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ABSTRACT

Thermalcomfortin buildings located in hot dry weathesnditions is improgd architecturally
with the use ofppropriate anddequatdiodimatic design principles. &atiorship between
bioclimatic designprinciples and indoor thermal conditiongeastudied orthree selected
faculty buildings in north east Nigeria: School of Environmental Technolodybakar
Tafawa Balewa University Bauchi; School of Environmental Sciences, ddibbo Adama
University of Technology Yoland Faculty of Sciences,obe State University Damaturu
Firstly, visual surveychecklist 8 ued to assesshe rates of bioclimatic response on each
building. Then theindoor thermal condition@nd indooruserperceptions about tHauildings
were synchronouslyassessed througbhyscal and subjective measuring instrumeritee
thermal variablesveremeasurd according to morning and evening sessifumghree daysn
thisstudycovering indoor air temperature, indoor air relative humidity and indoor air velocity.
It is discovered that thgercentage ohdequately applied principles (AABn the buildings
had direct (1:1) relationship to the indoor there@infort conditions. WheAAP is at a high

of 40% comfort votes about the measured thermal parameters in these buildings revealed about
50% of indoor space useis be thermally uoomfor@ablewithin the indoor space (47% of
indoor users were uncomfortable with B#Cindoor ar temperature43% of indoor users
were uncomfortable with th83RH% indoor air relative humidityout about100 of the
respondents were comfortable with the indoor air spddw studyconcludeshy proposing
design conceptwith integratedbioclimatic responses for the hot dry climate designing
buildings which is believed to upgrade thedoor thermatliscomfortconditionsfor at least up

to 80% ofindoorspace users thestudyarea.
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DEFINITIONS OF TERMS AND CONCEPTS
In the course of this study, terms are used which specially require explanations as used by the
researcher. These are as follows:

I. Climate - is the state of atmosphere over long periods, usually tracked for more
than 30 years of time, in@articular area.

il. Hot Dry Climate: - is the climate of a particular region as characterised by very
high solar radiation levels, high ambient temperature and relatively low air
humidity.

iii. Bioclimatic Ruilding: - is a building that responds to the climatanditions of its
environment, modifying them with appropriate desigorder to createonditions
that provide the lowest possible energy consumpti@rmal and visual comfos
to its user.

V. Thermal Comfort- is the stateof mind about the conditionsf a particular region
expresseasthe rates ohmbient temperatuyeelative humidity and wind velocity

V. Anemometer: is the instrument used for the measurement of air velocity. Digital
anemometers give approximate values automatically.

Vi. Hygrometer - is the instrument that measuredative humidity of air. Relative
humidity is the ratio of the amount of water vapour in the air compared to the
maximum amount of water vapour that the air could hold at that particular
temperature.

vii.  Thermometer: is the instrument used for the measurement of temperafire.
temperature is a measure of the average speed at which air molecules are moving;
high speeds correspond to higher temperatures.

vii.  Thermal Comfort Questionnaires Surveys a form of questionnaires dgsed to

enquire orthermal comfort perceptions about the building users in a particular site.
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1.0 CHAPTER ONE: INTRODUCTION
1.1  Background of the Study
Buildingslocated in hot dry areasust adapt thextreme conditionsf heat orcold to
achieve a welbalanced indoor climate¢Academia 2014). Basic principles of
bioclimatic design are the achievement of least possible energy consumption concurrently
with the provision of thermal and visual comfort for the user of the buil(tmgrgy
Design Partnerspj2013. Bioclimatic responsaddresses the problem of indoor thermal

discomfort.

The dimatic conditions ofYobe Statethesite) is hot and dry fo6 -8 monthsof the year.

And that he mean temperature for most meteorological stations in the statats3a8°C

The maximundaytimetemperature of about 46 is normally experienced in April, while
minimum daytime temperatures of about 30°C are usually recorded in December
(Community Portal of Nigeri®2012) In all the hot dry climatesgiative humidityislow,

as itdrops to about ZBH% during the day timen this periodsAnd then there iamarked
highwind velocitythat drives the heateslitdoorair into the indoor. Andso remairthe

dry air moving rapidly enoughto create drought conditior{§islisbach and Zollikon,

1993).

Thermal comfort in ghoolbuildings isone of theproblemsnecessarily of great interest
when potential links betweehuilding performance, general sustainability, and the
benefits of a healthy, productive and comfortable envirarirage consideredschools

are major energy consumers, due to significant demands for heating and cooling to
provide acceptable thermal comfacbnditions for inhabitants (Haddad, 2014)A
comfortable classroom keeps students focused and alert (Americdmadyi®&ystems,
2014).The relationship between indoor environmental conditions in general and student

achievement is well established.



An Annual Reports (1982 1999) National Universities Commissiofibuja, Nigeria
bridging the gap betweethe northand the south; presented thanalysis ofjamb
enrolments in NigeriaUniversity new entrantslhe six higheststates in the soutand
six lowest statesn the north. From the six northern states, the least enrolments was
recorded in Yobe state as against tighér number oenrolments irthe six southern

states when quota is considered.

Recent studies show thatueationin Yobeis in sorry state due to population explosion
into major towns, inadequate facilities, death of quality teachers and instructional
materials(Press Interview, 2014Theilliteracy level and the need for education in the
north is prevalent particularly in the nomast (study area). Coupled with the current
insecurity, particularly in Yobe, the situation is critical that the neechttertake the

project of school building designs cannot be over emphasised.

The studyis imperative considering the place of indoor thermal comfort on learning
input/output in school setup and the energy implications of maintaining a buldging
mechanicalmeans Building maintenance tesdto make maintenance expenditure
untenably high ashe fuel pricegise coupled with the recent subsidy removal and the

current instability delectricity in hot dry area.

1.2  Problem Statement
Poor vegetation cover artde Sahelian semi desert features of buildingssitgéhin Yobe
coupled withthehigh sohr radiation led to hedry cold weather conditiorfer the period
of 6 - 8 months of dryseasonsin this weather ondition, there is always a natural
possibiity that school buildingsgenerate undue indoor thermal discomfort the
occupantsleading to the following problems& t ud e nt s 6 s gneirnfsotrrmiacntcoer s

abilities to impact knowledgegot decreasdt he ener gy consumpti on



maintenancéecome unidordableasthe University community increases population
each dayand alsothe health status of indoor users get critically theead(Haddad,
2014); the type of dressxdoor usersvear is greatly changg@ritish Health and Safety

Executive, 2012)etc.

1.3  Aim and Objectives of the Research
The research aim is to investigate bioclimatic design principles, their applications and
relevance on achieving an indoor thermal conditions for buildings Hayoarea. The
result of this investigation leads the design of the proposed Faculty of Environmental
Science for Yobe State University.

The research will be led through the following objectives.

1. To identify the principles of bioclimatic design.
2. To determine the appropriate bioclimatic design@ples for hot dry climate.
3. To establish a relationship between appropriate bioclimatic responses and the

resultant indoor thermal condition$ buildings in the study area.

4. To propose design ogeptfor a model building in the study area.

1.4 Research Questions

The research is guided by the following questions.

1. What is Bioclimatic Response?
2. What bioclimatic responses are appropriate in thePigtClimate?
3. What is the relationship between the bioclimatic responses and the resultant

indoa thermal conditionsf buildings in the study area?

4. What design concepts would be appropriate for a model building in the study area?



1.5 Scope and Delimitation of the Research
Bioclimatic design principleare not restrictednt he i ssuesomfofit het mal
alone, ittouchesenergy efficiency and visual comfort as well. That is to say, bioclimatic
design principles could cover vast areas extending beyond the objectives of this research.
The research is however limited to the stated aim ajetidles due to the consideration
of such factors as time, research laboratories plus the cost of financing a synoptic weather
data forthe highest accuracylhe @se studies and field studies were conducted in the
study area to obtain data about te&ion of bioclimatic responses and cesponding
indoor thermal conditions in the faculty buildingsny other detail that goes further than

the above statements is beyond the scope of the research.

1.6  Justifications of the Research
The proposed projecbpes tgrovide one of the immediate needs df@versity Faculty
Building for the Yobe State University (YSU) Damaturfhermal discomfort was
presented as the daunting phenomenon for building use¢he area and therefore a
sustainable design approg@&ioclimatic Respongdo preventthe harsh weathéeatures
of the given sitdbbecame imperativeResearch findings as the end product of shudy
will be the design concepts fre proposegrojectbutwill also berecommended farse
on anyother upomingdevelopmersdl plans within the Climate
The research dpes to contribute knowledgen therelationship between batimatic

responsive buildings artteir indoor thermakonditionsin hot dryschool environment

1.7  ThesisProspectus
Chapter 1:Preents backgroundstudes about the npblem including unanswered
guestionghat necessitated tharaandobjectivesin the esearchScope and Delimitation,

Justifications and Thesis Prospecitese also indicated



Chapter 2Presents whdhe previousreseacherswereableto carryout on some similar
thesis statemesin their own ways It also indiates howthe following research vea
differentfrom the previousvorks.

Chapter 3 Presents the methodologydopted forthe researchResearchassumptions
aboutthe respodents/thermal conditiorend research reliabilitywere also discussed
Chapterd: Presentcasestudiesfield studiesnformation that lead to researtthdings.
Chapter 5Reportsthe design ofconceptuasedsolutions to thdindings of the resarch.
Chapter 6:Presents the recommendatis/conclusions of the research including the

contributions to knowledge that wefirally drawn from the research



2.0 CHAPTER TWO: LITERATURE REVIEW
2.1  The Concept of Bioclimatic Design

Edwardq2011)bioclimatic refers to the relationship between climate and architecture. It
has a long pedigree going back to the work of Le Corbusier with his use in hot climates
of ventilating atria, solar screening and thermal mass. Modernism drew inspiration from
vernacular climatic practices whether in hot or cold regions. Climate is currently
emerging as a new force in sustainable desidrether it be concern over mitigating the
effects of climate change or by actively engaging in climate responsive design.
Understanding climate within and around buildings offers the chance to remodel practice

and save energy and water.

According to the BergyDesignPartnershipgnergy solutions (2012) bioclimatic design

is otherwise a form of sustainable design that is gotexrprocess, which must consider
issues of energy interaction between a building and its environment. Regardless of
whether the attention focuses on passive or active systems, the energy performance of the
building at all times and seasons determine titeess of the design. ahtheobjectives

of bioclimatic design are:

1. To save and to replace some or all the fuel consumption for heating, cooling and
other needs of habitable space

2. To ensurethat theinternal conditiongrewithin the comfort zoneral

3. To ensure a shoiterm depreciation of its additional initial costs compared to a
conventional building, through the energy savings it leads to

For these purposes bioclimatic design combines the use of renewable energy (solar, wind,
etc.) by regulahg the heat flow (insulation, waterproofing, ventilation, and shading)

based always on the climate data and building goals.



2.2 Principles of Bioclimatic Design
Energy Design Partnership, energy solutions (2012) identified the Principles of
Bioclimatic Desgn accordingly as follows:
1. Regulation of environmental conditions
2. Exploitation of solar energy
3. Thermal protection of buildings through shading
4. Systems and passive cooling techniques
5. Natural lighting

6. Acoustic control

Fislisbach and Zolkon (1993)postulated thathe aim ofdesign in hodry regions
involvesminimizing heat gain during theaytimeand maximizing heat loss at night
and around the buildings to the occupant 0s
design objectives
1. Resisting heat gain by:

i. Decreasing the surface of the building exposed to the outside.

ii. Using materials that take a longer time to heat up

iii. Providing buffer spaces between the living areas and the outside

iv. Decreasing ventilation during daytime in themsners.

v. Providing adequate shading devices.
2. Promoting heat loss by:

vi. Providing for ventilation of various appliances used.

vii. Increasing ventilation during cooler parts of the time.

viii.  Providing for evaporative cooling (e.g. roof surface, balcony, etc.).

ix. Using earth couplig systems like earthir pipes.



From section 2.2 aboythe Principles of Bioclimatic Design that are relevant for adaption
in building designs to be located in hdty area are found to be PRINCIPLE 1
(Regulation of environmental cditions); PRINCIPLE 3 (Thermal protection of
buildings through shadingnd PRINCIPLE 4Systems and passive cooling techniques
accordingly.The principles provides detailed parameters on how to solve or dispel the

indoor thermal discomfort architectunalh building designs.

2.2.1 Regulation of environmental conditions (microclimate improvement)

The improvement and adjustment of environmental conditions occurring on the
construction of the building is succeeded with the overall strategic planning of the
building in order to make the best use of the sun, the prevailing wind, the ambient

temperature and humidit$ee Fig. 2.1

\ Fivreeing PUANTING
(9la AR FOR SOEMS

PEEY VERANDA SHADING
ELINNATING LOW ANSLE SUN FADATION

TR sanks arek S — =]
N AR CHANNEL

Figure2.1: Regulation of environmental conditions
Source:Handbook on energy conscious buildings

2.22 Thermal protection of buildings through shading
The thermal protection of a building is mainly achieved by the appropriate design of the

openings to prevent the escape of heat, the proper insulation of the building envelope and



the proper arrangement of theamal spaces (rooms used more frequently are placed in
the south to avoid the écol dd north).
With the protection of shading the major goal is to protect the building from overheating

during summer with by strategically placing internal or external, végdiva horizontal

blinds.See Fig. 2.2

. SUNSHADES I
Figure 2.2 Thermal protections by shadingwces.
Source: Hanblook on energy conscious buildings

2.23 Systems and passive cooling techniques

|t refers to {dinhate cdntol, its dhading ansl to e minirnization of
thermal loads during the warm summer months through openings and the shading of the

opaque envelope componerge Fig. 2.3

Summer Condition

Figure2.3: Systemand passive cooling
Source: Handbookn energy conscious buildings
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2.3 Models of Bioclimatic Design in Hot Dry Climate
Models of bioclimatic desigareprovided inHandbook on energy conscious buildings

by Kumar 010). The practical applicationsf bioclimatic desigrior thehot dryclimate

are:
1. Site

I. Landform

il. Water bodies

iii. Street width and orientation

Iv. Open spaces and built form
2. Orientation and plan form
3. Building envelope

V. Roof

Vi. Walls

Vii. Fenestration

viii.  Colour and textures

iX. Special Considerations
2.31 Site

2.31.1Landbbrm:

Regions in this zone are generally flat and heat up uniformly.

In case of an undulating site, constructing on the leeward side of the slope is preferred.
This protects the building from direct impact of hot winds which can bie g

uncomfortable. 8e Fig. 2.4
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Figure 24: Undulating site
Source:Handbook on energy conscious buildings

Building in a depression is preferable in cases wherelagon is assured. See Fig. 2.5

L., SR ClHLLECT =
I THE DEFRESSMDR

Figure 25: Building site at depression
Source Handbook on energy conscious buildings

2.3.1.2Water bodies:
Water bodies like ponds and lakes act as heat sinks and can also be used for evaporative

cooling. They humidify the air and makecamfortable insid. See Fig. 2.6

FiOUINTAIRN AlDS b
EvaAF O RATINE OO =

Figure 26: Evaporative cooling of fountains
Source:Handbook on energy conscious buildings
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Fountains and water cascades in the vicinity of a bgldiso aid in cooling. Fig. 2.7

WATER CaASCADE HELF=S
EvaPFORATIE CODLIMNG

Figure 2.7 Evaporative cooling of water cascade
Source:Handbook on energy conscious buildings

2.31.3Street width and orientation:
Streets must be narrow so that they cause mutually shade the buildings. Streets need to

be orented in the nortisouth direction to bldcsolar radiation. See Fig. 2.8

pd
/

Shdall WIDTH TO HEPMSHT
RATIO CUTS OFF SUMN
SND LHGEHT

Figure 2.8 Narrow width to height ratio shades buildings on site
Source Handbook on energy conscious buildings

2.3.1.40pen spaces arbilt form:
Open spaces such as courtyards and atria promote ventilation. They can be provided with
ponds and fountains for evaporative cooling. Courtyards act as heat sinks during the day

and radiate the heat back at night. Grass can be used as gomendocabsorb solar

12



radiation and aid evaporative cooling. Earth beaming can help lower the temperature and

also deflechot summer winds. See Fig. 2.9

GRASS ABSORBS HEAT AND
MIMIMISES RERADLIATIOM

Figure 2.9 Absorption of heat by ground cover grasses
Source Handbook on energy conscious buildings

2.3.2 Orientation and plan form

An eastwest orientation is preferred in hot and dhynatic regions. See Fig. 2.10

—
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Figure 2.10 Correct Orientations
Source Handbook on Energy Conscious Buildings

South and north facing walls are easier to shade than east and west walls. During summer,
the south wall with significant exposure to solar radiation in most parts of India, leads to
very high temperates in southwest rooms. Hence, shading of the south wall is
imperative. The surface to volume (S/V) ratio should be kept as minimum as possible to

reduce heat gains. See Fig. 2.11
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IDEAL PLAMFORM FOR
MINIBLIM HEAT TRAMSFER
AND DIWVERSHIN OF WIND

Figure 2.1 Ideal plan forms for diversioof wind
Source:Handbook on energy conscious buildings

Crossventilation must be ensured at night as ambient temperatures during this period are
low.

2.3.3 Building envelope

2.3.3.1Roof:

Flat roofs or vaulted roofs are idealthis climate. Nonetheless, a vaulted roof provides

a larger surface area for heat loss comgao a flat roof. See Fig. 2.12

WALLTED ROQFS
REDUCE HEAT GAIM

Figure 2.2: Vaulted roof reduce heat gain
Source Handbook on engy conscious buildings

The material of the roof should be massive; a reinforced cement concrete (RCC) slab is
preferred to asbestos cement (AC) sheet roof.

External insulation in the form of mud phuska with inverted earthen pots is also suitable.
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A falseceiling in rooms having exposed roofs is favourable as the space between the two
acts as a heat buffer. Thermal insulation over false ceiling further increases the buffer
action.

Insulation of roofs makes the buildings more energy efficient than insylignwalls.
Evaporative cooling of the roof surface and night time radiant cooling can also be
employed.

In case of evaporative cooling, it is better to use a roof having high thermal transmittance.

2.33.2Walls:
In multi-storied buildings, walls andaging account for most of the heat gain. The control
of heat gain through the walls by shading, thus, becomes an important design

consideration. A wall that transmits less heat is feasible here.

