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Abstract - The construction industry in India took a substantial growth in the year 1990 of the 20th century and is still 
continued. The principles of sustainability are widely affected due to extensive and wide extraction of natural resources for 
construction and its related industries.  It is very important for the developing countries like India to make efforts for 
prevention of these wastes. Classification, identification of source and quantify such waste is a big concern in the developing 
countries like India. This article makes an effort to utilize discarded Mangalore tiles (Red clay tiles) as crushed fine 
aggregates in cement mortar, so that the disposal of discarded red clay tiles and mining of natural river sand may be 
minimized. Technical feasibility of utilization of crushed red clay tiles as fine aggregates in cement mortar is studied. 
Physical characterization and comparison of the crushed Red Clay Aggregate(RCA) with Natural Fine Aggregates (NFA) 
was carried out and strength properties of mortar with various mix proportions were evaluated. The results obtained were 
promising with appreciable strength, durability and reduction in its dead weight. 
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I. INTRODUCTION 
 
The generation of wide variety of wastes which poses 
a serious impact on the environment is mainly the 
result of growth in industries. Without generating 
waste there is no industry that can produce products. 
Generally the waste from an industry could be 
generated during the production process or during 
transportation or during application. 
Mangalore tiles (Red clay product) waste was 
selected for this experimental work because this 
material is prepared by burning the clay at a very high 
temperature and it is assumed that when clay is burnt 
at high temperature it possesses some cementing 
property which when used in cement mortar mix 
contributes some strength. Another reason for 
selecting this material was that when it is crushed the 
particles are very fine which can be used as a 
replacement of NFA in the mix. These fine particles 
decrease the permeability of mix as the voids are 
filled up by these fine aggregates. 
 
1.1 Scope of work: present work aims to check 
suitability of red clay aggregate as fine aggregate in 
cement mortar. Comparison of characteristics of Red 
clay aggregates with natural river sand. Arrive w/c 
ratio for various mix proportions based on flow 
characteristics. Feasibility studies on Cement mortar 
cast replacing natural fine aggregate by red clay 
aggregate. 
 
1.2 Methodology: Based on the survey conducted at 
dumpsites of Bengaluru city it was found that about 
8% of the total waste dumped are red clay products. 

Collected representative samples of red clay products 
from dumpsite are evaluated for their basic 
properties. Red clay products were crushed to a size 
of 4.75 mm and down size and there after called as 
Red clay aggregates; Physical properties of NFA and 
RCA were compared.  Cement mortar cube of size 50 
X 50 X 50 mm were cast for various mix proportions 
of 1:4 to 1:6. W/c ratios for the said proportions were 
fixed based on the flow value of 100+/- 10%. RCA 
aggregates were replaced in part from 10 to 50% and 
thereafter 100% with an incremental increase of 10%. 
Cast cubes were cured for 3, 7 and 28 days to 
evaluate their strength and durability characteristics.  
1.3 Characterization of materials: OPC 53 grade 
cement confirming to IS 269-2013 was used in the 
study. Natural fine aggregate confirming to Zone II as 
Per IS 383-1970 where its specific gravity was 2.60, 
bulking was found to be 10% and fineness modulus 
was 3.77. Red clay aggregates were graded to Zone 
II, specific gravity found to be 2.55, bulking at 20 % 
and fineness modulus of 3.49. 
 
