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ABSTRACT

The problem of thermal comfort has been the majallenge faced by most office
buildings. The effect of these could lead to stressns and reduction of work efficiency
of office workers. Office buildings are considetdong the most architectural buildings
that consume more energy to provide comfort alk yeand. One of the major factors
affecting the thermal comfort of office buildingstheir form. It has a great effect on the
heating and cooling loads of a building. Hence,réisearch seeks to evaluate the thermal
performance of different geometrical forms of conighe, cuboid, pyramid, and cylinder
to see their response to energy loads. The resaanshto reach to the best possible form
which presents the high thermal performance inromeise it in office buildings in hot
humid area of Lafia. The analysis is carried oumgshe computer program ECOTECT.
The results indicate that the cube form receiveddghst amount of fabric heat gain on the
hottest day, while the cone form is best in terindiect solar heat gains and the cuboid
in terms of Sol-Air (opaque Surfaces). In the aséannual cooling loads, the cylinder
form performs best followed by the cone. For theant of solar energy received by the
forms, the cone is the least followed by cylindarboid and cube. Energy consumption
can be reduced by choosing Double Glazed Low-E maafer windows with window to
wall ratio (WWR) 40%. The research concluded th#eent building forms having the
same area, volume and envelope materials respéfiededily to energy loads due to their
surface configuration. Ultimately, the cylindridairm is the most suitable form within
the context of this research. The research recomsnapplying thermal comfort design
strategies for achieving comfort in hot humid aresspecially with regard to geometric

form and envelope material composition in the fitsige of the design process.
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ABBREVIATIONS AND DEFINITIONS

ASHRAE American Society of Heating, RefrigeratinglaAir-Conditioning

Engineers
DBT Dry Bulb Temperature
ETTV Envelope Thermal Transfer Value
HVAC Heating, Ventilation, and Air Conditioning
KWh Kilowatt Hour
MWh Megawatt Hour
oTTVvV Overall Thermal Transfer Value
PMV predicted mean vote
PMV Predicted Mean Vote
RH Relative Humidity
SHGC Solar Heat Gain Coefficient
WWR Window to Walls Ratio

Below are the definitions of the lines and coloodes use as indicators in the simulation

analysis.

HVAC Losd

1. The bright green line represents the HVAC loatljch is the
amount of energy that would be required to mainthezones at a comfortable internal

temperature.

Conduction

2. The solid red line represents conduction - gloeses that occur

through the fabric of the building itself. The nr#és selected for the construction of the

building envelope will affect gains and losses ttueonduction.



3. TTTrhTrmmommees The dashed red line represents gains due tweabdsolar
exposure, otherwise known as the Sol-Air tempeeatlihese heat gains are caused by

the molecular excitation within the building magdsiwhen exposed to solar radiation.

Crirect Saolar

4, The orange line refers to direct solar heatgalhese gains occur
through transparent surfaces such as windows aylijists (whereas Sol-Air refers to

gains via opaque surfaces, so hence are indirkEotgains).

Wentilation

5. The dark green line represents gains and ldes¢®ccur due to

ventilation and infiltration. In Ecotect, the opegiclosing of windows and other
ventilation openings can be controlled via an of@nal schedule, while the rate of

infiltration is set under the Zone Management aarganel for each zone.

Imterna

6. The blue line represents internal gains duartificial lighting,

occupancy by people and equipment. Internal gamasagcupancy rates can be set via
the Zone Management control panel for each zondewbjects such as appliances can

be assigned heat output values in the materiabredit

Inter-Zons

Lastly, the cyan line represents gains andekdhat occur

between adjacent zones.



CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF STUDY

Creating a thermally comfortable environment is arethe important factors to be

considered when designing buildings in hot humehar It is very important for architect
and engineers to ensure comfort, health and walljpef occupants in the building.

Thermal comfort can be defined as that conditiontled mind, which expresses

satisfaction with the environment (Hensen and Gaotra, 2001). The main criteria for

thermal comfort as a whole can be divided into emmental parameters: air

temperature, radiant temperature, humidity, aioe#y and personal parameters: clothing
and activity. The above mentioned factors gredfigca the thermal performance of any
indoor environment. Watet al, (2011) pointed out that building occupant’s satitibn

of their indoor comfort level depends a lot on thalding design and infrastructure.

Furthermore, the shape, orientation, fenestratimh @aterials of construction have as
much, and perhaps, more effects on the thermabimeaince than the heating insulation
(Conserving Energy in Buildings, 1979). Abed, (2D4Bows that, certain design criteria
for thermal comfort have affected the designs dlidmgs which include building shapes,

forms, orientation etc.

With growth in demand for building and a resultidgmand for energy, energy supply
has not been able to meet with the demand. Therdferbuilding sector could contribute
immensely to the sustainable use of energy by aupustainable design strategy.

Furthermore recommendation on the way forward itk at sustainable and efficient



means in the design and use of built environmemergy studies of commercial
buildings in Nigeria, shows that office buildingensume about 40% of the energy
generated for the country (Batagarastaat.,2011). It is a challenge for the government
agencies, architects and engineers to reduce emermgumption particularly in office

buildings.

In order to reduce these energy loads, understgniie overall architectural design
features (shapes and forms) of office buildingfiat humid areas is important. Studies
by Ling et al. (2007) and Catalinat al., (2011), shows that different geometrical forms
have the ability to react to thermal comfort diffetly, due to differences in its

geometrical characteristics.

The major problem of thermal comfort in office lalilgs in hot humid areas is heat
gains, due to high air temperature, less air vgtpeelative humidity and incident solar
radiation. Heat gain is the thermal energy thaiaar may gain from external and internal
sources (Krem, 2012). External sources of heat gi@rheat transferred to indoors due to
the difference between outside and inside temperaflhis gain occurs through the
building envelope walls, ceiling, windows, ventitat systems, and air leakage. Internal
sources of heat gain are the heat generated byants the heat produced by lighting,
and the heat resulting from the equipment.

For this reason, building forms is an importanttdacthat could influence thermal
comfort as well as increase/decrease the amouahefgy required to heat or cool the
building. This thesis therefore, intends to evaduhe effect of building form on thermal
comfort in office buildings located in hot humideas. Also to recommend the most

effective form in terms of less energy loads reegiito produce maximum thermal



comfort and reduction in energy consumption reqguif@ cooling (cooling loads) in

office building.

1.2 PROBLEM STATEMENT

Studies have shown that buildings consume largeuatnaf energy in order to achieve
thermal comfort for their occupants. Batagaraataal. (2011), pointed out that of the
40% of energy consumed by commercial buildings igeNa, most of it goes to the
cooling aspect of the building. Therefore, we cay that high level of energy is needed
because of the increasing demand being placed atingeVentilation and Cooling
(HVAC) system to provide thermal comfort all yeaund. And also building designs
doesn’t give proper consideration to energy sawith regards to environmental factors
most especially on building forms and envelope aositppn. This situation will lead to
high energy consumption needed to provide heatingpoling of the building and will
affect comfort, health and efficiency of buildingass. Energy production cannot meet up
with the demand as such; there is a need for thation of building whose internal
environments are comfortable (Deen, 2004). Theeefior order to maximise the energy
efficiency of office buildings which is a priorityt is critical to assess the effect of its
forms on thermal comfort and energy consumptioth@se buildings. Furthermore, there
is a need to incorporate building forms in the gestonsideration of office buildings in

order to achieve a thermally comfortable environinen

1.3 AIM AND OBJECTIVES

The aim of this research is to evaluate the efdédtuilding forms used in office design

in hot humid areas, to see how they affect themtaécomfort of the occupants.



This will be achieved through the following objees:

I. To identify the factors that affects the thermalformance of buildings.

ii. To study the design considerations for thernmahfort in hot humid areas.

ii. To study the effects of these forms on inddbermal comfort through computer

simulation.

iv. To propose a design of an office building usihg form that s thermally comfortable

in Lafia.

1.4 RESEARCH QUESTIONS

In line with the above mentioned problem statemé#, following research questions

have been formulated:

i What is thermal performance of building and taetérs affecting it?

il What are the design considerations of buildiogrs affecting thermal comfort in

hot humid areas?

iii How does building form affect thermal perfornee and indoor comfort?

iv. How will the results from the research be usethe design of an office building

in Lafia.

In attempt to answer these questions, some ofshiges relating to thermal comfort in

office buildings would be clearly understood andradsed properly.



1.5 SIGNIFICANCE OF STUDY

Several researches on methods of energy conserviatiiadifferent types of buildings
were done, focusing on various passive energy gam@asures using energy simulation.
However, there are no such studies done for hotichwarea of Lafia climate. This
research therefore, attempts to give a solutionnfiproving office design and enhancing
their comfort condition. Furthermore, it will help give a better understanding about the
interactive relationship between the building foamd the environment. Finally it will
provide a reasonable result since it depends amgusimulation program in order to

optimize building energy performance.

At the end, this research will serve as a guideattous professionals involved in office

buildings as well as government agencies makingipslon environmental control.

1.6 SCOPE OF STUDY

This research focuses on office buildings in Lafvjch is located in hot humid area of
Nigeria. Geometrical forms of cube, cuboid, condinder and pyramid will be analyze
by computer simulation using climatic and enviromtaéweather file. The forms will be
of equal floor area, volume and thermophysical prbes of building envelope. The
forms will be simulated using ECOTECT program tdedeine how the various forms

react to thermal comfort in terms of energy constionpneeded to provide comfort.

Since the research is aimed at evaluating the tsfigicforms on thermal comfort, the
application of the information drawn from the rasbawill be used to design an office

building in hot humid area of Lafia.



1.7 JUSTIFICATION

The fundamental reason for creating buildings i€datrol the immediate environment
around people (Deen, 2004). Such control can bafeséed by providing shelter from
external environment by establishing occupantsveodnd work comfortably. Therefore,
with the 2f' century problem of energy conservation, green @oeffect, global
warming, thermal comfort and environmental sustailitg being a concern to man.
Many efforts have been put in place and are beirgt@ see to the reduction of these
problems. Therefore, towards energy efficient efflauilding with less use of energy,

simple geometrical form and reduction of runningtde realizable.
To justify the above motive, the following reasavif support:

i. Environmental: creation of a sustainable envinent that is friendly and less impacted
by human activities will be realized thereby, makibuildings in hot humid areas

comfortable for use.

ii. Economic: Reduction in the energy consumptidrnthee building will subsequently

reduce the running cost of the building.

ii. Improving Quality of life: Health, safety, anevellbeing of occupant of office
buildings extend beyond disease control but physicaental and comfortable
environment which enhances the holistic being of imdividual and improves his

performance.



CHAPTER TWO

LITERATURE REVIEW

2.1 THERMAL COMFORT IN BUILDINGS

According to ASHRAE (2004), thermal comfort candedined as the condition of mind
which expresses satisfaction with the thermal emirent. Thermal comfort describe a
person’s psychological state of the mind and isallgueferred to n terms of whether
someone ifs feeling too hot or too cold (Health &adety Executives, 2014). It is always
not possible for a group of people exposed to #mesclimatic conditions of the same

room, to feel comfort at the same time due to thbyrsical variance (Cakir, 2006).

The man criteria for thermal comfort for the huntardy as a whole can be divided to
environmental parameters: air temperature, radiamiperature, humidity, air velocity
and personal parameters: clothing and activity (fpaand White, 2005), (Hensen and
Centnerova, 2001)). Hensen and Centnerova in addtirther stress that there are other
environmental parameters that can cause local #iletiscomfort such as drought, a high
vertical temperature difference between head aktear too high radiant temperature
asymmetry. Air temperature and air humidity are nin@st commonly factors addressed
in the conventional design process as indicatorsttiermal comfort (Abed, 2012).
However, the most commonly used indicator is thérommfort is air temperature.
Although it is an important indicator to be takeroi account, air temperature alone is
neither a valid nor an accurate indicator of thérroamfort (Health and Safety
Executives, 2014). It is always important to cossid in relation to other environmental

and personal factors.



2.1.1. Comfort Zone

According to Cakir (2006), the comfort zomay be defined aa thermal condition i
which little or no effort is required by occuparits adjust their bodies to suunding
environmental conditior. The impacts of the above mentioned factors o1 thermal
balance of the human body irrespective of adaptatothe local climate form the ba:
on which theoretical comfort models/ standardshsas Fanger's PMV, its derivati
ISO 7730 and most versions of ASHRAE Standard Sewlevelope (Chenvidyakarn,
2007). Furthermore, the: difference leads to the adaptive models predictamfort
zones which vary according to the prevalent lotiahates, while the theoretical mode
predict comfort zones which are independent oflltliarmal condition (Abed, 2012).
Anotherscale of comfort zone is ASHRAwhich has defined a comfort zone for win

and summer seas@s seen in Figurel, depends on la&ive humidity and temperatu
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Fanger’s effort in developing comfort index resuhsthe predicted mean v 'PMV'
which indicates the average comfort vote of a typicalydaion as shown in Table 1
below, on a scale fron3; Cold, to +3, Hot, with O as thermal neutraliB&véans, 007).

Table 2.1 Comfort Scale

Comfort scale Sensation Bedford’s scale
+3 Hot Hot

+2 Warm Warm

+1 Slightly warm Slightly warm

0 Neutral Comfortable

-1 Slightly cool Slightly cool

-2 Cool Cool

-3 Cold Cold

Source: Evans, (2007).
Charles (2003) foundhat the PMV model is not always a good predictbractual
thermal sensatiomparticularly in field study settings due to thefidiflties inherent ir
obtaining accurateneasure of clothing insulation and metabolic ratéowever, he als
suggested that is easy to predict PM more accurate in agenditioned buildings tha
in naturally ventilated ones. This is due to the influence ofdoar temperature ar

adaptability tendencies.

2.12. Bioclimatic Charts

Bioclimatic charts help the analysis of climate refeéeristics of a given location in ten
of human thermal comfc (Cakir, 2006) They can give an insight concerning build
design strategies to maximize indoor comfort caoodg when the building is fre
running. The most commonly used bioclimatic charts are Ofgyad Givoni’'s
Bioclimatic Chart. Olgyay expresses the comfort e in graphic form taking int

consideration two climatic variables which are thg bulb temperature DBT on tl



vertical axis and the relative humidity RH on tharibontal as indicated in Figure 2.2
below.

The comfort zone above is lying in the aerofoil gth zone at the centre of this graph.
The higher lines above this comfort zone indicdie effect of air movement on

extending the upper boundary of the comfort zortee bwer lines below the comfort

zone indicate various levels of radiation that wlogbmpensate for the lower than

comfortable temperatures (Auliciengt,al,2007).

; _ .
7 o M) TS \-_ ] LTSI [
B
\E%f&m |
40 m
————r—
o i . | SRty y— Air movement
2 80 artia Tty 1 m/s
= Comfo 0.2 mss
g t B 0.1 mss
2
5 300
= 500
10 L5800 —
B L]
| |
a 10 i an 40 ali] 0 T BD a0 100
RH (%)

Figure 2.2 Bioclimatic chart modified for hot hunatimates.
Source: Olgyay, (1953)
Another chart is presented by Givoni as showngarg 2.3 below, who used a diagram

with dry bulb temperature on the horizontal scald absolute humidity on the vertical
scale. This diagram can contain a number of zoodsadicate conditions that require

different bioclimatic design resources (Evans, 3007
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The chart in Figure 2.3 above assemble temperatapitude and vapour pressure of the

ambient air plotted on the psychometric chart aodetated with specific lines of the
passive cooling techniques overlaid on the chanvo® focused on the linear
relationship between the temperature amplitudevapadur pressure of the outdoor air in
several regions (Cakir, 2006). In light of thisatednship, appropriate passive cooling

strategies are defined in compliance with the ghexgpoutside climatic conditions.

2.1.3. Thermal Comfort Models In spite of the difficulties of defining acceptable
comfort conditions, there are several models foasneng thermal comfort. The most
commonly used models according to Mikétral. (2008) are the adaptive models and the
heat-balance approach.

i. The Adaptive Approach People have a natural tendency to adapt to changing

conditions in their environments. This natural tmcl is in the adaptive approach to



thermal comfort, (Nicol and Humpherys, 2002). Thimdamental assumption of the
adaptive approach is expressed by the adaptiveiplas:if a change occurs such as to
produce discomfort, people react in ways which setiodrestore their comfar{Nicol and

Humpherys, 2002).

The adaptive approach to thermal comfort startsmftbe observation that human can
take a range of actions in order to maintain tlegygerature within close limits and thus
achieve thermal comfort (LEARN ,2004 in Abed, 20I)e Adaptive Model is the most
suitable approach to the passive solar buildings@efines comfort within a wider range
of thermal parameters and correlates variable ddamr conditions with indoor

conditions and, (Mikleet al.2008).

ii. The Heat-Balance ApproachThis approach combines the theory of heat transfer
with the physiology of thermoregulation to determima narrow range of comfort
temperatures which occupants of buildings will findmfortable (Darby and White
2005). The range is determined by a ‘PMV’ (prediateean vote) which defines comfort
in terms of air temperature and humidity becaussdhparameters are easy to measure
and control (Mikleret al.2008). The PMV refers to a thermal scale that fum® cold (-

3) to hot (+3) originally developed by fanger aetel adopted as an ISO standard. The
recommended PMV range for thermal comfort from ASHES5 is between -0.5 to +0.5

for an interior space (Autodesk Educational Comrnyi2014).

