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A B S T R A C T 

Scarcity of the natural sand and large availability of industrial wastes give the way to 

utilise the industrial by-product in concrete production. This paper showcases the 

performance of concrete composite containing copper slag and polypropylene fibre under 

cyclic loading. Fibrillated polypropylene fibre of 0% (P0), 0.2% (P1), 0.4% (P2) & 0.6% 

(P3) volume fractions and 40% copper slag (C40) are used together. The experimental 

work was conducted on the reinforced concrete beams of size 100mm x 200mm x 900mm. 

The criteria considered for discussion are yield power, yield deflection, ultimate strength, 

ultimate deflection, ductility factors and energy dissipation. It is observed that when 

subjected to monotonic loading and cyclic loading respectively, the overall load carrying 

power of C40P2 beam is 5 per cent and 2.71 per cent higher than the reference section. 

The specimen C40P2 has a ductility factor 25.05 per cent higher than the control beam. 

Energy absorption capacity of C40P2 is 72.79% more than the normal concrete. It is 

therefore concluded that, under cyclic loading, the output of 40% copper slag with 0.4% 

of polypropylene fibres find superior than control concrete. 

1 Introduction 

Utilization of waste is directly linked to sustainability. Waste reduction and waste management require sustainable 

principles such as reusing, recovering, recycling and remanufacturing. The growing cost of waste disposal, the depletion of 

natural resources and the need for sustainable growth have all necessitate the reuse of waste materials as a substitute for 

natural resources [1]. Copper slag is a by-product originating from copper processing industries that have the ability to 

recycle, produce value-added goods such as abrasive materials, roofing granules, cutting equipment, tiles, glass, railway 

ballast and paving asphalt [2]. Copper-rich matte (sulphides) and copper slag (oxides) are formed as two separate liquid 

phases through smelting process. The addition of silica during the smelting process creates active bonded silicate anions in 
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combination with the oxides [3]. It contains oxides such as SiO2, Al2O3, CaO and MgO, which are either present in the 

original concentrate or added as a flux. Copper slag has a high density ranges from 3.16 to 3.87 g / cm3 based on iron content. 

Due to its glassy surface attributes low water absorption which allows the surplus amount of free water to remain in concrete 

for better hydration. 

The concrete density increases by 5 per cent as the content of copper slag increases. The absorption of surface water 

decreased as the copper slag content increased. Hence there is also an improvement in workability. The authors of Ref.[4] 

found that the highest increase in strength was observed with the replacement of 20 per cent copper slag, the splitting tensile 

strength increased by up to 80 per cent. The compressive strength of mortars with a 50 percent copper slag replacement has 

been increased by more than 70 percent compared with the control mixture. It is therefore recommended that up to 40-50 per 

cent (by sand weight) of copper slag can be used as a replacement for fine aggregates to obtain a concrete with sufficient 

strength and durability requirements [5].  

Ref.[6]-reported that when copper slag was used for longer periods of curing (i.e., 56 and 90 days), most of the samples 

displayed no adverse strength reversal. The major portion of strength gain takes place at 28-90 days period [7]. One of the 

study [8] found that gradual increase in compressive strength was observed up to 50% copper slag and increase in tensile 

strength was observed up to 40% of copper slag replacement. Ref.[9]- investigates the performance of high strength concrete 

(HSC) at constant workability in which copper slag is replaced for fine aggregate. It is noted that water demand decreased 

by approximately 22 per cent relative to the control mixture at 100 per cent copper slag replacement. Nevertheless, the 

absence of the superplasticizer adversely affected the strength and reliability characteristics of HSC. It is recommended that 

40 percent of copper slag can be used as a substitute for sand to obtain HPC with good strength and durability [10]. 

Because of the rise in population, the industrial revolution slowly depletes the nature resources and influences the 

functioning of the ecological system on earth. On the other side, environmental pollution is the major challenge due to the 

industrial revolution. Hence, the disposal or dumping of waste requires more energy and cost than the production of parent 

material.  Natural sand formation takes place by the weathering action of bed rocks over hundreds of millions of years. Hence, 

an alternative material to river sand needs to be sought to address the shortage of river sand. Copper slag produced from the 

copper industries has grain size equal to sand particles, and no further alteration is needed to be put into use. The use of 

copper slag in normal concrete, high-resistance concrete, high-performance concrete, and cement mortar applications is 

studied in past literature.  

