermal comforts afondminium buding with
respect to the dl traditional house The investigation was conducted usbwih objectiveand
subjectivethermal comfortevaluation methods The objective method was conducted by
measuring the indmr environment thermal comfort facsosuch as the temperature and relative
humidityby usingtwo Digital infrared thermometer and éahygroméersandboth housesvere
evaluatedfor threeconseutive months wiih three daysnterval within threehour difference
Thesubjetive method referso informal interview, structured questioners includA§HRAE 7
points ofthermal sensationadcalewhich wereable toinvestigate the perceptions of theciety
in questionFor the surveylO6targets groups of respondentaerepurposivelyselectedromthe
populationbased ortheir living experiencen both housesThis paper discussed findinffem
both methodsused forthermal comfort evaluationAccordingly, from the total respondents
87.73%0f respondents replied #se thermal sensational scaletcdditional house is better than
the modern house,83.2formants wereeactedas thethermal peferenceof traditional house
was better than the modern hows®l concerningto thermal satisfactiof79.24%respondents
prefertraditional houseghan moderrhouse In case ofecordedtemperature and humidity data
the traditional house was better thanetmodernhouses in all iree consecutive months
Generally,the thermal comfort of the traditional house is better than the condaminhouse
this is becauseof traditional house was built witthocally available materiak and withthe
consideration ofhelocal climate contextHowever thisis not torecommendo return back to
the traditional houserather to improve the modern hous® as toadapt somemportant

traditional methods and strategies

Key words: Bio-climate,Comfort Zone, Thermatlomfort, Vernacular

he

t



CHAPTER ONE
1.INTRODUCTION

This thesis is written for a study that has been conduct8drimera city of Afar Regional State
Ethiopiafor the partial fulfilment of the requirementstbee gr e e o f nMemsmerdal 6 s |
Architedure atAdama Science and Technology University. hely aimed at analyzing the
bio-climatic thermal comfort of condominium and traditional h@uessd providng appropriate
housing design that tagento consideration théocal envionmentalcondition of the city.
Thermal comfortis one of the criteria in sustainable building. This criterion is important in
ensuring a healthy indoor environment for the occtgpddespite the fact that the consideration

of environmental concerns at tearly design stageould recéve high attention wrldwide, they

are still not receiving full attention in staharan Africa in general and in Semera city of
Ethiopia in particulg and consequentlyesidents exposed to thermal discomfort, lose their
productivity andencounered withsomehealth problera As architecture and a resident of
Semera city, the researcher was aware of several aspects of this general situation. ;Therefore
these things motivate the researcher to better understand the exisi@igrsiby carrying ou

more caonprehensiveand comparative thermal comfort investigations otondominium and
traditional housg

This chapter deals witthe background of the studgtatement of the problem, objectives of the
study, research questions, seap the studythesignificance of the study, limitation of the study

and description of the study area.

1.1. BackgroundOf the study
The quality of Ife of human beings to a wetarge extent depends on the quality of their indoor
environments becausegple spend most di¢ir timeinindoors( S mi e g aWw20k7aThiest
buildings should have to take in to consideration on thelmaeatic condition of the place where
they are built so as to improve the living standard of its resident. Accorditige tstudy
conducted ¥ (Akande & Adebamowo, 2010)he tem bio-climatic Architecture refers to
desiquing a building based on the context of the local environment to provide the best thermal
comfort of the place more suitable for residents. phmary purpose of all buildings is to
conform to the predomant clmate and tchave an indoor and outdoor atspbere that is
convenient and desirable to the inhabitants. However, in this age of climate change and global
warming, it is very difficult and necessary to offer the building's ithats comfort. It is

1



attributed to the gswing number of obstacles cuntéy confronting designers to have structures
that would be built and comfortable for the2&ntury Akande& Adebamowo, 201D

Currently, green (environmentally friendly) builds are considered asgood eample ofa
building that improve the indoorthermal comfort ohouses foloccupants. Studies statdtht
greenbuilding materials are bestitmprove thermatomfort of building . T h adcaumamgw h y
are constructheir dwelings from locally awilable naterials,and the materialshave good
capability to protect the environment from unwanted natural resource depilation and the materials
are easy to recycle thiout using external energBesides as the studies stated the ferof

buildingsalso tas an imprtant facte for providing good thermal comfofEdition, 2014)

Microclimate conditio such atumidity, madiant temperature, air temperatures, air movement,
and human physiological aspects like body metabolic rate, level of activity and clothirgg of th
occupants are the many factors that need to be considered ininigsigmfortable redential
building (Rajapaksaetal., 2002;Jamaluddiretal., 2014. Good indoor thermal condition plays

a significant role in human performance at both mental gmgkical levels and sustain
occupant s 6 Abbhaszadelsfa. R008§.|Accorgding{o Dovjak etal., (2013)failure

of humans to respond to the environment throtlghthermoeregulatory mechanism causes
thermal discomfort. Thermaiscomfort in building causes psychological stress, depressidn
anxiety, as well @ lower physical heti, manifested as headisease, insomnia, headache,

fatigue, boredonand poor arousal (Fanger, 1970; Marknsl Morris, 1980).

The western civilizé countres give more emphasis fahermal comfort for altheir indoor

activities andheytry to adjust he thermhcomfort ofthar buildings using different techniques
rather thammerely sticking witrebehavioral adjustment that our baelydowed with by its nature
so asregulate the temperature governitng thermal balanceThey use dferent clothes and
various types of mecanical cooling and heating systeftechnologies)to regulate thermal
comfort. As a resultthey exposed to the Higost to install theemachinesandalsothe machines

by itself consume high electric powee Dear & Brager, 1998)

Whereas in case of developing courttrgre is no study on how they balance thermal comfort,
but in case of Ethiopia peoples use different traditol t e ¢ h nwihygtheycan't affédaot 6 s
buy air conditioner mechanical Maab, thereforethe peoples try to regulate using locally
availabe materials such as mud block, grass roof, plansrgpme exampledn the case of



Semera Citythere ardifferent locally avdable traditional maerialsand traditionaktrategies
Evenif they enforced to sleep outdoor due to the higimperatureGenerally, according tde
Dear and Bragei1998)report, almost all developing countripgoples stay ®oof their time
at home( including officdhotels,cafeteria, scho@ndchurch to increase the productivity of the
peopks it's better to regate thethermal corfort of the building.

1.2. Statement of the problem

Our country Ethiopia has different climatic condition and also buildings are expected to design
with the consideration of different climatic conditions to nteetbest thermal comft. Butthe
fact indcatesthatth & e d er a | Go veea Inlmenar o ius D eegli a phm et rhte

has develmap&@adabl e approaches oiwoc pmeowil tes el

counatnrdy st andard c¢condo mihvai dmadc ytaerme at@hiper odhrad

ar

goverpmeudtodeaddr ess t h€&hémoadsuclpagrdp mo bl ems ar e

at the federal | evelciatnide & hwethodit ttheé coMsideration of e d
climatic factor. Therefore, peoples ageffered for thermal discorfort. Especially in the case of
Semera town which have an average tempeeatof 33.0°C a lot of condominium was
constructed anttansferredo the people but the people are not interested to live in the house due
to high temperaturefehe indbor space ahsome condominiums are under construction without
the consideration of theral comfort.The uncompleted condominiums are still waitinghetp.

All this is supposed to be due to the inappropriate placement of the standard conddmmingim
out of its climatic context.

Although research into the field of thermal comfort climadesund the world has been
undertaken, there is little or no comprehensive research on thermal congerieraland in
residential buildingsn particularEthiopia One study cared out in Jimma town, Ethiopia by
Yadeta etal., (2016 analyzedthe percption of the residents towards thermal comfort and
investigate the sourcef heat which enables tacrease thetemperature of the indoor
environment through sing only questioners The studyinvestigats the perception of the
residencesising onlysubjectiveevaluation methadn total, the above study is lined in scope

of subjectiveevaluationmethod this method isffacted ly adaptationof the residentsf it is
supported by objective evaluation methadYet, there is no singlegesearch orthe thermal
comfort ofaresidentialbuilding in Semera cityHence, this study is intended to contribute to

filling these gapsThe aim of this researdk therefore to @rry outmore compreénsive thermal
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comfort investigations ihe relatively highest climate ardsy using both objectivas well as
subjective evaluation metho@lheresearch also aims to provide passive solutions and strategies
that fit thecity's climae conditons that wold be culturally accepted, affordable, especially for

low-income households, and reduce energy use.
1.3. Research Objective
1.3.1. Generalobjective

The general objective of the research osevaluate thebio-climatic thermal comfort of

condominiumbuildingswith respect tahe old traditional hous@& the AfarSemara
1.3.2. Specific objectives

The specific objectives of the study are
1 To evaluate the existing physical characteristicsh&fbuildings concerning thermal
comfort.
I To assesshte u s efaredice with regard to theaditional houseand standard
condominiumin terms of thermal comfort.

1 To compare the comfort level of the troinal house with respect to the standard

condominiums.

1.4. Research Questions

The followingresearctyuestios are formulated based on the specific objective of the study.