2.2 THERMAL PERFORMANCE OF BUILDINGS

The most successful criteria of a building deswgthe thermal performance of building.

Thermal performance of a building refers to prityait® how well a building is insulated



from the external weather conditions in order thieee a comfortable temperature
internally (Shomera, 2014). This means keepingnternal temperature higher than the
external temperature or lower than the externabtrature. It aims to provide the most
comfortable environment for occupants and thus mmzing the energy demand for
cooling and heating requirements. Nayak and Prajg2806) defined the thermal
performance of a building as the process of modellve energy transfer between a
building and its surrounding. The difference of parature between the building indoor
and the outdoor environment is the primary consitien for energy flow throughout a
building (Abed, 2012). This is also proportional ttee thermal quality of the building
enclosure (Utzinger and Wasley, 1997). Buildingritied performance deals with the
heat flow between buildings and outdoor environmarftich can be expressed as heat
gain and heat loss. Building's components such aks,wwvindows and roofs and their

materials affect these two mechanisms (Abed, 2012).

The thermal performance is considered one of thstrmportant aspects of energy
utilization in buildings. The prediction of the lings thermal performance through heat
transfer mechanisms is essential for enhancingnith@or conditions using HVAC and

estimation of heating and cooling loads (Abed, 2012

2.2.1 Factors Affecting Thermal Performance of Budings

The thermal performance of a building depends targe number of factorsNayak and
Prajapati (2006) summarized these factors as desgagiables, material properties,

weather and climate data and a building usage data.



2.2.1.1 Design Variables

Buildings are considered the main responsiblerfdoor thermal conditions because they
form the main contact between indoor and outdosirenment (Abed, 2012).

i. The Form of Buildings

The building’s form, spacing and configuration ia neighborhood affect both the solar
and wind factors. They play a large role in detarng the amount of solar radiation
received by the building’s surface and the airflasgund it(Nayak and Prajapati, 2006).
As the building surface is the exposed componerihéooutdoor environment, a small
ratio of building surface to the volume which ig tlmain characteristic of compact forms

is helpful to maintain thermal balance (LEARN ,2004bed, 2012)

The form of a building can affect the thermal parfance as it determines the size and
the orientation of the exterior envelope that ipased to the outdoor environment. Also,
cost and aesthetics are affected by the buildingn f¢Abed, 2012). Selecting the
optimum shape, orientation, and envelope configamatcan reduced the energy
consumption by about 40% (Waegal.2006). Another component of the building form
is the roof form of the building. The convectiomahé&ansfer area and coefficient for the
curved roofs such as cylindrical and dome are highan flat roofs of the same base.
Another issue related to roof form is the ceilingight which affects the building's

volume (Rosenlund, 2000).

ii. Building Orientation

Building orientation is another critical aspectpafssive design. The goal is to orient the

building in accordance to sun path and wind dicec{Krem, 2012). Orientation helps to



increase or decrease the heat gained from theysaither maximizing or minimizing the

amount of time that the building is exposed todisnlight.

The building orientation can affect the buildingtmal performance by minimizing the
direct solar radiation into the buildings envelagther through building openings or
opaque walls (Al-Tamimet al. 2010). According to Gouldingt al. (1992) many factors

must be taken into consideration during the selgctf building orientation. They

include the expected shading impact and the surememts according to latitude, time

of day and time of year

iii. The Envelope of the Building

Building envelope has a great influence on bothoardand outdoor space condition
(Gouldinget al. 1992). It is one of the main components affectstthal heat gain and
overall heat transfer coefficient. Al-Taminat al. (2010), found that the building
envelope accounts for 36%, 25% and 43% of the pealting load in Hong Kong,
Singapore and Saudi Arabia respectively. So itnigartant for the building envelopes to
have a level of thermal resistance and a minimutherdmal bridges in order to avoid the

penetration of water vapor inside the buildings€82012).

iv. Shading Devices

Shading devices have a useful impact especialliMetditerranean and semi-desert
climates (Abed, 2012). The period of the year,tiime of the relative transparency of the
materials can affect the shading (Gouldatgl. 1992). A study by Abd El-Monteleb and
Ahmed (2012), in the hot arid climate of Egypt skeowhat the vertical louvers with a

protrusion of 38 cm or more result in a decreas26fin indoor temperature. Also, in a



study of Al-Tamimi and Fadzil (2011) in Abed, (2Q0X®ncluded that selecting the best
shading devices can improve the number of the cdaifte hours by about 26% and

4.7% in unventilated and ventilated conditionspessively in the tropics.

2.2.1.2 Material Properties

Material properties of buildings components plafuadamental role in controlling the
process of heat transfer of the building. Abed @0ointed out some of the most
important thermal properties of heat transfer whack thermal conductivity, thermal

resistance, thermal transmittance and density.

i. Thermal Conductivity

The thermal conductivity is a property of the miatierwhich represents the quantity of
heat per unit time in watts, that flows throughm thick even layer of material with an
area of 1m2, across a temperature gradient of Kefvin) in the direction of the heat
flow (ASHRAE, 2001). The lower value thermal contiuty is the less thermal

transmission will be.

ii. Thermal Resistance of a Material, R

The thermal resistance of a material is the rasstéo heat flow between two surfaces at
different temperatures. It can be expressed asRRthalue which is a function of the
material thickness and the reciprocal of its theércoaductivity (ASHRAE, 2001).

It may be defined as the time required for one ahiteat to pass through unit area of a

material of unit thickness when unit temperatuféed@nce exists between opposite faces.



iii. Thermal Transmittance, U

The thermal transmittance, U is a direct measurthefthermal insulating ability of a
given building component air to air. It is obtainbg reciprocating the total thermal
resistance of the building component (ASHRAE, 20Mt1g¢an be defined as the quantity
of heat that flows through a unit area of a buildgection under steady-state conditions

in unit time per unit temperature difference of #weon either side of the section.

iv. Density, Porosity

The density, p (kg/m3), is the mass of a unit vadurhthe material, comprising the solid
itself and the gas- filled pores (Harmathy, 1988)e density plays a great role for the
thermal properties: the lighter the material thereniasulating and the heavier the more

heat storing (Rosenlund, 2000).

2.2.1.3 Climatic Factors

The climatic factors can affect the design operatd buildings envelop in order to
achieve comfort and save energy. These climatitofacare the environmental factors
affecting thermal comfort which are solar radiafibomidity, wind and air temperature.
It's important to understand the general climatetleé region and the microclimate

(Ridley, 1990).

a. Solar Radiation

Nayak and Prajapati (2006) defined solar radiaéisrihe intensity of sunrays falling per

unit time per unit area and is usually expressed/atts per square meter (W/m2). Solar



radiation, is one of the basic mechanisms for energnsfer between different

temperature regions, and it vary from conductiod aonvection in that it does not

depend on an intermediate material as a carri@nefgy but rather is impeded by the
presence of material between the regions. The teanpe of the air also changes
according to the amount of the absorbed radiat@akir (2006), pointed out that some
factors affect the radiation incident on a surface geographic location (latitude and
longitude of the place), orientation, season, tohday and atmospheric conditions. Solar
radiation is the most weather variable that inflesnthe air temperatures. It consists of
direct radiation and diffuse radiation which varithwthe sky conditions (Abed, 2012).

Another variables affect the total solar radiateme reflections from the ground and

adjacent buildings, shading from adjacent buildiagd vegetation (Rosenlund, 2000).

b. Humidity

Air contains a certain amount of vapor, which iBeghair humidity (Rosenlund, 2000).
ASHRAE (2003), defined the relative humidity RH “8ise ratio of the partial pressure
(or density) of the water vapor in the air to tla¢usation pressure (or density) of water
vapor at the same temperature and the same tatabyre. The acceptable rate of
humidity differs according to the climate. RH beéne40% and 70% does not have a
major effect on thermal comfort, and similarly madtices RH is kept between 40%-
70% because of computers (HSE, 2014). While a &e of humidity is preferable in dry
climates, it causes discomfort in tropical climeggions (Biket, 2006). However, in work
places which are not air conditioned, or where ¢hmatic conditions outdoor may
influence the indoor thermal environment, relatieanidity may be higher than 70% on

worm or hot humid days (HSE, 2014).



There is an inverse relationship between relativenidity and air temperature. It
decreases as the air temperature rises. The deciredbe relative humidity towards
midday tends to be the largest in summer. Alsoh hmmidity levels reduce the
transmission of solar radiation due to the atmosphabsorption. Moreover, high
humidity decreases evaporation of water and swedt thus causes high ambient
temperature and discomfort (Nayak and Prajapa6ROHumidity affects the rate of
perspiration evaporation which affects the abitifythe body to dissipate heat at higher

ambient temperatures (Ridley, 1990).

c. Wind

Wind has a great influence on buildings design #rer thermal performance. This
describes the speed of air moving across a bodlynay either cool the body in contact
or heat the body, depending on if t is cooler dtdrahan the environment (HSE, 2014).
It affects the convective heat exchanges of a mglénvelope and the air infiltration
(Nayak and Prajapati, 2006). It's necessary to cavbe effect of winter wind which

increases the infiltration heat loss and utilizitge summer wind in encouraging
ventilation (Ridley, 1990). Many factors affect thhend at the local level such as
topography, vegetation and buildings configuratiBosenlund, 2000). Moving air also
increase heat loss through convection without dmnge in temperature (HSE, 2014).
Also, it is important to take wind factor into cateration during the urban planning and
architectural design. Buildings height and distandetween them can affect the
formation of pressure zones which is inevitabletha direction of the wind. Various

climate regions require different wind requiremgiket, 2006).



c. Temperature

Air temperatures the most important environmental factor, measurg the dry bulb
temperature (DBT). Air temperature is a measurethef heat or air temperature
surrounding a body, and it is usually measured égrele Celsius°C) or degree
Fahrenheit F) (HSE, 2014). Most thermometers are measuringiemhbair heat.
However, radiant heat loss or gain is also impart&adiant heat may not be reflected in
the air temperature, but is the impact of coldatrdbjects in the area. The temperature in
a building is based on the outside temperaturesandoading plus whatever heating or
cooling is added by the HVAC or other heating andling sources. Room occupants
also add heat to the room since the normal bodyeeature is much higher than the

room temperature.

The significant question concerning how temperasifect thermal comfort is, is the air
temperature less or greater than the skin tempetatine difference between these two
temperatures determines in which direction heatstea will occur. Additionally, if the
temperature of the air is less than the temperaifitae gases exhaled from the lungs,
then heat from respiration will be exchanged to #re Generally whenever the air
temperature exceeds the temperature of the skirthendespired gases, it is difficult to

maintain thermal comfort, (Deen, 2004).

2.2.1.4 Building Occupancy and Operations

Buildings usage produces heat from their occupalnglyts and equipments. Occupation
densities and types of activities affect the tbedt gain and as well affects the amount of

energy required to provide comfort within the sp@88HRAE, 2001).



Table 22 Heat production rate in a human body.

Activity Rate of heat production
(W) (W/m?)

Sleeping 60 35
Resting 80 45
Sitting, Normal office work 100 55
Typing 150 85
Slow walking(3 km/h) 200 110
Fast walking(6 km/h) 250 140
Hard work(filing, cutting, more than More than
digging, etc.) 300 170

Source: www.mnre.gov.insolar-energy.

Table2.2 above shows the raof heatproduction by people at different activity lev
People give off the heat of metabolism to maintaconstant body temperature. Elec
lights and equipment give off heat to the buildegual to the electrical energy th

consume (Utzinger and Wasl 1997).

2.2.2Thermal Transfer Mechanism

Heat is considered one of the forms of energy wihiahsferred between objects due
the difference in temperaturHeat transfer describes the exchange of thermalggi
between physical systems depending ortemperature and pressure of the system (
Transfer Mechanism, 2014t always moves from the hotter object to the coalee
(Roos, 2008). Three heat mechanisms which are cbindy convection, and radiatic
are utilized in the passive solar buildi in such away to control the process

distributing keat throughout the living spe (Abed, 2012).



i. Conduction

Conduction heat transfer is energy transported tduaolecular motion in interaction,
which in solid is due to molecular vibration (Hea&tansfer Mechanism, 2014).
Conduction is the way heat moves between molec¢htesigh materials. Thermal energy
transfer occurs in the direction of decreasing temaure, a consequence of the second
law of thermodynamics (ASHRAE, 2001). In solid opadodies, thermal conduction is
the significant heat transfer mechanism becauses iachieved through molecular
vibration.

Conduction requires the physical contact of twoeoty. It occurs through the different
component of building envelop where heat is coreildtom the warmer side to the
cooler one (Roos, 2008). The quantity of heat fteansd through a material is

proportions with its thermal conductivity.

ii. Convection

Roos (2008) defined convection as "heat transfertduluid (gas or liquid) or airflow".
That explains why warm air rises or cool air falls a wall’'s inside surface. It can be
divided into natural convection which occurs dueatéemperature difference between
zones, and forced convection which occur due tontogement of air by mechanical
means (ASHRAE, 2001 & Abed, 2012). In these twasaonvection is responsible for
the distribution of heat within the occupied spaocé between zones (Barakat, 1985) in
Abed, (2012). Building's materials have an impdrtame in convective. Therefore the
choice of building materials for design should bene with consideration to its

convective properties in mind in order to contta effects of heating.



iil. Radiation

Radiation is heat transfer between two surfacesrasan of electromagnetic waves, such
as light, infrared radiation, UV radiation or mieraves with nothing between them.
Radiation takes place in the sun-exposed surfatésiitulings and its value increases
where there are large temperature differences (R2fif38). In thermal radiation, there is
a change in energy form from internal energy atsihwrce to electromagnetic energy for
transmission, then back to internal energy at #eeiver (ASHRAE, 2001). Materials
properties such as transparency and colors plaigrafisant role in determining the
percentage of solar radiation absorbed, refleadedransmitted, depending on certain

properties of that object.

2.2.3 Thermal Balance in Buildings

This term can be expressed as the overall therraakfer value (OTTV), which is

considered as a measure of the heat transfer fnaiside to the indoor environment
through the external envelope of a building (Ab2@l12). The main principle in term of
buildings thermal balance is the heat transfer betwbuildings and environment. It take
into consideration three components of the heat gaishown in Figure 2.4 which are
conduction through an opaque surface, conductisaugh glass window and solar

radiation through glass window (Nikpoetr al.2011).

Another two sources of heat gain as mentioned tynger and Wasley (1997) are the
internal heat gains and the air exchange via \aiutil or infiltration. Heat gain by the
occupants depends on the number of people in thra and the rate of heat released by

each person, which depends on the degree of gctivit
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Heat gain from lighting depends on light equipmefiiciency and lighting level. He:

gain from equipment depends on humbemachines and their efficien (Krem, 2012).

2.2.3.1 HeafTransfer through Building

One of the most important components affectingtthal heat gain and the overall h
transfer coefficient is the building envelope -Tamimi et al. 2010). TheEnvelope
Thermal Transfer Valurepresents the thermal performance of the wholelepe. It
takes into consideration the three basic componehtseat gain through the exteri
walls and windows of a building which are: heat awction through opaque vis, heat

conduction through glass windows, and solar ramiathrough glass window(Abed,



2012). Also leat transfer through the building envelcis affected by the area of i
components and the thermal conductance of theienmaés.

Heat Transfer Ratethrough the Building Walls

Ling et. al.,(2007) estimated that vertical wall in high risalthags received 86.6%
the annual solansulatior. Figure 2.5 shows, thaf the total solar radiation incident
the outer surface of theall, a part of it is reflected to the environmefhe remaining
part is absorbed by the wall and converted intd keargy. A part of the heat is ag;
lost to the environment through convection andatoin from the wall’'s outer surfac
The remainingpart is conducted into the wall; where it is pagtgred thereby raising tt

wall temperature while the rest reaches the room'’s interior Sue.
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Figure 25 Heat transfer processes occurring in a wall

Source: www.mnre.gov.insolar-energy.

The key here is to recognize that at a steady, dtaweconvective heat transfer rate i
the wall must be equal to the rate at which headrlucted through the wall and must
equal to the rate at which heat is removed fromwh# by convection (earn Thermo,

2014). Heat loss or gains through walls can beaedwsing cavity walls insulation. Tl



material prevents air circulating inside the cawitgrefore reducing heat gain/loss by

convection (BBC-GCSE Bitesize, 2014).

Heat Transfer Rate through the Building Glazing

Glazing have a large influence on the building itiedr balance, as it affects the rate of
heat gain and loss in the building envelope. A wtadnducted by Al-Tamimet al.

(2010), found out that heat gain through the eatesiindow accounts for 25-28% of the
total heat gain, adding to the infiltration. Th&s up to 40 % in hot summer and cold
winter zone. Therefore, glazing material, oriemmtatand its ratio to the wall help to cause

cooling effects and avoid the increasing in theoordair temperature.