Fibres are widely used in building practices because a plain concrete has a very low tensile strength, minimal ductility 

and low cracking resistance. The concrete specimen leads to brittle failure due to low tensile strength [11]. The presence of 

micro-cracks at the mortar – aggregate interface is responsible for the intrinsic weakness of plain concrete. In addition to this, 

the conventional reinforced concrete does not meet other performance criteria such as im-permeability, resistance to frost, 

serviceability etc. In concrete, fibres are used to produce tensile stress to arrest micro-cracks and to control crack propagation 

through the major stressed sections. The use of fibre depends on the fibre geometry and the kind of application it is referred 

to [12]. This research suggests that 1-2 per cent of the fraction of volume is ideal for a particular use. Polypropylene is a 

synthetic polymer made from hydrocarbons, which is manufactured using extrusion processes by drawing the material 

through a die. This offers intrinsic tensile and flexural strength along with substantial plastic shrinkage reduction and 

minimizes thermal cracking [13]. However, traditional transverse reinforcement can be partially substituted by appropriate 

fibre material without loss of ductility and strength [14]. It is observed that 11% increase in compressive strength was obtained 

for 0.5% PPF volume fraction [15]. Owing to its reduced workability, polypropylene fibre has less flow and therefore reduced 

flowability, so it cannot easily interact with groves without compaction[16]. 

The researches have centered on evaluating copper slag concrete's mechanical and durability without any admixture. 

Some of the studies have suggested 20 to 40 percent of copper slag replacement in concrete due to certain drawbacks of 

copper slag such as minor bleeding and more fluidity in fresh concrete level. In order to resolve the negative attributes of 

copper slag and examine the effect of copper slag in concrete under cyclic loading, a test was made to incorporate 0.25 to 0.6 

percent volume fraction of polypropylene fibre into the concrete.  

The beams were tested under positive cyclic loading by one author [17]. The results showed that the presence of 

polypropylene fibre in the beam increases strength, ductility, energy absorption and rigidity. The effect of incorporating 

hybrid fibres increases the ductility by 80% and the energy absorption by more than 160%. Instead of adding one fibre, the 

combination of various types of fibres (hybrid fibres) significantly enhances the potential for energy absorption [18]. Previous 

study [19] showed that 40% of copper slag and 0.6% of polypropylene fibre is an optimal replacement. Although there is no 
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detrimental compressive strength compared to concrete control up to 80 percent of the replacement. The same author [20] 

concluded that up to 60 per cent of copper slag yields good results in studies of durability. It was found that 100% copper 

slag replacement shows decrement of compressive strength due to excess free water, but 80% copper slag can be used with 

suitable admixtures[19]. This experimental study aims to use 40% (optimum percentage) of copper slag with 0.2% and 0.4% 

and 0.6% volume fraction of polypropylene fibre. 

The layout of this paper is as follows: Section 2 introduces the experimental programme. This consists of details of 

materials and mix design, the description of specimens and the test procedure. Section 3 deals with the results and discussions. 

This section is subdivided further into four categories. First one is to find the load and deflection values at yield stage. The 

second one elaborates load deflection responses up to the failure stage, the third subdivision discusses ductility factors and 

the energy absorption capacity is explained in subdivision 3.4. The significance and conclusion of the study are discussed in 

Section 4 and Section.5. Fig.1 demonstrates the methodology of this research subject, step by step. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1- Research methodology 
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2 Experimental program 

2.1 Materials and mix design   

Ordinary Portland Cement of 43 grade confirming to IS 8112:2013 [21] was used. The specific gravity of cement is  3.14. 

