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ABSTRACT 
 

The warm and humid climate of the Kwame Nkrumah University of Science and Technology 
(KNUST) necessitates that climate responsive buildings are thermally comfortable when laid down 
design principles are followed in the planning and construction of dwellings. An example of a 
climatic design guide leading to decision support principles toward the design of buildings is the 
Mahoney Tables. In this paper, the evaluation of buildings of two colleges which are characterized 
by old and new constructions is studied. The main aim is to find out which building type (old or new) 
were constructed based on climatic design principles. The evaluated results based on the Mahoney 
Tables showed that older buildings (95%) conformed to climatic design principles whilst some 
recently built structures (40%) were deficient in various aspects of sustainable design principles 
such as orientation. The study provides a direction and caution designers to use climatic 
responsive design principles in the planning and construction of buildings.  
 

 
Keywords: Sustainable design; climate; buildings; Mahoney tables. 
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1. INTRODUCTION 
 
The fundamental components of our physical or 
built environment are buildings and 
consequently, the quality of buildings through 
architecture needs much to be desired [1]. 
Climate has always been the greatest factor for 
consideration when it comes to dealing with 
shelter and the built environment, and has also 
challenged man in his quest for a better life. 
Nevertheless, man has worked out systems or 
techniques to provide suitable conditions for 
existence. Climate responsive design has been 
seen as an important technique to accomplish 
this dream of man in the field of architecture. 
Buildings are designed to modify external 
environmental conditions creating suitable 
atmospheres for human comfort. Furthermore, 
buildings provide the microclimate required for 
human existence and define spaces for all 
human activities [2].  
 
Traditional or vernacular architecture has 
precedence of using the building form, envelope 
and roof to create acceptable human conditions 
for dwelling [3]. However, contemporary buildings 
have been designed to rather employ mechanical 
techniques for making this possible with little 
consideration to climate. Technological 
advancement has made both heating and cooling 
of modern buildings much easier and therefore 
less concern has been given to climate for 
maintaining comfortable indoor environment [3]. 
The use of air conditioning (AC) alone according 
to the [4] as cited in [5] is responsible for about 
15% of electricity consumed worldwide. 
Occupants’ activities and the use of electrical 
and mechanical equipment dissipate heat into 
the building space [5]. The cooling of the indoor 
space for thermal comfort therefore becomes 
necessary and is expensive with the current 
trend in energy cost. The situation is even worse 
with the recent energy crisis in Ghana. 
 
The aim of this study is to expound climatic 
responsive design principles for the warm climate 
region of Kumasi. An example of a climatic 
design guide leading to decision support 
principles toward the design of buildings is the 
Mahoney Tables. The principles of the Mahoney 
Tables form the variables around which this 
research revolves by answering questions such 
as  
 
 What are the recommended specifications 

of the Mahoney Tables for the warm-humid 
climate of KNUST Campus?  

 How are the principles of the Mahoney 
Tables incorporated in the design of 
buildings of Kwame Nkrumah University of 
Science And Technology (KNUST) 
Campus?  

 What is the level of awareness of the use 
of the Mahoney Tables among architecture 
students?  

 
The study focuses on comparing old and new 
buildings in the College of Architecture and 
Planning (CAP) and the College of Engineering 
(CoE). The study is expected to provide a 
direction and caution designers as to how to use 
climate responsive design principles in the 
planning and construction of buildings.  
 
Several authors have provided related definitions 
for Climate Responsive Architecture. [6] has 
defined Climate Responsive Architecture as the 
type of architecture that is aimed at making sure 
occupants’ thermal and visual comfort are 
achieved with little or no resort to non-renewable 
energy sources by integrating the elements of 
the site’s climate efficiently. Other authors, [7] 
and [8] have come up with definitions that point 
to Climate Responsive Architecture as being the 
type of buildings that modifies climate, provides 
comfortable indoor environment for occupancy 
and reduce energy consumption.  
 
[3] associates designing a building with local 
climatic considerations with some benefits as 
enhancing the use of natural energy and in the 
long run help to maintain its operational energy 
demand. Consequently, a climatically responsive 
design requires less energy usage since natural 
means (natural ventilation and solar shading) are 
employed in the design.  
 
Carl Mahoney, working together with John Martin 
Evans and Otto Königsberger, came up with a 
set of tables outlining design recommendations 
which serve as a guide to climate responsive 
designs, and help designers from doing just 
guess work [9]. The Mahoney Tables consist of 
six tables; the first four tables are used for 
entering of temperature and relative humidity 
data, and used for comparing the requirements 
for thermal comfort. The last two tables are used 
for checking the right design criteria which is the 
outcome of design recommendations of 
designing and construction of the buildings [3]. 
The Design recommendations  for architects to 
use for planning spaces are  Building Orientation; 
Shading; Air Movement; Building Opening; 
Building Skin and massing; Spatial Organisation 
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[10]. The Mahoney Table usage in conjunction 
with these design recommendations can produce 
the best results desired. Detailed description of 
the Mahoney Tables is provided in [3] and [10] 
for further reading.  
 