2.2.3.2 Building Internal Heat Gains

This term represents all the sources of heat inhidebuilding, namely the occupants,
lights, appliances and other equipment. The heat ga a result of occupants in a
building is a combination of sensible and laterdth&ensible heat gains from occupants
results from the difference between the human ldethperature and the temperature of
the air inside the room (ASHRAE, 2001). Heat gayntlve occupants depends on the
number of people in the room and the rate of helased by each person, which

depends on the degree of activity.

Another source of internal heat gains is heat gam lighting which depends on light
equipment efficiency and lighting level. Heat gaiom equipment depends on number of

machines, their efficiency and their duration oégiion (ASHRAE, 2001).



2.2.4 Method of Calculating Thermal Performance ofBuilding Using Computer

Simulation.

Building thermal simulation is the dynamic analysit the energy performance of
buildings using computer modeling and simulatioohteques (Bahaet.al 2013). In
simulation, a calculation of building thermal loaasd thermal consumption are involved
in determining the thermal characteristics of thelding and its building systems.
Furthermore, Bahaet.al (2013), pointed out the importance of buildingerthal
simulation as a powerful method for studying therthal performance of buildings and
to evaluate architectural design. Evaluation ofrtted comfort involves assessment of at
least six factors: human activity levels, thermadistance of clothing, air temperature,
mean radiant temperature, air velocity and vapessure in ambient air (Fanger, (1970).
Thermal analysis basically means using a manuallzion or computer program to
mathematically model the interplay of thermal pssas within a building. One way to
analyze thermal performance in buildings is by gdimermal simulation programs that
are capable of calculating all of those values eately (Bahaset.al. 2013). The accuracy
of a thermal simulation result is determined byitiput data. This input data as shown in
Figure 2.6 mainly consists of the building geomgeinyernal loads, HVAC systems and
components, weather data, operating strategiessanedules, and simulation specific
parameters. There are two commonly used approdohenergy thermal simulation as
pointed outwhich are:simplified methods and detailed methods. The siiredlimethods
use integrated weather representations, like dedmge or degree hours, to predict the

building’s response to the exterior environmente Second method of energy modeling,



the detailed method, literally performs a wt-building heat loss/heat gain calculati

every hour of the year.

Weather HVAC
Conditions Systems
Building Internal

Geometry
\ N /L
Operating strategies Simulation Simulation Specific
and schedules engine parameters (numeric
CONVErgence

o/
l tolerances, workflow)
——

Loads

Results

Figure 2.6General input data of thermal simulation eng.
Source: Bahaet al (2013)

Using these detailed calculations, one can stueletfects of internal thermal mass, st
shading devices, computerized thermostcontrols, daylighting dimmers, occupar

sensors, and any other parameter that respondsutty Istimuli

2.2.4.1Building Thermal Simulation Tools.

There exist today a large number of simulationgadBuilding Information Modeling
(BIM) applications concerning thermal simulation in buigs. Based on the analysis
recent trends in therah tools, this report reviewecertain selected tools that are m
applicable to the BIM applicatic (Baharet.al. 2013).

Baharet.al (2013) furthenoted that the most applicable tdyl professionausers in the
ArchitectureEngineering Constructio(AEC) community (whether they focus on t
BIM platform or not). These applications aEcotect, DPV (Design Perfrmance

Viewer), Design Builder EnergyPlus, eQUEST, EcoDesigner, BESFsreen Building



Studio, Lesosai, IDA ICE, IES VE, TRACE700, TRNSY8d Riuska. The choice of
using ECOTECT for this analysis is based on thie¥ohg reasons pointed out by Huda,
(2012). ECOTECT is a software package with a unapgroach to conceptual building
design. It couples an intuitive 3-D design integfawith a comprehensive set of
performance analysis functions and interactivermgttion displays. ECOTECT offers a

wide range of internal analysis functions which barused at any time while modeling.

2.2.4.2 Ecotect Simulation Software.

Ecotect was developed by Dr. Andrew Marsh and Sg@are Research Ltd. that was
acquired by Autodesk. Ecotect analysis offers aewihge of simulation and building
energy analysis functionalities to visualize andwdate a building’s performance within
the context of its environment (Ecotect, 2011). Tdllowing steps show how Ecotect is
use for thermal performance calculation/analysis:

Thermal Computer Model Preparation: It is important to construct a thermal model of
the proposed design using ECOTECT. Each model anstl is defined using zones
and properties to help in achieving the purposthefstudy. This model will be used to
study the various performance aspects of the tHedesagn. At this stage it is advisable
to simplify the model in order to get quicker resul

ECOTECT Thermal Analysis: As for analysis, it is expected to investigate ¢chmate
responsiveness and overall thermal performance btilgling. ECOTECT calculates
internal temperatures, spatial comfort and headimg) cooling loads for models with any
number of zones or type of geometry. There is needssign material choices to all
objects. There is also need to assign HVAC mode aperational schedules for

occupancy.



i. Temperature Profile Study: This study is carried iouorder to calculate the hourly

temperatures for all the zones for the hottestahdiest days of the year.
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Figure 2.7 Hourly Temperature Gains and Lossesi@Grap
Source: Ecotec({011).
Figure 2.7 above shows the temperature profileystfda building for the whole day.

This show how temperature increase hourly withia tlay and how it affects HVAC
loads and other indicators like conduction, sdalAir, ventilation and inter-zonal.

ii. Heating and Cooling Loads Studies: This aspectutaties the average monthly
heating and cooling loads of the project and ceeatgraph showing the monthly heating

and cooling loads of the building for a typical yea

JONTHLY HEATING/COOLING LOADS - All Visible Thermal Zones
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Figure 2.8 Average Monthly Heating and Cooling ead
Source: Ecotec({011).



Figure 2.8 shows the graph which indicates theilgdbads above and cooling loads.
Each bar contains all the various contributorshteating or cooling loads of the zone.
Variation in colors shows the various zones and ttentribution. Here the shades of
green inside each bar represent the individualrtiurttons from spaces like living area,
kitchen/restroom, and bedroom areas of the building

iii. Passive Solar Study: The passive solar analysis/stibe overall effect of solar

radiation on the building envelope. Figure 2.9 bhekhows the different percentage of
heat gain/loss through conduction, solair, diretars ventilation, internal and inter-zonal

on the building.

whirma.GANS BREAKDOWN - All Visible Thermal Zone: tst January - 31st December

Figure 2.9 Passive Gains/Loss analysis.
Source: Ecotecf2011)

As seen in Figure 2.9 above, the heat losses thrdhg building envelope due to

conduction and infiltration (shown in red and gresmsspectively) dominate the internal
heat gains contributed by appliances, lighting, accupants (shown in blue).
iv. Thermal Mass Study: Varying the thermal mass of es@lement(s) of the model

helps in evaluating their impacts on the calculdtediding loads. This has to do with the



analysis of their thermophysical properties andemait types. This helps in making right

choice of materials.

2.3. CLIMATE

Weather and climate have a profound influence ftendn Earth. They are part of the
daily experience of human beings and are essdatidlealth, food production and well-
being. Many consider the prospect of human-induciedate change as a matter of
concern. According to National Air Space Agency ¥ “weather”, as we experience
it, is the fluctuating state of the atmosphere atbus, characterized by the temperature,
wind, precipitation, clouds and other weather elet®@ver a short period of time. While
“Climate” refers to the average weather in termshaf mean and its variability over a

certain time-span and a certain area (NASA, 2014).

2.3.1 Climate Classification

One of most commonly used classification systendéscribing the climate is Kbppen'’s.
The Kdppen system recognizes five major climatesyipased on the annual and monthly
averages of temperature and precipitation. Eacl tyglesignated by a capital letter. A
second letter in the classification considers thecipitation and a third letter the air
temperature (Abed, 2012). The major climate clasgibns are: Warm-Humid Climate
(Moist Tropical), Hot-Arid Climate, Temperate Clitea (Humid Middle Latitude), Cold

Climates (Snow) and Polar Climates as shown inreigul0.



Warm-Humid Climate (Moist Tropical)

The most important characteristic of this climaehe high temperatures and the he
rain. Minimum average monthly temperature is ab®88C. Humidity and cloudine
increase the importance of diffuse solar radic while they decrease the potential
radiative sky cooling. Rainfall and winds are theaim determinant of seaso
(Rosenlund, 2000). Képpen specifies three A climathichS seen in Figure 10 which
areWet equatorial climate (Af), Tropical monsoond tradewind littoral climate (Am)
and Tropical wedry climate (Aw (Huda, 2012).

Waorld Map of Kiippen—Geiger Climate Classification  Main climates  Precipitation Temperature
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Figure 210 Koppens World Climate Classifications

Source: Huda, (2012)



2.3.2 Climate Design Strategies for Hot Humid Areas

In hot humid climates, a significant amount of gyecan be saved if cooling needs can
be minimized. In general, to achieve this, solad aonductive heat gains should be
contained, and natural ventilation promoted for liegp and humidity removal

(Chenvidyakarn, 2007). The climatic design strasgidepend on utilizing the

opportunities and capabilities of the local clima&ome of the key strategies for
minimizing cooling needs involve appropriate foronientation and spatial organization
(layout), shading, and appropriate use of materiatdors, textures and vegetation
(Chenvidyakarn, 2007 and Abed, 2012). Some of tistsdegies remain the same in
different climates. However, Abed (2012) stresdwat form; orientation and layout, of

the buildings in addition to spacing between them the most important strategies
affecting indoor thermal comfort. Also, buildingvatope has a great influence as it

separates the outdoor and indoor environment (&egl al.2010).

i. Building Form

Previous works has shown that when the form of ildimg is considered, architectural
design can significantly improve the energy constimmpof a building. Similarly, studies

by Mark, (1997) and Depecket al. (2007 have shown that building shape can have a
significant impact on the cost of heating and aapliHowever, Adnaret al., (2009),
have noticed that no general guidelines are aJailabarchitects and designers on the
impact of the form on the energy efficiency of binlgs.The main determinant factor for
choice and selection of building form is the abilitbo maximize ventilation and to

minimize solar collection through the envelope, rehthe most important requirement is



cooling. This can be achieved through increasiegattea available for air movement and
decreasing the remaining external surface areasmidst suitable form in this climate is
the open elongated shape in order to provide avement which considered the only
way of achieving thermal comfort (ChenvidyakarnD2p The height of the buildings
should, in general, not exceed 3-storys. Sincehigber buildings receive too much
radiant heat and give wind obstruction to neightprbuildings, building’s height
shouldn’t exceed 3-storys (Gut et al. 1993). Piiclmeofs with wide overhangs or

verandas create shade and rain protection (Ros®r2000).

ii. Orientation

Orientation and spatial organization affect theligbiof a building to ventilate and
receive solar radiation. To minimize solar gain amakimize ventilation, buildings in hot
humid climates usually employ spread-out plans padmeable internal organization
(Chenvidyakarn, 2007). Also, Givoni, (1969) pointedt that the amount of radiation
received by the building is determined by oriewtati Orientation has a significant
influence on the cooling load. In areas where cotfe acquired mainly by air
movement, it is important to orient the buildingcaing to prevailing winds. By
orientating the longer sides of the buildings teicept prevailing winds and the shorter
sides to face the direction of the strongest smdration as in Figure 2.11, effective
ventilation can be achieved, while thermal impacnt solar radiation is minimized

(Chenvidyakarn, 2007).



Figure 2.11 Building Orientation

Source: www.ecowho.com

In regions where ambient temperature has greafieence on comfort than ventilatio

orientation with respect to the sun is impori

iii. Shading

The main principle in shading strategy is to avibiel penetration of direct solar radiati
into the building through its opening and heat abisiy material (Abec, 2012). Well-
designed shading devices can significantly reducédibg peak cooling loacand
corresponding energy consumption and enhance tiayltdization in buildings. Shadin
devices can also avoid glare by reducing conti@sds of building interic (HK Green
Building Technology, 2014 Also, solar shading devices such as overhangsngsrmnc
blinds which are lightweight ventilated shading @larattached to walls and roofs be
utilized in orderto avoid unwanted solar radiation in summer anovatig it in winte
(Abed, 2012). Solagain through windows is often a major componédrthe heat gain
of a building. Some of the external shading strategies for windaves illustrated i

Figure 2.12.
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Figure 2.12 Different Shading Strate(
Sourcewww.ecowho.com

Also, solar radiation on the opaque parts of thédlmg envelope raises the surfe
temperature of the envelope and contributes tohdeding of the interior environme
(Chenvidyakarn, 2007Effective shading can be provided by varioueans, including
dedicated shading devices, nearby structures, aggetand special glasseHowever,
external shading devices are considered the mdsttiee, since they intercept so

radiation before it passes through the buildingedope into thednterior space

iv. Glazing and Fenestratiot

The glazed system is an important strategy in passolar design as it can cause
large portion of building's heat ge Glass and glazing selection play a key role
determining the overall building's ermal performance. Fenestration ther
performance requirements must be integrated wighdissign of the building's heati
and cooling systemgNik Vigener and Brown 200. The heat gain through the exter
window as observed by Yu et al (20t accounts for 2528% of the total heat gain, a

when added to the infiltration, it makes 40% of the kotdoile exterior wall heat gai



represents 23-24%. Window's material, orientatiot iés area ratio to the wall WWR
are the main factors affect the performance ofglaeed system. The effective utilization
of these factors with applying natural ventilatiocan enhance the thermal comfort by
decreasing the negative effect of solar radiati@aT@mimi et al. 2010). The main
influencing factor of the previous factors is theell window to wall area ratio. On
east, south, and west exposures, greater windoas avél admit more solar gain during

winter (Mikler et al.2008).

2.4. OFFICE BUILDINGS

Office buildings are buildings that fall under tbategory of institutional building type.
The way an office building works is based on anaarged defined role that affects the
requirement of the office space. These definedsra@es office structure, customer
management and office technology (Neufert, 2006)e Tajor organization in office
works focuses on human relationship and commumwicatdffice design influences all

aspect of the working environment which has striofigence on job satisfaction.

2.4.1 Spaces in Office Buildings

The space provided to a person/people to accommdbastheir individual furniture and
equipment and allow them to perform their job fumas is referred to as a workstation.
Workstation space may be enclosed or open depemxtirthe confidentiality, security,
visual and acoustical privacy requirements of tiie A large office building will consist
of several different spaces depending on its omgaional structures and function. But

the primary spaces needed as shown by Neufertgj2afe listed below.



i. Office areas have separate offices being defitgd cooperate or individual
workstations. It can be a unit room or an open sgac multiple users. Some examples
of office areas include: Standard separate oftlefyxe separate office, open plan office,
grouped offices and combined offices.

il. Records areas are for storage of files, drawimgcro-film and electronic media, filling
and recording equipments, documents reproductimhpéay-back and shredding.

iii. Central clerical service areas contain dictgtiduplicating, printing and photocopying
equipment and personal computers.

iv. Post room handles all mails both incoming anthoing posts.

V. cooperate display area contains board roomstimge@oms, conference rooms as well
as exhibition areas, mostly such areas have distablewalls for ease of modification.
vi. Social display facilities mostly include cloakims, preparatory areas (kitchen),
refreshments area, toilets and rest areas for ggdo

vii. Circulation Spaces include corridors, stairwayand lifts, internal and external
emergency exits.

viii. Central service areas are responsible fohneml equipments, air conditioning,
ventilation, heating, electric power, water suppbfata processing, computer and
telecommunication centre, cleaning and maintenance.

ix. Additional Spaces covers all other extensiake parking, drop off and entrance.

2.4.2 Design requirements for thermal comfort in Ofice Buildings

Man is affected greatly by the environmental pagtars of thermal comfort which are
lighting, heat (temperature), ventilation, sound. efherefore this consideration is to

provide the steps that should be taken to imprbeardividual effect of those things that



impairs the efficiency of production in the senlatélding. Although these considerations
apply to all projects in general terms, but for rgvepecific project, the degree of
importance attached to each consideration variéss design requirements include;
ventilation (natural and artificial), lighting (natl and artificial), thermal insulation and

proper landscaping (Krem, 2012).

2.4.3 Office Buildings Heat Gains

The major problem of thermal comfort in office lalilgs in hot humid areas is heat
gains, due to high air temperature, less air vgtpeelative humidity and incident solar

radiation. Heat gain is the thermal energy thaiaar may gain from external and internal
sources (Krem, 2012). External sources of heat gi@rheat transferred to indoors due to
the difference between outside and inside temperaflhis gain occurs through the

building envelope walls, ceiling, windows, ventitat systems, and air leakage. Internal
sources of heat gain are the heat generated byants) the heat produced by lighting,

and the heat resulting from the equipment.

2.4.4 The University System

A university is a symbol of excellence. AccordimgQxford dictionary, university can be
defined as a high-level educational institutionwhich students study for degrees and
academic research is done, therefore there is fameéffective management of the
university to achieve meaningful results or goalfie major responsibilities assigned to
the University are teaching and research (Ajibadd). The administration of most
Universities in the country is centered around tbeuncil, Senate, faculties and

departments for academic decisions, and librargiste, catering, bursary and



maintenance sections for siortive activities (Ajibade, nd). Ae organizational system
somehow rigid as it creates different orizational units and a central n¢ for
coordination.

