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Abstract 

 

This project reports the results of an experimental study on replacement of (OPC) cement by ceramic waste powder in the range 

of 0%, 10%, 20%, 30%, 40%, by weight of cement. Concrete mixtures were produced, tested and compared in terms of 

compressive strength to the conventional concrete. These tests were carried out to evaluate the properties for 7, 14, 28 & 90 days. 

The moulds prepared are as follows 150mm X 150mm X 150mm cubes. This paper investigates the effect of mgso4and hcl over 

the strength characteristics of ceramic waste. In preparation of ceramic waste cement composition, natural was partial replaced 

with ceramic powder waste ceramic insulator and exposed to the 1,3,5%% mg so4 and hcl  in curing period. Due to the influence 

of mgso4 and hcl compressive strength loss and weight loss of the concrete specimens were observed in the experimentation 

work. 

Keywords: M35 Grade Concrete, Acid Effect, Magnesium Sulphate Effect, Ceramic Waste Powder Concrete, Durability 

and Compressive and Split Tensile Strength of Ceramic Waste Powder Concrete 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Today there are critical shortages of natural resources, in the present scenario. Production and utilization of concrete has rapidly 

increased, which results in increased consumption of natural aggregates. Generally in design of concrete mix, cement , fine 

aggregates and coarse aggregates are using from long back, which plays a crucial role in designing of a particular grade of 

concrete. But now a days there is a scarcity in aggregates. So, some new materials which are locally available for low cost have 

to be introduced for replacing the fine aggregates, coarse aggregates and as well as cement to get the same strength. 

Pozzolanic concretes are used extensively throughout the world where oil, gas, nuclear and power industries are among the 

major users. The applications of such concretes are increasing day by day due to their superior structural performance, 

environmental friendliness, and energy conserving implications. The search for alternative binders, or cement replacement 

materials, has been carried out for decades. They have forced to focus on recovery, reuse of natural resources and find other 

alternatives. 

Ceramic powder is one of the most active research areas that encompass a number of disciplines including civil engineering 

and construction materials. In ceramic industry, about 15% - 30% waste material generated from the total production. This waste 

is not recycled in any form at present. However, the ceramic waste is durable and highly resistant to biological, chemical, and 

physical degradation forces. 

Concrete has become inevitable material in human life due to wide spread usage in modern construction and its properties like 

strength and durability. Due to the vast usage of concrete in this century, concrete ingredients are depleting stage .There is an 

interest mounting up to the usage of waste materials as alternative and significant research was performed on the use of many 

different materials as coarse substitute in the concrete composition. 
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II. LITERATURE REVIEW 

Ryan (1999)1 investigated on Concrete durability. He in his paper through QCL group addresses two aspects of concrete 

serviceability, which has been the subject of extensive recent discussion and research: sulphate attack and chloride ion 

penetration. The basic chemistry involved in each of these processes is outlined by him and differentiated and their effects on 

concrete and reinforcing steel are described. His paper relied for actual test data, showing relative performance of binder options, 

on experimental work carried out by researchers at the CSIRO Division of Building, Construction, and Engineering. 

Skalny et al (2002)2 researched on Concrete subject to sulfate attack undergoes a progressive and profound reorganization of 

its internal microstructure. These alterations have direct consequences on the engineering properties of the material. As seen 

from his studies, concrete undergoing sulphate attack is often found to suffer from swelling, spalling and cracking. There is 

overwhelming evidence to show that the degradation also contribute to significantly reduce the mechanical properties of 

concrete. He studied the behavior of hydrated cement systems tested under well-controlled laboratory conditions is also 

distinguished from the performance of concrete in service. He stated that Sulphate attack has significant consequences on the 

microstructure and engineering properties of concrete. Marked expansion and loss in the mechanical properties of the material 

often accompany sulphate-induced micro structural alterations. 

Abdullahi et al (2006)3 investigated on the compressive strength of some commercial sandcrete blocks in Minna, Nigeria was 

investigated. Rice Husk Ash (RHA) was prepared from burning firewood. Preliminary Durability Study on Compressive 

Strength of Concrete using Rice Husk Ash as a Partial replacement... 44 analysis of the Constituent materials of the ordinary 

Portland Cement (OPC) / Rice Husk Ash (RHA) hollow sandcrete blocks were conducted to confirm their suitability for block 

making. He conducted physical test of the freshly prepared mix. 150mm×450mm hollow sandcrete blocks were cast cured and 

crushed for 1, 3, 7, 14, 21, and 28 days at 0, 10, 20, 30, 40 and 50 percent replacement levels. He concluded the results of test 

and indicated compressive strength of the OPC/RHA sandcrete blocks increases with age at curing and decreases as the 

percentage of RHA content increases. He arrivesd at optimum replacement level of 20%, for a given mix, when the water 

requirement increases as the rice husk ash content increases. He stated that setting times of OPC/RHA paste increases as the ash 

content increases. 

