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ABSTRACT

Over the past few years, ground granulated blast furnace slag (GGBS) have been considered as an alternative
material for ordinary portland cement (OPC) in conventional concrete for attaining sustainability in construction
industry. The GGBS can be used as an alternative material for OPC since it has binding properties. Also it reduces
the problems due to the production of OPC like emission of carbondioxide, utilization of high amount of natural
resources etc. This research investigates the feasibility of electric arc furnace slag (EAFS) as fine aggregate in
GGBS incorporated concrete. Use of industrial byproducts like GGBS and EAFS makes their reutilization in
concrete and hence reduces the cost of cement production, concrete manufacturing, reduction in landfill cost as well
as reduction in solid waste. Characteristics of EAFS like pH, loss of drying, calorific value and presence of heavy
metals like Zn, Cd, Ni, Pb, Cu were studied according to central pollution control board (CPCB) limit. Concrete
cubes with different percentages of replacement (0, 10, 20, 30, 40, and 50) of fine aggregates with EAFS in GGBS
incorporated concrete was tested to find the optimum percentage. EAFS was found to be a non hazardous industrial
byproduct of steel industry, which is suitable to be used as a material for construction. It was observed that
compressive strength of concrete cubes was improved up to 30% of replacement of EAFS. It is concluded that
utilization of EAFS in concrete will reduce the requirement for conventional fine aggregate and manufactured fine
aggregate thereby resulting a sustainable way to utilize industrial by-products.
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1. INTRODUCTION

Economic development of any country is controlled to a great extent by the development of infrastructure. Many
other countries like India, is witnessing a rapid growth in the construction industry, involving the use of natural
resources for the development of infrastructures. Natural resources are depleting worldwide, while at the same time
the generated wastes from the industry are increasing substantially. Sustainable development has become a key
aspect in society, economics and development. Sustainable development shall meet the needs of the present without
compromising ability of future generation to meet their own needs.

Manufactured sand that is produced by stone crushing creates a new way to reduce the exploitation of natural river
sand. The main pollution problem associated with this is particulate matter <10 Im (PM10) emissions which directly
affect human health while other impacts include noise, vibration and landscape deterioration when the relief of the
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land is modified [16, 17]. With boulders being scarce as more rock quarrying is carried out, alternate sources of
aggregates like artificial aggregates need to be sought such that natural resources are conserved. From an
environmental viewpoint, one such alternative is the use of industrial by-product namely slag, a non-hazardous
waste from scrap metal processing for the manufacture of thermo mechanically treated steel bars. Recycling scrap
metal is carried out in electric arc furnace (EAF). From the metal recycling process, slag, dust, scale and sludge are
the waste materials being produced. Mauthoor et al. [8] showed that EAF slag is generated in the highest amount at
a rate of 250 kg per ton of steel bars produced.

Oner and Akyuz, (2011), [1] studied on optimum level of GGBS on compressive strength of concrete and
concluded that the optimum level of GGBS content for maximizing strength is at about 55-59% of the total binder
content. Venu Malagavelli, (2010), [13] studied on high performance concrete with GGBS and ROBO sand (crusher
dust). They focuses on investigating characteristics of M30 concrete with partial replacement of cement with
Ground Granulated Blast furnace Slag (GGBS) and sand with the ROBO sand. The cubes and cylinders are tested
for both compressive and tensile strengths. They found that by the partial replacement of cement with GGBS and
sand with ROBO sand helped in improving the strength of the concrete substantially compared to normal mix
concrete. They concluded that the percentage increase of compressive strength of concrete is 11.06 and 17.6% at the
age of 7 and 28 days by replacing 50% of cement with GGBS and 25% of sand with ROBO sand.

From the reviewed journals, it is observed that GGBS and EAFS, which are the byproducts from steel industries, can
be incorporated in concrete to improve its mechanical properties. In this paper, feasibility of EAFS as fine aggregate
in GGBS incorporated concrete was investigated. The physical and chemical characteristics of EAFS were analyzed
and studied the mechanical properties of GGBS incorporated concrete with EAFS as fine aggregate.

1.1 Obijectives

The aim of the research is to assess the performance of EAFS as fine aggregate in GGBS incorporate concrete.
Based on the above, the specific objectives are:

1. To assess the physical properties of EAFS.

2. To determine the optimum level of replacement of EAFS as fine aggregate in GGBS incorporated concrete.
To evaluate the compressive strength of GGBS incorporated concrete with EAFS as partial replacement of fine
aggregate

2. MATERIAL PROPERTIES

For the present study, EAFS, GGBS, cement, fine aggregate and coarse aggregates were used. The sample EAFS
was collected from Paragon steel industries (P) Ltd. Kanjikode, Palakkad and GGBS was collected from JSW steel
at Manapullikave, Palakkad. Other materials like cement, fine aggregate (Manufactured Sand) and coarse aggregate
were obtained from nearby locality. Initially, the EAFS is crushed and sieved into required size. Properties of each
material were listed in the tables below. Specific gravity of EAFS was found to be 2.93, which is higher than that of
both fine aggregate and coarse aggregate. GGBS is found to be finer than cement. Also presence of GGBS will
retard the setting time of concrete compared to concrete containing OPC.