II. RESULTS AND DISCUSSION 
 
Flow table test is conducted to find the consistency of 
fresh mix and also a measure of workability. For a 
mix correct a/c ratio should be known otherwise it 
could lead into development of cracks or voids if 
wrong w/c ratio is used. It was found that waste red 
clay fines absorb more water, there was need to find 
the correct w/c ratio for each mix with all the 
replacement levels. The w/c ratio were found from 
the flow table test are shown in table no 2.1 shown 
below.
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Mix proportions Replacement 
in% 0 10 20 30 40 50 100 

1:3 W/C ratio 0.67 0.81 0.91 0.67 0.75 0.83 1.37 
Flow % 99.37 98.43 95.62 102.75 98.37 94.72 96.56 

1:4 W/C ratio 0.9 0.99 1.11 0.67 1.16 0.93 1.68 
Flow % 99.99 102.81 97.18 104.06 105.06 97.06 103.75 

1:5 W/C ratio 1.14 1.37 1.33 1.44 1.15 1.24 1.44 
Flow % 102.78 104.1 97.95 103.75 104.71 102.75 102.46 

1:6 W/C ratio 1.34 1.54 1.63 1.81 1.81 1.5 1.77 
Flow % 105.31 101.56 102.87 104.43 97.5 101.62 106.25 

Table 2.1 W/c ratio and % flow of various mixes NFA replaced with RCA. 
 
The Fig 2.1 below shows the comparison of w/c 
ratio of the mix proportions 1:3, 1:4, 1:5 and 1:6 
with replacement of natural fine by waste 
Mangalore tile fine by 0%, 10%, 20%, 30%, 40%, 
50% and 100%. 
 

 
Fig. 2.1: w/c ratio for the mix proportions  

 
2.2 Casting of cement mortar cubes: The casting 
of mortars for the mix proportions with all 
replacement levels was done. Fig 2.2 below shows 
the cubes casted.  
 

 
Fig. 2.2 Cubes with moulds 

 
2.3 Demoulding and numbering of cubes: The 
cubes casted were demoulded after 24hrs of 
casting. The cubes after demoulding were then 
numbered as per the mix proportion along with the 
replacement level of natural fine with waste 
Mangalore tiles fine aggregate. For example 1:3 
with a replacement of 10% was numbered as 1:3, 
(90 and 10), where natural fine is 90% and 
Mangalore tile fine is 10%. Fig.2.3 below shows 
the numbering of cubes. 

 
Fig 2.3: Cubes numbering 

 
2.4 Curing of demoulded cubes: After 
demoulding and numbering the cubes, they were 
kept in a tub containing good quality of water the 
same used for mixing. They were cured for 3, 7 and 
28 days, with water being replaced by fresh water 
periodically. Fig.2.4 below shows the curing of the 
cubes. 

 
Fig 2.4: Curing of Cubes 

 
2.5 Compressive strength test: The mortar cubes 
which were cast and cured were tested for 
compressive strength. They were tested in a 
compression testing machine which applies load at 
a rate of 4kN per minute. For accuracy, proving 
ring of capacity 100kN with accuracy of 1kN was 
used because of the small size of cube. The cubes 
were tested for compressive strength at 3, 7 and 28 
days to find the increase in the strength. Failure 
pattern of specimen are shown below in Fig 2.5. 

 
Fig 2.5: Failure pattern of specimen 
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 Cement 
Mortar 

Replacement 
by Red Clay 
Aggregate  

in % 

0 10 20 30 40 50 100 

1:3 

3days 11.41 9.26 8.7 10.89 7.71 10.1 7.29 

7days 16.48 13.94 15.18 18.93 8.325 12.53 11.45 

28 days 22.01 14.31 19.04 24.60 21.38 20.98 16.76 

1:4 

3days 8.16 8.94 7.06 4.39 8.39 6.54 4.86 

7days 11.43 13.73 10.59 8.90 9.55 8.41 6.15 

28days 15.74 14.11 12.46 17.74 17.42 13.31 8.51 

1:5 

3days 5.98 4.94 7.02 5.99 4.19 3.78 3.75 

7days 7.58 8.94 8.11 8.87 6.734 5.62 8.78 

28days 14.58 12.1 10.32 13.28 12.18 11.62 9.91 

1:6 

3days 6.41 4.71 3.81 3.94 4.06 4.75 4.02 

7days 10.36 6.45 5.15 4.81 2.41 6.88 6.23 

28days 11.61 7.01 7.07 8.17 6.79 12.13 7.29 
Table 2.2 shows the compressive strength (in MPa) test results are shown in the  