Prasad et al (2006)4 investigated on Cement concrete which continues to be the pre-eminent construction materials for use in 

any type of civil engineering structure He concluded in his investigation the blended cements, particularly are better in Sodium 

Sulphate environment. The blended cement mixes show more deterioration in Magnesium Sulphate exposure in compared to 

plain cement mixes. The Magnesium Sulphate environment is more severe than Sodium Sulphate environment. The performance 

of low water/binder ratio mixes is inferior in Sulphate resistance. The little initial air curing of mixes is beneficial for Sulphate 

resistance. He also stated that the deterioration of cement mixes increases with increase in the concentration of Sulphate. The 

presence of Chloride ions with Sulphate ions reduces the rate of Sulphate attack on cement mixes. The deterioration rate of 

mixes due to Sulphate attack is higher at high temperature with alternate wetting and drying cycles. 

Hemanth Kumar.Ch, Ananda Ramakrishna. K, Sateesh Babu. K, Guravaiah. T (2015)[5]: concluded that, crushed tiles can be 

used in place of fine and coarse aggregate. Based on workability test, the following observations were made. Increase in tiles 

powder leads to the increasing in workability of concrete. Tile powder behaving like admixtures, which can be used to produce 

RMC mix. There are minor increases in workability when crushed tiles are replace in place of coarse aggregate. Maximum 

compressive strength is obtained when 20% of tiles powder was replaced in fine aggregate. When crushed tiles replacing in place 

of coarse aggregate, up to 10% compressive strength is increasing. But after that it is decreasing for 20%. In case of 

combinations, compressive strength is increasing in all cases. In combinations, maximum compressive strength is obtained for 

the mix having 20% of tiles powder and 10% of crushed tiles. 

Ponnapati. Manogna, M. Sri Lakshmi(2015)[12]: shows  that the compression, split tensile and flexural strength of M30 grade 

concrete increases when the cement is replaced with tile powder up to 30% and further replacement of cement with tile powder 

decreases the strength gradually. Tile powder concrete has increased durability performance. 

Amitkumar D. Raval , Dr. Indrajit N. Patel , Prof. Jayeshkumar Pitroda (2014)[1]: shows that the Compressive Strength of 

M20 grade Concrete increases when the replacement of Cement with Ceramic Powder up to 30% replaces by weight of Cement 

and further replacement of Cement with Ceramic Powder decreases the Compressive Strength. Utilization of Ceramic waste and 

its application are used for the development of the construction industry, Material sciences. It is the possible alternative solution 

of safe disposal of Ceramic waste. 

Pincha Torkittikul, W.Salim(2014)[11]: shows that the measured concrete properties demonstrate that while workability was 

reduced with increasing ceramic waste content for Portland cement concrete. The compressive strength of ceramic waste 

concrete was found to increase with ceramic waste content and was optimum at 50% of the control concrete, dropping when the 

ceramic waste content was increased beyond 50%. This was direct consequence of having a less workable concrete. 

Lalji Prajapati , I.N. Patel, V.V. Agrawal(2014)[7]: studied about  the characteristic strength of M25 grade ceramic waste 

powder concrete at 0.48 water cement ratio. Different test has been conducted on it and finding out the compressive strength and 

flexural strength of ceramic waste concrete. As compare to convention concrete addition of ceramic waste powder, its 

characteristic strength is decreased compare to conventional concrete. Compressive strength of cylinder is nearest to cube by its 

height by diameter ratio. So ceramic waste powder is been replaced by up to 30 % without affecting its characteristic strength of 

M25 grade concrete. Compare to conventional concrete flexural strength is nearest to conventional concrete. But its strength 

insignificantly decreased at replacement of ceramic waste powder. 
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Dhavamani Doss Sa and D. Gobinatha (2013)[2]: shows that the Compressive strength achieved by ceramic waste aggregate 

concrete was good. Reduction in water cement ratio resulted in increase of compressive strength for the ceramic waste aggregate 

concrete. Reduction in water cement ratio led to increase in compressive strength upto 85% at 28 days and 95% at 56 days for 

ceramic waste aggregate concrete. The Durability properties of Ceramic concrete are good and better, this is due to presence of 

fewer pores in concrete.  Density of Ceramic waste aggregate concrete is nearer to conventional concrete. The ceramic waste 

aggregate concrete shows good resistance to sulphate attack since there is no considerable damage in concrete. 

Electricwala Fatima, Ankit Jhamb, Rakesh Kumar (2013)[3]: shows that the addition of ceramic waste has improved the 

compressive strength, split tensile strength and flexural strength. The slump value of ceramic waste concrete lies between 75 to 

100 mm. There is an increase in the cube strength to the extent of 3.9% at w/c ratio of 0.46 with replacement of 20% ceramic 

wastes. It was also found that split tensile strength and flexural strength results are insignificantly decreased at all water cement 

ratio at 2 to 3 % in comparison of conventional concrete. Hence, it is observed that waste ceramic ware can be used as an 

alternative constructional material in road construction. 20% replacement of ceramic waste contents slightly decreases at all w/c 

ratios but within the limits. 