2.3.3.3Fenestration:

In hot and dry climates, reducing twndow area leads to lower indoor temperatures.
More windows should be provided in the north facade of the building as compared to the
east, west and south as it receives lesser radiation throughout the year

All openings should be protected from the byrusing external shading devices such as

chajjas and fins. See Fig. 2.13

PROPERLY DESIGMED CHAJJAS OVERHAMGS
AND FINS HELP TO KEEF THE HELP SHADING
INTERIORS COOL

Figure 2.B: Shading devices and overhangs give heat protection
Source:Handbook on energy conscious buildings

Moveable shading devices suchcastains and venetian blinds can also be used.
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Ventilators are preferred at higher levels as they help in throwing out the hot air.

Since daytime temperatures are high during summer, the windows should be kept closed
to keep the hot air out and openedinig nighttime to admit cooler air.

The use of 'jaalis'(lattice work) made of wood, stone or RCC may be considered as it they
allow ventilation while blocking solar radiation. Scheduling air changes (i.e. high
ventilation rate at night and during coolegripds of the day, and lower ones during
daytime) can significantly help in reducing the discomfort.

The heat gain through windows can be reduced by using glass with low transmissiveness.

2.3.3.4Colour and textures:

Change of colour is a cheap and effiextechnique for lowering indoor temperatures.
Colours that absorb less heat should be used to paint the external surface.
Darker shades should be avoided for surfaces exposed to direct solar radiation.
The surface of the roof can be of white brokerzeghtiles.

The surface of the wall should preferably be textured to facilitatesisatfing.

2.3.3.5Special Considerations

As the winters in this region are uncomfortably cold, windows should be designed such
that they encourage direct gain during tesiod.

Deciduous trees can be used to shade the building during summer and admit sunlight
during winter.

Well-insulated and very thick walls give a good thermal performance if the glazing is
kept to a minimum and windows are wsHaded.

In case of nosrconditioned buildings, a combination of insulated walls and high
percentage of glazing will lead to very uncomfortable indoor conditions as the building
will tend to act like a greenhouse with the insulated walls preventing the radiation from

the windows fom escaping into the environment.
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Indoor plants can be provided near the window, as they help in evaporative cooling and
in absorbing solar radiation.

Evaporative cooling and earth air pipe systems can be used effectively in this climate.
Desert coolerare extensively used in this climate, and if properly sized, they can help in

achieving comfort levels

2.4 Climate
The National Geographic Education Society (2012) defined climate as thé¢elomg
pattern of weather in a particular area. Weather is Hte of the atmosphere over short
periods of time. Weather can change from hour to hour, day to day, month to month or
even year to year. A regionbds weather pa
considered its climat&Vorld climates, as studied byeteorologists, display a wide range
of complex characteristics and variations. For building design purpose it is important to

make use of a standardized version of the climate classification system around the world.

Energy Design Partnership, energy soltions (2012) stated in accordance tthe
definitions above thahe basis of bioclimatic building and bioclimatic design is climate.

And thatthe factos and mechanisms that affece:

1. The sun, with parameteos solar geometry and sunshine

2. The airtemperature,

3. The wind with parametette direction and intensity and

4. Moisture with parameters the humidity of air and the environment

The proper observation of these elements and a building design based on their
"exploitation” and integration to thkead to the saalled energy design which can
drastically reduce the energy consumption of a building and its negative environmental

impact.
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24.1 Climate dassifications
The National Geographic Education Society (20d2)e thewelve (12) differentypes
of climate found on Earth:
1. Tropical Climate

I. Tropical Wet Climate

il. Tropical Wet and Dry Climate
2. Moderate Climate

I. Humid Subtropical Climate

il. Mediterranean Climate

iii. Marine West Coast Climate
3. Continental Climate

I. Humid Continental Climate

il. Subarctic Cinate
4. Polar Climate

I. Tundra Climate

il. Ice Cap Climate
5. Dry Climate

i. Arid Climate

il. Semiarid Climate

6. Highland Climate

All the twelve (12) climate types are grouped into 5 categories, except 1 (Highland).
Climates in the same category share characteriatidsare usually found in the same
area. Climates change over time which is usually very slow. The Earth has experienced
many different climates over its 4.54 billion years. There are many different factors that

cause climates to shift and chan@&eeFig. 214)
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Figure2.14: Climaticzones in the world
SourceNationd Geographic Education Socie$3012)

2.4.2 Semiarid(hot dy) climatic zonein yobe s$ate

National Geographic Education Society (2012) defined the hot dry climate to be in the
arid zoneas above which is in either of the two zones of latitude that are between 15° and
30° north and south of the equator, consisting mostly of desert or semi desert. In this type
of climate, the mean summer temperatures are around 30°C but can reach a naximum
45°C. Clear nocturnal skies can cool temperatures down as IoW0&S. Relative
humidity is low and precipitation is very low. This lack of moisture, together with strong

seasonal winds, can make wihdrne sand steis a major problem

According to Cormunity Portal of Nigeria (2012) the climate of Yobe State is hot and
dry for most periods, of the year. The mean daytime temperature for most stations in the
state is about 37°C. In summehet highest temperature (about°@) is normally
experienced in Apl, while minimum temperatures (about 30°C) are usually recorded in
December (Lloeje, 1977). The State exhibits a remarkably high annual range of mean

monthly temperatures.
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The Ministry of New and Renewable Energy, RHE, (2010) stated that a haity climatic
region is characterised by very high radiation levhlgh ambient temperature and
relatively low humidity. It is alse@haracterised by a mean monthly maximum temperature
above 30°C. The region in this climate is usually flat with sandy or rocky droun
conditions Other muntries that are found in hdty climate include Saudi Arabia, Oman,

United Arab Emirates, Egypt, Syria, Chad, Sudan, and Niger.

The characteristics @ridity according tdSoomro,(2012)are: -
1. High summer day time temperatur82-86°C)

2. In hotter regions above 40 and up t6G0

3. Large diurnal temperature range 26C

4. High solar radiations (86900 w/m?)

5. Frequent dust storms,

6. Little or no rain

7. Clear sky most of the year, promoting solar heating during the days a
8. Long wave radiant loss during the nights.

24.3 Comfort Dnein yobe sate

Thermal comfort is that condition of mind which expresses satisfaction with the thermal
environment, that is, when someone confirmed as not feeling either too hot or too cold.
(British Standard,EN ISO 7730). An environment can be judged a reasonable comfort
when at least 80% of its occupants are surveyed and found out that they were satisfied

with their conditions (British Health and Safety Executive, 2012)

The AmericanSociety of Heating,Refrigeration andAir-conditioningEngineers (55
2010) conductedresearclover many years on large numbers of people concluded that

there is a range of combined temperatures and humidity that provides comfort to most
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people (80%)n any clmate. TheComfort Zone Charshowsfiindoor Air Temperature”

on the vertical axis, "Relative Humidity" on the horizontal axis, and a shaded area known
as the Comfort Zoné' It is also provided that an Ideal condition of temperatures range is
between (36C - 46°C) and 45% RH year round. For Air speed, there is a relationship
between temperature, humidity and comfort: People will be comfortable with higher
temperatures in the hot condition, if the air is moving and/or the relatimnidity is low

(near 30%)0On the other hangbeople will be comfortable with lower temperatures in the

cold condition, if the air is still and/or the relagititumidity is highas 60% (See Fig. 25)
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Figure2.15: An ideal ku'mancomfort zondn any climate
Source’ANSI/ASHRAE Standard55, 2010

From the Figur.15 above, there is no one temperature and humidity condition at which
everyone is comfortable. People are comfortable at a range of temperatures and humidity.
Notice that most people are comfortable at higher temperatfutbsre is a lower

humidity. As the temperature drops, higher humidity levels are still within the comfort
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zone. This makes sense if you think about your own experience. Remember being in a
hot, dry, deseflike environment and being surprised at how wain't feel hot. That's

the effect of humidity and temperature on human comfort.

Occupational Safety and Health Service (1997) providiégianal comfort standard for
sedentary occupations applicable in any climatic zone. According to the standard, most

people will be thermally comfortable for the following conditions as shown Table 2.1

Table 2.1 Standard Conditions for Sedentary Occupations by ©8e\8 Zealand, 1997

Conditions Values
Summer/ Rainy Season Winter/ Dry Cold Season
Air temperature 19-24°C 18-22°C

Relative humidity (0.12) 4070%

Air speed 0.1-0.2 m/s, without creating a draught
Radiant heat No direct exposure to a radiant heat source
Clothing Light clothing (0.5clo) Winter clothing (1.0clo)

2.5 Challenges of Locating a Building in Hot Dry Conditions

The success or failure of any ltbmatically designed building could be judged not only

on how it is designed but also maintained in the region. In this way, the greatest barriers

to achieving thermal comfort are the following challesoncept Bio2008)

1. Designing According to Individual Taste/style In line with the Bioclimatic
Guidelines.Bioclimatic design imposes a set of guidelines, but there still remains a
lot of freedom to design according to individual taste. Sitting hef Ibuilding,
consideration of solar access, collection of rainwater, using thermal mass to your

advantage, correct fenestration and solar shading are all good examples of techniques
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that can be taken into account when designing. The end product is mweckmeayy
efficient and in tune wth its surroundings and Nature.

. Selection ofLandscapingPlantsto be used irthe Climate.Plants in hot and dry
climates must beelected based on their resistantitaught conditiongind height

limit for this design sice shade is needed for almost year rouidce ot dry
climates tend to have weather conditions that are hot to very hot, low precipitation,
and dry air.Plantsthat are naturally grown ithese climatesnustalready become
adaptive tdhe conditions ogrtime Even though there are often long periods without
any rainfall and the sunshinbecame veryintense yet some plantssuch as
wildflowers, cactus, Succulents, drought grasses and Stumased In this design,

Table 2.2 gaveome of the plantsut of which arepurposely selected

Table 2.2SomePlant¢Trees Adaptable to Drought Condition@ urfgrass
Producers International TF2014)

PlantsTrees CommonName | Botanical Name Mature Height
1. MangoTree Mangifera indica 15m

2. Cashew Tree Anacardium ccidentale | 12m

3. Mahogany Meliaceae 23m

4. Umbrella Tree | Taxodiaceae 20m

5. Nean Tree Azadirachta Indica 15m

6. Cactus Cactaceae Short

7. Wildflowers - Dwarf

8. petunia Dwarf

9. Drought grassey Ground cover
10. Daisy Low
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3. PermanenSource of WateSupply to humidify aiand irrigate plantBoreholes
are drilledat relevant positions on sitehile overhead tank is raised to generate

potential difference of driving/powering the water down the channels.

2.6  Summary of Previous Resealces

Previous works have been summarised as follows:

1. The principles of bioclimatic design is aimed at achieving the least possible
energy consumption concurrently with the provision of thermal and visual
comfort for the user of the buildindegergy Desig PartnershipE.D.P. energy
solutions, 2013).

2. In hotdry region, the objectives of bioclimatic design are the lowering of both
daytime and nightime temperatures in and around the buildings as much as
possible to the comfort conditionshe Ministry d New and Renewable Energy,
MNRE, 2010).

3. Studies were made dhe use of six primary factors affecting thermal sensation
as either environmental or personal parameters on thermal comfort. These factors
are air temperature, mean radiant temperaturejedocity, humidity, metabolic
rate and clothing American Society of Heating Refrigerating and Air
Conditioning EngineersASHRAE 2007). Research has also shown that other
contributing parameters affect thermal comfort; these include climate change with
tme, buil ding and its services, and occ
2002, Evans 2003 and Hellvagal.2006).

4. Thermal comfort in buildings is éieed as the state of mind féhe building
occupants to bsatisfied with their indoor thermal enenment having desire for

neither a warmer nor a cooler condition (Fanger 1970)
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5. Studies have also shown that the occupants in the tropic environment have a
higher heat tolerance and can adapt to the environment that they are used to

(Hussein 1., and &man M. H. A., 2009).

2.7 Research Gaps
1. Bioclimatic design assessments were aimed at low energy design, thermal and
visual comfortthroughthe use of visual survegnd photographing techniques
alone without the use of measuring instruments
2. Thermal comfort assessments previously conducted were not related to
bioclimatic designing Nicol, 1995 in Hussein, 2009 postulated that the best
representation of how thermally comfort

predictions derived from field stueB with questionnaires.

2. Building design was notognizanceof usertolerance to the hot dry weather
conditions.
3. The following instrumentgvisual survey checklison bioclimatic principles

photographs, measurinigstruments and questionnaireggrerate bioclimatic
responsé thermal comfortelationship.
4. The techniqueof using multiple instrumentgenerate additional data which was

not previously presented in the reviews.

2.8 Archit ectural Desgn Considerations forFaculty Buildings
Designconsderations are formulated to bririg the attention obuilding designers in
applying theuniversaldesign principles antequirements tahe type ofbuildings and
facilities. It is therefore recommended thathe content ofbuilding projects and
community facilities, especially those intended fgeneral useshouldbe taken into
accountby designers from the inceptistageof the design Architectural Services

Department United States, 2011)
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2.81 Faculty of evironmental €iences

Faculty of Environmetal Sciences ia multiprogramme unit of a University Education
providing training in a number of disciplines relating to the environmental studies.
Another important feature of a Faculty of Environmental Sciences is the introduction of
six-year continuas professional degree programmes. The/ear programmeonsistof

four years preprofessional education followed by two years of specialized professional
training terminating in the award of graduate and jgoatiuate degrees respectively
Faculty of Ewironmental Sciences is designed with at least more than two of the
following academic departments: ArchitectaiepartmentBuilding departmentEstate
managemenidepartment Urban and Regional Planningepartment among others
(Mooreadvice, 2012 For technical/artistic subjects, likarchitecture, art, music, etc.,
there must be spacesf Workshos, Administrative Design studis Teaching
Circulatiors, Offices Postgraduate Units, etEaculty buildingsare designed, as a rule,
within 2-3 storeys heigis. Higher only in exceptional cases. Workshop buildings with
heavy machines or frequent deliveries are single storey orWyr c hi t ect 6 s Da't

edition)

2.8.2 Spacaallocation

Time saver standasd Neufert and A c hi t e c t 6 providecthed docape réd

limitation of thefaculty buildingcomplexas determinedby the following space needs

ResearchWorkshop spaces, Administrative spaderacticalDesign studio spaces,

Teaching spaces, Circulation spaces, Offit@sboth Graduate andostgraduate Units

etc.

1. ResearchWorkshop spaces:University libraries are organised in either one or
two layers. The one layer system is administered centrally (book processing and

services) and normally has very few separate branch or subjects librhadéwc
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layer system includes a central library asdally large number of faculty, subject

and institute libraries. Workshops should have enough space for sufficient work
area just as workstation in office design. Firstly, temporary stores for partially
finishedstocks and general stores must be designed. Secondly, administration and
management need work office, technical offices, management secretarial offices,

meeting room, etc.

Administrative space: the space providefbr the management staff whose task

is to manage the affairs of the facuisyanother form of office spacét faculty

and departmental levelstaff are accommodated in their respective offices within
the administrative block. Office areas will have separate offices for one to three

people vith workstations for trainees, group offices for up to 20 people.

PracticalDesign studio spaces:each drawing studios requires (3.5.5) m2,
depending on size of drawing table (1.2.3) m2.Drawingtable of dimension for

Ao size (920 x 1270) mnas fixed or adjustable board. Drawings cabinet for
storing drawings flat, of same height as drawing table, surface can also be used to
put things onThere must be table tops for putting things on, drawing cabinets for
hanging drawings or storing flat, safile for Ao at least. Each workplace should

have a locker.

Teaching spaces:this include standard classrooms, supplementary classrooms,
extralarge classroom, or special courses, also rooms for teaching materials and
other ancillary roomsSpace requements: classroom for traditional teaching
2.00m?/pupil; for teaching in sets 3.00m2%pupil, for open plan teaching
4.50m?/place including ancillary areas needed for each subecstandard room

shape: rectangular or square (12 x 2@ x 16, 12 x 12,2 x 10) m with a
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maximum room depth of 7.20m. It is possible to have windows on one side only.
Floor areas are: traditional classroom, 1i8@.00m?/pupil; open plan 3.00

5.00m?/pupil. The clear height should be 2.7040m.

Circulation spaces: horizontal and vertical circulation usually double as an
emergency escape route. Escape route must be 1.25m, other escape routes 1.00m
Maximum length of escape routes: 25m measured in a straight line from the
stairwell door to the furthest workplace, or 30wan indirect line to the centre of

the room.Circulation are the spaces provided within the designed spaces to
accommodate traffic activities which are necessary for either management and/or

other functions. Like the walkways, the galleries, the veramdas,

Offices, the way in which office work is organised and roles are defined (office
structue, students/visitors management, officetechnology) affects the
requirements for office space. The space allocated to a person to execute a task is
referredto as a workstatiorOffice area requirements are calculated in two parts.
Firstly, people space is calculated as (standard individual space x number of
people) + allowance for immediate ancillary needs + a factor (usually 15%) for
primary circulation. Seandly, nonrpeople space (e.g. machine rooms, libraries
and the like for which fittings ahequipmensizes are more important than staff
numbers in setting the area requiremerstspuld be calculated by informed
estimates based on existing good practicarparable examples + an additional

factor for primary circulation.
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2.8.3 Planningdata
Design handbooksT(me saver standarddleufert andAr c hi t ect pwovides nd b oo
bench mark fothe planningof spaces foboth the staff and studerascording to le

above requirement3able 2.3 presents the planning data to be considered.

Table 2.3 Planningatafor floor areaof various space allocations

Space name Minimun Maximum Heights Remarks
Classrooms 120m?2 240m?2 3.2m- 3.8m
Offices 80m?2 85m?2 As above
Corridorggallery 2.4m 4.0m flexible

and walkvays

Lecture 12m 20m 4.5mi 6.0m

hall/Conference

hall
Studios/senior 76m? 138m?2 3.2m-3.8m | 407 60 drawing
staff offices boards are refere
Parking space 11.5m? 16.52 Open space
Workshops 400m? 1400m? 4.5m7 6.0m
Library 100m?2 120m? 3.2m- 3.8m
Sour ce: Researcherdés Preliminary Studies,

Table 2.3 presenfdanning data for different floor area to be used in relation to the type,

shape and sizes of spagesgjuestion
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Table 2.4 Planning datar studio/office/workshogurniturearrangements

Dimensions Length/Width | Depth Hieght Remarks
Desk 1.3m 0.5m71 0.6m 0.8m7 1.0m
Cupboards 0.8m71 1.2m 1.2n7 2.0m
Stool 0.3m-0.4m 0.6m71 0.7m
Between desk| 0.65m -
to desk
Front desk to | 2.0m -
black board
Between two | 0.6m -
desks
Desk to 0.6m -
window
Desk b 0.95m -
cupboards
Sour ce: Researcherés Preliminary

Table 2.4 presenfdanning data for the arrangements of fittings to be used in relation to

the type, shape amilzes of furniture selected.
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2.8.2 Servicegequirements

There is constant pressure magprove environmental standandghin designedspacedo
improve the health of indoor users (American Modular Systems, 28bfe of the
aspects of the building seces whichwill be treated in this sectioare lighting,

ventilation, fire safetypower supply, clean and storm water supply

1. Lighting: - Daylight is now a requirement for athoolsbut direct sunlighimust
be controlled and healtiisks avoidedSupplementary artificial lighting iform
of up lighters and down lighters reduces glare and contrast, and enhances the
character of thelassoomat night timesLighting levels and colour should ensure
correct colour rendering and that aldoor usersjnstructional materials and

written notes on the boawdn be clearly seen without strain or dazzle.

