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ABSTRACT |
Comfart is a necessity jor every himan heing and over the vears the search for it
impact of the microclimate. As elemenis of climate (solar radiation, precipiation. ren

posed a challenge ro the design and construction of hutldings that could comfort the o
lave (o moderate the outdoor climate qnd provide comfort conditions for its occupants without excess use of
energl. This can-only be done by designing buildings that respond to the microclimatic conditions of the
environment. I is against this backdrop that this paper secks to investigate the effectiveness of faculty buildings
in regpeet-to'the climate. The study area selected s Federal University Birnin Kebbi in Nigeria. based on the
@xiremie climatic conditions. of intense solar radiation and temperalure; hence the studyv area provides the
uf;pun’wm’-l_r to investigale (he effects of harsh weather on facultv buildings in the region. Three faculty buildings
were vandomly selected in the study area. furthermore modelled and analysed with the existing climatic daia,
uging Ecotect simulation software. The simulation of the buildings was based on peak period of solar radiation
(February, March, April. May and June) and extreme recorded temperature of a single day (43°C of 10" April
201 1). The resilts of the simulation illustrate a slightly better performance along the East and West functions of
the faculty buildings housing major functions (at 45°C having an average differential temperature of | to 3
when compared with the outdoor environment in all the three selected faculty buildings) and a considerable
better performance along the North and South functions of the faculty buildings housing lesser functions (at
43°C having an average differential temperature of 3 to 0). From the findings of the research it has been
concluded that the designers of the faculty buildings did not take into consideration the extreme climatic
conditions of the micro climate as illustrated with lack of good design orientation. The study then recommends
that the Architects and Planvers should adjust the subsequent buildings yet to be constructed on the master plan
in order to improve the performance moderation of the microclimate.

Keywords: elimate, building form, building orientation, building material, simulation.

1.0 INTRODUCTION

Comfort is a necessity for every human being and over the years the search for it has been influenced by the
impact of the climate. As elements of climate (solar radiation, precipitation, temperature, humidity) have posed
a challenge to the design and construction of buildings that could comfort the occupants. Buildings now have to
moderate the outdoor climate and provide comfort conditions for the occupants without excess use of energy.

One of the major challenges facing designers now is the problem of climate change fuelled by greenhouse gas
emissions (Olotuah, 2015). The burning of fossil fuels has caused the concentrations of heat trapping
greenhouse gases to increase significantly in the atmosphere. The gases prevent heat from escaping to space and
thus have precipitated global warming. This is a serious environmental effect, and it is as a result of the adoption
of uniform style of architecture irrespective of the climatic conditions thus consuming high energy in buildings.
Subramanian et a/ (2016) asserted, how adoption of international styles of architecture in 20™ century has
eradicated traditional concepts to the local climate making it difficult to achieve comfort without use of
mechanical systems. This practice is causing serious environmental impact (Kabiru, 2011). Architects using
these concepts of design are endangering the eco-system contributing to the effect of climate change (Arup and
Design Genre, 2016). Buildings must adapt to the climate of the region and its microclimate (Geetha and Velraj,
2012). The architects should take into consideration the climatic conditions of the location in order to design
efficient buildings. According to Asli (2006), understanding and control of the climatic effects at the location of
the building are crucial even before design decisions are made. Furthermore, there is a growing trend towards
achieving low energy building designs with the aid of simulation (Aleksandrowicz, 2015).
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1.1 Sun, Temperature and Building Elements

Radiation from the sun determines the amount ol heat gain or loss on the earth surface. the relationship between
the sun and the site has to be taken into consideration right from the design process in order to design efficient
buildings (Ateeque. 2017). Generally. the amount of solar access radiation on a building mostly depends on the
position of the sun in relation to the building. The sun is dynamic and mostly moves in the direction of east to
wesl (sunrise and sunset). the lower the angle of the sun in relation to the building the lesser the heat radiation
and consequently. the higher the angle of the sun the more the heat radiation. Therefore. proper orientation of
the building to the sun can control the overall heat gain or loss on the building elements (walls. rootf and
openings). Consequently. the decision on the choice of material type. shape and composition are determined by
the effect of climate on the building site. The rate of heat tansfer through a material depends on the
effectiveness of the thermal properties of the material. The higher the insulation and mass of the material the
more the storage of heat through the material and the less the heats transfer. So. the ability of the material to
store heat during the day and effectively dissipate it at night is determined by its thermal performance.
Designers have to minimise the heat gain through the building elements by proper choice of coleur. type and
composition of the material, '

2.0 Federal University Birnin Kebbi, Kebbi state, Nigeria

Faderal University Bimin K

Figure I: google earth picture of the study area 18!0‘31201 g
Source: Google earth.com (2018)

Federal University Birnin kebbi is located in Birnin Kebbi, capital of Kebbi State. The school was established
on 23th February 2013 with the aim to increase access to education for the people of this region. The region falls
under the hot and dry climatic conditions of the north-western Nigeria, The State is characterised with high
temperature that can rise up to 45°c, with low precipitation, low humidity and intense sunlight in most of the
periods. Three (3) faculty buildings have been constructed on permanent site in the study area, most of which
are facing the same direction (East-west) where the sun rises and sets. Designing for this kind of climate
requires careful examindtion of the dynamic movement of the sun in relation to the buildings on site. As high
sun intensity can affect the performance of the buildings on site which results to heat discomfort to the
occupants of these buildings. This paper therefore seeks to determine the effectiveness of these faculties on site
to identify and then analyse the elements of the buildings that are responsible for the heat temperature
consumptions in the buildings.