Copper slag, fine aggregate and coarse aggregate were found to have a specific gravity of 3.5, 2.6 and 2.67 respectively. The 

water absorption of copper slag, fine aggregate and coarse aggregate was 0.15%, 1.25% and 0.92% respectively.   Conplast 

SP- 430 is used as a high-range Naphthalene-based superplasticizer in compliance with IS 9103-1999[22] admixed to avoid 

segregation, increase flow efficiency and also ensure thorough particle dispersion in the concrete mix. The chemical 

composition of cement and copper slag is compared in Table 1. A total of 95.35 per cent of SiO2 , Al2O3, Fe2O3 & CaO 

present in copper slag [23] is found. It is the quantity that meets the minimum requirement of 75% As per ASTM C618-19 

[24] as a natural pozzolana. Hence, copper slag can be used in concrete production as a natural pozzolan. The presence of Si, 

Al, Fe and Ca is well identified through the XRD image of copper slag (Fig.2). Thin, irregular texture in rectangular shape is 

the copper slag displayed at 1000x magnification in Fig.3. 

Table 1 Chemical composition of Cement and Copper slag 

Components SiO2 Al2O3 Fe2O3 CaO MgO SO3 K2O Na2O TiO2 

Cement (%) 20.85 4.78 3.51 63.06 2.32 2.48 0.55 0.24 0.25 

Copper slag (%) 33.05 2.79 53.45 6.06 1.56 1.89 0.61 0.28 0 

 

 

Fig. 2 - XRD analysis of copper slag 

 

Fig. 3 - Microstructure image of copper slag 
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The mix was designed for M30 grade as per IS 10262-1982 [25] Indian Standard for Concrete mix proportioning - 

guidelines. Table 2 and Table 3 represent the mix proportioning of copper slag and polypropylene composite. Naphthalene 

based superplasticizer of 0.5% dosage was chosen to improve the mobility of concrete. Superplasticizer additions reduce the 

water-cement ratio to 0.41 from 0.51. 

Table 2 Mix design for control concrete 

Water Cement Sand Coarse aggregate 

148.8 kg/m3 363kg/m3 620kg/m3 1343kg/m3 

0.41 1 1.71 3.71 

 

Table 3 Total mix proportions with mix identification 

S.No Mix ID 
Cement Sand Copper slag Coarse aggregate Water content Polypropylene fibre 

kg/m3 

1 C0P0 363 620 0 1343 148.8 0 

2 C0P1 363 620 0 1343 148.8 1.82 

3 C0P2 363 620 0 1343 148.8 3.64 

4 C0P3 363 620 0 1343 148.8 5.46 

11 C40P0 363 371 354 1343 148.8 0 

12 C40P1 363 371 354 1343 148.8 1.82 

13 C40P2 363 371 354 1343 148.8 3.64 

14 C40P3 363 370 353 1343 148.8 5.46 

 

2.2 Specimen details 

The reinforced concrete beam of 100mm wide, 200mm depth and 900mm long is used to test the cyclic behaviour of 

reinforced concrete specimen. The reinforcement details are given in Fig.4. 

 

Fig.4 - Reinforcement details 
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2.3 Testing Procedure 

The experimental work was carried out in Servo Hydraulic Universal Testing Machine (Fig.5) which can apply cyclic 

loading. The cyclic load was given in the increase of 10 percent of the ultimate load, for example when the RC beam’s 

ultimate load carrying capacity is 100kN under monotonic loading, and then 10 percent of 100kN is applied as cyclic load. 

 

Fig. 5 - Test setup 

3 Results and discussion 

3.1 Yield load and yield deflection 

Due to the cyclic loading application the yield deflection cannot be observed directly during loading. Drawing the 

intersection of tangent points determines the yield value. The yield deflection is determined along the deflection axis between 

the intersection points of the tangents taken from the first and last cycle load-deflection curves [26]. 

 

Fig. 6 - Tangents drawn for first curve and last curve  
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For example, the load-deflection curve of C0P2 beam shown in Fig.5 is considered to determine the yield deflection of 

that beam. Fig.6 describes the intersection of tangents from first curve to last curve of cyclic response. The tangent of the 

initial loading curve and the final loading curve is considered. A horizontal line is drawn from the top of the last curve. The 

trend line equation of first linear curve and horizontal tangent curve of the last cycle are given below. 

