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Abstract- The mechanical properties of concrete are highly affected by the fire event. 

Load bearing-capacity of reinforced concrete (RC) structural members reduced due to 

reduction in concrete strength caused by the elevated temperature. This study presents a 

review on repairing techniques of fire damaged RC structural members. The 

investigations covered physical dimensions, loading-effect method and bonding behavior 

and residual-strength assessment. The advantages of fiber reinforced polymers (FRP) 

recall of RC members' performance/strength over the steel coating, enlargement of the 

section, steel-plate bolting (SPB) and fiber reinforced polymers (FRP) are discussed. The 

fiber reinforced polymers (FRP) post-fire repairing technique reviewed to achieve the 

design or more strength, as compared to pre-heated, of damaged RC member. It was 

observed that FRP coating, around the RC members, enhanced the strength up to or more 

than the pre-heated design strength of concrete. 

Keywords- Fire damaged RC members, fire exposure, post-fire assessment, post-fire repairing methods.  

1 Introduction 

In the construction industry, concrete is the most widely used building material since it is easily available, very cheap 

material. More importantly, it can be molded into any shape with less skilled labor as compared with the steel structures.  

As concrete is quasi-brittle material, it has very high strength in compression but weak in tension. Reinforced concrete 

(RC) structure consists of several structural members, such as slab, beams, columns and footing. The collapse of the 

building occurs due to the failure of these structural members. Failure of the structural members can occur due to 

degradation, which can be caused by earthquakes, overloading, blast, high temperature exposure, deformation caused by 

seismic loading, variation in structural design and lack of maintenance. The ultimate strength of RC structural members 

decreases due to the fire exposure causing the reduction in strength and stiffness of the material.  In the case of fire, the 

mechanical decay of concrete and even significant effects at the structural level may occur due to spalling and 

reinforcement exposure [1].  

The elevated temperature and cooling affect the load bearing capacity by reducing the strength of concrete [6]. After fire, 

it becomes necessary to assess the mechanical properties of the RC members and adopt some repairing methods if required. 

There are a lot of methods for the treatment of RC structural members. The main methods which are being used are the 

bolt plating method, section enlargement method, fiber reinforced polymers (FRP) coating/jacketing method [2]. Steel 

coating for the retrofitting can be used for improving the seismic shear strength but the rectangular column’s coating can 

be buckled at the hinged area when subjected to lateral loading [7]. Steel-plate-bolting (SPB) method is usually adopted 

for the RC flexural members by fixing steel plates, both opposite sides, with the help of bolts [8].  The replacement method 

is, only used when the cost factor is not important, mostly adopted for the slab repairing [3]. FRP unidirectional repair of 

the RC column can enhance the load bearing capacity of the post-heated column up to or greater than the original level of 
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pre-heated column [4]. FRP coated RC structural members can be capable of achieve satisfactory resistance during fire 

[5].  

After the fire event, proper repairing and retrofitting are required for further use of the structure. This is because the high-

temperature leaves adverse effects on concrete. This can be in form of spalling of concrete debonding between steel and 

concrete. There are many studies on the repairing techniques of concrete but this study focuses on the significance of the 

FRP repairing of the RC members after the fire. Steel jacketing and increasing the dimensions of the structural members 

are costly methods of repairing techniques. The use of the FRP repairing technique is economical compared with other 

techniques and no extra load is applied over the member as it is light in weight. Also, this technique doesn’t reduce the 

workspace and free area between the repaired members. Post-fire repairing of RC members with FRP can even help in 

enhancing, more than pre-fire, the strength of the member.  

2 Properties of Fire Subjected RC Members 

Reinforced concrete gets a permanent decrease in strength due to high temperatures. Elevated temperature leaves adverse 

effects on reinforced concrete (RC) members. Initial morphology varied after the event which results in a decrease in 

mechanical properties of concrete after fire [9]. Microstructural properties of concrete are exposed at elevated temperatures 

[10]. Spalling of concrete depends upon two factors, pour-vapor pressure and thermal stress caused by the elevated 

temperature as described in Figure 1. Pore-vapor pressure cannot form spalling but only contribute to micro-cracks along 

with heat surface. Under thermal stress, these micro-cracks likely to buckle and spall near the heating surface [15]. 

Different RC members behave differently which are described below. 

 

a.  b.  
Figure 1: Spalling Factors of concrete due to Fire, a. pore-vapor pressure, b. thermal stress [15] 

2.1 Compression Members (Columns) 

The column can suffer fire up to four dimensions. Bending type depends upon the number of faces exposed to fire. One- 

and three-sided exposed column may be considered subject to uniaxial bending and if two or four faces exposed to fire 

will be considered subject to biaxial bending. Tan et al. [11, 12] developed a method, for one-, two-, three- and four-sided 
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exposed column, to examine the fire resistance of column while spalling of concrete was not considered. The decrease was 

observed in residual strength of corner column two-sided exposed to asymmetric fire and subjected to uniaxial and biaxial 

bending [13]. Enlargement of dimensions of columns enhances the fire resistance [14].  

2.2 Flexural Members 

2.2.1 Beams 

Many research studies have been conducted on the performance of flexural members exposed to elevated temperatures. In 

an analysis of experimental study considering beam type, beam load ration and concrete cover thickness, it was concluded 

that primary beams are shown better fire resistance in comparison with secondary beams because the tensile strength 

wasn’t degraded [16]. Variations in shear failure modes were observed mandatory in frame-restrained beams and cantilever 

beams after exposure to elevated temperature. So, for evaluation of after-fire shear capacity, the design of RC beams is not 

acceptable under room temperature [17].  

2.2.2 Slabs 

Several studies have been conducted to evaluate the performance of slabs under fire. Three main factors that influence the 

fire resistance are load level, the thickness of concrete cover and temperature. Spalling in concrete produced by fire 

seriously reduces the structural and thermal response of the slab which makes it less resistant to fire [18]. It is obvious, in 

high temperatures, that the degradation of stiffness and strength of the material is the main factor affecting the behavior of 

structure [19]. During the fire, the complications in the behavior of structure are cracking, degradation and thermal 

expansion. The stress-strain graph at different elevated temperatures has been presented in Figure 2.  

 

a  b  
Figure 2: Stress-strain relationship for concrete at elevated temperature, b. Stress-strain relationship for steel at elevated temperature 

[19] 

3 Types of Repairing Techniques of RC Members 

Several techniques are being used for repairing fire damaged RC members. The most commonly adopted techniques are 

steel jacketing/coating, section enlargement and FRP repairing technique. The technique is adopted based on the damaged 

condition of the member. Table 1 provides the detailed damaged condition so that the repairing method is adopted 

accordingly. It is proposed that the level two damaged segment can be fixed by the section enlargement technique, and the 

third level damaged is appropriate for the steel jacketing or with FRP repairing technique. Level four is more severe damage 

case it should be replaced. The member falling in the damage category of dangerous cannot be repaired. There is only way 
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to use it is to reconstruct it instead of repairing. The serious level can be repaired by the section enlargement technique 

after removing the most damaged [20]. FRP and steel plate bolting (steel jacketing) techniques can be used for the moderate 

and mild level of damaged RC members. 