1. What isthe existingphysical characteristics conditiar the thermal comfort of
the condominium as well as the traditional house?

2. What are the perceptions of the society do¥g preference ofliving in a
condominium and traditional house with respect to thermal comfort?

3. Which building type(i.e. Condominium and traditional) isomfatable for

residents concerning to thermal com®ort
1.5. Significance of the study

The study Wl be very importantfor the improvement of thermal comfort in residence in different

aspects, among these;



1 To improve the thermal comfort of théwelling to enlance the productivity and the
morale of the residents well as to protethe residences fro different health poblem
such as itch, headache, stress, depression, asthma, allergies which may cause by indoor
thermal discomfort.

1 Along with the thermal condrt to protect depletion of natural resources by constructing
eccfriendly buildings or sustaable

1 It has its sigificance for the policymaker, decisionakers in the construction industry.
This research will have its significance as aad&enic input, acial transformation,

economiadevelopment, and technological improvement.

1.6. The scope oftte reseach

Spatially the study is confied within the afar regional statef Semeracity. Since all
condominiums are found at kebele 0land 02 of the city, tly €tvaluates and analyzing the
bio-climatic thermal comfort of the condominium buildings whioundat these twdkebeles.
Thematically the study evaluates and analyzing theclmoeatic thermal comfort of the
condominium building in comparison with th&ldraditional house found in Afar Semera city.
The comparative assessment is based on tltkicted tenperature ath humidity of the buildings

and analysis was conducted basedhmse two climatic factors.

1.7. Limitations

As intimated earlier the studwas mainly focused on the temperature and humidity data of
buildings. To measure humidity atemperatve only twodigital infrared thermometeand two
hygrometers were used whi is not sufficient to collect data within planed time. Thus, as a
solution the researcher determined to measure only two buildings one building from the modern
house andne buitling from ol traditional houses. It would have been better to test more
buildings to make the study more comprehensive. Furthermore, the pandemie diakbad
COVID 19 was also the other probldéhatimpedescarryingout the research activiti@scluding

data colletion on the proposed due time. This is because due to thesrpendisease
transportation services and other facilities were banned byotherrgnent state of emergency

decree.



1.8. Organization of the report

The thesis is categoed irno five (5) intedependent chapters. Chapter one presents "General
Introduction” it explains the background of the research and the problem which neogssitati
research efforts. The research aims, research questions, objectives, and scope ataiatst con

in this chapte . Chapter two Acontains t heawideranga at ur e
of earlier works. Chapter three presented under the fite @ Mat er i al s and met |
aspect of this chapter deals with the method, populatioth sinple of the tudy whereas the

second part provides the tools and techniques employed by the researchezeaadgyesent

the collected data. Genenrglthe whole plan of the study is discussed in detail under this chapter.
Chapter four presesthe reailts and disussion of datagathered. Theast chapter which is

chapter five presents a summary of findings, conclusion, and recommendations of the study

1.9. Operational definition of the study

The term of the central concept of evaluatibbioclimatic thermakcomfort of Afar Semera

condominium buildings discussed below.

Bio-climate: refers to the design of buildings and spaces (intérexteriori outdoor) based on

local climate, aimed at providing thermal and visual comfort, makingpisela energy and

other environmental sources. Basic elements of bioclimatic design are passive solar systems that
are incorporated into buildings and utilizeveonmental sources (for example, sun, air, wind,

vegetation, water, sgj(Ho, 2002)

Comfort zone: comfort zone refers to thmixturesof air tanperaturemean radiat temperature
(tr), and humidity that is predicted to be an acceptable thermal environment at particular values

of airspeed, metabolic ratend clothing insulatiofFanger, 1970)

Thermal comfort: accading to Khairy et al.,, (2012t her mal comfort I's d
perception of building users to feel satisfied in termghefindoor temperata, moisture level,
and ventilation. o0 Psychological state of min

Vernacular: is described as a builbheironment that is based upon local needs; defined by the
availability of particular materiaisidigenous to its péicular region, and reflects local traditions
and cultural practice@runskill & Brunskill, 2000)



1.10. Description of the study area

1.101. The geographical location of the study area

Semera is a new town on thevAshAsseb highway irthe northeast of Ethiopia, planned to
replace Asaitas the capital city of the afar region located in the administrative zone 1. Semera
has a latitude and longitude af1 A 4 7 Hj2 A 6j Nj8lamoj& al, 2013)and situated at a
distance of 595 from Addis Ababa.
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https://tools.wmflabs.org/geohack/geohack.php?pagename=Semera&params=11_47_32_N_41_0_31_E_

1.10.2.The dimatic condition of the study area

Semera city characterized by an arid and sand climate with low and erratic rainfall. Rainfall

is bi-modal throughout the region, with a mean annual rainfall below 500 mm in the@gdmi
western escarpments andaleasing to 150 mnm ithe arid zones ttne east. The altitude of the
Region ranges from 120 m below sea level in Danakil depression to 1500 m above sea level.

Temperatures vary from 20°C in higher elevations to 48°C in lower alagat

Tablel Annud climatic data AfarSemera

Climate data for Semera
Month Jan| Feb| Mar | Apr | May | Jun| Jul | Aug | Sep| Oct | Nov | Dec| Year
Average | 30|30 | 32 | 34| 37 | 39|38 |36 |36|34| 32| 31| 34
high°C (°F)| 86 | 87 | 90 | 94 | 98 | 103|100 8 | 97 | 94| 90 | 87 | 94
Daily mean| 24 | 25| 27 | 28 | 30 | 32| 31| 30 | 30| 28| 26 | 25 | 28
CCF) | 76| 77|80 | 83| 8 |9 | 83|86 |86|83| 79| 76| 82
Average | 18| 20 | 21 | 22 | 24 | 26 | 24 | 24 | 24| 22| 20 | 19 | 22
low°C(°F) | 65| 68| 70 | 72| 75 | 78 | 75| 75 | 76 | 71| 68 | 66 | 71
Average | 7 | 8 | 29 | 20| 11 | 5 |40 | 52 | 16| 6 | 7 | 2 | 203

precipitation
mm (inches) c,1,1,0}02|2}1]0]0)] 0, 8

Source( ASemera c¢climate: Average Temperatu+fe, we
ClimateDat a. org, 0 2019)

The graph above inditas that theeis high temperature in Sezna which is difficult to live and

the climate is characterized by high temperature and low humidity in the dry season, the diurnal
temperature varies from an average daily maximum of °G@o/daily 18.3°C the maahumidity

is highestin November (74%) rad lowest in July (28%)especially in June, July, and August the
temperature will fall 40C which is the highest temperature. This indicates that it is impossible

to stay in building rather the building will constt with the onsideation of high thermla

1.10.3.Socio-economiccharacteristics of the study area

Afar region is among the nine regional states found in the northern part of Ethiopia which cover
around 150,000 Kfnand structured into 5 zosand 29 wordas. Semera ithe caital city of

the region. There are more than 1.5 million peojple estimated to live in the region which is
dissected into one hundred clan families which in principle classified the land equally among
themselves. The head the clan familiesis calledMekaban under him eh tribe is ruled by a

Kedo Aba.These leaders together with elders are ruling the Afar so@specially they are
8



responsible to arbitrate when conflict asgetween or among clans, tribes individuals. The
majority numbers ofite Afar populationi@ pastoralists who engaged in cattle breeding activities

to subsist themselves and their families. There are around 1.9 million cattle in the Afar region of
which almost 90% are managéuough pastoral and the resiming are inthe agropastoral
productionsystem. The cattle in the region is dominated by two specious i.e. camel and

goat(Missionset al, 2001)



CHAPTER TWO
2.LITER ATURE REVIEW

2.1. Thermal comfort and itsimportance

Accordingto ASHRAE standard 52004(55, 2010) Therma comfort can be daribedasthe
condition of mind whichexpressesatisfactiorwith thethermalenvironmentnd is assessed by
subjective evaluation of the occupants based on checklists. Thermal comker is an
acceptableuality of theindoorenvironment. And these emenmental elementg@such as Heat
from electrical light, lack oenough ventilation, high humidity levedndthose elements can

expose the occupants to I(Jameetap?20@2lucti vity an

By managing thermalomfortof the indoor environmentikely to improvemorale, productivity
as well as improving health and safety residents(Edition, 2014) People working in
uncomfortablyindoorenvironments are moggobableto performunsafely because their ability
to make decisions afat perform manual &ks deterioratedueto thermal discomforNjomo,
2010)

2.2. Thermal comfort in outdoor spaces

Outdoor thermal comfort is erof the most influential factors in the habitability sgace.The

thermal level is definedot only by climate variables but also by adaptatf the people tde
environment(Ho, 2002) (Njomo, 2010)presented an evaluation tffermal comfort in far

square locationsfahe condominium Downtownin the west zone of Rio de Janeiro. They
showed the applicability of the Fanger s moo
outdoor spaces. Also, from the considered enviemtntonditionsthey showed that it was

passible to establish this influence on the thermal comfort for the locations selected in the square.
However, one should be very careful when interpreting the results of thermal comfort campaigns.
The actual standds help but shdd na be considered as sdiute references.

