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Abstract Brick masonry wall is the more common walling system being used in
residential buildings. As the demand for housing is increasing, new construction
materials are coming up in the market and being utilized in the construction. Solid
concrete blocks (SCB) and autoclave aerated concrete (AAC) blocks are the two
materials which are most commonly used in most of the construction sites apart from
the clay bricks (CB). The thermal behaviour of the buildings with these materials
needs to be studied. It is also necessary to reduce the heat inside the building to
improve the human comfort. Effect of coating material over roof also needs to be
studied.Living comfort inside anybuildingmainly depends on the “thermal comfort”.
Thermal comfort mainly involves the interior conditions of the rooms, i.e. mainly
temperature and humidity, maintaining and distributing it evenly, and the quality
of air (purity, humidity rate, healthiness). By providing a thermal insulation to all
the surfaces combined with seasonal adoption of ventilation, thermal comfort can
be achieved in different climate conditions. By keeping these points in a view, a
thorough studywas conducted to know the thermal variations in various housemodels
by varying the wall type. Results indicated the superior thermal performance of the
model with AAC block in comparison with the models made with solid concrete
block and clay brick.
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1 Introduction

Anyone who lived in the building or a different climate conditions may have expe-
rienced the discomfort of particularly very higher temperatures during the summer
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season compared with the other seasons. In India, most of the newly constructed
buildings are constructed of concrete with a flat roof. These surfaces absorb sunlight
and transfer the heat inside the building [1]. This hot roof continues to heat up the
space in day and night and making the building more hotter especially in the summer
season.

Thermal insulation of wall components and cool roof coating of roof is provided
to control heat transfer [2]. Temperature and humidity in the building are important
factors influencing the human discomfort. The wall components in most of the build-
ings are constructed either with clay bricks or solid concrete blocks or autoclaved
aerated concrete blocks. Out of which, brick is one of the most extensively used
construction material which is used in the construction of the walls [3]. Introduction
of holes in the clay bricks reduces volume and as well as it increases the insulation.

Autoclave aerated concrete blocks are made by using sand, quick lime, water,
gypsum, cement and small amount of chemical used as foaming agent. AAC has
good thermal insulation and good absorption properties. AAC blocks are lightweight
and offer ultimate workability, flexibility and durability.

A solid cement concrete block (SCB) is extensively used as a building material in
the construction of walls. These blocks are available in different sizes. In manufac-
turing of the solid cement concrete block, concrete mixes use cement, sand, gravel
and water in the suitable proportion for the construction. The solid concrete block
are water resistant, aesthetic appearance and fire resistant [4].

The main objective of the present work is to study the temperature variations of
various buildingmodelswith differentwalling systems and also to study the reduction
in roof temperature by applying the roof coatings.

2 Literature Review

Vengala et al. [5] conducted limited studies on two models one with AAC blocks
and another with solid concrete blocks. The studies indicated that AAC block model
showed better thermal comfort in comparison with the solid concrete block model,
i.e. during day time cooler by 1–2 °C. Between these two models, the maximum
temperature difference observed was 3 °C.

Patil et al. [6] carried out a theoretical analysis on thermal analysis of RC
Roofing with various composite materials. Composite materials comprised of RC
Roofing with polyurethane foam, RC Roofing with polystyrene, RC Roofing with
polyurethane foam and GI sheet, RC Roofing with polystyrene. Based on the anal-
ysis, the combination of RC Roofing with polystyrene and GI sheet was found to
be feasible in improving the thermal comfort. Techno-economical analysis carried
out showed the least cost for a combination of RC Roofing with polystyrene and GI
sheet.

Perez et al. [7] studied the thermal performance of a solid roof topwith andwithout
insulation by varying two colours using the finite volume method. The insulating
material comprised of polystyrene, and colour variation considered was grey and
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white. The roofing with white coloured coating significantly reduced the interior
surface temperature when compared with grey coloured coating.

Dharek et al. [8] investigated the efficacy of cool roof coatings w.r.t thermal anal-
ysis for the Bengaluru region. Aluminium-based coating and acrylic-based coating
were considered as part of the study. The temperature variations were recorded with
sensor-based digital temperature data loggers on the scaled models with these coat-
ings. The models coated with aluminium-based coatings showed better performance
in bringing down the temperature levels inside the scaled building models. Para-
metric analysis carried out as part of this study indicated total heat loss being more
for models without coating.

3 Experimental Programme

The house models were set up on the roof portion of a building in the college.
The models are directly exposed to the sun to simulate the real-time conditions.
The models were constructed in the month of May. Based on the temperature data
obtained [9] in Fig. 1, the temperature values in Vijayawada used to reach peak in
the month of May.