Table 1- Description of Damages and Repairing Technique Proposed According to Damaged Type [20] 

Degree of damage Dangerous Serious Moderate Mild 

Level of damage Level four Level three Level two Level one 

Temperature of 

concrete 
≥700 600-700 400-500 <400 

Temperature of 

reinforcement 
400-500 350-400 100-300 <100 

Damaged condition 
Out of plane 

deformation 

Deflection exceeding 

one to three times 

Deflection meeting 

the limit 
No changes 

The advantage of the techniques used for repairing fire-damaged RC members improve the structure bearing capacity, 

stiffness, stability, and give economical solutions to exceed the life of the structures.  The techniques are used also to 

improve the ultimate load capacity of the structure members and provide anti-corrosion to the member as well. The 

disadvantage of the techniques using is that they will never achieve the original strength of the structural members. 

3.1 Steel Jacketing Technique. 

In this technique, the steel is wrapped around the fire damaged RC structural member. The steel plates and sheets are 

attached to the surface of the RC member with the epoxy resins or cement paste. Install the angle on the corners of RC 

members (beam and column) and connect them with a splicing plate. The size of the angle and plate is determined by the 

designated bearing capacity. The ends are interconnected with another transverse member. The upper end of the column’s 

steel jacketing extended up to the upper floor while the lower end anchored to the foundation. The steel has more density 

which adds additional weight to the structure as well. The bolting and cutting of steel plates according to section, needed 

to be repaired, size and shape make it uneconomical. This technique is suggested for severe fire damaged RC members. 

3.2 Section enlargement Technique 

The section enlargement technique is the strengthening technique used to achieve the ultimate load bearing capacity of 

stability and stiffness. In this technique, the residual strength is investigated first and the section is enlarged so that the 

ultimate bearing capacity and strength should be achieved to support the desired loading. The section enlargement 

technique was adopted for repairing the bridge columns, after two hours of fire exposure, after determining the residual 

strengths [21]. The section enlargement reduces the free area between the RC columns and the headroom between the 

beam and the floor. This technique can be used for recall of strength of moderate and mild type of fire damaged members. 

3.3 FRP Repairing Technique 

Fire badly affects the RC members and due to which it cannot be used for the desired purpose because of a reduction in its 

mechanical properties. Without any retrofitting of the structural members, it is very risky to utilize the building after the 

fire event. For this one of the repairing methods is FRP. In this technique, the sheet of FRP attached with the structural 

members to rehabilitate the ultimate strength of RC members reduced due to fire. 
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3.4 Superiority of FRP repairing over other techniques 

FRP repairing technique is more economical than any other repairing technique. Fibers present inside the 

polymers enhance the strength of the RC members. As the FRP is lightweight than steel jacketing and section 

enlargement, there is no need to tackle additional loading of repairing materials. Easy to handle, place and cut 

as it is lightweight than the steel. Compared with section enlargement repairing technique, reduction in free 

area and headroom is very little that it is negligible. Above discussed advantages make FRP repairing better 

than others. 

4 FRP Repairing Method Adopted Fire Damaged RC Members 

Fire event leaves adverse effects on reinforced concrete members. The degradation and spalling of concrete are the major 

defects caused by the fire event. The increase in corrosion damage reduction is a factor reducing the flexural strength of 

damaged RC beams. Reinforced concrete coating and steel coating are traditionally used for the rehabilitation of the 

reinforced concrete members. Past few years, the use of fiber reinforced polymers has been increased as a strengthening 

method as it is lightweight and less complex of anchorage. The characteristics of FRP like lightweight, high strength, high 

impact resistance, durability, and corrosion resistance have made it a better material for the rehabilitation of RC [22, 23]. 

FRP coating is more effective in rehabilitating the flexural member with damage location on top of the member than the 

bottom. FRP with the provision of the epoxy coating and coarse aggregates inside the coating surface shown in better 

distribution of stress and cracks propagation [24]. There are two ways of applying the FRP repairing on RC members, one 

is externally bonded FRP strengthening and the second is near surface mounted FRP strengthening. 

4.1 Externally bonded FRP strengthening 

For externally bonded FRP strengthening, the FRP sheets are attached to the surface to restore the ultimate capacity of RC 

members [25]. The test was conducted on fire damaged beams strengthened by FRP sheets with novel coating. From the 

test, it was concluded that the novel coating improved the fire resistance of FRP sheets [26]. Figure 3 illustrates the 

externally bonded FRP strengthening technique to restore and rehabilitate the ultimate strength of a T-beam. The bonding 

behavior of the RC T-beam and the carbon fiber reinforced polymer was observed. The FPR restores the ultimate strength 

and there is no need to enlarge the dimensions of the reinforced concrete structural member. 

 

Figure 3: Externally bonded FRP strengthening [26] 
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4.2 Near surface mounted FRP strengthening 

Near surface mounted (NSM) FRP strengthening is an advanced technique that was developed last decade. Mahmoud et 

al. conducted research on NSM’s enhanced performance [27]. In comparison with the externally bonded method, NSM 

gives better safety from external damage. Figure 4 elaborates the arrangements for the NSM of the RC beam. The epoxy 

resin is used for inter-surface bonding. The adhesive property of epoxy resin improved the bonding between FRP sheets 

and concrete at elevated temperatures. The RC members repaired with NSM technique give fire endurance of two hours. 

 

Figure 4: Near surface mounted and Externally bonded FRP strengthening [28] 

5 Conclusions 

This paper provides a review of the FRP repairing technique of RC structural members damaged by a fire event. Other 

repairing techniques like section enlargement and steel coating were also discussed. The techniques using for repairing 

fire-damaged review are done to achieve the desired or required properties of the structure to make it usable instead of 

reconstructing the whole structure. The techniques using are very effective for improving the structural members' 

properties as well as to increase the lifespan of the structure.  

The outputs of the study summarized as follows: 

• The FRP, steel coating and section enlargement method were used for the repairing of RC members damaged by 

fire. The FRP, concrete reinforcement and section enlargement repairing techniques are applicable for the RC 

slabs after exposure to elevated temperature. Since the section enlargement is an effective and economic solution 

for the slab repairing. 

• FRP rehabilitation method is the most widely used in the world. Externally bonded FRP and near surface mounted 

FRP strengthening techniques were compared. NSM has shown better results such as more ductile performance 

and the anchoring of FRP is better in NSM than the externally bonded FRP technique. 

• FRP repairing is far good for the rehabilitation of the RC beams 

• The section enlargement technique can more effectively enhance the stiffness and ultimate load of compression 

members. Also, the construction is simple but the building clearance decreases. 

