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Abstract 

Cement, sand and aggregate are basic needs for any construction industry. Sand is a prime material used for preparation of 

mortar and concrete and which plays a major role in mix design. Now a day’s erosion of rivers and considering environmental 

issues, there is a scarcity of river sand. The non-availability or shortage of river sand will affect the construction industry; hence 

there is a need to find the new alternative material to replace the river sand, such that excess river erosion and harm to 

environment is prevented. Many researchers are finding different materials to replace sand and one of the major materials is 

copper slag. Copper slag and micro silica are industrial by-product materials produced from the process of manufacturing copper 

and Ferro - silicon Metal industry. Use of Copper slag and micro silica does not only reduce the cost of construction but also 

helps to reduce the impact on environment by consuming the material generally considered as waste product. In this paper an 

attempt has been made to review all the literature that is available and find out the outcome of many researchers so that an 

appropriate method can be suggested for further studies. Study has revealed that materials such as copper slag and micro silica 

which are waste materials or byproduct of industry can be advantageously utilized in preparing concrete which not only brings 

down the cost of concrete but also solves issues of procuring river sand as well which is also beneficial for the habitat. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The utilization of industrial waste or secondary materials has encouraged the production of cement and concrete in construction 

field. New by-products and waste materials are being generated by various industries. We are aware that dumping or disposal of 

waste materials causes environmental and health problems. Therefore, recycling of waste materials is a great potential in 

concrete industry. For many years, by-products such as fly ash, silica fume and slag were considered as waste materials. 

Concrete prepared with such materials showed improvement in workability and durability compared to normal concrete and has 

been used in the construction of power, chemical plants and under-water structures. Over recent decades, intensive research 

studies have been carried out to explore all possible reuse methods. Construction waste, blast furnace, steel slag, coal fly ash and 

bottom ash have been accepted in many places as alternative aggregates in embankment, roads, pavements, foundation and 

building construction, raw material in the manufacture of ordinary Portland cement pointed out by Teikthyeluin et al (2006). 

Copper slag is an industrial by-product material produced from the process of manufacturing copper. For every ton of copper 

production, about 2.2 tons of copper slag is generated. It has been estimated that approximately 24.6 million tons of slag are 

generated from the world copper industry (Gorai et al 2003). Although copper slag is widely used in the sand blasting industry 

and in the manufacturing of abrasive tools, the remainder is disposed of without any further reuse or reclamation. 

Copper slag possesses mechanical and chemical characteristics that qualify the material to be used in concrete as a partial 

replacement for Portland cement or as a substitute for aggregates. For example, copper slag has a number of favorable 

mechanical properties for aggregate use such as excellent soundness characteristics, good abrasion resistance and good stability 

reported by (Gorai et al 2003). Copper slag also exhibits pozzolanic properties since it contains low CaO Under activation with 

NaOH; it can exhibit cementitious property and can be used as partial or full replacement for Portland cement. The utilization of 

copper slag for applications such as Portland cement replacement in concrete, or as raw material has the dual benefit of 

eliminating the cost of disposal and lowering the cost of the concrete. 

The Use of copper slag in the concrete industry as a replacement for cement can have the benefit of reducing the costs of 

disposal and help in protecting the environment. Despite the fact that several studies have been reported on the effect of copper 
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slag replacement on the properties of Concrete, further investigations are necessary in order to obtain a comprehensive 

understanding that would provide an engineering base to allow the use of copper slag in concrete. 

II. MATERIALS  

 Copper Slag: 

Copper slag is a by-product material produced from the process of manufacturing copper. As the copper settles down in the 

smelter, it has a higher density, impurities stay in the top layer and then are transported to a water basin with a low temperature 

for solidification. The end product is a solid, hard material that goes to the crusher for further processing. Copper slag used in 

this work was bought from Sterlite industries (India) ltd, Tuticorin, Tamil Nadu, India. 

 
Fig. 1: Sample of Copper Slag 

 Physical Properties of Copper Slag: 

Copper slag is black glassy and granular in nature and has a similar particle size range like sand. The specific gravity of Indian 

slag lies between 3.4 and 4.1. The bulk density of copper slag varies between 1.9 to 2.15 Kgandm3 which is almost similar to the 

bulk density of conventional fine aggregate. Table -1 show physical properties of copper slag. The free moisture content present 

in slag was found to be less than 0.5%.  

