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Abstract: We shape our buildings; thereafter they shape us - (Winston Churchill). Infinite varieties of 
forms can mould a building. Suitability of specific forms with respect to their respective climates, and 
their response to environment shall be analyzed. The building itself is the third basic factor that 
influences the heating and cooling requirements. These depend on its shape, form and construction as it 
is directly exposed to outdoor environment & hence responsible for solar heat gain or loss through the 
building envelope. Dealing with various building forms with respect to climate (Thermal Environment) 
will help in analyzing the advantages and disadvantages of various forms in that specific climate.  
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Introduction: Form and orientation constitute two of the most important passive design strategies for 
reducing energy consumption and improving thermal comfort for occupants of a building. Climate 
responsive and thermally efficient building form help so that energy consumption can be minimized by 
just adopting appropriate building form & building envelope. The main aim of the study is to investigate 
the Optimum Building Form which would be most climatically responding and energy efficient. Every 
form is composed of various surfaces, i.e. either straight, inclined or curved. All these surfaces combined 
together form a “Building Form”. 
 

 
 
Scope of study of building forms & shapes: Although there are many shapes & forms available, the 
study is oriented to basic fundamental shapes i.e. square, triangle and Circle. Primary shapes, the circle, 
triangle, and square, are used to generate volumes known as "platonic solids." Combinations of these 
platonic solids establish the basis for most architectural shapes and forms.  
 
Analysis of Solar Radiation on Different Building Surfaces: It is necessary to evaluate quantity of 
Solar Radiation incident on different building facades, for proper functional design of the building 
fabric. Further, the estimated data available by theoretical calculations on solar radiation are 20% higher 
than their represented values in India.  It is necessary, therefore, to establish Design values for solar 
radiation quantities, which do not exceed 95% of the time at different stations in the country. It 
becomes a necessary prerequisite for computation of heat transfer through building fabric. Solar 
radiation incident to earth atmosphere is called the Solar Constant having a value of 1.370 +/- 3% kW / 
M2 which changes as it passes through the atmosphere, when part of it is reflected back to space by 
clouds, part of it is scattered and part is absorbed and remaining portion reaches earth as direct 
component. Part of scattered and absorbed radiation gets re-reflected as diffused sky radiation. A strong 
component of defused radiation called Circumsolar Radiation comes from the bright part of the sky near 
the sun. The sum of direct and circumsolar components is called the Augmented Direct Component, 
and the remaining diffuse radiation is called Uniform Diffuse Sky Radiation.  
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Analysis: For calculation purpose, one climatic representative for each of the climatic zones is 
considered. 
Calculating heat gain for 3 basic forms and altogether 5 different orientations: 
Floor area = 100 sq. M; Height = 15m 
Surface area to volume ratio: The surface area to volume (s/v) ratio (the three dimensional extrapolation 
of the perimeter to area ratio) is an important factor determining heat loss and gain. The greater the 
surface area more is the heat gain/loss through it. So, small s/v ratios imply minimum heat gain and 
heat loss. 
 

 

Form  Surface area  Volume  S/v ratio  

Rectangular 836 sq m  1500Cu m  0.55  

Pyramid  574 sq m  500 Cu m  1.14  

Cylinder  724.4 sq m  1477 Cu m  0.49  

 
Table 1.2: Heat Gain Comparison for Hot & Dry Climatic Zones: 

 

Form in plan S/v ratio 
Solar intensity 
at 2 pm (south) 

∆t 
Solar intensity at 

4 pm (w/sw) 
∆t 

Rectangular 
form-0◦ tilt  

0.55 

565.90 w/m² 23.1°c 755.00 w/m² 25.0°c 

Rectangular-
45◦ tilt  

_ _ 513.00 w/m² 22.6°c 

Pyramidal 
form-0◦ tilt  

1.14 

965.00 w/m² 27.1°c _ _ 

Pyramidal 
form - 45◦ 

tilt  

_ _ 731.00 w/m² 24.8°c 

Cylindrical 
form  

0.49 188.6 w/m² 23.1°c 251.6w/m² 25.0°c 

 
Observations for Hot and Dry Climatic Zones: Buildings must be adapted to extreme summer 
/winter and day /night conditions to achieve a well balanced indoor climate. The larger building 
dimension should face north and south (generally, west orientation is the worst: high air temperature 
combined with strong solar radiation).The shape and volume of buildings should be compact, yet 
somewhat elongated along the east-west axis; (e.g. the optimum shape is 1:1.3), because large, compact 
building volumes gain less heat. Under winter conditions an elongated form is ideal; under summer 
conditions a square shape is better. 
 