2.3. Thermal comfort zone

Refer to aracceptabléemperaturghumidity and air velocityn which asthe condition of mind
which expressesatisfactionand residents able to be feel healthy anddreing productie

(Njomo, 2010) The graph belown figure -2 indicates thathte temperature and humidity level

10



of comfort. And according to ASHARENd as thdigure indicates that temperature between
23 C-27°C and Humidity from 30RH 60RH refers to comfoong&55, 2004)
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Figure2 Thermal comfort zone saurce(Njomo, 2010)
2 4. Bio-climatic thermal comfort

Bioclimatic thermal comfd refers to theperfect remedy degre® indoor space tattainthe
quality of life interims ofcustomergphysical and psychologicalerall performancéAkande &
Adebamowo, 2010)Bio-climatic thermal comfort can beprovedby taking advatage of the
nearbycondition of the enviroment such as climatic condition, tbheentationof the building,
wind direction, humidity groundwater and also a good choice of building material rdoey
consideration of locally (traditionaljpvailable, whth have high capabtly to insulate

Temper#@ure and economically goofladetaet al, 2016)

2.5. Bio-climatic zones in the tropics
The hotarid areas arenarkedby using arabsolutehumidity (vapor presse) ofbeneatt2.5 kPa
andexcessivalaily temperatures in the sumntiene, to extrathan 50°C, coupled witkixcessive
photo voltaic radiationSumme and winter differsignificantlyand temperatures in winterrca
drop to 0°C. Tempature differences beten day and night can be as much as 20°C in winter.
Countries within this zone hawturdy direct radiation by means of the earth surface; moderate
precipitation and humidity; and the possibility of dust and sstadmsand high temp=ature

11



difference betwen day and nigt{iNicol & Humphreys, 2002¥igure3 showsthatthe climatic

zones in the traps and moderate ar®a

>

m]]]]mﬂmmm Equatorial rain forest regions Hot - arid zones J 7 Dry savana regions
Monsoon and humid savana regions 1Desert and semi-desert regions - Upland zones
Figure3 Climatic zone sourcgCarmona, 2018)

2.6. Bio-climatic thermal comfort factor

Indoor human thermal comfort is an important factor in indoor quality assessmeheandl
comfortaffectshuman health, work efficiency, amyerallwellbeing. And thermal dcomfort
indoors will enhance to lower emotiahand physical health of the occupaftadeta et al.,
2016) thereforeaccording tol HSE - Thermal comfort Measuring thermal eof o r2@1Q),0

indoor thermal comfort mostly can be affected by six basic fact

2.7. Basic factors of thermal comfort

The comfort of indoor space can be affected by different factors with difiéegn¢eshe nost
commonly used indator of thermal condrt is air temperature it sasieito use and most peoples
can ratat. however, air temperature alone is not a vatidarurate indicator of thermal comfort.
The factors affecting thermal comfort are both emwinental and persondlhese factorsnay

beindependent of eaabther, butogether contribute to aamployee'shermal comfoifde Dear

& Brager, 1998)
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2.7.1. Environmental factors

Thesefactors are createcheironmentally due to different reasons such as the high emotion of
gases and any other pollutions which may have an impact em#irenmen{Mamo& Worku,
2013) Such as

Air temperature: this is the temperature of the air surround in and a reason for thermal radiation
which radiats from warm objectsradiant heat may present if theisea heat source in an
environment. Radiant heat source includes the sun fire, ovens, kiln walls, cookers, dryers, hot

surface andmachineryare thesourceto increase thendoortemperature of the buildings.

Air Velocity: this can be describing the spedda moving across & employee anchaybe

help cool them if the air is cooler than the environment. Air velocity is an important factor in
thermal comfortStill or stagnant ajrfor instancein theindoor environmenthatis artificially
heated may caespeople to feel stufft may also lead to a builh odorand alsanoving air in

warm thehumid condition can increase heat loss through convection without any change in air
temperature. Physicaktivity also increases air movement, so air velocity begorrected for

a personallevel of physical activity Small air movement in cool or cold enviments may be
corrected to account forpersonalevel of physicahctivity. Smallerair movements in aool or

cold environmentmay be perceived as a draugist people arparticubrly sensitive tathose

movements

Humidity: refers to water is heated artdevaporates ito the surrounding environment, the
resulting amount of water in the air will proviteimidity. The relative humidity is the ratio
between thactual amount of watefaporin the air and the maximum amount of wataporin
the air and the maximum amount of wataporthat the air can hold at the aemperature.
Relative humidity between 40% and 7080 not have a major impact on thermal comfafrt
works placewvhichis not air-conditionedor where the weather conditions outdoor may influence
the indoor thermal environmemelative humidity may be higher 70% humidity in indoor
environments cawary greatly andnaybe dependsn whether there aregying processes where
steamis given off.High humidity environment has a lot @&porin theair, whichprevents the
evaporation of sweat from thekin, in a hot environment, humiditys important because less
sweat evaporates when humidity is high (8(0je evaporation of sgat isthe main method of
heat reductiofEddy et al., 2017)
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2.7.2. Personal factors

Clothing insulation: thermal comfort highly dependstlominsulating dfects of clothing orthe
wearer. Wearing too much clothing may primarily cause of heat stress even if the environment
is not considered Warm or hot. If clothing does not provide enmsgitation, the wearer may

be at riskof cold injuries such as frostki or hypothermia inaid conditiors. ( fi & Bioclimatic
Architedure. Green building | Bioclimatic Architecture, Rionstruction, Urban Planningnd
Envi r o r20t2).nherefor clothing is both a potential causeahafrmal discomfort as well

as a control for it as we adapt to the climatevimch we work. And itis important to identify

how the clothing contributes to thermal comfort or discomfort. by periodically evaluating the

level of protection it is possible tmprove the level of thermal comfort.

2.8. Design factors affecting the levedf thermal comfort

To the enhancementf indoor thermal comfort ofiousing it is better to protect the buildings
from diffirent obstacles that directlyaffect the thermal catndloring designlt has been found
that many factors affect the level ofshtomfort; major effes are such as urban desigtihe
architecturatlesign of the housand materiaselection for the buildingsinitedwith minor ones,
such as economy, qualitgtc.(55, 1992)

2.8.1. Urban design factor

The ubandesign of a settlement is one of réamary elementsvhich have aressentialmpact

on the thermal perforance of the buildingwithin it. In general, most buildings in hot climates

have evolved as a cluster more or less connected to each other to prevent the penetration of solar
radiation and to provide shade. Moreover, the buildinggdesand shapes are @lappropriate

to the bcal climate, as seen in the general view of a traditional city in Morocco. The city plans

of other ancient cities, such as Tripoli and Ghadames in Libya reflect similar at(iBiddg et

al., 2020)

2.8.2. Architectural design factor

The architectural design of the house is one of the factors that affect the thermal comfort within.
The architecturatlements play a grepart in influencing tk thermal comfort of the house; one
of these elements is the courtyard. Many studies have been carried out on courtyards in houses,

which emphasize the importance of this enclosed space as beinfumctitbnal able to provide
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a corvenient natural envirament to the interior, which makes it an appropriate architecture

solution for semarid hot areas.

2.8.3. Construction materials

Many studies focused on the benefits of using local construtierials as a solution to many

problans such as; pollutiomconomy, complicated construction.

2.9. Methods for evaluating indoor thermal comfort

According to ASHRAE(55, 1992)indoor thermal comfort can be evaluated based on two
methods such as subjective evaluation method and objective evaluation. Subjective evaluation is
an evaluation ba&sl on the feeling of the residents lging the ASHRAE theral sensational

scale, structured questioners and interview. This method of evaluation can be affected by the
adaptation of the residents as well as their mood. In case of objective evaluatiod,ntath

based on evaluating the imtdhermal comfort faors such as air temperature, relative humidity,

air velocity as well as mean radiant temperature of the indoor environment and compering the
value with standards which was discussed by ASHRABGbfor good output both methods

areimportant.

2.10. Experiencein developing and developed counteson thermal comfort
According to different schol ar doe groduetiveremd c om
healthy. Due to this to regulate the indoor thermal comfortfor bes HVAC systemthe

devdoped country used different mettsoand techniques. According {blielsen, 2012most

buildings inthe developed countes use Thermactive technologyduring construction. This
enabledo ectivate the buildings thermal mass witlthe help ofembeddegiping as well as it

enables togives an optimal indoor climatenergy consumption for heating and cooling is
minimized.Again, by combining the TAB heating and cooling system with embedded pipes in

the structural concrete slab or wall typically appliedthe building whereoccupancy pattern

yieldslarge cooling load during day time and it is possible to shift from day time tonight time.

