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ABSTRACT

The aim of this study is to investigate the effect of crushed ceramic waste as sand replacement in concrete design. In this experiment, the characteristic strength of the controlled sample is 25 MPA at 28 days. The percentages of crushed ceramic waste used to replace sand are 15, 30 and 45%.  Previous studies by other researches [1, 2] had shown that, when used as partial replacement of coarse aggregate, the concrete produced has lower strength than the 100% natural coarse aggregate concrete (controlled sample). Other researcher[3] incorporate the crushed ceramic as partial sand replacement in mortar and the recorded result shows that the compressive strength and the resistance to abrasion increase as the content of crush ceramic increase up to 60% but the workability of concrete decrease with the increase content of crushed ceramic. This research is to study the effect of replacing partial content of sand with crushed ceramic to the compressive, flexural and split tensile strength of grade 25 concrete. Results show that the compressive strength (28 days) of crushed ceramic increase with the increase of crushed ceramic content. The increment is 8, 10 and 12% higher than the controlled sample for 15, 30 and 45% replacement and still maintained the slump within the limit (30 – 60 mm). The flexural and split tensile also exhibit increase in value with the increase of replacement content, which is 3, 5, 7% and 13, 20, 23% for the said test and content. Thus, it is suggested that crushed ceramic is used as partial replacement of sand, and not coarse aggregate, in application where the compressive, flexural and tensile strength could not be compromised for usage of grade 25 concrete with maximum content up to 45%..
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INTRODUCTION

Concrete technology has expanded vastly from time to time. Numerous researches have been done to incorporate different materials and different compositions to replace concrete materials from natural resources such as sand in our effort to conserve the environment. Sand is a concrete component that does not affect the chemical process but only act as filler to increase the durability and the shrinkage resistance of concrete. Thus, in order for environment conservation and to save material cost, other material can be used to replace the sand partially in the concrete mix without compromising the concrete quality, rather, it may have the possibility of increasing the concrete strength. Crushed ceramic waste is chosen as partial sand replacement due to its desirable properties such as durable, long lasting and stiff. It also possesses many physical properties similar to sand as filler material in concrete. Crushed ceramic is suitable to be considered as sand replacement in concrete mix to obtain high quality concrete. Ceramic waste coming from construction site is piling up and is becoming a problem to dispose. Previous research [1] had studied the possibility of using crushed ceramic as partial replacement of coarse aggregate in non-structural concrete such as for the base of concrete slab. The results show that when 1/3 of the coarse aggregate content is replaced by the crushed ceramic, the compressive and flexural strength reduced 22 and 9% respectively compared to the 100% limestone coarse aggregate concrete. When 2/3 replacement is made, the reduction of strength is 24 and 17% respectively. When the total content of limestone coarse aggregate is replaced with the crushed ceramic, the reduction of strength is 44% and 26% respectively. However, the permeability of the crushed ceramic concrete is found to be lower compared to limestone aggregate concrete, thus it is very suitable as base concrete for ground floor slab. Other researcher [2] studied the effect of water cement ratio on the crushed ceramic concrete. The result shows that increase in water cement ratio will decrease the compressive, flexural and split tensile strength of both type of concrete, with partial replacement of coarse aggregate and without replacement. And for all w/c ratio and type of test, the strength of concrete with partial replacement of coarse aggregate is lower than controlled concrete. Other researcher[3] incorporate the crushed ceramic as partial sand replacement in mortar and the recorded result shows that the compressive strength and the resistance to abrasion increase as the content of crush ceramic increase up to 60% but the workability of concrete decrease with the increase content of crushed ceramic. This research is to study the effect of replacing partial content of sand with crushed ceramic to the compressive, flexural and split tensile strength of grade 25 concrete but still maintained the slump within the limit (30 – 60 mm).
MATERIALS AND METHODS

The crushed ceramic is collected from the construction waste disposal site in Bandar Baru Bangi, Selangor. Figure 1 shows the crushed ceramic waste. The ceramic waste was brought to the laboratory and was washed with water to clean it from dirt and other organic matter that will affect the concrete strength. The ceramic waste also contains concrete materials since it comes from the construction waste disposal site. Next, the cleaned ceramic was crushed using Los Angeles aggregate crusher based on ASTM C131-76 using steel balls weighted 0.44 kg for 15 to 20 minutes. Then, the crushed ceramic was sieved with sieve sized 4.75 mm for the maximum size. Finally, sieve analysis was done on the crushed ceramic to determine its grade.
The physical properties of the sand and crushed ceramic were determined for comparison. The tests were done to determine their specific gravity (ASTM C127), water absorption (ASTM C128) and size distribution using sieve analysis (BS 410:1976).

