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Karpagam Academy of  Higher Education, Coimbatore
Faculty of Architecture and Planning–Masters in Advanced
Design
Research methodology (22MARSS4)
Comparison of thermal performance between madras terrace and
concreate roofing in warm and humid climate of Coimbatore
Abstract
Thermal performance of roof is one of the most important factor for achieving
indoor thermal comfort in tropical climate the aim of the research to find best performing
roof in warm humid climate of India. The research has been carried out in Coimbatore,Tamil
Nadu, India. The study is aim to find the roof construction which gain the least amount of
heat during the hottest day of Summer and to find how much thermal comfort is provided.
Therefore here an attempt of study two different types of roof present in the same building
and compared its thermal performance. In this the comparison done with Madras terrace
roofing and RCC roofing of a residence in Coimbatore,the residence monitor for three weeks
and Research analyse to find the effectiveness of roofing the study process the hierarchy of
thermal performance of two roofs that were compared. Experimental approach in which the
measurements of outdoor and indoor environments are conducted on this residential building
during summer days.
Keywords: Room thermal performance, thermal comfort, roofing system, RCC roofing,
Madras terrace roofing, warm humid climate.
1.Introduction
Generally, warm humid areas have a high population density. The energy consumption for
thermal comfort is also rising in those areas. Now a days the buildings were not designed as
per the suitable climate, such buildings using expensive heating, cooling and lighting systems
are highly dependent on mechanical and electrical systems to control the indoor environment
of occupants. This situation in turn provokes the consumption of large quantities of fossil fuels
that causes a severe negative impact on the environment. Therefore, it is necessary to modify
these trends and to apply corrective measures oriented towards the application of sustainable
actions in buildings.
The thermal performance of the building envelope can make a significant contribution in
reducing the overall building energy usage. The building envelope such as the interface
between the interior of the building and the outdoor environment, including the internal walls,
external walls and roof serves as a thermal barrier and plays an important role in determining
the amount of energy necessary to maintain a comfortable indoor environment relative to the
outside environment. Minimizing heat transfer through the building envelope is crucial for
reducing the need for space heating and cooling.
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The primary function  of building envelope is to control the heat loads. It is necessary to
shield any windows from direct sun penetration, and to reduce the heat transmitted through the
sunlight walls and the roof. The east and west walls receive a good deal of radiation, but when
the angle of incidence is small (early morning and late afternoon) the intensity of radiation is
not at its maximum. The north and south walls receive comparatively little radiation and are
much easier to shield with overhangs. The walls are easily shaded by overhanging eaves,
verandas and therefore gradually acquire temperatures near to the air temperature.
However, the roof is the most exposed to impacts of solar radiation, as it receives sunlight
for practically the whole of the day, and in the warm humid regions. Heat gain through roof
elevates ceiling surface temperature and causes radiant heat load on the occupants. Roofs in
particular are envelope components for which advanced solutions can provide significant
energy savings in cooled buildings or improve indoor thermal conditions in not cooled
buildings . The term roof includes the roof structure, the outer covering, and layers of insulating
materials or membranes and the ceiling.
The thermal performance of a building is affected by the solar absorbance of roof. During
a clear sky conditions up to about 1 KW/m² of radiation can be incidental on a roof surface and
between 20% and 90 % of this radiation is typically absorbed. In many studies the heat gain
through the roof present 50 % of the total heat gain in buildings.Vertical surfaces such as walls,
the roof is exposed to the sun throughout the daytime round the year, significantly contributing
to building heat gain .
The optimization of the thermal performance of the roof can be achieved through different
levels of thermal mass, insulation, geometry of ceiling, external colour and levels of ventilation.
Optimizing roof materials can play a vital role in lowering down the heat built up in both air-
conditioned spaces and naturally ventilated spaces. This research is purposed to study the roof
constructions in terms of thermal comfort of the users.