But in the case of developing courgs due to lack of technologiebuildings usehe different
traditional methodof cooling systemsuch as locally available construction materidlsilding
orientations, using plantand thdike. Some strategies that the titeawhal(vernacular ) house use
different methodsnd technique@vianzano-agugliaroet al, 2015)
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In addition to the locally available materials (Vernacular) developing countries have some
methods to regulate the indoor thermal comfort such as using different shading methods specially
upper shadinginstalling externaparapet wall as divider between the houses to prevent the hot
air on the neighbor roof to move to house, providing slopeadof in the direction of courtyard

this enables cold night air to flow in to the court and using extetnaitgre such as woode
pergola embodied with vegetations and such water elements to enhance the moisture of the air
(Njomo, 2010)

2.11. Summary and gapsof the literature review

In this exploration phase, while assessing different sources and studies in the related field of
study Thermakomfort is discussedidifferent aspects of buildings. But, some of the studies

have some limitations which can be sumizexa as follows;

T Inthecase study journal entitled fAHuman Th
Bui | di Jngma townOsouthwest Bibpia. Yadeta et al.( 2016)Aims to assess the
thermal comfort qualities afhe indoor environment to enhance the productivity and
health of the occupants could be seen through many aspects as followudhess
conductedhrough questioners by the perception of the peoples only but the perception
of the peoples can be affected by the conditional mood of the occupants and adaptation
also has #gfactor for the accuracy of the outputs.

T The titl eforiiforacksdetal bgilding intheh ot dry climate ¢
by(Akande & Adebamowo, 201®ill try to assess the thermal comfort indoor space with
both questionariesdé6 and by wusing instrunmn
temperatureair velocity, and the study will fogs on the compas o the dry season
and the rainy season thermal comfort but the factors that affect thermal comfort will not
consider such as building materials and other factors and it is clear the dry seasen is mor
thermal discomfort than the raisgason due to tteemouwnt of humidity in the air.
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CHAPTER THREE

3.RESEARCH METHODOLOGY
3.1. Overview

This chapter is about the research methodology used in the Bhedgtudywas conducted based
on four (4) itemsuch a4.. Filedsurvey on both traditimal and the standar@redominium which
is found in Semera towa. Informalinterview was conducte®. Questionewaspreparedo the
residents and evaluated accordinglyTemperature and Humidity data for both typeshsf

house wererecoded by digitalinfraredthermometeand hygrometer respectively

The method of th study was focusedon the comparative analysis of thermal comfort level
between the old traditional (wveacular) housewhich is mae by Afar Semera people with that
of the standard condanium which is foundn Semeraown. Due tosimilar featurs of the
modern house onlgne building was selected randomly and also Heectioncriteria for the
traditional housavasbased orthe construction material, availability atraditional methoaf
cooling and ventdtion, locationHavingthese criterinonefrom the old traditional houses and

one from standard condominiums were selected for a detailed survey

There weresomechallengesluring the survey tima the research arekor instancesincethe
temperaturavasvery high it has been too muchifficult for the researchdo stay thereill the
end of the research ission And also,because of language constrajnthere were some
communicatiorproblems withthose who reside in the titional housesBesidesheywerenot
interested t@ive some informatiorand difficultto take photos andecord the temperature and

humidity datafor three consecutive days within thiegurs intervak.

3.2.Research design

This studyis a comparative reearch desigandusesboth descriptive aneéxplanatory research
methods. A mixed approaethich isboth qualitative and quantitative datemused. Through
guantitative physicalmeasurement) arglalitative (questionare, interview, and filed survey)
This research carriesut the comparative analysis of thermal comfort of condominium and
traditional housesand also examine the comfort levehow the different factors affect highly
thermal comfort of the buildirggn Afar/Semeraand alscanalyze the pgference of the people

and on what basedepends on.
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3.3.Type and source of data

To accomplish the purpose of this research, data have been collected from both primary and
secondary sources. As far as secondary data are concerned books, journa| aifibds
documentsand governmental reports were used as a source. To this end reviewing relevant
literature vasmade t o overview other countriesd expe
weight that they give to indoor thermal comfort whereas, psirdata were collectethrough
guestionnaires and interviews administered to the respondbitis have experience living on

both types of houseBurthermore, those data collected by personal measuring of the temperature

and humidity of buildings are failg under the categ@s of primary data.

3.4. Samplingtechniqueand sample size

Fromthose individuad who reside irKeble one and two, and who have been the experience of
living in both traditional house and condimmm buildings responehtsto fill the questionnaires
weredrawn. The omberof the sample size asdetermined using a formula developed by kish
(1665)(Ajay & Micah, 2014)

N= n
1+nYN

Where n = sample size

N = Total population size

N=1750 (total populatiosize)

nt= <2
V2

S = maximum standard deviation among the population of elements
(total error of 0.1 at a confidence interv&lb&%)

V= standard eor of the distribution assumed to be 0.05

S?=p (1-p) where p represents the proportion ofglbpulation elements belonging to the class
defined

$2=0.5 (10.5)

S?=0.25
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n'=0.25
(0.05Y

n'=100

N = 100
1+ 100

1750
N=94.59 95

12 x95=11.4 11 (contingency)
100

n= 11+ 95 = 10€population sample size)

Accordingly, out of 180 households, 106 sampleformantswere selected for household
surveys. The sample informants were selected @gmgposive sampling methdbm the total
householdAccording to(Tayie, 2005)purposive sampling is one thatludessuljects who are
selected based on certain specific criteria needed for the study. The nature of the study is such
that privilege and sensitive information is required. This required the use of purposive sampling
techniques for the study is to select respantddased on their experienddiving on both types

of houses

35. Data Collection

3.5.1. Temperature and humidity data collection

The data of indoor and outdoor temperature and humuéty colleced using two digital
thermometersnodel AstroAI386CA made in china,R02made in Americand the temperature
and humiditywasrecordedn both the traditional house as well as the standard condominium in
the absence of any kind of mechanical cooling and ventilatistersy The recordtayedfor the
consecutivehreemontts in agap of three (3) days which meagight(8) days per montland
Twente four (2) days per three (3) months athe datawasrecordedwith a threehour interval
starting from 100 pm1i 12:00ambecuse of the average inclination of the sunlighie to the

high temperatureeasorthe recorded data was started frofP&bruary 2020 to 25April 2020

and the data was recorded five (5) times in a day witladifferenceof three 8) hoursand the

data was recorded manually.
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A. Digital infrared thermometer

Infrared thermometer color screen display

Range-50¢ 400°C (-58°Fx 752F)

Accuracy: 1.5°C/ 1.5%
Resolution: 0.PC/0.°F

Distance spot ratio: 12: 1
Emissivity: 0.95 (fixed) Figure4 Inferred thermometer

OC/PF wnit selectable

B. Digital hygrometer
Humidity range: 10% 99 %RH

TEMPERATURE

Resolution humidity 1%RH

Accuracy humidity 5%RH (40%- 80 %)

Storage condition 2680 %RH CLOCK & HUMIDITY

Auto power off and Data hold

Laser ON/OFF selectable Figure5 Hygromeer device

The study was used two digital infraréfitermometes and two digital hygrometsrand the
consistency of thenaterials were cheekdayy comparingtheir readinggo each other, althe
instrumens which wereused for study manufactured inféifent companiethis enable to cluk
the reliability of the instrumats. Both the infrared thermometer and the hygromet@nsead
both temperature and humidity and it was easy tekctieeir accuracy. The detail descriptions,

specifications, manugfforall instruments is given in appendix A

3.5.2. Questionnairesurvey

The questionnaires were used to analyze the thermal percefti@noccupants. Questionnaires
weredistributed forpurposively selected sample informamso had experienced irving both

types of buildings. The questiswerefocused onacomparison between both building types and

it enables to understand the perception of the society towards comfort and the method that they

use to regulate the thermal comfort of both buildingsluding comfort level, energy
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consumption, constructn material,cooling and heatingnethod, openingize and utilities such

as electricThequestioswere gven to the peoples selective randomly throagtutualcontact.

The total number ofjuestionairesdistributed wasl06 and thetotal number ofjuestionnaires
collected wad.01but5 of them were not collected due to the bad welling of the respoaddnt

a totalof 101 questionnaires from each respondent were evaluated and the questionnaire is give
in appendix Bthe Thermal serational scale of the respoads was assessed by the ASHRAE
7-points ofsensational scalVersion, 2016as shown irthetable below.

Table 2 Thermal sensain scalesourcefVersion, 2016)

Thermal sensation scale
Cold cool Slightly cool | Neutral | Slightly Warm | Warm | Hot
-3.0 -2.0 -1.0 0.0 1.0 2.0 3.0
Thermal preference scale
No Slightly Much
Much cooler | cooler slightly cool | change | Warmer Warmer | warmer
-3.0 -2.0 -1.0 0.0 1.0 2.0 3.0
Satisfaction scale
Very Slightly Slightly satisfie | Very
dissatisfied | dissatisfied | dissatisfied | Neutral | satisfied d satisfied
-3.0 -2.0 -1.0 0.0 1.0 2.0 3.0

3.5.3. Informal interviews

Informal interviews were collected with the ownerstteé traditional house, and also with the
people who had earlier experienced living in dgfies of houses, with construction workers and
visitors in the city and some experts of local architectureeme3a town. Many questions were
asked, about the particular features of the houses, especially about the comfort level and the
solution, which hey adapt to provide optimum thermal comfort in the house and to understand

user preferencasoncerningesidenial architecture in the city.