Tests to determine specific gravity and water absorption for copper slag and sand were carried out in accordance with ASTM 

C128. The results presented in Table -1 show that copper slag has a specific gravity of 3.91 which is higher than that of sand 

(2.63) and OPC (2.94) which may result in production of HPC with higher density when used as sand substitution. Table -1 

shows that the measured water absorption for copper slag was 0.16% compared with 1.25% for sand. This suggests that copper 

slag would demand less water than that required by sand in the concrete mix. Therefore, it is expected that the free water content 

in concrete matrix will increase as the copper slag content increases which consequently will lead to increase in the workability 

of the concrete.The table -1 shows physical properties of copper slag. 
Table – 1 

Physical properties of copper slag 

Physical Properties Copper slag 

Particle shape Irregular 

Appearance Black and glassy 

Type Air cooled 

Specific gravity 3.91 

Percentage of voids % 35 

Bulk density g/cc 2.08 

Fineness modulus 3.47 

Angle of internal friction 51020’ 

Ultimate shear stress kg/cm2 0.4106 

Water absorption % 0.16 

Moisture content % 0.1 

Fineness  m2 /kg  (after grinding) 125 

 Chemical properties of Copper Slag: 

Copper slag has high concentrations of SiO2 and Fe2O3 compared with OPC. In comparison with the chemical composition of 

natural pozzolans of ASTM C 618-99, the summation of the three oxides (silica, alumina and iron oxide) in copper slag is nearly 

95%, which exceeds the 70% Percentile requirement for Class N raw and calcined natural pozzolans. Therefore, copper slag is 

expected to have good potential to produce high quality pozzolans. Table -2 shows the chemical composition of copper slag 

which was obtained from National council for cement and building materials, Ballabgarh, India, 2010. 
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Table -2 

Chemical properties of copper slag 

Sr.No Chemical Component % of chemical Component 

1. SiO2 25.84 

2. Fe2O3 68.29 

3. Al2O3 0.22 

4. CaO 0.15 

5. Na2O 0.58 

6. K2O 0.23 

7. Mn2O3 0.22 

8. TiO2 0.41 

9. SO3 0.11 

10. CuO 1.20 

11. Sulphidesulphur 0.25 

12. Insoluble residue 14.88 

 Micro – Silica: 

Micro Silica is by product of the Ferro - silicon Metal industry. Ferro – Silicon metals are produced in electric furnaces for 

sealants, caulk, and other products. The emissions from the furnace are collected and termed micro silica .micro Silica particles 

are 1/100 the size or cement particles. They are not cementitious but highly pozzolanic. ASTM C 1240 (ASTM, 2008) defines 

the requirements of micro silica that can be used in concrete.  

 The American Concrete Institute (ACI) defines microsilica as “very fine non crystalline silica produced in electric arc furnaces 

as a byproduct of the production of elemental silicon or alloys containing silicon” (ACI 116R). It is usually a gray coloured 

powder, somewhat similar to Portland cement or some fly ashes. Figure shows a typical micro silica as it appears: 

 
Fig. 2: Sample of Micro Silica 

Micro Silica is usually categorized as a supplementary cementitious material. This term refers to materials that are used in 

concrete in addition to Portland cement. These materials can exhibit the following properties: 

 Typical physical properties of Micro Silica: 

Table – 3 

Physicalproperties of Micro Silica 

Physical properties Micro Silica 

Particle size (typical) < 1µm 

Bulk density (as - produced) 130 to 430 kg/m3 

(Densified) 480 to 720 kg/m3 

Specific gravity 2.2 

Specific Surface 15,000 to 30,000 m2/kg 

Appearance Very fine powder 

Colour Grey 

Odour Odourless 

Mean particle size 25 microns 

SiO2 – Silica 90 % minimum 

Humidity 2 % maximum 

Loss on ignition at 800°C 4 % maximum 
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 Typical chemical properties of Micro Silica: 

Table – 4 

Chemical propertiesof Micro Silica 

Chemical Constituents (as oxides) Requirements as per BS:13263 

Silica (SiO2) 85 - 97 

Alumina (Al2O3) < 2 

Calcium Oxide (CaO) < 1 

Ferric Oxide ( Fe2O3) < 1 

Magnesium Oxide (MgO) < 1 

Sodium Oxide (Na2O) < 1 

Potassium (K2O) < 1 

Chloride (Cl) < 0.3 

Sulphate (SO4) < 0.3 

Loss on Ignition < 4 

 Advantages of Micro Silica: 

High strength concrete made with micro silica provides high abrasion/corrosion resistance. Micro Silica influences the 

rheological properties of fresh concrete, the strength, porosity and durability of hardened mass. Micro Silica concrete with 

low water content is highly resistant to penetration of chloride ions. The extreme fineness of m i c r o  silica allows it to 

fill or pack the microscopic voids between cement particle and especially in the voids at the surface of the aggregate particles 

where the cement particles cannot fully cover the surface of the aggregate and fill the available space. Micro Silica can also be 

proportioned as a water reducer with the reduction in water Cementitious  material  ratio,  so  it  is  hydrophilic  in  nature,  

thus  super  plasticizer demand for additional water can be minimized. Micro Silica reduces bleeding segregation of fresh 

concrete significantly. This effect is caused due to high surface area. 

