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ABSTRACT 
Cement concrete is one of the most versatile and widely used materials throughout the world. It is generally composed of three phases: aggregates, 

cement paste and a transition zone between cement and aggregates. Aggregates form the skeleton of concrete. Approximately, 3/4th volume of concrete 

is made of aggregates (Fine and Coarse). Aggregate is considered as the most important constituent of concrete since it contributes to the fresh and 

hardened properties of concrete. River sand is the most common fine aggregate used in concrete. Nowadays, there is a huge demand for natural fine 

aggregates in the construction world since modernization and urbanization which lead to over exploitation of natural river sand and it results in 

depletion. Hence, in order to preserve natural resource and to develop sustainable environment, it is important to replace a suitable material for fine 

aggregates in concrete. On the other hand, Industrial Waste Management is one of the most emerging fields associated with the environmental safety. 

Most of the industrial solid wastes are dumped as landfills and cause environmental pollution. In order to provide a better solution to this problem, 

nowadays, utilization of large quantities of metal industry waste materials like copper slag, steel slag, blast furnace slag, foundry sand, steel mill scale 

etc., as a partial replacement of fine aggregates are being practiced in the construction industry.  

Steel is manufactured from iron ores. The various processes involved in steel manufacturing are Sintering, Blast furnacing, Basic oxygen 

furnacing, casting and rolling. Hence, there are several solid wastes are generated during steel manufacturing process. Sinter plant, refractory 

material plant, basic oxygen furnace, steel melting shop and rolling mills are the main sources of solid waste generation in a steel plant. The major 

solid wastes in a steel plant are coke dust, blast furnace slag, LD slag, scrapped steel mill scales, mill sludge, fly ash, SMS slag and etc., Some of these 

solid wastes might have potential as to be used as a substituent material to the concrete ingredients. 
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1. INTRODUCTION 

The most extensively used construction material called 

concrete primarily consists of filler materials bound together 

by a binder. Admixtures may be added sometimes to enhance 

the properties of concrete. Aggregates occupy approximately 

70% of the volume of cement concrete. The global volume 

of natural resources consumed in infrastructure development 

increased 23-fold between 1900 and 2010. Sand and gravel 

account for the majority of these main material inputs (79 

percent, or 28.6 gigatons per year in 2010) and are the most 

widely exploited resources on the world. Torres et al. (2017) 

Currently, Indian construction sector contributes a share of 

6.3% in Gross Domestic Product and this share is predicted 

to reach up to 13% by 2028. This rapid growth in 

construction industry leads to aggregate demand. At present, 

India is facing meticulous deficiency for construction 

aggregates.  

1.2 Background of the Study 

As the use of concrete has been increased in all type of 

construction works, the demand for river sand has also 

raised. The presence of plenty of silica content in the river 

sand made it the best choice for concrete production and 

hence the demand for river sand increases. This demand 

causes tremendous quarrying of river sand which causes 

severe damage to the river system. This sand mining has also 

created severe environmental problems, loss and 

displacement of livelihood. Sand mining in India is mostly 

unregulated. Hence the process of mining is easy with very 

minimal effort. This unorganized sand mining by several 

small investors has made tremendous changes in the cost of 

the sand across various parts of the country. Government has 

enforced laws to prevent over exploitation of river sand. In 

order to preserve river sand resource, the Ministry of 

Environment Forest and Climate Change (MoEF & CC) has 

formed the guidelines for Sustainable Sand management in 

the year 2016, which deals with sand mining management in 

the nation. The Figure 1.1 shows the variations in the sand 

demand in India during the past two decades. 

 
Figure 1.1 Estimated fine aggregate demand in India 

On the other hand, a huge quantity of solid waste has 

being produced throughout the country in various industrial 

activities. Direct disposal of these waste materials into the 

environment causes serious ecological issue. One of the 

resourceful techniques to preserve natural river sand is the 

partial substitute of solid waste materials for fine aggregates 

in concrete. Some studies on the use of solid waste like 

plastic, rubber, glass fibre, Ground Granulated Blast furnace 

Slag, copper slag, sintered sludge pellets, steel slag, foundry 

sand, demolition waste, kiln dust and others as a partial 

substitute for fine aggregate in concrete have already been 

made. Various positive impacts like solid waste 

management, Sustainable development, conservation of 

natural resources, low cost & eco friendly construction have 

been reported by the use of the waste materials in concrete. 

The By-product called Steel mill scale produced from the 

steel industry has the competence which is to be replaced for 

natural river sand in concrete. 

1.2.1 Indian Steel Sector-General 

 

Figure 1.2 Steel Production in India 

India’s finished steel consumption in the year 2018-19 

was 98.71MT and it is expected to reach 230MT by the year 

2030-31. The per capita consumption of steel in India is 

expected to reach 160kgs by 2030-31. The major steel 

producing companies in India are Tata steel, SAIL, JSW 

steel, Hindalco, Jindal steel and NMDC. There are 10 major 

integrated steel plants present in India. They are Tata iron 

and steel corporation (TISCO), Bhilai steel plant, 

Visvesvaraya iron and steel plant, Durgapur steel plant, 

Chandrapur ferro alloy plant, Bokaro steel plant, JSW steel 

plant, Vizag steel, Salem steel plant, and IISCO steel plant. 

However, manufacturing process of steel generally 

accompanies with the large amount of solid state waste 

materials like Sludge, slag, dust, steel mill scale, etc. World 

Steel Association has reported that to produce 1 tonne of 

steel, steel industries need 1.15 tonne of raw materials. These 

solid wastes generated in the steel industries during various 

production processes can be reused by steel industry itself or 

used for other industries. The solid waste management from 

steel industries helps to reduce carbon dioxide emission and 

prevent landfills. 

1.2.1 Steel Mill Scale 

In general, three kinds of waste materials were 

generated in steel industries and they were solid, liquid and 

gaseous wastes. To produce 10 Million Tonnes per Annum 

(MTPA) of crude steel, approximately 6MTPA of solid 

wastes were generated. Blast furnace slag, blast furnace dust, 

LD slag, LD sludge, steel mill scale, mill sludge, coke 

breeze, and coke dust were among the solid wastes produced 

by the steel industry. Steel mill scale is a kind of iron oxide 

produced on steel surface during hot-rolling, reheating, hot 

forming and conditioning operations. It is formed when 

oxygen carrying gas reacts with steel surface during hot 

rolling process to corrode the steel in to layers of ferrous 

oxides. It is generally removed from the steel surface by 

water and subsequently collected using gravity separators. 