• The properties of FRP are deeply studied. FRP coating, compared with steel coating and section enlargement, is 

easy to handle, lightweight, high strength to weight ratio and corrosion resisting. 
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It is concluded in this study that the FRP repairing technique is an easy method of repairing and does not apply any 

additional load on members caused by the weights of other repairing materials. 
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Abstract- The use of natural fiber is increasing day by day because it is an economical 

and waste material as well as has advantages from the environmental aspects. Among the 

natural fibers, coconut fibers (CF) have the maximum toughness. The addition of 

supplementary cementitious materials like silica fume together with coconut fiber will 

lead to complementary benefits in terms of mechanical performance and environmental 

aspects. Additionally, the establishment of an empirical equation will be helpful for the 

researchers to predict the experimental stress-strain response. Therefore, in this study, the 

control mix, silica fume concrete, coconut fiber reinforced concrete, and coconut fiber 

reinforced silica fume based concrete are investigated for compressive toughness and 

empirical modeling. Furthermore, scanning electron microscopy (SEM) is also performed 

to study the microstructure of the matrix. It was found that the addition of coconut fiber 

and silica fume in the matrix improved the compressive toughness and microstructure of 

concrete. In addition, the stress-strain curves obtained from the empirical equation 

showed the goodness of fit with the experimental data. 

Keywords- Coconut fiber, silica fume, concrete, compressive toughness, empirical modeling. 

1 Introduction 

In agriculturally progressive countries, natural fibers and plant fibers are available abundantly. These fibers can produce 

environmentally friendly materials when added to the concrete as reinforcement. Fibers added to the concrete tend to 

enhance the concrete performance such as energy absorption capacity, post cracking response, strength, etc [1-4]. As a 

plant residual waste, natural fibers have a significant economic value because of their use in construction materials all over 

the world. Natural fibers have the potential to reduce the quantity of basic ingredients in various composite materials that 

leads to environmentally friendly material. As compared to synthetic fibers, natural fibers contribute with the same 

properties when added to composites in terms of strength against shear, tension, temperature, and impact. The 

disadvantages of concrete that can be improved include the brittle behavior, low tensile strength, less resistance to cracks 

occurrence and propagation. The uniformly distributed fibers in the matrix play an important role in the improvement of 

concrete properties. Additionally, the incorporation of fibers in composites helps in controlling cracks [5]. The use of 

natural/plant fibers in building materials is from the Biblical times (approximately 3500 years ago) e.g. in clay sun-baked 

bricks [6]. Natural fiber is an economical and waste material, so it has also advantages from the ecological aspects. Among 

the natural fibers, coconut fibers (CF) have the maximum toughness [7], [8, 9]. The mechanical properties of CF reinforced 

concrete were investigated by Ali et al. [10]. The best performance was observed with 2% fiber content having 50 mm 
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length. Currently, composites having fibers and mineral admixtures are introduced by the researchers for civil engineering 

applications [11], [12]. Luther [13] used different contents of silica fume  (SF) i.e. from 5-15% in concrete and the best 

overall results were obtained with 11.5% content of SF by mass of cement. Thus, the combined use of natural fiber together 

with supplementary cementitious material will be helpful form improve performance of concrete in term of mechanical 

properties as well as sustainability. 

The basic mechanical characteristic for fiber reinforced composites (FRC) is the stress-strain curve that is obtained from 

the uniaxial compressive load test. For example, an analytical model was developed by Ou et al. [14] for the stress-strain 

curve from compression test for the concrete reinforced with different sizes of steel fibers. The model was established to 

characterize the stress-strain behavior of composite with a high reinforcing index. It was reported from the results that the 

developed analytical model showed good agreement with the experimental results. Li et al. [15] studied the experimental 

characterization of polyvinyl alcohol engineered cementitious composite (PVA-ECC) established in the form of stress-

strain curves. It was reported that PVA-ECCs showed that the established model presented good results with that of 

experimental results. Wang et al. [16] developed a rational fraction expression that both segments (i.e. ascending and 

descending) can be expressed by the rational formula. Saber et al. [17] examined the compressive stress-strain performance 

of high strength concrete (HSC) reinforced with synthetic fibers. The two simple models for the compressive stress-strain 

curve of the composite were used. It was suggested from the results that, the proposed models are able to predict the 

experimental results with better precision. Bencardino et al. [18] performed a comparative study on the experimental data 

of steel fiber reinforced concrete and proposed empirical models for stress-strain relationships. It was found that empirical 

models showed good agreement with test results. Furthermore, other researchers such as Li et al. [19] and Cao et al. [20] 

also conducted a comparative study on compressive modeling and reported a good correlation between experimental results 

and empirical models. Thus, it will be of great interest to develop a model for the composites reinforced with natural fiber 

for better prediction of experimental data. 

The motivation for the current research is to deliver an economical and environmental friendly material to the construction 

industry using natural fibers. It is a major issue all over the world for sustainable development to manage agricultural 

waste. If instead of synthetic fibers, natural fibers are used in the construction industry it will result in greener and 

sustainable development. Lately, the use of natural fibers got special attention in many structural components [10], [21], 

[22], [7].  The main focus of the current study is the establishment of empirical modeling instead of evaluating material 

behavior. That is why other properties from the compressive test i.e., peak stress, peak strain, elastic modulus, etc. were 

not studied. Also, the studies on such material properties of CF reinforced concrete have been reported in the literature [9], 

[23]. The significance of the present research is to develop a model that can be helpful to predict the experimental results 

of natural fibers reinforced concrete for a structural design application in civil engineering. In this study, the coconut fiber 

together with silica fume is studied for the compressive toughness and empirical modelling. In addition, the microstructure 

of the matrix is also studied by scanning electron microscopy (SEM).  

2 Experimental Procedures 

2.1 Raw ingredients. 

The ingredients used in the present experimental work include CF, SF, cement, coarse aggregate, fine aggregate, and water. 

The SF was bought from Sika Pakistan Pvt. Ltd. The SF used was as per requirements of ASTM C-1240 [24] and contains 

a minimum of 85% silicon dioxide (SiO2) and its specific gravity was 2.26. The maximum size was 12.5 mm for coarse 

aggregate and the fineness modulus of fine aggregate was 2.7. The length and average diameter of CF used in the current 

work was 50 mm and 0.3 mm, respectively. The CF of 2% content by mass of cement was used. The reason for selecting 

the length and content for CF is that most of the literature reported the best performance of CF with 50 cm length and 2% 

content by mass of cement [10], [7], [25], [26], [27]. The mix design for all the mixes is shown in Table 1. The w/c for CF 

reinforced concrete was kept relatively higher to achieve proper compaction of the mix along with good workability. At 

lower w/c of the mix containing CF, proper compaction of the fresh mix was not possible which may result in reduced 

strength. Since, compaction has more influence on concrete properties, as compared to w/c. A similar approach for the 

addition of CF in concrete is also reported in the previous studies [10, 23].   
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Table 1- Mix proportions 

Mix Type Symbols 
Cement Sand Aggregate 

W/C 

ratio 

Silica 

fume 

Coconut 

fiber 

(Kg/m3) (Kg/m3) (Kg/m3) (-) (%) (%) 

Control mix CM-SF0 400 810 810 0.45 0 0 

Silica fume concrete CM-SF10 400 810 810 0.45 10 0 

Coconut fiber reinforced 

concrete 
CFRC-SF0 400 810 810 0.50 0 2 

Coconut fiber reinforced silica 

fume based concrete 
CFRC-SF10 400 810 810 0.50 10 2 

  Note: All percentages are by mass of cement.  