Table-1: Properties of Electric Arc Furnace

Properties Values
Specific gravity 2.93
Uniformity coefficient, Cu 7.06
Los Angeles abrasion 51.68%
Impact value 47.34
Angle of internal friction 47°
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Table-2: Properties of GGBS and Cement

Properties GGBS Cement
Specific Gravity 25 3.15
Standard Consistency 30% 36%
Fineness 2.8% 5%

Initial Setting Time 55 min 75 min

Table-3: Properties of Aggregates

Properties Fine Coarse
Adggregate Aggregate
Specific Gravity 2.62 2.75
Uniformity 10.52 1.08
coefficient, Cu
Fineness Modulus 3.34 3

3. CHARACTERISTIC ANALYSIS OF EAFS

The pH, paint filter liquid test(PFLT), loss on drying (LOD), calorific value(Cv) and presence of heavy metals of
EAFS is find out and the results are shown in table 4. Atomic absorption spectrometer is used to find out the
presence of heavy metals. It was found that all the test results are within the permissible limits of central pollution
control board (CPCB). EAFS has a pH of 10.7, which represents alkaline characteristic of the industrial byproduct.
Metals like Cd, Pb and Ni were found to be below detection level. Hence it can be inferred that EAFS is suitable for
utilizing as a construction material.

Table-4: Characteristic Analysis of EAFS

SI.No. | Tests Results CPCB limits
1 |pH 10.7 4-12
2 PFLT Fails Absence of filtrate
3 LOD 20% 1-95%
4 Cv 27.89 Kcal/Kg | 20-1000 Kcal/g
5 Zn content 2.6 ppm <10 ppm
6 Cd content BDL* <0.2 ppm
7 Cu content 5.3 ppm <10 ppm
8 Pb content BDL* <2 ppm
9 Ni content BDL* <0.3 ppm

*BDL- Below Detection Level
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Fig- 1: Atomic Absorption Spectrometer for metal detection
4. PREPARATION OF SPECIMEN FOR STRENGTH ANALYSIS

The cubes were casted in the mould of size 150 x 150 x 150 mm for compressive strength analysis and cylinders
were casted in the mould of size 150mm diameter and 300mm height for the analysis of split tensile strength. The
amount of GGBS was fixed as 50% of cement from the literature reviewed. Cubes and cylinders of M30grade were
casted with varying proportion of 10,20,30,40 and 50% EAFS as fine aggregates for GGBS incorporated concrete.
The specimens were water cured after 24 hours of casting for 7 days and 28 days strength analysis.

5. RESULTS AND DISCUSSIONS

The following are the results obtained by performing the strength tests in the specimens with varying percentage
of EAFS as fine aggregate in GGBS incorporated concrete.

5.1 Compressive Strength Test

Figure 2 shows the compressive strength testing of cubes. The maximum 7day compressive strength was obtained
for the control specimen were as for 28 days the same was found to be 39.742 N/mm? for 30% replacement of fine
aggregate with EAFS. It was found that a gradual increment in 7 days compressive strength within the specimens
having replacement with EAFS. The compressive strength of the specimen with replacement above 30% of fine
aggregate with EAFS shows a reduction which was mainly due to the expansive nature of the EAFS. Chart 1
represents the variation of compressive strength in 7 days and 28 days. Table 5 gives the concluded compressive
strength test results.
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Chart-1: Compressive Strength Results of Cubes

Table- 5: Concluded Compressive Strength of cubes

Compressive strength of Proportion
Control ~ Specimen in
Days | N/mm?2 Maximum  Compressive | Minimum compressive
strength in N/mm? strength in N/mm?
7 26.037 E50- 22.957 E10- 20.247
28 34.702 E30- 39.742 E10- 32.218
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5.2 Split Tensile Strength

Figure 4 shows the split tensile strength testing for cylinder specimen. The maximum 7days and 28 days split
tensile strength was obtained for 50% replacement of fine aggregate with EAFS as 3.807 N/mm2 and 3.844 N/mm?2
respectively. Chart 2 represents the variation of split tensile strength in 7 days and 28 days. Table 6 gives the
concluded split tensile strength test results.

Fig- 3: Split Tensile Testing of cylinder
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Chart-2: Split Tensile Strength Results of Cylinders
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Table-6: Concluded Split Tensile Strength of cylinders

Split tensile Proportion
Days strength of Maximum split | Minimum split
Control tensile strength | tensile strength
Specimen in in N/mm? in N/mm?
N/mm?
7 341 E50- 3.807 EO- 3.41
28 3.681 E50- 3.844 E10- 3.673

6. CONCLUSION

The conclusions of present study are as follows:

EAFS, byproduct of steel industry is non-hazardous and hence it can be reutilized as a material for construction. The
optimum percentage of EAFS as fine aggregate in GGBS incorporated concrete was found to be 30%. The
compressive strength of concrete containing EAFS shows expansion which results in the reduction in compressive
strength beyond the optimum limit. Split tensile strength of concrete is improved by the addition of EAFS is due to
the yielding property shown by the EAFS.
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