Steel mill scale is a brittle material. It is rich in iron content, 

consisting of mixture of iron oxides like hematite (Fe2O3), 
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wustite (FeO) and magnetite (Fe3O4). Steel mill scale is 

considered as non- hazardous scrap material. The material is 

hard, porous and brittle in nature. 

Manufacturing process of steel mill scale includes 

continuous casting, reheating and rolling process in steel 

plants. Steel mill scale formation results in loss of steel yield 

in the industry. It also deteriorates the surface smoothness of 

the finished products. Presence of steel mill scale on the 

surface of the steel speeds up the process of corrosion in steel 

since it is polluted with oil and water. Therefore, steel mill 

scale should be removed from the steel surface before the 

application of any coating on the surface. Removal of steel 

mill scale is a tedious process. Flame cleaning or abrasive 

blasting method can be adopted to remove steel mill scale. 

Approximately 6500 to 8500 tonnes of steel mill scale was 

produced from a single steel plant in India annually. The 

overall annual production of steel mill scale from Indian steel 

plants was estimated approximately to 18-20 million metric. 

Table 1.1 reveals the plant wise steel mill scale generation. 

Table 1.1 Plant-wise steel mill scale generation (2017-18 

and 2018-19) (in Tonne/yr) 

 

 
Figure 1.3 Solid waste generations at steel industries 

Figure 1.3 shows the solid waste generation at steel 

industries. The quantity of steel mill scale generated in the 

rolling mill depends on the rolling practice adopted and the 

type of reheating furnace used. In general, steel mill scale 

generation is about 1 – 3% of weight of steel rolled in the 

rolling mill. Steel mill scale is classified into two types i.e., 

primary scales and secondary scales. Primary scale is one 

which is formed during heating process in the heating 

laboratory, where the steel is heated to rolling temperature. 

It is blackish blue in colour. It is also known as furnace scale. 

It is removed by hydraulic descaling process. Primary scales 

are made of three iron oxide layers and they are wustite, 

magnetite and hematite. These primary scales are removed 

before rolling process. Secondary scale is formed in the 

roughing and intermediate rolling mills. The primary steel 

mill from the steel surface was removed before rolling 

process. But, due to the presence of heat on the surface of the 

steel, it again oxides immediately and produces secondary 

scales. These scales thus produced are known as residue 

scales. They are blue in colour. They mainly consist of ferric-

oxide. The thickness of the steel mill layer on the steel 

surface is less than 0.1mm. The steel mill scale is formed in 

various sizes from microns to millimeters. Steel mill scale is 

generally recycled and used in sintering process. Steel mill 

scale is an exportable material because it has no export 

charges. The steel mill scale produced from the Indian steel 

plants is exported to various parts of the world. But, the main 

problem associated with steel mill scale export is the process 

which has lengthy documentation works. Also, the quantity 

of steel mill scale from each steel plant is less and it is 

difficult to export in bulk quantities from a single source 

point. 

1.3 Need for the Present Study   

The review of literature has covered various studies 

utilizing steel by-products (Steel slag, blast furnace slag, 

ferro nickel slag etc.,) in concrete as a partial replacement for 

aggregates which evidences increasing research significance 

in this area. Since a wide gap was identified in the previous 

researches regarding the effective usage of steel mill scale in 

particular as fine aggregates’ in concrete without depicting 

the micro-structural properties and detailed analysis other 

than mechanical properties. Also fresh, hardened, durability, 

structural and micro-structural properties of concrete made 

of steel mill scale aggregates were not evaluated thoroughly. 

Hence, there are still numerous scopes available in the 

present study to scrutinize the possibility of utilizing steel 

mill scale in concrete. 

 The present study will reflect the micro-structural 

behavior along with the durability aspects in addition to the 

physical and structural properties of the material thereby 

increasing the options for management of industrial wastes 

by incorporating steel mill scale as an active ingredient in 

concrete, which in turn indirectly leads to the conservation 

of natural resources. 

1.4 Objectives of the Present Study 

Utilization of steel mill scale as fine aggregate in concrete 

helps not only to reuse the by-product as a resource but also 

to preserve natural river sand. The definite objectives of the 

studies were  

1 To conduct investigation on steel mill scale’s influence 

on concrete’s properties and to identify appropriate 

replacement percentages of steel mill scale in concrete 

for the replacement of fine aggregates and to evaluate 

workability, mechanical and durability properties of 

concrete. 

2 To verify the results on strength using micro-structure 

analysis of the concrete. 

3 To establish the benefits of using steel mill scale in 

concrete in terms of sustainable and environmental 

advantages and to give confidence in using the same in 

conventional concrete. 

1.5 SCOPE OF THE PRESENT STUDY 

To investigate the influence of steel mill scale particles 

as a partial replacement for fine aggregate on the concrete’s 

mechanical properties, tests for compressive strength, split 

tensile strength, flexural strength micro-structure analysis 

and other durability studies of concrete were focused in this 

study. This investigation also targets to establish the most 

appropriate mix proportion that could produce good quality 
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concrete of desirable strength and durability performance. 

This research work focuses on the usage of waste materials 

from the industries and to attain sustainable development in 

the construction sector. 

2. LITERATURE REVIEW 

2.1 General 

This chapter deals in reviewing previous studies which 

deals with concrete, aggregates, steel by products, 

production and properties of steel mill. Several articles have 

been studied. Feasibility analysis on the partial replacement 

of steel mill scale for fine aggregates in concrete was made.  

2.2 Background 

Neville & Brookes (2010) described the Concrete, in its 

broadest sense, refers to any product or mass created through 

the application of a cementing medium which is the outcome 

of the reaction between hydraulic cement and water. 