3.0 Methodology
The methodology that best suits the research is case study methed and software simulation of the buildings

(Aleksandrowicz, 2015); this is to examine the manifested design intentions of the Architect and actual
performance of the buildings when compared with the extreme climate. Three buildings were selected
randomly: faculty lecture hall, school of environmental and school of art and science. The buildings were
modelled with Revit in their existing forms, materials and orientations, then imported to Ecotect software using
Sokoto climatic modules gotten from the Nigerian meteorological agency, subjected the buildings to peak period
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of solar radiation so as to identify the elements of the buildings that are exposed to the climate and further
simulated on hottest recorded temperature of the day (10" April-45°C. 2011) to examine the moderation level of
the buildings when compared to the microclimate,

3.1 School of Environmental .

This is a faculty building located in the temporary site of the Federal University Birnin Kebbi having coordinate
(12°19°53" N, 4°09°16™). housing three departments of the environmental studies namely Architecture, Building
and Quantity Survey. The structure comprises of partitioned offices as separate wing departments with studio
rooms separated from the offices forming a ring like structure, The offices are located along the north eastern
direction and studio rooms at the south west direction as shown in figure 2.

Table T shows the [catures of the building elements that were applied in Revit architecture in modelling the
structure:

Fablel: Physical properties of simulated building materials.

' Building clements Type “Thickness Colour Texture

Wall Hollow Sandscrete  230mm Light Rough
block (Density2002.21kg/m*)

Window Single glazed 8mm Reflective Reflective

blue

Ceiling P.V.C panels Smm Light Smooth

Roof Long span  0.55mm Light Smooth
Aluminium

Source: Author (field work), 2018

Figure 2: Revit model of school of environmental
Source: Author (field work), 2018

3.1.1 Effect of orientation on building elements
The Building was simulated based on the peak solar access radiation. The sun path direction was maintained

East-West facing the structure as the orientation of the building could determine the elements of the building
that are exposed to solar radiation. The colour bar located on the top right corner of figure 3 shows the amount
of heat gain from yellow to deep blue. The roof which is the component of the buildings mostly exposed to solar
radiation has yellow colour, followed by the windows and walls facing the sun direction with different shades of
brown colour while the shaded walls areas have the least effect of sun radiation from the colour brown to blue.
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Figure 3: Showing a Rendered image of the simulation model
Source: Author (field work), 2018

3.1.2 Effect of temperature on building elements

Table 2 shows the differential moderation temperature level of the building indeor spaces and the general
outdoor temperature of 45%, On the ground floor, the north Eastern rooms alongside the east room and east
south rooms have the highest differential temperature as shown in the figure 4 chart. However, the west south

and west north rooms have the joint lowest moderation.
L]
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Figure 4: Simulated indoor temperatures for a hottest day (1 o April)
Source: Author {field work), 2018

Table 2; Showing Deferential Temperature at Average Temperature of 45°C

North East East Rooms East South West  South West North
Rooms Rooms Rooms rooms
Ground Floor 3 3 3 1 1

Source: Author (field work), 2018

3.2 Faculty of Art and Social science

124



[he Faculty off Art and Social Science building of Federal University Birnin Kebbi is located on coordinate
(129197537 N_4°097167 L), it houses stalt offices for school of art and social scicnce. Table 3 shows [catures of
the building that were applied in Revit architecture in modelling the structure:

Table3: Physical properties of simulated building materials.

Building elements Type Thickness Colour lexture

Wall Hollow Sands Crete  230mm Light rough
block (Density2002.2 1kg/m’ )

Window Single glazed Smm Rellective reflective

blue

Ceiling Hardboard ceiling 3mm Light smooth

Rool Long span - (.55mm Light smooth
Aluminium

Source: Author (feld work). 2018

The building is cross like shaped with the head form which is the main entrance is oriented to face the east
direction and the tail end facing the west direction. As shown in figure 3. the use of vertical and horizontal sun
shading devices were not employed in the building’s exterior walls except for the roof eaves overhang,

Figure 5: Revit model of school of art and social science
Source: Author (field work), 2018

3.2.1 Effect of orientation on building elements

Building was modelled to mimic existing as-built orientation with regards to the sun and its component
materials from the roof, wall and windows.
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Figure 6: rendering of the simulation model
Source: Author (field work), 2018

Results from the simulations showed that the roof has the highest exposure to radiation from the sun as indicated
on the high to low meter bar in figure 6, this represents the radiation level of the roof in yellow, The windows
and walls with the colour red are directly facing the sun direction while elements that are shaded away from the
sun having colour meter brown to blue.

