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ABSTRACT 

     This paper investigates the permeability characteristics of ceramic aggregate concrete in 

which natural granite coarse aggregate is replaced with waste ceramic aggregates obtained 

from insulator bushes. The key causes for deterioration of concrete structures are corrosion to 

the reinforcement, freezing and thawing cycles and chemical attack which are greatly 

influenced by the permeability of concrete. Ceramic waste aggregate is durable, hard and will 

not react chemically with other materials. Experimentation has been carried out to study the 

durability performance of ceramic aggregate concrete with rapid chloride permeability test. 

Natural granite coarse aggregate was replaced with crushed ceramic waste aggregate in 

varying percentages of 0, 20, 40, 60, 80 and100%. Test results are compared with those 

pertaining to conventional concrete. Based on the experimental results it is observed that as 

the percentage replacement of natural granite aggregate with ceramic waste aggregate 

increases, higher permeability values are observed. 

 

Keywords: Ceramic waste aggregate, ceramic waste aggregate concrete, durability and 

permeability. 

 

INTRODUCTION 

     Wastage from ceramic industries is growing up day by day in India and other developing 

countries. Recycling and substitution of concrete ingredients is one solvable solution for 

utilizing ceramic industrial waste. Ceramic waste is not biodegradable and is harmful to the 

human health due to its sharpened edges when in broken state. Present study will give 

suggestible information on permeability of concrete when natural coarse aggregate was 

replaced with ceramic waste aggregate. The problem of early deterioration of concrete 

structures is not severe according to the environmental situations in south India. The major 

part of the country is subjected to moderate environmental conditions except some part of 

coastal and industrial areas. Due to this, concrete will not get affected in early days but 

concrete will spoil due to chemical attack and chloride inclusion. All mixtures with ceramic 

waste powder performed better than control concrete in the aspect of durability. The 

replacement of traditional sand by ceramic sand in concrete production represents important 
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environmental benefit like emission of CO2 [1]. Recycled ceramic aggregate concrete possess 

higher permeation characteristic values than those of conventional concrete and these values 

decreased with decrease in water-cement ratio for both recycled and conventional aggregates 

[2]. The percentage of water absorption, sulphate content and chloride content in recycled 

aggregates were more [3]. Sorptivity coefficient has relatively increased by 70.3% for 

concrete made with 100 recycled aggregate and the chloride penetration increased by 33.8% 

[4]. Based on the analysis by performing numerous tests it is reported that the durability of 

recycled aggregate concrete was slightly inferior to that with natural aggregates [5]. Minor 

strength loss and increase in durability was observed in test results due to Pozzolanic property 

of ceramic waste powder [6]. The percentage durability of control concrete was lower than 

that of CC (Ceramic Concrete) and CBP (Ceramic Basaltic Pumice) due to its size was less 

than 4mm for CC and sand replaced with CBP [7]. Abrasion resistance was much more 

relevant for concrete produced with recycled ceramic aggregate. It has shown an excellent 

performance and even better than reference concrete [8]. The recycled aggregate concrete for 

structural member achieved sufficient resistance to the chloride ion penetration and resistance 

can be even more reduced by adding fly ash [9]. Durability of Recycled aggregate concrete 

can be strongly affected by porosity and higher water absorption of recycled aggregate [10]. 

Water and chloride ion permeability of sintered fly ash aggregate lightweight concrete was 

comparable and slightly lower than that of normal weight concrete [11].The chloride 

permeability of fibre reinforced high-performance-concrete prepared with recycled aggregate 

was more as compared with concrete prepared by natural crushed aggregate [12]. Fig-1 

shows the ceramic scrap dump at transformer industry and fig-2 depicts the ceramic waste 

aggregate with cubical shape obtained after crushing. 

 

 
Fig. 1: Ceramic waste dump at transformer’s industry 

EXPERIMENTAL PROGRAM 

Experimentation was performed for conclusion of following 

 Mechanical Properties of ceramic waste aggregate. 