Martin Keppert, Petr Konvalinka, Michal Ondráček et all (2012)[8]: shows that waste ceramic ground to an appropriate 

fineness can be considered a prospective pozzolana material suitable for the replacement of a part of Portland cement in concrete 

industry. This solution may have significant environmental and economical consequences. Waste ceramic as recycled material 

used in concrete production presents no further CO2 burden to the environment, and its price is much lower as compared to 

Portland cement. 

Siddesha.H(2011)[13]: shows that the compressive strength slightly decreases with increase in percentage of ceramic fine 

aggregate in concrete but there is no much variation in compressive strength of concrete with the variation of cement content. 

The split tensile strength of concrete slightly decreases with increase in percentage of ceramic fine aggregate in concrete but 

there is no much variation in split tensile strength of concrete with the variation of cement content. The flexural strength slightly 

decreases with increase in percentage of ceramic fine aggregate but there is no much variation in split tensile strength with 

variation of cement content. 

Fernando Pacheco-Torgal, Said Jalali (2010)[4]: presents an experimental study on the properties and on the durability of 

concrete containing ceramic wastes by several concrete mixes by replacing 20% cement by ceramic waste. And mechanical and 

durability performance is checked on experiments. The cost of cement represents more than 45% of the concrete cost, so its helps 

to reduce the cost of concrete.By replacing cement with ceramic waste will give many environmental benefits also shows that the 

concrete with ceramic waste powder has minor strength loss that is dependent on the pozzalanic reactivity of the different 

ceramic wastes. Results also shows that despite this strength loss these emissions generated in the clinker production, and by 

another reducing the landfill areas that otherwise would be occupied by this wastes. 

M.A.Pathan, M.A.Jamnu(2012)[9]This paper presents an assessment of effect of sustained temperatures on strength properties 

of High Strength Concrete and its comparison with ordinary Conventional Concrete. In order to study effect of sustained 

elevated temperature on the compressive strength, flexural strength, tensile strength of High Strength Concrete and ordinary 

concrete, the specimens of High Strength Concrete and ordinary conventional concrete are tested in laboratory. For various tests 

36 cubes (150mmX150mmX150mm), 36 cylinders are cast and same for the ordinary concrete. The specimens are kept in oven 

at required temperature (500C 1000C, 1500C, 2000C, 2500C) for 1 hour at constant temperatures. Based on the results of this 

experimental work the following investigation can be made. As temperature is increased to 2000C the compressive, split tensile 

flexural strength and impact strength of specimens is decreased. As temperature is increased to 300C the compressive, split 

tensile flexural strength and impact strength of specimens is decreased. 

III. EXPERIMENTAL RESULTS AND DISCUSSIONS 

 Compressive Strength 

Table - 1 

Compressive Strength 
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Fig. 1: Compressive Strength 

 Split Tensile Strength 

Table - 2 

Split Tensile Strength 

 
 

 
Fig. 2: Split Tensile Strength 

 Sulphate Test 

 Mgso4 effect at 1% partial replacement of ceramic powder 
Table - 3 

MgSo4 effect at 1% partial replacement of ceramic powder 
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Fig. 3: MgSo4 effect at 1% partial replacement of ceramic powder 

 Mgso4 effect at 3% partial replacement of ceramic powder  
Table - 4 

MgSo4 effect at 3% partial replacement of ceramic powder 

 
 

 
Fig. 4: MgSo4 effect at 3% partial replacement of ceramic powder 

 Mgso4 effect at 5% partial replacement of ceramic powder  
Table - 5 

MgSo4 effect at 5% partial replacement of ceramic powder 
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Fig. 5: MgSo4 effect at 5% partial replacement of ceramic powder 

 For Acid Test 

 Hcl effect at 1% partial replacement of ceramic powder 
Table - 6 

Hcl effect at 1% partial replacement of ceramic powder 

 
 

 
Fig. 6: Hcl effect at 1% partial replacement of ceramic powder 

 Hcl effect at 3% partial replacement of ceramic powder 
Table - 7 

Hcl effect at 3% partial replacement of ceramic powder 
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Fig. 7: Hcl effect at 3% partial replacement of ceramic powder 

 Hcl effect at 5% partial replacement of ceramic powder 
Table - 8 

Hcl effect at 5% partial replacement of ceramic powder 

 
 

 
Fig. 8: Hcl effect at 5% partial replacement of ceramic powder 

IV. CONCLUSIONS 

The following conclusions are drawn from the experimental investigations. 

1) For ceramic partial replacement upto 10% partial replacement it is resistant against sulphates attack upto 1%,2% and 

decreasing  for 3% 

2) For hypo sludge partial replacement it is observed that upto 10% partial replacement ,the partial replacement against 

sulphate attacks up to 1% and it is decreasing for 2%,3% 

3) Due to pozzolonic action in ceramic concrete achieved significant improvement in its mechanical properties later stages of 

curing in sulphates for 1% is optimum ceramic. 
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The Compressive strength of concrete achieves the target strength up to 15% replacement of cement with ceramic powder. 

Further replacement of cement with ceramic powder there is a decrease in the compressive strength. 
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