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ABSTRACT 
 
 Climate has a major effect on the performance of the building and its energy consumption. Traditional 
Architecture in the coastal region of Nagappattinam is known for its Climate responsiveness. In this paper 
traditional architecture in the coastal region of Nagappattinam in India is explored to find the role of climate in 
the construction of the buildings. Also Mahoney tables which provide design recommendations on the building 
design are used to compare with the design techniques in traditional architecture of this region.  
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Introduction 
 
 Across the IEA countries, buildings consume over half of all electricity and one-third of natural gas, and are 
responsible for more than one-third of all greenhouse gas emissions (UNI 10829, 1999). Therefore, sustainable 
design and construction strategies are of great importance now a  days. Climate, socio-cultural setup, economy, 
materials and technology availability are the main factors that greatly influence building architecture and its 
sustainability. Since climate varies from place to place, favorable architectural solutions for the built 
environment is also region specific. Vernacular architecture constructed by the people reflects their needs and 
socio-cultural values (UNI 10829, 1999). Energy efficient building has the potential to reduce carbon emissions 
by 60% or more, which translates to 1.35 billion tones of carbon (UNI 10969, 2002). So climate responsive 
building design has become a necessity rather than an option for energy conservation and carbon emission 
reduction (Pavlogeorgatos, G., 1998). For sustainable solutions, environment and traditions are not 
supplementary to each other but are pre-requisites (Moujalled, B., 2008). So we must not underestimate the 
solutions of vernacular architecture. Rather it demands a systematic and detailed scientific understanding. 
Traditional architecture can teach us how to assimilate bioclimatic approach in the practice of architectural 
design in the contemporary architecture. (Coch, 1998) This paper investigates climate responsive building 
design in the warm humid climatic zone of coastal region by analysing traditional architecture of this region and 
is supported by the Mahoney table.  
 
2.0 Location:  
 
 Nagapattinam a land of religious harmony is known for its rich religious heritage lies on the East Coast of 
Tamil Nadu. It is bounded by Thanjavur District and Thiruvarur District on the West, Cuddalore District on the 
North and the Bay of Bengal on the South and the East. This place  lies between 10.25° and 11.4° North 
Latitude and 76.49° and 80.01° East Longitude. The general geological formation of the District is plain coastal. 
Cauvery and its tributaries are the principal rivers.  
 
3.0 Climate: 
 
 The climate is warm- humid based on the climatic zone of India. The main monsoon is North East monsoon 
(October to December) contributes about 60% of the total annual rainfall. The second one is the South West 
monsoon (June to September) contributes about 20% of the total annual rainfall. Nagapattinam has been 
experiencing the hot climate in summers with humidity and pleasant climate in winters. Summers (March to 
May) are hot with the temperature hovering around 28°C to 41°C, as in the coastal region the cool breeze from 
the sea provides reprieve from the extreme hot.  
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4.0 An Overview of the Vernacular buildings in coastal region of Nagapattinam: 
 
4.1 Planning: 
 
 The overall urban form is very compact with a combination of flat and sloping roof forms. These houses 
were built on linear rectangular plots which form a linear pattern towards the coastline. A floor plan of a typical 
vernacular house illustrates with an outside veranda for guests in the front of the house, which leads to a 
courtyard(s) for day-to-day activities and ceremonial functions. These linearly designed houses form a dominant 
axis from the front entrance door connecting the courtyards and corridors and ends in the rear door. This axis is 
mainly to allow the sun and air to enter into the house to facilitate better air flow throughout the house. As we 
enter the house through the verandah the raised Platforms (“Thinnai”) becomes the front sit out for the occupiers 
and the guests.  
 
4.2  Building Materials used for Construction: 
 
 The common building materials used for vernacular construction in the coastal region of Nagapatinam are 
mud, Brick, lime mortar, thatch roofing, country roof tiles, timber, bamboo, etc. The wall thickness is normally 
450 to 600 mm thick for mud walls and 230 to 300mm for brick walls. Brick lintels are seen in most of the 
houses over the ventilators, windows. Mud walls are usually built in courses to a maximum of 4500 mm high. 
Local mud is thoroughly mixed with water and straw, kneaded and is usually reinforced with reeds.  
 