However, such a definition could now cover a wide range of 

products, including concrete made with various types of 

cement containing pozzolan like fly ash, blast furnace slag, 

micro silica, additives, recycled concrete aggregates, 

admixtures, polymers, fibres, and so on; and this concrete 

can be heated, streamed-cured, autoclaved, vacuum treated, 

hydraulically pressured, shock-vibrated, extruded, and 

sprayed. Habert et al. (2020) stated that Cement consumption 

has increased tenfold in the last 65 years, a significant change 

considering the steel output has only increased by a factor of 

three. Indeed, cement accounted for 36% of the 7.7 giga-tons 

of CO2 emitted globally by building activities in 2010, while 

steel, plastics, aluminium, and brick accounted for 25%, 8%, 

4%, and 1% respectively. It's worth noting that only half of 

the cement used in concrete remainder goes to manufacture 

of blocks, mortar, plaster and etc. Concrete builds up in the 

Earth's crust and is now considered one of the 

Anthropocene's markers, with an estimated 900 giga-ton 

added since the industrial revolution began. The rate of 

concrete accumulation is attributed to the global population's 

rapid urbanisation. By 2050, the worldwide urban population 

is expected to grow by 2.5 billion people, with Asia and 

Africa accounting for the majority of this growth. This 

population growth is expected to produce a surge in demand 

for building materials, especially concrete, due to the need to 

fill the existing large housing gap and for the future 

infrastructure development. 

Mindess et al. (2003) stated that major portion of our 

day-to-day life depends on concrete directly or indirectly. 

Concrete is the predominantly used construction material 

such that many achievements of modern civilization directly 

depend on concrete. It is a compound material contains 

granular aggregates entrenched inside a matrix of cement 

paste which fills the pores in between the aggregates and 

binds the particles together. It is made of constituent 

materials like cement, fine aggregates, coarse aggregates, 

water. etc., Aggregates are inert filler materials whereas 

cement is chemical product which reacts with water to form 

a binder gel that binds the aggregates together. 

Ma Houser et al. (2017) described that hot rolling 

process is inevitable in steel production. Hot rolling step 

helps to produce finished products. At first, semi steel 

products were heated at 1523K in the heating furnace where 

on the surface of steel, steel mill scale is formed due to 

oxidizing atmosphere present in the furnace. Then the steel 

products were transferred to the rolling mill where descaling 

process is done. Therefore, a huge quantity of steel mill scale 

is generated along with the steel products. The steel mill 

scales were separated by spraying the cooling water under 

pressure in the hot rolling process and they were carried 

away along with the waste water. The descaled water is kept 

undisturbed in the settling pit where steel mill scale particles 

will settle down under the action of gravity. These steel mill 

scales are generally oily because the cooling water is 

generally oily. This is because the bearing and hydraulic 

machines in the steel plant generally leak oil. The oily steel 

mill scale is cleaned by De-oiling process where the oil 

present in the steel mill scale is made to volatilize at high 

temperature. 

Keleştemur & Arıcı (2020) described about a kind of 

solid waste produced in the steel industry called Steel Mill 

Scale. During hot rolling process, it is developed on steel 

products’ outer surfaces like plates, profiles or sheets. Steel 

mill scale is rich in iron oxide mostly ferric oxide. The 

particles are bluish black in nature. Steel mill scale is initially 

considered as a waste material and they were dumped as 

landfill. However, the prospect of using steel mill scale as a 

fine aggregate replacement in concrete has grown recently. 

The utilization of waste steel mill scale in manufacturing of 

construction materials helps in reduction of their disposal 

problems. Steel mill scale mostly consists of hematite 

(Fe2O3), iron (Fe) and magnetite (Fe3O4), iron (Fe) as 

revealed by steel mill scale’s X-ray diffraction analysis. Also 

higher specific gravity of steel mill scale is recorded, when 

compared to the specific gravity of natural river sand. While, 

compared to natural river sand, water absorption of steel mill 

scale particles is less. Murthy et al. (2017) investigated the 

feasibility for the potential application of steel mill scale 

instead of fine aggregate in concrete. Steel mill scales are 

blue black materials created during the hot rolling of steel, 

according to them. They are flaky and their thickness is less 

than millimetres. Steel mill scale can be utilised to make 

high-density concrete, according to the researchers, because 

its specific gravity is double that of fine particles. Also, the 

smaller particle size distribution along with insignificant 

absorption of water by steel mill scale further results in 

denser concreting. The presence of chemical compounds like 

Fe2O3, Al2O3 and SiO2 in steel mill scale evidences the 

strength attainment in concrete. The XRD results obtained 

revealed that composition of steel mill scale mainly includes 

hematite, wustite, magnetite and silica contents. From the 

investigation, they have concluded that steel mill scale is the 

best suitable alternative for partial replacement of fine 

aggregates. From the image of particle size distribution, 

inference can be made that nearly 90 percentages of steel 

mill scale particles lies below 1mm. This will lead to dense 

concrete formation. Thus, with the addition of steel mill scale 

as partial replacement for fine aggregate, the mechanical 

strength of concrete obviously increases with. Figure 2.1 

shows the Particle size distribution of steel mill scale. 
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Figure 2.1 Particle size distribution of steel mill scale 

(Murthy 2017) 

Suleyman et al. (2015) investigated about heavy weight 

aggregate’s effect on the properties of concrete with heavy 

weight. They've tried steel mill scale, steel slag, iron ore and 

two forms of barite, among other heavy-weight aggregates. 

Among all other aggregates steel mill scale aggregate 

produce high density concrete. The absorption of water in 

the concrete was less than 0.8% for all the aggregates. The 

grading curves obtained for different aggregates were 

approximately similar to the fuller parabola. The Figure 2.2 

revealed that steel mill scale’s particle size distribution was 

same as that of natural river sand. 

 
Figure 2.2 Combined grading curves of aggregates (iron 

ore, steel mill scale, magnetite and barite 2) (Suleyman, 

2015) 

Ozturk et al. (2020) experimented the morphology of 

small and large size steel mill scale particles. They reported 

that small steel mill scales are oval and agglomerated where 

as large sized steel mill scales are coarse and melted in 

morphology. Figure 2.3 reveals the SEM images of steel mill 

scale samples. 

 

Figure 2.3 SEM images of steel mill scale samples (Ozturk 

2020) 

SEM analysis results revealed the fine nature of steel 

mill scale. Steel mill scale particles appeared nonporous 

texture and they were irregular in shape. The size of the steel 

mill scale particles varied from 1 to 50 microns (Erika 2016). 

Figure 2.4 shows the SEM micro-graph of steel mill scale. 

