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ABSTRACT 

 
Understanding climate is a pre-requisite for energy efficient or sustainable architecture. It provides vital information to optimize 

natural energies to create comfortable living conditions. Since climatic data is often very technical, its implication in building design is 

often limited. There are climate classifications to provide a general outlook of climatic condition of a place. However, a building designer 

needs more precise information regarding climate, so a rigorous climate analysis is necessary. For this study, long term averages of 
temperature, humidity, rainfall, sky condition data are retrieved from the website of the India Meteorological Department (IMD). This 

study analyzed wind data in detail and developed wind roses for different times, using wind data record of the India Meteorological 

Department (IMD). This study has used climate data sheet, Mahoney tables, Bioclimatic chart, Building Bioclimatic chart and wind roses 
to understand the climate and to formulate strategies for planning and building design. Climate analysis was done by using software such 

as Ecotect and Climate consultant. This paper identifies options of integrating climatic considerations as an integral part of planning and 

building design taking the case study of Tiruchirapalli, India. 
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INTRODUCTION 

 

Our present methods of construction are based 

on the maximum consumption of resources and 

maximum production of waste. Today, in spite of the 

new construction materials and the variety of 

technological means at our disposal, our buildings 

are very expensive to build and costly to maintain, 

and even worse, at times uncomfortable to live in [1]. 

Sustainable and climate responsive architecture 

offers possible solutions to high energy 

demand. Sustainable architecture is architecture that 

seeks to minimize the negative environmental impact 

of buildings by efficiency and moderation in the use 

of materials, energy, and development space. 

Sustainable architecture uses a conscious approach to 

energy and ecological conservation in the design of 

the built environment.[2] 

In the past human history, climate considerations 

are very important in building and urban design [3]. 

Although the scientific measurement and recording 

of meteorological data and climatic conditions were 

possible only when the technical instruments were 

invented a few hundred years ago, ancient people 

understood and realized the significance of climate 

responsive design that would harmonize with the 

nature [4]. Buildings were considered as ―climate 

modifiers‖ which could take advantage of local 

weather to enhance their architectural integrity and 

environmental quality [5]. 

Over many centuries, various designs and 

building techniques have developed across the world 

in different climatic zones, bringing forth structures 

that provide more or less a comfortable living 

condition without the use of sophisticated 

mechanical devices. One of the most important 

factors affecting sustainable design of buildings and 

building services systems is the consideration of 

local climatic conditions and characteristics. Without 

good information and understanding of the local 

climate, it is not possible to study and achieve 

optimal building design and efficient building 

services operation [3,6].  

Most building technicians in the past were 

familiar with the climate in which they were 

building. They were aware of the ways they could 

benefit from certain climatic features and overcome 

those that were less favorable, by opting for 

appropriate building shapes, location, orientation and 

the use of appropriate building materials. Strong 

economy and invention of new climate modifying 

technologies liberated designers from climate and 

local resource constraints. Architecture, thus, 

gradually became divorced from nature. This attitude 

led to an irresponsible use of energy resources that 

cannot continue without resulting in grave ecological 

consequences [7]. 

http://en.wikipedia.org/wiki/Architecture
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This paper identifies options of integrating 

climatic considerations as an integral part of planning 

and building design in Tiruchirapalli, Tamilnadu, 

India. Climatic data is obtained for Tiruchirapalli and 

analyzed to formulate design strategies. Climate 

information for this study has been accessed from the 

database of Indian Meteorological Department. This 

study has used comfort analysis tools such as 

Pschyometric chart to identify necessary actions to 

be undertaken in order to achieve a comfortable 

living condition. Wind roses corresponding to 

different times are used to understand the wind flow 

at different times and different seasons. Preliminary 

design recommendations are obtained from Mahoney 

tables, which serve as guidelines to formulate 

elaborate strategies for planning and building design 

in Tiruchirapalli, Tamilnadu, India. 

 

Climate And Its Role In Building Design: 

 

Buildings in developing countries are often 

designed without taking sufficient account of the 

climate. Factors such as the urban surroundings or 

site characteristics, orientation and architectural 

design of the building, choice of building materials, 

etc are not given enough importance. Consequently 

buildings often have a poor indoor climate, which 

affects comfort, health and efficiency. In order to 

exploit the climate to comply with the thermal needs 

of a building, it is critical to analyze the climate type 

within which the site is located and to collate 

relevant data that will inform an appropriate strategic 

design. The different climate regions of the world are 

commonly categorized in terms of their thermal and 

seasonal characteristics (e.g. hot-dry, warm-humid, 

composite, moderate and cold). Each region requires 

distinctive design responses, which are frequently 

reflected in the vernacular building practices and 

architecture of the region [8]. The objective of this 

study is to present information about the climatic 

design of buildings today, using passive techniques. 