1.1 Study area and Climatic conditions :
The study area in Coimbatore, Tamil Nadu, India comes under Warm Humid Climate
zone(shown in Fig 1). Warm humid climates have a temperature range from 64°F to 100°F (18-
38°C). There is usually no great temperature difference between the seasons and night
temperatures are close to daytime temperatures. Humidity is high during most of the year and
can vary from 55% to 100%. Precipitation is quite high and can vary from 49” to 197” (1250-
5000 mm). The air temperature and relative humidity are the important factors in determining
the comfort level in warm humid region In this type of climate, the main function of the
buildings is to simply moderate the daytime heating effects of the external air.
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Fig:1 : Existing  bioclimatic classification of India and Map showing Coimbatore in
Tamilnadu, India
Coimbatore is located between 11.004 North latitude, 76.961 East Longitude at an
altitude of about 432 meters from sea level. Temperatures during summer generally reach a
maximum of 33 °C and a minimum of 18.3 °C. The hottest months are from March to July
(Table 1). Air temperature is moderately high with little variation between day and night.
Relative humidity (RH) varies from 50% and 80% and wind velocity varies from 3.5 m/s to
7 m/s.
Table :1 climatic data Coimbatore, India (source: India metrological department)
1.2 Studied roof types
In this paper, two different types of roofs are studied with conventional material, namely
RCC roofing and Madras terrace roofing. The thermal performance of these roofs are
compared with each other to form a hierarchy of their performance. The schematic diagram
of Madras terrace roofing and RCC roofing were shown in Fig.2,3.
January February March April May June July August September
October NovemberDecember
Avg. Temperature °C (°F) 23.9 °C 25.8 °C 28.1 °C 28.9 °C 27.5 °C 25.2 °C 24.5 °C 24.5 °C 25 °C 24.8 °C 23.9 °C 23.2 °C
Min. Temperature °C (°F) 18.3 °C 19.7 °C 22 °C 24.1 °C 23.9 °C 22.6 °C 22 °C 21.9 °C 22 °C 21.7 °C 20.5 °C 18.8 °C
Max. Temperature °C (°F) 29.8 °C 32.3 °C 34.7 °C 35.5 °C 33.1 °C 29.5 °C 28.7 °C 28.7 °C 29.7 °C 29 °C 27.9 °C 27.9 °C
Humidity(%) 57% 48% 47% 58% 69% 78% 79% 79% 76% 78% 75% 68%
Rainy days (d) 2 2 3 7 12 11 12 12 12 16 12 6
avg. Sun hours (hours) 8.4 9.4 10 10.3 9.8 8.2 8 7.9 8.4 8.2 7.4 7.3
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Fig :2 Schematic  diagram RCC roofing
An RCC roofing is a horizontal structural component constructed with a
combination of concrete and steel reinforcement. It forms the uppermost part of a building,
serving as a protective cover against weather elements and providing support to the overall
structure.
Fig :3 Schematic diagram Madras terrace roofing
The Madras terrace roofing adopt composite flooring arrangements incorporating terrace
bricks and a lime concrete mixture, particularly in southern India. Over the years, this
construction has demonstrated its great strength with durability, significantly decreased
overall temperature, resilience and water resistance.
2. Methodology
This study is an evaluation to the indoor thermal performance of Madras
terrace roofing and RCC roofing in thermal performance of the residential building in Warm
humid climate of Coimbatore, Tamilnadu, India. This study is carried out in three steps:
(1) a naturally ventilated residence building with conventional RCC roof and madras terrace
roofing was selected for the study, (2) residence was monitored for temperature using black
globe thermometer and hygrometer (shown in Fig 4). (3) Collection of temperature data for
both concrete and Madras terrace roofing and analyzing with graphs.
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Fig :4 Hygrometer  and Black globe thermometer
2.1 Selection of building
A naturally ventilated residence building in race course, the city center of
Coimbatore, was selected for the study. The building is located within the residential colony,
surrounded by residential building towards the East, commercial towards the West, empty
plot towards the North, and 4.5m wide road towards the South (plan shown in Fig 5)(section
shown in Fig 6).
Fig :5 Plan of the Residence with RCC and Madras terrace roofing(Red-concrete ,
Blue – Madras terrace roofing)
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Fig :6 Section  A and B refers cross section of RCC and Madras terrace roofing
Table :2 climatic data Coimbatore, India (source: India metrological department)
2.2 Monitoring of a residence
Experimental investigations of indoor/outdoor thermal performance of the selected
roofs were done through field study. This was done to compare the direct effect of two roofs in
the thermal comfort of indoor within the same condition of the outdoor ambient environment.