2. Ventilation: - well-balanced and easily managed environmental conditions within
thefaculty complex is essentitd the smooth running of trezhool The current
trend, supported by most users, is to move away from futiamditioning and
provide natural ventilation witopenablewindows. This will subject thendoor
spaceso wider temperature fluctuations but this can be minimizeapeyable or

marual operations tagontrolthe conditions

3. Fire Safety:- as fire protection, a wMer staircases of width of 2.44.0mis
recommendetb allow thehigh number of people in the storeys untlerstate of
emergency of fire outbreak to escape the buildiaigly. The staircasesust be

linked up fromthe lower level and then bifurcatedeastch floor alonghe middle
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leading to the wings of the building.. The use of void at the stair wellsgroumd
to theupper floorsallow foralert and control of firat administration blockithin

the gallery.

Power Supply:- as a means addlternativeenergysource, solar panels and a
standby generator, of 250KVA, was recommended for the building as an
alternative to the NEPA supply which is unreliable. Hodar paver and the

generator would take care of the sudden or eventual power failures.

Clean Water supply: bored hole must bérilled on siteto water the fountains,
landscape trees, and building water ne&dstainablestorage facilities must be
provided o reserve large volume of water for eventual usagethis way,

overhead tankhouldbe positionedt upper floor for greatgrotentials

Storm Water Drainage:storm water drainagaseither collected down the roof

gutters sitesurfacesand used ofin convenienceshould begaken care of through

the use of various drainage basins in the form of surface and underground gutters.

2.9  Bioclimatic Design Corsiderations

In order to respond adequately and effectively to the problem of thermal discosifigrt u

bioclimatic design principles, the following concepts were developed and presented for

bui

1.

| di ng desi gner andFisliseaahgaed Zollikon,t1998) st udy
Thedesign forms

The site

The building on the site

The building envelope
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The design forms:- The forms must behosen and designed based on the

principles of bioclimaticesponse

The site - The site surface must be landscaped with grasses as ground cover
against the site surface heating. This must cover an area@#0@o of total site
size so that at least the ratio of green area to-bpilbecomes 1:3. To cater for

maintenance difficulty, drought resistant grasses were given as solution

The building on the site- Fountains must belesigned within and outi
courtyards on the site to help humidify the air and make it thermally coriforta
inside Plantevaporative coolingike roof garden and balconyagdenmust be
designedrom ground up tdiigher level to filtrate as well as cool the incoming
air to the ndoor spacesrought resistant plants must also seected to help

sustain the maintenance expenditure.

The building envelope massive construction of external/enveloping walls may
provide the full solution in regulating indoor conditions to the fwrtof indoor

users
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3.0 CHAPTER THREE: METHODOLOGY
The methodology that best siithe research is the case study: Case study method is
widely applied in practice oriented fields such as environmental studies, social work,
education, and managentesciences, Johansson (2010). Accordingly, the intended

methods and approaches followed are discussed below.

3.1 Research Design
The case study of threestitutionalfaculty buildingslocated in three different States in
North-east Nigeria(School of Enwionmental Technology, BubakarTafawa Balewa
University Bauchi; School of Environmental Sciencespdibbo AdamaUniversity of
Technologyyola and Faculty of SciencesplfeStateUniversity Damaturu)d conductd

in thisresearch

The first two faculty budings are assessed more ofitliéoclimatic responsealonelike
orientationsshading devices, thermal massing, correct number and sizes of openings etc
The third case studs three field studies buildinggithin the facultycomplex {ecture
Hall building, Classroom buildig and Laboratory buildingare assessetbr the
relationship between the bioclimatic responsiveness of buildings and the indoor thermal

conditions in the area

The field studiesvere carried out ofhursday, 3% Jan. 2014 (Day 1),Friday, 3 Jan.

20147 (Day 2) andVlonday, 3! Feb. 2014 (Day 3) thistime is congiered the driest
period in the w@te (Desert Research CeniteDamatury 2014. As the research focuses

on establishing a relationship between the Indoor thermal coroforditions and the
applied Bioclimatic Responses on buildings in the study, area thenimportant to
conduct the study on buildings considered bioclimatic responsive during the driest period

where the users find the weather condition tehieemallymost uncomfortable.
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3.2  Sampling Techniques
For the purpose drchitectural Design studiegithin the hot dry climate of nortbastern
states of Nigeriaan architectural design considerations were studied froraaimgpled
case studies in the area. Saesphre manageable units drawn from the wider population
of the studyThe following criteria presented the reason for their selection:
1. Thecase study building mubtlocated within the study arga
2. Thecase study buildingwusta University Facultyf Environment
3. Thecase study buildingwustgive detail information ofracultyDesign
Case study 1 In Bauchi State, School of Environmental Technology, Abub&kéawa
Balewa University Bauchi was studied.
Case study 2 In Adamawa State, School &hvironmental Sciences, Modib#aama

University of Technology Yola was studied.

For the purposef establishing a relationship between the Indoor thecmadlitions and
the adequacy dioclimatic Responses on buildinlgeatedin the study areahreeother
case study buildings all within the third case study were selected:
Case study 31In Yobe State, Faculty of Sciences, Yobe Stiéversity Damaturuihe
tree buil di nbasedonthefbllewang SamplingvCatsria:
1. The buildings occupantsmust be scienceoriented for easy responsés the
thermal comfort questionnaire suryey
2. Thebuildings mustbeat and/omproximateto the proposed project sjte
3. Thebuildingsmust be of the highestcupancy ratewithin the campus
Hence the following buildings were selectetcording to the above criteria

I. Lecture Hall buildig (100 seabs

il Classroom building (50 seats

ili. Laboratory building (50 segts

35



3.3 Data Sources

The primary sources of data are the information from case dffiglgestudiesWhile the
secondary sources of data #reinformation from books, journals, articles, etc. All the
relevant dataused in this researcheasourced from either of the following: these are
visual surveys photographs and subjective user thermal stateghhihe questionnaires
in the case studies; and then books, sketches, articles, journals, etcetera from the literature
review.

3.4  Data Collection Techniques
In the collectiorof data for his gudy, bioclimatic design data in form of checklsfirst
conducted on each of the thrbaildings on Day 1. This data then compared to the
synchronized field measuremen{siith measuring instruments as well as with
guestionnairesgonducted simultaneously for up to 3 working days on the same three

buildings.

3.4.1 Bioclimatic designtsidies

Appropriate bioclimatic responses for fby climate are coded (Pn) and tabulated from
(P1) up to (B2) numbers. The listing of these principles from 22 is known as the
checklist. There were three assessing scalesacm ®w as wereAdequately Applied
Principles, Inadequately Applied Principles and Not Applied Principles and abbreviated
cumulatively as (AAPN), (IAPn) and (NAPnN). The codes are then interpreted and formed
into percentages on a pie chart according fgiegtions.Photographsvere graphically

an additional data heréSee appendix | for sampled checklist).

3.4.2 Thermal comfort studies
3.4.2.1Field measurement
This is termed as théhysical measuremenggM) in the study; morning session is coded

(pMm) and afternoon session as (pMHE)e field measurement focuses on meastiheg
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three thermal comfort parametei@e equipmentused areANEMOMETER (Model
AM-4812)with accuracy of + (2%+1d), 0.1 resolutias well as range of 33Dm/sfor
measuringvind velocity, HYGROMETER (wet and dry buldpr measuring air relative
humidity and THERMOMETERfor measuringair temperaturaespectively Indoor

space was measured each case after calibrating the instruotéetseferenced units for

the purpose of relially and accuracy of readff values. The average values of the total
points of measurements were recorded in the morning and afternoon sessions according

to (oMm and pMa) respectively.

Due to the distribution of the effects of thermal variables in theanspace, six numbers

of points were marked within comfort zone for measurement taking at the Chemistry Lab.
and Classroom buildinggvhile aght numbers of points were marked within the occupied
zone for measurement taking at the Lecture Hall buildPigte 1). All the readings were

taken at a height of 1.0 m above floor level, which represents the height of an occupant
at seated level. The maintenance section of the faculty of science building operates
between 9am until 5pm. It takes about (30 tordidutes) to trek between the three
measuring points. And therefore readings were taken from 10 am to 5pm daily. The
samples were recorded at every 1 hour interval, alternately repeated for all three locations

for a total period of 3 days.
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Platel: Measuring hstrumef(lygrometer, Anemometer and Thermometer)
Source:Researche60s f i e20(4 st udi es

3.4.2.2Questionnaire Survey

This is termed aSubjective Assessme(d) in the study; morning data are coded sMm

and afternoon (sMa)n this, theFaaulty Building is occupied by a total of 582 occupants
(539 students and 43 staff). The faculty management granted permit for the researcher to
conduct the study two weeks in advance of the study and consent was obtained for their
staff to be approached apdrticipate in thesurvey. Staff participatiowas encouraging

in the studybecausé¢he needed number took part in the study.

All students who were present on tiesearclidays took part. The list of staff and students
in the faculty building made up tleampling frame. In light of the time and financial
constraintsa 17.2% sample size (n=100) out of gapulation size (N=582)as used
However, taking into consideration the possibility of wieaponse, the studgcreased
the sample size to 1{20%).All p a r t i casppradentass@eredhe questionnaires
within each buildingat the time of measurementBhe survey was conducted at the
respective occupied spaces of the respondentsllows(Lecture hall, Laboratory and

Classroom). Although the respdents were free to decide if they wanted to participate in
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the study or not. A total of 100 successful questionnaire surveys were cainpédding

a response rate of @%.

The thermal comfort questionnaire survey was adapted and edited by the esskgirch

the purpose of this study fronmttp://surveymonkey.com/s/VZWRG6TMt covered4

sections.lt$ i r st section focuses on usero6s democ
background and designatohhe second section deal s with
thermal environment in terms of the three thermal comfort parameters. The measures
include air temperature (ranging from very warm to very cold), wind velocity (ranging
from very windy to no wind)and humidity (ranging from very damp to very dry). The
third and final section covers preferences to the bioclimatic design fefdundsas use
of shading device, changing sizes of windows, repositioning of windowsseteell as
opinions on the prosion of comfortwithin buildings.

The subjective assessments basically t
vote (thermal comfort votes) in the occupied zone on the following:
i) Thermal Preference Scaleas designed to assess how the perceiaddor
thermal condition was preferred to changfgvarmer), O(no changejl(cooler)
ii.) Assessment of relative humidity Scadsessed responses on how dry or wet the
indoor condition was perceived: 1(air is wet), O(air is just righpir is dry)
iii.)  Assessment of air movement Sc8lémuch too still)-2 (too still),-1 (slightly
still), O(just right), 1 (slightly breezy), 2 (too breezy) and 3 (much too breezy).

The data collection followed the Morning-{®am) and Afternoon (:2pm)
sessions. fie plan for twesessions and threday activities were necessary to capture the
different conditions and environmental changes at different hours of the day.

Respondentsé votes was based on tiR2EH0 ASHRA
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which specified anaecpt abl e t her mal environment to

thecentral three categories1, 0, 1) of any subjective measurement.

3.5 Data Analysis and Interpretation

3.5.1 Bioclimatic design studies (BDS)

Therelevant bioclimatic responsés hot-dry climate are coded (Pn) and tabulated from
(Py) up to (B2) numbers. There were thressessmenscales on each row as the:
Adequately Applied Principle@AP), Inadequately Applied Principle$@AP) and Not
Applied PrinciplefNAP)are provided as omns on the checklist.

The listing of these priiples from 1- 22 (appendix ) known as the checklist.
The rumber oftimes an options appliedmarked by ticking (xfumulativelyagainst the
relevant principleas (AAPnN), (IAPn) and (NAPN). It is used imetsurvey to determine
the ratio of how the principles were variously applied on each building. The codes are
then interpreted and formed into percentages on a pieadtanding to applications. The
survey data is illustrated in the following figuresZdand 3) about each building showing
the percentages of (AAPn%), (IAPn%) and (NAPNn%) respectivighg photographs

were graphicdy anadditional datdnere

3.5.2 Thermal comfort studies (TCS)

Physical measurementEhe physical measurements (pM@renumerical values directly
recorded as the readings on the instruments; {temperature (°C), relative humidity
(Constant) and wind speed (m/s) respectively}. It is recorded as the indoor conditions
when the thermal comfort questionnaire survey is administertfte indoor users. The
morning session is coded (pMm) and afternoon session as (pMa) respectively.
Subjective Parameter Assessmeriifie subjective measurements (sM) are finally

recorded and converted into percentages (%) of different levels of usesrtewies
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about the perceived indoor thermal variables as indicated on relevant question. The
morning data are coded sMm while sMa referred to the data collected in the afternoon.
Analysis was finally made, in form of summary by the subjective measurefabhtand
physical measurements (pM) and then relating it to checklist data and hence bioclimatic
design in a hot dry climate is assessed according to thermal comfort. Additional data was
in form of tables, charts, figures/plates, description, explanatindsetcetera. Refer to

Chapter Four.

3.6  Research Assumption
All respondentsvere assumed to attain their comfaithin the following conditionsat
the time of survey
- (2771 34) °CIndoor Air Temperature
- (25- 40) % Indoor Air Relative Humidity
- (0.47 0.7) m/s Indoor Air Velocity
- Cloth Constant (all wear universal type and culture guided type)
- Metabolic rate (Sedentary Activity)
- Age (18i 40) years
- Gender (majority are male respondents)
- State of Health (all of them are Normal)

- Culturd expectation to clothin§s generally uniforramong respondents

3.7 Réliability and Validity of Research
The instruments were fully tested on previous researéhes. to the actual survey, a
pilot study was conducted at the Architecture department) ZBria to examinghe
respondent s 0 tougaude therma rcamfort gyuestionnaireResearch
assumptions were tested by pilot studies at the Classrooms of Yobe State University

where the respondents comprised of science studentBndhesearchespondentaere
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ensuredscienceorientedstudentsalreadyat 400 levelwho are believed to be exposed to
general environmental studiasd at leasspent likethree (3) years staying in tfeculty
building ever ready to provideslevantinformation in tle thermal comfort questionnaire

surveys.
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4.0 CHAPTER FOUR: CASE STUDIES/FIELD STUDIES
4.1  Architectural Design Case Studies
Two faculty buildingsselected wthin the hot dry climate ohortheastern states of
Nigeria & case study 1 anchse study 2 arehe first case study was iBauchi State,
School of Environmental Technology, Abubakar Tafawa Bal&niversity Bauchi and
the second case studyAdamawa State, School of Environmental Sciences, Modibbo

Adama University of Technology Ya.

4.1.1 CaseStudyl: - school ofenvironmental ¢chnologyabubakarafawabalewa

university (ATBU)bauchi

4.1.1.1Backgroundmformation

The School was established in the year 1988 aerdeptly hasight (8) numbeiof
academic departments. The acaaestaff and theiroffice space needs are given as
follows: Architecture Department (Arch) has tweifidyir (24) staff, Building Technology
Department (Bldg) has fourteen (14) staff, Environmental Management Technology
Department (EMT) has twelve (12) stafistate Management Department (EM) has
nineteen (19) staff, Industrial Design Department (ID) has twelve (12) staff, Quantity
Survey Department (QS) has fifteen (15) staff, Survey andi@eamatics Department
(LSV) has ten (10) staff, Urban and RegioREnning Department (URP) has fifteen (15)

staff respectively.

4.1.1.2SiteSize/Layout
There are undergraduate programmes (5 years) as well as Postgraduate programmes (2
years)are currently run by the schoddachelors of Technology as well as Mastér o

Technology are awarded
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The school isnade up of thredispersed blocks of buildings (phase |, phasedithrate)
as shown on (Figure 4and Plate II). It is housed under the three blocks of buildialyjs
locatedin the Universitymain campuss indcated: Phase | contain ground amdtffloor
plans accommodatinfgcilities of IndustrialDesign EstateManagementBuilding and
Urban andRegionalPlanning DepartmenjsPhase Il contasground,first andsecond
floor plans accommodatinfacilities of Architecture Urban andRegional Planning
EstateManagementechnology Quantity Survey, and landSurvey Departmenjswhile

the theatre block accommodates levél2students offering general courses and level 1

science students of the schdsée Fig4.1

——

I S .
Figure4.1l Base map oénvironmental shool ATBU, Bauchi
Source ATBU Works Dept.2014

Platell: Left to right Phase |, Phase Il and Theatre Buildings Facades respectively.
SourceResearcher6s Field Studies, 2014
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4.1.1.3Bioclimatic Resporesin design of case study 1

Squareforms were design on site and thighest number of openings are orientated in

the northsouth directionsThe enveloping ornsulationof wall is made from hollow
blocks 230mm thickAnd so thewall thermal masss fair. The vegetationcover is poar

the site landscape trees/plants are inadequate while there wasenorgof and other
roofing techniqueo cool indoors. Water bodies was absent within the relatively flat site
surface while the courtyards are adequatdéh®mimaintenance is poor. Mutual shading of
interior/courtyard spaces is adequate. Openings on walls were too large and easy to
introduce dustParapet was designed around tla¢ foofs against the high wind storm.

Light colours were used as paints on gaems. Indoor plants are fairly used. The

summary of bioclimatic response is provided graphically on Fig. 4.2

Rate of Bioclimatic Response on
Environmental School ATBU, Bauchi

m Percentage of Adequately
Applied Principles (AAP)%

m Percentage of Inadequately
Applied Principles (IAP)%

Percentage of Not Applied
Principles (NAP%)

Figure 4.2 Rates of Bioclimatic Responses on C8sady1.
SourceResearcher s Field Studies, 2014

Figure 4.2 above preseritee rates of ioclimatic responses with respect to the casdyst
1: The percentage of adequately appfpeieiciples (AAP%)was 36%:; the percentage of
inadequately applied principles (IAP%) was 32% and the percentage of none applied

principles (NAP%) was 32% respectilye This explains howonly seven (7)f the

45



twenty-two (22) principles areadequately applie@mutual shades, open space as heat
sink, minimised surface volume, flat/vaulted roofing, insulative ceilings, Yighe

colours, reflective surfaces and indgants)were used in the design of case study 1.