It is important to note that even within the same 

climate zone; a wide range of distinct climate 

characteristics can be found. In order to define local 

climate more precisely than simply according to the 

generic typologies, detailed information about the 

local air temperature, humidity and wind patterns are 

required. It is possible to obtain detailed information 

on weather of a place from weather stations. The 

requirement of details depends upon the potential 

design implications and the level of environmental 

analysis that needs to be performed.  

India is a tropical country with diverse 

traditional shelter forms. According to National 

Building Code 2005, the country may be divided into 

five major climatic zones viz. Hot and Dry, Warm 

and Humid, Temperate, Composite, and Cold climate 

has a major influence on architecture. Every region 

has specific requirement to design a sustainable and 

Climate Responsive Building. Thus, we need to 

study the climate and conditions to find the key to 

Sustainable Building in that region.  

 

Methodology of The Study: 

 

This paper is a part of a larger study, which aims 

to develop design guidelines for designers/ builders 

to help them in the selecting design options for 

residential roofing systems that are climatically 

suitable and efficient from energy use and 

conservation point of view.  

The study is carried out in two steps: climate 

analysis, and recommendations for building design 

and planning. In climate analysis, climate data from 

the Indian Meteorological Department are arranged 

in a climatic summary sheet; comfort condition is 

investigated using Pshycrometric charts; and wind 

roses are prepared to understand the wind flow in 

different times across different seasons. Analysis of 

various climatic parameters were done using Ecotect 

and Climate consultant Software. Final design 

guidelines are based on, preliminary 

recommendations from Mahoney tables which 

formulate design strategies using temperature, 

humidity and rainfall; and detailed climatic analysis 

from the first step. This paper presents the case study 

of Tiruchirapalli, Tamilnadu, India which comes 

under Warm Humid climatic condition, taking the 

same methodology of climatic analysis with site 

specific recommendations. 

 

Climatic Design Information: 

 

The process of identifying, understanding and 

controlling the climatic influences at the building site 

is perhaps the most critical part of building design. 

Depending on the requirements of a particular 

building design task, various types of weather data 

and information will be required. The data 

complexity and formats sometimes may prevent 

designers from grasping the key attributes of climatic 

design. Therefore, relevant guidelines and standards 

are being established in recent years to help them 

identify the essential information and compare the 

climatic design implications. Not all meteorological 

data are of value for building energy analysis. 

Building designers are usually interested in those 

climatic elements which affect indoor comfort and 

the heat transfer through building fabric and via 

ventilation. The climatic elements crucial for 

building thermal design include: 

 

A. Site information (such as latitude and 

longitude). 

B. Temperature data (such as dry-bulb 

temperature (DBT)). 

C. Humidity or moisture data (such as wet-bulb 

temperature (WBT), dew-point temperature (DPT) 

and relative humidity (RHM)) 

D. Rainfall Data 
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E. Solar radiation data (such as global solar 

radiation (GSR)) and Cloud cover data. 

G. Wind data (such as wind speed and wind 

direction) 

 

Climate data for the purpose of this paper is 

obtained for Indian Meteorological Department 

(IMD) and A. The data of all weather variables are 

recorded at various meteorological stations by the 

Indian Meteorological Department (IMD), and are 

also available in a number of books. 

 

A. Site Information - Tiruchirapalli, Tamilnadu, 

India:  

 

The study area Tiruchirapalli, Tamilnadu, India 

comes under Warm Humid Climate zone (Figure1). 

Tiruchirapalli is located between 10° 48' North 

Latitude and 78° 41' East Longitude at an altitude of 

about 88 meters from sea level (Figure 2). 

Tiruchirappalli is one of the oldest inhabited cities 

in Tamil Nadu; its earliest settlements date back to 

the second millennium BC. Tiruchirappalli is situated 

in central south-eastern India, almost at the 

geographic centre of the state of Tamil Nadu. 

Tiruchirappalli is completely surrounded by 

agricultural fields. Densely-populated industrial and 

residential areas have recently been built in the 

northern part of the city, and the southern edge also 

has residential areas. Many of the old houses in 

Tiruchirappalli were constructed according to 

the shilpa sastras, the canonical texts of Hindu 

temple architecture Tiruchirappalli and its environs 

are abundant with economic and social activity 

facilitated by rapid developments in residential, 

educational, commercial, industrial, recreational and 

traffic and transportation sectors [9]. This study will 

be the evident for many solutions which use the 

advantage of local climate to reduce the cost of 

energy and support a comfort living for inhabitants.

