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Abstract 

 

Aggregate is one of the main ingredients in producing concrete. It covers major portion of the total for any concrete mix. The 

strength of the concrete produced is dependent on the properties of aggregates used. However, the construction industry is 

increasingly making higher demands of this material because of which it may result in scarcity or unavailable in the future. 

Hence need for an alternative coarse aggregate arises. The aim for this project is to determine the strength and durability 

characteristics of structural concrete by replacing coarse aggregates with Dolochar (Scrap material obtained from the 

manufacturing process of sponge iron), which will give a better understanding on the properties of concrete with these 

aggregates. The scope of this project is to investigate the possibility of using Dolochar material as an alternative material to 

coarse aggregate in structural concrete.  The experimental investigation were carried out using detailed strength and durability 

related tests such as compressive strength test of cubes, acid resistance test and Permeability tests were conducted by replacing 

the coarse aggregates in concrete mixes by Dolochar. Tests were also conducted on the concrete testing cubes for 3,7 and 28 

Days. From the experimental investigation it was found that Dolochar material can be used as an alternative for coarse aggregate 

in concrete However further investigations have to be made to study long term effects. 

Keywords: Dolochar, Compressive Strength, Acid Resistance Test and Permeability Tests 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Cement concrete is the most extensively used construction material in the world and is the second to water as the most heavily 

consumed substance with about six billion tonnes produced every year. It has emerged as the dominant construction material for 

the infrastructure needs of the 21stcentury. The challenge for civil engineers in the future is to design the project using high 

performance materials within reasonable cost and lower impact on environment. Large quantities of waste materials are 

produced from the manufacturing industry, service industry and municipal solid waste incinerators. The waste materials are 

gaining attention to use the materials as a substitute to natural getting them utilized in cement, concrete, and other construction 

materials, it helps in reducing the cost of cement and concrete manufacturing, but also has numerous indirect benefits such as 

reduction in land-fill cost, saving in energy, and protecting the environment from possible pollution effects. Concrete is a 

composite material composed of gravels or crushed stones (coarse aggregate), sand (fine aggregate) and hydrated cement 

(binder). It has been in use for over a century in all construction works. A variety of new materials in the field of concrete 

technology have been developed during the recent past with the ongoing demand of construction industries to meet the 

functional, strength, economical and durability requirements. 

II. DOLOCHAR (SPONGE IRON SCRAP MATERIAL) 

During the manufacturing process of reinforcement steel from iron ore, while processing raw ore to spongeiron, some scrap 

material will be produced which is also known as dolochar. The principal raw materials required for sponge iron production are 

iron ore, non-coking coal, and dolomite. For the production of 100 t sponge iron, there are 154 t (65wt%Fe) iron ore and 120 t (B 

grade) coal required. The solid waste generated during this process is around 45 t and out of which 25 t is char and widely known 

as dolochar. Because of the non-availability of good grade coal, the sponge iron industries are using poor quality (F grade) coal 

with more than 40wt% ash content. Therefore, the amount of raw materials required per tonne of product is higher than the ideal 

values, which in turn generate more waste. It has been estimated that there are 146 rotary kilns operating in Odisha, India. The 

total capacity of sponge iron production in these kilns is 16000 tonnes per day (TPD) and the corresponding dolochar generated 

is around 3.8 million tonnes per annum(TPA). The problem of dolochar generation is exorbitantly high due to the use of inferior 

quality of coal in the sponge iron manufacturing industry. Disposal of such a huge amount is a major concern. The dolochar 

generated until now is used for land-filling at the nearest site or dumped in neighbouring dump sites with little consideration of 

their effect on the water and soil environment and in minor instances as fuel in boilers, brick making industries, also as domestic 

fuel. The recovery of carbon values present in dolochar through flotation and could not achieve any significant recovery due to 

poor liberation and lack of hydrophobicity of the carbon particle present in dolochar. Dolochar is highly heterogeneous in nature, 
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and for this reason, several analytical techniques are needed for its characterization. Conventional analysis such as proximate 

analysis, ash analysis, and ash fusion temperatures indicate properties. Because of coal's diversity in rank, variation in 

composition and the complexity of the combustion process immensely influence the dolochar formation under rapid pyrolysis 

process. These are mainly porous solids and have diverse and complex mineralogical assemblages. In the sponge iron making 

process, raw materials also undergo chemical reactions and due to which gangue and the carbon particles may be present in the 

dolochar in synthetic phases. Hence, characterization is one of the key factors that need to be established before developing an 

appropriate beneficiation process. 