4.3  Activity areas: 
 
 The vernacular architecture in the coastal region of Nagapattinam consists of veranda (Thalvaram) which is 
the benevolent social extension of the house and it provides shade and protection for the passers. It protects the 
building wall from sun and rain. It acts as a transition space between house and street. The steps leads to the 
raised platform (thinnai) which is shaded by the roof overhang which is used to sit and relax. The roof overhang 
of the thinnai shades the walls and windows from harsh radiations therefore reducing the heat gain into the 
building.  
  
4.4 Orientation of building: 
 
 These residences are strictly oriented towards east west axis. The longer side of the building faces the north 
and south and hence the walls are less exposed to direct sun. Hence there is lot of air movement into the 
building, which is required in a warm humid climate. 
 
4.5  Internal courtyard: 
 
 The vernacular house selected for study has a courtyard measuring 1.9m x 1.7m.  This courtyard primarily 
provides light besides used as an open space for number of other activities like cooking, sleeping, working, 
playing, gardening, and Worshipping. The courtyard of this selected house is encircled with high (3m high) and 
thick (450mm) brick walls with mud mortar and mud plaster. During the summer day time (April 2nd to May 
2nd) the courtyard is shaded and hence it delays the heat gain and keeps the interior cooler.  
 
 4.6 Openings and use of natural ventilation: 
 
 Wind catcher is one of the important elements of hot & humid architecture which is used for cooling and 
ventilation of internal spaces. The vernacular house selected for study has a typical unidirectional wind-catcher 
measuring 1.2 m x 2.1m and this wind catcher is opening along the windward direction of the sea, which 
facilitates to bring cool air inside the building. Figure 1 shows a wind-catcher of the study house facing 
windward direction to capture the cool air from the sea .As a natural process during the day time the wind enters 
inside the house through the wind – catchers and pushes away the existing warm air to move out of the house 
through the openings (doors, windows and ventilators) in the leeward end.  
 
4.7 Thick External Walls: 
 
 Therefore, the walls and roofs are very thick, mostly in brick or in mud respectively. Being considered as an 
important element in regional house of Warm & humid climate, the huge walls have approximately thickness of 
about one meter. These walls lose the heat through transferring and radiation during night and its temperature 
remains in low and average degree during the day, thus, it provides enough comfort for residents. 
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Fig. 1: Wind catchers in the traditional buildings. 
 
4.8 Thinnai: 
 
 It is a raised platform used for social interaction which is shaded by the roof overhang. It is the semipublic 
space in the house. The roof overhang of the thinnai shades the walls and windows from harsh radiations 
therefore reducing the heat gain into the building. 
 

 
 
Fig. 2: Thinnai (raised platform). 
 
4.9  Thermal Insulation: 
 
 The sloping roof is made of timber or Bamboo. Timber being a bad conductor of heat does not allow the 
horizontal surface to gain any heat throughout the day. The horizontal surface insulates the inside from outside 
creates temperature zone helping the courtyard to become a heat sink. The flat roof is made of timber .Timber 
being a bad conductor of heat does not allow the horizontal surface to gain any heat throughout the day.  

 
 
Fig. 3: Front view of the traditional house. 
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5.0  Mahoney tables:  
 
Table 1: 

Location Nagappattinam, Tamilnadu , India 
Longitude 79° 50' East 
Latitude 10° 46' North 
Altitude  

 
Air Temperature: °C 

Air 
Temperature 

J F M A M J J A S O N D high AMT 

Monthly mean 
max 

29.2 30.5 32.8 34.6 36.2 36.5 37.3 36.1 33.0 32.1 30.0 30.2 
 

37.3 29.6 

Monthly mean 
min. 