 

 
Fig. 1: Climate Zone of India [10]                            Fig. 2: Location of Tiruchirapalli, Tamilnadu, India 

 

B. Temperature Data: 

 

Tiruchirappalli experiences a Warm Humid with 

no major change in temperature between summer and 

winter.  With an annual mean temperature of 28.9 

°C (84.0 °F) and monthly average temperatures 

ranging between 25 °C (77 °F) and 32 °C (90 °F), the 

city is the hottest in the state (Figure 3). The hottest 

months are March, April and May (Figure 4 and 

Figure 5), during which the city experiences frequent 

dust storms.  The high temperatures in the city have 

been attributed to the presence of two rivers—Kaveri 

and Kollidam and the absence of greenery around the 

city. As Tiruchirappalli is located in the Deccan 

Plateau, the days are extremely warm and dry while 

evenings are cooler because of cold winds that blow 

from the south-east. From June to September, the 

city experiences a moderate climate tempered by 

heavy rain and thundershowers. Air temperature is 

moderately high with little variation between day and 

night (Figure 6). Protection from conductive and 

radiant heat gain is thus necessary to avoid 

physiological discomfort in summer. Increasing the 

rate of ventilation is also required. 

http://en.wikipedia.org/wiki/Tamil_Nadu
http://en.wikipedia.org/wiki/Shilpa_Shastras
http://en.wikipedia.org/wiki/Deccan_Plateau
http://en.wikipedia.org/wiki/Deccan_Plateau
http://en.wikipedia.org/wiki/Deccan_Plateau
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Fig. 3: Daily High and Low Temperature (source- http://weatherspark.com) 

 

The warm season lasts from March 23 to July 

15 with an average daily high temperature 

above 36°C. The hottest day of the year is May 15, 

with an average high of 38°C and low of 27°C. 

The cold season lasts from October 27 to January 

30 with an average daily high temperature 

below31°C. The coldest day of the year is January 

23, with an average low of 21°C and high of 31°C.

 

 
Fig. 4: Fraction of Time Spent in Various Temperature Bands (source- http://weatherspark.com) 

 

The average fraction of time spent in various temperature bands: comfortable (18°C to 24°C), warm 

(24°C to 29°C), hot (29°C to 38°C) and sweltering (above 38°C). 

 

 
Fig. 5: Temperature Range for Tiruchirapalli 

http://weatherspark.com/
http://weatherspark.com/
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Fig. 6: Monthly Diurnal Averages of Tiruchirapalli     

 

C. Humidity Data: 

 

Usually humidity is expressed in percentage i.e. 

relative humidity. Relative humidity is the ratio of 

the water vapor pressure to the vapor pressure of 

saturated air at the same temperature. The moisture-

holding capacity of air increases with air 

temperature. The relative humidity typically ranges 

from 37% (comfortable) to 96% (very humid) over 

the course of the year, rarely dropping 

below 28% (dry) and reaching as high as 100% (very 

humid). The air is driest around March 24, at which 

time the relative humidity drops 

below 40% (comfortable) three days out of four; it 

is most humid around November 7, 

exceeding 94% (very humid) three days out of four 

(Figure 7). High Humidity pose problem in heat 

dissipation form human body. Some degree of 

comfort can be achieved by encouraging out-door 

breezes to pass not only though the building, but 

across the body surface of the occupants.

 

 

 
 

Fig. 7: The average daily high (blue) and low (brown) relative humidity (source- http://weatherspark.com) 

 

D. Rainfall Data: 

 

The city experiences more rainfall between 

October and December from the north–

east monsoon winds, and then on a cool, moist 

climate from December to February. The average 

annual rainfall is 841.9 mm (33.15 in), slightly lower 

than the state's average of 945 mm (37.2 in). Fog and 

dew are rare and occur only during the winter season.

 

 

http://weatherspark.com/
http://en.wikipedia.org/wiki/Monsoon
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Fig. 8: Mean Rainfall and Rainy days across seasons (source- http://weatherspark.com) 

 

Over the entire year, the most common forms of 

precipitation are thunderstorms, drizzle, moderate 

rain, and light rain. 

Thunderstorms are the most severe precipitation 

observed during 40% of those days with 

precipitation. They are most likely around September 

23, when it is observed during 24% of all days. 

Drizzle is the most severe precipitation observed 

during 30% of those days with precipitation. It is 

most likely around August 28, when it is observed 

during 14% of all days. 

Moderate rain is the most severe precipitation 

observed during 16% of those days with 

precipitation. It is most likely around November 19, 

when it is observed during 13% of all days. 