This Dolochar (Sponge Iron Scrap) material is in the shape of coarse aggregate. In this regard we are testing the material so 

that it can be used as replacement of coarse aggregate in making cement concrete. 

III. TESTS ON DOLOCHAR (SPONGE IRON SCRAP) MATERIAL 

 Aggregate Crushing Value 

The aggregate is placed in a cylindrical mould and a load of 40 ton is applied through a plunger. The material crushed to finer 

than 2.36 mm is separated and expressed as a percentage of the original weight taken in the mould. Aggregate crushing value of 

Sponge iron scrap material is 30.23.  

 Aggregate Impact Value 

The test done by a sample of standard aggregate kept in a mould is subjected to fifteen blows of a metal hammer of weight 14 

Kgs falling from a height of 38 cms. The quantity of finer material passing through 2.36 mm resulting from pounding will 

indicate the toughness of the sample of aggregate. The ratio of the weight of the fines (finer than 2.36 mm size) formed, to the 

weight of the total sample taken is expressed as a percentage. Aggregate Impact value of Dolochar material is 29.91. 

Aggregate Crushing Value and Aggregate Impact Value are restricted to 30 percent for concrete used for roads and pavements 

and 45% for other structures as per IS 383-1970, Hence Dolochar material can be Used as Aggregate in concrete works other 

than roads and pavements. 

 Specific Gravity 

Specific gravity of aggregates is made use of in design calculations of concrete mixes. With the specific gravity of each 

constituent known, its weight can be converted into solid volume and hence a theoretical yield of concrete per unit volume can 

be calculated. Specific gravity of aggregate is also required in calculating the compacting factor in connection with the 

workability measurements. Specific gravity of Dolochar material is 2.64 

 Bulk Density 

The bulk density of aggregate is measured by filling a container of known volume in a standard manner and weighing it. Bulk 

density shows how densely the aggregate is packed when filled in a standard manner. The bulk density depends on the particle 

size distribution and shape of the particles. The higher the bulk density, the lower is the void content to be filled by sand and 

cement. Loose and Compacted Bulk density of Dolochar material is 1359kg/m3and 1471 kg/m3 respectively. 

 Water Absorption 

Water absorption of aggregate will affect the water/cement ratio and hence the workability of concrete.  The water absorption of 

aggregate is determined by measuring the increase in weight of an oven dry sample when immersed in water for 24 hours. The 

ratio of the increase in weight to the weight of the dry sample expressed as percentage is known as absorption of aggregate. 

Water absorption of Dolochar material is 6.14 %.  

 Alkali Aggregate Reactivity 

Sponge iron scrap material was tested for alkali aggregate reaction. The test was conducted as per IS 2386 (part-VII)-1963, by 

National Council for Cement and Building Material, NCB Bhavan, Hyderabad. The result shows the material is innocuous in 

nature, which indicates no alkali aggregate reaction. 

 Physical Properties of Dolochar 

Table – 1 

Physical Properties of Dolochar 

S No. Property Test Result 

1 Fineness Modulus 6.87 

2 Specific Gravity 2.64 

3 
Bulk Density (loose) 

Bulk Density (Compacted) 

1358 kg/m3 

1471 kg/m3 

4 Aggregate Crushing Value 30.23 

5 Aggregate Impact Value 29.91 
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6 Water Absorption 6.14 % 

 Cement Properties 

In the Present investigation ordinary Portland cement of 53 grade Ultra Tech is used. Care was taken that it is freshly produced 

and from single producer. The cement thus produced was tested for physical properties. 
Table – 2 

Cement Properties 
S No. Property Test Result 

1 Specific Gravity 3.15 

2 Normal Consistency 32 % 

3 Initial Setting Time 40 min 

 Fine Aggregates Properties 

Fine aggregate used was natural river sand obtained from local market. The sand is free from grey matter, salt and organic 

impurities. The physical properties like specific gravity, bulk density, gradation and fineness modulus were determined in 

accordance with IS 2386-1963. 