3.6. Field survey

The field survey was focused on observation of the lifestyle of Semera people and how they

challenged by temperature and also observe the techniques that the people use to heat and cool
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the indoor temperatur¢he ways of constructing a buildintpe construction material, opening
type and size, form and space utilization and the overall activggttoptimum thermal comfort
of the building. Two buildings were selectddom both types of buildingpr the study during the

field survey based on certain criteria which stated above.

3.7.Data processing and analyses

Data analyses were carried out byesuisheet software MS Excel. The spreadsheet has been used
to calculatethe mean value of environmental variables and to generate tables showing the
percentage of temperature and humidltiye first phase of analysis was related to the collected
temperatue and humidity data, which were presented in linear charts that sheituigon in

the traditional houses compare to the modern (condominium) one. The second phase of data
analysis was related the questionnaire data, which was presented in tabulasfahart and it
analyzed using a mixture of descriptive statics. Gsajged for the analysis. This data gives brief
information about both types of buildings including the challenges they.faced

3.8. Ethical consideration

This thesis is myoriginal work and all material usethroughoutthe study have been duly
acknowledged. Theesearcher informed thespondentabout the nature and the very objective

of the study and theonfidentiality oftheir answer and secured their permeation before they gave

their response. All data in the stuldgtvebeen gathered n due respect with i
privacy as a researcher gained owners and/ ers i germstos @ have an access to their
premiseso measure the humidity and the temperature condafahear devilling house. All

stateof thestudy were carried out tonformitywith basic research standards as well as all data
wasanalyzed, presenteshd concluded with objectively withoutthen f | uence of t he

personaperceptions and egpience.

3.9. Data quality and control
For good output of this research the researcher tries to use methods that enhance the quality of
the outputsAccordingly, small sample size of questioner was distributed before and for the

instruments accurachéresearcher tries to compdhe nstrumentsvith standard temperatures
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CHAPTER FOUR
4. RESULT AND DISCUSSION

In this chapteanalysis and resuliare reported to draw the inferences of the study. Different
types of information or data eve gatheredthrough different information or data gathering
techniqgues such as observation, informal intergjefiled survey such as humidity and

temperatureneasirement

4.1. Characteristics of the Sample population

4.1.1 Age of the respondents

The age group ahe respondentsagranged from 20 years old to over 51 years, ftbmtotal

respondenh=106100%) the most respondents were=42 (39.6%) were aged from 31 to 40
years old, some respondents wer@927.4%) aged from 41 to 5072220.6%) wereabove 51
and few respondents whiclere n=1812%) were aged between 20 to 30 years old.

> 51
21%

41-50 316;)0
27%

w20 -30 m31-40 m41-50 = >51
Figure6 Age of the responden(Seld survey,2020)

4.1.2. Level of education

According to the survey resuthe majority of the respondents were not educated. From the total
respondentsn=106,100% the highest resments n=4%42.5%) of the totalrespondents were

not educatedy=26(24.5%) of the respondents had finished elementary sche@5@3.6% ) of

the respondents had finished high school and few responaeb®$9.4%)were had finished
university degree. Accdmgly, since the majority ofhe informants lack the basic skills that
allow themto write, read and understand information on paper there for the researcher and other

supporters fill thequestionnaireaccording to the perception of the respondents.
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Figure7 Level of educatiorffield survey,2020)

4.1.3. Family size of the respondent
Concerning to the family size B2(49.1%) of the residents were haxes family size26(24.5%)
of the respondents were have betwéaa9 families n=21(19.8%hada family number of 13
and finally, n=7(6.6%)were abovel-3.

60
50
40
30
20

10

®In number ®In percent

Figure8 Family size of the respondeffield survey,2020)

4.1.4. HousingType ofrespondent
Concerning the housing type of the residents the major hoe&€55.7%6) were categorized
under row house=21(19.8%6) of the houses were semetached and few houses2624.5%)
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were detached house these indicate that row houses are preferable by the resmohdeats

openings in all directioespecially windows for cross ventilation.

&L

= Row house = Semi-detached = Detached

Figure9 Housing Type of responde(fteld survey,2020)

4.1.5. Experiences of respondents related to living the traditional house

The survey result shows that from the respondents in living in the traditional hous&d-3%o)

have experience in livingniatraditional house for more than ten (10) years4h£38.7%) were
living in the house from-@0 years and few number respondent$8 (17%) were living in the

traditional house for less than file5 years

HIn number mIn percent

~ ™
D
o ™~
~ foe)
™
o ~
- —

1- 5 years 6-10. years >10 years

Figurel10living in the traditional houséield survey,2020)
4.16. Experiences of respondents related to living imodern houses

According to information obtained from respondents living in modern house majority of the
respondentsn=55 (51.9%) hadexperience in livingn a modernhouse froml-5 years n= 40
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(37.P0) were experiencd in living 6-10 yearsin a modern houseand few numbes of
respondents=11 (10.4)were living in a modern house more than 10 years. This indsduiat
theyhave enough experience to exprémstodern house character

® In number m In percent

s 3
= S
1- 5 years 6-10years >10 years
Figurell Experiences living imodern house@ield survey,2020)
4.2 Existing physical characteristics of the buildings
The house of all the respondent 0 featdreismcethe i n

house is standard condominium havaxpncrete floor with marble and ceramic floor finishes,

the wall isconstructed from 20cm thickotlow concrete block and plastered and painted the
cealing have a height of 280 cm. The house is cayéreCIS and they used flat roof type and
there are 4 (four) to 6 ( six) windows per one household room and have an aaFajd20mm

x 80cm,100cm x 90cm and 150 cm x 120 cm this type of window attached to the door and some

of the windows are fixed.

According to information obtained from the field survey, the traditional house of the respondent
has some commomphysical character but there is also some difference in the physical
characteristics of the house. All traditional hausse mud aa flooring material because they
usethekitchen in the internal space aoconcerningvall material, they use mudtegratel with

wood, basket as it ,ignd also grass and plastfos roof cover They have no ¢kng at all and

the roof of the house is covered byasy; soil and othermaterials. This all materials and
construction method were used in order to regulate #rendd comfort of the indoor environment

by using those locally available materials
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4.2.1. Housing Type

Afar is one of the lowest areas oreftiift valley region, and this makes it to one of the hottest
places in the world, the temperature gets ugl4gr ee Cel si us. The afar
pastoralists who travel from place to place in order to find grazing land for their cattle and
drinking water for their family. The people use a unique type of architecture which enables them

to move around theihouse from place to place without requiring cutting of trees. This
architectural technique enables them to design adaptive types of housingt ihatbh
environment. Afar vernacular architecture is unique from every vernacular style that is found in
Ethiopia in terms of its mobility and its types of shell structure which stand without an
intermediate column, and this helps to create a vast oea Bpside it. And the construction

process described in the figure below.

ST

Figure13 Movable house materials Figure12 Movable house structure outline
(field work,2020) (field work,2020)

Figure15movable house roofing materi Figure14final structure(field work,2020)
(field work,2020)
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4.22. Characteristics of the local traditional architecture

According to study the emergences of dwellings at the town, old thick brick houses are tailed
nex to the temporary straw houses, so that old thick break houses are the secondnpermane
living houses of the town. The local people who know well the climate condition of the area
made the houses. These buildings were built
before 40 to 50 years accorditaginhabitants of

the area. They were able of being a living space,
but not 100%. Theuildings are cool enough
during the day time but are hot at night. The

i nhabitants candét sl eep
during the hot season. Instead, they will funnis

their bed on the open field or under the tree.

Figure16 Old thick brick houses with basket shelter extensiighd work,2020)

Straw shades without walls were a#snong the spaces for sleeping. But now these straw shades
are replaced by bamboo basket shelter which is made of basket wall and basket roof (See Fig
17.).During the stdy, the researcher has tried to investigate the main ecological characteristics
of these housing types, the main character of these houses is their thick brick wall, this thick wall
has a high thermal mass. Most of these old thick brick house has sndgWwsion top or will

have one normal window per room. Even for those rooms with navmdbw, in most cases,

the window is not functional; just remains closed as shown below in the figure.

%YL o

ﬁoe/ f2’2} 12 08:42%

Figurel17 Old thick brick houses with small windoyfseld work,2020)
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Almost all of this type of housing has two opposite dd@ee Fig.19.). This allows cross
ventilation to exhale the hot air from the rooms through
one door and inHe the cold air from the basket shelter

| through the other door when the internal space gets hot.
P Every block can contain two, three, or more utfitst

™ are oriented in a row. Behind these row houses, there is
a big backyard for straw shelter and trees.séh&raw

‘ houses, currently advanced to basket houses are used

for sleeping, cooking, dining area, and gathering. The

second door has a value tospto this courtyard (See
" Fig.21)
Figure18 Old thick brick houses with opposite dodfield work,2020)

The other important characters of these houses are that thehighvaternal space elevation
without a ceiling. This may allow the inhabitants to experience cooler air at the ground as the hot
air floats to the higér roof (See Fi22). Sand or soil floor is also among the features of these
houses. Painting white tlexternal wall is also among the characteristics observed on old thick
brick houses (See FR.)