3.2.2 Effect of temperature on building elements

From the chart in figure 7. there is an appreciable variation in temperature moderation along the North, East
West and Southern ends of the building at 45°C outdoor temperature. On the ground floor, the south room has
the highest mederation followed by the north and west rooms on the first floor. Subsequently the east rooms on
the ground floor and first floor are with the least moderation,
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Figure 7: simulated indoor temperatures for a hettest day ( 10" April)
Source: Author (field work), 2018
Table 4: Showing Deferential Temperature at Average Temperature of 45°C
North Rooms South Rooms East Rooms West Rooms
Ground Floor i 4.5 2 3
First Floor 335 4 25 3.5

Source: Author (field work), 2018

3.3 Faculty Lecture Hall
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The faculty lecture hall is located in the school of Federal University Birnin Kebbi (12°19°49™ N. 4°09°02™ E).
The building houses classrooms. offices and conveniences for the faculty building of art and social sciences.
Table 5 shows features of the building that were applied in Revit architecture in modelling the structure.

Table 3: Physical properties of simulated building materials.

Building elements Type Thickness Caolour Texture
Wall Hollow Sandscrete  230mm Light rough
block (Density2002.2 1kg/m® )
Window Single plazed 8mm Reflective reflective
blue
Ceiling Iardboard ceiling Jmm Light smooth
Roof L.ong span  0.535mm Light smooth

Aluminium

Source: Author (field work). 2018
The building form comprises of a combination of rectangular and square shape with open courtyard forming the
central area as depicted in figure 8. 1t is oriented with the shorter side facing east-west and longer side facing

north-south.

Figure 8: Revit model of school of art and social science

Source: Author (field work). 2018

3.3.1 Simulation result: effect of orientation on building elements

From figure 9, the building was simulated based on peak period of solar radiation in which the sun path
direction along the East-west axis facing the structure. As consistent with the other two buildings simulated the
roof with colour yellow is the most exposed component, followed by the windows and walls in the sun dircction
with colour yellow to red while the shaded walls are least exposed with the colour ranging from brown to blue.
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Figure 9: rendering of the simulation model
Source: Author (field work), 2018

3.3.2 Effect of temperature on building elements
Figure 10 shows the differential moderation temperature level of the building functions. At outdoor temperature

45%, the north and south rooms on the ground and first floor have the highest temperature moderation in the
building while the east and west rooms have a lower moderation compared to the others. There is also a slight
difference in the result between the ground and first floor as shown in table 6.

MG TEPERSTURES - b Ve T Suid U 130T A (19T BIKDTO R
[WETE 2 SR 2 IO R MRG0 8T MBI i

b Lz > u: s ——
b LA S R ey 4

Figure 10: Simulated indoor temperatures for a hottest day (10" April)
Source: Author (field work), 2018
Table 6: Shows the differential Temperature of the building functions at average temperature of 45°C.

North Rooms South Rooms East Rooms West Rooms
Ground Floor 6 5 3 1
First Floor 6 ) 4 1

Source: Author (field work), 2018

4.0 Findings and discussion

The findings from the research reveals that the designers of the building did not put orientation with regards to
the direction of the sun into consideration during the design of the buildings as shown with building orientation
in figures 3, 6 and 9. Frem this perspective the buildings proved to be climatically ineffective as the major
functions of the building are facing the cast-west direction. Furthermore, a larger number of the windows in
figures 3, 6 and 9 are located along the east-west axis of the sunrise and sunset causing the slight moderation in
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temperature of these spaces as 1ey caled in tables 2. 4 and 6. The exposure of the roof to solar radiation is
responsible for difference in temperature between the ground floor and the first Moor as shown in Table 4,
Resides orientation. the application ol sun shading devices in figure 3 was among the reason behind the
appreciable moderation emperature of the building’s wing: north east. east and cast south wing axis as shown in
\able 2. The functions of the building on those axes are entircly masked [rem sun penetration when compared to
west south and west north reoms, Furthermore.

Courtyard and verandas application have significant impact on the north and south rooms of the building in
figure 9. as remarkable temperature moderation is achieved in table 0.

5.0 Conclusion and Recommendation

From the findings. it can therefore be concluded that the faculty buildings of the study arca were not designed to
quit the climate as shown with the lack of good orientation. It is apparent that the designers did not put into
consideration the extreme micro climate ol the site as the major important functions are facing the cast-west
dircction and spaces with lesser importance facing the North South direction. More so the lack of sun shading
devices in two of the three case studies simulated proved to be a major factor in the heat gain within these
buildings. There is therefore. the need to adopt climate responsive building functions such as courtyards.
verandas and sun shading devices during conceptual design and integrated in construction stage in order to suit
the climate of the region. Hence, adjusting the form and orientation of the subsequent buildings yet to be
constructed on the existing master plan would have a positive impact on the existing performance moderation
jevel of the buildings within the microclimate. Preferably. the enclosure of the major functions of the buildings
should be taken completely away from sun direction; openings of the buildings also should be positioned in a
place where sun is not penetrating. Trees can as well be planted around expose building elements as they serve
as a shield to cool down eftect of the climate.
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