 
Figure 2.4 SEM micro-graph of steel mill scale (Erika 

2016) 

The X-Ray Diffraction pattern results on steel mill 

scale revealed that peaks of steel mill scale indicated the 

presence of high concentration of magnetite and wustite 

(Ozturk et al. 2020). The XRD pattern evidences that steel 

mill scale particles contain mixture of iron oxides like 

hematite, wustite and magnetite (Oguzhan et al. 2019). 

Figure 2.5 and Figure 2.6 show the XRD pattern of steel mill 

scale. 

Ozturk et al. (2020) carried out an experiment on usage 

of steel mill scale aggregates as replacement of natural river 

sand. The study revealed that with the effect of steel mill 

scale, the mechanical properties of cement mortar increased. 

Natural river sand replaced with 15% of steel mill scale 

improved the concrete compressive strength by 23.12% due 

to the ferromagnetic properties and cubic crystal structure of 

steel mill. Oguzhan et al. (2019) examined the properties of 

cement mortar by substituting steel mill scale in place of 

river sand. The investigation revealed that partial 

replacement of sand with steel mill scale yield better results 

on compressive strength since rough surface of steel mill 

scale produce good adhesion between cement mortars. Also, 

it was reported that steel mill scale particles prevented the 

crack propagation in concrete. It was shown that the test 

results of compressive strength and results of ultrasonic 

pulse velocity test of concrete samples were similar to each 

other nearly. The pulse velocity values samples made of 

varying percentage of steel mill scale aggregates varied to 

3.86km/s from 3.35km/s, thus indicated good quality of 

concrete. Erika et al. (2016) reported that the compressive 

strength of cement mortar was improved by 10% by 

substituting Natural River sand with steel mill scale 

aggregate. Also, the water absorption, thermal conductivity 

and apparent density results showed better improvement 

with the incorporation of steel mill scale. They have reported 

that steel mill scale incorporated sample as a high 

performance mortar. It was detected that the values of 

compressive strength have maintained 5% of standard 
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deviation of the average value. The samples’ water 

absorption decreased due to the non-porous surface of steel 

mill scale particles. 

Mohamed alwaeli et al. (2012) focused on the 

properties of concrete due to the influence of steel chips and 

steel mill scales. The results on compressive strength of 

concrete showed increased with the replacement of steel slag 

and steel mill scale. At 25% replacement of steel mill scale, 

maximum strength was obtained. With the addition of slag 

and steel mill scale, density of the concrete increased. The 

concrete thus obtained shows better resistance to gamma 

radiations. Akindahunsi et al. (2008) investigated the use of 

billet scale for partial substitution of fine aggregate. Billet 

scales are by-products obtained from the steel rolling mills. 

The research results revealed that due to the effect of billet 

scales, split tensile strength and compressive strength of 

concrete were improved. Anupam et al. (2015) made a study 

on cement mortar optimization using steel mill scale 

aggregates. Their experimental results proved that the partial 

replacement of steel mill scale instead of river sand improved 

both the strength on compression and strength on split 

tension. Steel mill replacement of 0, 20, 40, 60, 80 and 100% 

was utilized in this experiment. With 60% of steel mill scale 

replacement, the maximum strength on compression and 

split tension of the cement mortar was obtained whereas at 

40% replacement of steel mill scale, the maximum strength 

on compression in concrete was obtained by curing for 28 

days. Also the strength on compression for all the percentage 

replacement levels excluding 20% replacement exhibited 

better results than the control specimen. Bulk density of the 

concrete also showed gradual increase with the increasing 

steel mill scale percentages. Steel mill scale aggregates on 

replacement of enhanced the bulk density of concrete by 

38% for 100% replacement. They have made a conclusion 

that the performance of steel mill scale aggregates is 

influenced by the contaminants present in it. Mohamed 

Alwaeli (2016) investigated about concretes made waste 

from the iron and steel industries such as scale and steel chips 

as substitute for sand. The percentage replacement of natural 

sand varies from 25% to 100% by weight of sand with steel 

chips and scale. In this process, in order to shield against X-

ray radiation, they investigated mixed concrete shield’s 

compressive strength and comparison was done on mixed 

concrete shield’s thickness, with ordinary concrete shield’s 

(OC-0) thickness. The results showed that as the mixing ratio 

of scale and steel chips waste aggregate increased, the 

thickness of mixed concretes decreased. The data showed 

that better strength was obtained for concrete mixed with 

waste steel chips than ordinary concrete, while an addition 

of over 25% in the case of concrete mixed with scale waste, 

brought decrease in compressive strength. Thus the concrete 

produced showed better performance and can therefore be 

used in radiation attenuation activities, as an alternative to 

conventional concrete. Furlani et al. (2016) investigated the 

reports dealing with the recycling of steel scale waste based 

on the results of some experiments in the production of 

mortars. In this paper, the preparation of materials were done 

by mixing commercial natural aggregate, steel scale waste, 

commercial CEMII/B-LL cement, water and super-

plasticizer. Natural aggregate was replaced with steel scale 

waste in different proportions namely (5, 10, 20, 30 and 40 

weight in percentage). After 28days of curing, high 

compressive strength was exhibited by all hydrated materials 

and they could be classified as high performing mortars as 

an importance of their low water absorption; however with 

increase in the SSW addition, strength decreases 

progressively. As a function of addition of SSW addition, an 

increasing trend has been displayed on the apparent density 

of materials due to SSW’s high specific gravity with respect 

to the ordinary aggregates. Highest thermal conductivity 

values were shown by samples containing 5% and10% of 

SSW and were explained by taking into account, the higher 

SSW thermal conductivity when compared to that of an 

ordinary concrete coupled with their low absorption of 

water. 

Iluțiu-Varvara et al. (2020) looked into the possibility 

of steel mill scale being recycled when used as a partial 

replacement for fine aggregate in mortar production. The 

usage of steel mill scale waste in construction industry 

provides best solution for conservation of natural river sand. 

It also helps to reduce environmental problems related to 

steel mill scale disposal. The steel mill scale used in this 

paper was oven dried at 105⁰C and they were crushed and 

used. The steel mill scale was substituted in 10% and 20% 

proportions of natural river sand. Casting of mortar samples 

were done and tested for its density, consistency, and water 

absorption coefficient, compressive and flexural strength. 

From the test results, it is found that with the addition of steel 

mill scale, density of the mortar increases. Also, the water 

absorption decreases due to the influence of steel mill scale. 