Light rain is the most severe precipitation 

observed during 12% of those days with 

precipitation. It is most likely around November 13, 

when it is observed during 7% of all days.

 

 

 
 

Fig. 8: Relative frequency of various types of precipitation over the course of a typical year. (source- 

http://weatherspark.com) 

 

                                       
          Warm Season - March 23 to July 15                 Cold Season - October 27 to January 30 

 

Fig. 9: Relative frequency of various types of precipitation during the warm and cold seasons 

 

http://weatherspark.com/
http://weatherspark.com/
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E. Solar Radiation Data and Cloud cover: 

 

While making projects for passive and active 

systems for making use of solar radiation it is first 

necessary to define the intensity of solar radiation 

that comes to horizontal and oblique receiving 

surface of the particular solar system. The 

distributions of hours of sunshine (figure 10), global 

and diffuse solar radiation on an annual basis are 

presented in (figure 11). The length of the day does 

not vary substantially over the course of the year, 

staying within 45 minutes of 12 hours throughout. As 

winter months get substantial rain, the sky in winter 

is cloudy. In summer, horizontal solar radiation is the 

highest. Cloudy conditions and low sun angle, results 

in low winter horizontal solar radiation in 

Tiruchirapalli. The diffuse fraction of solar radiation 

is quite high due to cloud cover, and the radiation can 

be intense on clear days. The dissipation of the 

accumulated heat from the earth to the night sky is 

generally marginal due to the presence of clouds. 

Hence, the diurnal variation in temperature is quite 

low. Humidity and cloudiness make diffuse solar 

radiation important, and the potential for radiative 

sky cooling is lower. Adequate shading measures are 

required to protect the building form direct solar 

radiation.

 

                  
 

Fig. 10: Daily Hours of Daylight and Twilight (source- http://weatherspark.com) 

 

 
   

Fig. 11: Temperature and solar Radiation Data profile (Chart generated from Climate Consultant software) 

 

Warm humid climates are characterized by those 

whose cooling degree days greatly exceed their 

heating degree days (figure12). Warm humid 

climates provide a challenge in reaching reasonable 

comfort levels for the occupants using solely passive 

means. Requirements of heating or cooling are best 

http://weatherspark.com/
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described by heating/ cooling degree hours. Heating/ 

cooling degree hours are the sum of every hour, 

multiplied by the number of degrees the outside 

temperature is above or below the comfort 

temperature. Upper comfort temperature is set 

according to the neutral temperature [11] for each 

month to respond to the changing characteristics of 

the climate. Heating below -15.5 °C, cooling above-

27 °C is set as the criterion for comfort. In 

Tiruchirapalli in total, 100% of the time has cooling 

requirements which makes Passive building Design 

compulsory for optimum functioning of buildings.

 

 
Fig. 12: Ecotect graph of degree days (DD) shows that cooling is required throughout the year 

 

The median cloud cover ranges 

from 37% (mostly clear) to 75% (partly cloudy) .The 

sky is cloudiest on August 13 and clearest 

on February 10. The clearer part of the year begins 

around December 20. The cloudier part of the year 

begins around May 20. (figure 13) 

 

 
 

Fig. 13: The median daily cloud cover (black line) 

  

E. Wind Data: 

 

Wind is the motion of air relative to the surface 

of Earth and is one of the most highly variable 

climatic elements, both in speed and direction. Wind 

roses are used to represent wind information. They 

give wind direction, wind speed at varying intensities 

and the percentage of time wind blows from a certain 

direction. For the purpose of this study, hourly (more 

generally every three hours starting from midnight) 

wind speed record from Indian Meteorological 

Department (IMD) has been used in preparing wind 

roses for corresponding hours. Ecotect and Climate 

consultant software has been used to plot the wind 
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direction, wind speed and wind rose diagram. For 

building design purposes, eight directions and 

seasonal wind roses give all the information 

necessary for a designer. 

The wind is most often out of the west (22% of 

the time) and east (11% of the time). The wind is 

least often out of the south west (3% of the time), 

south east (3% of the time), and south (5% of the 

time) (figure13).Wind is desirable in this climate, as 

it can cause sensible cooling of the body. Wind rose 

diagram shows the wind direction distribution and 

the percentage with which the wind blows from 

certain directions is presented below (figure 14). To 

facilitate the ventilation for cooling, wind is 

necessary at almost all seasons. From the analysis 

attained cooling throughout the year can be assured 

by having shaded openings towards east and west.