𝑦 = 12.238𝑥 − 7.95                          (1) 

𝑦 = 80.88                          (2) 

Solving equation 1 and 2 gives the value of x which is the yield deflection for the respective beam. Similarly the yield 

deflections are determined for other concrete beams. The findings of cyclic loading on reinforced concrete beam are 

summarized in Table 4. For the C0P2 specimen, the maximum yield load is 54.07kN, which is 28.8 per cent higher than the 

control specimen. The yield load of C40P1 and C40P2 is much closer to the control beam indicated that the copper slag 

replacement does not affect the load carrying capacity. 

Table 4 Summary of results in load deflection response 

Mix 

ID 

  

Deflection (mm) 

Yield 

load (kN) 

First 

crack load 

(kN) 

Number of 

cycles at 

first crack 

load 

Ultimate load (kN) 
No of 

cycles for 

failure 

Max crack 

width(mm)  Yield Ultimate 
Monotonic 

Loading 

Cyclic 

loading 

C0P0 5.81 25.94 41.944 30.8 5 134.96 67.76 11 7 

C0P1 5.51 19.45 37.46 24.64 4 105.08 55.44 9 4 

C0P2 5.95 20.88 54.07 36.96 6 92.63 80.08 13 6 

C0P3 5.5 25.38 51.77 30.8 5 108.4 67.76 11 9 

C40P0 5.5 14.39 37.7 24.64 4 134.96 67.76 11 5 

C40P1 6.8 25.43 41.37 36.96 6 123.9 67.76 11 7 

C40P2 5.14 29.19 42.01 43.12 7 141.9 69.6 10 13 

C40P3 8.97 22.48 38.06 24.64 4 138.28 67.6 11 4 

3.2 Load deflection responses 

Owing to the introduction of polypropylene fibres (Fig. 7 & Fig.8), peak loading increased. With the increase in fibre 

content the slope of the softening branch was reduced. The total load carrying capacity of the C40P2 beam, when loaded 

monotonically and cyclically, is 5 percent and 2.71 percent higher compared to the reference concrete. Fig.9 displays the 

microstructure picture of C40P2 showing a denser particle packing as comparison to the control concrete [27]. C40P2 beam 

experiences a typical crack width of 13 mm. Total C40P2 beam deflection is 29.19 mm which is greater than control concrete 

deflection (25.94 mm). The composite matrix therefore helps the beam to deflect more than the control beam ensuring 

serviceability. At the same time, C0P3 provides an ultimate 25.38 mm deflection that is less than the control beam. 

The number of cycles in copper slag concrete does not change substantially [28]. While observing the crack pattern, 

cracks are started at the interface of reinforcement and concrete. Fig.10 to Fig 13 illustrates the crack pattern of all specimens. 

Fibre-reinforced concrete restrains the cracks from the systematic development of cracks on the concrete surface. The cracks 

created during loading are closed during unloading, because of the application of PPF. Fibre anchoring in the mass matrix 

leads to increased concrete stiffness. Crack formation, propagation, and development in fibre-reinforced concrete are slower 

and more stable than conventional concrete. It can also withstand reversed cyclic loading [29]. Because of the crack bridging 

effect, fibres boosted the post-peak response under bending. The post-cracking behavior was extreme for higher volume 

fraction resulting in increased strain capacity and deformation capacity in the pre-failure zone [30]. The same was checked 

with C0P3 's greater load carrying ability. 

 Control concrete exhibits spalling of cover concrete in reverse cyclic loading where there is no spalling of concrete as 

polypropylene fibre reinforced concrete beam with copper slag. This is due to the bridging effect of polypropylene fibre and 

copper slag concrete matrix [31]. 
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Fig. 7 - Load deflection behavior of concrete with PPF and without copper slag  

  

  

Fig. 8 - Load deflection behavior of 40% copper slag replacement 
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Fig. 9 - Microstructure image of control beam and C40P2 

     

Fig. 10 - Deflection pattern of C0P0 & C0P1 

  

Fig. 11 - Deflection pattern of C0P2 & C0P3 

  

Fig. 12 - Deflection pattern of C40P1 & C40P2 
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Fig. 13 - Deflection pattern of C40P3 

After yielding, the most stressed part of the concrete develops rapid debonding between reinforcement and concrete that 

also allows the crack expansion that is available at unload. If loaded increased further the cracks spread to the nearest parts. 

