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Abstract 
Concrete is an artificial stone-like mass, it is a composite material that is created by mixing binding material 

(cement or lime) along with the aggregate (Sand, gravel, stone, brick chips, etc.), water, admixtures, e.t.c in 

specific proportions. The strength and quality are dependent on the mixing proportions. Concrete has been in 

existence for over 200year and over the Years efforts has been made to improve certain of its properties ranging 

from strength, appearance, ductility and corrosion resistance. This journal tries to determine the effect of partial 

replacement of cement with ceramics waste and coarse aggregate with discarded tyre on the properties of 

concrete. A controlled mix was done and then different sets of cubes were casted with the percentage of ceramics 

waste and discarded tyre added ranging from 5% to 20%. The cubes were crushed at 7days, 14days, 21days and 

28days and the strength of the concrete was tabulated commensurate with the age of the concrete. Regression 

analysis was carried out on the ultimate strength in order to obtained a mathematical relationship between the 

percentage of ceramics waste at a given percentage of discarded tyre and the strength obtained. It was discovered 

from the equations of the line obtained from the plot that the strength of concrete keeps decreasing as the 

percentage of either the ceramics waste or discarded tyre keeps increasing. 
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I. Introduction 
Concrete is a composite material consist of mainly water, aggregate, and cement. The physical properties 

desired for the finished material can be attained by adding additives and reinforcements to the concrete mixture 

[1]. The strength and quality are dependent on the mixing proportions. The formula for producing concrete from 

its ingredients can be presented in the following equation: Concrete = Binding Material + Fine & Coarse 

Aggregate + Water + Admixture (optional) [2,3]. A solid mass that can be easily moulded into desired shape can 

be formed by mixing these ingredients in certain proportions. Over the time, a hard matrix formed by cement 

binds the rest of the ingredients together into a single hard (rigid) durable material with many uses such as 

buildings, pavements etc., The technology of using concrete was adopted earlier on large-scale by the ancient 

Romans, and the major part of concrete technology was highly used in the Roman Empire [1]. The colosseum in 

Rome was built largely of concrete and the dome of the pantheon is the World’s largest unreinforced concrete 

structure [1-3]. After the collapse of Roman Empire in the mid-18th century, the technology was re-pioneered as 

the usage of concrete has become rare. Today, the widely used man made material is concrete in terms of tonnage 

[1]. Because of the wide use of concrete, a lot of experiments has been carried out to determine the effect of fully 

or partially replacement of its constituents. One of these experiments is the Effect of Partial Replacement of 

Cement by Silica Fume on Hardened Concrete. The use of Silica Fume (SF) in short period of time had one of 

the most dramatic impacts on the industry's ability to routinely and commercially produce SF modified concrete 

of flowable in nature but yet remain cohesive, which in turn would develop both high early and high later-age 

strengths including resistant to aggressive environments [4]. Another researched carried out tries to determine the 

Impact of Partial Replacement of Cement with Polymethyl Methacrylate on the Compressive Strength of Concrete 

in that research, it was determined that at 4% of cement gives a higher strength of cube [5]. For the purpose of 

this research, we intend to determine the effect of partial replacement of cement with ceramics waste and 

discarded tyre as coarse aggregate on the properties of concrete. 

 

II. Materials And Methods 
Different Sets of cubes were casted varying the proportion of the ceramics waste in the cement and also 

varying the proportion of the shredded tyre in the coarse aggregate trying to capture all possible combinations of 

the effects of their partial replacements as shown in the table below. 
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Fig 3.1 Mixture of Cement + ceramics, fine Aggregates and Coarse Aggregate + tyre 

 

 
Fig 3.2 Compacting Factor Test 

 

 
Fig 3.4 Concrete Cubes Before Demoulding 
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Fig 3.5 Curing of cubes 

 

 
Fig 3.6 Crushing of cubes 

 

Fig 3.1 Table of percentage of mix of ceramics and discarded tyre added 
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From each set of the 12 cubes, 3 numbers were crushed at 7 days, another 3 were crushed at 14days, 3 

again at 21 days and finally another 3 at 28 days. The results obtained were tabulated appropriately. 2 cubes were 

taken from each set for fire resistance test and 2 were kept for ductility test. All results obtained were tabulated 

appropriately. 

 

Table 4.1 Oxide Composition of Ceramics waste 
S/N Elemental Oxides % Composition 

Ceramic Waste 

1 CaO 12.18 

2 SiO2 56.04 

3 AL2O3 16.38 

4 Fe2o3 4.88 

5 MgO 3.73 

6 SO3 2.08 

7 Na2O 1.37 

8 K20 3.09 

9 P2O5 0.18 

10 TiO2 0.58 

11 MnO 0.15 

12 LOSS OF IGNITION 0.00 

 

Sieve Analysis of fine Aggregate 

The table below shows the result of the particle size analysis of the fine aggregate. 