The field measurement was not influenced by any shadows or reflected solar radiation since
there were no high-rise buildings around it.
The building was fully occupied by residents and no mechanical cooling was used
during the field measurements period. The measurements of indoor and outdoor microclimates
of test room with two types conducted for 3 weeks in certain period of interval in
May,June2023, which is the overheated period in summer in Coimbatore. The experiment was
conducted to appreciate the traditional construction and to explore the present trends in house-
building technology and identify the problem of designing roof for thermal comfort in warm
humid zone. The outdoor air temperature, indoor air temperature, and indoor humidity were
monitored during the experiment. The door was shut during the measurement while the window
remains opened during daytime hours and was shut during night-time hours.
SI.NO ELEMENT Thickness/Size Description
1 Madras terrace roof 250mm Madras terrace roof with wooden rafters and white finish indoor
2 RCC roof 150mm RCC with no weather course white wash finish indoor
3 Internal walls 400mm Clay brick with mud plaster and white wash finish
4 External walls 400mm Clay brick with mud plaster and white wash finish
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The measurement were  taken separately for madras terrace and RCC roofing and
analysed with graphs . The measuring time period is 8:00 am to 12:00am in two hour intervals
between every measurement that taken in 3 weeks. Interior spaces of the residence were shown
in Fig7,8,9
Fig :7 Dinning Fig:8 Living area Fig:9 Interior view
(RCC Roofing) (Madras Terrace roofing)
2.3 Reinforced Concrete (RCC) roofing
With the advent of Reinforced Concrete, flat floors and roofs of all modern
buildings are now a day’s made of reinforced concrete. Horizontal slabs of steel reinforced
concrete, typically between 100 and 500 mm thick, are most often used to construct floors and
ceilings. A 10 cm thick layer of brick-bat concrete is laid, consisting of 3 parts of brick-bats, 1
part of gravel and sand ,the RCC slab. The concrete is well rammed so that the thickness
reduces to 7.5 cm.
The measurement is taken with hygrometer , time period is 8:00 am to 12:00am
in two hour intervals between every measurement that taken in 3 weeks.
Table :3 RCC roofing measured climatic data week -1(19-05-2023 – 25-05-2023)
Date/Time 8:00am 10:00am 12:00 PM 2:00pm 4:00 PM 6:00 PM 8:00 PM 10:00 PM 12:00 AM
28°C 30°C 33°C 35°C 30°C 26°C 26°C 26°C 25°C
27°C 28°C 31°C 33°C 28°C 25°C 25°C 25°C 25°C
28°C 31°C 32°C 34°C 33°C 29°C 28°C 27°C 26°C
26°C 30°C 30°C 31°C 30°C 28°C 27°C 26°C 25°C
27°C 31°C 33°C 35°C 34°C 31°C 30°C 28°C 27°C
25°C 29°C 30°C 31°C 32°C 30°C 28°C 27°C 25°C
28°C 32°C 34°C 36°C 34°C 29°C 28°C 27°C 27°C
26°C 30°C 32°C 33°C 31°C 28°C 27°C 26°C 25°C
28°C 33°C 34°C 35°C 33°C 30°C 29°C 28°C 27°C
26°C 30°C 32°C 33°C 30°C 30°C 27°C 26°C 25°C
27°C 29°C 33°C 35°C 34°C 32°C 29°C 28°C 27°C
28°C 29°C 31°C 30°C 30°C 27°C 26°C 25°C 25°C
29°C 31°C 33°C 30°C 31°C 29°C 28°C 28°C 27°C
27°C 29°C 31°C 33°C 30°C 29°C 27°C 27°C 25°C
19-05-2023
20-05-2023
21-05-2023
22-05-2023
23-05-2023
24-05-2023
25-05-2023
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Fig :10 RCC  roofing measured climatic data graph week -1(19-05-2023 – 25-05-2023)