Mechanical strength of the samples of mortar with the 

aggregates of steel mill scale was higher than the standard 

sample. Al-Otaibi (2008) has investigated the feasibility of 

using recycled steel mill scale aggregate in concrete as 

fractional replacement for fine aggregates. Using X-ray 

diffraction, steel mill scale’s mineral composition was 

determined. Different mortar mixes were cast with partial 

replacement (0%, 20%, 40%, 60%, 80% and 100%) of steel 

mill scale for fine aggregate. The specimens were tested for 

both compressive and flexural strengths. Test results found 

that compressive and flexural strength of mortar was 

improved with 40% replacement of steel mill scale 

aggregates. 

 

 

3.0 Methodology 

This chapter deals about research methodology and the 

detailed study on constituent materials properties like fine 

aggregate, steel mill scale, coarse aggregate, cement and 

reinforcement bars used in the research. Detailed physical, 

chemical and micro-structure properties of the concrete 

ingredients are discussed in this section. Since strength of 

concrete depends directly on material properties, a thorough 

investigation on the material properties was done. It will also 

help to derive the accurate concrete mix proportioning to 

attain the target strength. Also, this chapter describes the 

various testing methods for fresh and hardened concrete, 
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specifications of the specimens used for various testing, 

method of casting specimens and curing methods. 

 
3.1 Material Properties 

3.1.1 Cement 

Cement is a material used in concrete for its binding 

property which helps to bind the aggregates together to form 

a solid dense concrete mass. Grade 33 Ordinary Portland 

cement, available in nearby markets was used. The standard 

consistency of the cement used was 31%. Test on cement’s 

chemical and physical properties was done as per IS 4031-

1991 and the Tables 3.1 and 3.2. tabulated the results. 

 

 

 

 

 
 

4.0 Results and Discussion 

A semi-solid material made of cement, aggregates and 

water that can be moulded into any desired shape is known 

as fresh concrete. Though hardened state of concrete is the 

final output, its properties on mechanical and durability 

aspects depends only on fresh concrete’s properties. 

Generally, fresh concrete should be easily to mix, transport 

and handle during the entire casting process. Several tests on 

workability were conducted to study the concrete 

workability in fresh state. 

4.1 Slump Cone Test 

In order to find fresh concrete’s workability slump cone 

test was conducted. Slump values were determined for 

concrete made of different percentage replacements with 

steel mill scale for fine aggregate and Table 4.1. depicts their 

results. Figure 4.1 shows the pictorial representation of 

variation of slump values for different replacements. 

Table 4.1 Slump value for various levels of steel mill scale 

replacement 
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From the Table 4.1, it is clear that slump value for 

control mix with 0% fine aggregate replacement is 75mm. 

As the percentage replacement of steel mill scale increases, 

slump value decreases gradually from 75 mm to a least value 

of 40 mm at 100% replacement. Thus, the increase in 

percentage replacement of the steel mill scale harshly affects 

fresh concrete’s workability (Singhal et al. 2015 and Ozturk 

et al. 2020). 

4.1.2 Compaction Factor Test 

For various quantities of steel mill scale replacements, 

a compaction factor test was performed to determine the 

workability of fresh concrete. The results of the tests are 

shown in Table 4.2. 

Table 4.2 Compaction factor for various steel mill scale 

replacements 

 

 
Table 4.2 reveals that compaction factor values of 

concrete produced with various steel mill scale replacement 

decreases upon the addition of steel mill scale. Value of 

compaction factor decreases from a start of 0.99 at 0% 

replacement to 0.93 at 100% replacement. Similar to slump 

cone results, compaction factor results also confirms that 

steel mill scale addition in concrete reduces the workability 

of concrete. 

The shape and surface roughness of the steel mill scale 

have a noteworthy effect on the water needed for concreting. 

The internal friction between paste of cement and steel mill 

scale particles increases because of its high roughness at 

surface. Also, steel mill scale particles are finer than natural 

sand. The fineness of steel mill scale leads to increased 

surface area. Hence, more quantity of water is needed to bind 

steel mill scale with concrete and therefore workability of 

concrete reduces naturally (Singhal et al. 2015 and Ozturk et 

al. 2020). 

4.1.3 Density of Fresh Concrete 

Density of conventional concrete along with the 

concrete made by various replacements (20%, 40%, 60%, 

80% and 100%) of steel mill scale for fine aggregates was 

determined and results were represented in Figure 4.3. 

 
Figure 4.3 Concrete density for various replacements 

Figure 4.3 depicts the variation in concrete mix density 

caused by the addition of steel mill scale. For all steel mill 

scale replacement levels, concrete density shows increased 

value than the control mix. The density of the control mix 

was 2134.85kg/m3 . On steel mill scales addition, gradual 

increase in concrete density was identified and reaches a 

maximum value of 2543.85kg/m3 at 100% replacement. The 

corresponding increase in density was around 20% for 

complete replacement of steel mill scale instead of sand. 

The rough texture on surface of steel mill scale makes 

good binding with the cement mortar and produces a dense 

concrete. This increase in density of concrete is also attained 

because of the finer steel mill scale particles. This fine 

particle fills voids between conventional aggregates in 

concrete and hence the density of concrete increases 

obviously. The self-weight of concrete increases as the 

density of the concrete increases. This increase in self-

weight is not very significant considering the benefits and 

savings obtained by this replacement. 

Compressive Strength Test 

 

Split Tensile Strength 
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Flexural Strength of Plain Cement Concrete 

 

Ultra Sonic Pulse Velocity Test 

 

Load carrying capacity of beam 

When a concrete beam is subjected to external loading 

it may fail due to shear stress or flexural stress. But shear 

reinforcements were provided in reinforced concrete beams 

to resist the shear stress and the beam fails only due to 

flexural cracks. Due to the application of load the beams 

starts bending, cracks form on its surface and the tensile 

reinforcement starts yielding. When the beam is loaded, 

further crushing of concrete occurs. Figure 4.9 represents the 

load carrying capacity of conventional RC beam and beams 

made with different percentage of steel mill scale. From the 

figure it was observed that load at first crack was 

approximately equals in all the substitution levels of steel 

mill scale. Simultaneously when the ultimate load at failure 

was taking into account the load carrying capacity of beams 

made with steel mill scale replacements were higher than the 

beam made with control mix. The ultimate load of 

conventional concrete was 70kN and that of concrete made 

with steel mill scale fine aggregate of 60% was 96.1kN 

which was 37.3% greater than control mix. The image 

confirms the optimum replacement level of 60% steel mill 

scale has increased load carrying capacity than all other 

concrete mixes. Concrete beams made with 80% and 100% 

steel mill scale replacement instead of revealed higher 

ultimate load carrying capacity than conventional concrete 

mix. This flexural strength increase is attained because of the 

presence in steel mill scale particles, the iron oxide which 

helps in increasing the deflection of beams before failure. 