Design Objectives are to Avoid Intense Radiations and Maximize Shading: Cylindrical form: 
minimum radiations, compact building form with low S/V ratio are obtained and it will minimize heat 
gain. Hence, circular plan, or cylindrical form is most preferable. Solar intensity is maximum for 
pyramidal form on south surface. 

 
Table 1.3: Heat Gain Comparison for Warm & Humid Climatic Zones 

 

Form in plan  
S/v 
ratio  

Solar intensity 
at  2 pm (south)  

∆t  
Solar intensity 
at 4 pm (w/sw) 

∆t  

Rectangular form – 0◦ tilt 0.55 564.3 w/m² 14.4°c 751.00 w/m² 16.3°c 

Rectangular form - 45◦ tilt _ _ 402.00 w/m² 12.8°c 

Pyramidal form - 0◦ tilt 1.14 901.00 w/m² 17.8°c _ _ 

Pyramidal form - 45◦ tilt _ _ 646.00 w/m² 15.2°c 

Cylindrical form 0.49 188.1 w/m² 14.4°c 250w/m² 16.3°c 
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Observations for Warm and Humid Climatic Zones: Shading of the east and west elevations is 
difficult because of the low sun, and may require special devices. Whereas the south and north sides can 
easily be protected by an overhanging roof. Thus the best orientation in rectangular form for protection 
from the sun is along the east-west axis. Solar intensity is maximum for pyramidal form on south 
surface. 
 
Design objectives are to avoid intense radiations and maximize shading.  The form should be spread out 
for effective cross ventilation. S/v ratio must be low for minimum heat gain. Solar intensity is minimum 
for cylindrical form. 
 

Table 1.4: Heat Gain Comparison for Moderate Climatic Zones: 
 

Form in plan  S/v 
ratio  

Solar intensity at  
2 pm (south)  

∆t  Solar intensity 
at 4 pm (w/sw)  

∆t  

Rectangular form –0◦ tilt   0.55 748.80 w/m²  20.5°c 751.00 w/m²  20.6°c 
Rectangular form - 45◦ tilt   _  _  402.00 w/m²  17.1°c 

Pyramidal form - 0◦ tilt   1.14 901.00 w/m²  22.1°c  _  _  

Pyramidal form - 45◦ tilt   _  _  646.00 w/m²  19.5°c 

Cylindrical form  0.49 249.3w/m² 20.5°c 250.3w/m² 20.6°c 

 
Observations for Moderate Climatic Zones: The solar radiation in this region is more or less the 
same throughout the year. 
The design criteria are to reduce heat gain by providing shading, and to promote heat loss by 
ventilation. Hence East – West elongated, rectangular plan is preferable, so that the solar radiations on 
south surface could be controlled using shading devices. Thus the best orientation for protection from 
the sun is along the east-west axis. The form should be spread to maximize ventilation. S/v ratio must be 
low, as the primary concern is minimize heat gain and maximize ventilation. Cylindrical form has 
minimum s/v ratio, hence it is ideal form for this climate. Solar intensity is maximum for pyramidal 
form on south surface. 
 