Table :4 RCC roofing measured climatic data week -2(05-06-2023 – 11-06-2023)
Fig :11 RCC roofing measured climatic data graph week -2(05-06-2023 – 11-06-2023)
Date/Time 8:00am 10:00am 12:00 PM 2:00pm 4:00 PM 6:00 PM 8:00 PM 10:00 PM 12:00 AM
05-06-2023 27°C 29°C 33°C 35°C 32°C 31°C 29°C 28°C 27°C
25 27 30 33 30 29 27 26 25
06-06-2023 28°C 30°C 33°C 35°C 32°C 30°C 29°C 28°C 27°C
26 28 32 34 30 29 29 28 27
07-06-2023 29°C 31°C 34°C 35°C 30°C 28°C 27°C 27°C 25°C
28 30 32 32 28 26 25 26 23
08-06-2023 27°C 29°C 33°C 35°C 32°C 29°C 29°C 27°C 25°C
26 28 32 34 30 28 28 26 24
09-06-2023 27°C 31°C 32°C 32°C 30°C 29°C 26°C 25°C 24°C
25 29 30 30 29 28 25 24 23
10-06-2023 26°C 29°C 32°C 33°C 30°C 28°C 27°C 25°C 24°C
24 27 30 31 28 27 26 24 24
11-06-2023 27°C 30°C 32°C 33°C 30°C 28°C 27°C 27°C 26°C
26 29 31 32 29 27 26 26 26
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Table :5 RCC  roofing measured climatic data week -3(21-06-2023 – 26-06-2023)
Fig :12 RCC roofing measured climatic data graph week -2(21-06-2023 – 26-06-2023)
This experiment reflects wide variations in thermal performance of house and confirms that
the roof played the dominant role because of roofing systems. Comparison of Hourly variations
of the inside air temperature for typical summer days are presented in the Figures (10,11,12)
Comparison of the indoor temperature of all the investigated roofs is presented in Table3,4,5.
The average indoor air temperature measured in Reinforced concrete roof slab was about
33 ̊C, when compared with the ASHRAE standards it was observed that the indoor
temperature does not fall in the comfort zone. It is observed from the Figure 10 that during
the night times the indoor temperature is mostly equal to the the outdoor temperature. The
reason for the deviation in comfort levels in conventional buildings is due to lack of sufficient
thermal insulation in walls and roofs.
Date/Time 8:00am 10:00am 12:00 PM 2:00pm 4:00 PM 6:00 PM 8:00 PM 10:00 PM 12:00 AM
21-06-2023 26°C 29°C 31°C 33°C 30°C 29°C 28°C 26°C 25°C
25°C 28°C 30°C 32°C 29°C 28°C 27°C 25°C 24°C
22-06-2023 26°C 28°C 30°C 32°C 29°C 26°C 26°C 25°C 25°C
27°C 30°C 31°C 32°C 30°C 29°C 27°C 26°C 24°C
23-06-2023 26°C 28°C 31°C 31°C 29°C 29°C 27°C 25°C 25°C
27°C 29°C 32°C 32°C 30°C 30°C 28°C 26°C 25°C
24-06-2023 25°C 28°C 30°C 32°C 29°C 28°C 26°C 26°C 26°C
26°C 29°C 31°C 33°C 30°C 29°C 27°C 27°C 26°C
25-06-2023 26°C 29°C 31°C 32°C 29°C 27°C 27°C 26°C 26°C
27°C 30°C 32°C 33°C 30°C 28°C 27°C 27°C 26°C
26-06-2023 24°C 28°C 28°C 30°C 32°C 29°C 28°C 26°C 26°C
26°C 29°C 31°C 33°C 30°C 29°C 27°C 27°C 26°C
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2.4 Madras Terrace  roofing
Wooden beams, normally teak wood in those days, would be first placed
upon opposite walls across the width of the room, 450 to 600 mm apart. In case room spans are
wider, steel sections would be first placed dividing the room into shorter spans, along which
teak beams run. High density and high strength clay bricks, made to special thin size measuring
25mm x 75mm x 150mm, are used in Madras terracing. Properly mixed and matured is used
for bonding the flat tiles that are placed at an angle of 45 degrees to the wall, or diagonally
across the room width. These terrace tiles, placed on the edge, ensured tensile strength.
