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Abstract— Self-compacted concrete is high performance 

concrete which has high fluidity without segregation which 

does not required vibration and able to flow by own weight 

for filling purpose of mold. But use of expansive admixture 

and very large quantity of cement and its give low strength 

and difficult to obtain. India has serious challenge for 

disposing industrial waste as land filling which result in high 

cost and environmental problem. Utilize treated and untreated 

industrial waste as raw material in concrete is give clean and 

greener environment. Industrial waste like copper slag and 

construction & demolition (C&D) waste replacing by fine 

aggregate and coarse aggregate in different proportion is 

economical. Copper slag is by product of matte smelting and 

retaining copper.  Which can replace by fine aggregate in 

concrete and in C&D wastes major part ceramic waste can 

replace by coarse aggregate to improve workability and 

strength of concrete. The systematic experimental approach 

showed that partial replacement of coarse and fine aggregate 

could produce self-compacting concrete with low segregation 

potential as assessed by the flow test. The paper reports the 

results of flow test on replacement of fine aggregate and 

coarse aggregate by copper slag and ceramic waste 

respectively with different percentage.  The results showed 

that copper slag and ceramic waste could be used successfully 

in producing self-compacted concrete with reduced 

segregation potential. 
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I. INTRODUCTION 

Self-compacting concrete (SCC) is an innovative concrete 

that does not require vibration for placing and compaction. It 

is able to flow under its own weight, completely filling 

formwork and achieving full compaction, even in the 

presence of congested reinforcement. The hardened concrete 

is dense, homogeneous and has the same engineering 

properties and durability as traditional vibrated concrete. Due 

to industrialization there is huge amount of copper slag and 

ceramic waste created. manufacture of copper slag and 

ceramic waste are industrial waste and causing threat to 

environment so the reduce the cost of the construction also to 

make structure more durable, reduce problem of this material 

the project has been undertaken so that it can be used for 

construction fashion following points attempted. 

 To study the properties of copper slag. 

 To study properties of ceramic waste. 

 To blend to mix or to replace fine aggregate and coarse 

aggregate by different % of copper slag and ceramic 

waste. 

 To study the flow test and result of flow test 

II. PROPERTIES OF COPPER SLAG 

A. General 

Copper slag is an abrasive blasting grit made of granulated 

slag from metal smelting processes (also called iron silicate). 

Copper slag is a by-project created during the copper smelting 

and refining process. As refineries draw metal out of copper 

ore, they produce a large volume of non-metallic dust, soot, 

and rock. Collectively, these materials make up slag, which 

can be used for a surprising number of applications in the 

building and industrial fields. 

Contractors may also use copper slag in place of 

sand during concrete construction. The slag serves as a fine 

or binding agent, which helps hold the larger gravel particles 

within the concrete together. When used in this manner, the 

slag helps to improve the properties of the concrete, and also 

serves as a form of recycling. Typically, refineries end up 

with two units of slag for every one unit of copper produced 

during smelting. 

B. Physical Properties 

Sr. No Properties Analysis 

1. Hardness, Mohr’s scale 7 

2. Specific Gravity 3.83 

3. Electric Conductivity 4.8ms/m 

4. Chloride content <0.0002 

5. Particle size 0.2mm up to 3mm 

6. Granular size 
Angular, Sharp 

edges, Multifaceted 

Table 1: Physical Properties of Copper Slag 

C. Chemical Properties 

Sr. No. Compound Analysis Range in % 

1 Cu 0.6-0.70 

2 FeO 42-48 

3 SiO2 26-30 

4 Al2O3 1-3 

5 S 0.2-0.3 

6 CaO 1-2 

7 MgO 0.8-1.5 

8 Fe3O4 1-2 

Table 2: Chemical Properties of Copper Slag 

III. PROPERTIES OF CERAMIC WASTE 

A. General 

Ceramic products are made from natural materials which 

contain a high proportion of clay minerals. These, through a 

process of dehydration followed by controlled firing at 

temperatures of between 700ºC and 1000ºC, acquire the 

characteristic properties of “fired clay”. Thus, the 

manufacturing process involved in ceramic materials requires 

high firing temperatures which may activate the clay 
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minerals, endowing them with pozzolanic properties and 

forming hydrated products similar to those obtained with 

other active materials. 

Ceramic materials contribute the highest percentage 

of wastes within the construction and demolition wastes i.e. 

about 54%. The global production of ceramic tiles during 

2011-12 in the world is about 11,166 million square meters. 

Ceramic waste is durable, hard and highly resistant 

to biological, chemical and physical degradation forces. The 

properties of these materials make them a good and suitable 

choice to be used in concrete. The use of waste ceramic tiles 

in concrete effects the properties of fresh and hardened 

concrete, and makes it economical and also solves some of 

the disposal problems. 