The mixing of all the mixes was done by the layer’s method reported by Ali et al. [10]. Cylinders of 100 mm diameter and 

200 mm height were cast for compressive properties. A set of two specimens were cast from each mix type and the average 

of their result was considered in the analysis. A similar practice of using an average of two specimens is also reported in 

the previous study [28]. The casting and curing of specimens were done following ASTM standard C192M-16a [29]. The 

compressive strength test of the cylinders was performed following ASTM C39/C39M-17b standard [30]. For the SEM 

analysis, the samples were taken from the crushed cylinders after performing the compressive strength test. 

3 Results  

3.1 Compressive toughness. 

The toughness and specific toughness (ST) are used to determine the compressive energy absorption capability of concrete. 

The area under the stress-strain curve is used to calculate the toughness and the ST is calculated as the ratio of compressive 

toughness to the compressive strength of the same specimen [31]. The best overall performance was obtained when both 

SF and CF were used in the same mix as shown in Figure 1. The addition of SF in concrete has shown a significant effect 

on the enhancement of toughness as well as ST. This enhancement is because of filling the pores in the concrete and the 

pozzolanic reaction caused by SF. Furthermore, the addition of CF also shown a considerable increase in toughness and 

ST of coconut fiber reinforced composites. This increase in toughness and ST is due to the bridging effect provide by CF 

under loading.  

 
Figure 1: Compressive toughness 
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3.2 Empirical modeling.  

The empirical model is shown in Equation (1) consists of a simple rational power function having parameter A. Figure 2 

demonstrates the comparison between normalized stress-strain curves and empirical model curves. The parameter “A” is 

obtained from fitting the experimental normalized stress-strain curves. The acquired stress-strain curves based on the 

empirical model are well fitted in accordance with the experimental normalized stress-strain curve. This indicates that the 

empirical model can obtain a better stress-strain response from the experimental stress-strain curves. The highest 

correlation coefficients are achieved, i.e. greater than 0.95. This shows that the present model can be applied to predict the 

response of the compressive stress-strain curve from experimental data. 

𝑌 =
𝐴𝑋

𝐴−1+𝑋𝐴
    (1) 

 

a) 

 

 
 

b) 

 

 
 

c) 

 

  

d) 

 

  
 Figure 2: Empirical modelling, a) CM-SF0, b) CM-SF10, c) CFRC-SF0, and d) CFRC-SF10 

3.3 Scanning electron microscopy analysis.  

SEM analysis was performed to investigate the micro-cracks in the matrix, fiber-cement bonding, cracks in the matrix, and 

fiber condition before and after pullout from the matrix. The fiber bridging effect due to the incorporation of CF in concrete 

showed resistance against crack propagation as shown in Figure 3 (a).  Also, a proper bond between the CF and matrix can 
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be observed in Figure 3 (b). The SEM images of CF surface before mixing and after pull-out are also presented in Figures 

4 (c) and 4 (d), respectively.  The surface of CF after pull-out was observed to be damaged. Also, the crack was observed 

on the surface after fibers pull-out as compared to that of the fiber surface before mixing. The observations of enhanced 

toughness properties due to CF addition from experimental results were also supported by SEM analysis. Hence, the CF 

addition in concrete favors its utility to be used in civil engineering applications due to improved performance. The 

cementitious composites are brittle and there are micro-cracks and voids in the matrix formed during the hydration process. 

These micro-cracks propagates during loading, become macro-cracks, and ultimately results in the destruction of the 

structure. So, the failure process starts from the micro-cracks present in the matrix which leads towards material failure. 

As fibers can provide resistance to the crack propagation by bridging effect. Therefore, fiber addition in the cementitious 

composites enhanced the mechanical properties of composites by preventing crack expansion. Regarding the damaged 

surface of coconut fiber, it is recommended for future to develop some treatment methods for the improved surface of 

coconut fiber that will be beneficial to enhance the bond performance after pull out. 

 

a) 

  
b) 

  

c) 

  
d) 

  

 

Figure 3: Scanning electron microscopy analysis, a) fiber bridging, b) fiber bonding and surface peel off, c) fiber surface before 

mixing, and d) fiber surface damage after the pullout 

 

Crack bridging 

Coconut 

fiber 

Coconut 

fiber

Surface 

peel offProper 

bonding

Smooth 

surface 

Surface 

damage 

Surface 

damage 



 

 

3rd Conference on Sustainability in Civil Engineering (CSCE’21)                                                                                 

Department of Civil Engineering 

Capital University of Science and Technology, Islamabad Pakistan 

 

Paper No. 21-110   

4 Conclusion 

In this study, the coconut fiber reinforced silica fume based composites are explored for compressive toughness, empirical 

modeling, and microstructural analysis. The following conclusion can be drawn: 

• The addition of silica fume as well as coconut fiber increased the toughness and specific toughness of concrete.  

• The stress-strain curves results obtained from the presented empirical model showed good agreement with the 

experimental data.  

• The SEM analysis showed the fiber bridging, proper bonding, and fiber surface damage and also supported the 

results of improvement in compressive properties due to the addition of CF in concrete. 

• The overall best performance was observed with the addition of both coconut fiber and silica fume in the same 

mix as compared to that of fiber reinforced concrete reinforced individually with silica fume and coconut fiber. 

It is recommended that further studies should be carried out by using more content of CF in concrete for empirical 

modeling. In addition, it is suggested to investigate the durability of coconut fiber as a concrete fiber reinforcement. 

Furthermore, the study on the overall pore shape and pore continuity of the coconut fiber material for the concrete 

application needs to be explored in the future. 
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Abstract- Basalt fibre is a novel inorganic fibre which is produced from basalt rock. 

In this study the impact of chopped basalt fibres on the concrete workability, com-

pressive and tensile strength, and concrete’s modulus of rupture at 7 and 28-days was 

investigated. The concrete used in this research was normal strength concrete with a 

target compressive strength of 30/37 MPa. In this research, fibre reinforced concrete 

samples were produced using basalt chopped fibres of two quantities (4 kg/m3 and 8 

kg/m3) and three different fibre lengths, namely 25.4-mm, 12.7-mm, and 6.4-mm. 

The test findings revealed that slump decreased as the quantity of fibres increased 

and shorter fibres were used. The mechanical properties of concrete were affected by 

the fibre dosage and length. Overall, the results indicated that adding chopped basalt 

fibres improved the compressive, tensile, and flexural strength of concrete, particu-

larly at early age, while slightly reducing the compressive strength at 28-days by an 

average of 3.9%. The results indicated that adding 4 kg/m3 of 25.4-mm long chopped 

basalt fibre into concrete provided the best performance of concrete in compressive 

and tensile strength, and modulus of rupture. 

Keywords- Basalt fibres; Fibre reinforced concrete; Mechanical properties; worka-

bility 

1.    Introduction 
Civil engineers are keen on using construction materials that are cost effective, environmentally friendly, and robust. 