 Physical Properties of Fine Aggregates 

Table – 3 

Physical Properties of Fine Aggregates 
S No. Property Test Result 

1 Fineness Modulus 3.04 

2 Specific Gravity 2.55 

3 
Bulk Density (loose) 

Bulk Density (Compacted) 

1520 kg/m3 

1663 kg/m3 

 Crushed Granite Stone Aggregate Properties 

Crushed Stone Coarse aggregate of angular in shape obtained from local crushing plant was used in the present study. The 

physical properties of coarse aggregate were investigated. 
Table – 4 

Crushed Granite Stone Aggregate Properties 
S No. Property Test Result 

1 Fineness Modulus 7.19 

2 Specific Gravity 2.74 

3 
Bulk Density (loose) 

Bulk Density (Compacted) 

1366 kg/m3 

1513 kg/m3 

 Concrete Mix Design 

M15 grade concrete cubes were casted using the following proportions by weight. 
Table – 5 

Concrete Mix Design 
Cement Fine Aggregate Coarse Aggregate Water 

240 kg/m3 480 kg/m3 960 kg/m3 144 kg/m3 

1 2 4 0.6 

Using the properties of cement aggregate, concrete mix of M20 grade was designed as per IS10262-2009. The following 

proportions by weight were obtained. 
Table – 6 

Properties of cement aggregate, concrete mix of M20 grade 
Cement Fine Aggregate Coarse Aggregate Water 

320 kg/m3 694 kg/m3 1156 kg/m3 192 kg/m3 

1 2.16 3.61 0.6 

IV. COMPRESSIVE STRENGTH AND DURABILITY STUDIES 

 Compressive Strength 

Compressive strength of concrete can be defined as maximum resistance of concrete to axial loading. The specimens used for 

compression test were cubes of size 150 x 150 x 150 mm size. Compressive strength was determined for 3, 7 and 28 days 

respectively. The test was conducted in the laboratory on the compression testing machine of 3000 KN capacity and the reading 

at the time of failure of specimen was taken. 
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 Compressive Strength of M15 Grade Dolochar (Sponge Iron Scrap) Material Concrete 

Table – 7 

Compressive Strength of M15 Grade Dolochar (Sponge Iron Scrap) Material Concrete 

Sample No. 
Compressive Strength (N/mm2) 

3 days 7 days 28 days 

1 12.73 16.73 23.78 

2 12.34 16.34 24.39 

3 11.82 18.22 23.06 

Avg 12.29 17.09 23.74 

 
Fig. 1: Compressive Strength of M15 Grade Dolochar (Sponge Iron Scrap) Material Concrete 

 Compressive strength of M15 grade Crushed Granite stone concrete 

Table – 8 

Compressive strength of M15 grade Crushed Granite stone concrete 

Sample No. 
Compressive Strength (N/mm2) 

3 days 7 days 28 days 

1 11.13 15.24 21.8 

2 11.08 15.89 22.07 

3 10.95 14.64 21.93 

Avg 11.05 15.25 21.94 

 
Fig. 2: Compressive strength of M15 grade Crushed Granite stone concrete 

Compressive strength of M15 grade concrete using Dolochar (sponge iron scrap) material as coarse aggregate is 8 % higher 

than that of conventional crushed granite stone concrete. 

 Compressive strength of M20 Grade Dolochar (Sponge iron scrap) Material Concrete 

Table – 9 

Compressive strength of M20 Grade Dolochar (Sponge iron scrap) Material Concrete 

Sample No. 
Compressive Strength (N/mm2) 

3 days 7 days 28 days 

1 13.53 20.50 28.81 

2 14.22 21.84 29.27 

3 13.87 20.87 27.90 

Avg 13.87 21.07 28.66 
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Fig. 3: Compressive strength of M20 Grade Dolochar (Sponge iron scrap) Material Concrete 

 Compressive strength of M20 Grade Crushed Granite stone Concrete 

Table – 10 

Compressive strength of M20 Grade Crushed Granite stone Concrete 

Sample No. 
Compressive Strength (N/mm2) 

3 days 7 days 28 days 

1 14.31 20.88 27.47 

2 13.14 20.91 28.29 

3 14.56 21.14 28.98 

Avg 14.00 21.31 28.24 

 
Fig. 4: Compressive strength of M20 Grade Crushed Granite stone Concrete 

Compressive strength of M20 grade concrete using Dolochar (sponge iron scrap) material as coarse aggregate is 1.5 % higher 

than that of conventional crushed granite stone concrete 

 Density of Concrete 

The density of concrete is a measure of its unit weight. A normal weight concrete weighs 2400 kg per cubic meter. The unit 

weight of concrete (density) varies depending on the amount and density of the aggregate, the amount of entrained air (and 

entrapped air), and the water and cement content. Density of Concrete using sponge iron scrap material as coarse aggregate is 

24.89 kN/m3. 