Ultimate load carrying capacity of beam upsurges. 

 
Figure 4.4 Load carrying capacity results of RC beams 

Load Vs. Deflection behaviour 

Deflection of beams means deformation of a beam from its 

original shape. Deflection study helps to understand the 

overall performance of a beam. When a simply supported 

beam is subjected to loading, its top fibre is subjected to 

compressive stress and bottom fibre is subjected to tensile 

stress and hence the beam tends to deflect downwards. 

Excessive deflection of beams causes spalling of concrete 

thus indicates beam failure. Figure 4.10 represents load 

deflection-curve for beams with different steel mill scale 

replacement levels. In all the cases the load deflection curves 

are steep and closely linear at initial stage. The slope of the 

curve changes because of flexural crack formation. The 

behaviour due to deflection of steel mill scale aggregate 

concrete was nearly similar to the deflection beams made of 

conventional fine aggregates. From the results it can make 

certainty that deflection of beam with steel mill scale of 60% 

is less compared to most of other beams, which indicates 

better ductility and capacity on deformation of the beam. 

Load deflection curves also represents that with steel mill 

scale addition, the capacity of energy absorption of beams 

increases. 
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Test result shows that when river sand is replaced by 

steel mill scale, the loss in weight of concrete because of the 

action of sulphuric acid was decreasing. The initial weight 

loss of concrete at 0% replacement was 0.0060% and it was 

found 0.00177% for 60% replacement. 

The Comparison of compressive strength before and after 

acid immersion. When the concrete specimen is subjected to 

sulphuric acid action, loss of weight in concrete is observed 

for specimens, which indicates the deterioration of the 

concrete mass. But, reduction in weight loss of concrete 

starts abruptly from 60% replacement ratio which having an 

ultimate compressive strength, whereas controlled specimen 

subjected to acid action, exhibits far lesser compressive 

strength.  

 

Conclusion 

 It is concluded that use of steel mill scale in concrete 

is best suitable for all reinforced concrete structures, 

pavements, industrial structures and water tanks. 

Considering all the properties of steel mill scale inclusion in 

concrete viz. mechanical, workability, microstructural 

aspects, durability etc.., it is clearly evident from the results 

obtained from the experimental works that ultimate results 

are obtained at 60% replacement of steel mill scale. But, as 

the results obtained for 100% steel mill scale replaced 

specimens are higher and better than the specimens made 

with control mix, it is suggested to use the steel mill scale as 

a replacement for fine aggregates upto 100%. The durability 

performance of steel mill scale aggregates was significantly 
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better than ordinary concrete so it can be used for normal 

environmental conditions. The findings of the experiment 

reveal that using steel mill scale in concrete minimizes the 

consumption of natural river sand while also solving its own 

disposal problem. As a result, steel mill scale can be used as 

an environmentally acceptable concrete material. 

Aknowledgement 

 The authors would like to express their gratitude to 

all faculty members from civil engineering department 

who have helped their research work in timely 

completion and valuable suggestions during the 

technical discussions.  

REFERENCES 

Abdel Hameed, SA, Hameed, MI, Muller-Borer, 

BJ & Nehal, AE 2015, ‘Preparation and 

characterization of magnetic glass ceramics 

derived from iron oxides bearing rolling mill 

scales wastes’, Nano Research & Applications, 

vol.1, pp.1-11. 

ACI 318-05: Building Code Requirements for 

Structural Concrete Commentary.  

Adams, CJ 1979, Recycling of Steel Plant Waste 

Oxides-A Review.  

Akindahunsi, AA & Ojo, O 2008, ‘Recycling 

billet scales as fine aggregate in concrete 

production’, Civil Engineering Dimension, vol. 

10, no. 2, pp. 59-62.  

Al-Otaibi, S 2008, ‘Recycling steel mill scale as 

fine aggregate in cement mortars’, European 

Journal of Science and Research, vol. 24, no. 3, pp. 

332-338  

Alwaeli, M & Nadziakiewicz, J 2012, ‘Recycling 

of scale and steel chips waste as a partial 

replacement of sand in concrete’, Construction and 

Building Materials, vol. 28, no. 1, pp. 157-163.  

Alwaeli, M 2016, ‘The implementation of scale 

and steel chips waste as a replacement for raw sand 

in concrete manufacturing’, Journal of Cleaner 

Production, vol. 137, pp. 1038-1044.  

Alwaeli, M 2017, ‘Investigation of gamma 

radiation shielding and compressive strength 

properties of concrete containing scale and 

granulated lead-zinc slag wastes’, Journal of 

Cleaner Production, vol. 166, pp. 157-162.  

Anastasiou, E & Papayianni, I 2006, ‘Criteria for 

the use of steel slag aggregates in concrete’, in 

Measuring, Monitoring and Modelling Concrete 

Properties, Springer, Dordrecht, pp. 419-426.  

Annual Report 2019-20, Ministry of Steel, 

Government of India.  

Arıcı, E & Keleştemur, O 2019, ‘Optimization of 

mortars containing steel scale using Taguchi based 

grey relational analysis method’, Construction and 

Building Materials, vol. 214, pp. 232-241. 

Agapiou, A, Price, ADF & Mccaffer, R 1995, 

Planning future construction skill requirements: 

Understanding labour resource issues , 

Construction Management and Economics, vol. 

13, no. 2, pp. 149-161.  

Arjun, S, Hemalatha, T & Rajasekaran, C 2019, 

‘Partial replacement of steel slag aggregates in 

concrete as fine aggregates (Induction Blast 

Furnace Slag)’, in Sustainable Construction and 

Building Materials, Springer, Singapore, pp. 771-

780.  

ASTM C1202-10 Standard Test Method for 

Electrical Indication of Concrete's Ability to 

Resist Chloride Ion Penetration.  

ASTM C1585-20 Standard Test Methods for 

Measurement of Rate of Absorption of Water by 

Hydraulic Cement Concretes.  