Orientation has been defined by the Cairns 
Regional Council as the positioning of a building 
on a site in addition to the arrangement of its 
rooms within the site [11]. [12] suggests some 
considerations for the choice of orientation which 
includes the vista in different directions, roads 
around the site relating them to the position of 
the building, the nature of the climate among 
many others. [13] explained that an 
understanding of how to properly position a 
building on a given site can influence some 
factors such as window sizes and positions and 
planning of the internal spaces. Similarly, [14] 
gives some determinants for a particular 
orientation: the climatic factors of wind and solar 
radiation, as well as by considerations of view, 
noise and requirements of privacy.  
 
The orientation of a building eventually 
determines how much energy it would use to 
provide thermal comfort for its occupants’. [15] 
affirms that the amount of sunshine is affected by 
the orientation of a building. Furthermore, [13] 
points out that orientation is directly linked with 
the prevailing wind direction and sunlight 
(daylight) and therefore the treatment of every 
facade of a building in different ways to 
acknowledge these is worth considering. 
Furthermore, the Mahoney Tables recommend 
all buildings to be in north-south orientation and 
rectangular in shape to reduce the exposure to 
the sun. By this, only a small area of the building 
is exposed to the solar radiation, thus creating 
comfortable interior conditions for occupancy. In 
a warm humid area like KNUST campus in 
Kumasi, [16], recommends that the orientation of 
buildings to the north and south axis enhances 
better building performance. Moreover, in warm-
humid climatic zones, orienting a building to 
exclude excessive solar radiation and enhance 
the admission of diffuse daylight from the sky into 
the interior space must be the major 
consideration of any designer.  
 
According to [17], shading is a technique or 
method of blocking the rays of the sun from 
getting into a building. [18] also states that the 
main source of heat build-up (gain) in a building 
is sunlight dissipated into its interior through the 
building envelope. The building envelope is 
constituted by elements such as roofs, walls and 

windows are the main elements through which 
heat is built up in the interior of a space [17,19]. 
Consequently, these are the main areas through 
which heat is dissipated into the interior space 
from the external environment. Therefore, 
shading of these elements is important in any 
design. 
 
Similarly, [20] has established various shading 
strategies and their order of effectiveness as 
follows: trees and shrubs, trellises, overhangs, 
awnings, shade screens, window coatings and 
interior shades. Several other modifications to 
any of the above can be done to enhance 
effective shading of the building. However, 
shading strategies installed in the interior rather 
minimise or control glare and are not effective in 
preventing solar gain into the space.  
 
[18] explained that the most efficient shading 
devices thermally, are external shading devices 
describing that they intercept the solar radiation 
before it enters any enclosure. Exterior shading 
strategies have been established to be  more 
effective in reducing solar radiation by 30-35% 
than their interior counterparts, which only 
reflect a small percentage of radiation and still 
release heat into the enclosure [21] as cited in 
[22]. Moreover, a research conducted by 
Division of Energy and Building Design at Lund 
University according to [17] revealed that, a 
building using external shading could have its 
cooling load and annual cooling demand 
decreased by a factor of two rather than using 
internal solar shading. The study then concluded 
that external shadings are much more efficient 
than internal types. 
 

The Mahoney Tables recommend shading of 
buildings from cold or dusty hot winds and 
protection from the sun, sky glare and rain 
showers by using horizontal overhangs. Also, the 
Mahoney Table recommends deep verandas; 
wide overhangs and covered passages as 
effective for rain protection against the building. 
 
Air movement in an enclosure is necessary for 
the enhancement of the general well-being of its 
occupants. [23] explains that the movement of air 
within an enclosure can take away exhaust 
gases, odour and sounds, mould spores and 
gases created by human activities within the 
space. Similarly, [24] has established that good 
air flow is a requirement for airborne sound 
transmission control. The paper goes ahead to 
state that the causes of health problems are as a 
result of odours and gases from outside and 
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adjoining buildings. In the same vein, [25] has 
explained that air carries moisture which imparts 
indoor air quality by taking away the distribution 
pollutants and microbial reservoirs and hence 
creating a serene atmosphere for the use of the 
enclosure as people will find it difficult to respire 
while going about their normal activities.  
 
Air movement within a space creates an ambient 
atmosphere for human occupancy. [14] explain 
that the movement of air within a space 
accelerates convection, helping evaporation from 
the skin, thereby creating a cooling effect.  
 
The Mahoney Tables [3] recommends that rooms 
should be single-banked with windows to ensure 
cross ventilation for air movement. Nevertheless, 
if air movement is insignificant, then double-
banked could be employed, with room height 
greater than 2.75 m. Furthermore, Tables 
recommends spacing between two buildings to 
be 5 times the height (5×H) of one building from 
the other for effective breeze penetration.  
 
Additionally, the Mahoney Table recommends 
varying window to wall area ratios for any given 
climate. For instance, large openings covering 40 
–80% of north and southern wall areas 
(depending on the climatic zone), very small 
openings covering wall areas greater than 20% 
and medium openings covering 20 – 40% of wall 
areas [3]. 
 