For temperature measurements, three model houses were built. The size of the
house model was 1.5 m × 1.5 m × 0.87 m. Each model building has same size and

Fig. 1 Vijayawada temperature map [9]
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shape, but each one was built with different building materials. One was constructed
using solid concrete blocks (SCB) and clay brick (CB), and the other was constructed
using autoclave aerated concrete blocks (AAC). Table 1 gives the details of the
materials used in both the model rooms used for thermal comfort studies.

The model buildings were equipped with DH11 sensors to measure the internal
temperature and the humidity. Raspberry Pi module was used to record the tempera-
ture measurements. Figure 2 shows the testing of the sensor set-up before installing
on to the models.

The model buildings are constructed in the Vijayawada region. The models have
the two windows on either side with dimension of 0.3 m× 0.6 m one on the southern
wall and another on northern wall. The height between the inner slab surface and
floor level is 0.87 m, i.e. inside model. Figure 3 shows the view of building models.

To understand the effect of coating on the roof surface, threemore buildingmodels
constructed using AAC Block, CB and SCB, and white acrylic cool roof coating was
applied on these models as shown in Fig. 4. Before applying the coating, surface

Table 1 Details of the materials used in all the model rooms

Model room AAC SCB CB

Blocks used Autoclaved aerated
concrete blocks

Conventional solid
cement concrete
blocks

Clay brick

Material used for
joints

Cement mortar as 1 in
3

Cement mortar as 1 in
3

Cement mortar as 1 in
3

Material used for
plastering

Cement mortar as 1 in
6

Cement mortar as 1 in
6

Cement mortar as 1 in
6

Roofing material Reinforced cement
concrete

Reinforced cement
concrete

Reinforced cement
concrete

Curing period 14 days 14 days 14 days

Size of the block 600 mm × 200 mm ×
100 mm

400 × 200 × 100mm 228 × 107 × 69 mm

Fig. 2 Testing of the sensor
and Raspberry Pi set-up
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Fig. 3 View of the building
models used in the study

Fig. 4 Application of acrylic cool roof coating over the roof portion

preparation was carried out. Two coats was applied on the surface. Temperature
values were measured for the building models with and without coating.

4 Results and Discussions

This section presents the temperature and humidity results of block specimens for
30 days under varying climate conditions. The temperature readings were obtained
after continuous monitoring. Data loggers were placed on the top surface of roof
and inside the model house. DH11 sensors were placed in each type of building
model. Temperature and humidity data was recorded for all the models, and average
temperatures were calculated. Table 2 gives the temperature and humidity data of a
typical day in the month of May for model house with AAC Block. The table gives
the average hourly temperature and humidity data between 10 AM to 4 PM. The
peak temperature values were observed between 1 and 2 PM. From Table 2, it can
be seen that the difference in temperature is almost 9–10 °C during the peak hours.
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Table 2 A typical day [15.05.2019] temperature and humidity measured for model house with
AAC block

Time
during the
day

Avg. int.
temp in °C

Avg. ext.
temp in °C

Diff. in
temp in °C

Avg. int.
humidity in
%

Avg. ext.
humidity in
%

Diff. in
humidity in
%

10–11 AM 27.0 32.0 5.0 55.0 65.5 − 16.8

11–12 AM 29.0 37.0 8.0 67.0 42.5 − 20.1

12 AM–1
PM

32.0 42.0 10.0 65.5 59.0 − 32.5

1–2 PM 38.0 47.0 9.0 45.0 39.8 − 26.5

2–3 PM 38.1 44.5 6.4 45.2 19.5 − 24.5

3–4 PM 38.1 40.0 1.9 40.4 25.5 − 25.5

Tables 3 and 4 give the temperature and humidity data for the house model with
CB and SCB, respectively. Even in these house models, significant difference in
temperature was observed during the peak hours.

Table 3 A typical day [15.05.2019] temperature and humidity measured for model house with CB

Time
during the
day

Avg. int.
temp in °C

Avg. ext.
temp in °C

Diff. in
temp in °C

Avg. int.
humidity in
%

Avg. ext.
humidity in
%

Diff. in
humidity in
%

10–11 AM 29.0 32.0 3.0 67.0 65.5 − 1.5

11–12 AM 30.0 33.0 3.0 67.0 62.5 − 4.5

12 AM–1
PM

38.3 42.0 3.7 46.3 59.0 12.7

1–2 PM 40.0 47.0 7.0 46.0 39.8 − 6.3

2–3 PM 39.0 44.5 5.5 44.0 19.5 − 24.5

3–4 PM 37.0 40.0 3.0 42.0 25.5 − 16.5

Table 4 A typical day [15.05.2019] temperature and humidity measured for model house with
SCB