Figure19 White painted external wigffield Figure20 Backyard basket
work,2020) shelterg(field work,2020)

. <>
Figure21 High internal spacéield work,2020)
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4.2 3. Analysis of old thatch roof hose

These thatch roof houses are the first permanent living house of Semera city, as the old thick
brick houses are said the second permanent living house based on the probable emergence of
dwellings as the researcher suggested. These houses have a sititlatagsi@are with the thick

brick houses, cool enough during the day but too hot at night. The wall of the houses is structured
Fs by wood and plastered by thick mud. The

§ . roof is also framed by wood and similarly

L2 covered with thick thatch. In most cases, the
floor is made of sands but can also be of soil.

'i-‘-’ Sands and soil floor promote the use of

| evaporative cooling. These houses have no
ceilings and have high internal space

i elevation.

Figure22 Thatchvillage (field work 2020)

The slight connection of the roof to the wall is visible; this lessenseiduetransfer from the roof

to the wall during the day time. The roof of these houses is not a mere shelter for the internal
space,; itis also shade to the wall from the harshagS®e Fi@4.). Small and opposite windows

are very common, which are tbely source of natural light when the door closed (Se&bjg

These opposite windows encourage cross ventilation

. ) Figure23 Narrow windows
Figure24 Roof shaded walffield work,2020) (field work,2020)
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These thatch roof houses also have their special approaches towards the climate of the area. At a
compound level, the houses arerehterized by their detachment from one another. It is not only
the detachment, their orientation character; they haveaatsmged far apart and randomly

without a pattern (See FRp.). So, they can possess a wide compound for air circulation.

Figure26 Basket shelter attachmg(field work,2020)

These houses are, in most cases, attached with basket shelter to their front. This shelter will

feed cool air to space in (See Rig).

4.24. Common characteristics of local traditional architecture
Thick brick wall houses and thatcheabf houses shamany common characteristics in dealing
with the hot climate of Semera Both are made of materials that have high thermal mass; brick,

mud, and thatch (refer table 3). The flooring materials, sand or soil, are also common for both
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housing types which enhagihe use of evaporative cooling. People spray water on the sand floor

during the hot hours. When the sprayed water evaporates, it will cool the hot air inside.

Table3 Thermal mass of some high thermal mass mate(Rdéslly & Kinnane, 2017)

Thermalmass| This chart compares the thermal mass propertig

No | Material KJ/m?. K some common materials. The volume or quantity

1 | Concrete 2060 these materials in a typical application is also import

2 |HCB 1900

3 | Earth block 1740 Compressed FC sheet flooring has a higher the
Rammed mass value than brick or eastlalls but is usually only

4 | earth 1673 present in 20mm thick |

5 | Brick 1360 a lot of heat.

6 | Earth wall 1300 Brick walls are 110 to 230mm thick and earth walls

usually a minimum 308m, giving them the capacity {
store large amounts of heat.

The amount of useaf thermal mass is calculated |
1100 multiplying this taple by the total accessi!ole volume
the material that is the volume of material that ha
surface exposed to a heat s

Straw

Floor coverings such as carpet, which insulate the n
reduce the accadte volume.

Small & uplifted windows ar@also common features of these houses. These small & elevated
windows are used mainlga source of light and to eliminatierough the hot air from the ground.

A very common strategy used by both the thick brick houses and the thatched roof houses is the
use of two opposite openings per room. For the brick houses, it is usual to havepbsibeop

doors, one main gate and the other is smaller (the second door) and is used to get from the room
to the backyardThe second door will draw the cool air from thesket shelter or the trees and

the first door will remove the hot air from the rooramely called cross ventilation. The small
windows are also involved in removing hot air in most cases these shelters are oriented to the

northeast of the main buildinghig is because the other sides are hotter than this side.

For the thatched roof houst®ere are two opposite and small windows fixed around the top of
the wall. Even though these windows are not enough for cross ventilation they are so suitable to
removeraised hot air from the room. High internal elevation without ceiling is also conrmon i

both housing types. This high internal elevation will help the hot air to rise from the bottom

32



sphere of the room to the upper so that the peoples on the groundertairettie cooler air. In

most cases, the raised hot air will escape through the wmdibws.

The other very common and significant strategy that both housing types possess is the attachment
of a big tree or straw shelter which is modified to bamboodiasielter currently. This shelter

will feed cooler air to the houses. The thick briduses are attached to shelters by its second
door and to trees at the main door (See Fig 27,). The thatched roof houses are attached to the
shelters or trees to theioht (See Fig 37,). In fact, the main purpose of these shelters is not to
serve cool &, holding that task in their backs simultaneously they are multipurpose spaces.
Activities |like sleeping, cooking, imeiTheseng, g
basket shelters are followed by wide enough compounds and trees todiwsatt dir. Holding

the abovementioned common strategies these thick brick houses and thatch roof houses share
one common quality, cool indoor space at day time andthaght. Still, these old traditional

houses cannot collaborate with the climate follgause peoples are sleeping out of the homes

in the open shelter. Although the above mentioned old traditional houses did not match
completely with the climate conditioof the area, they are able of being a living space in
collaboration with the baskehelters. In any event, the peoples are living well. They are more

important than houses with proper walls and roofs.

4.25. Probable feature and alternative of dwelling at Semera town
During the study, the researcher tried to identify the type of haamsktheir overall feature
including their age, history, and character flow. From their age and characteristics, thelstudy ab

to detect the emergence of the housings over time. The probable emergence described as follows.

Table4 Various features of the Traditionabuse Qwn summary)

NO Feature Description Remark
Layout
a Room shape| most ofthe buildings are rectangles, and circle and have an av|

area 30rup to 50 M and the rectangular shapes have semi part
and tte circles have no shape all of the traditional houses he

maximum of two partition rooms

b | opening The opening orientation was located in all directions of the buil

orientation and they use the openings according to the season of the win(
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of the time the used too small and fixed windows used for light
ventilation. And woods are used to de@nd the doors have sm
width and have high height.

C opening size | The size of the openings is to small and more than 7 in all dine
and materials mostly they are top widows and they are fixed
Structure

a Wall Most of the buildings used old brick, basket for their external
and they use some kinds of cloth for partition

b Roof basket, straw (grass) was highly used for roof construchiento
good characteristics of a cooling indoor environment $arne
buildings use CIS roof. And the layer of the grass roof varies |
season to season so to get the optimum temperature in the indc
sometimes water was used to cool down the temperand to lose
the absorption of heat from the sunlight.

c Celling all most all traditional buildings have no celling

3 Construction material

a Wood Used for structural elements such as column and also used for

b Mud Mainly used for wall and floofinish

e Grass Used for roof cover due to its higiooling indoor environment arn
also used for the wall like as a basket

f CIS Used for roof cover due to its high cooling indoor environment

4 Utility and service

a Electricity | Installed dumg the construction period.

b Gas No exist

c Plumbing | not exist

d Sewage | not exist

e Light Get naturally from sunlight through the top opening

f Ventilation | Get through naturally by openings
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4.3. Modern houseconstruction

The main characteristics the built Standard Condominiums concerning the climate conditions

of the area have stated below. The condominiums are not functioning well simply, they stand
almost vacant and the heat quality of the condominiumscd e descr i bed as 6h
and the whole night6. The units are formed f
with wide glass window, reinforced concrete (RC) slab and ceiling (in most cases), and in most
cases, there is a small balcortaehed to the units and the balc@aee too narrow to provide

space for a bed. The wider balcony may furnish one bed for one person and also bed furnished

on thecorridorat BL typology Standard Condominium (FRB). Also, balconies used as sleeping

spaces (see Fig9).

A

Figure28 Bed at balcony Bltypology Figure27 Bed at corridor BL typology

(field work,2020 (field work,2020)

4 ' Theorientation of the doors and the windows are only getting
[ and openings without well studied ecological implications.

The windowsdo not promote natural ventilation mostly the
kitchen is located southwest with a wide glasisdow (see
Fig30.). However, he windows are wide, the wider portion

is the noroperable; the operable part is narrow so that the
harshest sun will penetrate thae fixed glass but very low
wind or air circulation through the narrower operable

window. This promotes the worse heatha room.
Flgure29 Kitchen with small operable window BL typologfyeld work,2020)
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Al most in all residentos bedr oc
Due to this and other reasons, residents use the bed as a store
and the corridor and the balcony as a bedroom.ZggFig:

29and Fig:3l1are taken from resident
typology. Espcially the corridors have muliurposes,

Cooking, dining, coffee program, In the condominiums, every

room has a mechanical ventilator which blesses the room to

some extent, although these ventilators have no power to

exchange the air from and the unis.