 

 
 

Fig. 13: Wind Directions Over the Entire Year (source- http://weatherspark.com) 

 

 
 

Fig. 14: Wind roses for different times in different months for Tiruchirapalli (plotted by ECOTECT software) 

 

The highest average wind speed of 6 

m/s (moderate breeze) occurs around July 4, at which 

time the average daily maximum wind speed is 10 

m/s (fresh breeze).The lowest average wind speed 

of 3 m/s (light breeze) occurs around March 30, at 

which time the average daily maximum wind speed 

is 6 m/s (moderate breeze) (figure 15). 

 

 

http://weatherspark.com/
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Fig. 15: Wind velocity range for different months for Tiruchirapalli (source- http://weatherspark.com) 

 

Comfort Analysis And Strategies For Comfortable 

Conditions: 

 

Evaluating the human-comfort condition is a 

complex process. There are various environmental 

and physiological factors that affect the comfort 

condition of an individual. The effect of climate is 

evaluated considering the physiological condition of 

a normal individual. Various climatic parameters are 

combined to form the thermal index to express their 

effect on man. The Bioclimatic chart proposed by 

Olgyay (1962) is very effective for analyzing the 

comfort condition [12]. The chart checks if a 

particular temperature–humidity relationship falls 

into the comfortable zone; and also reveals strategies 

to achieve comfortable conditions. However, the 

Bioclimatic chart is limited in its applicability, since 

the analysis of physiological requirements is based 

on outdoor climate. Later, Givoni (1976) used the 

Psychrometric chart as the basis for defining the 

comfort zone and stretched out the probable extent of 

outdoor conditions under which certain passive 

control techniques could ensure indoor comfort [13]. 

In the Psychrometric chart, different zones are 

plotted to indicate different strategies depending 

upon the monthly temperature– humidity 

relationship. 

In this study to identify the comfort condition for 

Tiruchirapalli, the climatic data of all months and 

conditions of various passive design solutions are 

plotted in Psychrometric Chart provided by 

ASHRAE 2005 by using Climate consultant software 

and Ecotect software. The comfort charts clearly 

indicate that buildings in Tiruchirapalli require 

cooling for ten months except for February and 

March, as the lines cross the comfort range (figure 

16). Wind speed up to 2.5 m/s can create a 

comfortable condition in daytime though natural 

ventilation which in indicated in Figure 16 in 

Psychrometric Chart except for a few months in 

summer. As the humidity is high, evaporation from 

the skin is restricted. In Warm humid climates not 

only must an attempt be made to lower the 

temperature, but removing humidity from the air. 

Evaporative cooling will be neither effective nor 

desirable as it would increase the humidity. As most 

Warm humid environments have minimal 

temperature differential from day to night, (often less 

than 5 deg C) there is little point in the use of 

extensive thermal mass. Instead, a preference is 

given for lightweight materials that will not hold the 

heat. Comparative evaluation of different passive 

techniques is represented in the Psychrometric Chart 

(Figure 17 and figure 18) which indicates that 

maximum comfort is achieved by natural ventilation 

only. 

The temperature-humidity relationship shows 

that February and March buildings in Tiruchirapalli 

are naturally within the comfort limit. Passive 

cooling strategies such as manipulating building 

form and orientation, ventilative cooling, reflective 

surfaces and Shading of roofs, openings are 

suggested to maintain room temperature within 

comfortable range for the rest of the months (April to 

January).  

The effects of adopting a series of passive 

cooling strategies have been investigated in the 

Ecotect Weather tool using weather files for 

Tiruchirapalli. Figure 18 shows the percentage of 

time during a month that the thermal conditions lie 

within the thermal comfort boundaries - before and 

after a number of passive cooling strategies have 

been implemented. The yellow bars indicate that 

without passive cooling, only up to 10% of the time 

from January and February falls within the comfort 

zone. The red bars show the improvement caused by 

passive cooling over the year; but there are still 

periods of discomfort. The last set of bars show the 

average effect over the whole year: before adopting 

these strategies there is thermal comfort for less than 

5% of the year and 60% afterwards. 

http://weatherspark.com/
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Fig. 16: Tiruchirapalli weather in blue, is superimposed on a Psychrometric Chart. Conditions for human 

comfort, delineated by yellow box, are extended into the various   zones by applying the various 

passive strategies 

 

 
 

Fig. 17:  Psychrometric chart showing annual temperature and humidity relative to the comfort zone and design 

strategies. (comfort zone is between 21 deg C and 28.5 deg C with an upper bound for relative 

humidity at 80%) 
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Fig. 18: Analysis of thermal comfort in Tiruchirapalli before and after the addition of passive cooling strategy 

 

Design Recommendations From Mahoney Tables: 

 