Time
during the
day

Avg. int.
temp in °C

Avg. ext.
temp in °C

Diff. in
temp in °C

Avg. int.
humidity in
%

Avg. ext.
humidity in
%

Diff. in
humidity in
%

10–11 AM 29.0 32.0 3.0 69.0 65.5 − 3.5

11–12 AM 31.5 37.0 5.5 62.0 62.5 0.5

12 AM–1
PM

38.0 42.0 4.0 39.4 59.0 19.6

1–2 PM 39.0 47.0 8.0 38.0 39.8 1.8

2–3 PM 38.2 44.5 6.3 38.5 19.5 − 19.0

3–4 PM 38.0 42.0 4.0 38.2 25.5 − 12.7



Thermal Comfort Studies of Residential Building … 129

Table 5 presents the average hourly temperature during the entire month, i.e. May
for the model house with AAC blocks.

Figure 5 represents the average hourly temperature values for all the three houses
during the peak hour. From the figure, it is evident that AAC block house model has
the less value followed by SCBmodel and CBmodel. From Fig. 6, it can be seen that

Table 5 Details of avg. difference in temperature in °C during May 2019 for model house with
AAC block

Day 10–11 AM 11–12 AM 12 AM–1 PM 1–2 PM 2–3 PM 3–4 PM

Difference in temperature in °C

1 5 9 10 10 9.4 5.9

2 4.8 8.3 11 10.9 12.1 5

3 8.7 9.5 8.5 11.5 9.5 7

4 7.3 9.2 10.2 8.5 8.3 8.5

5 6.7 9.8 10.6 9.5 5.7 7

6 4.5 5.3 10 12 8.4 8

7 2 8.8 11 10.9 12.9 5

8 7.1 10.5 9.5 11.5 7.5 9

9 8.1 9.2 10.2 7.5 7.3 9.5

10 6.7 10.8 12.3 10.5 5.7 7

11 2 3 8.6 10 8.5 5

12 2.6 9.7 12 11.9 13.4 7

13 7.1 8.7 7.2 7.5 8 8

14 10.1 9.4 9.7 6.2 5 5.5

15 5 8 10 9 6.4 1.9

16 1.8 8.3 11 10.9 12.1 5

17 6.7 9.5 7.5 7.5 6.5 7

18 7.3 8.2 9.2 7.5 6.3 7.5

19 6.7 9.8 10.6 9.5 5.7 7

20 3.5 5.3 10 9 6.4 4

21 2 8.8 11 10.9 12.9 5

22 7.1 9.5 7.5 7.5 6.5 7

23 7.1 8.2 9.2 7.5 6.3 7.5

24 6.7 9.8 11.3 9.5 5.7 7

25 1 2.4 8 11 8.5 5

26 2.6 9.7 12 11.9 13.4 7

27 7.1 8.7 7.2 7.5 8 8

28 7.1 8.4 9.7 7.2 5 5.5

29 7.1 9.5 8.5 9.5 9.5 7

30 7.1 8.2 9.2 7.5 6.3 7.5
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Fig. 5 Average hourly
temperature for all the
houses during peak hour

Fig. 6 Average difference in
temperature for all the
houses during peak hour

the temperature difference with ambient is high in case of AAC block house model
followed by SCB model and CB model. This clearly shows the better performance
of AAC block house model in comparison with other two house models. Table 6
presents the average hourly humidity values during the entire month, i.e. May for
the model house with AAC blocks. Table 7 gives the average temperature difference
(Fig. 7) and humidity values for all the three houses during the month of May.

Relative humidity affects both thermal comfort and indoor air quality. As air
temperature increases, the RH decreases. High RH make people hot and sticky in
warm weather. Low RH (very dry air) can cause dryness and discomfort in the nose
and make skin feel dry and itchy.

From Fig. 8, it can be seen that the humidity difference with external value is
high in case of AAC block house model; hence, the humidity inside the model is
less when compared with other two house models. This indicates the good thermal
comfort inside the AAC house model.
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Table 6 Details of avg. difference in humidity values in % during May 2019 for model house with
AAC block