Plates 1V, V and Vls thephotographs recorded during the survey.

Plate It Vertical shading devices oﬁhase I and Phase II EIevatloasEnwronmental
School, ATBU, Bauchi
Source:Re s ear ¢ h®udiéss20Hi el d

PlatelV: Aerial view Environmental School ATBU, Bauc$‘ri|owincasted shadow,
courtyardtall plants within courtyard, flat roof forpAluminium roofing sheet, parapst
SourceResearcherés Field Studies, 20114

PlateV: Scantyiandscapem the courtyard of Phase I and Phase Il respectlvely
SourceResearcher6s Field Studies, 2014
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4.1.2 CaseStudy2: - school of eavironmentakciences, mdibboadama university of

technology(MAUT), yola

4.1.2.1Backgiound nformation

The School wasstablished also in the year 19881 presently hasight (6) numbers of
academic departments. The academic staff and their space needs are given as follows:
Architecture Department (Arch) has sixteen (16) staff, Building Technology Department
(Bldg) has @ht (8) staff, Geography Department (Geo) has sixteen (16) staff, Industrial
Design Department (ID) has fifteen (15) staffurveying and Getnformatics
Department (GIS) hashirteen (13) staffand Urban and Regional Planning Department

(URP) has fourten (14) staff respectively.

4.1.2.2Sitesize/hyout
There are undergraduate programmes (5 years) as well as Postgraduate programmes (2
years) are currently ruby the school: dchelors of Technology as well as Master of

Technology are awarded

The schools made up of typical plaraf a block of department3he typical blocks are
distributed on the site as shownkig 4.3 Courtyards are the central marksdtiblocks.

It is housed inthesefive blocks of buildings withinthe University campus: Block
accommodates the facilities ofseolInformatics department alog, Block I
accommodates the facilities tfidustrial Designand Building depannents, Block Il
accommodates the facilities dfirban and Regional Planning and Archtecture
departments, and 8tk IV accommodates tHee c t ur e r Otee deparfmentseofs f or
Geagraphy and Golnformatics departmentsseneral lectures are conducted in the

Theatre buildingseserved at the faculty of sciences.
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220; 304105394 F e eV) msﬁma@ ,4%\-1;"" X LW
Flgure4 3 Slteoverwew environmental science falty MAUT Yola
SourceResearcher 6s fieldwor k, 2014

4.1.2.3Bioclimatic responsén design of case study 2

Rectangular forms were design on site anchtgbkest number of openings aneentated

in the north-southdirectiors. The enveloping wall is madeom hollow blocls 230mm

thick and so the wallthermal masss fair. Although he \egetationcover isgood but
maintenance was padhe ste landscape trees/plants are adequate with space that could
nurture green roof techniques but the maintenance oflandbcape was not mad&/ater

bodies was absent within the relatively flat site surfddd@s endangered the indoor
conditions of heatinglthoughcourtyards are adequate but #iesence of water render it
inadejuate Mutual shading of interior/courtyagpaces is adequate. Openings on walls
werealsotoo large and easy to introduce dust. Parapet was designed around the flat roofs
against the high wind storm. Light colours were used as paints on site forms. Indoor plants

are fairly used. The summary oblslimatic response is provided graphically on Fig. 4.
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Rates of Bioclimatic Response on
Environmental School MAUT, Yola

m Adequately Applied
Principles (AAP%)

m Inadequately Applied
Principles (IAP%)

m None Applied Principles
(NAP%)

Figure4.4: Ratesof Bioclimatic Responses dbaseStudy?2.
SourceResearcher6s Field Studies, 2014

Figure 4.4above presenthe rates of bioclimatic responses with respect to the case study
2 is such that: The percentage of adequately applied principles (AM@%o} 26; the
percentage of inadequately applied principles (IAP%) W% and the percentage of
none applied principles (NAP%)as 2346 respectivelyThis explains hovonly nine (9)

of the twentytwo (22) principles areadequately appliedmutual shades, facades
protections, open space as heat sink, correct orientations, flat/vaulted roofing, more
openings on NS directions, use of white/light colours, reflective surfaces and landscape
plans) were used in the design of case stQdilates VII, VIII and IX have shown some

of the photographs recorded during the survey.

PlateV1: High level openings and low level openirfgsing courtyards
SourceResearcher6s Field Studies, 2014
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PlateVIl: Scanty landscapeithin the courtyards due to poor maintenance culture.
SourceResearcher 6s Field Studies, 20114

T sl - 5 Py
PlateVI1J: Facadesvith: high level geningsyertical shading devices, flat roofmdparapet

SourceResearcher 6 201F#i el d Studi es,

Platel X: Projectedverandasproper orientation, shady trees, hedges within the external building
SourceResearcher 6s Field Studies, 20114
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4.1.3 Summary of case studies

Table 4.1 Summary of Bioclimatic Responses Assessed on the two Case Studies.

Rates of Bioclimatic Responses:

Architectural Design Principles (Adequately Applied (AAP),Inadequately Appli Coded
Design Elements| or (IAP) and Not Applied (NAP) Principle
Bioclimatic Responses CASE STUDY 1 CASE STUDY 2 s
AAP | IAP NAP AAP IAP | NAP
Site Grasses as ground cover again
X X
Landform windstorm. P1
Water Water bodies in the vicinity o
X X
bodies building P2
X X
Street width Narrow Distances between building P3
and Facades oriented or protectetly
Orientat X X
rientation landscapes P4
Open spaces as heat sinks and h
X X
Open Spaces | radiator P5
and
Built f X X
urt form Evaporative cooling from grasses P6
X X
Longest sides preferred facing-™N
Orientation directions. pP7
and Minimised surface to volume (S/
X X
Plan form ratio
P8
Flat or vaulted roofs are
X X
ideal in this climate. P9
Use of Massive roofing
1 X X
sheets/materials P10
X X
The use of indoor ceiling P11
Building Roof
having good insulabn value
Envelope
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X
Plant evaporative cooling of P12
roof surface at night times
X
Wall | Welkinsulated or very thick P13
walls for good thermal value
X
Reducing number and th P14
window area
X X
More openings at north an P15
south facades than east we
X
Use of external and interng P16
shading devices
Desert coolers and/o
X
ventilators at higher levels P17
Fene .
or Earth air pipe systems
strat _
-The ug of materials made X
ion
of wood, stone or RC( P18
materials in great
proportion
-Use of colours that absorb less he
X X
such as white or textured surfaces P19
X X
Colour and Reflective surfaces P20
Texture
Deciduous trees are used to shade
X X
building during hot weather and the| P21
admit sunlight in the dry harmattan,
Special -
Indoor plants can be provided neg X P22
Consderations .
the window,
Summary 8 7 7 9 22
SourceResearcher 6s Analysis, 2014
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With reference to Table 4.1he adequately applied principles (AAB) BDS conducted

on case study 1 and 2 were both not implemented in the design for as & as

4.1.4 Case studiesesults
The study showhat four (4) out of the twentiwo (22) principles of bioclimatic design
were found not applied (NAP) completelyby designers in theesignOF case study

buildings. Theprinciplesare as follows

1. Design forground cover grasses on site surfaces

2. Design forwater bodies and courtyard

3. Design forcontroling theheat transfer intthe building
4, Design forevaporative cooling at low/high levels

4.1.5 Test of case study results
4.1.21 Research statement
S = there is a significant percentage oheaappliedprinciplesof bioclimaticdesignon
buildingsin the area.
Ss= there is no significant percentage of none apgigatiplesof bioclimaticdesignon
buildingsin the area.
Decision ule
Accept S: {if a given P (n) = (NAP)mrepeatedly observed on all case studies.
Reject &{if no P (n) = (NAP)nrepeatedly okerved on all case studies.
Case study resusit
P1 (Ground cover grasses on site surfaces) = NAP repeatedly on all case studies
P2 (Water bodies and courtyard design) = NAP repeatedly on all case studies

P12 (Control of heat transfer into buildingNAP repeatedly on all case studies
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P13 (Evaporative cooling at low/high levels) = NAP repeatedly on all case studies

The analysis obioclimatic responses studied the twocase study buildingschool of
Environmental Technology, Abubakar Tafawa Badduniversity, Bauchi an8chool of
EnvironmentalSciences, Modibbo Adama University of Technology (MAUT), Yola
showed that some of the principles (P)n of bioclimatic design were repeatedly recorded
as NAP on all the cases. The place of theseeappliedprinciples of bioclimatic design

must therefore be overemphasised for designer in the area.

Accept H:

The results have indicated tha{® 2, 12 and 13) were all recorded as NAP repeatedly
on all case studies. Therefore, the null hypothesis is nowtedj@nd then the study
concludes that some principles of bioclimatic desugne uncommon to designers in the
area. The researcher now overemphasise on the use of these uncommon principles by

designers in the design contepostulated at the end diapte 2.

4.2  ThesisResearchField Studies
To establisha relationship between the Indoor therrmoahditions and the adequacy of
Bioclimatic Responses on buildingcatedin the study aredaculty of Sciences, Yobe
StateUniversity Damaturwasselected athethird case studwithin the hot dry climate
of northreastern states of Nigeri®Vithin this faculty building,three other case study
buildings were selectefbr field studies Lecture Hall building (100 seatsflassroom
building (50 seatsandLaborabry building (50 seatgkespectively. The three field study
buildings within the faculty of sciences in Yobe State University are shown in Figure 4.5

below.
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Pointer A1°40°47.517 NI 11£56{46/61FER elevi 1309 it

Flgure4 5 Field study buildings in thEacuIty of Siences YSU ‘Damaturu.
SourceGoogle egth search, 2014

4.2.1 Laboratory building omplex

4.2.11 Bioclimaticresponsén design of laboratoryDay 1)

The principles of bioclimatic design for the areaere applied such that out of the 22
numbers of applicable: there wete(AAP), 10 (IAP) and §NAP) respectively(see
sample checklist on Appendiy. IBuilding is shown in Plate Xwhile the rates of

implementation of principles on Fig 4.6

PlateX: LaboratoryBuilding Complex (Chemistry Lab.)
SourceResearcher6s Field Studies

, 2014
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Chemistry Lab.

m Adequately Applied Principles
(AAP%)

® Inadequately Applied
Principles (IAP%)

None Applied Principles
(NAP%)

Figure 4.6 Bioclimatic Responses ihaboratoryBuilding.
SourceResearcher6s Field Studies, 2014
Figure 4.6above presenthe rates of bioclimatic responseth respect to the laboratory
building: The percentage of adequately applied principles (AAR¢a3 180; the
percentage of inadequatedpplied principles (IAP%) was 46 and the percentage of
none applied principles (NAP%Jas 384 respectivelyThis explains hovenly four (4)
of the twentytwo (22) principles ar@adequately appliedminimised surface volume,
insulative ceilings, white/light colours, and reflective surfave=e used in the design of
Laboratory building complex

4.2.12 Physical Measurements on Indoor Thermal Varial2sy 1)

At the Laboratory building complex (Chemistry Lab.), the averadeegaof thermal

variables were obtained by instruments at the measuring poist®as on Figure 4.7

below.
Shding Windows at West Face

O O
Shding Windows 5|ld M‘lm at
and Door at the
Sovuth Sides = O 9000 O

O

\Scx Number
e ——7000.0mm = Mossung

Figure 4.7 Six measuring points at the Chemistry Lab.
Sour ce: Researcherdés Sketches, 2014
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As in Fig 47, all measurements were taken at then{sobr positionsof holding the

instrumentss shown.

Measures of Indoor Air Temperature values

40 (Morning and Afternoon)
35 34 33 33
Wy 30 27 28 28
225 1]
&
i 20
s 15
L
F 10
5

9:00 AM 9:30 AM 10:00 AM 10:30 AM 11:00 AM 11:30 AM 12:00 PM 12:30 PM 1:00 PM

Figure 4.8 Indoor Air Temperature Measurements according to (pMm and pMa) at the
Chemistry Lab. Day 1
Source: Researcherés Sketches, 2014

Fig 4.8 presents the values of measurements on air temperdere was a gradual
increase in the values in the morning sesgibhi 28) °Cwhile there was a gradual

decrease in the values in the afternoon seg8ibn 33) °C

Measures of Indoor Air Relative Humidity Values
(Morning and Afternoon)

41
40

40 ] 39 39
39 = =

38
37
36
35
34
33
32

36
35 35

9:00 AM  9:30 AM 10:00 AM 10:30 AM 11:00 AM 11:30 AM 12:00 AM 12:30 AM 1:00 AM

Figure 4.9 Indoor Air Relative Humidity Measurements according to (pMm and pMa) at
the Chemistry Lab. Day 1
Sour ce: Researcherés Sketches, 20114
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Fig 4.9presents the values of measurements on air relative humidity:vilas a gradual
decreasén the morning sessio@0i 39) RH% as well ag the afternoon sessidB6 7

35) RH%

Showing the Air Velocity Values
(Morning and Afternoon)

0.7

0.4 —

0.3

AIR VELOCITY M/S

0.2

0.1

12:00 AM 12:00 AM 10:00 AM 10:30 AM 11:00 AM 11:30 AM 12:00 PM 12:00 AM 1:00 PM
Figure 4.10: Indoor Air Velocity Measurements according to (pMm and pMa) at the
Chemistry Lab. Day 1

Source: Researcherés Sketches, 2014

Fig 4.10presents the values of measurements on air velocity: there was a negligible

increase in the values in the morningsen (0.61 0.5) m/s as well as in the afternoon

session (0.5 0.4) m/s.

4.2.13 Subjective Assessments on Indoor Thermal Variables (Day 1)

The subjective assessments on thermal variable Chemistry Lalwere administered

to the building occupants shown in Plate XII

PlateXI: Questionnairsurvey conducted at Chemistry Lab., Day 1.
SourceResearcherés Field Studies, 20114
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Percentages of Thermal Preference at
Chemistry Lab. (Day 1)

80 Odtoo hot BEcomfortable Etoo cold
67
60
44
40 33 33
22
20
0
0
Thermal Preference in the morning Thermal Preference in the afternoon

Figure4.11 Thermal preferences (sMm and sMa) at Chemistry Lab
SourceResearcher 6s Field Studies, 20114

Figure 4.11presentst he r espondent 6s preference to
morning,67% of respondents preferred the thermal conditior20f7°C temperature;
whereas in the afternood4% of respondents preferrddwer temperature values than
the measure®3.3°C. This means that the majority of respondents could be thermally

alright up to the temperature 89°Cin this building.

Subjective Responses to Relative Humidity in Percetages at
the Chemistry Lab. (Day 1)

Othe air is wet HBthe air is just right Ethe air is dry

100
78

80

60 56

40

22 22
20 11 11
0 I l
Relative Humidity in the morning Relative Humidity in the afternoon

Figure 4.12 Subjective Responses to indoor relative humidity at Chemistry Lab
Source-Researcherés Field Studies, 2014

Figure4.12presents he respondentds votes to indoor
follows: In the morning56% of respondents preferred the measured RH val@é.@bo;

also in the afternoo”8% of respondents preferred the measured RH val@é%f, This
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means that the majority of the respondents were not comfortable with the RH values

higher than 27.7% as measured in this building.

Subjective Responses to Indoor Air Velocity in Percentages at
the Chemistry Lab. (Day 1)

Dacceptable Bunacceptable

120

99
100 88
80
60
40
20 11
0 — 0
Air velocity in the morning Air velocity in the afternoon

Figure 4.13 Subjective Responses on indoor air velocity at the Chemistry Lab.
SourceResearcher6s Field Studies, 2014

Figure 4.13presentst he respondentsd acceptability
velocity in Day 1:88% of respondents were comfortable with the air velocity value of
0.57m/sas physically measured in the morning; wher@8% of respondents were
comfortabé with the air velocity value 00.47m/s as physically measured in the
afternoon. This means that the majority of the respondents were comfortable with the

values of air velocity ranging fron0t47m/sto +0.57m/sas measured in this building.

4.2.2 Classr@m kuilding complex

4.2.21 Bioclimatic response design of classroom (Day 2)

The principles of bioclimatic design for the area were applied such that out of the 22
numbers of applicable: there were 6 (AAP), 7 (IAP) and 9 (NAP) respectseysample
checklist on Appendix I).Building is shown in Plate Xlllwhile the rates of

implementation of principles on Fig 4.14
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PlateXll: Classroom Building Cplex
SourceResearcher 6s Field Studies, 2014

Physics Class

m Adequately Applied Principles
(AAP%)

m Inadequately Applied
Principles (IAP%)

m None Applied Principles
(NAP%)

Figure 4.14 Bioclimatic Responses i@lassroonBuilding.
SourceResearcher6s Field Studies, 2014

Figure 4.14above presented the rates of bioclimatic respoms#s respect to the
laboratory buildings such that: The percentage of adequately applied principles (AAP%)
was 2P6; the percentagef inadequatelyapplied principles (IAP%) was 32 and the
percentage of none applied principles (NAR@&¥s 426 respectivelyThis explains how
only four (6) of the twentytwo (22) principles aradequately applie@inimised surface
volume, insulative céngs, correct orientations, more openings on NS directions,
white/light colours, and reflective surfaceskere used in the design of Laboratory

building complex
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4.22.2 Physical Measurements on Indoor Thermal Variablzay(2)

At the Classroom buildingamplex (Physics Class), the average values of thermal
variables were obtained by instruments at the measpoints as shown on Figure 8.1

below.

Opaque Wall at the West Side

OO Sliding Windows
Sliding Wi an'dlggoor at the
gt‘dtge Ol 1O so00.0mmNorth Side
0—Qg

S

Black Board \ﬁ“m
l¢——9000.0mm——™ gg"b at

Figure 4.15 Six measuring points at the Physic Class.
Sour ce: Researcherdés Sketches, 2014

Showing the Air Temperature values

s (Morning and Afternoon)
34 34
34 — —

33
33 —
32

31 30 30
30 29

29
28
27
26

9:00 AM 9:30 AM 10:00 AM 10:30 AM 11:00 AM 11:30 AM 12:00 PM 12:30 PM 1:00 PM

TEMPERATURE

Figure 4.5: Indoor Air Temperature Measurements according to (pMm and pMa)) at the
Physic Class. Day 2

Sour ce: Researcherés Sketches, 2014

Fig 4.16presents the values of measurements on air temperature: there was a gradual

increase in the values in the morning sas$R91 30) °C as well in the afternoon session

(337 34) °C.
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Showing the Relative Humidity Values
( Morning and Afternoon)

28.5
28 28

)
©
|
|

27.5
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RELATIVE HUMIDITY RH%
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»
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9:00 AM 9:30 AM 10:00 AM 10:30 AM 11:00 AM 11:30 AM 12:00 AM 12:30 AM 1:00 AM

Figure 4.17 Indoor Air Relative Humidity Measurements according to (pMm and pMa)
at the Physic Class. Day 2
Sour ce: Researcherdés Sketches, 2014

Fig 4.17presents the values of measurementaiorelative humidity: there was a gradual
decrease in the morning session (287) RH% while there was a relatively uniform

values in the afternoon session {2B6) RH%.