Concrete is known as one of the most highly consumed construction materials and plays a vital role in many aspects 

of everyday life. Although the plain concrete is strong in compression, it is weak in tension. Microcracks are formed 

in concrete during hardening stage [1] and they grow and extend in the concrete matrix when concrete is exposed to 

external loads. In order to sustain the developed tensile stresses, an addition of reinforcing elements in plain concrete 

is needed. Mixing relatively short and closely spaced fibres can constrain the development and formation of the 

cracking, hence, enhancing the mechanical and dynamic characteristics of plain concrete [2]. The reduction of crack 

width and numbers in the concrete matrix and the strength gaining are due to the bridging effect in which the fibres 

inside the cracks form a kind of bridges between the separated crack’s edges [3], as seen in the Figure 1. 

 
 

(a) (b) 

Figure 1: Fibre bridging effect (a) concrete spitting, (b) concrete rupture.  

The most commonly used fibres in concrete are steel and polyethylene fibres but they have a great amount of embodied 

energy. Among the disadvantages of using steel fibres is high susceptibility to corrosion, high specific gravity, high 
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cost of raw material and non-uniform distribution within the concrete mixture [4].  Basalt fibres are considered a 

unique product made from basalt rock, a natural material that is found in volcanic rocks. They are a relatively new 

composite material characterized by their high corrosion and thermal resistance, their light weight (one-third of the 

steel weight) and high strength [5]. Basalt fibres have no toxic reaction with air or water and have no chemical reactions 

when they encounter other chemicals which may damage health or the environment. Basalt fibres have an excellent 

alkali resistance, and excellent acoustic and thermal properties [6]. Basalt fibres do not need any chemical additives 

or hazardous materials in the melting process; hence they are easier and safer to produce [7]. Their recyclability is also 

easier, unlike glass and carbon fibres which require high temperature or chemicals to recycle [8], hence basalt fibres 

are more environmentally friendly. 

Research studies have investigated the influence of chopped basalt fibres on the mechanical properties of basalt fibre 

reinforced concrete (BFRC). Ayub et al. [9] investigated the effect of various dosages of chopped basalt fibres on the 

mechanical properties of high-performance fibre reinforced concrete. Results showed that adding chopped basalt fibres 

slightly improved the compressive strength of concrete while there was significant improvement in the tensile and 

flexural strength after 28-days. Similarly, Kizilkanat el at. [10] found that adding 0.25% of chopped basalt fibres in 

concrete slightly increased the compressive strength while adding 1% of fibres increased the tensile strength by 40%. 

In another research study, Iyer et al. [11] investigated the effect of different dosages and fibre lengths on the 

compressive strength and modulus of rupture of concrete at 28-days. The study found that 36-mm-long fibre and a 

fibre amount of 8 kg/m3 were optimum to achieve enhancement in compressive and tensile strength of concrete. The 

study also found that workability decreased as the fibre length and dosage were increased. Similar research was 

conducted by Tumadhir and Borhan [12] using slightly shorter chopped basalt fibres (25.4 mm) with different dosage, 

the results indicated that the concrete’s compressive strength increased with increasing chopped basalt fibres dosage 

up to 0.3% volume fraction.  Nevertheless, when the dosage of fibres was increased to very high levels such as 0.5%, 

the compressive strength decreased. Ramakrishnan et al. [13] conducted an experimental study using 13-mm long 

chopped basalt fibres with contents varying between 0.1 to 0.5% volume fraction. The study concluded that when large 

dosage of fibre was added to concrete, the impact and toughness strength of the concrete were increased. However, 

the addition of chopped basalt fibres did not improve the compressive and flexural strengths of concrete at 28-days. 

Xinzhong et al. [14] concluded that the optimal basalt fibre content and length were 0.15% and 12 mm, respectively, 

at which the compressive strength of concrete at 7- and 28-days increased by 62.5% and 25.2%, respectively, while 

the tensile strength at 28-days increased by 13.26%. Jiang et al. [15] found that using 12 mm long fibre increased the 

compressive strength, splitting tensile and flexural strength of concrete at 28-days. They concluded that the suitable 

amount of the fibres was about 0.3% by volume. In contrast, Dias and Thaumaturgo [16] reported that the addition of 

0.5% of chopped basalt fibres reduced the compressive strength of concrete at 28-days by 3.9%. Similarly, Jalasutram 

et al. [17] found that adding basalt fibres marginally reduced the compressive strength of concrete while it enhanced 

the tensile strength and flexural toughness. 

It can be noted that the impact of length and dosage of basalt fibres on the physical and mechanical properties of 

concrete at 7- and 28-days is inconsistent, and further experimental investigations are required to better understand 

their influence on plain concrete. Therefore, the main aim of this study is to investigate the impact of chopped basalt 

fibres’ length and dosage on the mechanical properties of concrete at early age and 28-days. The fundamental properties 

of BFRC such as slump, compressive strength, splitting tensile strength, and modulus of rupture are tested and analysed 

in this study. Two chopped basalt fibres dosages were used, namely 4 kg/m3 and 8 kg/m3 and three fibres lengths were 

used, 6.4, 12.7 and 25.4-mm, as shown in Figure 2. This study suggests optimum fibre length and dosage to achieve 

the best concrete performance. 

2.    Experimental Program 

A C30/37 concrete mix was designed using BRE Concrete Mix Design [18]. The details of the mix proportions are 

summarised in Table 1.  The maximum aggregates size used was 10 mm. The moisture content of the aggregates could 

change due to unpredicted weather. To avoid the discrepancies in the moisture content and their effect on the properties 

of the concrete, the coarse aggregates and sand were air dried inside the laboratory. A number of concrete mix trails 

were conducted in which the basalt chopped fibres were added either in a dried mix (i.e., after mixing the sand, 

aggregates and cement) or a wet mix (i.e., after mixing water with dried aggregates) to achieve satisfactory results. It 

was decided to mix the sand, coarse aggregates, and cement for 2-3 minutes, then add water and mix for 2-3 minutes, 

thereafter, the chopped basalt fibres were added and mixed for 5 minutes.  

Seven mixes were prepared to test the compressive, tensile and rupture strength of BFRC at 7- and 28-days. There 

were two concrete mixes with 25.4-mm length fibres (4F-25.4, 8F-25.4), two concrete mixes with 12.7 -mm length 

fibres (4F-12.7, 8F-12.7), two mixes with 6.4 -mm length fibres (4F-6.4, 8F-6.4) and one concrete mix without fibres 
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acting as a control mix (Plain). Each concrete mix is named based on the dosage of the basalt chopped fibres added 

into the concrete mix per m3 (4 kg/m3 and 8 kg/m3) and the length of the basalt chopped fibres (25.4-mm, 12.7-mm 

and 6.4-mm). For example, 4F-25.4 denotes for a mix with 4 kg/m3 chopped fibres with 25.4-mm length. Six standard 

100×100×100 mm cubes were produced for the compressive strength test, three Ø150×300 mm cylinders for the 

splitting tensile strength test and three 100×100×500 mm prismatic beams for the modulus of rupture test, according 

to BS EN12390: Testing hardened concrete. The moulds were removed on the following day and the concrete samples 

were stored in a curing tank at 20oc.  
 