B. Physical Properties 

Sr. No Properties Analysis 

1. Specific gravity 2.50 

2. Water absorption in % 0.18 

3. Impact value in % 22 

4. Crushing value in % 20 

5. Abrasion value in % 19 

6. 
Bulk Density in kg/m3 

Loose State Dense State 

1069 

1188 

Table 3: Physical Property of Ceramic Waste 

C. Chemical Property 

Sr. No Compound Analysis Range in % 

1. SiO2 63.29 

2. Al2O3 18.29 

3. Fe2O 4.32 

4. CaO 4.36 

5. MgO 0.72 

6. P2O5 0.16 

7. K2O 2.18 

8. Na2O 0.75 

9. SO3 0.10 

10. CL- 0.005 

11. TiO2 0.61 

12. SrO2 0.02 

13. Mn2O3 0.05 

14. L.O.I 1.61 

Table 4: Chemical Property of Ceramic Waste 

IV. MIX DESIGN 

A mix was designed as per Indian Standard method (IS 

10262-2009) and the same was used to prepare the test 

samples. The design mix proportion is done in Table 5. 

Mix Materials 
CC 

Kg/m3 

S15 

Kg/m3 

S25 

Kg/m3 

S35 

Kg/m3 

Cement 340 340 340 340 

Copper slag(CS) 0 85.05 141.75 198.45 

Ceramic waste 0 191.7 319.5 447.3 

Water 153 153 153 153 

Fine Aggregate 

(NS) 
567 481.95 425.25 368.55 

Coarse 

Aggregate 
1278 1086.3 958.5 830.7 

Total yield 

(Kg/m3) 
2338 2338 2338 2338 

Table 5: Mix Design 

V. SLUMP FLOW TEST 

A. Introduction 

The slump flow is used to assess the horizontal free flow of 

SCC in the absence of obstructions. It was first developed in 

Japan for use in assessment of underwater concrete. The test 

method is based on the test method for determining the slump. 

The diameter of the concrete circle is a measure for the filling 

ability of the concrete. 

B. Assessment of test 

This is simple, rapid test procedure, though two people are 

needed if the T50 time is to be measured. It can be used on 

site, though the size of the base plate is somewhat unwieldy 

and level ground is essential. It is most commonly used test, 

and gives a good assessment of filling ability. It gives no 

indication of the ability of the concrete to pass between 

reinforcement without blocking, but may give some 

indication of resistance to segregation. It can be argued that 

the completely free flow, unrestrained by any boundaries, is 

not representative of what happens in practice in concrete 

construction, but the test can be profitably be used to assess 

the consistency of supply of ready-mixed concrete to a site 

from load to load.    

C. Equipment 

Mold in the shape of a truncated cone with the internal 

dimensions 200mm at the base, 100mm diameter at the top 

and a height of 300mm, confirming to EN12350-2 Base plate 

of a stiff non-absorbing material, at least 700mm square, 

marked with a circle marking the central location for the 

slump cone, and a further concentric circle of 500mm 

diameter. 

The apparatus usually required for this test are as 

under- 

 Trowel. 

 Scoop. 

 Ruler. 

 Stopwatch 

 
Fig. 1: Slump Flow Test 

D. Procedure 

 About 6 liter of concrete is needed to perform the test, 

sampled 

 Normally. 

 Moisten the base plate and inside of slump cone. 

 Place base plate on level stable ground and the slump 

cone 

 Centrally on the base plate and hold down firmly. 

 Fill the cone with the scoop. Do not tamp, simply strike 

off the 

 Concrete level with the top of the cone with trowel. 
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 Remove any surplus concrete from around the base of the 

cone. 

 Raise the cone vertically and allow the concrete to flow 

out freely. 

 Simultaneously, start the stopwatch and record the time 

taken for 

 The concrete to reach the 500mm spread circle. (This is 

T50 time). 

 Measure the final diameter of the concrete in two 

perpendicular Directions. 

Calculate the average of the two measured 

diameters. (This is Slump flow in mm). 

E. Flow Test Result 

The following tables give the flow test results of effect of 

addition of copper slag and ceramic waste in various 

percentages on the properties of self-compacting concrete. 

Sr. No. Method Unit Typical Range Value 

   Minimum Maximum 

1 Slump flow Mm 600 800 

2 
T50cm 

slump flow 
sec 2 5 

Table 6: recommended values for different method 

Sr.  

No 

% of copper slag 

and ceramic waste 

Slump Test 

T-50 

(sec) 

Dmax. 

(mm) 

1. 0% 5 685 

2. 15% 4.5 687 

3. 25% 5 684 

4. 35% 5.5 682 

Table 7: Results of fresh SCC tests 

 
Fig. 2: Variation workability with copper slag and ceramic 

waste proposal 

 
Fig. 3: Variation in t-50 sec with copper slag and ceramic 

waste proposal 

VI. CONCLUSION 

The tests were performed to determine the fresh properties of 

Self-Compacting Concrete mixtures and the results of the 

tests are as follows. 

The slump value of concrete increase with increase 

in amount of copper slag and ceramic waste up to 15% 

replacement and after that as amount increase flow value 

decrease. 

But the T-50 value also increase with increase in 

amount of copper slag and ceramic waste up to 16% 

replacement and after that as amount increase T-50 value 

decrease. 

So ultimately we can say that we can use industrial 

waste (copper slag and ceramic waste) to produce self-

compacted concrete and we can use it in construction work. 
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