Furthermore, the building skin or “envelope” 
serves several functions and the following below 
shows the various functions of the building skin. 
According to [26], the purpose of the building 
skin is to provide protection against external 
elements; moisture, air, and temperature ingress 
and egress. Meanwhile, [14] have stated that the 
building skin regulates the flow of heat into the 
building and as such creating comfortable interior 
environment.  

 
However, the Centre for Sustainable Buildings 
and Construction [27] has explained that the 
building skin functions as the outer shell that 
protect the indoor environment as well as to 
facilitate its climate control.  
 
Additionally, the recommendation by the 
Mahoney Tables state that external walls should 
be light in weight with low thermal capacity with 
internal wall being light for conditions where hot-
dry  conditions exists for a short time [3]. But 
there can be situations where both external and 
internal walls are massive (where annual mean 

range temperature is over 20°C. Also, roofs 
should be light and well insulated with low 
thermal capacity but heavy roofs with substantial 
thermal capacity may be considered in some 
cases depending on the climatic area.  
 
2. STUDY BUILDINGS AND APPROACH 
 
The setting of the study is the College of 
Architecture and Planning (CAP) and College of 
Engineering (CoE) of KNUST in the city of 
Kumasi in Ghana. The city of Kumasi is located 
in the warm humid forest zone of Ghana. The 
climatic condition of Kumasi is categorized as 
sub-equatorial, with a daily average minimum 
and maximum temperature around 21.5°C and 
30.7°C respectively [28]. According to [29], 
Kumasi experiences much higher rainfalls than 
northern part of the country, and has average 
total rainfall and mean number of rain days are 
107.9 mm and 9.9 days respectively. The 
Kumasi Metropolitan Assembly [30] as cited in 
[28] has stated that Kumasi has an average 
humidity range of 60% to 84% depending on the 
season. There are two rainy seasons: March to 
July and September to October [28].  
 
In all, CAP and CoE have 8 and 11 blocks of 
buildings respectively, comprising of classrooms, 
office spaces, studios, laboratories and 
workshops. All of the blocks are oriented in the 
north-south direction with the exception of blocks 
6 and 8 of CAP. The blocks vary in the number of 
floor levels from a single storey to a highest of 
five storeys. The buildings have various roofing 
systems; mono-pitch, double pitches and flat 
concrete roofs. There are parapet walls for the 
roof which adds to the external aesthetics. The 
average spacing between the various blocks is 
calculated to be 11 m for CAP and 27.3 m for 
CoE. There is the existence of an excellent 
linkage by the use of paving among the blocks of 
buildings in both colleges; hence least distance is 
covered moving from one block to another. Cross 
ventilation is well utilised in the design of the 
buildings providing comfortable environment for 
the use of the spaces. Figs. 1 and 2 show the 
layouts of buildings at CAP and CoE 
respectively. 
 
Students from CAP formed the research 
population. A sample size of 80 students from 
CAP was chosen for conducting the field work. 
The major data collection method used 
respondent filled questionnaires, specifically, 
closed-ended questions. However, open-ended 
questions were also used to provide a more 
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complete idea of the respondents’ feelings, 
opinions and attitudes. Climatic data was 
obtained from the Ghana Meteorological Agency. 
 
The case study method of data collection was 
used, where both the new and old buildings in 
the two colleges (Figs. 1 and 2) were carefully 
observed with respect to their orientation, 
window openings and sizes, air movement 
patterns, wall thickness, shading devices and 
methods, and general arrangement and 
organisation of spaces in the buildings.  
 
Data collected were converted into charts, tables 
and percentages using computerised data 
analysis software known as Microsoft Office 
Excel. The results were then analysed within the 
context of the research objectives. 

 

The Mahoney Tables were used to generate a 
set of reference tables as a guide to climate 
appropriate design [9]. The guidelines for 
entering data into the Mahoney Tables are 
presented and explained fully in [9, 3, 14, 31,32]. 
Results of thermal comfort analysis were 
obtained by entering the annual minimum and 
maximum temperature and relative humidity 
values to give design indicators for KNUST [31]. 
From these indicators, the elementary 
perspectives of the layout, shape, structure, etc. 
of a climatically responsive design were evolved. 
 
Through purposive sampling, questionnaires 
were distributed to a sample size of 80 people 
(students and architects) chosen for the field 
work to ascertain their views and adherence to 
the use of climatic responsive design principles. 

 
 

Fig. 1. Map of the college of architecture and planning 
(Source: KNUST Development Office, 2014) 
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Fig. 2. Map of the college of engineering 
(Source: KNUST Development Office, 2014) 

 
 
 
 
 
 
 
 

 
 
3. FINDINGS AND DISCUSSION 
 
For clarity in presentation, only the 
recommended specifications and detailed 
recommendations of KNUST achieved with 
Tables 3 of the Mahoney Tables are presented. 
The observed recommended specifications for a 
building to be designed on the campus of 
KNUST are grouped under eight headings  
(Table 1): layout, spacing, air movement, 
openings, walls, roofs, outdoor sleeping and rain 
protection. Tables 2 and 3 present how the 
design of the various blocks in CAP and CoE 
considered the various recommendations of 
KNUST Campus from the Mahoney Tables.  