The Mahoney tables [14] provide results of 

thermal comfort analysis using primarily temperature 

and humidity, and make recommendations for 

predesign guidelines. Combination of temperature 

and humidity helps to identify the thermal stress 

conditions i.e. comfortable, hot and cold, for mean 

temperatures within, above and below the thermal 

stress comfort limit, respectively. Once the local 

climatic conditions have been analyzed and the 

indoor comfort limits classified, remedial actions or 

strategies are suggested to arrive at acceptable pre-

design conditions for better ‗indoor‘ climate. The 

Mahoney tables involve six indicators i.e., three 

humid indicators and three arid indicators. The 

Mahoney tables indicate remedial action involving 

air movements for humid conditions. Climatic zones 

with nighttime temperature above the comfort limit 

are advised to make a provision for outdoor sleeping.  

The climatic data are analyzed using the 

Mahoney tables which provide preliminary design 

recommendations. They are grouped under eight 

headings: layout, spacing, air movement, openings, 

walls, roofs, outdoor sleeping and rain protection.  

 

Recommended specifications for Tiruchirapalli 

are as under:  

 

1) Layout: buildings oriented on North and 

South, with compact courtyard planning;  

2) Spacing: Open spacing for breeze penetration;  

3) Air movement: Rooms single blanked, 

permanent provision for air movement;  

4) Openings: Large:  40-80% of wall area; in 

North and South walls at body height on windward 

side 

5) Walls: Light, Low Thermal Capacity 

6) Roofs: Light, Reflective Surface, Cavity 

7) Outdoor sleeping: Space for outdoor sleeping 

required;  

8) Rain protection: Adequate rainwater drainage. 

 

These preliminary recommendations are further 

elaborated combining wind, solar radiation and 

rainfall parameters to come up with design strategies 

specifically for Tiruchirapalli. 

 

Climate Modification Strategies and building 

Tactics for Warm-humid climate type.

 
Climate Type Adverse Climatic Elements Climate Method Response Strategies 

Warm-Humid High heat,  

High humidity 

Insolation 
Small diurnal variation 

Minimize heat gain 

Maximize ventilation 

Maximize shading 

1. Thin bar building with an east-west axis. 

2. Cross ventilation 

3. High ceilings 
4. Ventilated roof 

5. Window shading all the year 

6. Shaded Veranda 
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Design Strategies: 

 

The design strategies are formulated considering 

the comfort analysis and preliminary 

recommendations from Mahoney tables. Design 

strategies are meant to be comprehensive and 

schematic in helping the design process so that no 

major opportunities are missed, at the same time, 

they have to be few such that they can be easily 

memorized. 

Following are the specific design 

recommendations for Tiruchirapalli: 

 

Street layout: 

Orientation and layout of streets have significant 

effects on accessing sun and wind in buildings. Wind 

is desirable in streets of hot climates to cool people 

and remove excess heat from the streets. It can also 

help in cross ventilation of buildings. A north-south 

direction is ideal from the point of view of blocking 

solar radiation (figure 19). The width of the streets 

should be such that the intense solar radiation during 

late morning and early afternoon is avoided during 

the summers. Major Street orientation within the 

angle of approximately 20-30 degree on either 

direction of the prevailing breezes is highly 

recommended (15). 

 

 
Fig. 19: street layout considering sun and wind movement   (source: Brown and Dekay, 2001, modified) 

 
Fig. 20: Planning of building envelope (Source: Your Home Technical Manual, 2005) 

 

Form and Planning: 

 

An open settlement pattern is the appropriate 

response to the climate. Buildings should be 

separated with large, free spaces between them. 

Street and open spaces and funnel effect can be used 

to maximize airflow within the buildings. In city core 

with dense development, buildings on stilts can 

promote ventilation and cause cooling at the ground 

level (Figure 20). Extended settlements, arranged in a 

line across the prevailing wind direction give low 

resistance to air movement and are, therefore, the 

ideal solution. External public spaces, streets, squares 

and footpaths should be protected from sun and rain. 

Generous and well distributed areas of vegetation 

help to improve the microclimate.  

The building should be designed not only with 

protected openings, but also with protected walls. 

The intense diffuse solar radiation calls for buildings 

that have large overhanging roofs and wide shaded 

verandahs [16]. Row houses elongated along the 

east-west axis provide the best shading of the critical 

east and west walls. An unobstructed air path through 

the interiors is important to ensure proper ventilation. 

The buildings could be long and narrow to allow 

cross-ventilation.  