3.3 Displacement ductility factor 

Displacement ductility factor is the ratio of dividing maximum load to the yield load at each step. Fig.14 illustrates the 

displacement ductility for all proportions and the cumulative variation in ductility. The specimen C40P2 has a factor of 

ductility 25.05 per cent higher than the control beam. The C40P3 beam shows very low ductile compared to any other 

proportion. Because of the high dimensional stability [32] and increased compressibility, copper slag is very effective in 

enhancing stress concentration. Poor water absorption and glassy structure of copper slag influences fibre dispersion, 

resulting in a low ductility in 0.6 percent volume fraction fibre [33]. Cumulative ductility is useful for determining the strength 

reduction factor at the end of cyclic charge. There is a smooth slope to the average ductility slope for all proportions. Relative 

to all other proportions, C40P2 has the highest cumulative ductility factor as it undergoes major deflections between yield 

and failure. 

  

Fig.14 - Ductility factors 

3.4 Energy absorption capacity  

The area under the load-deflection curve is the energy dissipation during loading. Using Trapezoidal rule the area under 

the load-deflection curve is calculated in excel. The energy in monotonic and cyclic loading is measured and compared in 

Table 5 and its variation is shown in Fig.15. It is clearly known from the table values that the fibre-reinforced concrete 

displays more energy absorption. Energy absorption capacity of C40P2 is 72.79% more than the control concrete. Control 

concrete has the lowest energy absorption of 419.58Nm under cyclic loading.  

Dissipation of hysteretic energy at a given amplitude distinguishes the energies of consecutive periods. Once the first 

cracking occurs, and more energy is dissipated up to the peak load. Cracking is lesser and distributed in the beams reinforced 

with fibre than control beam. Cracks are smaller in thickness than those formed in the reference beams up to the peak load 

and before collapse progresses.  
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Table 5 Energy dissipation, initial stiffness and displacement ductility factor 

S.No Beam ID 

Energy dissipation (Nm) 
Initial 

stiffness 

(kN/mm) 

Displacement 

ductility factor Monotonic 

Loading 
Cyclic Loading 

1 C0P0 651.86 419.58 5.81 4.55 

2 C0P1 497.14 493.60 5.51 3.02 

3 C0P2 422.93 744.49 5.95 3.36 

4 C0P3 391.00 786.20 5.5 4.61 

5 C40P0 961.34 425.40 5.5 2.87 

6 C40P1 631.45 805.11 6.80 3.73 

7 C40P2 1053.94 724.93 5.14 5.69 

8 C40P3 1493.01 593.48 8.97 2.5 

 

Bridging effect of the cracks is known as crack sewing. This phenomenon results in enhancement of ultimate load 

carrying capacity of the concrete structures which in turn leads to increase in energy absorption capacity. Due to the increase 

in ductility the fracture of concrete does not occur abruptly. Hence, the area under load displacement curve is found to be 

increased [34]. The energy absorption value of copper slag concrete with fibre under monotonic loading is 2.23 times more 

than the control concrete. Meanwhile, the rate of increase is decreased in the case of cyclic loading in which the composite 

mix gives 1.73 times more than the control concrete.  

 

Fig. 15 - Energy dissipation 

4 Research significance 

Nowadays, all waste is transformed to energy-efficient material that contributes to the society's creation of a sustainable 

environment. It is possible to explore concrete with copper slag as an alternative to natural sand as a valuable, environmentally 

friendly and sustainable material that produces superior mechanical and durability characteristics. Sterlite Industries (India) 

Ltd, Tuticorin produces 3.5 million tons of copper slag every year as waste. A large area of land is occupied due to the 
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dumping of these wastes. Copper slag has no concentrated hazardous chemicals other than metal oxides. It has further 

benefits, such as pozolonic behaviour, low water absorption, higher density, dimensional stability, high rigidity, strong 

mechanical properties and no adverse effects on durability. The integration of polypropylene fibre will resolve some of the 

negative attributes including high fluidity, poor bonding due to glassy copper slag particles. Polypropylene fibre increases 

tensile strength, improves bonding capacity, improves microstructural characteristics, increases ductility and increased 

energy absorption, etc. Incorporating copper slag instead of sand and adding polypropylene fibre as an admixture in concrete 

results in an eco friendly concrete with good strength and serviceability. 