 
In all, there are 6 old (blocks 1-6) and 2 new 
(blocks 7-8) buildings comprising 75% and 25% 
blocks of the college respectively. In all, there are 
8 old (blocks 1-4, 6, 9-11) and 3 new (blocks 5, 
7-8) buildings comprising 73% and 27% blocks of 
the college respectively. Some blocks in the CAP 
And CoE are shown in Figs. 3 and 4 respectively. 
 
With regard to Building Orientation, all the 6 old 
and 1 new building of CAP and all buildings of 
CoE (both old and new) are oriented in north-
south direction as recommended by the 
Mahoney Tables. As stated by [33], proper 
orientation maximises day lighting; thereby 
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decreasing the use of artificial lighting. Six blocks 
out of the 8 blocks in CAP and all 8 old blocks of 
CoE employs the use of natural lighting and 
ventilation fully with little use of artificial systems. 
Also, [34], recommends orientation of buildings in 
the north-south direction for better building 
performance and this emphasizes the fact that 
these 6 blocks CAP and 10 blocks of CoE have 
better building performance than Blocks 6 and 8 
of CAP and Block 8 of CoE which has to rely on 
AC for achieving thermal comfort.  
 
Shading in all the buildings studied is effective. 
According to [35], the most easily and effective 
areas of solar shading are the north and south 
elevations through orientation which 5 of the old 
blocks and 1 new block satisfy in terms of 
shading. 
 
For shading by orientation, 83% of the old 
blocks fulfil this requirement with the remaining 
17% going for the new blocks of CAP. However, 

in CoE, 100% of the blocks, both the old and 
new fulfil this requirement for shading by 
orientation. Also, [18] has explained that 
external shading devices are the most thermally 
efficient way of intercepting the sun rays before 
entering any enclosure and this points out that 
all the 19 blocks in both colleges have various 
ways of external shading including horizontal 
fins, vertical and horizontal projections, recesses 
and verandas. In summary, there is a 100% 
shading of all the blocks in the two colleges as 
recommended by the Mahoney Tables. 
 
Air Movement in majority of the buildings is well 
facilitated. [36] has stated that air movement 
takes place as a result of either pressure or 
pressure difference creating an ambient 
atmosphere for human occupancy. With air 
moving in the south-west direction and 
considering the fact that 83% of both the old and 
new buildings of CAP and 100% of all buildings 
at CoE are well oriented with large wall areas to 

 

  
 

Fig. 3. Some blocks at the college of architecture and planning 
(Field Survey, 2014) 

 

  
 

Fig. 4. Some blocks at the college of college of engineering 
(Field Survey, 2014) 
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Table 1. Recommended specifications for buildings on KNUST campus derived from  
Mahoney table  

 

1. Layout:  
 All buildings should be in north-south orientation and rectangular in shape to reduce exposure to 

solar radiation and compact courtyards for thermal storage. 
2. Spacing: 
 Protection from cold and hot winds is required and compact planning if air movement is not 

significant. 
3. Air Movement:  

 There should be single-banked rooms with windows to ensure cross ventilation but in the case of 
double banking, temporary cross ventilation must be assured with room heights greater that  
2.75 m.  

4. Openings: 
 There can be large openings covering 40-80% of north and south wall areas, very small openings 

covering less than 20% of wall areas or medium openings covering 20-40% of wall areas but 
avoiding openings in west walls. Windows must be provided at body heights on windward side. 

5. Walls and floors: 
 Both external and internal walls must be light weight with low thermal capacity. 
6. Roofs: 
 A light but well insulated roof with low thermal capacity is recommended for this area. 
7. Outdoor sleeping: 
 Outdoor sleeping areas may be provided on roofs, balconies or in patios for outdoor relaxation. 
8. Rain protection: 
 There must be protection from heavy rains by the use of deep verandas, wide overhangs and 

covered passageways as well as adequate rain water drainage. 
 

receive the prevailing winds, natural ventilation 
within these blocks is achieved by the pressure 
difference created. The air movement is further 
facilitated by single-banked and cross ventilated 
rooms in both the old and new blocks as 
specified by the Mahoney Tables. However, one 
side of two floors of one of the new blocks  
(Block 7) of CAO is double-banked with stack 
effect to facilitate the air flow within the rooms. 
Block 3 of CoE which has double-banked 
arrangement is however designed to facilitate air 
flow within the rooms through cross ventilation. 
 

In all, the old buildings of both CAP and CoE had 
between 18-75% of their north and south areas 
covered with openings except block 6 of CAP, 
while the new had between 5-70% of wall areas 
covered with openings as specified by the 
Mahoney Tables. Nevertheless, as stated by 
[24], openings permit daylight into a space, offer 
views outside, provide natural ventilation and 
offer entry into a room. The varying sizes of 
openings in buildings studied facilitate [24] 
statement. But in summary, the old buildings 
have the highest percentage (75%) of building 
opening for air flow than the new buildings (70%) 
falling within the range specified by the Mahoney 
Tables. 
 