 Studies on Acid Attack Resistance 

Chemical attack by aggressive water is one of the factors responsible for damage to concrete. Concrete can also be subjected to 

attack by various mineral acids such as sulphuric acid, nitric acid, hydrochloric acid and phosphoric acid. In natural ground 

water, only sulphuric acid is likely to be found as a result of the oxidation of sulphide minerals. When concrete comes in contact 

with such acidic waters, the calcium hydroxide reacts with the sulphuric acid to form gypsum, which can be readily washed 

away. Sulphuric acid is also one of the main acidifying agents of acid rain. Much higher concentrations can occur in industrial 

environments. Another source of severe sulphuric acid attack, which is very common worldwide, is that which generates by 

bacteria in concrete sewage systems. The anaerobic bacteria generates hydrogen sulphide gas which can dissolve in water 

condensed on the walls of the concrete conduits, pipes, and manholes above the sewage line level where aerobic bacteria can 

produce sulphuric acid. Industrial waters contain enough sulphate ions to potentially damage the Portland cement concrete by 

forming deleterious soluble alkali sulphates. The objective of the present investigations is: 
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1) To study the effect of aggressive chemical environment on compressive strength loss and weight loss of sponge iron scrap 

material concrete exposed to different concentrations of various acids as shown below: 

 5% and 10% HCL 

 5% and 10% H2SO4 

2) Evaluation of Acid Durability Factors (ADFs) and Acid Attack Factors (AAFs) of sponge iron scrap material concretes 

exposed to different concentrations of various acids investigated. 

V. TEST METHODOLOGY 

Concrete cubes of size 100mm x 100mm x 100mm, of ordinary grade (M20) sponge iron scrap material concretes are cast and 

cured for 28 days. They are immersed in different concentration of acids considered for study. The percentage weight loss, 

percentage compressive strength loss is evaluated at 7, 14, 21 and 28 days of exposure .The Acid Durability Factors (ADFs) and 

Acid Attack Factors (AAFs) are also evaluated. Sponge iron scrap material concrete cube specimens of different grades are 

immersed in acid solutions. The specimen sare arranged in the plastic tubs in such a way that the clearance around and above the 

specimen is not less than 30 mm. The response of the specimens to the solutions is evaluated through change in appearance, 

weight, compressive strength, solid diagonals. Before testing, each specimen is removed from the tubs, and brushed with a soft 

nylon brush and rinsed in tap water. For determining the resistance of concrete specimens to aggressive environment such as acid 

attack factors and acid durability factors are proposed with the philosophy of ASTM C 666 - 1997, as the basis. ASTM C 666 - 

1997 considers the standard test method for resistance of concrete to rapid freezing and thawing and the durability factors are 

defined in terms of relative dynamic modulus of elasticity. In the present investigation the "Acid Durability Factors" directly in 

terms of relative strengths. The relative strengths are always with respect to the 28 days value (i.e at the start of the test). The test 

results are as follows. 

 Percentage Weight Loss of M20 grade Dolochar concrete in HCL5% solution 

Table – 11 

Percentage Weight Loss of M20 grade Dolochar concrete in HCL5% solution 
S No. Days of Exposure % Weight Loss 

1 7 2.12 

2 14 2.49 

3 21 2.71 

4 28 2.89 

 Percentage Weight Loss of M20 grade Dolochar concrete in HCL 10% solution 

Table – 12 

Percentage Weight Loss of M20 grade Dolochar concrete in HCL 10% solution 
S No. Days of Exposure % Weight Loss 

1 7 2.97 

2 14 3.37 

3 21 3.62 

4 28 3.75 

 Percentage Weight Loss of M20 grade Dolochar concrete in H2SO4 5% solution 

Table – 13 

Percentage Weight Loss of M20 grade Dolochar concrete in H2SO4 5% solution 
S No. Days of Exposure % Weight Loss 