ASTM C1898-20 Standard Test Methods for 

Determining the Chemical Resistance of Concrete 

Products to Acid Attack.  

ASTM C496-96 Standard Test Method for 

Splitting Tensile Strength of Cylindrical Concrete 

Specimens.  

Bahoria, BV, Parbat, DK & Naganaik, PB 2013, 

‘Replacement of natural sand in concrete by waste 

products: A state of art’, Journal of Environmental 

Research and Development, vol. 7, no. 4A, pp. 

1651-1656.  

Beddoe, RE & Dorner, HW 2005, ‘Modelling acid 

attack on concrete: Part I. The essential 

mechanisms’, Cement and concrete research, vol. 

35, no. 12, pp. 2333-2339.  

Biskri, Y, Achoura, D, Chelghoum, N & Mouret, 

M 2017, ‘Mechanical and durability 

characteristics of high performance concrete 

containing steel slag and crystalized slag as 

aggregates’, Construction and Building Materials, 

vol. 150, pp. 167-178.  

Construction Aggregates Market 2016-2024-

Designing Buildings Wiki. 2020, Available from: 

[Retrieved March 25, 2020]  

Daiga, VR, Horne, DA & Thornton, JA 2002, 

‘Steel mill waste processing on a rotary hearth 

furnace to recover valuable iron units’, pp. 655-

665  

http://www.jetir.org/


© 2026 JETIR January 2026, Volume 13, Issue 1                                                       www.jetir.org (ISSN-2349-5162) 

JETIR2601085 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org a718 

 

Das, S, Kizilkanat, A & Neithalath, N 2015, 

‘Crack propagation and strain localization in 

metallic particulate-reinforced cementitious 

mortars’, Materials & Design, vol. 79, pp. 15-25. 

Devi, VS & Gnanavel, BK 2014, ‘Properties of 

concrete manufactured using steel slag’, Procedia 

Engineering, vol. 97, pp. 95-104.  

Devi, VS, Kumar, MM, Iswarya, N & Gnanavel, 

BK 2020, ‘Durability of steel slag concrete under 

various exposure conditions’, Materials Today: 

Proceedings, vol. 22, pp. 2764-2771.  

Dhoble, YN & Ahmed, S 2018, ‘Review on the 

innovative uses of steel slag for waste 

minimization’, Journal of Material Cycles and 

Waste Management, vol. 20, no. 3, pp. 1373-1382.  

Eissa, M, Ahmed, A & El-Fawkhry, M 2015, 

‘Conversion of mill scale waste into valuable 

products via carbothermic reduction’, Journal of 

Metallurgy, vol. 2015.  

Enforcement and monitoring guidelines for sand 

mining, Ministry of Environment, Forest and 

Climate Change, 2020.  

Furlani, E & Maschio, S 2016, ‘Steel scale waste 

as component in mortars production: An 

experimental study’, Case Studies in Construction 

Materials, vol. 4, pp. 93-101.  

Gaballah, NM, Zikry, AF, Khalifa, MG, Farag, 

AB, El-Hussiny, NA & Shalabi, MEH 2013, 

‘Production of iron from mill scale industrial 

waste via hydrogen’, Open Journal of Inorganic 

Non-Metallic Materials, vol. 3, pp. 23-28.  

Guo, X, Shi, H & Wu, K 2014, ‘Effects of steel 

slag powder on workability and durability of 

concrete’, Journal of Wuhan University of 

Technology-Mater. Sci. Ed., vol. 29, no. 4, pp. 

733-739.  

Guo, Y, Xie, J, Zhao, J & Zuo, K 2019, 

‘Utilization of unprocessed steel slag as fine 

aggregate in normal-and high-strength concrete’, 

Construction and Building Materials, vol. 204, pp. 

41-49.  

Guo, Y, Xie, J, Zheng, W & Li, J 2018, ‘Effects of 

steel slag as fine aggregate on static and impact 

behaviours of concrete’, Construction and 

Building Materials, vol. 192, pp. 194-201.  

Habert, G, Miller, SA, John, V.M, Provis, JL, 

Favier, A, Horvath, A & Scrivener, KL 2020, 

‘Environmental impacts and decarbonization 

strategies in the cement and concrete industries’, 

Nature Reviews Earth & Environment, vol. 1, no. 

11, pp. 559-573. 

Iluțiu-Varvara, DA, Aciu, C, Tintelecan, M & Sas-

Boca, IM, 2020, ‘Assessment of recycling 

potential of the steel mill scale in the composition 

of mortars for sustainable manufacturing’, Science 

Direct, Procedia Manufacturing, vol. 46, pp. 131-

135.  

India steel production to grow by 7% in 2016: 

Platts, Auto News, ET Auto. 2020, Available 

from: [Retrieved March 25, 2020].  

IS 10262 – 2009 Guidelines for Concrete Mix 

Design Proportioning, Bureau of Indian Standards, 

New Delhi.  

IS 1199-1959, Indian standard methods of 

sampling and analysis of concrete, Bureau of 

Indian Standards, New Delhi. IS 13311 (Part 1)-

1992 (Reaffirmed-May 2013), ‘Non Destructive 

Testing of Concrete-Methods of Test (Ultrasonic 

Pulse Velocity)’.  

IS 1489-1-1991 ‘Specification of Portland 

Pozzolana Cement, Part 1: Flyash Based’, Bureau 

of Indian Standards, New Delhi.  

IS 228:1987, ‘Method of chemical analysis of 

steels’, Bureau of Indian standards, New Delhi.  

IS 383-1978-(Reaffirmed 1997)-Specification for 

coarse and fine aggregate from natural sources for 

concrete, Bureau of Indian Standards, New Delhi.  

IS 4031-1988, ‘Methods of physical tests for 

hydraulic cement’, Bureau of Indian Standards, 

New Delhi. IS 4032-1968, ‘Indian standard 

methods of chemical analysis of hydraulic 

cement’, Bureau of Indian Standards, New Delhi.  

IS 456-2000, ‘Plain and reinforced concrete - Code 

of practice’, Bureau of Indian Standards, New 

Delhi.  

IS 516-1959 (Reaffirmed 1999) Edition 1.2 (1991-

07)-Indian standard methods of tests for strength 

of concrete, Bureau of Indian Standards, New 

Delhi.  