The Centre for Sustainable Buildings and 
Construction [27] has stated that the skin of a 
building is the outer shell which protects the 

indoor environment and facilitates its climate 
control around the building. All the external and 
95% of all internal walls of both the new and old 
buildings of both CAP and CoE are made            
150 mm thick sandcrete blockwork which modify 
the harsh climatic conditions of the external 
environment. Various roof types ranging from 
mono-pitched to gable roof are used for both new 
and old blocks which exclude the rains from 
affecting their occupants. Also, all the roofs of 
both blocks are made of light reflective roofing 
material, predominantly made of long span 
aluzinc sheets, as the Mahoney Tables 
recommend. Two of the new blocks (Blocks 2 
and 3) of CoE, however, are made of clay roofing 
tiles. 
 

The Mahoney Tables also recommends the 
nature of spacing for breeze penetration and 
protection from hot and cold winds. The spatial 
organisation of both the old and new blocks of 
CAP is generally made of a grid–like 
arrangement system with highest spacing among 
the blocks being 27.5 m, thus making the entire 
composition compact. However, the new blocks 
(5, 7 & 8) of CoE have central and grid-like 
arrangement systems for respectively, while that 
of the old blocks consists of linear and grid-like 
arrangement systems. The highest spacing 
among the blocks is measured as 70 m making 
up a dispersed composition. 
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Table 2. Evaluation of blocks of CAP based on recommendations from the Mahoney tables 
 

Block no. 1 2 3 4 5 6 7 8 

Layout         

 North-south orientation √ √ √ √ √ x √ x 

 Rectangular shape √ √ √ √ √ √ √ √ 
 Windows in North-south √ √ √ √ √ √ √ √ 
 Windows in East-West x x x x x √ √ √ 

Spacing         

 Between blocks (m) 8-10 8-11 8-10 8.5 1.5-28 1.5-25 6-28 8 

 Overall height (m) 10 5 10 3 12 4.5 18 18 

Air movement         

 Single-banked rooms SB SB SB SB SB SB DB/SB SB 
 Room heights (m) 3 4 3 2.7 3 3 3 3 
 Air-conditioned (some) √ √ √ √ √ √ √ √ 

Openings         

 Window-to floor ratio 
(%) 

31 33 31 75 75 7 70 70 

Walls and floors         

 External Walls SB SB SB SB SB SB SB SB 

 Internal Walls SB SB SB SB SB SB SB SB 

 Floors CS CS CS CS CS CS CS CS 

Roof         

 Mono-pitch √ x √ √ √ x x x 
 Double pitch x √ x x x √ √ √ 
 Light material √ √ √ √ √ √ √ √ 
 Insulated √ √ √ √ √ √ √ √ 

 Parapet x √ x x x x √ √ 

Outdoor sleeping         

 Outdoor sleeping x x x x x x x x 
 Balcony √ x √ x x √ √ √ 
 Foyer x √ x √ x x x x 
 Verander √ x √ x x √ x √ 
 Outdoor seating x x x x x √ √ x 

Rain protection         

 Deep verander √ x √ x x √ x √ 
 Covered passages √ √ √ x x x x x 
 Rain Gutter / Pipe √ √ √ x √ x √ √ 

Spatial organisation         

 Grid-like √ √ √ √ √ √ √ √ 

 Central x x x x x x x x 
 Linear x x x x x x x x 

SC – 150 mm Sandcrete Blocks; CS – 150 mm Concrete Slab; SB - Single Banking; DB - Double Banking 
 

4. QUESTIONNAIRE AND INTERVIEWS 
RESULTS 

 
4.1 Students’ Responses 
 
Out of a total of 80 questionnaires administered, 
a total number of 70 students responded to 
questionnaires and were retrieved by the 
researcher, representing 87.5% of the total 
questionnaires administered. Of this number, first 

year students represented 14%, second year, 
29%, third year, 43% and fourth year, 14%.  
 

Some of the results of the interviews are outlined 
and discussed. On climate consideration in 
designing (Fig. 5), it is evident from this result 
that 64% of the total respondents very often take 
into consideration issues concerning climate 
hence coming out with designs which 
appropriately responds to the climatic demands 
in the setting of the buildings. Fig. 5 shows the 
responses. 
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Table 3. Evaluation of blocks of CoE based on recommendations from the Mahoney Tables 
 

Block No. 1 2 3 4 5 6 7 8 9 10 11 
Layout            
 North-south 

orientation 
√ √ √ √ √ √ √ √ √ √ √ 

 Rectangular Shape √ √ √ √ √ √ √ √ √ √ √ 
 Windows in  

North-south 
√ √ √ √ √ √ √ √ √ √ √ 

 Windows in  
East-West 

x x x x √ x √ √ √ x x 

Spacing            
 Between Blocks (m) 45 7-45 7-12 10-12 40-70 4-35 35-37 4-20 10-58 10-58 10-14 
 Overall height (m) 4 7 7.5 12.5 18 16 7.5 12 10 5 5 
Air Movement            
 Single-banked  SB SB DB SB SB SB DB/SB SB DB DB SB 
 Room heights (m) 3 3 3 3 3 3 3 3.5 3.5 3.5 3.2 
 Air-conditioned 