III. METHODOLOGY 

 Overview: 

As in above topic the various materials that could replace the conventional materials for fine aggregates and cement by copper 

slag and micro silica respectively. Now a brief account of various tests that could be performed on these modified mixes of 

concrete is summarized below.  

 Compressive Strength Test: 

Out of many test applied to the concrete, this is the utmost important which gives an idea about all the characteristics of concrete. 

By this single test one judge that whether concreting has been done properly or not. For cube test two types of specimens either 

cubes of 15 cm X 15 cm X 15 cm or 10cm X 10 cm x 10 cm depending upon the size of aggregate are used. For most of the 

works cubical moulds of size 15 cm x 15cm x 15 cm are commonly used. 

This concrete is poured in the mould and tempered properly so as not to have any voids. After 24 hours these moulds are 

removed and test specimens are put in water for curing. The top surface of this specimen should be made even and smooth. This 

is done by putting cement paste and spreading smoothly on whole area of specimen. 

These specimens are tested by compression testing machine after 7 days curing or 28 days curing. Load should be applied 

gradually at the rate of 140 kg/cm2 per minute till the specimens fails. Load at the failure divided by area of specimen gives the 

compressive strength of concrete. 

 Flexural Strength Test : 

Flexural strength is one measure of the tensile strength of concrete. It is a measure of an unreinforced concrete beam or slab to 

resist failure in bending. It ismeasured by loading 6 x 6-inch (150 x 150-mm) concrete beams with a span length at least three 

times depth. The flexural strength is expressed as Modulusof Rupture(MR) in psi (MPa) and is determined by thestandard test 

methods ASTM C 78 (third-point loading) or ASTM C 293 (center point loading).  

Flexural MR is about 10 to 20 percent of compressivestrength depending on the type, size and volume ofcoarse aggregate used. 

However, the best correlation for specific materials is obtained by laboratory testsfor given materials and mix design. The MR 

determined by third-point loading is lower than the MR determined by center point loading, sometimes by as much as 15%. 

Designers of pavements use a theory based on flexural strength. Therefore, laboratory mix design basedon flexural strength tests 

may be required, or a cementitious material content may be selected from past experience to obtain the needed design MR. Some 

also use MR for field control and acceptance of pavements. Very few use flexural testing for structural concrete. Agencies not 

using flexural strength for field control generally find the use of compressive strength convenient and reliable to judge the quality 

of the concrete as delivered. 



A Review on Performance Assessment of Concrete by Partly Replacing Fine Aggregate with Copper Slag and Cement with Micro Silica  
(IJSTE/ Volume 2 / Issue 12 / 099) 

 

 All rights reserved by www.ijste.org 
 

550 

 Split Tensile Strength Test: 

Concrete cylinders of size 150 mm diameter and 300mm length were cast with incorporating copper slag as partial replacement 

of sand and cement. During casting, the cylinders were mechanically vibrated using a table vibrator. After 24 hours, the 

specimens were demolded and subjected to curing for 28 days in portable water. After curing, the cylindrical specimens were 

tested for split tensile strength using compression testing machine of 2000kN capacity. The ultimate load was taken and the 

average split tensile strength was calculated using the equation. 

 
Where, 

P=Ultimate load at failure (N), 

L=Length of cylindrical specimen (mm), 

D=Diameter of cylindrical specimen (mm). 

The tests were carried out on a set of triplicate specimens and the average tensile strength values were taken. 

IV. LITERATURE REVIEW 

 Introduction: 

The use of these byproducts in concrete not only helps to utilize these waste materials but also enhances the properties of 

concrete in fresh and hydrated states. The usage of industrial by-products especially industrial slags in making of concrete is an 

important study of worldwide interest. Many researchers have investigated the possible use of copper slag as a concrete 

aggregate. For this investigation, some of the important literatures were reviewed and presented briefly in the following 

paragraphs. 