Table 1: Concrete mix design. 

Target 

concrete 

grade 

w/c ratio Cement 

(kg/m3) 

Sand 

(kg/m3) 

Coarse 

aggregate 

(kg/m3) 

Max 

Aggregate size 

(mm) 

Chopped 

basalt 

fibre 

(kg/m3) 

C30/37 0.54 463 700 927 10 
4 and 8 

 

 

 
 

25.4-mm chopped fibres 12.7-mm chopped fibres 6.7-mm chopped fibres 
 

Figure 2: The chopped basalt fibre used in this study. 

3.     Results and Discussions 

3.1 Concrete Workability 

The workability of fresh concrete can be affected by many factors including aggregate properties such as shape, size 

and grading, water-to-cement ratio and the added fibres. In this study, the slump test was conducted according to BS 

EN 12350: Testing fresh concrete to determine the fresh concrete workability. Table 1 illustrates the influence of the 

fibres’ length and dosage on the concrete workability. The workability in general decreases with increasing the quantity 

of basalt fibres for all fibre lengths used in this study. It can be noted that adding fibres dramatically reduces the 

concrete workability. For plain concrete, the slump was 245 mm. When adding 4 kg/m3 of 25.4 -mm, 12.7 -mm and 

6.4 -mm length basalt fibres, the slump reduced by 59%, 55% and 37%, respectively. Due to the high fibres surface 

area and content, the friction between fibres and cement paste increases, resulting in reduction of slump. Results 

obtained from the tests showed that workability decreased when shorter fibres were being used and as the fibres 

contents increases. For instance, adding 8 kg/m3 of 25.4 -mm and 6.4 -mm fibres reduced the slump by 65%, 74% 

respectively. For low fibres content (i.e., 4 kg/m3) the slump for concrete mix with 25.4-mm fibres was lower than the 

slump for the mix with 6.4-mm fibres.  The assumption is that for shorter fibres being used with large fibres dosage in 

the mix, there are larger fibre distribution density and more fibres per unit volume. Therefore, the fibres are harder to 

distribute consistently in the concrete matrix, resulting in reduction in concrete workability [15]. Although the 

workability of concrete was reduced with the addition of fibres, no difficulties was found in placing and consolidating 

the fresh concrete using the table vibrator. It was observed that the fibres were uniformly distributed throughout the 

concrete without balling, bleeding, or segregation.  

3.2 Compressive Strength 

Table 2 shows the compressive strength results and the strength-effectiveness (%) for each BFRC concrete mix at 7- 

and 28-days. The strength-effectiveness of BFRC is more evident at concrete early age than at 28-days. In comparison 
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to plain concrete, adding fibres improved the compressive strength of concrete at 7-days by an average of 28.6%. The 

highest strength-effectiveness was achieved when 8 kg/m3 of 6.4 -mm basalt chopped fibres was added (38.7%), while 

the lowest strength improvement was achieved when 4kg/m3 of 25.4 -mm fibres was added (20.8%). In the presence 

of basalt chopped fibres, the concrete compressive strength at 28-days tended to decrease by an average of 3.9%. There 

is a negligible reduction of the compressive strength at 28-days for 8F-6.4 (0.5%). The compressive strength reduction 

of BFRC at 28-days with 4 kg/m3 and 8 kg/m3 dosage fibres ranges from -3.5% to -7.0% and from -0.5% to -3.8%, 

respectively. The Scanning Electron Microscope images conducted by Jiang et al. [15] indicated that there was a good 

bonding between the fibres and cement matrix at early age while there was bond degradation at 28-days. This 

confirmed that the aging of the interface between the cementitious matrix and the fibres reduced the compressive 

strength of concrete at 28-days. Similar results were reported by Dias and Thaumaturgo [16] in which the inclusion of 

basalt chopped fibres slightly reduced the concrete compressive strength by 3.9%. The results also showed that fibre 

length had an effect on the strength-effectiveness of BFRC. For instance, for BFRC with 8 kg/m3, as the fibre length 

reduces, the concrete compressive strength at 7-days enhances and the change in compressive strength at 28-days 

becomes negligible, as for 8F-6.4. 

Table 2: Concrete slump test and compressive strength for different mixes 

Mix Slump (mm) 

Compressive strength (MPa) Compressive strength (MPa) 

7-days 28-days 

Measured 
strength-effectiveness 

(%) 
Measured 

strength-effectiveness 

(%) 

Plain 245 21.2 - 37.2 - 

4F-25.4 100 28.1 32.5 35.8 -3.8 

8F-25.4 85 25.6 20.8 35.1 -5.6 

4F-12.7 110 25.9 22.2 34.6 -7.0 

8F-12.7 75 27.6 30.2 36.1 -3.0 

4F-6.4 155 26.9 26.9 35.9 -3.5 

8F-6.4 65 29.4 38.7 37 -0.5 

 

3.3.  Splitting Tensile strength 

Table 3 shows the tensile strength of concrete and the strength-effectiveness of BFRC at 7- and 28-days. The results 

show that the concrete tensile strength at 7- and 28-days increases with addition of basalt chopped fibres, except for 

the mix 4F-12.7 for which the tensile strength at 28-days slightly reduces by 4.2%. The increase in the tensile strength 

is assumed to be due to the bridging effect of the fibres which delays the development of macro cracks. In comparison 

to the plain concrete, the tensile strength for BFRC with 4 kg/m3 dosage of 25.4-mm basalt fibres at 7-days and 28-

days increased by 26.4% and 14.4 %, respectively. In general, the concrete tensile strength at 7-days increased as the 

amount of chopped basalt fibres increased, except for the BFRC with 25.4-mm length fibres. For instance, as the 

amount of fibres increases from the 4 kg/m3 to 8 kg/m3 the tensile strength at 7-days for BFRC with 12.7 -mm fibres 

increases from 7.7% to 24.7%, respectively, and from 15.4% to 21.4%, respectively, for BFRC with 6.4 -mm fibres, 

in comparisons to plain concrete. A similar trend is observed at 28-days as the quantity of fibres increases from 4 kg/m3 

to 8 kg/m3 the tensile strength at 28-days increases from 14.4% to 4.2%, respectively, for BFRC with 25.4.7 -mm 

fibres and from 1.9% to 3.4% for BFRC with 6.4 -mm fibres, in comparisons to plain concrete. Furthermore, the results 

showed in general an increase in tensile strength for an increasing in fibres length, although the trend is not obvious. 