Showing the Air Velocity Values
(Morning and Afternoon)

0.72
0.7 0.7

0.7 — —
0.68
0.66
0.64

0.62
0.6 0.6 0.6 0.6

AIR VELOCITY M/S

0.6

0.58

0.56

0.54
12:00 AM 12:00 AM 10:00 AM 10:30 AM 11:00 AM 11:30 AM 12:00 PM 12:00 AM 1:00 PM

Figure 4.18 Indoor Air Velocity Measurements according to (pMm and pMa) at the
Physic Class. Day 2
Sour ce: Researcherdés Sketches, 2014
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Fig 4.18 presents the values of measurements on air velocity: there was a slight increase
in the values in the morning session (0.8.7) m/s while there was a relatively uniform

speed in the afteaon session (0.60.6) m/s.

4.2.2.3Subjective Assessments on Indoor Thermal Variables (Day 2)

The subjective assessments questionnaires on thermal variables at the Physic Class Day

2 were administered to the buildioccupants as shown in Plate XIV

Plate X111: Questionnairsurvey conducted at Classroom, Day 2.
Sourcer-Researcher6s Field Studies, 2014

Percentages of Thermal Preference at
Physics Class (Day 2)

Bwarmer HEno change Ecooler

60
50

50 43
20 38 38

30 23
20

10 7
0 [ I

Thermal Preference in the morning Thermal Preference in the afternoon

Figure 4.19 Subjective Responses to thermal preferences (SMm and sMa) at the Physics Class.
SourceResearcher 6s Field Studies, 2014

Figure 419 preentst he respondent s preference to ir

morning,38% of respondents preferred the thermal conditio?297°Ctemperature, also
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38% of respondents preferreugher temperature values than the measw2é8d’°C
whereas in thefeernoon,50% of respondents preferred the thermal conditior@3at°C
This means that the majority of respondents could be thermally alright up to the

temperature 083.7°An this building.

Subjective Responses to Relative Humidity in percentage at
the Physic Class. (Day 2)

Othe air is wet Bthe air is just right Ethe air is dry

60

50
50
38 36
40 31 31
30
20 14
10
0
Relative Humidity in the morning Relative Humidity in the afternoon
Figure 4.20 Subjective Responses to air relative humiditi?laysics Class
SourceResearcher 6s Field Studies, 2014
Figwe 420 presentsh e respondentds votes to indoor

follows: In the morning38% of respondents preferréalver RH value than the measured
39.3%; whereas in thafternoon 50% of respondents preferred the RH valu&6f3%
as measured; This means that the majority of the respondents were not comfortable with

the RH valuesigher than 35.3% as measured in this building.

Subjective Responses to Indoor Air Velocity in percentage at
the Physic Class (Day 2)

Oacceptable Bunacceptable

100
84 79

80

60

40 ”

20 15

0 I I
Air velocity in the morning Air velocity in the afternoon

Figure 4.21 Subjective Responses on ind@dr velocity at the Physics Class.
SourceResearcher6s Field Studies, 2014
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Figure 421 presentd he respondentsd acceptability
velocity in Day 2:84% of respondents were comfortable with the air velocity value of
0.67m/sas physically measured in the morning; wheré@% of respondents were
comfortable with the air velocity value @f6m/sas physically measured in the afternoon.
This means that the majority of the respondents were comfortable with the values of air

velocity ranging from £.6m/sto +0.67m/sas measured in this building.

4.2.3 Lecture hall ilding complex

4.2.31 Bioclimatic response in design of lecture hall (Day 3)

The principles of bioclimatic design for the area were applied such that out of the 22
numkers of applicable: there were 9 (AAP), 6 (IAP) and 7 (NAP) respectiset/sample
checklist on Appendix [).Building is shown in Plate X while the rates of

implementation of principles on Fig 4.22

HAJI IBRAHIM GAIDAM WALL |

e 5 - . W

Plate XV: Lecture Hall building Complex (Hall A)
Souce:i-Researcherd6s Field Studies, 2014

Lecture Hall

m Adequately Applied
Principles (AAP%)

® Inadequately Applied
Principles (IAP%)

= None Applied Principles
(NAP%)

Figure 422: Bioclimatic Responses irecture HallBuilding.
SourceResearcherés Field Studies, 2014

66

C



Figure 4.22above presented the rates of bioclimatic respomgts respect to the
laboratory buildings such tlat: The percentage of adequately applied principles (AAP%)
was 426; the percentage of inadequatelyplied principles (IAP%) was 2 and the
percentage of none applied principles (NAR@&s 326 respectivelyThis explains how

only nine (9)of the twentytwo (22) principles aradequately applie@imutual shades,
facades protections, open space as heat sink, correct orientations, flat/vaulted roofing,
more openings on NS directions, use of white/light colours, reflective surfaces and

landscape plantsyere wsed in the design of Laboratory building complex

4.2.3.2Physical Measurements on Indoor Thermal Variables (Day 3)

at the Lecture Hall building complex (Hall A), the average values of thermal variables

were obtained by instruments at the meiagupointsas shown on Figure 4.2low.

Wide High
Windows at the
mg‘&

12000.0mm

| Eioht Numbered Messurmd

- |
—_—
Opsave Wall and the Biack Board st the Side
9000.0mm

Figure 4.23 Eight measuring points at the Lecture Hall A.
Source: Researcherdés Sketches, 2014

Showing the Air Temperature values
(Morning and Afternoon) 34 34
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Figure 4.24Indoor Air Temperature Measurements according to (pMm and pMa) at the
Lecture Hall A. Day 3
Sour ce: R®kstahes 2014 e r 6 s
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Fig 4.24presents the values of measurementsir temperature: there was no change in
values in the morning session (229) °C while there was a gradual increase in values

in the afternoon session8 34) °C.

Showing the Relative Humidity Values
(Morning and Afternoon)
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Figure 4.25 Indoor Air Relative Humidity Measurements according to (pMm and pMa)
at the Lecture Hall A. Day 3
Source: Researcherés Sketches, 2014

Fig 4.25presents the values of measurements on air relative humidity: there was a gradual
decrease in the morning session {439) RH% as well as in the afternoon sessioni(33

31) RH%.

Showing the Air Velocity Values

(morning and afternoon)
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Figure 4.26 Indoor Air Velocity Measurements according to (pMm and pMa) at the
Lecture Hall A. Day 3
Sour ce: Researcherdés Sketches, 2014
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Fig 4.26presents the values of measurements on air veldbgtye was a slight increase
in the values in the morning session (0.6.4) m/s while there was a relatively uniform

speed in the afternoon session (0.64) m/s.

4.2.3.3Subjective Assessments on Indoor Thermal Variables (Day 3)

The subjective assa®ents questionnaires on thermal varialaiethe Lecture Hall A
were administered to the building users as shown in Plate to the bultinpants as

shown in Plate XVI

Plate XV/ Questionnairsurvey conducted at Lecture hall, Day 3.
SourceResearchédrs Fi el d Studies, 2014

Percentages of Thermal Preference at
Lecture Hall A (Day 3)

Owarmer Eno change Ecooler
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Figure 4.Z: Subjective Responses to thermal preferences (sMm and sMa) at the Lecture Hall.
SourceResearcher 6s Field Studies, 20114

Figure 427 presentt he respondentdés preference to
morning, 65% of respondents preferred the thermal conditior22ftC temperature;

whereas in the afternoob6% of respondents preferred the thermal conditio3Ba8°C.
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This means that the majority of respondents could be thermally alright up to the

temperature 083.3°Cin this building.

Subjective Responses to Relative Humidity in percentage at
the Lecture Hall. (Day 3)

Othe air is wet Rthe air is just right Ethe air is dry
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0 ———— |
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Figure 4.38: Subjective Responses to air relative humidity at the Lecture Hall A
SourceResearcher 6s Field Studies, 2014

Figure 4.28 presentsh e respondentdés votes to indoor
follows: In the moning, 70% of respondents were comfortable at the RH valu&08b

as measured; whereas in the afternd@3p of respondents were comfortable at the RH
value 0f32% as measured algt8% of the respondents preferrbijher RH value than

the 32% as measured. His means that the majority of the respondents were not co

Subjective Responses to Indoor Air Velocity in percentage at
the Lecture Hall (Day 3)

Dacceptable Dunacceptable

150
100
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50 25
- °
0
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Figure 4.29 Subjective Responses on indoor air velocity at the Lecture Hall.
SourceResearcher6s Field Studies, 2014

Figure 429pr esent ed the respondentso deocarept abi
velocity in Day 3:75% of respondents were comfortable with the air velocity value of
0.47m/sas physically measured in the morning; wher#d8% of respondents were

comfortable with the air velocity value @f4m/sas physically measured in thigeginoon.
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This means that the majority of the respondents were comfortable with the values of air

velocity ranging from 8.4m/sto £0.47m/sas measured in this building.

Demographic Data in Questionnaire Survey about
the Research Respondents

B Chemistry Lab. BClassroom HLecture Hall

50
45 43 40

40
35
30
25

27 27
20 20
20 18 14 16
15
E D D
Number of Respondents’ Respondent’  Respondents

respondents long experience readiness stay with prefered
used longer clothing

24 24 21

[@Né

Figure430 Respondentsd basic data. as used i

SourceResearcher 6s Field Studies, 2014

Fig 4.30presents the information that was kept to help researcher in the discussions.

424 Resultsand dscussions
4.2.4.1Field study esults

1. Based on th@above presentations about thieclimatic responses and threloor
thermal conditions in the studwrea bioclimatic responses of the three field study
buildingswere recorded and converted into percentages of the shades(AAPN%),

(IAPNn%) and (NAPN%)
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Table 42 Bioclimatic Responses Assessedtloa threerield Studiesbuildings

Laboratory Classroom LectureHall
Building Building Building
S/No. Complex Complex Complex
(Day 10) (Day 2) (Day 3
Percentages of Adequatel 18% 27% 41%
Applied Principles (AAP%)
Percentages of Inadequate 45% 32% 27%
Applied Princples (IAP%)
Percentages of None Applie 36% 41% 32%
Principles (NAP%o)

SourceR e s e a rAndlysig 201g}

It now follows from Table 4.2bove that théddequately Applied (AAP) principles of

bioclimatic design werapplied as variousy as possiblen the design of the three

buildings:
I. 41% in the design of Lecture Hall building,
il. 27% in the design of Laboratory building and then
iii. 18% in the design of Classroom building.
2. The gnchronizedmeasurementsn thesebuildings showednot anyvalue of

Temperature and Relative Humidisgtisfied up to 80% respondents according to the
comfort votes See below for the findings of the subjective measurements on comfort v

Table 4.35ynchronized measurements (pM and sM) on thermal varialifed@Studies.
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Table 43 Thermal comforAssessed on the three Field Studies buildings.

Vari abl Laboratory Classroom LectureHall | Average| Values
thermal Building Building Building Value of | of Dis-
comfort Complex Complex Complex Comfort | comfort

m a m a m a Votesin| inall
all cases| cases

Indoor
Air pM | 27.7 30 29.7 | 33.7 29 33.3 31°C | 31°C

Temp.

(°C)

Or sM 67 44 38 50 65 56 53% 47%

(%)

Indoor | pM | 27.7 26 35.3 | 35.3 40 32 33RH% | 33RH%
Air

Relative

Humidity | gp | 56 78 | 38 | 50 | 70 | 48 | 57% | 43%

(RH %)

\

Indoor | pM | £0.57 | £0.47 | +0.67 | £0.6 | £0.47 | 0.4 | 0.53m/s| 0.53m/s
Air

Velocity
m/s | sMm |88 99 84 79 75 100 88% 12%

SourceResearcher 6s Analysis, 2014

Comfort Zonas attained at range of combineanperatur@andhumidity with up to 80%

comfort votes for thenajority of peopleusingtheindoor spaceFrom Table 4.3one of
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the values of r e s (withnrespent ttosir@oorcar emperature and t e s

indoor air relative humidityattained theercentage of 80%.

4.2.4.2Discussions

Based on theecords of about 40% highest useadequately appliedprinciples (AAP)
in design of the three field study buildingfse indoor thermal discomfort in the asdzout

the following variabless thus-

Indoor air temperature measurements;
A. At the Lecturehall building, Day 3, where the (AAP) % was 41%:
I. 35% of indoor users were uncomfortable with #8C temperature
measurements in the morning session, and
il. 44% of indoor users were also uncomfortabligéhvihe 33.3C temperature
measurements in the afternoon session.
It is now clearly indicated that the comfort votes was not up to the 80% standard in
the indoor conditions of this building.
B. At the Laboratory building, Day 1, where the (AAP) % was 27%:
iii. 33% of indoor users were uncomfortable with 2% ”C temperature
measurements ithe morning session, and
iv. 56% of indoor users were also uncomfortable with36&C temperature
measurements in the afternoon session.
C. At the Classroom building, Day ®&here the (AAP) % was 18%:
2 62% of indoor users were uncomfortable with & 7”C temperature
measurements ithe morning session, and
Vi. 50% of indoor users were also uncomfortable with3BePC temperature

measurements in the afternoon session.

Indoor air relative humidity m easurements
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D. At the Lecturehall building, Day 3, where the (AAP) % was 41%:
Vil. 30% of indoor users were uncomfortable with ¢@RH relative humidity
of indoor airmeasurements ithe morning session, and
viii.  52% of indoor users werdso uncomfortable with th82RH relative
humidity of indoor air measurements in the afternoon session.
E. At the Laboratory building, Day 1, where the (AAP) % was 27%:
IX. 44% of indoor users were uncomfortable with 2i&7RHrelative humidity
of indoor airmeasurements ithe morning session, and
X. 22% of indoor users were also uncomfortable with26&H relative
humidity of indoor air measurements in the afternoon session.
F. At the Classroom building, Day 2, where the (AAP) % was 18%:
Xi. 62% of indoor usersvere uncomfortable with thes.3RH relative humidity
of indoor airmeasurements ithe morning session, and
Xil. 50% of indoor users were also uncomfortable with3beBRH relative

humidity of indoor air measurements in the afternoon session.

4.2.5 Test offield studiegesults
4.2.51 Research statement
S:1 = there is a significant relationship betwdabe adequacy dfioclimatic responssof
a building andts indoor thermatomfortin hot dry area
Ss=there is nasignificantrelationshipbetweerthe adguacy ofbioclimatic responssof
a building and its indoor thermal comfanthot dry aresa
Decision vle
Accept S: {if result of BDS abouie value olAAP% < 50% =result of TCSon

s(M) aboutthe value op(M) < 80% comfort votes}.
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Reject & if result ofBDS aboutthe value ofAAP% > 50%-= resultof TCS on
s(M) aboutthe value op(M) < 80% comfort votes}.
Field study resut
BDS (AAP) % = 40%
TCSp(M) on ar temperatureange of 27.7i 33.7) °C= s(M) 53%
p(M) ar relative humidity range of (26 40) RH% =s(M) 57%
p(M) ar velocityrange of (0.4 0.67) m/s =s(M) 87%
The cross tabulation of relationship between bioclimatic design st¢BB@S) and
thermal comforstudieq TCS)showedhat there is a significamelationship between the
percentage of adequately applied principles (AAP)% of bioclimatic design and two of the
three variables of thermal comfort (Temp. °C, and RHMi)e there is no significant
relationship based on the value of indoor air velocity.
Accept H:
BDS (AAP) % = 40% < 50%;
TCSp(M) on ar temperatureange of 27.71 33.7) °C= s(M) 53% < 80% comfort votes
p(M) ar relative umidity range of (26 40) RH% =s(M) 57%< 80% comfort vtes
p(M) ar velocityrange of (0.4 0.67) m/s =s(M) 87%> 80% comfort votes

The null statementis now rejected, and conclude that bioclimatic responses regulate

buil dingsd indoor ther mal idhotdoyareaf ort s wher
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5.0 CHAPTER FIVE: DESIGN REPORT
5.1  Site Information
The proposed site is located in Yobe State of Nigeria. Specifically, the site is located at
the southern outskirt of the State Capital, Damaturu sbvpnmaster plan ilfobe State

University along the Gba road. The following are comprehensive features of the site.

Geography:Yobe is among the six (6) states in one of the six (6) geopolitical zones in
the country (Fig. 5.1) It is in the nortkeast zone and it is surrounded by other states:
Borno toward the East, Gombe towards the South, Bauchi towards the West, Jigawa
towards the Northlt bordersDiffa RegionandZinder Regiorto the north in the Republic

of Niger. Because the state lies mainly in the skiyanndelt, the tate is dry and hot for

most months of the year except in the southern part of the state which has a milder climate.
Its landscape is made up pifin or flat lands and desert saimdsome areas for up to

300ft above the sea level.

Figure 5.1: Map of Nyeria showing Yobe State
Source Nigeria Gallery Directory, 204
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History:-Yobe State came into being on the 27 Augl@91 It was carved out of the old

Borno Stateby the Babangida administration. Yobe State was created because the old
Borno State was one of Nigeria's largest states in terms of land area and was therefore
considered to be too large for easy admiatgin and meaningful development. Ethnic

rivalries within the old Borno State also contributed to the decision.

Local Government Areas: It comprises of seventeen (17) local government councils
(Fig. 5.2, in addition to Damaturuhe state capitalThey are: Bursari, Fika, Nguru,
Damaturu, Fune, Potiskum, Geidam, Jakusko, Tarmuwa, Bade, Karasuwa, Yunusari,

Gujba, Machina, Yusufari, Gulani and Nangere.
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Figure 5.2: Map of Yobe State showing its seventeen (17) local government
Source Nigeria Galley Directory, 204.