 

Building orientation: 

 

In Tiruchirapalli, building should be oriented to 

minimize solar heat gain and to facilitate wind flow 

in summer months. The maximum amount of solar 
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radiation is interrupted by the horizontal surface of 

the roof followed by east and west walls and then by 

the south and north wall during the summer. It is, 

therefore, desirable that the building is oriented with 

the longest wall facing north and south, and short 

walls facing east and west. The intention is to 

minimize the wall area exposed to the intense 

morning and evening sun. It is observed that 

significant heat gains occur between 06:30 a.m. and 

10.00 a.m. on the east walls and between 2:00 p.m. 

and 5:30 p.m. on the west walls, when the sun is low 

in the sky.  Building running long on east –west axis 

with 72.5 degree orientation towards east of north is 

able to cut off unwanted solar gain in during summer 

months (Figure 21). This orientation angle facilitates 

wind flow across building in most of the summer 

months.

 

 

 
Fig. 21: Optimum Building orientation (plotted by ECOTECT software) 

 

Building structure: 

 

Tiruchirapalli requires cooling almost 

throughout the year. The large range of thermal 

conditions requires utilization of wind effects, as 

well as, protection from radiation. Buildings should 

be of open structure with large openings providing 

cross ventilation. The whole building should be 

lightweight to allow rapid cooling down at night 

(Figure 22). Heat storage and time lag should be 

minimal. A relatively short time lag of some 5 hours 

may be adequate. Thermal insulation is not effective 

except on surfaces exposed to direct radiation. 

Materials should be permeable to air.  

Building section (height) is often used to 

enhance stack effect and naturally exhaust hot air 

from the upper levels of the space, while 

simultaneously drawing cooler air in from the lower 

levels (Figure 22). East and west walls should have 

minimum or no windows in order to exclude the low 

angle east and west sun. They should be reflective, 

light colored and/or well insulated. The same effect 

can be achieved with properly ventilated double skin 

constructions. High reflectivity and high emissivity 

are required properties for keeping the indoor 

temperature and the inner surface temperature low. 

North and south walls should be as open as possible, 

to allow for cross ventilation. Maximum ventilation 

throughout the day enables cooling by perspiration. 

Semi open spaces such as balconies, verandahs and 

porches can be used advantageously for daytime 

activities as well as give protection from rainfall. In 

multistoried buildings a central courtyard can be 

provided with vents at higher levels to draw away the 

rising hot air. 

 
Roof design: 

 

Summer horizontal solar radiation is very high 

in Tiruchirapalli and longer hours of sunshine impart 

maximum heat flux from roof. The roof should be 

made of lightweight materials with a low thermal 

capacity and high reflectivity. Painting the surface in 

light colors, e.g. a yearly applied coat of whitewash, 

is an economical method to increase reflectivity 

(Figure 23). Double roof with outer layer 

lightweight, highly reflective surface, insulated from 

inside, helps to keep the heat out from entering the 

building envelope (Figure 24). Ventilation between 

two layers will dissipate the heat trapped in the gable 

space. Large overhangs protect the walls and 

openings from radiation and precipitation. The inner 

layer (ceiling) may be well insulated and provided 

with a reflective upper surface. The inner surface of 

the ceiling should not exceed the air temperature by 

more than 4°C. 
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Fig. 22: Building envelop design for Warm Humid Climates (Source: drawings generated by climate Consultant 

software) 

 

 

 

 
 

Fig. 23: Roof Design for Warm Humid Climates (Source: drawings generated by climate Consultant software) 
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Fig. 24: double roof with ventilation (Source: Climate Responsive Building - Appropriate Building 

Construction in Tropical and Subtropical Regions SKAT; 1993;) 

 

Windows and ventilation: 

 

The high humidity and warm temperatures 

require maximum ventilation, which leads to very 

open buildings. Free passage of air for cross-

ventilation through the interior is important. This can 

be achieved by large openings, not only in the outer 

walls but also in the internal partitions. In 

Tiruchirapalli windows should face East and West 

with proper shading devices since majority of 

prevailing direction is in the East and West. In warm 

humid areas openings are important elements for the 

regulation of the indoor climate. They should be 

large and fully openable, with inlets of a similar size 

on both sides of the room allowing a proper cross-

ventilation. To avoid direct solar radiation and glare, 

openings should be shaded by an overhanging roof, 

screens, lattices, grills etc. This airflow is most 

effective if concentrated at body level. With oblique 

wind incidence a projecting wing wall at the 

downwind end of the building would create a 

positive pressure zone. On the leeward side a similar 

wing wall at the upwind end would help to create a 

negative pressure zone. The combined effect of these 

may ensure better cross ventilation than that given by 

wind with normal incidence. Simple ceiling or table 

fans help improve indoor comfort if wind speed is 

not sufficient. 