The universityorganizational hierarchy as pointed out by Shu2@lQ), as seen i
Figure 2.11 are: aisitor, a chancellor, a prazhancellor and members of the cou, a
vice- chancellor, deputy vi- chancellor, provost and membeasf the sena, a body to
be called congregation,endy to be called convocatiortudents and staff at campuses
the university, &ff, students and members of colleges, schootsiltfas, institutes an
other teaching and research units of university. Rrsons who hold the office
constituted by the first schedule to this edict thibe or not any such persons have t
mentioned in any paragraph of this subsec All graduates and undergraduates of

university This is graphically reprented below in Figure 2.11.

Figure 2.13 University Composition Chart.

Source: Shuara, (2010).



2.4.5 University Senate/Administrative Building

A senate building is basically the administratieeter of the university. It houses the
university council and senate chamber and othécesf The governing structure of any
institution be it academic or not determines tae@agextent whatever happens within the
administrative building. There are two main bodigkich make up the university
administration. These are: the staff and studditits.staff can be of the following; senior
staff, intermediate and subordinate staff.

The necessity to appreciate what a senate buildhayld be composed of, makes it
necessary to compartmentalize the structure inrdaoge with the different bodies for
which the building is intended (Shuara, 2010). bhading is expected to house the vice-
chancellor’'s office, the registrar's office, andetbursar’s office. Provisions are also

made for the university governing council.

2.4.6 Functional relationship within the senate buding

The success of this project depends largely onptbper understanding between and
within different departments, sections and unitsede relationships of this kind can be

classified under two major headings

i. Administrative structure

This is paramount in determining the functionahteinship expected between and within
the different departments. The hierarchical stmecand possible directions of work flow
are the two basic factors that are involved inatiministrative structure. Administrative

hierarchy basically contains the different stepd l@vels that exist in the highest officer



in the unit and subsequently to the office of theetexecutive which in this case is the
vice-chancellor. This provides the required hortaband vertical separation in an office

complex.

ii. General service

The senate building performs important servicesh®® community. Community here
refers to the students, staff and general publhe Students are most important because
every other person is there because of the avijamf the students and most
importantly their large numbers as, if there arestunlents, there will be no university.

As such, sections serving the community serviceehéne tendency of having excess
visitors at certain periods. Consequently importasbould be attached to direction of
pedestrian traffic performing activities like reg&tion, clearance, obtaining
accommodation, payment of fees etc. for clarityl #dctions performing the above

activities should be closely related to avoid rovmyhe building.

2.4.7 Component of a Senate Building

Due to the nature of work performed by each compfrtbe senate building has been
divided into seven components. This is to easeatiministrative work. The components
are: Vice —chancellor’s office, Planning unit, Retgy, Bursary, Student’s affair, General

administration and Senate / council chamber (Sh2&H0).



CHAPTER THREE

RESEARCH METHODOLOGY

3.1 RESEARCH APPROACH

The research approach adopted for this study isiantdative, being an evaluative
research. The use of case study and computer aiomlfor this study will help in
achieving the aim and objectives of this reseafthe evaluative case study type is most
relevant in this case as it application establighas evaluative case studies are used for
testing the effectiveness of programs in orderuggest modification and alternatives
(Veal, 2006). This method allows for testing of ightes measured with numbers, and

statistical analysis in order to aid in achievihg et aim of the research.

3.2 MATERIAL AND METHODS

Knowing well, that this research is evaluative ature, it will employ the case study and
simulation as method of data collectidmaterials were the case study buildings, checklist,
geometric forms, and weather data for Lafia climateis research makes use of the case
study approach as an essential working method.mbthod is carefully selected in order
to help in proper analysis and careful discussiath® results. A checklist is use to check
the extent to which the design consideration fdrie@dng thermal comfort in hot humid
areas was consider in the selected cases. UsingTECD as the simulation tool, the
effect of building form on thermal comfort is evatad based on temperature profile
study, heating and cooling loads studies and paggins analysis. This is done in order
to determine the best form in terms of energy perémce, heating and cooling loads and

passive solar gains/loss.



3.3 POPULATION OF STUDY

The population of study will cover senate buildingsated in hot humid areas and other
neighboring areas in order to investigate how thkeigh consideration for achieving
thermal comfort in hot humid areas is duly consderThree buildings were selected,
two in Nasarawa state (Lafia and Keffi) and ondkaduna State (Zaria). The selected
cases are; Senate Building Federal University |.&tate University Keffi and Ahamadu

Bello University Zaria.

3.4 INSTRUMENTS OF DATA COLLECTION

The instruments employed for the collection of datathis research include visual

survey; check list and simulation program indicator

I. Visual Survey- Has to do with the physical observation of thédaog in order to note
its appearance in terms of the building forms, miagon, envelope properties and

physical features/ expressions being put in theydes

ii. Check list — The check list was developed with the aim tockhie rate or extent
which the design consideration was achieved instiected case studies. The check list
has a ranking of 0-5 (0=None, 1=Poor, 2=Fair, 3=d;0b6=V.Good and 5=Excellent).
Each of the consideration will be rated as showovabfor each building, and a

summation will be done in order to find the builglithat best apply these considerations.

iii. Computer Simulation Indicators— In order to evaluate the thermal performance of
the various building forms and the viability and rkability of the method/procedure

adopted, indicators are needed. These indicater®m@ergy consumption (total heating



and cooling loads), HVAC loads, conduction, SolAdirect solar, ventilation, internal

and inter-zonal.

3.5 VARIABLES

The following are the variables to be use in tls=agech.

a. Case Study Variables

i. Building Form

ii. Orientation and Planning

ii. Shading

iv. Glazing and Fenestration

v. Material Properties

b. Simulation Variables

i. Energy performance: temperature profile stusdgting and cooling loads, passive

gains analysis.

ii. Form: Cube, Cuboid, Cylinder, Cone and Pyramid

iii. Orientation: @, 15, 3¢, 45, 6@, 75’ and 90

iv. Glazing: 20% WWR, 40%WWR and 60%WWR



3.6 METHOD OF DATA ANALYSIS

The method adopted for data analysis in this stsidyecklist for case study and ecotect
for computer simulation.

Case Study The checklist is use to analyze the design requénts for achieving
thermal comfort in hot humid areas on the threee cgtady conducted. Based on the
following major variables; form, orientation, shagj glazing and envelope composition
being considered in the buildings. A check listdmh®n site development, building
layout, envelope composition and building intema@s used to further analyze the extent
which the above variables were considered in theetbuildings. Each of the case study
will be analyzed based on a ranking of 0-5 as meeti above. The summation of the
variable in the checklist will help in deciding theuilding that best apply the
consideration needed for achieving thermal comfort.

Simulation- All the forms will be modeled in ECOTECT softwaaed the envelope
thermophysical properties of all the forms willthe same. The occupancy, activity level
and appliances of all the forms will be the samaeh=form is simulated independently to
generate the energy consumption. The simulationbgildone in three phases, these are:
analysis of the effects of form on energy consuamtthe effect of orientation on energy
consumption and lastly the effect of glazing on émergy consumption. The indicators
used in the test are; total energy consumption, BMé#ad, Conduction, SolAir, Solar,
Direct solar, Ventilation, Internal, Inter-zonaldaRabric.

i. Effects of form on energy consumption: The viles for this test is the hourly
temperature profile study, the annual heating amaling load study, and the passive

gain/loss analysis of the different forms.



il. Effects of orientation on energy consumptiohelsquare and rectangle form is used in
this section with seven different orientations &t ihterval. Each of the form is tested at
each orientation and the best orientation withlélast energy consumption is selected.

iii. Effects of glazing on energy consumption: T¥ggiare form is used in his regards with
variables of 20%, 40% and 60% WWR. Other variablilsnclude the glazing type amd
materials. Here, the effect of WWR and glazing matevill be analyzed and the best to
this regard will be selected.

Finally, the form with the least amount of energghsumption will be selected as the
preferred form. The indicators mentioned above sdlive as a guide for discussion of
the findings.

3.7 VALIDITY AND RELIABILITY OF INSTRUMENT

For this research, the method of data collectiorbysdesk study (secondary data
collection), i.e the data to be used are thoseedtam either statistical or descriptive
format. The most significant advantage of the sdaondata is related to time and cost.
The format of the secondary data is compactabbetased in most computer simulation
software’s. This method have been used by researare similar field like Ling et
al.(2007), Catalina et. al.(2011) and Huda (20T8 data gotten from these centers will
come in different statistical mode for use in thperiment. Mean daily, weekly, monthly
and annual of air temperature, air velocity, relathumidity and solar radiation of the
study area gotten will be use to analyze (simulate) present the findings in appropriate

formats like figures, graphs e.t.c.



CHAPTER FOUR
DATA PRESENTATION AND RESULTS

4.1. CASE STUDIES

In this chapter, the results of the case study gotedl and the analysis carried out is
presented. The results focused on the variablefessibed in the methodology of this
study. These variables of study were developed fioraxtensive review of the literature
and similar studies. The case study focuses on fdo®ors affecting the thermal
performance of the selected buildings as well asdisign considerations for achieving
thermal comfort in hot humid areas. The possibéas are; building form, orientation,

shading, glazing and fenestrations and enveloperabproperties.

4.2. CASE STUDY ONE: SENATE BUILDING FEDERAL UNIVER SITY LAFIA .

Plate I: Approach View of Administrative Building.

Source: Researcher’s Field Survey (2014).



4.2.1 Background Information:

The Federal University of Lafia, is a new Univeyséistablished in Lafia, the capital of
Nasarawa State in 2010 by the Goodluck Jonathamtrtion as one of the nine new
federal universities established in the six geatigal zones of Nigeria. The university
was formally planned to be established along Jasl ia Lafia metropolis and it was

ment to begin operation using the facilities of IEgé of Agriculture in Lafia, but the

university has been moved to Obi road in Lafia optis. The senate building occupied
the building that once serves as the Local GovemirBecretariat, now redesigned by
Castle & Cubicles Nigerian Limited and renovated ByBag Associates Nigerian

Limited. The building is located centrally withihe temporary campus of the university.
Bearing at longitude“28'18.95”N and latitude 85'22.21"E.

4.2.2 Architectural Context:

The architecture is modern in style, having an aeetangular plan covered by two large
open courtyards which provides the building witmtation and natural lightingThe
building is a single storey structure constructédancrete, sandcrete block wall with
clear glass aluminium windows as in Plater I. Theance has a projected canopy held
up by concrete columns serving as drop off. Theiaidtnative building is a one storey
mixed used building comprising of offices, librafgcture hall, conference hall, classes
and conveniences. The building has a floor arezbofit 3060.3m2. Having lecture hall,
laboratory and lecture classes are located onrniend floor, while lecturer offices and
administrative staff offices are located on thestfifloor. It was constructed as a
temporary facility for the start up of the schashich will later be converted to an annex

building.



4.2.3 Building form:

The building is a rectangular building having twjuare courtyarc as seen in Figure 4
below. The building is a single storey building accommutty both administrativ
offices and some class rooms. Being a tempcfacility, most of the facilities are four
within the same buildin The centralwalkways surrounding the courtyards t in

shading part of the building interi

LEGEND

%§ LAYOUT

I k3
Figure 4.: Site layout of Administrative Building.

Source: Public Planning Unit FedeUniversity Lafia.

4.2.4Building Orientation:

The building is oriented along the E-West direction, with the longer side facing
North and South. This is done primarily to reduoe impact of solar radiation reachi
the surface of the buildin(However, due to change in longitude and latitutie, sur

path may vary giving less shade to the buildingesen in plate Il belo



o

Present Building

State Secretariat } Site: Former State
Secretariat

Platell Ariel View of Administrative Building.
Source: Google earth. (2013).
4.2.5 Building Shading:

The buildingas in Plate llhas no any form of shading provided either to tiedaws or
wall envelope. This therefore leads to direct iraidsolar radiation reaching the buildi

surface without any form of obstructic

Plate Ill. North West Elevation with no shading.

Source: Researcher’s Field Survey (2).



This will lead to high internal temperature andrglaffects to occupants of the building
as seen in Plate IIV. The only source of shadimyided is the roof eaves overhang
which is 600mm as in Plate IIl.

4.2.6 Building Glazing and Fenestration:

The primary material for glazing used in the builglis single glazed aluminum window.
Windows are found in opposite sides of the buildingid in cross ventilation, from the
exterior to the courtyards as in Plate Ill and I\WVindow blinds are introduced at
windows along the East-West direction to preveatgland internal heating as seen in

Plate V.

iy

fmin®

Plate IV: Open Courtyard in Admin Building. PlateGeneral Library in Admin
Building
Source: Researcher’s Field Survey (2014).

4.2.7 Building materials and Components:

The dominant building materials used for the buaiddare reinforced concrete, sandcrete
block wall, glazed aluminium windows and terrazimof on floor. Structural columns

are use as supports and central staircase follatiiau as seen in Plate VI and VII.



Plate VI Central Staircase

Plate VII Leetass/Hall
Source: Researcher’s Field Survey (2014).

Table 4.1 Discussion of case study one based @ v#riables.

Variables

Descriptions

Major facilities and functional
spaces.

Drop off, security point, laboratories, library,

lecturer and administrative offices, class rooms

and lecture halls, courtyards, corridors,
walkways.

Building materials

Sandcrete blocks, concrete, steel, aluminum,
glass, timber

Structural systems

Reinforce concrete floor slabs, beams and
columns, block walls as shown in Plate VII.

Architectural expressions

Well defined entrance/drop off. Two floors linke
with staircase, lobby, verandah and walkways
circulation. Two large courtyards for lightning,

D

2d
for

ventilation and aesthetics. External staircase and

doors for fire escape and linkage with other
adjoining facilities on the site. Hipped roof with
aluminum roofing sheets, aluminum sliding
windows.

Architectural form and
composition

A rectangular building with two courtyards. On
story building as shown in Plate | and Figure 4

1%

1

Circulation system

Staircase, ramp, walkways and corridors as

shown in plate VI.




4.3 CASE STUDY TWO: SENATE BUILDING STATE UNIVERSITY KEFFI.

Plate VIII: Approach View of Administrative Buildmn

Source: Researcher’s Field Survey (2014).

4.3.1 Background Information:

The Senate Building State University Keffi, Nasaaa®tate is located along Abuja-
Akwanga Road Keffi, Nasarawa state. On longituf8081.75"N and latitude

7°54'24.38”E. designed by Ministry of Works and UrbBevelopment, Nasarawa State
and then renovated for use as the senate buil@ilmgbuilding is situated in the centre of

the University to be accessible by other buildingghin the campus.
4.3.2 Architectural Context:

The architecture is modern in style, having a regtidar plan covered by three large open
courtyards which provides the building with vertida and natural lightinglhe building

is a single storey structure constructed of coecrendcrete block wall with clear glass



aluminium windows. The approach has three projectmtbpy that is up by concrete
columns serving as drop off as in Plate VIII. Thnaistrative building is a one storey
building specially designed for the administratieeining of the institution. It is a
rectangular form building located in the centraaaof the university with a floor area of
about 1785.42/ oriented with the longer side tilted facing thertlh East direction. It
comprises mostly of administrative offices like @. office and D. V. C’s offices, other
top administrative offices each having secretaficed attached to them. The planning
and zoning of this building is done base on thati@hship between functional spaces,
rate of activities and traffic flow within each ggaand general function base on units.
Some of this spaces and units include communicatnehprotocol, staffing, information,
bursar and account section on ground floors ete.tdp hierarchy offices are located on
the first floor having the VC and DVC's office, demence hall, senate chambers,
registry, account and Finance etc. The buildingoigrdinated with a one main entrance,
with other adjacent entrance for emergency exite presence of four courtyards serves

as source of lightning, ventilation and aesthetics.
4.3.3 Building Form:

The building is a rectangular building having faiaurtyards. The building is a single
storey building accommodating administrative. Toenf being rectangle in nature as in
Plate 1X below has a width to length ratio 1:3,ided by courtyards for ventilation and

lighting.



PlatelX Arial of Administrative Building.
Source: Google earth. (2013).
4.3.4Building Orientation:

The building is oriented along the E-West direction, with the longer side facing
North and South. This is done primarilyreduce the impact of solar radiation react
the surface of the building. The form is slightlyemted off the true North by ° to more

air movement and reduces solar impact as in pkat

4.3.5Building Shading:

The building has no any form externalshading provided either to the windows or v
envelope along the Noi-South faces. Along the Eadlest direction, a recess w
provided to shade the windows from direct solaiaiah. Trees are provided along t
EastWest direction in plate X, treduce solar radiation reaching the wall surfiThe
only source of shading provided is the roof eawesttang which is 600mm as showr
plate X.window blinds ar introduce in the west directionrémluce solar radiation al

glare effects as seen in te XIII.



Plate X: North East Elevation of Admin Building
Source: Researcher’s Field Survey (2014).
4.3.6 Building Glazing and Fenestration:

The primary material for glazing used in the builglis single glazed aluminum window.
Windows are found in opposite sides of the buildingid in cross ventilation, from the
exterior to the courtyards. Window blinds are adiuced at windows along the East-

West direction to prevent glare and internal heptis seen in Plate XIII.