 Cumulative charge passed through concrete specimen by performing Rapid chloride 

permeability test 
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Fig.2: Cubical shape of Ceramic waste aggergate. 

MATERIALS 

Cement 

Ordinary Portland cement of 53 grade conforming to IS 12269 was used. The Specific 

gravity of the cement was 3.05. The initial and final setting times were found as 80 minutes 

and 280 minutes respectively. 

Fine aggregate 

  Locally available river sand passing through 4.75 mm IS Sieve was used. The specific 

gravity of the sand is found as 2.62 and the sand is confirming to zone II of table 4 of IS 383-

1970. 

 Coarse Aggregate 

Crushed granite aggregate available from local sources has been used. The size of 

coarse aggregate is 20mm. The specific gravity of the aggregate is 2.68. 

 Ceramic waste aggregate 

Ceramic waste was collected from a local transformer manufacturing Industry. In the 

manufacture of electric transformers, ceramic insulator bushes are used. Crushing of these 

bushes has been carried out manually to make it into 20 mm and 12.5 mm size aggregates. 

Deglazing of ceramic waste can be done with chiseling and crushing. Water absorption of 

ceramic waste aggregate was 0.18% and that of natural aggregate was 0.10%.  

 Water 

Potable water available from local sources was used for mixing and curing of concrete 

specimens. 

 

MIX PROPORTION 

Based on the ingredient properties, M20 concrete mix design as per IS 10262-1982 

was prepared and its proportion was 0.48: 1: 1.53: 2.88 (W: C: FA: CA) by weight. For better 

workability, graded aggregates were used with 60% of 20 mm size and 40 % of 12.5mm size. 

 



International Journal of Emerging Trends in Engineering and Development        Issue 3, Vol.6 (November 2013)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 
 

R S. Publication, rspublicationhouse@gmail.com Page 247 
 

MECHANICAL PROPERTIES OF CRUSHED AGGREGATE AND CERAMIC 

WASTE AGGREGATE 

 

Tests to obtain the mechanical properties of both crushed and ceramic waste aggregate 

were carried out in the laboratory. The results are tabulated in table-1.  

Table 1: Comparison of mechanical properties of ceramic waste aggregate and natural 

aggregate 

Property Crushed aggregate Ceramic waste 

aggregate 

Specific gravity 2.60 2.05 

Water absorption 0.10 0.18 

Impact value % 18.6 21.63 

Crushing value % 15.3 20.19 

Abrasion value % 14.25 18.16 

Bulk density 

loose kg/m
3
 

1219 1069 

Dense kg/m
3
 1422 1188 

 

Based on the experimental results it can be observed that ceramic waste aggregate is durable, 

hard, but has lower density. Based on the literature review, ceramic waste aggregate is a 

successful alternate coarse aggregate in the concrete production. 

 

PROCEDURE FOR RAPID CHLORIDE PERMEABILITY TEST  
 

Six cylindrical specimens were cast for each replacement of size 100 x 200 mm according to 

the design mix and demoulded after 24 hrs. Cure the cylindrical specimens in fresh clean 

water for 28 days. After completion of curing period, rapid chloride permeability test was 

performed for electrical indication of concrete ability to resist chloride ion penetration and 

test was conducted according to AASHTO T277 (ASTM C 1202). After curing period, the 

specimens were allowed to dry for some time. Apply epoxy coating to avoid any leakage of 

moisture from the specimen. After completion of curing period of 28 days, water saturated 

specimens were cut to a slice of 100x50mm with machine cutter. Specimen was fixed 

properly between the chambers and subjected to a 60 V applied DC Voltage for 6 hrs using 

the apparatus shown in Fig-4. One side of the chamber is filled with 3.0% NaCl solution and 

another with 0.3% Na (OH) 2 solution. Apply 60V current uninterruptedly about 6 hrs and 

charge passed in coulombs for every 30 minutes was noted. After test time of 6 hrs, total 

charges passed was determined and compared with that of conventional concrete specimens. 