Figure30 Bedroom as stor@ield work,2020)

Poor plumbing system location contributes to the hot air stay in the space, by preventing windows
from being opened (see Fig3). The painting of the external wall also has enough effect to
support the hot indoor space additionally tleevdpipes ardoend down as shown in the figure
below maybe by a high amount of temperature (see32)g These Standard Condominiums

have a quality of being hot both at day time and night, unlike the old traditional houses.

|

Figure32 Poor plumbingfield Figure31 Bended down pipes
work,2020) (field work,2020)

The main reason fahis quality is that the fixed glass window for the day heat; and the bounding

CHB wall for the night heat. The fixed window encourages heat by preventing natural ventilation.
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4.3.1. Probable feature of dwelling at Semera town

Table5 Various features of the Modern hoy§avn summary)

NO Feature description Remark
1 Layout
a Room shape | Almost all the condominium shape is rectangular and there arg
different characters of dwellings such as studio, one bed, two be|
three bed in all condominium building the number of thbeglroom
and twebedroom have highest in number but almadt they are no;
occupied
b opening size | there is a standard dimension of opening size for all classe
and material example main gat&20cmx 210cm, for bedrooms and kitchens 90
x 210cm and for Toilet 70cm 210cm these dimensions are nee
the same to Addis Abeba's condominium. All types of opening
constructed from glass and metal
2 Structure
a |Wall The wall of the buildingsconstructed from 20cm plastered a
painted HCB and also using 10cm HCB for some partitions like tc
and kitchens
b | Roof Almost all buildings use iron sheet metal to cover the roof
¢ | column and As usual, all the structural column and beamsanstructed from
beam RCC
d | Celling All rooms have a ceiling made from timber, gypsum and the heig
the celling vary from room to room and have a maximum of 28
height
3 Construction material
a | wood (timber) | used for roof trusses and internal doors
b | Reinforced for awall, column, beam, and plastering
concrete
e | Ceramic, for floor finish
marble
f | Redash for foundation backfill
g | paint for finishing
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4 Utility and service
a | Electricity partially installed but not for all
Light all rooms hae no chance to getatural light and the use of artifici
light
c | Ventilation using openings and use another mechanical ventilator

4.4. Cooling strategies for both types of dwellings

Both types of buildings have their method to cool down the temyperaut they have their
degree of cooling mostly traditional houses are starting the construction with the consideration
of thermal comfort by using different traditional methods but thdenmohouse (condominium)

tries to cool the temperature after constion is finished. There is no consideration of the local
temperature during the construction of the modern house (condominium) but the residents take
their measures to cool down the temgtere.The following table compares and contrasts the
common feattes of old traditional houses with the standard condominiums in their response to

the bioclimatic factors.

Table6 Comparing old traditional houses with standard condominiums in strategies towards

the climate (Own summary)

The comma feature of the | Features of the Condominiums on

old traditional houses the strategy Strategy
High thermal mass wall, High thermal mass wall, EB, but
thick brick, andnud mixed with wide glasses Thermal mass

RC slab with a ceramignish,
Sand or soil flooring spraying water is a mistake here Evaporative cooling

Wide nonroperable windows & smal

Small and uplifted windows| operable window Stack effect
Opposite openings Random opening Cross ventilation
High internal 3.5 4.5 meter| 2.80-meter internal &ight Stack effect

Attachment with basket

shelter or trees No attachment at all Cool outdoor space
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The people of Semera want to be out of the room, to sleep outdoors, to bake and cook at
traditional kitchens or owufoor when it gets hot. But there is mpdace provided at the
condominiums for these functions. The people of Semera have the habit aigpvater on the

floor to cool the heat. This is not possible in the condominiums. They want to share a cooler
compound filled by trees and basket shelath other families and have gatherings every night

but this is also impossible at the condominiu@snerally, the peoples of Semera do not want

to be in a bounded space for a long time especially during the nighttime, which contradicts the
standard comaminiums built there. So, it can be said that the standard condominium does not
match with the behavioof the peoples due to the climate of the town losing its bioclimatic

context.

4.4.1.Method of cooling
As far as concerned the respondents answehannmodern house, n=86 (81.1%) of the
respondents were using the electric fan for coolingrtdeor environment, n =15(14.2%) used
handheld fun the rest, n=5(4.7%) were used nothing due to financial problem. In case of the
traditional house, n=79(74%9f the residents were use nothing foooling the indoor
environment, n=1@5.1%) were used hanafd a fun and the rest, n=11(10.4%) of the
respondents had an electric fan but they rarely because of electric availability in case of cooling
system the old trational houses was not mechanical cooling system rather the building by itself
able to regulee the indoor environment
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81.1 29.0
70 74.5

60
50
40
30
20

10 16.0
14.2 151 11.0 10.4 47 0 00 00 00
0 [ § 1% mmm el RO

Hand-Held fans Electric fun Nothing Any other

® Modern House In number m Modern House In percent

Traditional House In numbe: Traditional House In percent

Figure33 Method of coolingfield survey,2020)
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45. Utilities in the on both types of House
45.1.Availabil ity of electricity

Concerning the availability of electricity in the modern hoasliéespondents have respled as
there is the availability of electric power but there is power fluctuation many times, according to
the respondents they use another tyfdeghting during the power fluctuation. But thecase of
the traditional houséhe reverse is true, above half of the respondart8 (55%have not got

access to electricity.

45.2. Level of natural light

The survey result data indicates that ke imodern hous@=42(39.66) of the respondents
answered as the level of naturglht is goodn=41@38.7%) of the respondents replay that as the
natural light issatisfactoryandn=23(21.7%) of the respondents answered askve

Regarding the traditionalonsen= 7167%) of respondents respond that the levethefnatural

light level was goodn=31@29.2%) of the answered asatisfactoryandfew n=4(3.86) of the
residents respond that it was ake During the observatigrable to understand that 4%
respoments are fromthe detached house type. From this, it is simple to understand that
comparatively the level of daylight is goodtiretraditional house than the modern.
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70 67.0
60
50
a1 42 38.7 39.6
40
. sl 29.2
23 21.7

20
10 4 3.8

0 | -
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Modern house Tradtional house

mweak m Satisfactory m Good

Figure34 Level of natural lightfield survey,2020)
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45.3.Level of natural ventilation

Concerning natural ventilation, the majority of the respondents living in modern he@5e
(33%) were answered as it wasaken= 42 (39.6%) answered as it wasatisfactoryand few
numbes of respondent$)=29(27.4%) were aswered as it is good, this implies that the highest
number of respondents were not satisfied with the modern house ventilation. For thetlvase of
traditional house the majority of thespondents6562%) responded that the natural ventilation
was good,n=31(29%) of respondents considered as it veasisfactoryand few numbes of
respondentsn=10 (9%) were answered as it was ake As shownduring observatiorthe
traditional house uses parallel openings for cross ventilation this enables teeédbagegood

natural ventilation. Again, ithecase of ventilatiojthe traditional house was preferable.
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Figure35 Level of natural ventilatioffield survey,2020)

4.6. Environmental Comfort Level both House
According to ASHRAE sevengnts of scales thermal sensation scale, thermal preference scale,

comfort scaleand satisfaction index for both houses were summarized as follows.

4.6.1.Thermal sensationalscale forboth typesof houses

Concerning to modern house thermal sensatistele, the respondéstreplays indicate that
n=67(63.21%) were answered waln.equal number of respondents n= 15(14.18éponded

as both slightly warm anldot=6 (5.66%)responds ase thermal sensational scale is neutral and
n=2(2.83%) were resposeas slightly cool. According to ASHRAE sensational scai& to-1

were indicates that comfort zone accordingly regarding to thermal sensational scale,
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n=82(77.36%) respondents were nottbe comfort zone and, n= 24(22.64%) were responded

that as they aremdhe comfort zone

80
70 67 63.21

60
50
40
30
20 15 14.15 15 14.15

6 5.66
o oL . .
0 0.00 0 0.00
0 — L

-3 -2 -1 0 1 2 3
cold cool Sligtly cool Neutral SlightlyWarm Warm Hot

B Modern House In number Modern House In perecent

Figure36 Thermal sensational scdta modern hous€ield survey,2020)

Regarding traditional house thermal sensational scale, the data from the respondents indicate
that=46(43.40%) were answered slightly marn=35(33.02%)responds as the thermal
sensational scale is neutral=12(11.32%¥spondedas slightly cool and n=9(8.49%)d
n=4(3.77) respondent replies that warm and hot respectively. According to the standard of
ASHRAE, n=93(87.73%) were under the comfoone because it locates+1, 0, -1, and the

rest n-13(12.66%) werelocated out of comfort zone. Due to the gathered data the traditional

house is best in thermal sensation unlikely the modern house.

According to the observation the residesitshe malern house usetthe rooms only for stored
materials andhey cook, slep and doing activities out sides of the room due to the discomfort of
the indoor environment in addition the residents living in the upper floors were faced a lot of
challenges due tanpossible tduild straw houses rather they doing activities includilegping

on the corridor and the balconies.

