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ABSTRACT 

In recent times the inclination towards usage of industrial waste materials for the construction of buildings is gaining 

more importance than conventional building materials. These materials are economically more feasible thereby reducing 

the industrial waste elimination to a greater extent.  In hot and humid climates thermal comfort gains more significance 

among the occupants of the buildings. Hence, this paper aims at highlighting the thermal comfort of utilizing these 

industrial wastesin the construction of buildings.A building made out of industrial waste replaces normal bricks and 

concrete withmaterials which are the bi-products of industrial wastes. In order to assess the thermal comfort 

betweenconventional buildings and the building made from industrial waste, temperature and thermal conduct is 

monitored both manually and using simulation software and the results are compared to determine which of these 

provides a better living environment. 
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INTRODUCTION 

A. General 

Human activities on earth produce considerable quantities of wastes more than 2,500 million tons per year, 

including industrial and agricultural wastes from rural and urban societies. This creates serious problems to the 

environment, health and also the land filling. Now a days, the concrete is most used manmade material in the world. The 

Indian construction industry alone consumes approximately 400 million tons of concrete every year and the relative 

amount of mortar too. Therefore, the demand of the concrete and the required raw materials are very high. This causes 

the hike in the costs of cement, fine and coarse aggregates. Quite often the shortage of these materials is also occurring. 

To avoid the problems like cost hike and cuts in supply of concrete and mortar, the alternate material or the partial 

replacements for the cement, aggregate and bricks should be developed by recycling of waste materials. This provides us 

the low cost, light-weight and eco-friendly construction products[1].This paper presents the thermal comfort and energy 

flow of  building made with SPAASH bricks, brick made from copper slag, phosphogypsum and fly ash[7]. 

 

B. Thermal comfort  

Unwanted thermal energy can accumulate in buildings and dwellings from a variety of sources, such as radiation 

or convection-induced heat transfer and air infiltration through walls, heat from interior appliances, equipment and 

occupants; and solar radiation[2]. The use of thermal insulation and special types of building materials has increased 

significantly in recent years in both hot and cold climates[3]. This is due to the increasing demand on the thermal comfort 

of people in residential, commercial and governmental buildings besides the ever increasing cost of energy. 

Construction materials are material that use in construction field such as cements, sands, gravels, bricks and 

concrete. All of those materials have their own characteristics which can affect the thermal comfort of a building[4]. The 

main characteristic that affect more is heat transfer behaviour of each those materials. Heat transfer behaviour of those 

materials was affected by thermal conductivity, k which represents how much it can absorb heat. The higher the k value, 

the higher a material can absorb heat. Manufacturing materials or changing structure of the building materials to become 

high heat conductivity resistant materials is an important way to achieve the thermal comfort of a building[5].  

This investigation is conducted to get the effects of variation of building materials on thermal comfort in a 

building or room. This investigation acquired simulation and real time approach[6]. The aim of this investigation is to 

find a way to achieved thermal comfort in a building or room either with create new construction materials or change 

characteristics of current building material. 
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STUDY INCLUDES 

 Survey of literature 

 Construction of building using SPAASH bricks and mortar developed using the industrial waste 

 Study of thermal comfort in the constructed building (Real time) 

 Validation of the thermal variation in conventional building 

 Simulation using CFD software for the constructed building and conventional building 

 Validation of the results 

 Cost analysis 

 

FIELD WORK 

A. Building in filled with recycled SPAASH bricks 

A model building of area 7.22 m
2
(as shown in Figure.2) was constructed. It was built with industrial slag brick which 

was made out of industrial and fertilizer waste materials like copper slag, phosphogypsum& fly ash with partial addition 

of cement[7]. A Sandwiched roof panels was also casted with the above materials, in addition to this weld mesh and 

foamed polyurethane sheets were used[8]. 

B. Conventional building 

A similar building (as shown in Figure.1) of same dimensions and location was identified for comparison. This building 

had a similar plan layout as that of building which was constructed using industrial waste materials. The wall thickness of 

the building was chosen to be 115 mm which is same as that of the constructed model building. It was built using fly ash 

brick and the roofing was cast using normal conventional materials[9][10][11].  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1Conventional building (M-1)Fig.2Building made out of industrial waste (M-2)
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DATA COLLECTION AND ANALYSIS  

A. Real time 

In this study, the thermal behaviour of both the model buildings was investigated, in order to assess its response to the 

local weather conditions of the city of Chennai, in the south India. Both outdoor temperature and indoor temperature at 

the installation site was recorded in the months of February and March for every 1 hour using a smart thermometer. 

B. Through simulation software 

The research was further carried out using Solid works flow simulation software for both the model buildings. To study 

the temperature difference between the interior and the exterior for the conventional building and the industrial waste 

building they were simulated in the software with the same parameters and for the same period. 

 

The parameters that are fed into the software for simulation are given below [18]. Apart from this, the overall properties 

of both the model buildings were considered for the energy flow analysis. 

Climate Zone Type  Chennai (Warm & Humid)  

Wall Alternatives (115mm thickness)   U - Value    

Fly ash Brick Wall  U - Value   : 0.376 Btu/hr ft2 0F  

Industrial Slag Brick Wall (SPAASH bricks) U - Value   : 0.167 Btu/hr ft2 0F  

Roof Construction for fly ash  bricks U - Value  : 0.223Btu/hrft2 0F               

Roof Construction for SPAASH  bricks U - Value  : 0.162Btu/hrft2 0F               

Building Self Shading  Nil 

Fixed/External Shading Devices  Nil 

window-to-wall ratio  9.25% 

Interior lighting 
Nil (both real time and simulation was considered during 

day time) 

Furniture and joineries Nil 

 

REPORTANALYSIS 

The temperature differences of both the model buildings were analysed in real time and through simulation software. The 

results were compared and the same is represented in the form of a graph. The X axis of the graph represents the number 

of days which was plotted in an interval of 4 days and the Y axis represents the temperature readings in 
0
C.  