Thereafter, a three-inch thick layer of broken bricks or brick bats would be laid where nearly
half the volume would be made up of lime mortar, three parts brick, one part gravel and one
Fig :13 Madras terrace roofing measured climatic data graph week -1
(19-05-2023 – 25-05-2023)
part sand. This layer provided the compressive strength and load bearing capacity to the roof.
This layer needs to be well compacted, cured and levelled . The final layer would depend upon
the slab being an intermediate one or the final roof. If intermediate, a floor finish like red oxide
Table :6 Madras terrace roofing measured climatic data week -1
(19-05-2023 – 25-05-2023)
or lime mortar would be applied and if final, there would be courses of flat weather-proof tiles
topped by thick mortar to slope.
Date/Time 8:00am 10:00am 12:00 PM 2:00pm 4:00 PM 6:00 PM 8:00 PM 10:00 PM 12:00 AM
26°C 27°C 30°C 32°C 27°C 24°C 24°C 24°C 22°C
28°C 30°C 33°C 35°C 30°C 26°C 26°C 26°C 25°C
25°C 28°C 30°C 31°C 30°C 28°C 27°C 26°C 25°C
28°C 31°C 32°C 34°C 33°C 29°C 28°C 27°C 26°C
25°C 29°C 30°C 31°C 32°C 30°C 28°C 27°C 25°C
27°C 31°C 33°C 35°C 34°C 31°C 30°C 28°C 27°C
26°C 30°C 32°C 33°C 31°C 28°C 27°C 26°C 25°C
28°C 32°C 34°C 36°C 34°C 29°C 28°C 27°C 27°C
26°C 30°C 32°C 33°C 30°C 30°C 27°C 26°C 25°C
28°C 33°C 34°C 35°C 33°C 30°C 29°C 28°C 27°C
28°C 29°C 31°C 30°C 30°C 27°C 26°C 25°C 25°C
27°C 29°C 33°C 35°C 34°C 32°C 29°C 28°C 27°C
27°C 29°C 31°C 33°C 30°C 29°C 27°C 27°C 25°C
29°C 31°C 33°C 30°C 31°C 29°C 28°C 28°C 27°C
25-05-2023
19-05-2023
20-05-2023
21-05-2023
22-05-2023
23-05-2023
24-05-2023
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Fig :14 Madras  terrace roofing measured climatic data graph week -2
Table :7 Madras terrace roofing measured climatic data week -2
(05-06-2023 – 11-06-2023)
Date/Time 8:00am 10:00am 12:00 PM 2:00pm 4:00 PM 6:00 PM 8:00 PM 10:00 PM 12:00 AM
05-06-2023 27 29 33 35 32 31 29 28 27
25 27 30 33 30 29 27 26 25
06-06-2023 26 30 33 35 32 30 29 28 27
26 28 32 34 30 29 29 28 27
07-06-2023 29 31 34 35 30 28 27 27 25
28 30 32 32 28 26 25 26 23
08-06-2023 27 29 33 35 32 29 29 27 25
26 28 32 34 30 28 28 26 24
09-06-2023 27 31 32 32 30 29 26 25 24
25 29 30 30 29 28 25 24 23
10-06-2023 26 29 32 33 30 28 27 25 24
24 27 30 31 28 27 26 24 24
11-06-2023 27 30 32 33 30 28 27 27 26
26 29 31 32 29 27 26 26 26
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Fig :15 Madras  terrace roofing measured climatic data graph week -3
Table :8 Madras terrace roofing measured climatic data week -3
(21-06-2023 – 26-06-2023)
This experiment reflects wide variations in thermal performance of house and confirms that
the roof played the dominant role because of roofing systems. Comparison of Hourly variations
of the inside air temperature for typical summer days are presented in the Figures (13,14,15).
Comparison of the indoor temperature of all the investigated roofs is presented in Table 6,7,8.