4.3.7 Building Materials and Components:

The dominant building materials used for the buiddare reinforced concrete, sandcrete
block wall, glazed aluminium windows and terrazkaof on floor. Other materials and
components include metal railings on staircasecanuityard, rectangular columns in the

courtyard as in Plate XI and XII.



Plate XI: Open Courtyard in Admin Building.  Ba&Il: Central Staircase in Admin
Building

Source: Researcher’s Field Survey (2014).

Plate XIll Senate Chamber.

Source: Researcher’s Field Survey (2014).



Table 4.2 Discussion of case study two based aahlas.

Variables

Descriptions

Major facilities and functional
spaces.

Drop off, security point, administrative offices,
conference halls, courtyards, corridors and
walkways as seen n the plates above.

Building materials

Sandcrete blocks, concrete, steel, aluminum, gl
timber

ass,

Structural systems

Reinforce concrete floor slabs, beams and colu
(250x600mm), 225mm block walls, open well
staircase as seen in Plate XI| and XII.

mns

Architectural expressions

Well defined entrance/drop off. Two floors linke
with staircase, lobby, verandah and walkways f
circulation. Two large courtyards for lightning,
ventilation and aesthetics. External staircase ar
doors for fire escape and linkage with other
adjoining facilities on the site. Hipped roof with
aluminum roofing sheets, aluminum sliding
windows.

d

Architectural form and
composition

A rectangular building with two courtyards. One

story building as shown in Plate IX and X above.

Circulation system

Horizontal circulation consists of elements sucl
the corridors, walkways and lobbies. Verti
circulation includes staircases, ramps etc.

efficiency of the placement of these stairs
considered based on the number provided.

1 as

cal

The
is




4.4 CASE STUDY THREE: SENATE BUILDING AHMADU BELL O

UNIVERSITY ZARIA .

Plate XIV: Approach View of Administrative Building
Source: Researcher’s Field Survey (2014).

4.4.1 Background Information

The senate building of Ahmadu Bello University, idais located at the Main Campus,
Samaru Zaria, Kaduna state. On a bearing of lodgita£9'33"N and latitude
7°30'18”E. Designed by Yusuf Mohammed & Associated aanstructed in 1980. Being
a premier university of the north, the buildingssen from the main entrance as people

approach the university.
4.4.2 Architectural Context:

The building is an eight storey building situatedthe central academic environment if
the institution. A building standing three to fdimors taller than other s in the vicinity

makes it a centre of reference. Design to catertlier administrative function of the



institution; it contains the office of the top pemnslities in the hem of affairs of the
university. It is a square building having a fleamea of 2,025/ oriented towards the
North West. It's a building having the tower podiumesign concept. Offices and
functional spaces are arranged based on functioth®iganizational hierarchy based on
floors. The building is coordinated with threerantes one dedicated to the top ranking
personnel, the second for the general staffs asisellate XIV and other users and the
third is not in use as at present. There is a pesa void from the ground floor and the
first floor, while the senate chamber is locatethi& second floor. From the third floor to
the eight floors there is an open courtyard. TRiwvas as source of lightning, ventilation

and aesthetics.
4.4.3 Building Form:

The building has a square form with the tower am plodium. The building is a single

storey building accommodating administrative.

Figure 4.2 Ground Floor Plan of Administrative Blinlg.
Source: Estate Department ABU Zaria (2013).



The form being square in nature aFigure 4.2 and Plate X\has a width to length rat
1:1 with an open courtyard for ventilation and tigh. The square form akes the
building more compact with all facilities and sps¢esed within the single buildir

4.4.4Building Orientation:

The building is oriented diagonally along the -West direction. This is done primari
to reduce the impact of solar radiatiolaching the surface of the building. The forn
slightly oriented off the true North by ° for more air movement and toduce solar

impact as in Plate XV.

Plate »V Ariel view of Administrative Building.
Source: Google earth. (2013).

4.4.5Building Shading:

The building has both vertical and horizontal shgdievice, which helps in preventi
direct incident solar radiation reaching the buntgdsurfaceThe egg crate shading dev
helps in controlling air movements into the builgliaongside the vertical wing walls

seen in plate XVand XVII.



Plate XVL North Elevation of Admin Building. Plate X1: North East Elevation
Admin Building

Source: Researcher’s Field Survey (2).

4.4.6Building Glazing and Fenestration:

The primary material for glazing used in the builglis single glazed aluminum wind
as in plate XVland XVII. Windows are found in the exterior walls with hitgvel
windows in the courtyard. Large openings fenestrations on the ground floor as shc

in figure 4.2helps in air circulation and enhance stack effe¢he building.

4.4.7 Building Materials and Components;

The dominant building materials used for the buai are reinforced concrete, sarete
block wall, glazed aluminiurwindows and terrazzo floor on floor. The structisgbten
composed of vertical columns, waffle grid and ritbtlwors slab as inPlate XVIII and
XX below. The open courtyard Plate XVIX serves for lighting and venttion, while
the senate chamber on the third floor is suppontitil the structural columns as seer

Plate XVIIl and XXlIbelow



Plate XVIII: Void from third to eight floors. PlatXVIX: Open Courtyard from
third floors.

Source: Researcher’s Field Survey (2014).

Plate XX: Staircase and lifts system in AdministraBuilding.
Source: Researcher’s Field Survey (2014).



Plate XXI: Senate Chambers

Source: Researcher’s Field Survey (2014).

Table 4.3 Discussion of case study three basecwables.

Variables

Descriptions

Major facilities and functional
spaces.

General and staff entrances, security point, va
courtyards, senate chambers,
corridors, offices, stores, walkways as shown n
plates above.

Building materials

ids,

waiting argas,

the

Sandcrete blocks, concrete, steel, aluminum, glass,

Structural systems

Reinforce concrete floor slabs (ribbed flg
system), beams and columns (square 450x450r
225mm,150mm block walls, parapet wa
staircase as shown in Plate XVIX above.

Architectural expressions

Well defined entrance, eight floors linked w
staircase and central lifts system, lobby, corsg
and walkways for circulation. Courtyard f
lightning, ventilation and aesthetics. Decked r
finished with glazed ceramic floor tiles, horizdn
and vertical concrete fins/shading dev
overhanged,
casement-top hung).

or
or
pof
ta
ce

aluminum windows (sliding and

Architectural form and

compaosition

A square form building with courtyard, Eig
stories high as shown in Figure 4.2 above.

ht

Circulation system

Horizontal circulation consists of elements such
the corridors, walkways and lobbies. Verti
circulation includes two staircases and three
system. The efficiency of the placement of th

as

cal
ifts

ese

stairs is considered based on the number of use

Is.




4.5 DISCUSSION OF CASE STUDY FINDINGS.

Three building were studied based on the variable$ design consideration for hot
humid areas. Below is the summary of the three sasiies (using design consideration

for hot humid climates)

Some of the design strategies adopted in achiesamgfort in the buildings were also
noted and discussed based on their effectivendmsmBjor strategy noted is the passive
design strategy or principle. For the purpose f tesearch the major areas of concern is
the building form, orientation (solar and wind),ading and envelope. From Table 4.4
below, two of the buildings studied used the regtgar form, while the third is a square
form. The rectangular forms are oriented alongEhset-West Direction with the Longer
sides facing the North-South. For the wind orieotgtcase study one and two were
oriented to intercept the prevailing wind, whileseastudy three use external fins to trap
and channel wind. Case study one and two has ndirghaevice but three has both
vertical and horizontal wing walls which serves <mding device from sun. For the
building envelope, all use conventional buildingtengls but case study three has more

fenestration and openings compare to the first two.



Table 4.4 Summary of case study finding (passiwigaestrategies adopted).

SOME DESIGN STRATEGIES ADOPTED

Case Study One

Case Study two

Case Study Thre

=

[l

Building Form | Rectangular Rectangular Square Form of ning
courtyard Form courtyard Form of | floors with a void
having two floors two floors, having | and a courtyard
and two square two square and one
courtyards. rectangular

courtyards

Solar Directly East-West | Directly East-West | Diagonally facing

Orientation with the longer sides with the longer sideg the north, with the
facing the North- facing the North- other diagonal sides
South direction South direction facing East-West

respectively

Wind Oriented with the Oriented with the Positioned with

Orientation longer side facing | longer side facing | solar consideration,
North-South, taking | North-South, taking | hence the need to
advantage of the two advantage of the two compromise wind
predominant wind | predominant wind | consideration,
flow flow therefore the need t

incorporate vertical
and horizontal
elements to trap
wind for usage and
adopting stack effeg
for cooling.

Shading No any significant | Small vertical Use of vertical and
shading mechanism| projection at column| horizontal wing
put in place to cover| ends to serve as walls and shading
wall openings recess for the East- | devices all round thg
against incident solgrWest walls against | building faces and
radiation incident solar wall openings.

radiation

Envelope Building envelope | Building envelope | Building envelope

made up of mostly
conventional
building materials.
Walls having up to
40% openings for
allowance of air
movements into the
building envelope

made up of mostly
conventional
building materials.
Walls having up to
30% openings for
allowance of air
movements into the
building envelope

made up of mostly
conventional
building materials.
Walls having up to
45-50% openings
for allowance of air
movements into the
building envelope,
also wing walls

A1%

available.

(Source: Research, 2014.)



The check list used to access the extent of thigmesrategies used in achieving thermal
comfort in hot humid areas is given below. Fromrémult of the checklist in table 4.5
below, it was found that the Senate building of Auw Bello Unversity considers and

applies the design strategies required for achgethermal comfort more than the other

two cases.
Table 4.5 Checklist of case study findings.
PARAMETER CASE STUDY CASE STUDY CASE STUDY
ONE: FEDERAL TWO: STATE THREE:
UNIVERSITY UNIVERSITY AHMADU
LAFIA. KEFFI. BELLO
UNIVERSITY
ZARIA.
For Site Development
Site planning and | Good Good V. Good
layout
Use of vegetation | Poor Good Good
for shading
Ground cover type | Good Fair V. Good
Site drainage Good Poor V. Good
For Building Layout
Building orientation| V. Good V. Good Excellent
Plan organization V. Good V. Good V. Good
Functional and Good V. Good V. Good
Activities planning
For Building Envelope And Composition
Building envelope | Fair Good V. Good
Wing walls Good V. Good Excellent
Shading device Poor Poor V. Good
Color and finishes | V. Good V. Good V. Good
Overhang and Fair Good V. Good
Projections
Stack Ventilation Fair Fair Excellent
Roofing materials Good Good V. Good
For Building Interiors
Planning interior Good Good Good
Floor to floor height Good Good V. Good
TOTAL 44 47 65
KEY: 5=Excellent, 4=V. Good, 3=Good, 2=Fair, 1=PogrO=None/Nill




Table 4.5 above shows the assessing of the three studies conducted, with
consideration to the design requirements needguiaaide comfort in hot humid areas.
The design requirements/considerations were greatigidered in the senate building of
ABU Zaria, followed by State university Keffi anastly that of Lafia. Most of the

consideration by case study three is in orientatidng walls, shading device and stack

effect for ventilation.

4.6. FORM ANALYSIS.

Building form is one of the major parameter thatedaines the relationship between the
building envelope and its environment. This careeffthe rate of thermal parameters
reacting on the building, thereby affecting therth@ condition. The impact of different
geometry with the same floor area, floor to flo@ight, and envelope thermophysical
properties will be analyzed and discussed. In omml@enderstand the effect of geometrical
forms, a parametric investigation will be carriegt.oThis will be carried out in three
phase. The first phase will be to analyze five gewim forms having the same floor area
and volume to determine their heating, cooling éotdl loads (that is the amount of
energy needed to provide comfort all year). Secgnidle form above will be further
analyzed based on differences in orientation. Aastly, the effect of glazing size

(window to wall ratio) and materials will be lookegdon.

The following are assumptions adopted in the modedf the forms:

i. The buildings form in this analysis is assumed¢e in a region without slope, and the

buildings are not shaded (stand alone).



ii. Each building formas in Table 4.is composed of 81ffloor area, 729/ volume and

total facade exposed area vary due to the differ@nthe plan shag

Table 4.6 Forms and parameters.

Shape 3D VIEW BASIC PARAMETERS AREA PARAMETERS
CUBE Floor Area=81m L=9m
Surface Area=486Mm B=om
Exposed Area=405m
H=9m
Volume=729m
CUBOID Floor Area=81rf L=13.5m
Surface Area=513f B=6m
Exposed Area=432m
H=9m
Volume=729m
CYLINDER Floor Area=81rh R=5.7m
Surface Area=449M H=9m
Exposed Area=369m
Volume=729m
CONE Floor Area=81m R=5.07m
Surface Area=520f H=27m
Exposed Area=440m
Volume=729m
PYRAMID Floor Area=81rf L=9m
Surface Area=538Mm B=om
Exposed Area=492m
H=27m

Volume=729m

(Source:

Research, 2014.)




iii. The occupancy hour of the building used is sidered to be from 7:00am-18:00pm
on week days and 00:00 during weekends. Occupadtigity rate is 70w and 12nper

occupant in a typical office plan.

The simulation program also takes into accountamy the internal heat gain of the
occupants, but also from the electronic appliancBse operative standards and
simulations settings on ecotect were stet basediSHRAE Standard 55, for buildings in
hot humid areas.

The office appliances are simple office equipmédikis computer, printer, scanner and
fax machines are set at 10.8for a typical office.

Operative temperature range for building occupantgpical winter clothing (0.8-1.2clo)
is specified at (Z& — 23.5C) and for summer clothing (0.35-0.6clo) is (ZZ&6°C).
The comfort band taken for the office interior & st 26C for heating and 2€& for

cooling.

Also the relative humidity for 80% occupant satt$ian is 60%RH, the activity level of
1.2met is recommended and air speed low enouglvaml arift is acceptable. Using
60%RH, 0.5m/s air speed, 400lux lighting level fufice desk/workshop and other
primary standards needed for comfort were usedtHersimulation process which is

shown in details at the appendix sheet.

iv. The building envelope thermophysical properixé the building envelope is given in
the 4.7 below. This helps in determining the rdteamduction, convection and radiation
of solar heat between the environment and the ibgilchterior. It shows the material

description (graphical representations, thicknessl glacements of materials),



components constituents and thickness, and fitlalythermal properties of the envelc

material (Uvalue, admittance, tin lag, absorption, transmittance etc).

Table 47 Form Thermophysical Properties.

Form envelope componer

Thermal conductivity

Wall: 110mm concrete block with 10m
plaster either sid

U-value = 1.8W/m2K
Admittance =3.36W/m2K
Solar absorption =0.565
Visible transmittance =0
Thermal decreament =0.78
Thermal lag = 5hrs

Floor: ConcSlab_Tiles_ OnGroun
100mm thick concrete slab on grou
plus ceramic tile:

U-value = 0.880W/m2K
Admittance =6.100 W/m2K
Solar absorption =0. 47520

Visible transmittance =0
Thermal decreament =0.31

Thermal lag = 4.6hrs

Ceiling: Plaster_Insulation_Suspenc

10mm suspended plaster board ceil

plus 50mm insulation, with remaind
(150mm) joists as air ge

U-value = 0.500W/m2K
Admittance =0.900W/m2K
Solar absorption =0.368
Visible transmittance =0
Thermal decreament =0.32
Thermal lag =0.7hrs

Window:
DoubleGlazed LowE_AlumFram
Double glazed with aluminium fran
(no thermal break), emissivity of 0.

U-value = 2.410W/m2K
Admittance =2.380W/m2K
Solar heat gain coeff. =0.75
Visible transmittance =0.611

Reflective index of glass =1.74

(Source: Research, 2014.)




4.6.1Effects of Geometric Forms on Energy Consumptiol

The simulation of the five geometric forms (cubebaid, cone, cylinder and pyramid)
presented belowThe results will be presented based on tenergy consumptc from

the best to the least based on the indicators oreediin chapter thre

4.6.1.1 Temperature Profile Study: The hourly temperaturegrofile for all thermal
zones ofcube, cuboid, cone, cylinder and pyrarfor the hottest days shown in the
figures 4.3-7 belowThe profile show:on a daily bases the amount of energy that wi

required to maintaithe form zone at a comfortable internal temper..

Figure 4.3Analysis Hourly Temperature profile for hottest dagne.
Source: Researcher’'s Work (2014).
From Figure 4.3 abovéhe cone form is the best needi@@564Wh of load for HVAC

heat gain through fabric is 135304Wh, solar is J6&7and gives of-1393Wh to inte-

zonal agencies.

Second bests the pyramid form as seen in Figurd below with HVAC 93892Wh

171222Wh gainshrough fabric, and gives ¢-452Wh to inter zonal agenci



Figure 4.4Analysis Hourly Temperature profile for hottest d&yramic.
Source: Researcher’'s Work (2014).

The cylinder form ighe third as seen in figure - below with 171272Wh for HVAC

gains of 172400Wbn fabric, 63253Wh on solar a-849Wh to inter zonal agenci

Figure 4.5Analysis Hourly Temperature profile for hottest daylindel.
Source: Researcher’'s Work (2014).