5 Conclusion 

The proposed study focused on investigating the cyclic behaviour of fibre-reinforced concrete that uses copper slag as a 

replacement for river sand. The research aims at counteracting the impact of excess fluidity in concrete due to low water 

absorption of copper slag and improving ductile behaviour through the use of polypropylene fibres in concrete. Subsequent 

conclusions are drawn: 

Adding polypropylene fibre reduces the amount of free water in concrete. It improves the bonding of fibre and copper 

slag between the aggregate cement matrix by bridging and ball bearing effect, respectively.  

With respect to C0P2, the average yield load is 28.8 percent greater than the control specimen. The yield load of C40P1 

and C40P2 is much closer to the control beam indicated that the copper slag replacement does not affect the load carrying 

capacity. 

The number of cycles in the copper slag concrete mixes is not substantially altered. The ultimate load carrying capacity 

of C40P2 beam is 5% and 2.71% higher when subjected to monotonic loading and cyclic loading respectively. 

It is observed that the energy released at a given displacement increases abruptly or sharply when major cracks emerge 

or extend. Cracks in the fibre-reinforced beams are smaller and more dispersed than control beams. Cracks are smaller in 

thickness than those formed in the reference beams. 

The specimen C40P2 has a factor of ductility 25.05 percent higher than the proportions of the control beam because it 

undergoes significant deflections between yield and failure state. 

Control concrete has the lowest energy absorption of 419.58Nm under cyclic processing. C40P2's energy absorption 

efficiency is 72.79 per cent higher than the control concrete. 

Under monotonic loading copper slag concrete with fibre is 2.23 times more energy absorption value than the concrete 

control. Meanwhile, the rate of increase in cyclic loading is reduced where the composite mix gives 1.73 times more than the 

control concrete. 

Therefore, replacing the fine aggregate with 40% copper slag and 0.4% polypropylene fibre is the best combination to 

perform well under cyclic loading. 

Notation 

M30 Mix of characteristic compressive strength equals to 30N/mm2  

CS               Copper Slag 

PPF               Polypropylene Fibre 

C0P0 Copper slag 0% and Polypropylene fibre 0% (Control concrete) 

C0P1 Copper slag 0% and Polypropylene fibre 0.2% volume fraction 

C0P2 Copper slag 0% and Polypropylene fibre 0.4% volume fraction 

C0P3 Copper slag 0% and Polypropylene fibre 0.6% volume fraction 

C40P0 Copper slag 40% and Polypropylene fibre 0.0% volume fraction 

C40P1 Copper slag 40% and Polypropylene fibre 0.2% volume fraction 
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C40P2 Copper slag 40% and Polypropylene fibre 0.4% volume fraction 

C40P3 Copper slag 40% and Polypropylene fibre 0.6% volume fraction 

x               Yield deflection in mm 

y               Yield load in kN 

REFERENCES 

[1]-  T.T. Lim, J. Chu, Assessment of the use of spent copper slag for land reclamation. Waste Manag. Res. 24(1) (2006) 

67-73. doi:10.1177/0734242X06061769 

[2]-  C. Shi, C. Meyer, A. Behnood, Utilization of copper slag in cement and Concrete. Resour. Conserv. Recy. 52(10) 

(2008) 1115–1120. doi:10.1016/j.resconrec.2008.06.008 

[3]-  B. Gorai, R.K.J. Premchand, Characteristics and utilisation of copper slag-a review. Resour. Conserv. Recy. 39(4) 

(2003) 299-313. doi:10.1016/S0921-3449(02)00171-4 

[4]-  N. Gupta , R. Siddique, Strength and micro-structural properties of self-compacting concrete incorporating copper 

slag. Constr. Build. Mater. 224 (2019) 894-908. doi:10.1016/j.conbuildmat.2019.07.105             

[5]-  K.S. Al-Jabri , A.H. Al-Saidy, R. Taha, Effect of copper slag as a fine aggregate on the properties of cement mortars 

and concrete. Constr. Build. Mater. 25(2) (2011) 933–938. doi:10.1016/j.conbuildmat.2010.06.090 

[6]-  J. Naganur, B.A. Chethan, Effect of copper slag as a partial replacement of fine aggregate on the properties of 

cement concrete. Int. J. Res. 1(8) (2014) 882-893 

[7]-  B. Mobasher, R. Devaguptapu, A.M. Arino, Effect of copper slag on the hydration of blended cementitious mixtures. 