(some) 
x √ √ √ √ √ √ x √ √ x 

Openings            
 Window-to floor 

ratio (%) 
31 75 70 70 70 60 35 18-25 18-30 18-30 35 

Walls and floors            
 External walls SC SC SC SC SC SC SC SC SC SC SC 
 Internal walls SC SC SC SC SC SC SC SC TIMB SC SC 
 Floors CS CS CS CS CS CS CS CS CS CS CS 
Roof            
 Mono-pitch x √ x X x x x x x √ x 
 Double pitch √ x √ √ √ √ √ √ x x √ 
 Light material √ √ √ √ √ √ √ √ x √ √ 
 Insulated √ √ √ √ √ √ √ √ √ √ √ 
 Parapet x x √ x x x x √ √ x x 
Outdoor sleeping            
 Outdoor sleeping x x x x x x x x x x x 
 Balcony x x x x x x x x x x x 
 Foyer x x x x √ x √ √ x x x 
 Verander x √ x √ x √ x x x x x 
 Outdoor seating √ x x x x √ x x x x x 
Rain protection            
 Deep verander √ √ x √ √ √ x x x x x 
 Covered passages √ x x x x x x x √ x x 
 Rain Gutter / Pipe x √ √ x √ x √ √ √ √ x 
Spatial organisation            
 Grid-like x √ √ √ x x √ √ x x √ 
 Central x x x x √ x x x x x x 
 Linear √ x x x x √ x x √ √ x 
SC – 150 mm Sandcrete Blocks; CS – 150 mm Concrete Slab; TIMB - Timber Partitions; SB - Single Banking; DB - 

Double Banking 
 

However, 6% (neutral to never) of the 
respondents voted otherwise, evident of the fact 
that there is the need to further intensify the 
education on the reason for designing with 
consideration for climate.  
 
Questions regarding exposure of respondents to 
design guide (Table 4) revealed that only 66% of 
the respondents had been exposed to some form 
of design guide in the field of architecture. The 

results also show that efforts by various 
stakeholders in exposing respondents to design 
guides should be intensified. This is because 
34% of the total respondents indicated they had 
never heard anything about design guides. Table 
4 indicate this result. 
 
On the usage of design guide in designing, the 
results indicated that the respondents did not 
always use design guides in designing of spaces 
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(Fig. 6). Forty percent (40%) of the respondents 
stated that they occasionally use design guides 
in designing whiles 16% indicated that design 
guides are always used by them when planning 
spaces. In all, the results show that respondents 
have to be encouraged and entreated to use 
design guides always. This is because the end 
result of using design guide is coming out with 
climate responsive design which this study seeks 
to expound. 
 
On awareness of the Mahoney Tables (Fig. 7), 
81% of the total respondent pointed out that they 

were not aware of the Mahoney Tables. Only 1% 
of the respondent claimed to have heard about 
the Mahoney Tables. Students have indicated by 
this result that greater awareness creation 
campaign should be embarked upon. 
 
Table 4. Exposure of respondents to design 

guide 
 

 Frequency Percentage (%) 
Yes 46 66 
No 24 34 
Total 70 100 

 

  

Fig. 5. Climate consideration in designing 
  

 
Fig. 6. Usage of design guide 
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Fig. 7. Awareness about the Mahoney tables 
 

5. CONCLUSION AND RECOMMENDA-
TIONS 

 
The study had the aim to find out which building 
type (old or new) were constructed based on 
climatic design principles. This was because the 
warm and humid climate of the Kwame Nkrumah 
University of Science and Technology (KNUST) 
necessitates that climate responsive buildings 
are thermally comfortable when laid down design 
principles are followed in the planning and 
construction of dwellings. The Mahoney Tables, 
a climatic design guide that provides decision 
support principles toward the design of buildings, 
were used to evaluate elementary perspectives 
of the layout, shape, structure, etc. of a 
climatically responsive design generate a set of 
reference tables as a guide to climate 
appropriate design and used to assess 
elementary perspectives of the layout, shape, 
structure, etc. of case study buildings. Data on 
level of awareness on Mahoney Tables amongst 
students were accrued using questionnaires.  
 
From the case study conducted and 
questionnaire administered, the following 
conclusion can be established: 

 
 In all, both the old and new buildings in 

both colleges are in the proper orientation 
(north–south direction) as specified by the 
Mahoney Tables with the exception of two 
blocks, one each of both the old and new 
blocks. 

 Both the old and new blocks are all having 
various form of shading from horizontal fins 
to wide overhangs and verandas which 
promote energy efficient building design. 