Fig 3 and 4 depict curing and testing of specimens. 
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Fig.3: Curing of concrete specimens 

 

Fig.4: Test setup for rapid chloride permeability test 

 

Fig.5 : Ceramic aggregate concrete slice of size 50mm x 100 mm by cutting from the 

central face of the specimen 
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Fig.6: Epoxy Coating to the ceramic aggregate concrete slice 

Fig. 5 and 6 presents the cutting and application of epoxy coating to the ceramic concrete 

slice to avoid further leakage of Nacl and Na (OH) 2. 

 
RESULTS AND DISCUSSION ON CHLORIDE PERMEABILITY 

The results of chloride permeability test are presented in Table 3. Permeability of 

concrete made with ceramic aggregate has given promising results when compared with 

natural aggregate concrete. As per ASTM C 1202, total charge passed (coulombs) between 

2000 to 4000 means moderate penetration. By observing the total charge passed through the 

ceramic aggregate concrete, as the percentage of replacement increased penetration 

moderately increased. It can be observed that ceramic aggregate has good resistance against 

chloride penetration. Based on the test results, the porosity of the adhered mortar causes the 

water to penetrate into the excessive pores and leads to an increase in water absorption 

capacity thus increasing the chloride ion permeability. Chloride permeability of ceramic 

concrete has increased due to presence of voids in the composition, dry condition of ceramic 

waste aggregate, higher water absorption and failure of interfacial transition zone. For 

conventional concrete, penetration against chlorides was 2023.2 coulombs.  As the 

replacement with ceramic waste aggregate content increased, penetration against chlorides 

also increased and it was 2520 Coulombs at 100% replacement with ceramic waste aggregate. 

Adhered property between the cement paste and porcelain cover is influencing the 

permeability character in the concrete composition.  However, it can be observed that even at 

100% replacement level, the charge passed is 2520coulombs indicating the chloride 

penetration is moderate as per ASTM standards (see Table 2) and hence it can be concluded 

that ceramic scrap can be successfully used in concrete making with moderate permeability. 

 Table.2: Rating of chloride permeability of concrete as per ASTM C 1202 

Chloride 

permeability 

Charging passing 

through concrete 

specimen in Coulombs 

Typical concrete type. 

High >4000 High W/C ratio (>0.60) 

Conventional PC concrete 

Moderate 2000 to 4000 Moderate W/C ratio (0.40 to 

0.50) Conventional PC 

concrete 

Low 1000 to 2000 Low W/C ratio (< 0.40) 

Conventional PC concrete 

Very low 100 to 1000 Internally sealed concrete 

Negligible <100 Polymer concrete. 
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Table 3: Chloride permeability of ceramic aggregate concrete 

S. No Percentage of replacement of 

ceramic waste aggregate 

Average charge 

through two cells in 

coulombs 

1 0 2023.2 

2 20 2116.2 

3 40 2233.8 

4 60 2269.8 

5 80 2355.6 

6 100 2520.0 

 

 

CONCLUSIONS 

The following conclusions are drawn from the experimentation and analysis. 

 Ceramic waste aggregate is useful to replace natural granite coarse aggregate in 

concrete because its properties are well within the range of specifications prescribed 

by IS 383-1970. 

 The Ceramic waste is durable, hard and highly resistant to chemical and physical 

degradation forces. 

 Ceramic waste has cubical shape, so better inter locking but improper bonding is 

observed between cement paste and porcelain surface during the testing. 

 Chloride penetration of ceramic aggregate concrete is well within the limits at all 

replacement levels as per ASTM ratings. The chloride penetration is classified as 

“moderate” 

 Chloride permeability of ceramic aggregate concrete increases with the increase of 

replacement level of natural aggregate with ceramic waste aggregate 
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