1 7 2.94 

2 14 4.03 

3 21 7.12 

4 28 9.65 

 Percentage Weight Loss of M20 grade Dolochar concrete in H2SO4 10% solution 

Table – 14 

Percentage Weight Loss of M20 grade Dolochar concrete in H2SO4 10% solution 
S No. Days of Exposure % Weight Loss 

1 7 4.21 

2 14 9.43 

3 21 12.65 

4 28 15.89 
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Fig. 5: Combined graph for percentage weight loss of M20 grade Dolochar (sponge iron scrap) concrete with different concentrations of HCL 

and H2SO4 

The loss of weight of concrete cubes increases with the increasing values of acid concentration. Sulphuric acid caused higher 

deterioration compared to hydrochloric acid during testing period. 

 Percentage Compressive Strength Loss of M20 grade Dolochar concrete in HCL 5% solution 

Table – 15 

Percentage Compressive Strength Loss of M20 grade Dolochar concrete in HCL 5% solution 
S No. Days of Exposure % Strength Loss 

1 7 2.62 

2 14 4.87 

3 21 7.32 

4 28 10.62 

 Percentage Compressive Strength Loss of M20 grade Dolochar concrete in HCL 10 % solution 

Table – 16 

Percentage Compressive Strength Loss of M20 grade Dolochar concrete in HCL 10 % solution 
S No. Days of Exposure % Strength Loss 

1 7 6.31 

2 14 11.52 

3 21 15.94 

4 28 21.40 

 Percentage Compressive Strength Loss of M20 grade Dolochar concrete in H2SO4 5% solution 

Table – 17 

Percentage Compressive Strength Loss of M20 grade Dolochar concrete in H2SO4 5% solution 
S No. Days of Exposure % Strength Loss 

1 7 23.42 

2 14 44.24 

3 21 63.04 

4 28 78.6 

 Percentage Compressive Strength Loss of M20 grade Dolochar concrete in H2SO4 10% solution 

Table – 18 

Percentage Compressive Strength Loss of M20 grade Dolochar concrete in H2SO4 10% solution 
S No. Days of Exposure % Strength Loss 

1 7 18.62 

2 14 30.17 

3 21 47.38 

4 28 56.11 
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Fig. 6: Combined graph for percentage strength loss of M20 grade sponge iron concrete with different concentrations of HCL and H2SO4  

Sulphuric acid caused higher deterioration compared to hydrochloric acid during testing period. 

VI. ACID DURABILITY FACTORS (ADF) 

The "Acid Durability Factors" (ADFs) can be designed as follows. 

ADF = Sr (N/M) 

Where, Sr = relative strength at N days, (%) 

N = number of days at which the durability factor is needed. 

M = number of days at which the exposure is to be terminated. 

Acid attack test was terminated at 28 days, So M is 28 in this case. 

 Acid Durability Factors of M20 grade Dolochar concrete in HCL 5% solution 

Table – 19 

Acid Durability Factors of M20 grade Dolochar concrete in HCL 5% solution 

S No. Days of Exposure ADF 

1 7 24.34 

2 14 47.56 

3 21 69.51 

4 28 89.38 

 Acid Durability Factors of M20 grade Dolochar concrete in HCL 10% solution 

Table – 20 

Acid Durability Factors of M20 grade Dolochar concrete in HCL 10% solution 

S No. Days of Exposure ADF 

1 7 23.42 

2 14 44.24 

3 21 63.04 

4 28 78.60 

 Acid Durability Factors of M20 grade Dolochar concrete in H2SO4 5% solution 

Table – 21 

Acid Durability Factors of M20 grade Dolochar concrete in H2SO4 5% solution 

S No. Days of Exposure ADF 

1 7 22.58 

2 14 43.09 

3 21 61.93 

4 28 75.87 

 Acid Durability Factors of M20 grade Dolochar concrete in H2SO4 10% solution 

Table – 22 

Acid Durability Factors of M20 grade Dolochar concrete in H2SO4 10% solution 

S No. Days of Exposure ADF 

1 7 20.35 

2 14 34.91 

3 21 39.46 

4 28 43.89 
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VII.  ACID ATTACK FACTORS (AAF) 

The extent of deterioration at each corner of the struck face and the opposite face is measured in terms of the solid diagonals (in 

mm) for each of the two cubes and the "Acid Attack Factors" (AAFs) per face is calculated as follows.  