Day 10–11 AM 11–12 AM 12 AM–1 PM 1–2 PM 2–3 PM 3–4 PM

Difference in humidity in %

1 10.5 − 24.5 − 6.5 − 5.2 − 25.7 − 14.9

2 0.3 − 13.3 − 5.8 − 31.2 − 34.9 − 28.9

3 − 15.7 − 24.7 − 30.4 − 34.5 − 29.5 − 17

4 − 15.6 − 18.4 − 30.5 − 25.3 − 34.5 − 42

5 − 17.1 − 17.4 − 31.2 − 29 − 24.2 − 30

6 10 − 4.5 − 6.5 − 5.2 − 25.7 − 14.9

7 0.7 − 13.2 − 5.8 − 31.2 − 34.9 − 28.9

8 − 15.3 − 24.7 − 30.4 − 34.5 − 29.5 − 17

9 − 15.6 − 18.4 − 30.5 − 25.3 − 34.5 − 42

10 − 17.1 − 17.4 − 31.2 − 29 − 24.2 − 30

11 7.5 9.4 14 − 4.2 − 20.2 − 28.9

12 − 0.7 − 17.7 − 15.2 − 40.2 − 42.7 − 16.5

13 − 9.3 − 12.2 − 14.8 − 25.3 − 32 − 40.5

14 − 16.8 − 20.1 − 32.5 − 26.5 − 24.5 − 25.5

15 10.5 − 24.5 − 6.5 − 5.2 − 25.7 − 14.9

16 0.3 − 13.3 − 5.8 − 31.2 − 34.9 − 28.9

17 − 15.7 − 24.7 − 30.4 − 34.5 − 29.5 − 17

18 − 15.6 − 18.4 − 30.5 − 25.3 − 34.5 − 42

19 − 17.1 − 17.4 − 31.2 − 29 − 24.2 − 30

20 10 − 4.5 − 6.5 − 5.2 − 25.7 − 14.9

21 0.7 − 13.2 − 5.8 − 31.2 − 34.9 − 28.9

22 − 15.3 − 24.7 − 30.4 − 34.5 − 29.5 − 17

23 − 15.6 − 18.4 − 30.5 − 25.3 − 34.5 − 42

24 − 17.1 − 17.4 − 31.2 − 29 − 24.2 − 30

25 7.5 9.4 14 − 4.2 − 20.2 − 28.9

26 − 0.7 − 17.7 − 15.2 − 40.2 − 42.7 − 16.5

27 − 9.3 − 12.2 − 14.8 − 25.3 − 32 − 40.5

28 − 16.8 − 20.1 − 32.5 − 26.5 − 24.5 − 25.5

29 − 15.3 − 24.7 − 30.4 − 34.5 − 29.5 − 17

30 − 15.6 − 18.4 − 30.5 − 25.3 − 34.5 − 42

Table 8 gives the details of the average difference in temperature values for the
models with and without white acrylic coating. The effect of coating over the roof
surfaces reduces an internal temperature of 2 °C for all the house models.

Based on the studies conducted on house models, AAC model shown better
thermal comfort in comparison with the model with SCB and clay brick (CB). The
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Table 7 Average difference in temperature and humidity measured for all the model house for the
entire month of May 2019

House model 10–11 AM 11–12 AM 12 AM–1 PM 1–2 PM 2–3 PM 3–4 PM

Average difference in temperature in °C

AAC block 5 9 10 11 9.4 5.9

Brick 3.3 4.8 5.0 5.6 5.4 5.0

solid Concrete
block

4.4 7.3 7.6 7.7 8.0 5.4

Difference in humidity in %

AAC block − 7.3 − 15.9 − 19.2 − 25.1 − 29.9 − 27.1

Brick − 5.9 − 3.6 − 5.2 − 19.0 − 26.0 − 29.9

solid Concrete
block

− 5.7 − 8.7 − 6.9 − 18.9 − 26.1 − 25.8

Fig. 7 Average monthly
difference in temperature for
all the houses during day
time

Fig. 8 Average monthly
difference in humidity for all
the houses during day time
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Table 8 Details of avg.
difference in temperature
values in °C for the models
with and without coating
during peak hour (1–2 PM)

Model Room AAC (°C) SCB (°C) CB (°C)

Without coating 8 5 6

With coating 10 7 8

thermal conductivity of clay bricks and solid concrete blocks is comparably high in
comparison with AAC blocks, and hence, heat transfer from solid block/clay brick
is more than AAC block.

5 Conclusions of the Present Study

The following conclusions have been drawn from the above study.

• Average difference of outside ambient temperature and internal temperature vari-
ation of nearly 4 °C in the brick model, 6 °C in a solid cement block and 8 °C in
an autoclaved aerated concrete block in models without coating.

• With a white acrylic coating (cool roof based coating), the difference in temper-
ature with and without coating was 10 °C, 8 °C and 6 °C, respectively for AAC
block model, SCB model and clay brick building model.

• Among the three models, AAC block house model showed the more reduction in
humidity inside the model when compared to external humidity. This resulted in
better comfort inside the AAC model.

• Among the solid concrete block model and clay brick model, SCB showed better
performance and this may be due to the thickness of the walling material when
compared with the clay brick wall.
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