In: Proceedings of the Materials Engineering Conference, Arizona, 1996, pp. 1677-1686. 

[8]-  S. Suresh Reddy, M. Kishore Kumar, Utilisation of Copper slag as a Partial Replacement of fine aggregate in 

concrete. Int. J. Mech. Eng. Comput. Appl. 1(7) (2013) 140-144. 

[9]-  K.S. Al-Jabri, M. Hisada, A.H. Al-Saidy, S.K. Al-Oraimi, Performance of high strength concrete made with copper 

slag as a fine aggregate. Constr. Build. Mater. 23(6) (2009) 2132–2140. doi:10.1016/j.conbuildmat.2008.12.013 

[10]-  K.S. Al-Jabri, M. Hisada, S.K. Al-Oraimi, A.H. Al-Saidy , Copper slag as sand replacement for high performance 

concrete. Cement Concrete Comp. 31(7) (2009) 483–488. doi:10.1016/j.cemconcomp.2009.04.007 

[11]-  S.A. Mahadik, S.K. Kamane, A.C. Lande, Effect of Steel Fibers on Compressive and Flexural Strength of Concrete. 

In: Proceedings of 3rd World Conference on Applied Sciences, Engineering & Technology , Kathmandu, Nepal, 

2014, pp. 27-29. 

[12]-  P.A. Sharma, Structural Behaviour of Fibrous Concrete Using Polypropylene Fibres. Int. J. Eng. Res. 3(3) (2013) 

1279-1282. 

[13]-  S. Ahmed, I.A. Bukhari, J.I. Siddiqui, S.A. Qureshi, A Study On Properties Of Polypropylene Fiber Reinforced 

Concrete. In: Proceedings of 31st Conference on Our World In Concrete & Structures, 2006, pp.16 – 17. 

[14]-  J.A.O. Barros, J.M.S. Cruz, R.M. Delgado, A.G.  Costa, Reinforced concrete under cyclic loading. In: Proceedings 

of 12WCEE, New Zeland, 2000, pp.1-8. 

[15]-  M.K. Yew, H.B. Mahmud, P. Shafigh, B.C. Ang, M.C. Yew, Effects of polypropylene twisted bundle fibers on the 

mechanical properties of high-strength oil palm shell lightweight concrete. Mater. Struct.  49 (2016) 1221–1233. 

doi:10.1617/s11527-015-0572-z 

[16]-  L.G. Salim, H.M. Al-Baghdadi, H.H. Muteb, Reactive Powder Concrete with Steel, Glass and Polypropylene Fibers 

as a Repair Material. Civ. Eng. J. 5(11) (2019) 2441-2449. doi:10.28991/cej-2019-03091422 

[17]-  S. Arivalagan, Cyclic behaviour of reinforced cement concrete composite beam made with polypropylene fiber. J. 

Civil Eng. 40(2) (2012) 105-114. 

[18]-  S. Sharmila, G.S. Thirugnanam, Behaviour of reinforced concrete flexural member with hybrid fibre under cyclic 

loading. Int. J. Sci. Env. Tech. 2(4) (2013) 725 – 734. 

[19]-  C. Vijayaprabha, D. Brindha , E. Ashokkumar. Copper slag concrete admixed with Polypropylene fiber. Gradevinar. 

68(2) (2016), 95-104. doi:10.14256/JCE.1211.2015 

[20]-  C. Vijayaprabha, D. Brindha, A. Siva, Durability performance of copper slag concrete admixed with polypropylene 

fiber. J. Struct. Eng. 43(6) (2017) 1-5. 