AAF = (Loss in mm on eight corners of each of 2 cubes) / 4. 

 Acid Attack Factors of M20 grade Dolochar concrete in HCL 5% solution 

Table – 23 

Acid Attack Factors of M20 grade Dolochar concrete in HCL 5% solution 

S No. Days of Exposure AAF 

1 7 0.975 

2 14 1.041 

3 21 1.067 

4 28 1.083 

 Acid Attack Factors of M20 grade Dolochar concrete in HCL 10% solution 

Table – 24 

Acid Attack Factors of M20 grade Dolochar concrete in HCL 10% solution 

S No. Days of Exposure AAF 

1 7 1.692 

2 14 1.708 

3 21 1.725 

4 28 1.758 

 Acid Attack Factors of M20 grade Dolochar concrete in H2SO4 5% solution 

Table – 25 

Acid Attack Factors of M20 grade Dolochar concrete in H2SO4 5% solution 

S No. Days of Exposure AAF 

1 7 1.483 

2 14 1.844 

3 21 2.164 

4 28 2.387 

 Acid Attack Factors of M20 grade concrete in H2SO4 10% solution 

Table – 26 

Acid Attack Factors of M20 grade concrete in H2SO4 10% solution 

S No. Days of Exposure AAF 

1 7 2.473 

2 14 2.808 

3 21 3.159 

4 28 3.542 

Acid Attack Factors are higher in sulphuric acid solution compared to hydrochloric acid solution during testing period. Acid 

attack factors of Dolochar (sponge iron scrap) material concrete cubes is similar to that of conventional crushed granite stone 

aggregate concrete cubes 

The Values of Weight loss, Compressive Strength loss, Acid Durability Factors and Acid Attack Factors for conventional 

crushed granite stone concrete of M20 grade are considered from papers presented by Srinivasa Reddy V, Achyutha Satya K, 

Seshagiri Rao M V, Azmatunnisa M[5], "A Biological approach to enhance strength and durability in concrete structures" and  

Seyed M. Joorabchian[4],”Durability of concrete exposed to sulfuric acid attack". 

VIII. RAPID CHLORIDE PERMEABILITY TEST 

The test should be performed according to ASTM C 1202-97 "Standard Test Method for Electrical Indication of Concrete's 

Ability to Resist Chloride Ion Penetration". In the AASHTO T277 (ASTM C1202) test, a water-saturated, 50-mm thick, 100-mm 

diameter concrete specimen is subjected to a 60 V applied DC voltage for 6 hours.  The prepared samples are fitted between the 

two compartments of the cell, and then the cell is then tightened on all four corners with the help of long screws and nuts. After 

tightening the cell, the edges of the sample and the compartment are to be completely sealed with silicon rubber to prevent 

leakage. Once all the cells are ready the test is to be commenced by connecting each cell to a power supply. 
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 Procedure 

 Preparation of solution 

Two solutions are prepared in distilled water, 3% (by weight) of sodium chloride (NaC1) solution (30 ml for 1 litre of distilled 

water or 30 grams of NaCL powder for 1 litre of distilled water) is filled in the left compartment of the cell, which served as 

cathode(-ve) where current flows in. The other compartment is filled with 0.3 N sodium hydroxide (NaOH) solution (12 gms of 

NaOH pellets for 1 litre of distilled water) and served as anode (+ve) where current flows out. These concentrations give the 

equal electrical conductivity of both the solutions 

 Connection 

All the permeability cells holding the test specimens are connected to the power supply in such a way that the left compartment 

bearing the NaC1 solution must be connected to the positive terminal of the voltage. The external voltage cell is always 

maintained at 60V of power supply. Chamber containing NaOH solution is connected to the negative terminal of the external DC 

voltage cell. The concentrations of these two solutions provide equal conductivity. The permeability cell, which is made of 

Perspex and consists of two parts each with a reservoir being capable of holding 250 ml of chemical solution and copper mesh of 

100 mm diameter to act as an electrode. An external voltage cell is used to apply a voltage difference of 60V between the 

electrodes. The electrochemical cell, constituted by this assembly, results in the rapid migration of chloride ions from the sodium 

chloride solution to the sodium hydroxide solution, via the pore network offered by the concrete disc shaped specimen. The 

movement of chloride ions is proportional to the intensity of electric current as measured by an Ammeter in the power source.  