 Review of literature of Concrete Containing Copper Slag: 

Many researchers have studied the effect of replacement of fine aggregate by copper slag on the mechanical and durability 

properties of ordinary Portland cement concrete.  

Al-jabri et al (2009) has investigated the performance of high strength concrete (HSC) made with copper slag as a fine 

aggregate at constant workability and studied the effect of super plasticizer addition on the properties of HSC made with copper 

slag. Two series of concrete mixtures were prepared with different proportions of copper slag. The first series consisted of six 

concrete mixtures prepared with different proportions of copper slag at constant workability. The water content was adjusted in 

each mixture in order to achieve the same workability as that of the control mixture. Twelve concrete mixtures were prepared in 

the second series. Only the first mixture was prepared using super plasticizer whereas the other eleven mixtures were prepared 

without using super plasticizer and with different proportions of copper slag used as sand replacement. The results indicated that 

the water demand reduced by almost 22% at 100% copper slag replacement compared to the control mixture. The strength and 

durability of HSC were generally improved with the increase of copper slag content in the concrete mixture. However, the 

strength and durability characteristics of HSC were adversely affected by the absence of the super plasticizer from the concrete 

paste despite the improvement in the concrete strength with the increase of copper content. The following conclusions were 

drawn from this study. 

1) Compared to the control mix, there was a slight increase in the HPC density of nearly 5% with increase of copper slag 

content, whereas the workability increased rapidly with increase in copper slag percentage.  

2) Addition of up to 50% of copper slag as sand replacement yielded comparable strength with that of the control mix. 

However, further additions of copper slag caused reduction in the strength due to an increase of the free water content in the 

mix.  

3) There was a decrease in the surface water absorption as copper slag quantity increased up to 40% replacement. Beyond that 

level of replacement, the absorption rate increases rapidly.  

4) It was recommended that 40 % by weight of copper slag can be used as replacement of sand in order to obtain HPC with 

good properties.  

Al-jabri et al (2009) investigated the effect of using copper slag as a replacement of sand on the properties of high 

performance concrete (HPC). Eight concrete mixtures were prepared with different proportions of copper slag ranging from 0% 

(for the control mix) to 100%. Concrete mixes were evaluated for workability, density, compressive strength, tensile strength, 

flexural strength and durability. The results indicate that there is a slight increase in the HPC density of nearly 5% with the 

increase of copper slag content, whereas the workability increased rapidly with increases in copper slag percentage. Addition of 

up to 50% of copper slag as sand replacement yielded comparable strength with that of the control mix. However, further 

additions of copper slag caused reduction in the strength due to an increase of the free water content in the mix. Mixes with 80% 

and 100% copper slag replacement gave the lowest compressive strength value of approximately 80 mpa, which is almost 16% 

lower than the strength of the control mix. The results also demonstrated that the surface water absorption decreased as copper 

slag quantity increases up to 40% replacement; beyond that level of replacement, the absorption rate increases rapidly. 
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Al-jabri et al (2011) investigated the effect of using copper slag as a fine aggregate on the properties of cement mortars and 

concrete. Various mortar and concrete mixtures were prepared with different proportions of copper slag ranging from 0% (for the 

control mixture) to 100% as fine aggregates replacement. Cement mortar mixtures were evaluated for compressive strength, 

whereas concrete mixtures were evaluated for workability, density, compressive strength, tensile strength, flexural strength and 

durability. The results obtained for cement mortars revealed that all mixtures with different copper slag proportions yielded 

comparable or higher compressive strength than that of the control mixture. There was more than 70% improvement in the 

compressive strength of mortars with 50% copper slag substitution in comparison with the control mixture. 

The results obtained for concrete indicated that there is a slight increase in density of nearly 5% as copper slag content 

increases. On the other hand, the workability increased significantly as copper slag percentage increase compared with the 

control mixture. A substitution of up to 40–50% copper slag as a sand replacement yielded comparable strength to that of the 

control mixture. However, addition of more copper slag resulted in strength reduction due to the increase in the free water 

content in the mix. The results demonstrated that surface water absorption decreased as copper slag content increases up to 50% 

replacement. Beyond that, the absorption rate increased rapidly and the percentage volume of the permeable voids was 

comparable to the control mixture. Therefore, it was recommended that up to 40–50% (by weight of sand) of copper slag can be 

used as a replacement for fine aggregates in order to obtain a concrete with good strength and durability requirements. 