Economy:-While Yobe state is an agricultural state it also has rich fishing grounds and

mineral deposits ajypsum kaolin, andquartzin Fune The state's agricultural products
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include:gum arabicgroundnutsbeanscotton etc The state is also said to have one of

the largestattlemarketsin West Africalocatedin Potiskum

Demographics:The major ethnic growgdiving in Yobe State ar€ulani Kanuri, Kare-

Kare Bolewa Ngizim, NgamoBade HausaandShuwa

Summary:- The proposed site for the project lies on the master plé&maofaturucity
(Fig. 5.3, which is the capital city of Yobe Stat€he townis comprised of tribesuch
as:kanuri, ngamo, karkare, ngizim, bolewa, Fulani, bade, ddamaturuwas creagd in

the reign of Mai Ngazagamu of Kanem Borno Empire. Originally the site is on the
master plan of Yobe State UniversfiySU) Damaturupeing a young institutionn that

its land is generally virgin where the builp area is yet less than ten (10%) percent of
the total master plan sizBamaturuhas an estimated population of about 77,®42
from the 2015registere votersfigure. The coordinates of the city amorld map is as

follows: 11e44E40&8N 11e57E408E 11.74444¢€N
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Flgre5 3 Map of Damaturu and its Enwronment
Source Google Earth Search, 2014.
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5.1.1 Siteselection
Seven different sitesvere reserved athe proposedites forfaculty huildings in the
University (Fig. 5.4. The sitefor this projectis hencerestricted toanyone out of those

reserved sitesAfter rigorous analysisbased orsomecriteria for the selectionthen one

sitewasfinally selected

Pointe K40 O«sé'_[-; S [evi1 324} ‘ : e (00 900E8,. - A S, e y
Figure5.4: Map d Yobe State University witthe Proposeditesfor Faculty buildings
Source Google Earth Search, 2014.

5.1.2 Siteselectioncriteria
Although many sites werearmarked as sites for thproposedUniversity Faculty
Buildings (Table. 5.) somesets ofcriteria based orEnvironmentakonsiderationfias

favouredsite Ad bcationas-
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1. The site islocated within the central partas defined by the given sites on the
master plan for all faculties.

2. The site is located within the academic coret on the fringes of the approved
master plan of the University.

3. The site is easily accessible for pedestrian and vehicles; this could be seen from
the multiple of access road linked to other faculties and generally the University core.

Table 51 Priaity of Site A in the Selection Criteria

Centrality of| Accessibility | Position of Site
TheSites Site to other|  of Site at the Academiq Total Scores
Facilities Entrances | core
A 3 3 2 8
B 3 2 2 7
C 2 1 2 5
D 2 2 2 6
E 1 2 1 4
F 1 1 1 3
G 1 2 1 4

Theselectedsite is spaciou@t7543m¥ adequateo support the educational, recreational,
parking, and othespaces and area requiremehtsthe faculty.lt is elongated along the
east and weshanall the other sitesithe proposed faculty buildings. TheSorientation

could be quit harnessed.
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5.2  Site Analysis

The site analysis followthe following steps: site features analy@kmatic conditions,
sitesize, existingbuildingson site, noise protectiomegetationtopography andervice$
site shadow analysiand site zoning concepten the site Recommendations follows

afterwards.

5.2.1 Site features analysis
1. Climate Condibns - The climate ofDamatury the capital ofYobe State isa
typical of arid zones (bt dry conditions). @matic conditions are described as
follows.
i. Temperature- the site has emaximum temperature of forfjve degrees
Cel sius (45eC) i n timentempenatude ofthirty Apr i |
degr ee Ce linghe manth pfA0gst.dNe range igound to be
fifteen degree Celsiudse C) . By t maxémum and mgimumt h e

of eachmonthis found to be more or less differantvalue See Fig. 5.5
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Figure 55: Average monthly temperature on site
Source Damaturu meteorological statiop014.

il. Humidity: High humidity levelof about70% is attained during the rainy
season. Thislropsdown to about 20% during the dry seasdime low
humidity level and dry weather is the presor of dry seasoalsothe

departuref rainy seasarwherehigh humidity and hot weather symbolize
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rainy seasonTlhe weather isnarked byahigh temperaturand eithedry-

air (dry season) amoistair (rainy season the atmospher&ee Fig. 5.6

iy
44il

]

L

Figure 5.6: Relative humidity chart the rainy season
Source Damaturu meteorological station, 2014.

iii. Rainfall: Rainfall beginan the monthsof May - June and goes off in
October; Damaturu is among the aredth least amont of rain in Nigeria
(90- 120dayyg. The approximate value for tlste annual rainfall is eight
hundred millimetref800mm). The maximum rainfall i886mm in the
month of Augist while the minimum rainfall i20mm in the montlof
May arerecorded. Theain is accompanied with it wilstbrms especially
at the beginning of the rainy season. The chart for annual rainfall is shown

below. See Fig. 5.7
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Figure 5.7: Annual rainfall chart
Source Damaturu meteorological station, 2014.

83



Wind: The wo known trade wind¢southwed andnorth-east)affects the

site differently: nortkeast trade wind blowsith heatand distfor 8 month
while thesouthwesttrade windblows with moisturdor 4 monthin rainy
seasonThe weather of any place depends vwerch on the nature of the
winds that are blowing over it at any particular time, as they influence the
area with their characteristics. The moistlagen soutiwesterly winds
which blow over Nigeria from April to September bring rainfall to the

country. On the other hand, the cool dry and dusty conditions between

December and Februargee Fig. 5.8

Figure 5.8: Nortkeast and souttvest trade winds chart
Source Damaturu meteorological station, 2014.

Surshineand cloud cover: thasunshine is intenssuch that the glare
causes sight malfunctionshé total hours of sunshingincreased during

the dry seasoriThe sunshingeaches up t8200 hours in tla extreme
north-eastNigeria The effect of sunshine in the site is highly considered
because, the dict radiation of the sun during the day causes glare and
heaton the land surfaces up to the stated temperature, whereas the direc
radiation of the sun in harmattas highly welcomed to comfort the
adverse cold over the weather. The value of sunshigigas in terms of
sunshine exposure in hours per day. Almost all the day hours is exposed

to the sunshinesee Fig. 5.9
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angular positions of the sun in sky (in degree)
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Figure 5.9: Positions of sun in the skyYobe.
Source Damaturu meteorological station, 2014.

Site Size: - the ste is spacious (47543m2) adequate to support the educational,
recreational, parking, and other spaces and area requirements for the faeulty. S
size aim is to ensure a good shaped sitethadoossibility for extensiorrhe

informationon sitesizeis feasible from (Fig. 5.10)

Figure 5.10Total area orite size
Source Yobe State University physical planning yré014

Existing buildingson Site:- the site is a virgin land, that igo any existing

building is observed oit. It is nowsuitableto position theproposeduilding at
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thecentral parbf the site Thecentralpositionallow for the design to overwhelm

thewholesitespace

Vegetation- There is sparse trees, shrubs arassges on thelain land of the site
(Fig. 5.11. The predominanteaturein the six toeight months of the dry season
is baobab trees and barren land. Whereapia and luxuriant plant growth for

thefour to six monthss featuredn wetseasonThesite is currently used as farm.

Fig S|te vtatlon cover
Source Researchers Field Studies, 2014.

Noise Protection: The siteis a quietenvironmentdue to the absence of traffic
and other noisy activities aroundit that could generate noisélthough the
distance from other facilities in the campsisiot far buthe noise protectioron
site isfeasible

Topography: The site is relatively flaas in abovéFig. 511). No flooding issues

is recorded on sittherefore it couldeasily support work such asountains. The

use ofbuffer trees, site clearance, site levelliaty,. presents no hard times.

An analyses on the proposed site soil have shown that site soil is sand te sandy
loam which ha the followingcharacteristics: Soil texture and colour indicated

that grains are coars@.021 2) mm in diametegrey to reddishcolour; Soll
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structure indicated th#he soil is loose and will not coherevirag more than 90%

of the soil with less than 5% cla$pil porosity and permeability indicated that
the soil has wider porous spaces allowing water and air to run through it easily;
therefore it is porous or highlgermeable and very well drained; Workability

indicated thathe soil is easy to till but it is not fde.

Normally, the type of foundation to be adopted for a building depends upon the
load to be transmitted and the bearing capacity of theSentiable ste isselected
having satisfactory subsoil (e.g. one with a good bearing capacity of reasonable

depth) it is not difficult to decide upon the type of foundatiwre

Services:=- Electricity power lines run parallel to the access road awesern

part of sitealong the road leading to senate building. Tiglanned to power all

the proposed fadties. The power supply is tapped into the school from the
distribution line leading to Gujba Local government. Other services such as water

is provided from the University water supply and services unit.

5.22 Site shadow analysis

Shadowanalysis presesthat from 10 en to 12pm (2 hours) the heat intense at the

eastern parts of the site whereas from 12pBpta (5 hours) intense heatexperienced

at the western part of the siféhe activity was carried owtith a rectangulabox-pattern

made of paer, 1ft height and 4cnall sides. Shadowenghs was measured at an hour

sessions. The lengths of casted shadow form the form onto the surface is recorded at the

sessionsShadow analysis igraphically reported in appendix lidesigned sheets)

5.2.3 Site zoning oncept

The zoning of functional spacen site was made based on tsemsitivassuesheat gain

and dust laden wind.
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Heat gain; from the shadow analysis conducted on a solid obj¢oe gmoposed
site, shadoveffect was observeid be castetbr a long period at the southern face
of the form. It was deduced that shadow is naturally casteouthern parts the
proposed building. It is very essenttal design shadest the courtyard to be
permanentastedn daytimesthereby decreasing éhrate of surface heatiragnd
consequent radiation to indo®n the floor planning, the east and west sides of
the building accommodates galleries and conviniences.

Dust laden winésNorth-East Trade Winaffected the design from the points of
Orienfations that reduced direct intercept of wind by indoor usé&educed
Openingsso as to control the amount of prevailing air indobevels and
Positioning of Openingwas such that the low level openings positioned at floor
level (00)mm while the high l&f openings positioned at the door heights
(2100)mm Thickness of Walling Materials, Wind breaker trees, eftere all

designedo control the amount of incoming air fraifme relevantirections.

5.2.4 Recommendations

Based on the analyses aboves tumuhtive effects of heat on site presetiite greatest

challenge as the major emphasis in the design. Site plaanghdesign tries tsolve the

problems as follows:

1.

The building structure is oriented 48 direction to counteract the effect of trade
windswhile in addition heavy landscape is plana¢dame direction to dantipe
effectof high wind flow. Thus thesite is protected from the dust lademdiby
emanating from NE directions.

As a result of sun glare and high temperature on the site, gralrices are used

on the structuréo cater for uncomfortable conditians
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3. The site surface heating could be controlled by the use of grasses as ground cover
in addition to the shady treasound the site as well as building structurethis
way, theratio of soft landscape to hard landscape mr&aptat 3:1.

4. The loosesite sand sandy soil is provided with either wide strip foundations or
a raft foundation to ensure that any settlement is uniform.

5. In terms of vegetation; buffer trees, shsudnd grasses should be designed to
cover the bare soil on the site. Now for easy maintenance of the vegetation; Native
Trees, Shrubs, and Plants not alien vegetation are selected. These have adaptive
capacities to the harsh climatic conditions of the.gp&mnt naturally cools the air
as it passes through it. The hot dry air is both hot and dusty before it passes through
plantations or moist air such as fountains and ponds.

6. The stormy rainfall in raingeason necessitates the uselftourtyardtrees and
overhangs in the design.

7. Services in terms of water, electricity, telecommunications, and etcetera are
readily available otthe site.

8. There is enough space for the development of the proposed Faculty of
Environmental Sciences because it is ah@virgin land of which every portion
is empty.

5.3  Design Information

Based on the information derived from tllesign considerations in literature review,

other considerations @mlso incorporatefitom practical findings as discussadder the

casestudiesand the fieldstudiesthe proposed building shall be a single unit of integrated
functions(complex building}o be calledheFacultyof Environmental Sciencésr Yobe

State Universitythat is indoor thermally comfortable in theelected sitewithin the

Universityto serve as a model prototype design initiatiom the study aredt consist
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of five (5) number of academic departments. These are Architecture Department (Arch
Dept.), Building Technology Department (Bldg. Dept.), Industrial Deflgpartment

(ID Dept), Survey andGecoInformatics Department (LSY)and Urban and Regnal

Planning Department (URP Diep

There would be undergraduate programmes (4 years) as well as Postgraduate programmes
(2 years) leading to the awards for BachelmrSciences (B.Sc.) as well as Master of

Sciences (M.Sc.).

5.3.1 Designbrief

The Faculty of Environmental Sciences hau$ee (5) academic departments to
ameliorate the current challenges Nigeria faces in the area of Environmental Sthdies
departmets are as follows-

1. Depatment of Architecture

2. Department of Building

3. Department of Industrial Design
4. Department of Urban and Regional Planning
5. Department of Surveynal Geeinformatics

The faculty complexconsiss of ResearchAWorkshop spacesAdministrative space,
Design studio gaces, €aching spaces€iirculation spaces, Offices, Postgraduate Units,
etc. In terms of facilitiesEducational facilitiesSocial amenitis, Recreational facilities,
etc are provided toserveboth the staff and students antotd ground floor area of

approximately 4,05®2 for the main block alone

The resulting desigmprovides an excellent working environment to encourage high
quality reseech, teaching and learning. Thwiilding demonstratean outstanding level

of quality in relation to all of the disciplines within the Faculty.idta building of
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international architectural merit, with highly integrated landscaping and urban design
featues that will make a significant contribution to the surrongdcampus and
community. Iltdemonstratethe best practices of engineering, fabrication, construction
andservicing. Itprovidesan outstanding accommodation for research activities within

the faculty, comprising individual and group projects between academic staff, visiting
and professorial fellows, pegtaduate students, and research assista@atsolprovides
outstanding facilities for formal interaction between staff and students, assvédr

informal and peeto-peer learning.

Apart fromtheDeandés offi ce, faculty Ilibrary, I CT
the faculty building, each department has
departmental library, ICT, @ahconference hall. The projeconsist ofa ground floor, first

floor, second floomand third floorspaces being a learning environment where there exist

a diverse and complex world ptople, places, and ideas. Tiedationship to physical

spaces and techraglical systems to learning continues to be ever important, even more
important is how, and whether, the indoor spaces for Learning support the individual

perceptions on thermal comfort

5.3.2 Space analysis

The ratio of staff to students will follow the minimustipulated ratio as stated by the
Nigerian University Commissioand also found on case stud{&able 5.2, 5.354 and

5.5). However, an additional percentage shall be added to the standard sizes in order to
cater for some unforeseen circumstances liketdating number of students admitted or
taking a particular course and even the backloads of graduating students (spill over
students) Proposedspace need includes the followingcademic Space needsthis

include the following spaceslassrooms, lgare halls, laboratories, Library/data rooms,

meeting rooms/ Seminar roonfBig. 56 and 5.7. Administrative Space needs:to
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includeFaculty offices, Extrafficesfor staff and sudentgFig. 5.9. Ancillary Facilities:

- Parking spaces, Businessntes, Sit outs and garde(fsg. 59).

Admin. Block

Arch. Dept. | €= ||=p | URP Dept.

A ! 4

Lecture Hall

ID Dept. & || =p | Bldg Dept.

A ' 4

Surv. Dept.

Flow chart of functions on Site
SourceResearcher s Design, 2014

Table 52: Basis on the Number of Students in each undergradiess.
Case/Bldg | Arch. | Bldg | I.D. URP | E.M.T. | Survey and Geo | Geogr

Dept Dept | Dept | Dept | Dept Informatics Dept| Dept

Casestudy2| 40 30 20 30 - 40 40
Casestudyl| 40 30 - 30 30 40 -
Proposal 60 40 30 40 - 30 -

Source Researcher Field work, 2014

From table 2, the numbeof students ireach department was derived from case studies
In terms offacilities, reference shall always be made fomtaimum number prescribed
above

Table 5.3 Basis on the Number of staff and office needs.

Case/Bldg | Arch. | Bldg I.D. URP | E.IM.T. | Survey and Geo/QS Geogr
Dept Dept | Dept | Dept | Dept Informatics Dept Dept

Yola 16 8 15 14 - 13 16
Bauchi 24 14 - 15 14 15 -
Proposal | 30 20 15 20 - 15 -

Source Researcher Field work, 2014
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From table 53, the number of staff/officem each dpartment was derived from case
studies In terms offacilities, reference shall always be made forrfteximum number

prescribed above

Table 54: Number of students expected in each class for each department.

S/NO | Department| 100 |200 |300 |400 M.Scl | M.Sc | TOTAL
level | level |level | level !

1. Architecture | 60-80 | 60-80 | 60-80 | 60-80 | 80-100 | 80-100 | 400- 520

2. Building 40-60 | 40-60 | 40-60 | 40-60 | 60-80 | 60-80 | 280 400

3. Industrial 3040 | 30-40 | 3040 | 3040 | 4060 | 4060 | 200 280
Design

4. Urban and | 40-60 | 40-60 | 40-60 | 40-60 | 60-80 | 60-80 | 280 400
Regional
Planning

5. Survey and | 30-40 | 30-40 | 30-40 | 30-40 | 40-60 |40-60 | 200 280
Geo
informatics

TOTA | Five (5) 2000 | 2000 | 200 | 200 |280 |280 1360

L 280 |280 [280 |280 |380 380 1880

Source Researcher Field work, 2014
From table 5, the population of students in the faculty building is projected to be
between 1360 to 1880 students. In terms of the faculty facilities, reference shall always

be made for the peak populations.
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Table 5.5 Number of Academic Staff according to departments.

S/NO | Department NUC Student Staff Population
Ratio Population
1. Architecture 1:15 400- 520 | 27-35
2. Building 1:15 280-400 | 1927
3. Industrial Design 1:15 200280 | 14-20
4. Urban and Regiong 1:15 280-400 | 1927
Planning
5. Survey and Geinformatics | 1:15 200280 | 14-20
TOTAL 13601880 | 93-129

Source Researcher Field work, 2014

From talle 5.5 the number of staff/officen each department was derived from

provisions by the NUCThis was however used in addition to the information found on

case studies. In terms &dcilities, reference shablways be made for theaximum

number prescribed above

Table 5.6 Schedule of spaces for the five (5) departments

S/No | Space Name Dimension (mm) | Quantity | Square Meter (m)
1. Classrooms/Studios 9000 x 18000 30 4860
2. Seminar Halls 12000 x 18000 |5 1080
3. Offices 4000 x 4000 30 480
4. Library 12000 x 18000 |5 1080
5. ICT Networking Room 4500 x 6000 5 135
6. Archives/Data Room 12000 x 18000 |5 1080
7. HODb6s Of fi ce |12000x18000 |5 1080
8. Utility/Store 3000 x 6000 5 90
9. Conveniences 6000 x 6000 5 180
10. Circulation Space 4000 x 12000 5 240
11. Exams Gficer 6000 x 12000 5 360
12. Workshops/Laboratories 12000 x 22000 |5 1320
Total 11985
SourceResearcher 6s Design, 2014
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From Table 5.@&bove, the proposed space need for the five departntards an area

of 11985m? as scheduléxait this proposal alone will cover an area of about 25% of the

site sizewhich is 47543m?2lt is therefore imperative teuperimposesome blocks into

storey buildings for additional space.