 

 

 
 

 
Fig. 25: Windows Design for Warm Humid Climates (Source: drawings generated by climate Consultant 

software) 

http://collections.infocollections.org/ukedu/en/
http://collections.infocollections.org/ukedu/en/
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Outdoor spaces: 

 

Out-door spaces in Warm-Humid climates are 

more important. Frequency of wind is more in East 

and in West direction. More activities take place at 

the outdoors. Providing shaded open spaces in North 

East and South west direction would encourage 

outdoor sleeping and outdoor activities. The out-door 

space will be pleasant if there is air movement, shade 

and protection from sun. Roof overhangs, verandahs, 

porticoes, awnings and covered passages are useful 

in providing shading. Tall trees with clear trunks are 

preferable as they would cast a broad shadow whilst 

permit penetration of the breeze (Figure 26). A roof 

area without walls may be provided for specific 

activities.

 

 

 
 

Fig. 26: Design of open spaces in Warm Humid Climates (Source: Climate Responsive Building - Appropriate 

Building Construction in Tropical and Subtropical Regions SKAT; 1993) 

 

Shading devices: 

 

Complete year round shading, but design should 

be made such that ventilation is not affected. The 

intense diffuse solar radiation calls for buildings that 

have large overhanging roofs and wide shaded 

verandahs. Here, due to the moisture in the air, much 

of the radiation is diffuse, coming from the whole of 

the sky. Shading devices should therefore provide 

great coverage, obstructing most of the sky and not 

just the sun.  

 

Shading from the effects of direct solar radiation 

can be achieved in many ways: 

 

 Shade provided by the effect of recesses in 

the external envelope of the building 

 Shade provided by static or moveable 

external blinds or louvers (Figure 27) 

 Transient shading provided by the 

orientation of the building on one or more of its 

external walls 

 Permanent or transient shading provided by 

the surrounding buildings, screens or vegetation. 

(Figure 28) 

 Shading of roofs by rolling reflective 

canvass, earthen pots, vegetation etc.

  

 
 

 

Fig. 27: Shading by Vertical fins (Source: drawings generated by climate Consultant software) 

 

http://collections.infocollections.org/ukedu/en/
http://collections.infocollections.org/ukedu/en/
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Fig. 28: Shading by Vegetation (Source: Climate Responsive Building - Appropriate Building Construction in 

Tropical and Subtropical Regions SKAT; 1993) 

 

Courtyard option: 

 

Courtyard and patio are quite common in warm 

humid climate where the building encloses an open 

space fully or partly [17]. Such spaces are commonly 

referred to as microclimate modifiers. They enjoy 

better microclimatic conditions than the surrounding 

open areas, and are supposed to have a positive effect 

on the indoor comfort conditions of the enclosing 

building volume. In a courtyard, a pool of cool air is 

retained as this is heavier than the surrounding warm 

air [14]. The top layer of the air in the courtyard gets 

warmer in day time and becomes lighter, causing the 

air to move upwards. Thus a low pressure develops 

in the courtyard and it induces an air movement from 

outside, through the surrounding spaces (Figure29). 

In addition to this thermal induction, the internal 

courtyard helps to induce air movement due to 

pressure effect in the event of high velocity external 

wind that flow above the building. The wind flow 

reduces the pressure at the top layer of the air column 

and creates a suction effect above the small 

courtyard. This produces an upward movement in the 

top layer of air in the courtyard, pulling the air 

towards the court through the surrounding spaces 

resulting in circulation of air in those spaces. [18]

 

 

 

 
 

 

 

Fig. 29: Concept of air movement through courtyard (source - The influence of internal courtyard of Kerala 

traditional residential buildings in providing a comfortable indoor environment. International Journal of 

Earth Sciences) 

 

Conclusion: 

 

Climate has an obvious impact on building 

design and planning. Energy efficient and sustainable 

design practice should be able to integrate the natural 

energies (i.e. solar radiation and wind) as parts of its 

design features. Consideration of the climate starting 

as early as, in layout of the streets, allocation of 

building lots, orientation of buildings and in day to 

day operation of the building, helps to maximize the 

use of natural energy to achieve comfort conditions. 

This study reveals specific planning and building 

design ideas for Tiruchirapalli which can make use 

of natural energies to achieve comfortable living 

condition in a building. Maximum comfort is 

achieved by providing Sun Shading of Windows, Fan 

forced ventilation and cross ventilation. Wind 

direction at different time across seasons help 

designers/ urban planners to orient building and 

openings to catch the cooling breezes. 

 

Warm air moves up from the courtyard 

Fresh air            Courtyard   Fresh air 

http://collections.infocollections.org/ukedu/en/
http://collections.infocollections.org/ukedu/en/
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