 

Table 4.2 Particle size analysis of fine Aggregate 
Sieve Sizes (mm) Weight Retained % Weight Passing 

through 

Cumulative % 

weight Retained 

% Passing 

4.77 0.00 0.00 0.00 100.00 

2.35 0.00 0.00 0.00 100.00 

1.18 0.00 0.00 0.00 100.00 

0.6 1.71 0.34 0.34 99.65 

0.425 1.60 0.32 0.66 99.34 

0.3 9.20 1.84 2.50 97.30 

0.212 92.60 18.52 21.02 79.98 

0.15 332.70 66.54 87.56 12.44 

0.075 36.60 7.32 94.88 5.14 

Pan 5.60 1.12 96.00 4.00 

 

Percentage passing No. 200 BS = 
499−480

499
 = 

19

499
 =  0.03 

0.03 x 100 = 3% 

Percentage (%) retained on size number 200 BS sieve = 100 – 3                        = 97 

% 

 

Sand moisture Content (fine aggregate) 

The table below show the result of the moisture content carried out on the fine aggregate 

 

Table 4.3 Fine Aggregate Moisture Content 
Container  No. KC MB UF 

Mass of Container ( M1) 20.63 20.14 23.01 

Mass of Container + wet Sand ( M2) 35.23 20.14 23.01 

Mass of Container + Dry Sand ( M3) 34.35 29.89 29.08 

Mass of dry sand (M3 – M1) = M5 13.72 9.75 6.07 

Mw = Mass of sand ( M2 – M3) 0.87 0.85 0.76 

Moisture Content = W (Ww/Ws)*100 6.34 8.71 12.52 

Average W = 10.04 

Moisture Content of Sand = 10.04 
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Specific gravity of fine aggregate 

M1 = 21g 

M2 = 53g 

M3 = 82g 

M3 = 63g 

Gs =
(𝑀2 −𝑀1)

(𝑀4 −𝑀1) − (𝑀3 −𝑀4)
 

𝐺𝑠 =
(53 − 21)

(63 − 21) − (82 − 53)
 

= 2.67 

 

Sieve Analysis of Coarse Aggregate 

The table below shows the result of the particle size analysis of the coarse aggregate. 

 

Table 4.4 Particle size Analysis of Coarse Aggregate 
Sieve Sizes (mm) Weight Retained % Weight Passing through Percentage Passing Through 

19 0 500 100 

13.5 112 388 77.7 

9.5 235 154 30.5 

4.75 67 87 17.3 

2.56 43 43 8.6 

1.18 10 33 6.6 

0.6 6 26 5.3 

0.3 7 20 4 

0.15 9 12 2.2 

0.075 1.1 9.8 1.97 

 

Specific gravity of Coarse aggregate 

M1 = 206g 

M2 = 69.9g 

M3 = 1065g 

M3 = 754g 

 

Gs =
(𝑀2 −𝑀1)

(𝑀4 −𝑀1) − (𝑀3 −𝑀4)
 

𝐺𝑠 =
(697 − 206)

(754 − 206) − (1065 − 677)
 

= 2.72 

 

Stone moisture Content (Coarse aggregate) 

The Table below shows the moisture content of the coarse aggregate. 

 

Table 4.4 Moisture Content of Coarse Aggregate 
Container  No. AC B2 QM 

Mass of Container ( M1) 25.75 30.46 30.34 

Mass of Container + wet Sand ( M2) 49.30 52.58 55.48 

Mass of Container + Dry Sand ( M3) 48.35 51.60 54.49 

Mass of dry sand (M3 – M1) = M5 22.00 21.05 24.18 

Mw = Mass of sand ( M2 – M3) 0.95 0.98 0.99 

Moisture Content = W (Ww/Ws)*100 4.31 4.65 4.09 

Average W = 13.15 

Moisture Content of Sand = 13.15 
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CONCRETE ANALYSIS 

Fresh Concrete Analysis 

The table below shows the results obtained from the slump test and the compaction factor test carried 

out on the samples. 

 

Table 4.5 The Table Slump and Compacting factor of the Fresh 

% 
Replacement 

(Dt & Cw) 

Weight Of 

Partially 
Compacted 

Concrete 

Weight Of Fully 

 

Compacted 
Concrete 

Compactin G 

Factor 

Slump Value 

(Mm) 
Stamp Type 

0,0 15535 17163 0.91 10 Zero 

0,5 15428 17072 0.9 9 Zero 

0,10 14620 17046 0.86 8 Zero 

0,15 15042 17072 0.88 20 Zero 

0,20 15532 17022 0.91 28 Zero 

5,0 15046 17056 0.88 29 Zero 

5,5 15038 16547 0.91 10 Zero 

5,10 14857 16717 0.89 9 Zero 

5,15 14846 16720 0.89 10 Zero 

5,20 14856 16578 0.9 10 Zero 

10,0 14845 16648 0.89 9 Zero 

10,5 14398 16385 0.88 6 Zero 

10,10 14308 16345 0.88 15 Zero 

10,15 14208 16340 0.87 14 Zero 

10,20 13659 16343 0.84 10 Zero 

15,0 14533 16382 0.89 10 Zero 

15,5 13876 16068 0.86 9 Zero 

15,10 13826 17085 0.81 11 Zero 

15,15 13829 16306 0.85 10 Zero 

15,20 13566 16095 0.84 10 Zero 

20,0 14140 16130 0.88 9 Zero 

20,5 14600 15848 0.92 10 Zero 

20,10 14055 15662 0.9 10 Zero 

20,15 14340 16062 0.89 10 Zero 

20,20 15190 16010 0.95 14 Zero 

 

Below are the bar charts representing the slump and the compacting factor of each of the samples. 
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Hardened Concrete Analysis 

The table below shows the analysis of results of the crushing strength of the various sets of concrete 

cubes at the standard ages of 7days, 14days, 21 days and 28 days. 
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Table 4.5 Strength of the various grades of Concrete. 
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Below is the output of the regression analysis of the results obtained. 