 
2.6 Durability: Durability was tested under repetitive cycles of alternate wetting and drying was studied. This 
test is done to find the amount of water absorbed and loss of weight in cubes. In this test after 28 days of curing 
the cubes of each mix proportion and replacement level are taken out and kept in a separate container full of 
water for 24 hours. After 24 hours these cubes are taken and their weight is measured. After taking wet weight 
these cubes are left for air drying in shade and after that their air dry weight is taken Shown in Table 2.3. This 
process is repeated for 7 times. Inability of mortar mix to resist the variations of climatic conditions will 
indicated if there is any disintegration of the edges of the cube Shown in Fig 2.6.  

 

Cement 
mortar 

proportion 

Replacement of natural sand with RCA in % 

0 10 20 30 40 50 100 

Water absorption in % 
1:3 7.87 8.04 8.19 8.32 8.98 10.78 12.07 
1:4 9.94 10.14 9.58 7.98 8.44 9.67 13.02 
1:5 9.36 9.89 10.19 10.73 11.77 13.83 14.16 
1:6 10.13 10.45 10.29 11.05 12.52 13.09 14.11 

Table 2.3Water absorption result for 1:3, 1:4, 1:5, 1:6 mortars after 28 days of curing 
 
Graph below shows the water absorption capacity for 28 days for all the mix proportion which were tested under 
the experimental work. 

 
Fig. 2.6:  Curve showing Water absorption for 1:3, 1:4, 1:5 and 1:6 after 28 days of curing. 
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2.7 Density: Density of cubes casted with normal 
cement mortar were compared with the density of the 
cubes casted by replacing natural fine with RCA. Wet 
density and dry density were compared in the test. 
Table below shows the wet density of cubes of all the 
mix proportions with all the replacement level after 
curing of 28 days. 
 

Replacement in % 
Cement mortar 

1:3 1:4 1:5 1:6 
Density in KN/m3 

0 21.23 21.19 21.99 21.93 
10 22.39 22.01 21.56 20.24 
20 22.17 21.79 21.89 21.21 
30 21.49 20.88 21.58 19.33 
40 20.85 20.34 21.02 18.97 
50 19.88 20.19 20.16 18.32 
100 19.49 20.07 19.26 17.69 

Table 2.4 Showing wet density of all mix proportion 
 

Replacement in % 

Cement mortar 
1:3 1:4 1:5 1:6 

Density in KN/m3 

0 21.38 20.26 19.56 19.09 
10 19.65 18.24 18.27 17.75 
20 20.05 19.41 19.14 18.12 

30 20.22 19.6 19.04 18.48 

40 18.58 18.43 18.76 18.05 
50 17.29 17.33 16.98 17.11 
100 16.92 16.55 15.57 15.3 

Table 2.5 shows the dry density values of different replacement 
levels for the mix proportions. 

         
 CONCLUSIONS 
 
1 Partial replacement of natural fine aggregate with 

Red clay fine aggregate can be done 
2 Particle size of crushed red clay fine aggregate 

was not achieved to that of natural fine aggregate 
due to manual crushing 

3 Specific gravity of red clay fine aggregate was 
less which may be due to reason that the tile is 
porous, hence there is more water demand. 

4 Red clay  fine aggregate has linear distribution of 
particles which may not directly contribute to 
high strength gain as the replacement of  NFA.  

5 Reduction in dead weight of structure as dry 
density of mortar is less when compared to 
conventional mortar. 

 
SCOPE FOR FURTHER STUDIES 
 
1 Studies may be made for higher ages. 
2 Effect of particle size of recycled aggregate may 

be done. 
3 Studies may be made on Mangalore tile 

aggregate as a binder. 
4 Resistance to abrasion/ performance test. 
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