The average indoor air temperature measured in Reinforced concrete roof slab was about
33 ̊C, when compared with the ASHRAE standards it was observed that the indoor
temperature does not fall in the comfort zone. It is observed from the Figure 13 that during
the night times the indoor temperature is mostly equal to the outdoor temperature. The
reason for the deviation in comfort levels in conventional buildings is due to lack of sufficient
thermal insulation in walls and roofs.
Date/Time 8:00am 10:00am 12:00 PM 2:00pm 4:00 PM 6:00 PM 8:00 PM 10:00 PM 12:00 AM
21-06-2023 26°C 29°C 31°C 33°C 30°C 29°C 28°C 26°C 25°C
25°C 28°C 30°C 32°C 29°C 28°C 27°C 25°C 24°C
22-06-2023 27°C 30°C 31°C 32°C 30°C 29°C 27°C 26°C 24°C
26°C 28°C 30°C 32°C 29°C 26°C 26°C 25°C 25°C
23-06-2023 27°C 29°C 32°C 32°C 30°C 30°C 28°C 26°C 25°C
26°C 28°C 31°C 31°C 29°C 29°C 27°C 25°C 25°C
24-06-2023 26°C 29°C 31°C 33°C 30°C 29°C 27°C 27°C 26°C
25°C 28°C 30°C 32°C 29°C 28°C 26°C 26°C 26°C
25-06-2023 25°C 30°C 32°C 33°C 30°C 28°C 27°C 27°C 26°C
26°C 29°C 31°C 32°C 29°C 27°C 27°C 26°C 26°C
26-06-2023 25°C 29°C 31°C 33°C 30°C 29°C 27°C 27°C 26°C
24°C 28°C 28°C 30°C 32°C 29°C 28°C 26°C 26°C
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3.Results and Discussion
This  experiment reflects wide variations in thermal performance of house and confirms that
the roof played the dominant role because of roofing systems. Comparison of Hourly variations
of the inside air temperature for typical summer days are presented in the Figures (16,17,18).
Comparison of the indoor temperature of all the investigated roofs is presented.
The average indoor air temperature measured in Reinforced concrete roof slab was about 33 ̊C,
when compared with the ASHRAE standards it was observed that the indoor temperature does
not fall in the comfort zone. It is observed from the Figure 3 that during the night times the
indoor temperature is mostly equal to the the outdoor temperature. The reason for the deviation
in comfort levels in conventional buildings is due to lack of sufficient thermal insulation in
walls and roofs.
Fig 16 : Madras terrace and RCC roofing comparative average analysis graph week -1
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Fig 17 :  Madras terrace and RCC roofing comparative average analysis graph week 2
Fig 18: Madras terrace and RCC roofing comparative average analysis graph week -3
In the investigated traditional roofs the Madras Terrace roof is considered to be a good
thermal insulator since it possesses a high unit-mass. Its high thermal capacity is conducive to
storing the absorbed heat for a longer period of time and releasing it back into the surrounding
space more slowly than the other materials being investigated in this study. The average indoor
temperature reading of the Traditional building with Madras Terrace roof (Figure 14,15)
measured on peak summer days is 28 ̊C which is equal to the Thermal comfort level mentioned
in ASHRAE standards. This shows that to achieve a better thermal performance of the roofs, it
is desirable to have a multi-layered roof comprising materials of different thermo physical
properties.
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Conclusion
Under warm humid  conditions various the thermal performances of two roofs
compared in residential building of Coimbatore region, Tamilnadu, India which is used to
improve space cooling in building has been tested. The experimental results examined the
effectiveness of such roof cooling system in comparison to a conventional Reinforced
Concrete roof and Madras terrace roofing. The parameters used for the analysis are the indoor
Air temperature and Humidity of the rooms under the experimented roofs.The results showed
that cooling inside buildings can be considerably improved by the application of passive roof
design. It was also seen that the Air temperature and Relative Humidity of rooms with
Madras Terrace roof air space in between remained stable and were close to the comfort
limits. This shows that to achieve a better thermal performance of the roofs, it is desirable to
have a multi-layered roof comprising materials of different thermo physical properties. It can
be concluded that the most important physical property of a roof is the thermal conductivity,
which must be as low as possible. The results obtained are useful for designing appropriate
building envelope configurations for passive solar building.
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