The concrete mix design was based on British Standard BS 5328 1976. Four different mix designs were prepared. The designed characteristic strength is grade 25. The first mix design (C0) used 100% mine sand for its fine aggregate content. The second mix design (C15) used 15% crushed ceramic to replace the 15% of the sand content. The third and fourth mix design (C30 and C45) replaced 30% and 45% of the sand content in the concrete. Table 1 shows the concrete mix design. The numbers of samples prepared are as in Table 2.
The tests done on fresh concrete were slump and compacting factor test. Test done on harden concrete were cube compressive test at 7 and 28 days, flexural test on 7 and 28 days and splitting tensile strength test at 7 and 28 days. All samples a wet cured until the day of testing. 
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Figure 1: Ceramic waste
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Figure 2: Crushed ceramic 

Table 1: Concrete mix design

	Sample
	Grade (MPa)
	Water (kg/m3)
	Cement (kg/m3)
	Coarse Aggregate (kg/m3)
	Sand (kg/m3)
	Ceramic (kg/m3)

	C0
	25
	230
	390
	726.7
	963.3
	0

	C15
	25
	230
	390
	726.7
	819.0
	116.7

	C30
	25
	230
	390
	726.7
	674.4
	230.9

	C45
	25
	230
	390
	726.7
	530.0
	346.4


Table 2: Number of samples

	Sample
	Grade
	Cube
	Prism
	Cylinder

	
	
	7 days
	28 days
	7 days
	28 days
	7 days
	28 days

	C0
	25
	3
	3
	3
	3
	3
	3

	C15
	25
	3
	3
	3
	3
	3
	3

	C30
	25
	3
	3
	3
	3
	3
	3

	C45
	25
	3
	3
	3
	3
	3
	3


RESULTS AND DISCUSSIONS

Physical properties of sand and crushed ceramic

The specific gravity of the mine sand is 2.6 and its water absorption rate is 7.9%. As for the crushed ceramic, the specific gravity is 2.1 and the water absorption test is 11.3%. This shows that the crushed ceramic is less dense than sand but lower value of specific gravity of ceramic will not affect the quality of concrete because these materials are use only as fillers. However, the workability of the mix will be affected. Water absorption test result shows that concrete mix containing ceramic will be more cohere than mix containing all sand.

The sieve analysis shows that the sand is good graded, falls in zone 1 that is categorized as coarse. The purpose of sieve analysis is to determine the amount of sand to be used in designing the concrete mix based on British Standard (DoE). Sieve analysis on the crushed ceramic shows that the crushed ceramic also in conformity with the size of sand. Figure 3 shows the sieve analysis of the crushed ceramic.
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Figure 3: Sieve analysis on the crushed ceramic 
The specific gravity of the coarse aggregate used is 2.65 and the water absorption rate is 0.87%. The maximum coarse aggregate size used is 10 mm.

The slump and compacting factor of the mixes

The slump test shows that when the percent of ceramic increase, the slump decrease. The reduce workability is due to the surface texture and shape of the ceramic, which is stiff, sharp and strong and produce more interaction with the cement paste and in return produce more cohesive concrete. The workability is very much depends on the quantity of water added to the mix. Since the water absorption rate of the crushed ceramic is higher than the sand, and the ceramic is not in saturated surface dry condition, then the more ceramic replacing the sand, the more water will be absorbed by the ceramic, thus the reduce in workability. However the slump for all mixes is in the range of 30-55 mm, which is still in the chosen range of 30 – 60 mm for the grade 25 concrete. Table 3 shows the slump and compacting factor of the fresh concrete.
Table 3: The Slump test and Compacting factor of the fresh concrete
	Sample
	The slump (mm)
	Compacting factor (mm)

	C0
	55
	0.943

	C15
	50
	0.937

	C30
	43
	0.93

	C45
	30
	0.925


The compressive strength

Figure 4: the compressive strength
The compressive strength test was carried out based on British Standard BS 1881 : Part 116:1983. The result of the compressive strength with 7 day concrete shows that the values decrease when the percent of ceramic increase in the concrete. This is due to the reason that material crushed ceramic have the water content more greatly than sand. The interaction between particles crushed ceramic and cement have same chemical reaction. This can be explained where the sample concrete 28 day have the compressive strength enhances with the percent crushed ceramic in concrete increase. The result of compressive strength for sample concrete 28 day shows that C0, C15, C30 and C45 have the compressive strength with, 27.34, 29.52, 30.04, and 30.59 MPa respectively.
Tensile Strength


Figure 5: The tensile Strength

The tensile test was done based on British Standard BS 1881 : Part 4 : 1970.  The result shows that the tensile strength enlarges with the period of concrete increase where 7 day and 28 day of concrete the value of the tensile strength more better. The results of tensile strength for sample concrete 28 day shows that C0, C15, C30 and C45 have the value 2.8, 3.16, 3.37 and 3.446 MPa respectively. This is due to the fact that particles crushed ceramic have shape more hard than sand, so that influence the tensile strength for the concrete.
The flexural Test

Figure 6 : The flexural test
Test done on harden concrete were cube flexural test on 7 and 28 days. The flexural test was performed based on British standard BS 1881: Part 118: 1983. The result show that the flexural test enhance when the percent of ceramic increase in the concrete. It can be explained from the sample of concrete 28 days where the sample C0, C15, C30, and C45 have the flexural test are 3.73, 4.33, 4.53 and 4.93 MPa respectively. This is due to the explanation that material crushed ceramic have shape more hard than sand.
CONCLUSIONS

Results show that the compressive strength (28 days) of crushed ceramic increase with the increase of crushed ceramic content. The increment is 8, 10 and 12% higher than the controlled sample for 15, 30 and 45% replacement and still maintained the slump within the limit (30 – 60 mm). The flexural and split tensile also exhibit increase in value with the increase of replacement content, which is 3, 5, 7% and 13, 20, 23% for the said test and content. Thus, it is suggested that crushed ceramic is used as partial replacement of sand, and not coarse aggregate, in application where the compressive, flexural and tensile strength could not be compromised for usage of grade 25 concrete with maximum content up to 45%.
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