Table 57: Schedule of spaces for the lecture halls

S/No | Space Name Dimension (nm) | Quantity | Square Meter (m)
1. Book/Printing Shops 4500 x 4500 4 81
2. Stage 4500 x 12000 4 216
3. Seating Space 1200 x 22000 4 1056
4, Circulation Space 4500 x 22000 2 198
Total 1551
SourceRes ear cher 6s Design, 2014

From Table 5/ above, the proposed space need for lecture hall buildings will cover an

area of 1551m2 as scheduled abdvas is about 3% of site size.

Table 5.8 Schedule of spaces for the faculty Administrative Block.

S/No | Space Name Dimension (mm) | Quantity | Square Meter (m)
1. Deands Of fi c q9000x 18000 30 4860
2. Faculty Library 12000 x 18000 |5 1080
3. Faculty Exhibition Hall 4000 x 4000 30 480
4, Faculty Offices 12000 x 18000 |5 1080
5. Conference Hall 4500 x 6000 5 135
6. ICT Control Room 12000 x 18000 |5 1080
7. Data Room 12000 x 18000 |5 1080
8. Maintenance Office 3000 x 6000 5 90
9. Faculty Store 6000 x 6000 5 180
10. Conveniences 4000 x 12000 5 240
11. Circulation Space 6000 x 12000 5 360
12. Gallery/Reception 12000 x 22000 |5 1320
13. External Defence Room
14. PG Coordinator

Total 11985

Source Researchér Besign 2014

From Table 5.8bove, the proposed space needtlierfaculty buildings will cover an

area of 16262 as scheduled above.

Therefore, thedtal of 11985m2 + 1551m2 + 1626m2 = 15162m?2
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Now, if the total site area is given 48543m>2with reference to the abowsaimmation

(15162m?) the proposed project site coverage woultabeut32% at the onset of the

design. To save more space and allowpfoking space and green area on site, the design

will be superimposed into the three storey building of First floor, Second floor, Third

floor in addition to the Ground floor so that the proposegject site coverage would be

of about 12%Fig. 59) at the onset of the design.

Table 59: Summary ofSchedules fothe proposedaculty buildings.

S/No SpaceName Percentage Coverag| Site Area Covered
1. Proposed Faculty Building | 12% 5,705.16 m?

2. Parking Space 20% 9,508.6 m?

3. Green Area 40% 19,0172 m?

4, Future Expansion Space 28% 13,312.04 m?

Source Researchér Besign, 2014

5.3.3

Conceptualisedesigninformation

5.3.3.1Thedesign érms

The forms were chosen and designed based on the principles of bioclimatic response in

the following phases (phase omalawo):

Phase one (plarofm): -

1.

Rectangular form was adopted from the previous studies because of its longer
sides facing north/south directions and its reduced surface area exposed to weather
as compared to other shapes when two forms formed a exnjite effect of
outdoor heating to the indoor spaces is further reduced when this form is oriented
as shown below. Shading devices around the form could also provide an additional

cut at the solar heating effect. Impluvium/courtyard as a form of codrtgard
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help drive the unwanted hot dry outdoor air off the functional indoor spaces.

Circular and Square forms could not give this.

N
- © =
S
2. Composite rectangular forms are combinethancourse of this design according
to researcherod6s planning. The forms ar

the prevailing high wind speed observed from the field survey is decreased.
Multiple courtyards are designed such that the hot air is hifiedgdvithin it prior

to entering into the functional spaces.

— —

Phase two (elevation form):
3. The principles of solar incident radiation is adopted as an idea behind the design
guides for the elevation. It therefore led to the follogvdesigns:

i. Smaller sized high level and low level openings: the larger the openings the
greater the exposure of indoor spaces to outdoor hot dry air; The lower
opening at 300mm above floor level while the higher opening at 300mm above
lintel level. Each of the smalsized opening is 900mm in heights.

ii. Deciduous trees at the faces of elevations: the greater the portion of the
building to standout in height above other part, the greater its exposure to

radiant solar heating.
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5.3.3.2The site.

Filtration of dust and breaking the wind storm on:site
The high speed of the prevailing north east trade wind which is the major driven force for
the heated and dusty air into the anes controlled through the use of buffer trees at the
NE directiong(Fig 5.6) Native deciduous trees were selected to keep the wind direction

offsite as it travels along the differences in the heights of these trees.

PRINCIPLE | REGULATION OF ENVIRONMENTAL PARAMETERS

(Filtration of Pust and Breaking the Wind Staorm)

|
—
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Figure 512: Proposed Wind Buffefrees at relevant Directions on site.
SourceResearcher 6s Design, 2014

Green area on thetsilandform
The proposed site was relatively flat and sgeats heatediniformly during the day,
grasses was used as ground cover or landscape element to inadiensite surface

heating. About 40% of the site was reserved for this pur{poge.7)
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Figure 513: Proposed Ground Cover Landsc&rasse$40% of site size
Source Researchér Besign, 2014

5.2.7 3 Building on thesite

Humidification of dry & in and around the building
Fountains were designed within and outside courtyards on the site to help humidify the
air and make it thermally comfortable within the indoor spaeesevaporative cooling,
Roof Garden and Balcony Garden were designedhehlevel to filtrate as well as cool
the incoming air to the indoor spac&rought resistant plants were selected to help
sustain the maintenance expenditure. It was also desirable tohadstwsaround the
building so that the surface heating is restl(Fig. 5.8 and 59) presented the evaporative

cooling.
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PRINCIFLE |- REGLATION OF ENVIRONMENTAL PARAMETERS

(humidification of dry air in and arcund the building)
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Figure 514: Evaporative Coolingrom plants
Source Researchér Besign, 2014

FRINCIFLE | REGULATION OF ENVIREGNMENT AL PARAMETERS

[cooling the air temperature in and around the building)
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Figure 5.15Natural cooling throughtedow casting
Source Researchér Besign, 2014
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5.2.7.3The building enveloe

Sealing the walls
In a typical hotdry climate where there is a large diurnal tempeeavariation, (between
too hotand too cold), massive construction of external/enveloping walls may provide the
full solution in regulating indoor conditions to themfort of indoor useréK. Thomas,
1995) In this designthe thermal massf enveloping wallss increasedrom theU value
of 0.60to that 0f0.50, and when compared to the normal 150mm or 230mm thick block
walls used in designing case study buildingghe area, it could be righttp say the
indoor conditionrwould now getthermally stablesince heat flovthroughthreematerials
of wall got reduced byhe thermal resistance of such materidhe construction of the
cavitywall isas follows: 100mm tkk brick wallas internal leavyésOmm air space cavity
wall, 150mm block wall as external leave atsinm lightweight plasteon one or both
sides.It could be seen in Fig. 50 below. Themethodof calculating Uvalue is preseed

on Table 5.%elow.

S Omm Thick Plock WAl

™y . . [ - .
\ 2Omm Thick Air Space Cavity

X

M

A

) ) . ' | A VA
OOmm Thick Prick Wa

v

A

Figure 5.16 Composite cavity wallaround the buildingnvelope
SourceResearcher s Design, 2014
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Table 5.10 Thermal resistance as heat flows through the three material layers.

Material Thickness (m) | Thermal Conductivity (W/mK)| Thermal Resistance (m2K/W)
External Wall Surface - - 0.06
Standard Brick 0.102 0.84 0.12
Air Space 0.50 - 0.18
Light Weight Block 0.150 0.132 1.32
Light Weight Plaster 0.015 0.185 0.18
Internal Wall Surface - - 0.12

Total Thermal Resistance = 1.98

U value = 1/Thermal Resistances
=1/1.98
= 0.5W/m2K
U value or thermal transmittance coeffidiendefined as the rate of heat transfer in watts

through 1m?2 of a wall when the temperature on each side of the wall differs by 1°C.
Thermal conductivity = Heat flow rate + (Area x Temperature gradientfle SI system
of units, thermal conductivity imeasured invatts per metre-kelvin,

(W-m-1-K-1) where:watt is the unit of poweindmetre is the unit of distance

Openingdenestration®n walls
The concept behind this was the reduction of heat gains into the building which was
ensured by theeducel sizes and number of openings around the builsliripata greag¢r
portion of the building isvalled up Fig. 5.1 below showed the positioning and the sizing

of openings used in studios, lecture halls, laboratories, etc.

‘ 74 e H L H R ’/‘ M P ’H‘ﬁ

ol . | | T | | { ] [ -
7 B A
(R P R O (01 P PP T 17111 | e A

Figure 5.7: Szing, Positionng and Numbering of openings
SourceResearcher 6s Design, 2014

102



Another control measure to wall up a greater portion of the envelope was the use of wall
blinds at the administration block since there is no need to plant too many trees at the
approach vievef a public building. The use gfaze was also minimised. Fig. 5.4@ow

presented how the wall blinds were incorporated in design.

Figure 5.B: Use ofwall blinds for shading effect in the facade.
SourceResearcherés Design, 2014

5.2.74 Street with and Orientations.

Roadways and bu#tp structures within site were all designed with shady trees by the
sides. Distances between blocks of buildings on site was kept minimum to allow for a
mutual shadas inFig. 5.13 South and north facing walls wesasier to shade than east

and west walls, therefore greater number of openings were provided at south and north

facing walls.
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Figure 5.19shady trees in and around built up forms
SourceResearcher s Design, 2014

5.2.75 Open space and builip area

The ratio of buikup and open space on site is designed to be 3:7 from the space schedule
for the proposed projeds in Fig. 5.14The ratio gave enouly room for any future
expansion. It also took care of need to minimise hard surfaces on site whedbeleved

to raise the temperature of ambient air.
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Figure 520: Ratio of builtup spaceand open spaaan site.
Source Researchér Besign, 2014

5.2.7.60rientation and Plan form

The eastern and western walls are significantly exposed to solatigadn the area, this

leads to a very high temperatures for indoor spaces adjacent to thosessidegy. 5.15
Despite adequattree shading functional spaceso be used in the day time were all
designed along the southern and northern sides dfuifging form thereby elongating

the NS orientations over the western and eastern aspects. The plan form has always

follow the footprintor featuref bioclimatic buildingfor the area.
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Figure 5.21 Longer N-S orientatiorover the WE aspect®n site.
SourceResearcher s Design, 2014

5.2.7.7The Roof
The vaulted roof reduce heat gains from lheclimatic analysisas shown in Fig.

5.16.

Figure5.22 Use ofvaulted roof to reduce heat gain on building form
SourceResearcher s Design, 2014

5.2.78 Cdour and Texture
Due to the duy nature of the area, very brigih colour could not be usetiherefore,
light-brown colours and Ash colours were variously emplogedvall paintsas in

Fig. 5.17

106



Figure 523: Colours to match the dusty nature of énea.
SourceResearcherés Design, 2014

5.4  Building Services
Environmental standards were observwgthin designedspacego improve the health of

indoor users as follows:

1. Lighting: In this design, natural means of lighting was employed at therigeal)
verandas and corridors as well as thessrooms through the widerindows
facing the courtyardsand higlllow level windows facing the outside
environments. Artificialighting systemis sourced from solar panels over roofs

to reduce cost of artifial light electrification.

2. Ventilation: - Mechanical assistance is propose@xtreme caseshere full air
conditioningwill be necessary or where thegsoom cannot have the height to
induce air flow by natural stack effe@ecture hall within couyards) It is
normally more economical and energy efficient to have separdiarailing units

for each block on sitananaged by time switches and occupy sensors.
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Fire Safety:- as fire protection, a wider staircases of width of 2.80m and
4.0mwas used to allow the number of people in the storeys under a state of
emergency of fire outbreak to escape the building safely. This width was chosen
to reflect the total exits serving it. The staircases started at the lower level and then
bifurcated athe middle leading to the wings of the building. Also the use of
structural frame of concrete materdlthe central portion of all stairstsaid fire
protection. Smoke detectors also used at various points in the building. The use of
void at the staiwells from upper floors dowat administration blockresents an

added effort to fire and smoke control within the gallery.

Power Supply:- as a means addlternativeenergysource, solar panels and a
standby generatowere used ithe building as anli@rnative to the NEPA supply
which is unreliable. The genéoa is to be positioned at the re@sisy areanear
workshopson the site. Theolar power and the generatake care of the sudden
or eventual power failures, especially whamimportant conggation or lecture

session is on progress.

Clean Water supply: bored hole is drilled at rear position on site near the
generator position. Thiwateris piped andstored in overhead tankhich would

be positioned on top of roofsr easy pumpingotentials down the structure

Storm Water Drainage: storm water drainageither collected down the roof
gutters sitesurfacesand used off in conveniencegre taken care of through the
use of various drainage basins in the form of surface and undedygatters. The

lawn and other flowers are irrigated in this way
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6.0 CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS
6.1 Conclusion
The study hasdentified that theprinciples of bioclimatic desigmare appropriateto be
applied in design to solve thauildi n gpsoblem of indoor thermal discomfolty

designersn thehot dryarea.

According to this researchhémeasure of indoor air temperature and indaiorelative
humidity within buildingsthat have applied 40% of appropriate and adequate bioclimatic
responsesin the arearevealed the following results47% of indoor users were
uncomfortable with the31°C indoor air temperature43% of indoor users were
uncomfortable with the33RH% indoor air relative humidity but almost all the

respondents were comfable with the indoor air speed.

That gave the researcher a focus on the two variables that were perceived uncomfortably
by indoor usergventhough he respondenisvere b some exterdlso tolerantvith the
indoorthermal discomfort nature of the studga(adaptation) Thermal conditiongor

building users in the ardead alreadypeenshiftedup above normal valugsee research
assumptions on chapter three)

Generally speakingt is now hopedhat the proposed design conceptstulated and
testedabovein design of faculty of Environmental Sciences for Yobe Sthtwersity

acts asa prototypedesign guideon achieving dioclimatic responsive buildirsgn hot

dry area.
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6.2 Recommendations

To further contribute on this studthe following reommendations would have to be

considered about ¢huse of bioclimatic responser indoor thermal comforin hot dry

climate:

1. Designes must bear in mind thahe effectof bioclimaticr e s ponse on bui
indoor conditions lies in the higiate/percatageof adequately applied principles
in its design. The relationship is such that the percentage of adequately applied
(AAP)% principles aredirectly proportional to the indoor thermal comfort
conditionsfor theindoor users in the stucyrea The reseather now estimates,
with reference to the findings, that the (AAP) % must rea¢ch | e alsfore 05 0 %
the irdoor conditions of buildingbecome theoreticallgomfortableenough the
required80% of the indoor space users.

2. Designers must also bear in mitnétall theappropriatgrindples of bioclimatic
designespecially for the aresre incumbento be adequately applied designfor
an idealindoor thermal comfort in hot dry area as indicated above.

3. Designers must devisether means tocontrol the transfer of heating iot the
indoor spaces in the ar@dot necessarily the use of cavity construction but also
other options like the use ofassive walling materiaincreasing the thickness of
block walling, etc. all to ensure that the enveloping watlke longer time to
conduct heat from the outside environment.

4. Designers must devise ways of integrating the princigfiésoclimatic design for
the climatewhile ensuring that it does not constrain thefitheir tasteo express

complex thoughtaccodingly.
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6.3 Contributions to Knowledge
The studyhas justifiecthat bioclimatic design principlessd e si gneauld 6 t ool
be subjectively and objectivelyset to minimise the problems high energy
consumption anthermal discomforin hot dry climate.
Thestudyhas establisheglrelationship between bioclimatitesign principlesand
indoor thermal comfort conditions buildings inhot dryarea. It is such that the
percentage of adequately appl@thciples(AAP) % are directly proportional to
the percenaige of comfort votes bine indoor userslhis indicates that the more
bioclimatic principles are applied, the more comfortable building users will be.
The study has also highlighted tkelection ofnative plants as the sustainable
means of maintaining bioclimatic design concepts in drought conditions.
The studyhas reintroducedhe use of multiple instruments of data collection
objectively and subjectivelyn comparative studsdike this.
The studyhasproposeé design caceptfor a model builing in the study area.
Lastly the study revealed thsthtadow analysis could be an important design tool
for thermal comfort studies in a local environment, especially a hot dry condition,

like the study area
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AppendixI: (Visual SurveyCheckilist)

Thesis Title - Bioclimatic Resporesin Design ofFaculty of Environmental Sciences in

(Introducti on)

the HotDry Climate of Yobe State University, (YSU) Damaturu

NameofUni ver s.i.t.y.é.e

Name of Casstudy Faculty)

Date......ccoovvviiiiiiiis
PRINCIPLES RATING SCALES FOR BIOCLIMAC | BIOCLIMATIC
RESPONSE®N THE CASE STUDIEAS | DESIGNS
(AAP%, I1AP% and NAP%) AS
CASE CASE CASE CODES
STUDY 1 STUDY 2 STUDY 3
- Undulating site must position plan o
Site leeward side of the slope.
Landform -Site in depression is preferable in cag P1
where ventilation is assured.
-Flat site must landscape the surface wi
grassesas ground cover and as win
buffers.
Water bodies (ponds, lakes, fountain, a
Water water cascades) must be used in the vicil
bodies of building to act as heat sink tumidify P2
the air and make it comfortable inside.
Distances between building
must be narrow so that the| P3

mutually shade one another.
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Street wilth and

Orientation

Streets facades must K
oriented or protected by
landscape against the lon

period of solar radiation.

P4

Open Spaces and Built

form

Open spaces such as courtyar
and atria must be used to act {
heat sinks during the day an

radiate the heat back at night.

PS5

Grasses must be used in tl
open spaces (courtyards) act
ground cover to absorb solg|
radiation and aid evapotave

cooling.

P6

Orientation and Plan

form

The orientation of building plar
must be such that its longe
sides are preferred facing-8

directions.

P7

The surface to volume (S

ratio is kept as minimum a|
possible to reduce heat gairis
is achieved by decreasing th
surface of the building exposg

to the outside.

P8

Building

Envelope

Roof

Flat roofs or vaulted roofs arg

ideal in this climate.

P9

Use is made of a massiy
material as the roofing sheet g

having good insulative value.

P10

The use of indoor ceiling
having good insulation value i
favourable as the spac
between the roof and ceilin

acts as a heat buffer.

P11

Evaporative cooling of the roo
surface to allow for night time
radiating cooling should beg

employed. In this case, it i

P12
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better to use a roof having hig

thermal transmittance.