Fourth is the cuben Figure 46 below with 273800Wh for HVAC, and gains

242198Wh on fabric, 118911Wh on solar and give-371Wh to inter zonal agenci

Figure 4.6 Analysis ofHourly Temperature profile for hottest ¢ Cube.
Source: Researcher’'s Work (2014).

The least efficient form is the cubaFigure 4.7with the highest amount of energy -
HVAC 284946Wh, and gains of 263292Wh on fabric4@48Wh from solar and give

off -383 to inter zonal agenci

Figure 4.7AnalysisHourly Temperature profile for hottest d@yboid.
Source: Researcher’'s Work (2014).



From the analysis carried out on the hottest dathefyear April, the summary of the
daily loads is given in the table below.

Table 4.8. Summary table for hottest day cooliraglk

" # $% %%% %

I # % % % % $
% $ % % $ $

# o %b % % % $ $

Source: Researcher’'s Work (2014).

From table 4.8 above, the cone and the pyramid gomquire less loads (HVAC) to

provide comfort within the space for the hottesy 88564Wh and 93892Wh. Also, they
are the highest to give off energy to adjacent gamespaces of over -1393Wh and -
1452Wh respectively. The cylinder is the third witd1272Wh load and gives off -

849Wh load to other zones. On the other hand, abe end cuboid need higher loads of
273800Wh and 284946Wh daily loads and releasete#s of -371Wh and -383Wh to

other zones.

For the amount of solar heating loads received,cttree is the least followed by the

cylinder, cuboid and cube. No heat load was nottggl to ventilation and infiltration as

well as internal heat gains in the forms. Buildifogm heat gain is usually noticed

between 7:00am and 6:00pm for all the forms angiglly high at noon time.

4.6.1.2 Heating and Cooling Loads Study:The monthly and annual energy

consumption of the five forms is expressed in tgares below. Calculations and results



are deduced from monthly energy consumy and presented based on tf

performance, from the least load (best) to thedsgload (wrst).

From Figure 4.&elow, the cylinder form performs best with 91798200f cooling loac
requirement. Most of the cooling loads in betweeardf to May with the highest ii

March (1214066Wh) and the lowest in August (358089.

Figure 4.8Monthly heating and cooling loaof cylinderform.
Source: Researcher’'s Work (2014).

Figure 49 Monthly heating and cooling loads cone fc
Source: Researcher’'s Work (2014).



The second best is the cone form Figur9 above with annual cooling load
9703023Wh, with the highest cooling load in Mard84{9309Wh) and the lowest

August (259701Wh).

The third is the cube form Figure O below with an annual cooling load
10012683Wh, with the highest cooling load ipril (1177698Wh) and lowest in Augu

(380758Wh).

Figure 4.0 Monthly heating and cooling loads of cube fc
Source: Researcher’'s Work (2014).

Figure 4.1IMonthly heating and cooling loads of cubdadm.
Source: Researcher’'s Work (2014).



The fourthis the cuboid form Figure 41 with an annual cooling load of 1037126V
with the highest cooling load in April (1214786Whanhd the lowest in Septemk

(382346Wh).

The leastis the pyramid forr Figure 4.12 below with the highest cooling load ¢
10530084Wh with the highest cooling load of 1481225Wh in kftarand lowest o

363.658Wh in August.

Figure 4.12Mionthly heating and cooling loawof pyramidform.
Source: Researcher’'s Work (2014).

It is seen in Figures 4.8 above that all through the year for the five forthere is nc
need to provide heating at any time of the yeA monthly energy consumptic of each
form shows that between Mar—May, the highest consumption rate is noticed \
monthly range obetween 11¢-14% of total consumptiorOn the other hand, the lowe

energy consumption ranges betw 3%-5% monthly between Jueptembe



Figure 413 Total cooling loads (KWh).
Source: Researcher’'s Work (2014).

Figure 4.13ndicates the total cooling loads of the foriThe cylindrical form consume
the least amount of energy; therefore it is taketha base case. From the base cast
energy consumption increases 5.6% for cone form, 9.7% for cube form, 12.9%
cuboid and 14.7% for pyramid. This shows that totadlcw loads for simulated shap
increase by 14.7% from cylindrical to pyramidalrforThe differences noticed is caus
by variation in facade areas oriented in the saireetibn From figure 4.15 abov the
cylindrical form consumes the lowest amount of ggefor cooling all year rour

followed by the cone, cubc and the pyramid is the highest.

4.6.1.3 Passive Gains Analysi¢ This part shows the analysis of the various fc
showing thepassive gains breakdown of the forHow much of theotal passivegains
and losses comedm the form fabric, s-air, solar, ventilation, internal and in-zonal
agencies.This also is presented based on the performandbeoforms, from best t

worst.



Figure 414 Passive Gain Breakdown for Cube

Source: Researcher’'s Work (2014).

From Figure 4.14bove, the passive gain breakdown of the cube fodmcated that thi
form gains 36.6% of heat from the form Fabric, 8.8% $0I1B84.10% from Sol¢, 0.6%

for inter zonal. On the other hand, the form loose8@®. from fabric and 15.20% fro

inter zonal agencies.

Figure 415 Passive Gain Breakdown for Cuboid
Source: Researcher’'s Work (2014).



From Figure 4.1%8bove, the passive gain breakdown of the cuboich fiodicated tha
the form gains 38.0% of heat from the form Fab8id,0% SolAir, 53.20% from Sole
0.6% for inter zonal. On the other hand, the foomsks 86.30% from fabric and 13.71

from inter zonakhgencies

Figure 4.16 belowshowsthe passive gain breakdown of tbginder form indicatin
38.90% of heat gaifrom the form Fabric16.80% SolAir, 43.6% from Solar, (70% for
inter zonal. On the other hand, the form 10076.30% from fabric an23.70% from

inter zonal agencies.

Figure 416 Passive Gain Breakdown for Cylinder
Source: Researcher’'s Work (2014).

Figure 4.17below, shows the passive gain breakdown of the dona indicating
62.60% of heat gain from the form Fabric, 24.90%A8p2.50% from Solar, 9.70% fc
inter zonal. On the other hand, the form loose80%. from fabric and 80.20% fro

inter zonal agencies.



Figure 417 Passive Gain Breakdown for Cone
Source: Researcher’'s Work (2014).

Figure 4.18below, shows the passive gain breakdown of thempigrdorm indicating
64.30% of heat gain from the form Fabric, 34.60%A8p2.50% from Solar, 0.80% fc
inter zonal. On the other hand, the form looseg(%. from fabric and 23.30% fro

inter zonal agencies.

Figure 418 Passive Gain Breakdown for Pyramid
Source: Researcher’'s Work (2014).



From the analysis repoirom Figures 4.14-18bove, heat gain from the fabric decree
from pyramid (64.30%), cone (62.60%), cuboid (3809Ccylinder (38.00%) and cul
(36.60%). This shows that the cube form has th&t percentagef annual heat gains ¢
the fabric.In terms of direct solar hegains, the cone is the least with 2.50% followec
cylinder (43.50%), cuboid (53.20%) and cube (54.1@6r that of the pyramid form, r
result was noticedAlso for So-Air heat gain, the pyramid form gains the highes68%
followed by cone (24.90%)cylinder (16.80%), cube (8.60%) and cuboid (8.1!
respectively.

The results shows that the cube form performs bt respect to annual heat gi
generated through the form fabric. The effect okl solar heat gain will be high
minimized when usinghe cone form. And the S-Air heat gains will be reduced wh
using the cuboid form respective

4.6.2 Effects ofOrientation on Energy Consumption.

Six values of orientation were considered for thbecand cuboid form, seeing that
cylindrical andcone form cannot be oriented and the pyramidal fbam a footprin
similar to the cube. The values of the orientationsidered were’N, 12°N, 3°N, 45N,

60°N, 75°N, and 96N as shown in theigure 4.19 below.

Figure 4.1%0rientation at 1° interval from North (8)-East (9°).
Source: Researcher’'s Work (2014).



Figure 420 Total cooling loads at 15’ Interval (KWh).
Source: Researcher’'s Work (2014).

Changing the orientations of the simulated shapssén to have the ability to change

energy for heating or cooling, as it affect the amtoof solar radiation falling on the p:
of the building surface. The resin Figure 4.20 above shows thtidtal cooling loads fo
cuboid increase by 4.7% from -45N, 5.5% from ON6ON and 6.5% from ON to 90
(EastWest orientation ON to Nor-South orientation 90N). The effect of chang
orientation for cube form is less noticeable haviegs than 1% incrse from 15N to
45N and a decrease of 10% at 60N and 75N. This shbat at 60N the cube form

most efficient and leasfficient at 30N respectivel Therefore, the best orientation f
the cube form in lafia climate is 60N and ON foctesgular forr

4.6.3 Effects ofGlazing on Energy Consumption.

Glazing is considered as one of the weakest thecoraponent in the building envelo
due to its high UW/alue. Window selection and placement is a critgtap in the desig
strategy for sustainability. Windows and doors haweenormous impact on hedq,

cooling, day lighting and security of the buildingindow area or window to wall rat



(WWR) is an important variable affecting energyfpanance in a building. Windo
area will have impacts in the heating, cooling &gtting, as well as relating to the
natural environment in terms of access to dayliglemntilation and views. Based
ASHRAE-IESNA, 2004; NRCC, 2007, the recommended fenestraghould be limite:
to 40% of facade area. For thermal performancegat this simulation, the basee is
limited to 40% window to wall rati

4.6.3.1 Effects olvariation of WWR on Energy Consumption.

Decrease or increase in WWR of a particular glatypg has a tendency of affecting -
rate of heating or cooling loads of a given fornedBction of WWF from the default
40% may reduce the cooling load at the expenseraep lightning and ventilatior
While, increasing it will provide visual comfort agll as increase in cooling loads c
to effects of direct solar radiation entering thdlding throwgh the glazing member
From the Figure 4.2lhelow, reducing the WWR from 4(-20% will result to a decrea:

of 67% in total cooling loads for a cube for

Figure 4.21Monthly cooling loads at 20%, 40% & 60By ECOTECT
Source: Researcher’'s Work (2014).



While increasing the WWR from 40%-60% will amoumt 37.6% increase in total
cooling loads of the same form. Therefore, it Wil preferable to increase the window
for more lighting since the energy for the incressk less compare to that of reducing it

and providing artificial lighting.

For the annual total loads of both 20%, 40% arfb ®8WR glazing, only 20% glazing
have its monthly percentage energy consumption ay &k 11% and December as 8%.
But the entire window sizes are the same for Janust0%, February=10%,
March=12%, April=10%, May=10%, June=7%, July=6%,ga8t=5%, September=5%,
October=7%, November=9% and December=9% respegtildlis is to show that for
20% glazing an increase of 1% is noticed in may andecrease of 1% is seen in

December.
4.6.3.2 Window Material types.

Based on the ASHRAE standard for glazing at 40%nguslifferent energy efficient
materials of larger WWR glazing and still achiewer lesser energy consumption on
heating or cooling loads is visible. Use of windblinds also affects the rate of direct
solar radiation entering the building thereby atffeg the loads. Low Emissivity (Low-e)
Glass; also known as low-e glazing has a specatirggp to make it an excellent way to

let in light but reduce solar gain.

The following window glazing was analyzed and tegsults gotten are indicated below.
Double Glazed AlumFrame (U-Valu@=700 W/niK); Loads 17543KWh,
Double Glazed Low_E AlumFrame(U-Valué€=10 W/niK); Loads 8719KWh,

Single Glazed AlumFrame (U-Valu&000 W/nfK); Loads 30512KWh,



Single Glazed AlumFrame BlindU-Value=6.000 W/rﬁK); Loads 14288KWh,

Single Glazed Low_E TimberFramU-Value=2.26 W/nfK); Loads 8694KWh

Figure 422 Variation of Window materials and sizes.
Source: Researcher’'s Work (2014).

Therefore, fromFigure 4.2 the above, onlDouble Glazed Low_E AlumFrame ¢
Single Glazed Low_E TimberFrame have low energyireqents. However the use

timber frame will not be good due to high humic

Table 4. Percentage difference of glazing materials and W

Glazing Material 20% WWR 40% WWR 60% WWR

SGAF-SGAFb 60%

76% 84%
SGAF-DGAF 44.47% 58% 65.4%

SGAF-DGLeAF 94.5% 104% 165.6%

Source: Researcher’s Work (2014).

From Table 4.%bove, over 40% of total heating or cooling loafis duilding can b

affected by choice of glazing material for windowrsd other openings in the buildir



From the Figure 4.22 and Table 4.9 above, using B@heAF will reduce the cooling
load by 92% against the use of 40% SGAF. Also mmirgy the single glazing from 40%
to 60% but adding blinds to the window will redube cooling loads by 34%. The same
apply to 40% SGAF with 60% DGAF a reduction by 2@ cooling load will be
noticed. Therefore, Double Glazed Low-e Aluminunarke window is the best in this
area due to its low energy load.

4.7 DISCUSSION OF SIMULATION FINDINGS

Thermal comfort in buildings can be achieved bytically examining the factors

affecting the thermal performance of the buildifigpe heating and cooling loads of a
building can be adjusted in order to minimize egezgnsumption through considering
design parameters such as building form, orientagavelope composition, glazing size
and local climate. The method adopted focuses fberelint building form which provides

comfort with minimum energy consumption. Therefor@rder to evaluate the effects of
building form on thermal comfort, building form hag the same floor area, volume and
envelope thermophysical properties and lowest dnhaating and cooling loads on

energy consumption should be chosen. The restii®study is summarized below.

(). Building having the same floor area, volumel @mvelope thermophysical properties,
have different rate of energy consumption (heating cooling loads) due to change in
form. From the analysis carried out, the form tt@isumes the least amount of energy is
the cylindrical form followed by the cone, then eultuboid and lastly pyramids. The
cylindrical form is 5.6% less than the energy congtion for cone form, 9.7% for cube
form, 12.9% for cuboid and 14.7% for pyramid. Thisows that total cooling loads for

simulated shapes increase by 14.7% from cylindtealyramidal form.



(ii). Building form oriented in different directiometween ©90° have an important
impact on the annual energy consumption. The rettws that total cooling loads for
cuboid increase by 4.7% from ON-45N, 5.5% from &N and 6.5% from ON to 90N
(East-West orientation ON to North-South orientat®0N). The effect of changing
orientation for cube form is less noticeable haviess than 1% increase from 15N to
45N and a decrease of 10% at 60N and 75N. This sitoat at 60N the cube form is
most efficient and least efficient at 30N, while tbuboid form is best a® due to its
small area exposed to solar radiation along thé-Wast.

(ii). The glazing is another important parameteattaffects the comfort condition of a
building. The size (window to wall ratio) and theetmophysical properties of the glazing
is also an important factor to consider. ChangimgWWR from 40%-20% will result to
a decrease of 67% in total cooling loads for a cidomn. While increasing the WWR
from 40%-60% will amount to 37.6% increase in t@@bling loads of the same form.
(iv). Over 40% of total heating or cooling loadsaobuilding can be affected by choice of
glazing material for windows and other openingghe building. Using 60% DGLeAF
will reduce the cooling load by 92% against the 06d0% SGAF. Also increasing the
single glazing from 40% to 60% but adding blindshte window will reduce the cooling
loads by 34%. The same apply to 40% SGAF with 60&ADB a reduction by 20% of

cooling load will be noticed.



CHAPTER FIVE

SITE

5.1 BACKGROUND INFORMATION OF STUDY AREA.

Nasarawa State is bounded in the north by Kaduate Sin the west by the Abuja

Federal Capital Territory, in the south by Kogi aBdnue States and in the east by
Taraba and Plateau States as shown in Figure fotvb&he southern landscape of the
state forms part of the low plains of the Benugiari Most parts of the state that lies
within the Benue valley composed of sandstonese Aigh land areas of the state are
found towards the north, notably in Wamba, Nassaralaggon and Akwanga Local

government Areas. The Eggon rolling hills for exdnpaise to an average; height of

about 1,200m. The Maloney Hill in Keffi is of histcal significance.

Figure 5.1 Nasarawa State Map

Source: www.maps-online.com



5.2 SITE LOCATION

The site is among the important feature in thegteprocess. A detailed site analysi:
done so as to understand the feature the site, which are very important during

design. The purpose of the site analysis is torceaod evaluate information on the ¢
and its surroundings, and to use this in the de The site is located in Lafia the capi
city of Nasarawa stateentral Nigerii as shown in Figure 5.2 below is found alon¢

coordinates 8.5333° N, 8.3000° E covering a lamd af10,470 sq miles (27,1 km?).

Figure 5.2 Google Earth Site Map
Source: Google earth. (2013).

It is within the proposed permanent site of thevarsity along Bent-Makurdi express
road.The site experiences high traffic as it is boundgdwo roads along the nortind
the east side respectivelThe main road which is a Major Highway linking 1

university and the outside express way is by thst wdile the secondary road is alc



the northern side Figure 5.3 below. The main raathot be used for access into the site
SO as not to constitute traffic congestion; hense@ndary road will be used to access

the site.