Karayannis, V, Lamprakopoulos, S, Domopoulou, 

A, Kyratsis, P, Papapolymerou, G & Spiliotis, X 

2017, ‘Processing of steel mill scale for 

manufacturing novel engineering ceramics by 

powder metallurgy’, Academic Journal of 

Manufacturing Engineering, vol. 15, no. 2, pp. 65. 

Keleştemur, O & Arıcı, E 2020, ‘Analysis of some 

engineering properties of mortars containing steel 

http://www.jetir.org/


© 2026 JETIR January 2026, Volume 13, Issue 1                                                       www.jetir.org (ISSN-2349-5162) 

JETIR2601085 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org a719 

 

scale using Taguchi based grey method’, Journal 

of Building Engineering, vol. 29, P. 101015.  

Kirsanova, AA, Dildin, AN & Maksimov, SP 

2017, ‘Influences of steelmaking slags on 

hydration and hardening of concretes’, IOP 

Conference Series: Materials Science and 

Engineering, vol. 262, no. 1, P. 012021.  

Kothai, PS & Malathy, R 2015, ‘Study on strength 

and durability properties of concrete with partial 

replacement of aggregates by steel slag’, Ph.D. 

thesis, Anna university, India  

Legodi, MA & de Waal, D 2007, ‘The preparation 

of magnetite, goethite, hematite and maghemite of 

pigment quality from mill scale iron waste’, Dyes 

and Pigments, vol. 74, no. 1, pp. 161-168.  

Li, YF, Yao, Y & Wang, L 2009, ‘Recycling of 

industrial waste and performance of steel slag 

green concrete’, Journal of Central South 

University of Technology, vol. 16, no. 5, pp. 768-

773.  

Lian, C, Zhuge, Y & Beecham, S, 2011, ‘The 

relationship between porosity and strength for 

porous concrete’, Construction and Building 

Materials, vol. 25, no. 11, pp. 4294-4298.  

Ma, N, Houser, JB & Wood, LA 2018, ‘Production 

of cleaner mill scale by dynamic separation of the 

mill scale from the fast-moving flume water at a 

hot rolling mill’, Journal of Cleaner Production, 

vol. 176, pp. 889-894.  

Mark Alexander & Sidney Mindess 2005, 

‘Aggregates in concrete’, First Edition, Taylor and 

Francis group, pp. 1-448.  

Material Consumption and Pattern of India, A 

Baseline Study of Automotive and Construction 

Sector, New Delhi, India, 2016.  

Meshida, EA, Oyekan, GL & Ogundalu, AO 2013, 

‘Effects of steel mill dust on the strength 

characteristics of black cotton clay soils’, 

International Journal of Scientific & Engineering 

Research, vol. 4, no. 5, pp. 2242-2246. 

Mindess, S, Young, JF & Darwin, D 2003, 

Concrete, Second Edition, Pearson Education Inc., 

pp. 1-644.  

Mo, L, Zhang, F, Deng, M, Jin, F, Al-Tabbaa, A & 

Wang, A 2017, ‘Accelerated carbonation and 

performance of concrete made with steel slag as 

binding materials and aggregates’, Cement and 

Concrete Composites, vol. 83, pp. 138-145.  

Murthy, YI 2012, ‘Stabilization of expansive soil 

using mill scale’, International Journal of 

Engineering Science and Technology, vol. 4, no. 

02, pp. 629-632.  

Murthy, YI, Agarwal, A & Pandey, A 2017, 

‘Characterization of mill scale for potential 

application in construction industry’, Indian 

Journal of Engineering, vol. 14, no. 35, pp. 71-76.  

Netinger, I, Bjegović, D & Vrhovac, G 2011, 

‘Utilisation of steel slag as an aggregate in 

concrete’, Materials and Structures, vol. 44, no. 9, 

pp. 1565-1575.  

Özen, S, Şengül, C, Erenoğlu, T, Çolak, Ü, 

Reyhancan, İA & Taşdemir, MA 2016, ‘Properties 

of heavyweight concrete for structural and 

radiation shielding purposes’, Arabian Journal for 

Science and Engineering, vol. 41, no. 4, pp. 1573-

1584.  

Ozturk, M, Depci, T, Bahceci, E, Karaaslan, M, 

Akgol, O & Sevim, UK 2020, ‘Production of new 

electromagnetic wave shielder mortar using waste 

mill scales’, Construction and Building Materials, 

vol. 242, P. 118028.  

Pavlik, V & Unčík, S 1997, ‘The rate of corrosion 

of hardened cement pastes and mortars with 

additive of silica fume in acids’ Cement and 

Concrete Research, vol. 27, no. 11, pp. 1731-1745.  

Pradip, D, Vaidyanathan, PC, Kapur, BN & Singh 

1990, ‘Production and properties of alinite 

cements from steel plant wastes’, Cement and 

Concrete Research, vol. 20, no. 1, pp. 15-24. 

Saberifar, S, Jafari, F, Kardi, H, Jafarzadeh, MA & 

Mousavi, SA 2014, ‘Recycling evaluation of mill 

scale in electric arc furnace’ Journal of Advanced 

Materials and Processing, vol. 2, no. 3, pp. 73-78. 

Saraswathy, V & Song, HW 2007, ‘Corrosion 

performance of rice husk ash blended concrete’, 

Construction and Building Materials, vol. 21, no. 

8, pp. 1779-1784.  

Sheikhaleslamzadeh, SM & Raofi, M 2016, ‘The 

effect of Nano Fe2O3 on the fibre reinforced 

concrete’, Research Journal of Applied Sciences, 

Engineering and Technology, vol. 13, no. 10, pp. 

781-783.  

Sustainable Manufacturing, Fact Sheet, Iron and 

Steel Byproducts, Portland cement Association, 

July 2005. Torres, A, Brandt, J, Lear, K & Liu, J 

2017, ‘A looming tragedy of the sand commons’, 

Science, Vol. 357, no. 6355, pp. 970-971.  

http://www.jetir.org/


© 2026 JETIR January 2026, Volume 13, Issue 1                                                       www.jetir.org (ISSN-2349-5162) 

JETIR2601085 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org a720 

 

Young, EA & Breslau, N, 2004 ‘Saliva cortisol in 

posttraumatic stress disorder: a community 

epidemiologic study’, Biological Psychiatry, vol. 

56, no. 3, pp. 205-209. 

 

 

http://www.jetir.org/