Bipragorai et al (2003) reviewed the characteristics of copper slag as well as various processes such as pyro, hydro and 

combination of pyro-hydrometallurgical methods for metal recovery and preparation of value added products from copper slag. 

Copper slag, which is produced during pyro metallurgical production of copper from copper ores, contains materials like iron, 

alumina, calcium oxide, silica etc. This paper discusses the favorable physico-mechanical characteristics of copper slag that can 

be utilized to make the products like cement, fill, ballast, abrasive, aggregate, roofing granules, glass, tiles etc. Apart from 

recovering the valuable metals by various extractive metallurgical routes the favorable physico-mechanical and chemical 

characteristics of copper slag lead to its utilization to prepare various value added products such as cement, fill, ballast, abrasive, 

cutting tools, aggregate, roofing granules, glass, tiles etc. The utilization of copper slag in such manners may reduce the cost of 

disposal. This may also leads to less environmental problems. 

Caijun Shi et al (2008) reviewed the characteristics of copper slag and its effects on the engineering properties of cement, 

mortars and concrete and they concluded that the utilization of copper slag in cement and concrete provides additional 

environmental as well as technical benefits for all related industries, particularly in areas where a considerable amount of copper 

slag is produced. When it is used as a cement replacement or an aggregate replacement, the cement, mortar and concrete 

containing different forms of copper slag have good performance in comparison with ordinary Portland cement having normal 

and even higher strength. 

Najimi et al (2011) investigated the performance of copper slag contained concrete in sulphate solution. In this regard, an 

experimental study including expansion measurements, compressive strength degradation and micro structural analysis were 

conducted in sulphate solution on concretes. This was made by replacing 0%, 5%, 10% and 15% of cement with copper slag 

waste. The results of this study emphasized the effectiveness of copper slag replacement in improving the concrete resistance 

against sulphate attack. 

Washington Almeida Moura et al (2007) presented the results of a study on the use of copper slag as pozzolanic 

supplementary cementing material for use in concrete. Initially, the chemical and mineralogical characteristics of the copper slag 

were determined. After this, concrete batches were made with copper slag additions of 20% (relative to the cement weight) and 

set properties were investigated, i.e., specific gravity, compressive strength, splitting-tensile, absorption, and absorption rate by 

capillary suction and carbonation. The results pointed out that there is a potential for the use of copper slag as a supplementary 

cementing material to concrete production. The concrete batches with copper slag addition presented greater mechanical and 

durability performance. The following conclusions were drawn from this study. 

1) The addition of copper slag to concrete results in an increase on the concrete’s axial compressive and splitting tensile 

strengths. 

2) It was observed that a decrease in the absorption rate by capillary suction, absorption and carbonation depth in the copper 

slag concrete tested improved its durability. 

Wei wu et al (2010) investigated the mechanical properties of high strength concrete incorporating copper slag as fine 

aggregate. The workability and strength characteristics were assessed through a series of tests on six different mixing proportions 

at 20% incremental copper slag by weight replacement of sand from 0% to 100%. A high range water reducing admixture was 

incorporated to achieve adequate workability. Micro silica with a specific gravity of 2.0 was used to supplement the 

Cementitious content in the mix for high strength requirement. The following conclusions were drawn from this study 

1) The results indicated that the strength of concrete with less than 40% copper slag replacement was higher than or equal to 

the control specimen.  

2) The microscopic view also suggest that the microstructure of concrete with more than 40% copper slag contains more 

voids, micro cracks, and capillary channels that accelerate the damage of concrete during loading.  

3) The surface water absorption decreases constantly until 40% of copper slag substitution.  
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V. CONCLUSION 

This paper is presented for reviewing the alternatives available for natural sand in mortar and concrete. There are various 

materials available, which are recognized as waste product of industry or from Domestic. The literature survey reveals that many 

researchers have recognized these materials and spent their valuable time and shared their knowledge to make aware of these 

materials for the construction industry. It is evident that no material in the world is waste, but one has to see it in different way to 

recognize, how best the waste can be handled. Few alternative materials discussed in this paper are from hard work of various 

research scholars. But those materials can be utilized effectively for concrete mix and building mortar and awareness should be 

spread to society. The utilization of these materials should be in such a way that the locally available such alternative materials 

should be selected so as to achieve economy and required design strength. Briefly, the study has revealed that materials such as 

copper slag and micro silica which are waste materials or byproduct of industry can be advantageously utilized in preparing 

concrete which not only brings down the cost of concrete but also solves issues of procuring river sand as well which is also 

beneficial for the habitat. 
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