Figure 5.3 University Site Map
Source: Planning Unit Federal University lafia.
5.3 SITE SELECTION CRITERIA

The Plate below indicates the plan of the core exacl area of the University permanent
site along Lafia-Makurdi road. The choice of siteréhis not really restricted but

however, there is a provisional space for the @ma&demic area in the University site
plan. However, three sites have been selectedniti@ core academic area as in Figure

5.4 below which is Site “A”, “B” and “C” respectilye

Figure 5.4 University Core Academic Area

Source: Planning Unit Federal University Lafia



The following under listed criteria are used to gtethe suitability of each of the site and

thus the most appropriate site is selected. They ar

a) Proximity to community and services

b) Proximity to educational areas

c) Proximity to residential areas

d) Proximity to recreational facilities

e) Proximity to road networks (accessibility)
f) Possibility for expansion

g) Land use compliance

Table 5.1 Site Selection Criteria

s/n CRITERIA SITE | SITE | SITE REMARKS
A B C
1 Proximity to community 3 5 2 All the three sites are c lose
and services to basic community
facilities
2 Proximity to educational 3 4 4 Site B and C are close t0
areas educational area compare|to
site A
3 Proximity to residential 3 5 5 Site “A” is away from
areas residential areas as
compared to site “B” & sit€
“C
4 Proximity to recreational 5 4 3 Site “A” is closer to
facilities recreational areas which
not really good
5 | Proximity to road networks 4 5 4 All the site are by access
(accessibility) roads but site “A” is
bounded to the main high
way
6 Possibility for expansion 4 4 2 Site A and B easily be
expanded than site C.
7 Land use compliance 4 5 3 Site B is best surted
compliance to university
administrative building




location

TOTAL 29 32 23 Site B is best suited for the
proposed building

Range:
BEST=5, BETTER=4, GOOD=3, FAIR=2, POOR=1

Source: Researcher’'s Work (2014).

Hence, from table 5.1, the site selected for theppsed Senate Building is SITE ,B
located in top left corner of the core academi@aiidhe whole core academic area will
contain other supporting facilities like the mattation/convocation square, assembly
hall, central library, digital information centrs well as green area.

5.4 SITE CLIMATE ANALYSIS

Climate is one of the major environmental factdifeciing thermal comfort. It is very

difficult to predict the exact weather of a pladag to variation in geographical location
and micro-environment. At the preliminary stagedefign, it is important to study the
micro-climate of the place in order to know howtheill affect the building and the

occupants. This will determine the building fornpasal organization, orientation and
openings. The climatic factors to be considereduthe rainfall, temperature, humidity,
wind and solar radiation.

5.4.1 RAINFALL

Annual rainfall figures range from 1100 mm to ab2000mm. About ninety per cent of
the rain falls between May and September, the stett®nths being July and August as

shown in Figure 5.5.

Most precipitation falls in August, with an averaafel76 mm. The rain comes in thunder

Storms of high intensity is noticed, particularlythe beginning and towards the end of



the rainy season. In winter there is much morefadiln Lafia than in summer. Tt
average annual rainfall is 456 mm. The driest mastibecember with 0 mm. Tf

difference in precipétion between the driest month and the wettestimisrnt76 mn

Figure 5.5 Mean Precipitation Chart.
Source: www.myweather2.com
5.4.2 TEMPERATURE

Temperatures are generally high during the daytiqudarly between the months
March and April.Figure 5.6 shows thenean monthly temperatures in the <, which
rangesbetween 20°C and 34°C, with the hottest months godftarch/April and the

coolest months being December/Janu



Figure 5.6 Mean Temperature Chart

Source: www.myweather2.com

The average annual temperature in Lafia is 26.8 T8e warmest month of the year is
May with an average temperature of 31.5 °C. In dayuhe average temperature is 21.6
°C. It is the lowest average temperature of thelevlgear. The average temperatures vary
during the year by 9.9 °C.

5.4.3 HUMIDITY

The humidity in the state is very high in the stdtégh level of humidity is usually
attained during the raining season. Humidity valgeserally drops during the dry season

from November-March.

5.4.4 WIND

Two major air masses dominate the state: the Tabpwaritime Air mass and the
Tropical Continental Air mass. The tropical marigins formed over the Atlantic ocean

from the southern part of the country and is theeeimoist and worm. The maximum



recorded wind speed in a year is in the month ajust and December, with the lowest
in November as in Figure 5.7 below. This is respgdador the South-West Trade wind,
blowing from the south-west to the north-east. Trbpical continental is developed over
the Sahara desert; it is usually hot and dry an@sponsible for the North-East Trade
wind, blowing from the north-east to the south-wé&dte tropical continental airmass

comes with the dry season, while the tropical nmadtairmass, the wet season.

Figure 5.7 Mean Wind Speed Chart.

Source: www.myweather2.com

5.4.5 SOLAR RADIATION

High intensity of solar radiation is usually exgerced during the dry season where there

is a clear sky cover, and is usually low in theirag season, due to cloud cover.



Figure 5.8 Sun Path Diagram

Sourcewww.myweather2.com

Sun rises from the east between 06:09am and 06:3Baihnsets in the west between
18:13pm and 18:46pm respectively. Peak period laf satensity is between 09am-03pm

as in Figure 5.8 above.

The site experiences the normal sun-rise and surAsenid-day, the sun overhead can
be taking advantage of by converting it to otheénfef energy (solar). The site climatic
condition is characterized by high temperature haohidity caused by incident solar

radiation, high rainfall and low wind velocity.

5.5 SOIL TYPE AND VEGETATION

The major soil is derived mainly from the basemearplex and old sedimentary rocks.
Lateritic crust occurs in extensive areas on tlanpl while hydromorphic soils (humic
inceptisols) occur along the flood plains of majeers. Loamy soils of volcanic origin

are found around the volcanic cones of Awe. Thiy hileas carry shallow skeletal soils.



Many parts of the state are ravaged by both shetgally erosion. The major urban
centers, particularly Lafia and Keffi, are heawiylled. Since most of the inhabitants of
the state are farmers, extensive areas in the ig@io are also cleared for farming, thus

exposing wide areas of land to sheet erosion asrsiroPlate XXII below.

Plate XXII Site Soil condition
Source: Researcher, 2014
Nassarawa State falls within the southern guinears@a zone. However, clearance of
vegetation for farming, fuel wood extraction fomalestic and cottage industrial uses and
saw milling has led to the development of regrowdgetation at various levels of
development. Dense forests are few and far apacth $orests are found in lowland
areas, particularly where population pressure $s len the land. Gallery forests are

common along major streams and pronounced depnsssitie site is composed mainly



of grasses and isolated trees as shown in Platél X¥low. Trees of economic value,
including locust bean, shea butter, mango, citnéslzanana are scattered across the site,

particularly the lowland areas and southern pdrthesite.

Plate XXIll Site Features
Source: Researcher’'s Work (2014).

The site is relatively flat with a slope of abod6 Sloping towards the south part of the
site which has a seasonal stream. The drainagensysthall follow site gradient and

channeled into the central drain system to dispoganic waste.



CHAPTER SIX

DESIGN REPORT

6.1 PRELIMINARY PROPOSAL

One of the objectives of this research is to inocafe the research findings of thermal
comfort analysis in the design of the proposed t&eBailding of Federal University in
Lafia Nassarawa, Nigeria. The design is such tiausers enjoy all the facilities without
compromising the need for thermal comfort. Maaffected by factors such as lighting,
heat (temperature), ventilation, sound etc. Theeetbere is need to consider the steps
that should be taken to improve the individual effef those things that impairs the
efficiency of work output/production in the senhbtelding.

In order to fulfill the requirements of the desidhe principles of thermal comfort are
being employed. This is so because of the abilitythe principle to provide solid
strategies in terms of material of building enveffigpm), thermal mass, shading devices,
glazing type and size, vegetation and orientatibickvenhance the thermal performance
of the building.

6.2 BRIEF FORMULATION

As a result of new developments in technology, mm@hensive planning for today’s

working environment is important in identifying ahdfilling user’s needs in all areas so



as to improve efficiency and productivity. Considgr the geometric progression
associated with change in the university admintisina custom designed office spaces
shall be discouraged to accommodate the univessatgininistrative variation. The multi-
tenancy method, which allows for greater flexililih the use of an office building,
should be adopted. The (Senate) office buildingtrhase flexible and technologically-
advanced working environments that are safe, hgalttomfortable, durable,
aesthetically-pleasing, and accessible. It musilide to accommodate the specific space
and equipment needs of the tenant. Special attestiould be made to the selection of
interior finishes and art installations, particlyyan entry spaces, conference rooms and
other areas with public access.

Based on the brief as stated above and after ¢azefsideration of the requirements
necessary for the design of a Senate Buildingspiatial arrangement is broken down to
into the following type of spaces: offices, emplefwsitors support spaces,
administrative support spaces and operation andter@nce spaces.

a. Offices

i. Offices: May be private or semi-private.

il. Conference Rooms/ Meeting rooms

b. Employee/Visitor Support Spaces

i. Convenience Store, Kiosk, or Vending Machines

ii. Lobby: Central location for building directgrgchedules, and general information

iii. Atria or Common Space: Informal and sociatigaing space

iv. Cafeteria or Dining Hall

v. Toilets or Restrooms



vi. Interior or Surface Parking Areas
c. Administrative Support Spaces

i. Administrative Offices: May be private or seprnvate acoustically and/or visually.

d. Operation and Maintenance Spaces

i. General Storage: For items such as statiomgpyipment, and instructional materials.
ii. Food Preparation Area or Kitchen

iii. Computer/Information Technology (IT) Closets.

iv Maintenance Closets

6.3 BRIEF DEVELOPMANT

Office design can be either purpose made to acdsmpbme user requirements or an
open form to attract more tenants and make it pesa user to partition the space
according to his office requirements. Due to théurea of work performed by each
component, the senate building has been dividedsewen components as seen in Figure
6.1. This is to ease the administrative work. Thengonents are: Vice —chancellor’s
office, Planning unit, Registry, Bursary, Studen&fair, General administration and

Senate / council chamber.
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Figure: 6.1. University Administrative Componentatgbnship
Source: Researcher’'s Work (2014).
6.3.1SPACE REQUIREMENTS

For thepurpose of this design, more emphasis will be giteenffice spaces. And tt
following offices are based on hierarchy of adntnaigon. Due to the nature of wo
performed by each component, the senate building been divided into seve
components. Thiis to ease the administrative work. The companeard

i. Vice —chancellor’s offic

ii. Planning unit

iii. Registry

iv. Bursary

v. Student’s affair

vi. General administratic

vii. Senate / council chamt

6.4 SCHEDULE OF ACCOMODATION



Because of the type of spaces requirements neadbe iSenate building, the following

spaces and their floor areas given in this schedubased on findings from case study
conducted and literature. The spaces are baseg@ame sequired from the brief above.
Table 6.1: shows the schedule of accommodatioalfdhe spaces provided.

Table 6.1: Schedule of Accommodation

Description Area(M?) | Number Total
Min. required area(M?)
Vice — chancellor’s office
Office of the vice chancellor 37.0 1 37.0
Bathroom/ wc 10.0 1 10.0
personnel assistant and secretary 28.0 1 28.0
Waiting / reception 10.0 1 10.0
Conference room 20.0 1 20.0
Deputy vice chancellor’s office 18.5 2 37.0
Two secretaries/ waiting room 18.5 1 18.5
Filing and storage room 8.0 1 8.0
General office 13.5 1 13.5
Adjacent storage room 8.0 1 8.0

Planning unit

Director of planning’s office 18.5 1 18.5
Secretary/ waiting 13.5 1 13.5
Conference room 40.0 1 40.0
Secretary/ filing 7.0 1 7.0
Office of Academic planning officer 13.5 1 13.5
Secretary/ filing 7.0 1 7.0
Office of physical planning officer 13.5 1 13.5
Secretary/ filing 7.0 1 7.0
Registry unit

Office of academic registrar 30 1 30.0
Secretary/waiting 13.5 1 13.5
Principal assistant registrar 18.5 1 18.5
Record and admissions section

Admission officer 18.5 1 18.5
Secretary 10.0 1 10.0
Assistant admission officer 13.5 1 13.5

Secretary 7.0 1 7.0




Students record officer 18.5 1 18.5
Secretary 10.0 1 10.0
Assistant student record officer 13.5 1 135
Secretary 7.0 1 7.0
Supporting staff 13.5 1 13.5
General office 30 1 30
Admission processing area 40 1 40
Record storage 35 1 35
Record handling office 50 1 50
Student affairs

Office of dean of students affairs with| 30 1 30
conference

Secretary 13.5 1 13.5
Office of senior staff 135 4 54.0
General office 50.0 1 50.0
Lobby/waiting 13.5 1 135
General administration

Director of administration’s office with 30 1 30
conference

Secretary 13.5 1 13.5
Office of senior administrative staff 135 4 54.0
Secretaries 13.5 4 54.0
General office 40.0 1 40.0
Clerk’s room 13.5 1 135
General storage and office materials 15.0 15.0
Examinations section

Examination officer 18.5 1 18.5
Secretary 10.0 1 10.0
Assistant examination officer 13.5 1 13.5
Secretary 10.0 1 10.0
Supporting staff 13.5 1 13.5
General office 35.0 1 35.0
Appointment and promotion records 30.0 30.0
Bursary unit

Office of bursar with conference 30.0 1 30.0
Secretary / waiting 13.5 1 13.5
Office of deputy bursar 18.5 1 18.5
Secretary 13.5 1 13.5
Accounting staff offices 13.5 4 54.0




Secretaries 13.5 2 27.0

Custom and passage staff 13.5 3 40.5
General office 30.0 1 30.0
Office of internal auditor 18.5 1 18.5
Secretary / waiting 13.5 1 13.5
Supporting staff for accounting 13.5 5 67.5
for audit & expenditure control 13.5 5 67.5
General account office 50.0 1 50.0
Strong room 18.5 1 18.5
Senate and council chamber

Senate chamber to sit 150 members 300 1 300
Ante — chamber with cloak rooms 100 1 100
Council chamber to sit 30 members and| 66 1 66
staff

Conference room to sit 20 members 40 2 80
Senate lounge 30 1 30
Preparation of senate/ council materials 30 1 30
Office of clerk to senate 13.5 1 13.5
Secretary / filing/ waiting 13.5 1 13.5
Office of clerk to council 13.5 1 135
Secretary /filing /waiting 13.5 1 13.5
General office 35.0 1 35.0

6.5 DESIGN CONCEPT

Architectural concept s a series of intentionsabutsons originated in the mind to solve a
particular architectural problem while considerotger design factors. The concept used
for the design comes from the philosophy that dding should express it identity and
still be iconic amidst other surrounding building$e building form is conceptualized
from the functional identity of the building andrailated results of building forms.
Functional identity- Inspirations are drawn from the academic mortdramd academic
scroll as shown in Figure 6.2. Bing an academidrenment, the senate building serves

as the centre of academic and administrative aiyhor



Figure: 6.2. Concept Development.
Source: Researcher’'s Work (2014).

The two mortar cap representing the undergraduadepastgraduate programme serves

as the podium, while the academic scroll (certiByaerves as the tower.

Simulated results From the simulation conducted of five forms (Culfguboid,
Pyramid, Cone and cylinder), the cylinder and tbeecperforms better than the others n
terms of thermal comfort. Therefore, this initiatke use of the circular plan and form in
the design. Some of the advantages of these forentha high reflective angle of solar
radiation and less angle of incident solar radmatidlso ease of air circulation and

ventilation efficiency as well as good noise cohtro

6.6 DESIGN CONSIDERATION
The senate building was design primarily to ta¢ckkechallenges of design by solving the

planning demand of space and circulation as wellti#éiging the thermal comfort design



strategies to reduce energy consumption and tHdifgiiand also to improve the indoor
environmental qualities for the general comfortred building and its occupants.

6.6.1 Form-The form of the building affects the thermal pemi@ance as it determines
the size and the orientation of the exterior enpelohat is exposed to the outdoor
environment. The cylindrical form adopted play iyé&role in determining the amount of
solar radiation received by the building’s surfasel improve the airflow/wind speed
around the building for ventilation purpose as seerfFigure 5.9. The use of open
elongated form with courtyards is to maximize viatibn and minimize solar radiation,
where the main importance is cooling.

6.6.2 Orientation Orientation has a significant influence on thelcw load. Since
comfort is acquired mainly by air movement, thelding is oriented at 60 according
to results findings as seen in Figure 5.4. Thedmugj is oriented with the longer sides of
it to intercept prevailing winds NE and the shorsales to face the direction of the
strongest solar radiation WE, effective ventilatismchieved, while thermal impact from
solar radiation is minimized.

6.6.3 Glazing and FenestrationThe glazed system is an important strategy in passi
solar design as it can cause the large portioruddiing's heat gain. The use of Double
Glazed Low-e Aluminum windows are employed in orttereduce the intensity of solar
radiation entering the building as in Figure 6.1#d a3 below. The Low-e glazing
reduces cooling loads by over 40% annually. Alsouke of openings and fenestrations
along the east and west, stair case hall ways helpsoving air circulation within the

building Figure 6.12.