 Thermocouples 

Thermocouples are immersed in NaOH solution for monitoring the temperature during the test. The test is carried out for 

duration of 6 hours and the current is measured at 30 min intervals. The chloride ion permeability is computed as the total charge 

passed through by using the formula given below 

 Chloride ion permeability, Coulombs = (I0 + I1 + I2 + I3 + I4 + I5 + I6) mAh 

1mAh=I x 0.001A x 3600 s 

Where I0, I6 are the initial and final currents and I1, I2, I3, I4, I5, are the intermediate currents. I is the total current at the end of the 

test. The test determines the electrical conductance of the test specimen, expressed as the total electrical charge passed through 

the specimen, in coulomb. The total charge passed is determined and this is used to rate the quality of the concrete according to 

the criteria rating. 

 Rapid Chloride Ion Penetration Test for M20 grade concrete 
Table – 27 

Rapid Chloride Ion Penetration Test for M20 grade concrete 

Time Cell 1 Cell 2 

30 min 109 97 

1 hr 108 99 

1 hr 30 min 106 103 

2 hr 74 95 

2 hr 30 min 69 89 

3 hr 50 85 

3 hr 30 min 109 102 

4 hr 113 104 

4 hr 30 min 113 103 

5 hr 114 104 

5 hr 30 min 117 105 

6 hr 114 103 

Total 1196 1189 

Chloride Ion Permeability = 1192.5 coulombs 

 RCPT ratings (per ASTM C 1202) 
Table – 28 

R CPT Ratings (per ASTM C 1202) 

Charge Passed (coulombs) Chloride Ion Permeability 

> 4000 High 

2000 – 4000 Moderate 

1000 – 2000 Low 

100 – 1000 Very Low 

< 100 Negligible 

As per ASTM C1202 RCPT ratings, Chloride ion permeability in concrete using sponge iron scrap material as coarse aggregate 

has low permeability. 

IX. CONCLUSIONS 

From the experimental investigation on sponge iron scrap material as a full replacement of coarse aggregate in concrete the 

following conclusions are drawn. 
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1) Crushing and impact values of Dolochar material have found to be satisfactory as per is IS: 383-1970  

2) Specific gravity and bulk density of Dolochar material are similar to that of conventional crushed granite stone. 

3) Water absorption of Dolochar material is found to be higher than conventional crushed granite stone aggregate. Hence 

necessary corrections have to be carried out in mix design. 

4) Dolochar material is innocuous in nature, which indicates no alkali aggregate reaction. 

5) Compressive strength of M15 grade concrete using Dolochar material as coarse aggregate is 8.2% higher than that of 

conventional crushed granite stone concrete. 

6) Compressive strength of Design mix of M20 grade concrete using Dolochar material as coarse aggregate is 1.5% higher 

than that of conventional crushed granite stone concrete. 

7) Density of Concrete using Dolochar material as coarse aggregate is similar to that of conventional coarse aggregate 

concrete. 

8) Sulphuric acid caused higher deterioration to Dolochar  material concrete cubes compared to hydrochloric acid during 

testing period of 28 days immersion in 5% HCL, 10% HCL, 5% H2SO4 and 10% H2SO 4 solutions 

9) Percentage weight loss, Percentage strength loss, Acid durability factors and Acid attack factors of Dolochar material 

concrete cubes is similar to that of conventional crushed granite stone aggregate concrete cubes 

10) Chloride ion permeability in concrete using Dolocharp material as aggregate has low permeability as per ASTM C1202 

RCPT ratings. 

From the experimental investigation it was found that sponge iron scrap material can be used as an alternative for coarse 

aggregate in concrete. However further investigations have to be made to study long term effects. 

 Scope for Further Study 

1) Further research can be carried out to study the durability properties of concrete incorporating sponge iron scrap material as 

a full replacement of coarse aggregate. 

2) Further research can be carried out to study strength properties of concrete with full to partial replacement of coarse 

aggregates with Dolochar (sponge iron scrap) material 

3) Further research can be carried out to study properties of concrete with partial replacement of cement with different mineral 

admixtures like GGBS, flyash etc, . 

4) Further research can be carried out to study long term acid attack results 
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