22.0 21.9 24.5 26.2 26.1 26.0 26.9 27.0 25.2 24.9 24.3 23.2 21.9 15.4 

Monthly mean 
range 

7.2 8.6 8.3 8.4 10.1 10.5 11.3 9.1 7.8 7.2 5.7 7 low AMR 

 
Relative Humidity: % 

Relative Humidity: % 
 

J F M A M J J A S O N D 

Monthly mean max  a.m 90 88 82 79 74 72 68 76 81 89 92 84 
Monthly mean min. p.m 74 69 65 84 64 66 59 67 77 87 85 75 
Average 82 78.5 73.5 81.5 69 69 63.5 71.5 79 88 88.5 79.5 
Humidity group 4 4 4 4 3 3 3 4 4 4 4 4 

 
Humidity group  If average RH : 
1. below 30% 
2. 30-50% 
3. 50-70% 
4. Above 70% 

 
Rainfall 

 Rainfall 
(mm)  

J F M A M J J A S O N D Total 

 61.4  TR  20.9  33.6  65.1  25.0  TR  46.1  136.4  393.5  321.3  43.5  1146.8 
 

Diagnosis  °C  J F M A M J J A S O N D AMT 
Monthly mean 
max 

29.2  30.5  32.8  34.6 36.2  36.5  37.3  36.1  33.0  32.1  30.0  30.2 
  

29.6 

Day comfort 
upper 

27 27 27 27 29 29 29 27 27 27 27 27 

lower 22 22 22 22 23 23 23 22 22 22 22 22 
Monthly mean 
min. 

22.0  21.9  24.5  26.2 26.8  26.8  26.9  27.0 25.2 24.9 24.3 23.2 

Night comfort 
upper 

21 21 21 21 23 23 23 21 21 21 21 21 

Night comfort 
lower 

17 17 17 17 17 17 17 17 17 17 17 17 

Thermal stress 
day 

H H H H H H H H H H H H 

Thermal stress 
night 

H H H H H H H H H H H H 

 
 AMT over 20°C AMT 15- 20°C AMT below 15°C 
Comfort Limits Day Night Day Night Day Night 
Humidity Group 
 

1 26-34 17-25 23-32 14-23 21-30 12-21 
2 25-31 17-24 22-30 14-22 20-27 12-20 
3 23-29 17-23 21-28 14-21 19-26 12-19 
4 22-27 17-21 20-25 14-20 18-24 12-18 

 
Indicators J F M A 

 
M J J A S O N D Totals 

Humid H1 √ √ √ √ 
 

√ √ 
 

√ √ √ √ √ √ 12 

H2             0 
H3 √ 

 
√ 
 

√ 
 

√ 
 

√ 
 

√ 
 

√ √ 
 

√ 
 

√ 
 

√ 
 

√ 
 

12 

Arid A1     √ √ √      3 
A2             0 
A3             0 
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Applicable when 
Meaning 

Indicator Thermal stress Rainfall  Humidity 
group 

Monthly mean 
range 

Day Night    
Air Movement 
essential  

H1 H   4 Less than 10 
H   2,3  

Air Movement 
desirable 

H2 O   4  

Rain protection 
necessary 

H3 Over 200 mm 

Thermal capacity 
necessary 

A1    1,2,3 More than 10 

Outdoor sleeping 
desirable 

A2  H  1,2  
H O  1,2 More than 10 

Protection from cold A3 C     
 
 List of recommended specifications 

Indicators 
H1 H2 H3 A1 A2 A3 
12 0 12 3 0 0 

 
Layout 

   0-10    1 Orientation north and south(long axis east and west) 
   11,12  5-12 

0-4 √ 2 Compact courtyard planning 
 
Spacing 

11,12      √ 3 Open spacing for breeze penetration 
2-10       4 As 3 , but protection from hot and cold wind 
0,1       5 Compact layout of estates 

               
Air Movement 

3-12      √ 6 Rooms single banked, permanent provision of air 
movement 1,2   0-5 