In comparison to the plain concrete, as the length of fibres increases from 6.4 -mm to 25.4 -mm the tensile strength of 

BFRC increases from 15.4% to 26.4% at 7-days, respectively, and from 1.9% to 14.4% at 28-days, respectively, for 4 

kg/m3 fibre dosage. The reason could be that the longer of the fibres being used, the higher of the pulling-out resistance 

of the fibres from the cement matrix and the stronger of the bridging effect of the fibres, which contributes to the 

tensile strength improvement.  
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Table 3: Concrete tensile strength for different mixes 

Mix 

Tensile strength (MPa) Tensile strength (MPa) 

7-days 28-days 

Measured 
strength-effectiveness 

(%) 
Measured 

strength-effectiveness 

(%) 

Plain 1.82 - 2.64 - 

4F-25.4 2.3 26.4 3.02 14.4 

8F-25.4 2.06 13.1 2.75 4.2 

4F-12.7 1.96 7.7 2.53 -4.2 

8F-12.7 2.27 24.7 2.66 0.8 

4F-6.4 2.10 15.4 2.69 1.9 

8F-6.4 2.21 21.4 2.73 3.4 

3.4   Modulus of Rupture (Flexural Strength) 

Table 4 shows the results of the modulus of rupture and strength-effectiveness of BFRC at 7- and 28-days. Previous 

research indicated that adding fibres into concrete enhanced the modulus of rupture of BFRC. Kizilkanat et al. [10] 

stated that addition of basalt or glass fibre had beneficial effects on the flexural strength of concrete when compared 

with plain concrete. As expected, all BFRC specimens tested in this study showed an increase in the modulus of rupture, 

in comparison to plain concrete specimens. As for the tensile strength, the strength-effectiveness of BFRC is more 

noticeable at an early age of concrete with an average strength enhancement of 12.7%. The highest strength 

improvement at 7-days is achieved for BFRC with 8 kg/m3 of 12.7 -mm basalt fibres (28.2%). When compared with 

plain concrete, the modulus of rupture at 7-days for BFRC with 12.7 and 6.4 -mm basalt fibres increased from 8.7% 

to 28.2% with increasing the dosage of basalt fibre from 4 kg/m3 to 8 kg/m3. The length of fibres has a significant 

effect on the modulus of rupture. For BFRC mixes with 4 kg/m3 fibres, as the length of fibres increases from 6.4 -mm 

to 25.4 -mm, the strength at 7-days increases from 8.7% to 14.6% respectively while the strength at 28-days increases 

from 8.8% to 17.1%, respectively, in comparisons to plain concrete. On the other hand, for higher amount of basalt 

fibres, the modulus of rupture for BFRC with 24.5-mm fibres is lower than for BFRC with 12.7-mm fibres. As 

explained before that longer fibres provide more noticeable bridging effect. However, for high content of fibres, it is 

more difficult for longer fibres to distribute uniformly in cementitious composites, hence the bridging effect of fibres 

may be affected in some regions of the concrete mix. 

Table 4: concrete tensile strength for different mixes 

Mix 

Modulus of rupture (MPa) Modulus of rupture (MPa) 

7-days 28-days 

Measured 
strength-effectiveness 

(%) 
Measured 

strength-effectiveness 

(%) 

Plain 3.55 - 4.2 - 

4F-25.4 4.07 14.6 4.92 17.1 

8F-25.4 3.63 2.3 4.49 6.9 

4F-12.7 3.88 9.3 4.59 9.3 

8F-12.7 4.55 28.2 4.76 13.3 

4F-6.4 3.86 8.7 4.57 8.8 

8F-6.4 4.00 12.7 4.32 2.9 

4.     Conclusion 

This study is an experimental investigation on the effect of chopped basalt fibres on the compressive, tensile, and 

flexural strength of BFRC at 7- and 28-days. Two dosages of fibres were used, 4 kg/m3 and 8 kg/m3 and three lengths 

of fibres were investigated, 25.4 -mm, 12.7 -mm and 6.4 -mm. Based on results obtained, it can be concluded that: 
• The workability of fresh concrete decreased as the amount of fibres increased and when using shorter fibres. 

The slump is lower for mix with longer fibre length and lower content. 

• Experiment results showed that inclusion of basalt fibres enhanced the compressive strength of concrete at 7-
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days by 20% to 38.7%, depending on the fibre dosage and length. However, slight reduction in compressive 

strength of BFRC at 28-days was observed, with an average of 3.9%. BFRC with 8 kg/m3 of 6.4 -mm basalt 

fibres performed the best in compression for which negligible reduction of concrete strength at 28-days and 

38.7% strength enhancement at 7-days were observed. 

•  Generally, the tensile strength of BFRC was increased at 7- and 28-days. The average strength-effectiveness 

of tensile strength of BFRC at 7-days was 18.1% while it was 3.2% at 28-days. BFRC with 4 kg/m3 of 25.4-

mm basalt fibres performed the best in tension for which the strength at 7- and 28 days was increased by 26.4% 

and 14.4%, respectively, in comparison to plain concrete. 

• Experiment results showed that inclusion of basalt fibres enhanced the modulus of rupture of concrete at 7-

days by 2.3% to 28.2%, and at 28-days by 2.9% to 17.1%, depending on the fibre dosage and length. The 

average strength-effectiveness of modulus of rupture of BFRC at 7- and 28-days was 12.6% and 9.7%, 

respectively. BFRC with 8 kg/m3 of 12.7 -mm basalt fibres performed the best for which the flexural strength 

at 7- and 28 days was increased by 28.2% and 13.3%, respectively, in comparison to plain concrete. 
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Abstract- The objective of this research is to compare the flexural performance of 

functionally graded concrete (FGC) to that of conventional Steel fibres reinforced 

concrete (SFRC). In this study, four concrete mixes were prepared, containing one 

SFRC mix, and three combinations of FGC mixes. The hooked end steel fibres were 

used in 0.75 % of the total mix volume in the SFRC and FGC mixes. In FGC mixes, 

recycled plastic aggregates (RPA) and recycled concrete aggregates (RCA) have been 

substituted for natural aggregates by 15% by weight. Under third-point loading, the 

flexural performance of beam-shaped specimens with the dimensions of 

100x100x500mm was assessed. In addition, an Ultrasonic pulse velocity test was 

conducted on cubic specimens having dimensions of 100x100x 100mm to find the 

quality of concrete under the influence of steel fibres and recycled aggregates. 

According to the findings, FGC has a lower post-cracking flexural efficiency than 

ordinary SFRC. Furthermore, UPV values of FGC are higher than conventional SFRC. 

This research reveals the economic advantages of using the functionally graded 

materials (FGMs) concept to minimize the use of fibres.  

Keywords- Recycled concrete aggregate, Recycled plastic aggregate, functionally graded concrete, Steel fibres 

reinforced concrete, Sustainability.  

1 Introduction 

Nowadays concrete is globally used for construction purposes. The high compressive strength, workability, and 

durability of ordinary Portland cement concrete (PCC) are some of the recognition factors. The PCC contributes 

satisfactory performance in the compression zone and no requirement of giving fibres as reinforced in this zone.  It is, 

however, a brittle material with poor tension efficiency (about 10% of compressive strength) [1].To avoid the brittleness 

of PCC, various types of fibres are frequently utilized as reinforcement. Fibre-reinforced concretes (FRC) can boost the 

concrete's toughness, flexural strength, and failure mode [1]. Multi-scale fibres with macro fibre and calcium carbonate 

(CaCO3) whisker (CW) will increase the mechanical properties and peak strain energy of cementitious composites 

substantially [2], [3]. Besides, numerous studies have revealed that fibres might somewhat or entirely replace 

conventional reinforcement [4]. According to researchers, the dispersion of fibres over the entire volume of the concrete 

portion makes it uneconomical material [5]. In order to minimize the use of fibres, functionally graded concrete (FGC) 

was introduced. Functionally graded materials (FGMs) were first suggested by materials scientists in 1984 [6]. 