 Air flow through both the new and old 
blocks is effective because they are 
oriented to receive the prevailing winds 
and facilitated by the pressure differences 
created around the blocks. However, one 
block each of both the old and new 
buildings is oriented in the opposite 
direction (east–west direction) and this 
affects the air flow through the blocks. 

 This study has revealed that the 
knowledge level of the Mahoney Tables by 
students is very little. Perhaps due to the 
lack of interest in designing with the 
Mahoney Tables. The study can therefore 
form the basis of literature to be used to 
enforce the use of the principles of the 
Mahoney Tables. 

 

Based on the responses of the students about 
the knowledge of the Mahoney Tables, lecturers 
and other stakeholders needs to make the 
importance of such a design guide known to the 
students. This will help them in their training 
towards becoming better architects. Furthermore, 
the results have shown that level of awareness 
about the Mahoney Tables is low which calls for 
the increase in the intensity of awareness 
creation among students. Also based on the 
results obtained, the Department of Architecture 
could devise a strategy to incorporate the 
principles of the Mahoney Tables in student 
studio designs geared towards climatically 
responsive building. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

1 %
10 % 7 %

81 %

0

20

40

60

80

100

Often Neutral Rarely Never



 
 
 
 

Koranteng et al.; BJAST, 10(1): 1-14, 2015; Article no.BJAST.17795 
 
 

 
13 

 

REFERENCES 
 
1. The Royal Society of Edinburgh (RSE). A 

Policy on Architecture for Scotland; 2001. 
Available:http://www.royalsoced.org.uk/cm
s/files/advice-papers/2006/architecture.pdf 
(Accessed on 20/02/2014) 

2. Lawal AF, Akinbami JFK, Akinpade JA. 
Assessing effectiveness of utilization of 
passive design parameters on active 
energy consumption in public buildings in 
warm-humid climate. Journal of Civil 
Engineering and Construction Technology. 
2012;3(4):140-147.  
Available:http://www.academicjournals.org/
JCECT (Accessed on 18/06/2013) 

3. Upadhyay AK, Yoshida H, and Rijal HB. 
Climate responsive building design in the 
Kathmandu Valley. Journal of Asian 
Architecture and Building Engineering. 
2006;5(1):175.  
Available:http://personales.unican.es/rasill
ad/Mahoney_example.pdf (Accessed on 
11/06/2013) 

4. Santamouris M.  Environmental  quality  of  
the  built  environment:  the  Joint  2nd  
PALENC07 and 28th AIVC conferences.  
International Journal of Sustainable 
Energy.  1478-646X. 2009;28(1):1-2. 

5. Amos-Abanyie S, Akuffo FO, Quagrain V. 
Unveiling energy saving techniques for 
cooling in residential buildings in Ghana. 
International Journal of Ventilation. 2009; 
8(1):23-35. 

6. Daroda SK. Climate responsive 
architecture: Creating greater design 
awareness among architects. Journal of 
Environmental Issues and Agriculture in 
Developing Countries. 2011;3(1):33. 
Accessed on 11/06/2013. 

7. Lehmann S. Energy-efficient building 
design: Towards climate-responsive 
architecture; 2010.  

Available:www.eolss.net/sample-
chapters/c15/e1-32-19-00.pdf (Accessed 
on 12/04/2014) 

8. Dili AS, Naseer MA, Zacharia TV. Climate 
responsive design for comfortable living in 
warm-humid climate: The need for a 
comprehensive investigation of kerala 
vernacular architecture and its present 
status, design principles and practices. An 
International Journal. 2010;4(2):29-38. 
Available:http://ijg.cgpublisher.com/product
/pub.154/prod.377 (Accessed on 
10/03/2014) 

9. Xia B.  Research on the Mahoney tables 
used in Shanghai building energy 
efficiency design. Proceedings of 
International Conference on Low – carbon 
Transportation and Logistics, and Green 
Buildings; 2012.  
Available:http://link.springer.com/chapter/1
0.1007%2F978-3-642-34651-4_104 
(Accessed on 11/06/2013)  

10. Evans JM. The comfort triangles: A new 
tool for bioclimatic design; 2007.  
Available:repository.tudelft.nl/assets/uuid:5
a12f90e.../arc_evans_20071015.pdf 
(Accessed on 08/02/2014)  

11. Cairns Regional Council.  Sustainable 
Tropical Building Design, Guidelines for 
Commercial Buildings; 2011.  
Available:www.cairns.qld.gov.au/__data/as
sets/pdf_file/.../BuildingDesign.pdf  

12. Givoni B. Man, Climate and Architecture, 
2

nd
 ed. The University of California,   

Applied Science Publications; 1976. 
13. Lorraine F. The fundamentals of 

architecture. Switzerland. AVA Publishing 
SA; 2007. 

14. Raydan DK, Melki HH. Climate and 
comfort passive design strategies for 
Lebanon, PLEA 2005 Conference 
Proceedings. 2005;1&2. Accessed on 
11/12/2013. 