In case of the recorded data even though it shows different reading in diffaysand time to
the average the temperature and the huynafitthe indoor environment is out of the thermal
comfort zone in all tteemonths comparativelfrom the three monthghefirst month(February

) is better even it was not in the comfort zone endther months in sonspotsthe modern house

indoor tenperature is higher than the external environment.
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Figure37Thermal sensational scale for traditional hofistd survey,2020)

The information obtained from the thermal sensational scale has supported by the information
obtainedfrom key informant interviews. 100% were said that condominium is completely
inappropriate for Semera. They condemned it because it is a multistorymguataihat it is not
comfortable to build a basket. And it is too hot both at day time and at i2ghof &e traditional
housebs dwell ers Sayed as they dondét want to
but we dondt t hiThekasdured as the conglaminiom deanids kthe liehavior of

the people91.6%of the condominium inhabitards not want to stay there. And some respondents in

need of selling their unit and to build other traditional G+0 houses. And from the total 67%o0f, the
inhabitants' sleep in a basket shelter made temporarily on the ground; and 33%sleeps at the balconies or
at the corridor. 58%o0f them spends most of their time at the basket shelters on the ground; 26%spends

most of their time at balconies and corridors wHeé%prefers to spend their time at cafeterias away their

home.

Figure38 Beds furnished for outdoor sleéjeld work,2020)
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4.6.2. Thermal Preferencescale forboth typesof houses

Concerning to preference scale, according to the collected data on modesshousethat the
distribution of preference scale, n= 62(58.08%) were out of the comfort zone of the preference
scale and n=44(41.51%) were between the standard of ASHRAE.
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Figure39 Thermal Preference scale for modern hqiséd survey,2020)

Concernimgythe traditional house of preference scale, the summation of slightly cooler, no change,
and slightly warmer which is found on the comfort scale, n=88 (83.02) were under the preference
comfort zone and, n=18(16.38%) were outhaf comfort zone. Accordirtg the preference scale
again the traditional house is preferable than the modern house.
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Figure40 Thermal Preference scale for traditional hofidd survey,2020)
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4.6.3.Thermal Satisfactionscale forboth typesof houses

According to the collected data on modern house concerning to satisfaction scale indicates that
n=54(50.94%) were the summation of discomfort zone such as very dissatisfied 19(17.92),
dissatisfied n=35(33.02%and concerning to comfort zone for the modenmslegn=52(49.05%)

were the summation of slightly dissatisfied 22(20.#®utral 11(10.38%)slightly satisfied
9(8.49). Accordingly, the residents of the modern house were not satisfied as the data indicates
that the highest respondents were answeredaitidiisd and the number discomfort zone is

greater than the comfort zone
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Figure41 Thermal Satisfaction scale for modern ho(isdd survey,2020)

Concerning to th&aditional house satisfaction scdkew respondents n=22(2®%) respondd

that as the traditional house satisfaction was not good and dissatisfied and above the half
respondents, n=84(79.24%) the summation of slightly dissatisfied 23(21.7#08ajtal
18(16.98) slightly satisfied 30(28.30%3atisfied 9(8.94) andewy satisfied 4(3.77%) were under

the comfort zone. Having this data, it is easy to generalize the satisfaction scatgditional

houseis good and standard comfort zone which is statelSHRAE thermal sensational scale
indicates that the traditiohbouse residents were satisfied with the indoor environment thermal
comfort Comparativelythe old traditional house was comfortable than the modern house due to
the satisfaction scale alsét. is obvious to understand from the interview the residents madr

satisfied with themodernhouse
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Figure42 Thermal Satisfaction scale for traditional ho(fseld survey,2020)

4.7. Comparative climatic comfort for both houses

Concerning to comfort for both types of houses almosteslbandents, n= 98(93%) were

responded traditional house is more comfortable than the modern house, n=6(5.7%) were

responded that the comfort level of the hougessanilar and few numbered n= 2(1.9%) were

answered athe modern house is comfortable thde ttraditional houses. As it is understood

form the response of the interviewee some residents who are lives in condominium house are

becomes selling their houstesconstrucatraditional house.
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Figure43 Comparative climaticomfort (field survey,2020)
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4.7.1.The rationale behindfor better comfort of a traditional houses

The data collecteddm the relevant respondents confirmed that the reason for the comdort of
traditional house, n=51(52%gspondedas a constructon material is the basic reason for the
comfort, n=27(27.6%j)espondeds the size of the openings and type is the basic faxcttre

comfort and n=20(20.4%) were responded the construction techmicgtbe basic factor.
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Figure44 The reason for better thermal comf@ield survey,2020)

4.8. The analyses of thermal environments in both traditional and standards
houses

During the survey, two environmental factors (variables) affecting thermal comfort have been
collected fromonetraditional house and one modern house and the outside of theduilding

several days and times in three consecutive months at a certain assigned spot by using two digitals
inferred thermometer and two hygrometers. The variables were air temearatthumidity.

A. Humidity and temperature data analysis in month one (Fleruary)

Figure Al and A2 indicates that the temperature and humidity recordings of the traditional,
modern houses and the external or outdoor environment as a comparison during/ 2é@ar

with the interval of three hours starting frah®0 ami 6:00 pm

Figure Al indicates that the temperature differendbedld traditional house, the modern house
as well as the external environment. Accordingly, in this month a maximum temp&6iDre
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and a minimum of 1% were recorded, from thishe highest numbeof temperatures was
recorded from the external environment and the list number is from the traditional house.
Concerning the comfort level according to ASHRAE standard, frot@ 227°C is a comfort

zone( "Addendum a -2t0ol 3S toaconddiady ta)theSstandarthe recorded data
indicates that the math house was being in comfort zone only three weeks in a month such as
Feb. 13,17,21,202@&nd the rest moths were out of the standard comfort zone. Concerning the
traditional housga maximum 29.%C and minimum 18C were recorded and in case of thermal
comfort rather than the three month¥i13™ (Feb.01,05,08 the restwas on the comfort zone.

The uncomfortable states of the modern house, which was caused by many reasons; the adapting
of the new design styles which are incompatible with $aeracity environment, besides
depending completely on the construction materials, which many studies proved that they are

inappropriate for hot arid zongsenerdy, the traditional house iggferable.

Concerning to the thermal sensational scale of thdams which is discussed above indicates
that the residents are more sensational in the traditional house rather than the condominium
(modern house). Generally, this indicates that the result which is obtained from the instrument is

supported by the ASHRAsensational scale.

Figure A2 indicates that the differential in indoor and outdoor humidity data for both types of
house. Concerning the modern house rather than Feb.02,#82@est were out of the range of
thermal comfort (30RH 60 RH) which is stad by ASHRAE, whereas ithe case ofthe
traditional housgthe reading indicates that, all the recorded data quite close to the range of
thermal comfort zone. The uncomfortable states of the modern house, which was caused by the
method of construction, #size of openingsand orientation of the buildings warompatible

to the climatic condition of Semera city.
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B. Humidity and temperature data analysis in month two (March)

Figure B1 and BRepresent the range of internal and external temperature and humidity which

was recordedh the second month of the study peribth(ch).

Figure B1 shows the temperature differencehefold traditional house, the modern house as
well as the external emanment. Accordingly, the maximum temperature recorded in the month
was 38.8C by the external environment and the lowest temperatas recorded in traditional
house 25.%C. Relative to theimonth the second monthsahigh temperature. Ithe case 6

the modern house as shown below in figure all the recorded temperature was alfdvRi27
indicates that the modern house isaithe comfort zone throughout the month. Concerning the
traditional house there some points which showhe thermal comforzone but to the average

the traditional house was also out of the comfort zone. Relative to the modern house the
traditional haiseis preferable because the recorded temperature in the traditional house was close
to the comfort zone and the reding cetesny is better than the modern house. The
uncomfortable states of both types of residerg@sedue to high temperature of thevelmnment

but for the uncomfortable state of the modern house, which was caused by the design by itself

have a problem it wasot desigeddue to the consideration of the climatic condition of the region

Figure B1 indicates that the Humidity differencelaf traditional housg the modern housand

the external environment. As shown below in the figure the recorded humidity indicates that to
the average almost both buildings are out of comfort sspecially inthe modern house and

the external environem the range was very high and it has regular consistency.
uncomfortable states of the house were caused by poor design solutions. The moisture content of
the air becomes dry when the temperature becdngdeer. This result is also examined by
thermal sensational scale of the residents and tasult is the similar to the recording data

indicates.
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Figure47 B2 Temperature data darch 202((field survey,2020)
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Figure48 B2 Humidity data oMarch 2020 (field survey,2020)

C. Humidity and temperature data analysis in month Three April )

Figure C1 and CRepresent the range of internal and external temperature and humidity which

was recordedh the second month of the study period (April).
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Figure Clshows that the temperature differencetloé old traditional house, the modern house
as well as the externahvironment. According to the collected data on month three of the study
period, the highest temperature was recorded by the external environmemtisv4PC and
minimum temperature recorded by the 6traditional hou$€.24ccording to the collected
temperaturethe modern house temperature indicates that betwd@@ne2@l 38C and this shows

that the modern house is above the comfort zone busitleseto the comfort zone. Concerning

the traditional househe collected data indicates that the houas wathermal comfort zone
throughout the months. Constriction materials, building technique, cooling systérauilding

orientationenabledheroom comfortable.

Figure C1 represents the Humidity difference of old traditional tsptise modern housend
the external environment. The figure below indicates that unlike the external environment both

building types were under thermal comfort zone.
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Figure49 C2 Temperature data on April 20¢ild survey,2020)
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