6.6.4 Shading The main principle in shading strategy is to avbie penetration of direct
solar radiation into the building through its openiand heat absorbing materials. Solar
shading devices such as trees, overhangs, awnmydlands which are lightweight,
ventilated shading panels attached to walls andsrace employed in order to avoid
unwanted solar radiation in summer and allowingnitwinter as seen in Figure 6.9.
However, the use of external shading devices ansidered the most effective, since
they intercept solar radiation before it passesupn the building envelope into the
interior space as seen in Figure 6.12.

6.6.5 Ventilation and Lighting — The whole building is designed to rotate around a
central core, this gives room for optimal utilizati of natural lighting and ventilation.
Stack and cross ventilation methods are used irnvéinélation of the building core as
seen in Figure 6.10. This ventilation technique b@sn found to be effective in this type
of structure. Thus artificial ventilation and lighg requirements is minimal.

6.6.6 Landscaping Emphasis is placed on ample provision of well deraped
environment to aid relaxation and complement aatiwiof the building. Trees canopy,
shaded driveways, hedges are put in place to eehtdre micro climate within and
around the building as shown in Figure 6.4. Thenpilag of the landscape is done
following the principles that will create an aesitb@nd comfortable environment. Stone
paving and interlocking tiles are used on walkway®rder to reduce hard landscape.
Open courtyards were introduced were introducedhe interior to avoid creating a
drastic difference between the interior space arcekterior interior.

6.6.7 ServicesThese include; water supply, power supply, firehfigg system, waste

water disposal, storm water /site drainage andseeflisposal.



(a) Water Supply- The primary source of water syp the building will be the
university water works department. Alternative wagepply will be from borehole sunk
close to the seasonal stream towards the south@eno$ the site. Surface as well as
overhead water tanks will be provided for adequatter supply in the building.

(b) Power Supply- Power supply shall be tapped ftbenuniversity power supply grid
which is from the Power Holding Company of Nige(RHCN). However, the design
shall also cater for its own power needs. Therepaogisions for Energy Glass facade
with build in Sun Power technology for power getiera

(c) Fire Fighting System/safety - Fire hydrant éaisy collection of water by fire fighters,
fire extinguishers, sprinklers and smoke dictatsihgll be provided in the building
according to professional specifications. Fire pscstaircase is provided with access to
all floors, opened to outside is made availabléhire resistant doors are also provided.
Also static storage water tank of 10000Itr min Ebal provided to be used as immediate
response in fighting fire.

(d) Waste Water Disposal- Waste water and soil fatwsets will be drained through the
central sewer line to the sewage treatment planbevard disposal into the university
central sewage plant. This plumbing will be donestdering the slope of the site in
order to take advantage of gravity.

(e) Storm Water and Site Drainage- Storm water ftbe roof can be collected and
channeled to an underground tank for further uskilayVsurface water will be drained
using gutters along site slope. Courtyards wilbb&ined using underground piping along
site slope also for ease of flow. This can be agdesimply due to the slope of the site

towards the south into the seasonal river.



() Refuse Disposal- Waste bins will be providectuery usable/occupied workspace and
along circulation routs. Small incinerator or wastatment plant will be provided at a
remote part of the site to cope with all refuseegated on site.

6.6.8 Heating, Ventilation and Air Conditioning ushg Chill Beam- HVAC systems
have a significant effect on the health, comfan aroductivity of occupants. Issues like
user discomfort, improper ventilation, and pooraadair quality are linked to HVAC
system design and operation and can be improvedaetigr mechanical and ventilation
system design.

Chilled beams are predominantly used for coolind aentilating spaces, where a good
indoor environment and individual space controv@ued Figure 6.3 below. Chilled
beams use water to remove heat from a room antbeated in the room space. Chilled
beams are primarily used in locations where the itiiyncan be controlled. Chilled
beams provide excellent thermal comfort, energyseoration and efficient use of space
due to high heat capacity of water used as heasfeamedium. Chilled beam operation

is simple and trouble free due to having minimumntemance requirements.



Figure 6.3 Schematic Diagram of Chilled Beam
Source: CPWD (2013).

6.7 DESIGN DISCUSSION

6.7.1. Site Plan

The access to the university site is through thHeatdakurdi express way. The site will
be access via the minor road linking other funditimough the northern part of the site
via a secondary road within the university off than way as in Figure 6.4. This has
been analyzed to be the strongest part from winielsénate building can be visually
appreciated. There are four (4) main defined parkireas designed to take care of the
senate building they are;

i. The public/visitors parking area located towattus North-West.

ii. The staff parking area located towards the BastWest.

iii. The vice chancellor/executive parking aread®d at the rear of the building.

iv. The service parking area located at the Sou#siif the building.



Figure 6.4 Site plan indicating the veus parking’s
Source: Researcher’'s Work (2014).

The parking area is paved with purposed made oukirig tiles to minimize sole
radiation and allow soaking of surface water. Theking areas are also landscaped \
ever green trees to provide shade ehicles and pedestrian walkways leading to
building.

6.7.2. Floor Plans

The building is composed of three circular shapeanger along the we-east axis.

Having two open courtyards on opposite sides andtanm in the middle, has its me



entrance facing the north. The main entrance ermed to as the general entrance, while
two other entrances along the Far East and Wess sdrve for both fire escape and
ventilation points. The executive entrance is atrdmar with a security point. The design
explore the use of non structural fins to ensumessive solar obstruction and serves as
excessive wind breaker, helps to maintain inteaad resultant thermal conductive
environment. There are two additional open and wadetrally located courtyards to

enhance the overall building ventilation as in FFeg6.5 below.

Figure 6.5 Ground floor Plan of the proposed sehatieling.
Source: Researcher’'s Work (2014).

The Ground floor Figure 6.5 above, consist of tlh@ essential administrative spaces
such as security, reception, accounts, sports,rgeraumni, public relations offices and
development units etc well linked to each otherodigh the use of lobby,

corridors/passages around and within the coursydtdalso serves as the podium, on

which the tower stands.



The first and second floor contains other suppgrtioffices to the seven core
administrative offices such as staff welfare offi@s seen in Appendix 10, exam office,
student affairs units, general offices and somettalil offices. All this placement of
offices is to ease accessibility to students, aisibind staff.

The third and fourth floor consists of offices ftop administrative staff and their
units/divisions supporting the five principal o€ Units such as accounting, planning,
establishment, staffing, housing and passages,sathmns, staff and student records units
etc are located at this level refer to Appendix Atlthis level privacy has been observed
to curtail movement of users from the ground level.

The fifth floor Figure 6.6 below contains the senahamber, committee rooms, general
offices, senate clerk office, computer preparatiomm, refreshments office etc. At this

level, high privacy and security is maintained oa floor.



Figure 6.6 Fifth floor Plan of the proposed sermt#ding
Source: Researcher’'s Work (2014).

The sixth floor contains the executive offices liklee registrar, bursar, academic
secretary, dean with their deputies and secretatiesctor of planning, Liberian and

other supporting offices as seen in Appendix 13.

The seventh floor as seen in Figure 6.7 beloweddkt floor where the vice-chancellors
office is located, personal assistant to the vita@acellor and the secretary, the deputies
(academic and admin) with their secretaries, cdwmamber, and lounge. All the floors
on the tower are accessible vertically through #taircase and lifts system, and
horizontally by passages and lobby. Fire escapecas® is connected from the ground
floor through to the seventh floor with access latflaors. The mechanical service is

located at the extreme end for ease of maintenance.



Figure 6.7 Seventh floor Plan of the proposed sebailding
Source: Researcher’'s Work (2014).
The eighth floor Figure 6.8 below is the roof flammtains the machine room for the lift

an HVAC central supply system. The roofing commigé concrete, aluminum barrel
vault roofing and transparent dome. Parapet anémgainage systems are properly

considered in order to avoid leakage and deteramratf the floor slabs.



Figure 6.8 Roof floor Plan of the proposed senatkling
Source: Researcher’s Work (2014).

6.8 TECHNICAL DETAILS

These are details of some features used in thelibgilin order to achieve maximum
comfort. These are details of shading, ventilatiglazing and building components
materials.

6.8.1 Shading-The design takes into consideration the use df bettical and horizontal
shading device, independent fins, recesses anegbia)s to control and reduce the
amount of direct solar radiation entering the boddas in Figure 6.9 below. It s also
used to break direct effect of wind energy by recling as well as reducing same into the

building.



Figure 6.9Sectional Details of Vertical and Horizontal Shay
Source: Researcher’'s Work (2014).

6.8.2 Ventilation The building enjoys both crosventilation and stack effect fi
effective ventilationas in Figure 6.10 below The use of single banking and of
courtyards helps in cross ventilation, while théuat and double volume spaces help

stack effect irFigure 6.11 belo.

Figure 6.10Sectional Details of Cross Ventilatiom Courtyart
Source: Researcher’'s Work (2014).



Figure 6.11Sectional Details of Cross Ventilation and stadkas in Atriun
Source: Researcher’'s Work (2014).

6.8.3 Glazing and Fenestratio- The design takes into consideration the use o-e
glass for lighting and aestheticThe building use low-e glagsr windows and facad
glazingto help in reducing the internal heat gain due itead solar rays entering tt

buildingas shown in Figure 6.12 bel.

Figure 6.12ApproachElevationof the proposed senate build
Source: Researcher’'s Work (2014).



Use of clear glass materials for atrium Figure @lsd helps in creating lighting in the
building interior. Spaces within these regionsrastly open offices and meeting spaces,
where sufficient lighting is required.

6.8.4 Building materials-In order to achieve maximum comfort within thelBing, the
choice of building materials to be used in the dindy should be greatly considered. This
has to be done with consideration to the thermaphalygroperties of the materials like
conduction, transmittance, resistance etc. The nmaltdisted below are proposed to be
used in the various components of the building tluets advantages on improving
comfort of users.

(i) Wall: the use of Autoclaved Aerated Concreteaasvalling material. Autoclaved
aerated concrete is a versatile lightweight coettvn material and usually used as
blocks as seen in Figure 6.13. Compared with nofreatdense” concrete) aircrete has a
low density and excellent insulation propertiestd®laved aerated concrete blocks are
excellent thermal insulators and are typically usetbrm the inner leaf of a cavity wall.

They are also used in the outer leaf, when theysuwally rendered, and in foundations.

Figure 6.13.
Source: CPWD (2013).



Aircrete also has good acoustic properties and itlurable, with good resistance to
sulfate attack and to damage by fire and frost.

It has the following advantages, excellent acoussalation, and environmental friendly,
absorb moisture, reduce condensation and contuohsdity.

(i) Floor: The use of Terrazo Tiles as the mdjoor finishing in addition to ceramic
and marble floor tiles in office interiors. Terrazzonsists of marble, granite, onyx, or
glass chips in Portland Cement, Portland Cementesinous matrix binder Figure 6.14
(a). The Terrazzo is poured, cured, ground, ancslped. Terrazzo is typically used as a
finish for floors, stairs or walls. Terrazzo is dga both interior and exterior applications

Figure 6.14 (b).

Figure 6.14 (a)
Source: CPWD (2013).
It has the following advantages of good embodiecergy low maintenance,
environmental friendly and improvement of indoarguality.
(i) Doors and Windows: the use of UPVC doors dmuv-e Windows glass in the
building. The New age window making material UPVCU(plastisized Polyvinyl

chloride) is formed from Polymerization of Ethyleard Chlorine. UPVC is considered



as the most preferred contemporary window makingerna because of its efficient

features as seen in Figure 6.15 below. The Vinyldaws are excellent insulators.

Figure 6.15 Schematic representation of Double &ldow-E glass
Source: CPWD (2013).

Figure 6.16 ! 1" #
Source: CPWD (2013).

They reduce heating and cooling loads by preverttiegnal loss through the frame and

sash material Figure 6.15 and 16 above. It is fiett®ed by the weather or air pollution,



salt, acid rain industrial pollution, pesticidesnag and discoloration and structural
damage. Its user friendly and Eco Friendly, itslilgaaccepted and safe.

It has the following advantages: No Weathering &ffeGood Thermal Insulator,
Acoustic Insulator and Eco Friendly.

(iv) Ceiling: The use of Calcium Silicate Tiles @sling materials for suspended ceiling
component in the building. Calcium Silicate Tiles &ightweight with densified edges,
to give high edge Strength, which minimizes damadgandling, Transport, storage, and
installation of the tiles as seen in Figure 6.1i0Wwe

100% RH Humidity resistance which eliminates Saggifithe product in high humidity
Environments and do not lose their physical Intggeven in the case of condensation

from air Conditioning ducts.

Figure 6.17 Calcium Silicate Tile.
Source: CPWD (2013).



CHAPTER SEVEN

CONCLUSION AND RECOMMENDATIONS

7.1 SUMMARY

The building’s form is responsible for determiniitg envelop and the way it interferes
with the surrounding environments and the degreeomhfort within the building. It
constitutes the exposed envelop which is affectgdhie climatic factors. Designing
buildings to achieve thermal comfort is associatgti studying the mechanisms of heat
transfer between the building and the outdoor emwvirent. Other strategies such as
glazing, insulation, ventilation and shading canifkegrated within this envelop for

better thermal response.

Selecting the suitable form has a great relatiaih Wie climatic factors; solar radiation,
wind and humidity. In hot humid areas of Lafia, thitgmperature and humidity are the
most important factor affecting building designbash heating and cooling requirements
have to be achieved. However, office buildings at humid areas don'’t take sufficient
account to the climatic factor especially the sakdiation. Hence, this study aim to
understand the relation between form and energyswuoption in order to achieve

comfort condition and energy saving. The studyiftéal the aspect of building’s thermal

performance and its relation with the heat gain 3 between the building and the
environment. Also, the study dealt with the factaféecting the building’s thermal

performance such as the climatic factors, the desigiables and the physical properties

of building’s materials. The study overviewed thermal comfort of buildings and its



approaches. After that, the study referred to themate responsive design and its

strategies for achieving thermal comfort in hot ldiarea.

Case study was conducted and a checklist was msedder to identify the extent to
which the design consideration need to achievartakecomfort is applied in the selected

building.

Parametrical studies were conducted using the aitionl programs ECOTECT to

investigate the effect of the form on the thermatf@grmance and energy consumption.
The simulations focus on understanding the reldtiemveen the building geometry, area,
volume and the thermal performance. This part dedlt geometries as a standalone
building to avoid the effect of the adjacent builgs. Changing the building's forms with
constant area, volume and thermophysical propevtasthe subject of the study. Also

effects of orientation and the glazing (WWR) welsoaconsidered.

7.2 CONCLUSION

From the study carried out, the following conclusiavere drawn:

(i) The thermophysical properties of building formsvelope composition is the major

responsible factor for thermal response of diffeggometric forms.

(i) For the amount of solar heating loads recejubé cone is the least followed by the

cylinder, cuboid and cube form during the hottest df the year.

(i) Heating and Cooling Loads studies shows ttwtl cooling loads for simulated
shapes increase by 14.7% from cylindrical to pydainform. The differences noticed is

caused by variation in facade areas oriented isdnge direction.



(iv) Also, form passive gain analysis, the resatisws that the cube form performs best
with respect to annual heat gain generated thrthglfiorm fabric. The effect of direct
solar heat gain will be highly minimized when usthg cone form. And the Sol-Air heat
gains will be reduced when using the cuboid forspestively.

(v) Over 40% of total heating or cooling loads dfalding can be affected by choice of
glazing material for windows and other openingthim building.

(iv) Other design consideration for achieving thareomfort in hot humid areas needs to
be considered in order to come up with a very dmattling.

7.3 RECOMMENDATIONS

This thesis has explored the effects of varioudding forms and design strategies
needed to provide thermal comfort in hot humid syéa the proposed senate building,
through the use of form, orientation, glazing artieo design considerations. The

research therefore recommends that:

1. Architectural studies on thermal comfort usingm@uter simulations should be
encouraged to adequately explore the potentiateitheand proffer better solutions to the

problem of thermal comfort and energy efficiencyffice buildings.

2. Application of thermal comfort design strategsé®uld be recommended in the design
of office building designs in order to optimize useomfort, protect and enhance

environmentally friendly environment for occupant.

3. It is important to eliminate the thermal tramsfate between the building envelop and
surrounding environment in ways of conduction, @woion and radiation in order to

maintain the thermal balance through careful sielecif materials.



7.4 CONTRIBUTION TO KNOWLEDGE
The research has the following contributions tovdeolge:

1. Over 14% of total annual cooling load of a bmigdcan be reduced by using the right
form. From the analysis carried out, the cylindriicam s the best followed by the cone

form in terms of energy consumption.

2. The best orientation for Lafia climate isS’lBC0for square form and 9B for rectangular
form. This is to minimize solar impact from soladration and to intercept prevailing

wind for effective ventilation.

3. Over 40% of internal heat gain generated byctireident solar radiation entering the
building through glazing can be reduced by usinguld® glazed Low-E aluminum

windows.
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