Output for the Regression analysis at 0% Addition of Tyre Waste 

 
 

Output for the Regression analysis at 5% Addition of Tyre Waste is as below 

 
 

Output for the Regression analysis at 10% Addition of Tyre Waste is as below 
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Output for the Regression analysis at 15% Addition of Tyre Waste is as below 

 
 

Output for the Regression analysis at 20% Addition of Tyre Waste is as below 

 
 

Graphical Results of Analysis 

The Result for the 0% tyre waste is given below 

 
Fig 4.1 A graph of Percentage ceramics waste added against strength at 0% discarded Tyre 
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The Result for the 5% tyre waste is given below 

 
Fig 4.2 A graph of Percentage ceramics waste added against strength at 5% discarded Tyre 

 

The Result for the 10% tyre waste is given below 

 
Fig 4.3 A graph of Percentage ceramics waste added against strength at 10% discarded Tyre 

 

The Result for the 15% tyre waste is given below 

 
Fig 4.4 A graph of Percentage ceramics waste added against strength at 15% discarded Tyre 
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The Result for the 20% tyre waste is given below 

 
Fig 4.5 A graph of Percentage ceramics waste added against strength at 20% discarded Tyre 

 

Strength gain trend of the Concrete 
0% DT 7days 14days 21days 28days 

0 65 91 94 100 

5 65 96 100 100 

10 67 97 100 100 

15 67 97 100 100 

20 73 98 100 100 

 

 
Fig 4.6 A graph showing the rate of strength gain of concrete with respect to age 
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Density Trend Of Concrete With Increase In Percentage Of Discarded Tyre 

 
Fig 4.6 A graph showing the density trend of the cube with increase in the percentage of discarded tyre. 

 

 
Fig 4.7 A graphical representation of the relationship between the density of the cubes and the percentage of 

discarded tyre added. 

 

III. Conclusion 

The effect of partial replacement of cement with ceramics waste and coarse aggregate with discarded 

tyre was evaluated by casting different sets of cubes with varying percentages of ceramics waste added to the tyre 

and also varying the percentage of the discarded tyre added to the coarse aggregate. The strength of the cubes was 

determined at 7days, 14day, 21days and 28days by carrying out destructive test on the cubes.  Regression analysis 

was then carried on the ultimate strengths of the different sets of cubes based on the percentage of ceramics was 

added to the cement or discarded tyre added to the coarse aggregate. The following observations were made: 

i) For concretes made with no discarded tyre added but with partial addition of ceramics waste, the relationship 

between the percentage of ceramics waste added to the strength obtained can be expressed in a mathematical 

equation as Y = - 0.258x + 37.667 were Y is the strength at 28days and x is the percentage of Ceramics Waste 

added. 

ii) For concretes made with 5% discarded tyre added and with partial addition of ceramics waste ranging from 

5% - 20%, the relationship between the percentage of ceramics waste added to the strength obtained can be 

expressed in a mathematical equation as Y = - 0.2213x + 32.087 where Y is the strength at 28days and x is 

the percentage of Ceramics Waste added. 
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iii) For concretes made with 10% discarded tyre added and with partial addition of ceramics waste ranging from 

5% - 20%, the relationship between the percentage of ceramics waste added to the strength obtained can be 

expressed in a mathematical equation as Y = - 0.2193x + 24.1 where Y is the strength at 28days and x is the 

percentage of Ceramics Waste added 

iv) For concretes made with 15% discarded tyre added and with partial addition of ceramics waste ranging from 

5% - 20%, the relationship between the percentage of ceramics waste added to the strength obtained can be 

expressed in a mathematical equation as Y = - 0.0773x + 17.767 where Y is the strength at 28days and x is 

the percentage of Ceramics Waste added 

v) For concretes made with 20% discarded tyre added and with partial addition of ceramics waste ranging from 

5% - 20%, the relationship between the percentage of ceramics waste added to the strength obtained can be 

expressed in a mathematical equation as Y = - 0.0733x + 17.233 where Y is the strength at 28days and x is 

the percentage of Ceramics Waste added 

vi) For cubes with only ceramics waste added to them but no discarded tyre, the time at which the sets of cubes 

reached ultimate strength tends to be faster than those of normal concrete. 

vii) For concretes made with no ceramics waste added but with partial addition of discarded tyre, the relationship 

between the percentage of density of the concrete obtained and density of the cubes can be expressed in a 

mathematical equation as Y = - 0.1134x + 4.19 where Y is the density of the concrete and x is the percentage 

of discarded tyre added. 
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