15. Seok-Hyun K, Sun-Sook  K, Kwang-Woo, 
K, Young-Hum C. A study on the proposes 
of energy analysis indicator by the window 
elements of office buildings in Korea. 
Journal of energy and buildings; 2013. 
Available:http://dx.doi.org/doi:10.1016/j.en
build.2013.12.061 (In press). (Accessed on 
20/05/2013) 

16. Koranteng C. Simons B. Contrasting the 
principles behind the orientation of building 
forms and location of spatial components 
around the globe. Journal of Science and 
Technology. 2011;31(3):77-85.  
Available:http://dx.doi.org/10.4314/just.v31i
3.9 (Accessed on 05/04/2013) 

17. Kamal MA. A study on shading buildings 
as a preventive measure for passive 
cooling and energy conservation in 
buildings. International Journal of Civil & 
Environmental Engineering. 2010;10(6):19-
22.  
Available:www.ijens.org/102406-
5252%20IJCEE-IJENS.pdf (Accessed on 
01/04/2013) 

18. Maleki BA. Shading: passive cooling and 
energy conservation in buildings. 
International Journal on Technical and 



 
 
 
 

Koranteng et al.; BJAST, 10(1): 1-14, 2015; Article no.BJAST.17795 
 
 

 
14 

 

Physical Problems of Engineering (IJTPE). 
2011;3(4):72–79.  
Available:http://www.iotpe.com/ (Accessed 
on 07/06/2014). 

19. Mostafa AM. Low energy cooling in multi-
storey buildings for hot arid climates, Msc. 
Massachusetts: The Massachusetts 
Institute of Technology; 1989. 

20. Oikos. Shading: First step toward Natural 
Cooling, Energy Source Builder; 2010.  
Available:http://oikos.com/esb/34/shading.
html  

21. Olgay V. Design with climate- bioclimatic 
approach to architectural regionalism. 
Princeton University Press, Princeton, New 
Jersey; 1963. 

22. Marie-Claude D. Solar shading and 
building energy use, a literature review, 
Part 1.  Department of Building Science; 
2011. 

23. Straube JF. Understanding and controlling 
air flow in building enclosures, Proc. of 8th 
Building Science and Technology  
Conference, Toronto, Feb. 22-23, 2001. 
2002;282-302. 

24. Straube JF. Air flow control in buildings. 
Building Science Digest 014; 2007. 

25. Lstiburek J. Air pressure and building 
envelopes, building science corporation; 
1999. 
Available:www.buildingscienceconsulting.c
om (Accessed on 09/02/2014). 

26. Howell MK. Identifying building envelope 
problems; 2008.  
Available:www.rci-
online.org/interface/2008-07-howell.pdf 
(Accessed on 16/05/2014).   

27. Centre for Sustainable Buildings and 
Construction. Building Planning and 
Massing; 2010.  
Available:www.bca.gov.sg/GreenMark/othe
rs/bldgplanningmassing.pdf  (Accessed on 
10/04/2014). 

28. Wikner E. Modelling waste to energy 
systems in Kumasi, Ghana. Committee of 

Tropical Ecology, Uppsala University, 
Sweden; 2009. 

29. Thrift C. Sanitation policy in Ghana: Key 
factors and the potential for ecological 
sanitation solutions. Stockholm 
Environment Institute; 2007. 

30. Kumasi  Metropolitan  Assembly. 
Development plan for Kumasi Metropolitan  

Assembly area, 2006-2008. Kumasi: 
Kumasi Metropolitan Assembly; 2006. 

Available:http://www.kma.ghanadistricts.go 
v.gh/ (Accessed: 01/10/ 2014). 

31. Saberi O, Saneei P, Javanbakht A. 
Thermal comfort in architecture; 2009. 
Available:www.nceub.commoncense.info/u
ploads/Saberi.pdf  (Accessed on 
12/03/2014).   

32. Koranteng C. The energy performance of 
office buildings in Ghana. Journal of 
Science and Technology. 2010;30(2):114-
127. 

33. Galasiu AD, Veitch JA. Occupant 
preferences and satisfaction with the 
luminous environment and control systems 
in day lit offices: a literature review. Energy 
and Buildings. 2006;(38):728–742. 

34. Koranteng C, Abaitey EG. The effects of 
form and orientation on energy 
performance of residential buildings in 
Ghana. Journal of Science and 
Technology. 2010;30(1):71-81. 

35. Ossen DR, Abdulmajid R, Ahmad MHB. 
Tropical building design principles for 
comfortable indoor environment. Master’s 
thesis. Faculty of Built Environment, 
Universiti Teknologi, Malaysia; 2008. 

36. Heerwagen D, Heerwagen J, Hudacek D. 
Kirkendall L. Observing air flow in 
buildings, prepared for the Vital Signs 
Project, University of California, Berkeley; 
1996.   
Available:http://arch.ced.berkeley.edu/vital
signs/res/downloads/rp/airflow/HEER1-
BG.PDF (Accessed on 09/10/2014) 

_________________________________________________________________________________ 
© 2015 Koranteng et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 
 
 
 
  

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=1210&id=5&aid=9646 
 