[21]-  IS 8112:2013. Specification for 43 grade ordinary Portland cement By Bureau of Indian Standards. 

[22]-  IS 9103: 1999Specification for Concrete Admixtures By Bureau of Indian Standards. 

file:///E:/RRST/JMES/V7N2/Article%2011%20MIME%202382%20Inde/%20224
https://www.sciencedirect.com/science/article/abs/pii/S0950061815004675#!
https://link.springer.com/journal/11527
https://archive.org/search.php?query=creator%3A%22Bureau+of+Indian+Standards%22
https://archive.org/search.php?query=creator%3A%22Bureau+of+Indian+Standards%22


306 JOURNAL OF MATERIALS AND ENGINEERING STRUCTURES 7 (2020) 293–306 

 

[23]-  B. Dharmar, I. Khan, An Experimental investigation of fly ash - GGBS based High Strength Geopolymer concrete 

incorporating copper slag. J. Struct. Eng. 44(4), 364-376 

[24]-  ASTM C618 – 19. Standard Specifications for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in 

Concrete. 

[25]-  IS 10262-1982, 2000. Guidelines for mix proportioning By Bureau of Indian Standards. 

[26]-  B. Boulekbache, M. Hamrat, M. Chemrouk, S. Amziane, Flexural behaviour of steel fibre-reinforced concrete under 

cyclic loading. Constr. Build. Mater. 126 (2016), 253–262. doi:10.1016/j.conbuildmat.2016.09.035 

[27]-  C.E. Chalioris, P.M.K. Kosmidou, C.G. Karayannis, Cyclic Response of Steel Fiber Reinforced Concrete Slender 

Beams; an Experimental Study. Materials. 12(9) (2019) 1-21. doi:10.3390/ma12091398 

[28]-  J. Mínguez, L. Gutiérrez, D.C. González, M.A. Vicente, Plain and Fiber-Reinforced Concrete Subjected to Cyclic 

Compressive Loading. Study of the Mechanical Response and Correlations with Microstructure Using CT Scanning. 

Appl. Sci. 9(15) (2019) 1-20. doi:10.3390/app9153030 

[29]-  R. de Souza Castoldi, L.M. silva de Souza, F. de Andrade Silva, Comparitive study on the mechanical behaviour 

and durability of polypropylene and sisal fiber reinforced concretes. Constr. Build. Mater. 211 (2019) 617-628. 

doi:10.1016/j.conbuildmat.2019.03.282 

[30]-  V.J. John, B. Dharmar, Effect of steel macro fibers on engineering properties of copper slag-concrete. Struct. 

Concrete. 21(2) (2020) 689-702. doi:10.1002/suco.201900109 

[31]-  Y.C. Hwan, H.J. Bo, The Mechanical Behavior of Fiber Reinforced PP ECC Beams under Reverse Cyclic Loading. 

Adv. Mater. Sci. Eng. (2014) 1-9. doi.10.1155/2014/159790  

[32]-  M. Najimi, J. Sobhani, A.R. Pourkhorshidi, Durability of copper slag contained concrete exposed to sulfate attack. 

Constr. Build. Mater. 25(4) (2011) 1895-1905. doi:10.1016/j.conbuildmat.2010.11.067 

[33]-  M. Mavroulidou, Mechanical Properties and Durability of Concrete with Water Cooled Copper Slag Aggregate. 

Waste Biomass Valori. 8 (2017) 1841–1854. doi:10.1007/s12649-016-9819-3 

[34]- R. Rostami, M. Zarrebini, K. Sanginabadib, D. Mostofinejad, S.M. Abtahi, H. Fashandi, An investigation into 

influence of physical and chemical surface modification of macro-polypropylene fibers on properties of 

cementitious composites. Constr. Build. Mater. 244 (2020) 1-9. doi:10.1016/j.conbuildmat.2020.118340 

 

 

https://archive.org/search.php?query=creator%3A%22Bureau+of+Indian+Standards%22
https://doi.org/10.1016/j.conbuildmat.2019.03.282
http://dx.doi.org/10.1155/2014/159790%201-9
https://www.springer.com/journal/12649/