6-12    7 Double banked rooms , temporary provision of air 
movement 0 2-12   

0,1      8 No air movement requirement 
 
Openings 

   0,1  0 √ 9 Large openings, 40- 80% 
   11,12  0,1  10 Very small openings , 10- 20% 
Any other conditions     11 Medium openings, 20- 40% 

 
Walls and roofs 

   0-2    12 Light walls, short time lag 
   3-12   √ 13 Heavy external and internal walls 

 
Roofs 

   0-5   √ 14 Light insulated roofs 
   6-12    15 Heavy roofs over 8h time lag 

 
Outdoor sleeping 

    2-12   16 Space for outdoor sleeping required 
 
Rain protection 

  3-12    √ 17 Protection from heavy rain necessary 
 
List of detailed recommendations 

Indicators 
H1 H2 H3 A1 A2 A3 
12 0 12 3 0 0 

 
Size of openings 

   0,1  0 √ 1 Large          :         40 – 80% 
1-12 √ 2 Medium      :         25 - 40% 

   2-5   
   6-10    3 Small          :         15 - 25% 
   11,12  0-3  4 Very small  :         10- 20% 

 4-12  5 Medium       :        25 – 40% 
   
 
 
     



587 
J. Appl. Sci. Res., 8(1): 582-588, 2012 

 

Position of openings 
3-12      √ 6 in north and south walls at body height on windward 

side 
 

1-2   0-5 

6-12    7 As above, openings also in internal walls 
0 2-12   

        
Protection of openings 

     0-2  8 Exclude direct sunlight 
  2-12    √ 9 Provide protection from rain 

 
Walls and floors 

   0-2    10 Light, low thermal capacity 
   3-12   √ 11 Heavy, over 8hr time lag 

 
Roofs 

10-12   0-2   √ 12 Light, reflecting surface, cavity 
3-12   √ 13 Light, well insulated  

0-9   0-5 
6-12    14 Heavy over 8hr time lag 

 
External features 

    1-12   15 Space for Outdoor sleeping 
  1-12    √ 16 Adequate rain water drainage 

 

6. Design recommendations according to the Mahoney tables: 
 
 After analyzing the climatic data in the tables1, 2,3,4,5 and 6 some preliminary design recommendations 
are formulated which give us some recommendations on the building layout, spacing, air movement, openings, 
walls, roofs and rain protection. The following is a summary of design recommendations for the coastal region 
of Nagappattinam in India 
 
a. Layout: compact courtyard planning 
b. Spacing: Open spaces for breeze penetration, but protection from hot and cold winds  
c. Air movement: Rooms should be single banked with permanent provision for air  movement  
d. Openings: Large and Medium level of openings, 25-40%  
e. Position of openings: in windward side at body height  
f. Walls: Heavy walls  
g. Roofs : Light, insulated roofs ,cavity 
h. Protection of openings: protection from rain  
 
7. Conclusion:  
 
 By comparing the results of climatic analysis of traditional residential buildings in the coastal region of 
Nagappattinam with the design recommendations from the Mahoney tables it can be seen that traditional 
builders already have used these design guidelines if we ignore some exceptions. The traditional buildings in the 
coastal region of Nagappattinam has compact courtyard planning which is the same as recommended by the 
Mahoney tables. Also in traditional buildings spaces are single banked and there is a good opportunity for 
natural ventilation which is as well recommended by the Mahoney tables. The cross ventilation is achieved by 
windows, wind catchers at the top of the courtyards.  
 The Mahoney tables propose heavy walls with large and medium openings on the walls which can be seen 
in the most of traditional buildings.  In addition, protection from the rain which is recommended by the 
Mahoney tables is obviously visible in traditional architecture of this region. It can be seen that traditional 
builders in the coastal region of Nagappattinam knew how to build their buildings in harmony with the nature 
and how to use natural forces in a way that they could achieve a comfortable living condition in their dwellings. 
Once architects can improve the living qualities by following some simple rules in modern buildings.  
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