Table 1.5: Heat Gain Comparison for Cold & Cloudy Climatic Zones: 
 

Form in plan 
S/v 

ratio 
Solar intensity 

at  2 pm (south) 
∆t 

Solar intensity 
at 4 pm (w/sw) 

∆t 

Rectangular form – 0◦ tilt   
0.55 

472.8 w/m² 3.62°c 739.49 w/m² 6.29°c 

Rectangular form - 45◦ tilt   _ _ 513.00 w/m² 4.04°c 

Pyramidal form - 0◦ tilt   
1.14 

794.00 w/m² 5.84°c _ _ 

Pyramidal form - 45◦ tilt   _ _ 744.00 w/m² 6.64°c 

Cylindrical form  0.49 157.6 w/m² 3.62°c 246.3w/m² 6.29°c 

 
Table 1.6: Heat Gain Comparison for Cold & Dry Climatic Zones: 

 

Form in plan  S/v 
ratio  

Solar intensity 
at  2 pm (south)  

∆t  Solar intensity 
at 4 pm (w/sw)  

∆t  

Rectangular form – 0◦ tilt   0.55 465.01 w/m²  1.7°c 755.00 w/m²  1.15°c 

Rectangular form - 45◦ tilt   _  _  582.00 w/m²  0.58°c 

Pyramidal form - 0◦ tilt   1.14 828.00 w/m²  1.8°c _  _  

Pyramidal form - 45◦ tilt   _  _  784.00 w/m²  1.4°c 

Cylindrical form  0.49 155w/m²  1.7°c 251w/m²  1.15°c 

 
Observations for Cold and Cloudy and Cold and Dry Climatic Zones: Solar intensity is maximum 
for pyramidal form (plan - 0º tilt form horizontal).  
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The design criteria are to maximize heat gain and to resist heat loss. Hence pyramidal form (plan - 45º 
tilt form horizontal) is most preferable. Pyramidal form (plan - 0º tilt form horizontal) is also preferable. 
The form should be compact to minimize heat loss. S/v ratio must be low, as the primary concern is 
maximize heat gain and minimize heat loss. Rectangular form – N-S axis elongated is preferable for 
maximizing heat gain. Cylindrical form has minimum solar intensity. Hence it is not recommended. 

Table 1.7: Heat Gain Comparison for Composite Climatic Zones: 

Form in plan  S/v 
ratio  

Solar intensity 
at  2 pm (south)  

∆t  Solar intensity 
at 4 pm (w/sw)  

∆t  

Rectangular form – 0◦ tilt  0.55 481.40 w/m²  21.2°c 748.80 w/m²  23.8°c 

Rectangular form - 45◦ tilt   _  _  510.00 w/m²  21.5 °c  

Pyramidal form - 0◦ tilt   1.14 793.00 w/m²  24.3°c _  _  

Pyramidal form - 45◦ tilt   _  _  738.00 w/m²  23.7°c 

Cylindrical form  0.49 160.4w/m²  21.2°c 249.6w/m²  23.8°c 

 
Observations for Composite Climatic Zones: Design objectives are to resist heat gain in summer and 
resist heat loss in winter.  Hence, Circular plan or cylindrical form is most preferable. In case of 
rectangular form, the best orientation for protection from the sun is along the east-west axis. Being 
situated in a composite climate with climatic extremes, the building must adopt a compact form i.e. s/v 
ratio must be low. Solar intensity is maximum for pyramidal form on south surface.  
 
Conclusion: Orientation of the building except for cylindrical form should be climate responsive. 
Envelope materials play a very important role in heat gain, heat loss and heat transfer of building. Site 
topography, macro climatic conditions also affect the heating and cooling conditions. Based on 
calculation mentioned above, for hot and dry regions, circular form is most suitable. For hot and humid 
regions, Cross ventilation being the only strategy for coastal regions, most suitable form is rectangular 
with N-S elongated. For moderate climatic zones, most suitable form is rectangular with E-W elongated. 
For cold and dry and cold and cloudy climatic zones, heating is the only strategy required. Pyramidal 
form gains maximum heat hence is recommended. Rectangular form N-S elongated is also 
recommended for maximizing heat Gain on east and west surfaces. For composite climatic zones, 
Heating and cooling- both are the requirements for this type of climate. Rectangular form E-W 
elongated is recommended for summer conditions. Rectangular form N-S elongated is recommended for 
winter conditions. Cylindrical form has least S/V ratio, hence is also recommended. For hot and humid 
climatic zones, Protection from external heat is the main design criteria. Most suitable form is 
rectangular with E-W elongated. So that minimum surfaces are exposed to harsh radiations. 
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