Fig. 3 shows the temperature differences that were taken in real time. Based on the graph we can infer that temperature in 

the Model 2 building is lesser when compare to conventional building. 

Fig. 4 shows the temperature differences that were simulated through software with the same parameters and also the 

same period. The results obtained from the simulation software were similar to that of real time temperature differences. 

Hence, in simulation method also the Model 2 building is lesser when compare to conventional building. 
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Fig. 3 Temperature differences in both model buildings observed in real time 

 

 

 

Fig. 4 Temperature differences in both model buildings observed in simulation software 
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TABLE I.  AVERAGE TEMPERATURE READING VALUES 

 

 

Results and Discussion 

                Thermal comfort gain more importance in tropical weather condition and thus it plays a vital role in 

construction industry. This thermal comfort can be achieved by altering the characteristics of building materials used in 

construction. Hence here we implement it by constructing the building made out of industrial waste and for comparison 

we used conventional building. 

 

In this study, from both real time and in simulation software analysis it is evident from Figure.3 and Figure.4 

that the building made out of industrial waste M-2 was determined to be 31% cooler than conventional building M-1. 

Based on the recorded data the maximum temperature of 31.9 
0
C and 29.75 

0
C were observed in February and 34 

0
C and 

31.9 
0
C in March for the conventional building and building made out of industrial waste respectively. The temperature 

in conventional building M-1 was in an average 5.5
0
C less than that of  the outdoor  temperature whereas the temperature 

in the building made out of industrial waste M-2 was in average 8
0
C less than that of the outdoor temperature over the 

recorded time duration (as shown in Figure. 3 and Figure.4). The recorded temperature of industrial waste building M-2 

was on an average 2.5 
0
C less than the temperature obtained in case of conventional building M-1.This is because the 

industrial waste building M2 was made out of industrial slag bricks which was much more denser than the fly ash bricks 

and the roofing was cast using the same industrial waste materials and foam sheets. Thus making thermal conductivity 

lesser when compared to conventional building M1.  

 

 
 
 

Fig. 5 Average temperature differences for conventional building observed in both real time and simulation software 

MONTH OUTDOOR TEMPERATURE(⁰ C) 

INDOOR TEMPERATURES(⁰ C) 

Conventional  building Model building 

FEB 36.63 31.46 29.03 

MARCH 38.7 32.9 30.5 
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Fig. 6 Average temperature differences for industrial waste building observed in both real time and simulation software 

 

 

 

The walls of both the model houses were exposed to sun, and recordings of the variations in the outside and 

inside surfaces were made. The measurements were recorded during the daytime on March month and it was observed 

that the maximum surface temperature was on the south side wall for both the model houses. A comparison of the outside 

and inside surface temperatures of the south side wall of both the model houses is shown in Figure.7 and Figure.8. It was 

found the inside surface temperature of the south side wall of the model house M-1 was higher than the inside surface 

temperature of the south side wall in the model house M-2. This was attributable to the model house M-2 having a lower 

thermal conductivity than the conventional building. 

 

 

 
 
 

Fig. 7 Variations of the outside and inside surface temperatures of south side wall for the conventional model house and building 

made out of industrial waste model house in real time 
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Fig. 8 Variations of the outside and inside surface temperatures of south side wall for the conventional model house and building 

made out of industrial waste model house in simulation software 
 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9Infrared images taken to determine the surface temperature 
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Figure. 10.a Temperature results from 3D model view for conventional building  indicating surface temperture and room temperture 

 

 

 

 
 

 
Figure. 10.b Temperature results from 3D model view for building made out of industrial waste  indicating surface temperture and 

room temperturel 
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Table II. Cost comparison between two model buildings 

 

S.No Description 

Unit Qty Rate Amt Qty Rate Amt 

  

Building made of fly ash 

brick(Model-1) 

Building made of 

Industrial waste  

(Model-2) 

1 

Brick work in Cement mortar 

1:5 above Plinth beam to 

basement filling, P.C.C 

completion C Ft 54 170 9180 54 150 8100 

2 

Brick work 4.5" / 4"Thk in 

Cement mortar 1:5 for 

superstructure C Ft 122 185 22570 122 170 20740 

3 Roof concreting C Ft 27 200 5400 27 165 4455 

4 Total cost incurred        37150     33295 

 

 

The above table shows the cost analysis between the conventional building and the building made out of industrial waste. 

It can be inferred that conventional building (Model-1) incurs more cost when compared to the building made of industrial 

waste (Model-2). Building made of Industrial wastewas found to be 10% more cost effective when compared to that of 

conventional building. 

 
CONCLUSION 

 
The method which was used effectively assessed the thermal comfort of the model buildings and the below 

results were observed. 

 Industrial waste building on an average showed 2.5 
0
C lesser temperature than that of the conventional building. 

 The structure constructed with industrial waste was more thermally comfortable and was found to be 31% cooler 

than that of conventional building. 

 The surface temperature of the building made of SPAASH bricks was found to be 5% less when compared to 

conventional building. 

 Help in reducing the internal heat load. 

 Minimize energy consumption through the reduction of the thermal load of the built environment for a tropical 

climate like that of Chennai. 

 10% more economical than conventional building. 
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