Walls

In  multi-storied  buildings,
Welkinsulated and very thic
walls give a good therma
performance if the glazing i
kep to @ minimum and window|
are wellshaded. A wall that

transmits less heat is used.

P13

Fenestr

ation

-In hot and dry climates
reducing the window areg
lower indoor temperatures.
-The heat gain through
windows can also be reduce
by using glass with low

transmissivity

P14

More windows should b
provided in the north and sout|
facades of the building than th
east and west as they recei
lesser radiation throughout th

year.

P15

-All  openings should bgq
protectedfrom the sun by using
external shading devices su(
as chajjas and fins.
-Moveable shading device
such as curtains and venetig

blinds are preferably used herg

P16

-Desert coolers and/o
ventilators are extensively use
in this climate, they arg
preferred at higher levels a
they help in throwing out th¢

hot air.

P17
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-Earth air pipe systems ar

effectively.

-The use of materials made
wood, stone or RCC materia
in great proportion may bg
considered as they alloy
ventilation while focking solar

radiation.

P18

Colour and Texture

-Use of colours that absorb leg
heat such as white should K
made to paint the wall surface
-The surface of the wall shoul
preferably be textured tq
facilitate  selishading and
hence the lowing of indoor

temperatures.

P19

-The surface of the roof shou
be reflective. Darker shade|
should be avoided for surface
exposed to direct sola

radiation.

P20

Special Considerations

Deciduous trees are used
shade the biding during hot
weather and then admi
sunlight in the dry harmattan
Harmattan is uncomfortably
cold weather and require
windows be designed such th
they encourage direct gai

during this period.

P21

Indoor plants can be provide
near thewindow, as they help i
evaporative cooling and ir

absorhing solar radiation.

P22
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Appendixll: (Thermal Comfort Questionnaire Suryey

(Introduction’)

A thermal comfort survey is being conducted for this building as part of M.Sc. research

thesis:Bioclimatic Response in Design of Faculty of Environmental Sciences in the Hot

Dry Climate of Yobe State University, (YSU) Damatilihe survey relates specifically

t o

suney by answering these questionnaires accordinglizighly implored. You are

t he

occupantso

percei ved

t her mal

comf o

requred to tick () your optiomccording to your belieNote that all survey responses

will remain confidential. Participants will remain anonymous.

1.

What is yourgender?

Male

Female

What age range do you belong?

157 30yrs

307 45yrs

Name this building.

LectureHall

Classroom

Laboratory

(Basic Datg

For how many hours do you staythis building withinthe 24hours each day?

Less than 6hours

More than 6hots

How would you describe your purpose of staying in this building each day?

Lectures

Reading

Other Reasons
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(Thermal Environment)
6. Please tick the scale below at the place that best represents how you feel at this moment. You may tick iniateapprop

place between two categories, if you wish.

Cold

Cool

Slightly cool

Neutral

Warm

Slightly warm

Hot

7. Please select the box below that best represents how you feel at this moment (openings opened). | would like to be:

Too hot

Comfortalle

Too cold

8. Please select the boxes that best represent how you feel at the moment about the AIR MOVEMENT at this space.

Very acceptable

Moderately acceptable

Slightly acceptable

Slightly unacceptable

Moderately unacceptable

Very unaccefable

9. | would like:

Moist air movement

No change

Dry air movement

10. (General Comfort) How comfortable is this indoor space right now?

Very comfortable
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Moderately comfortable

Slightly comfortable

Slightly uncomfortable

Moderately uncomfoeble

Very uncomfortable

11. (Temperature) What would you estimate the temperature at your space to be RIGHT NOW?

Temperature (°C)

12. (Activity) What activities have you been engaged in during the preceding hour?

Sitting Sitting Standing still On feet exercising Walking

reading typing working around

Last 10

minutes?

The last 10
minutes

preceding?

The 10
minutes before

that?

The half hour

before that?

13. (Inlayer clothing) Please indicate whether you are wgaany of the items listed below in this space normally to adjust

the thermal discomfort.

Not wearing item Light weight item Medium weight Heavy weight item

item

Short sleeve shirt

Long sleeve shirt

Pants
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Shorts

Dress(women)

Skirt(women)

14. (outer layer clothing) Please indicate whether you are wearing any of the items listed below in this space normally to adjust

the thermal discomfort.

Not wearing item Light weight item Medium weight Heavy weight item
item
Sweater
Vest
Jacket

15. At this moment are you wearing more/less clothing at this indoor space than you prefer/expect?

More clothes than wanted

Ok

Less clothes than wanted

16. How much time do you expect to spend in this indoor space during this week?

Minutes/Hour/Days
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Appendix lll: (R e s e a rDedigeed Sheets)

2
STUDENT:- IDRISE SADU
— FEGMO:- 4377201 1-12
DEFT:. ARCHTECTURE

FACLILTY:- ENV. DESIZH

INSTITUTION:- AW, ZARIA

i DWE. SCALE:- NOT SCALED
1

| DATE:- 24/11,2014

SELECTED SITE

DAMATURU/YSU
CAMFUS

SUFERVISCRS

MAIDR:- ARG M.HMUETAR

MINCR:- DR. M. L SAGADA

I TSU, Damaturu.

Sheet No.

BIVCLIMATIC RESFONSE IN PESIGN F FACLLTY oF ENVIRONMENTAL SCIENCES
IN THE HZT PRY cLIMATE OF YOBE STATE UNWERSITY (YSU), PAMATURU

Appendix Il a: Site Location Map

ﬁ SITE SELECTION CRITERIA

Ma5ter plan of Yobe State University (YSU), W
- Damaturu Yobe State. 7

STUDENT:- DRISS SAIDY

FEC.NO=- 4977/201 1-12

f DEFT-- ARCHITECTURE
UNIVERSITY

FACULTY FACULTY:- ENV. DESICN
BUILDINGS

INSTITUTION:- ABU, ZARIA
DWC. SCALE:- | : G000

DATE:- 24/1 1/2014

SUPERVISORS
MAJOR:- ARC M.HMUKTAR

MNOR:- DR M. L SACAOS

Aammum 1
Educational Fammes -

PublcFacilies -  48852ha

Organisad Open Space Gggznga 3 YSU, Damaturu.
Pt MR B ecomsnemame oy | MEASURED

Commercial - 3713303 ~ =/ IN METERS &5

Ullitles. - s321ha = SITE 15 LOCATED WITHIN THE ACADEMIC CORE <

5 - 571038 ha

Universlty farm - 1038 B e 5 MORE ACCESSILE TO PEDESTRAN AND VENCLES

Roads - 751917 ha

Total 8

PIOCLIMATIC RESFONSE IN DESIEN OF FACLLTY OF ENVIRONMENTAL SCIENCES Sheet No.
IN THE HOT DRY CLIMATE OF YOBE STATE UNIVERSITY (YSU), DAMATURU

Appendix Il b: Site Selection Criteria
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Appendix lllc: Climatic Site Analysis

SITE ANALYSIS - Site Teatures
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Q SHADOW ANALYSIS - Dafj Lighﬁng Con\_‘iihons

SHADOW ANALYSIS 1S A ToA
THAT HELPS ARCHITECTS AND DESIGNERS
TO ANALYSE AND UNDERSTAND DAYLIGHT
CONDITIONS ON SITE. SUCH ANALYSIS ARE
PRESENTED IN THE FORM OF CARS PIFFERENT
CAORS DENOTE DIFFERENT AMANT OF EXPOSURE TO
SUN LIEHT. IN DPESIENING SUSTAINABLE BUILPINGS, SUcH
ANALYSIS sHOWS THE AREAS THAT RECEIVES GREATEST HEAT
SITE. THE SN 15 ALMOST AT PERPENPICLLAR AND S0 THE
IN oF BUILPING THAT RECENED HEAT IS THE

N- ERN <SIPES ALTHAUEH CFENINGS WERE AVOIPED,

FING ARE DESIENED |5oohM WIDE FROM ENVELOPING WALLS

i’mww

PIOCLIMATIC RESPONSE IN DESIGN oF FACULTY OF ENVIRONMENTAL SCIENCES
IN THE HOT DRY CLIMATE OF YOPE STATE INIVERSITY (YSU), DAMATURU

Sheet No.

Appendix Il e Site Shadow Analysis

@ SITE. ZONING - Site Concept

KEY I195UES

PLET— ADEN WIND 2T oRM FART OF

STIDENT'S AS A BESLLT

TRAVE WINP

PART OF
Xo OTHER FACLLTY
A\ EULDINGS

PART o THE/,
THEATER |
SULDNES

As A RESILT

OF INTENSE
SOLAR ==
EADIATIEN \

MUCH MORE HEATED
AD MUCH LESS WIND -
AFFELTED +AREA

OTHER FACLLTY

BULPINGS

//

- /HE ZONINE CONCEFT WAS DEVELOFED AND
PESIENED TO REDUCE THE INTENSITY ¢F TWO
KEY I1550F5 IN RELATION T¢ THE RESEAREZH
THESIS AT TWO OPOSITE ARFAS:

CENTRAL Y,
ADMIN.
BULOING  /

-

OF NORTH-EAST

PICCLIMATIC RESPONSE IN DESIGN F FACULTY OF ENVIRONMENTAL SCIENCES
IN THE HOT DRY CLIMATE OF YOBE STATE UNIVERSITY (Y2U), DAMATURU

Sheet Ne.

Appendix IlIf: Site Zoning
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G BUBBLE. DIAGRAM -Design Intents

STUDENT:- IDRISS SADU
REC.NO:- 4377/2011-12
DEFT:- ARCHITECTURE
FACULTY:- ENV. DESICN
WNSTTUTION-- ABU, Z3R4A
DWC. SCALE:- NOT SCALED |

DATE-- 24/11/2014

SUPERVISORS

MAOR:- ARC M.HMUKTAR
MINOR:- DR. M. L S2GADA]

BIOCINATIC RESPONGE N DESIBN OF FACULTY oF ENVIRONVENTAL ZCENCES
IN THE HOT DRY CLIMATE OF YOBE STATE UNIVERSITY (YSL), DAMATURU

Appendix Illg: Bubble Diagram of Functions on Site

FU NCT]ONAL FLOW CHART —Design |n‘h:nt5

PARKING
SPACES—ENTR

ENTR—]

KEYS

DE_FT - DeFartment

Suwey - Quantity and Lancl Survey
URF - (rban and Regiona] Hanning
ID - |ndustrial Design

B]c’g - Bui]cling

ARCH - Arcl'litecture

STUDENT:- IDRISS SADU

LECTUR i
HALL.S MAJOR:- ARC M HMUKTAR
Y3U, Damatury.
BIOCLIMATIC REZPONEE N DESIEN F FAZLLTY oF ENVIRZNMENTAL 2ZENCES Sheet No.
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Appendix IlIh: Functional Flow Chart
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‘; F(jRM CC)NCI:_FT -Design |ntents
N

FLOCR FLANNING PHASE .- (coresphsising the forms)

- Rectangular form chosen for its longer N-5 Orientations,

SITE FLANNING FHASE = letapratstion of bubtle digrm on ata)

Forms are arranged close to shade themselves,

North
- Projecting Fins around the forms cast shades from Sun, /\ - Courtyards are designed to between the forms,
- Evaporatwe Cooling within the Courtyard cool the dry 3|r‘,/;-‘/,\'§

- Leading to Indoor Thermal Comfort. Leading to Indoor Thermal Comfort.

%E_J K
Awoiding the Dy A=
722z

— [z

Irdidual Fomme Compactad

Agcordingto Dlesgn [ntent for
Ralatiomeb

! Functional |

hades Around
the Forms

ELEVATION PHASE, - (from the principles of incidart radiation)

- The Elevation is conceptualised from the principles of
solar incident radiation at varying time in the study area
over the course of a day.

- Possible forms and sketches that minimise heat and
hot-dry wind infiltration inte the designed spaces are
adopted.

- Leading to Indoor Thermal Comfort

the combination of Vertical lines, Inclined lines and
Curved lines are projected accordingly.

Plants/Fountains designed to Humidify the Courtyards,

EFT:. ARCHITECTURE
:- ENV. DESIGH

STTUTION:- ABU, ZARIA

DWG. SCALE-- NOT SCALED

DATE- 2411 1,2014

uFESCEs

MBSGR: ARG M.

KTAR

MIMOR:- DR. M. L SACADA

r3U, Damatury.
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Appendix Illi: Form Concepts on Site

N SFACE SCHEDULES -Design |ntents
\ | Schedule of Spaces for
the Five (B) Pepartments

Sitio| Spece Name Dimension (mm] | Guartsty [Sauers (m?) The

proposed space
need for departmental
buildings will cover
5. [Depsremersa Offces| 400054000 | 30 | asome an dareda of |[985ml as

. |StudiosClessrocm | 2000 = 15000 30 ASCOmE

Semrsr Halls 12000 =12000| B 1080me

4 |Depormersal Livary 12000 +18000| & | 1080w scheduled on Table | &
& |ie7 Cortrol Room  |4500+E0D0 | B 186me This value is h ope d to

¢ |aremeas foom 1200012000 & | rosome be reduced when spaces
dre superimposed into
First, Second and Third
oo | 2 1 oo floors decording to
the space need for the

7. [H-O.0.'s Ofhce 12000 =18000] B 1 080mE

. |usityStone So0o=6000 | B 90m

o |comenences

|0, |crevtion Spsce  |acoo=1zooo | B | 240me Y
tive (B ( tme Q
11 |Beme e co00=12000 | 6 320mE fve (5) departments
|2, |Werkshaptab. uns [12000 22000 B | 1szoms
Total = 11.986me

Schedule of Spaces for
the Lecture halls/Garden

s Spsce Hame | Dendfcn (nm) | Gusnty [Pl () h 01 pr_ rop o|’ e dl 5 FJ+ ace

Nneed ar Tne Lecture

[ peorater | £ | 2™ | bt} buildings and the

il [f00 12000] 4 2lert roct gardens will

3 |semgerinsee|200nz20] 4 | 1%t | cover an daread of [55[mi

4. |GaleryiCroiston  Jagoo s 77000( 2 198w a5 scheduled above
Towd = LEBImE

- IDRISS SADU

- 4377201 1-12

ARCHTECTURE

V. DESIEH

STTUTION:- ABU, ZAR1A
DWE. SCALE-- NOT SCALED

DATE=- 241 112014

SUFE

=)

MASOR:- ARC

MUKTAR

MMNOR:- DR. M. L SACADA

Y3SU, Damatury.
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 SPACE SCHEDULES - Design ntents
N 2 Schedule ot Spaces for [herefore:
the Fac y o Buildi
the Faculty Puilding 9852
sinc | Spscs Hame Dimenseon {mei | Guartbity | Tetal (m3) +  |55mi = |lgiml
Desns’ Choe 460012 | Bame [ #L et
[ PSS P — Bime Now, it the 2ite Size
Te m oyl - TEA D
= [Facuity Bxirtion #m| 9000+ 5000 | 1 oime s glveph ds 47542mi;
[ TS e— R Rpy then Proposed Faculty
5. |Covleranca Foom |9000:000 | | Sims will cover T he are (]. o
oo B PE—— - about 21I% of the site
&, [1.CT. Control Room | 4600 = 12000 | Bdme o
: : When the departmental
7. |Dots Foom 2000:9000 | | Sime . .
buildings are
5. [Membensnce Office ] Bame _ . A )
superimposed into
o [PedtySiee  |400rTIONG] 2| A Ground floor, First
0. |comensnoes 30009000 [ & 2leme faor . Second floor and I
. |Srovlston Speoe 40067 15000) 4 2o (hird floor, then this DATE- 24112014
|2 |GoleryFecepton  |S00CsE00D | 4 S24me will be reduced to anly
|5, |Ebemsl Defenos #m | 400 = 12000 2 1 GBme covel dn drea of ‘?‘-’/:
4. |FG Coonsinator | 4800 12000| | Bame out of the total site.
MMOR:- DR M. L SASADA
2. Totol = 1,626m2 sjnz | Spoce Home Parsentage Covared| Ares Covarad
‘[' he p ro |3 osed s F: ace 1. |Froposed Projest % 5,706.1 Gmt YE‘J_, Dsl:u*.uru.
need for the faculty 2. [Poena Spaces 20% 9.500.8mt
b | oC k A | | | cover an 3. |Green Ares A40% 19,017.2me
area of |£f/7 Zeml as o |Petertul Bopormion | 228 15,51 2.04me I I
scheduled abaove.
AT T B = = — - — — —— Sheet MNo.
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Appendix Il k: Space Schdulescontinues

‘; SFACE. ANALYSIS -Design [ntents
\\.

Studia/Office Workstation Library Workstation Planning Data (Number of Statf Ofhces)
1o 1100 i —T— 1280
r_ _-I_L r_ ﬂI_L '_l——_11 sino.|Case Buldings|Arch.|Bldg [I1.D. [URF [EMT [Surv.|Geo
g | F j a\
o — b ~ |ATBU, Bauchi (1€ |& [IB [I4 |- 13 |le
=y
— 4] o |MAUT, Yola |24 (14 |- 15 (14 |15 |-
('.f'\ = = 2 el pal - o -
k) 8 3 |FROFOSALS |30 |20 |20 |20 20
[T
¥ Planning Data (Number of Students/Studio Space need)
1 Rectangular Shapes has been employed
L throughout the desian because of it 15 sno.|Case Bulldings| Arch.(Bldg (1.D. |URFP |EMT [Sury.|Geo
| 2 congruent with the research provisions for
T Longest side to face N - 5 direction. | ATBU, Bauchi |40 [30 (20 |30 |- 40 (40
- MSTTUTION-- ABU, TARIA
WG, SCALE-- NOT SCALED
o |MAUT,Yola |40 (30 |- 30 (30 |40 |- e s moie
Planning Data (Gonference/Lecture Hall) : PaTE- 24 =
s/ho.| Plan Shape Seats Capacty| Circulation Space 3. |FROFOSALS €0 |40 |30 140 |- 20
| |3quars 240 Mermal —l— High Level Window
2 300mm high at MBOR:- DR, M. L SACADA
- NS
s |Crevlar 180 Abnorma gfrt'ff:‘”;z:n‘:zh L 21 c0mm from the
2. Vidth cder
floor level ; s
Pact lar - N accommodate heavy| oY, Damature.
3. |Rectangula 280 orma crowd of students
\ - Shape 180 Abnorma g Low Level Window
4 |v ped L—m _4 _| 200mm high at
300mm from the I ||
floor level
- —_— - — v —= - g Sheet No.
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j' (Ground [loor Plan - Presentations
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