Functionally Graded concrete (FGC) is a layer-by-layer fabrication technique that produced with a gradation in 

mechanical properties to achieve an intended function. On the other hand, large volumes of waste are dumbed such as 
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plastics and demolition wastes which badly affect the natural environment. Electronic waste in developing countries has 

the potential to damage people's health and cause pollution [7]. The idea of reusing demolition waste and plastics to 

generate RCA and RPA is strongly recommended to solve these issues. 

The addition of fibres to ordinary PCC will increase its flexural strength. Substituting natural aggregates for recycled 

aggregates (RCA and RPA) in concrete can help to limit environmental harm. Due to its ecological and economic 

benefits, Almeshal et al.presented a study of 103 articles and concluded that reusing plastic waste in the manufacture of 

concrete or mortar appears to be an environmentally sustainable alternative for getting rid of plastic waste [8]. Recycled 

concrete aggregates make up a large portion of building and demolition waste, and their recycling is important for long-

term construction sustainability [9]. A functionally graded concrete (FGC) concept was developed to combine the 

benefits of fibres and recycled aggregates. FGMs have the ability to combine different materials to form a continuous 

monolithic structure [10].In comparison to a standard single-layered lining, the outcomes show that functionally graded 

lining has a higher elastic ultimate bearing potential [11]. Further study shows that under cyclic loading FGC performs 

better than ordinary FRC [12].  

The aim of this study is to compare the flexural performance of functionally graded concrete (FGC) by using Steel fibres 

and recycled aggregates (RPA, RCA) to that of conventional SFRC. There is a lack of research on the effects of 

combining recycled aggregates and fibres [13]. Therefore in this research three types of aggregates were used: natural 

coarse aggregate (NCA), recycled concrete aggregate (RCA), and recycled plastic aggregate (RPA).In this study, steel 

was used as fibre-reinforced material. This study presents the models of steel fibre reinforced concrete (SFRC) (A) and 

FGC concrete mixes (B, C, D). FGC mixes consists of Portland cement concrete (PCC) +SFRC (B), recycled concrete 

aggregate (RCA) +SFRC (C) and recycled plastic aggregate concrete (RPAC) +SFRC (D). As a reference mix, the SFRC 

mix was used. The basic third-point loading test was executed to compare the flexural performance of FRC and FGC. 

Whereas, the Ultrasonic pulse velocity test was performed to determine concrete's quality under the influence of fibres 

and recycled aggregates. The results of each mix are discussed, and conclusions are presented.  

2 Experimental Procedures 

2.1 Materials 

Ordinary Portland Cement (OPC) according to ASTM C-150 was utilized in this study. And ordinary drinkable water 

was chosen. As a fine aggregate, Natural sand of the Lawrencepur brand was used. Three types of coarse aggregates 

were used: natural coarse aggregate (NCA), recycled concrete aggregate (RCA), and recycled plastic aggregate (RPA). 

The NCA of the Margalla brand was used. Recycled concrete aggregate (RCA) was obtained through the manual 

crushing of tested specimens of concrete. As a plastic aggregate, recycled electronic waste (E-waste) was used. Fig 2(a) 

depicts the E-waste aggregate. The particle size distributions (PSDs) are shown in Fig 1.  

In this study Steel fibre (MasterFibre S 65) was used as reinforcement. The MasterFibre S 65 is a hooked end that 

complies with ASTM A820, Type 1. The length (L) of this fibre is 35 mm, the aspect ratio (L/D) is 64 and the tensile 

strength is 1345 MPa. Bonding agent ‘ULTRA SBR latex’ complying with ASTM C1059-86 was utilized. It was 

produced in the ratio of SBR: water: cement 1:1:3. Fig 2(b) depicts the steel fibres utilized in this study. 

 

 

 

 

 

 

 

 Figure 1: Particle size distributions (PSDs) of fine aggregates, NCA, RCA and RPA 
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2.2 Concrete mixes and testing procedures 

Figure 3 depicts the models of four concrete mixes used in this research. These models consist of steel fibre reinforced 

concrete (SFRC) (A) and functionally graded concrete (FGC) mixes (B, C, D). FGC is made up of two layers of equal 

thickness. FGC group embraces Portland cement concrete (PCC) +SFRC (B), recycled concrete aggregate (RCA) 

+SFRC (C) and recycled plastic aggregate concrete (RPAC) +SFRC (D). Steel fibres were used to strengthen the bottom 

layer of all FGC mixes. Because concrete pavements are often bent, and thus the upper and lower layers are subjected to 

compression and tension, respectively [14]. Subsequently, PCC carries comparatively little tension loads; therefore, the 

reinforcement is only needed in the lower layer. All FGC mixes were compared to the SFRC mix, which was used as a 

reference mix.  

To make the concrete mixes mentioned above, a total of four mix designs are required as shown in table 1. A 0.5 ratio of 

water to cement was selected. Steel fibres accounted for 59 kg/m3 of the total (0.75 percent in volume). Previous 

research has shown that when the fibres are between 0.5 and 1 percent of the concrete volume, there is a greater increase 

in residual flexure strength [15]. Furthermore, Debieb et al. reported an increase in compressive and flexural strength, 

especially at the 10% and 20% replacement levels [16]. As a result, the substitution percentage by weight of the natural 

coarse aggregates with recycled aggregates (RCA, RPA) was set at 15% in this study, and steel fibres accounting for 

0.75 percent of concrete volume. 

 

Figure 2: (a) The prepared E-waste aggregates and (b) the used Steel fibres 

A mechanical mixer was used to mix the concrete. The mixing process consists of two stages: the first stage involved the 

mixing of fine and coarse aggregates with half percent water for 4 minutes; the second stage involved the mixing of 

cement with the remaining half percent water for another 4 minutes. During the second level, steel fibres were added. 

The FGC mixtures were mixed for 8 minutes, while the SFRC mixtures were mixed for 12 minutes. 

2.3 Production of concrete samples 

Prismatic (100x100x500mm) samples were cast to test the flexural performance of the concrete mixes. Besides, an 

Ultrasonic pulse velocity test was also performed on cubic specimens having dimensions of 100x100x100mm to estimate 

the quality of concrete under the influence of recycled aggregates and steel fibres. The upper and bottom layers were 

defined using moulds (Fig 4. a-b). The bottom layer of concrete was mixed and cast according to the defined mark, then 

vibrated for 25 seconds. After that, a bonding agent (ULTRA SBR latex) was produced in the ratio of SBR: water: 

cement (1:1:3) and applied to the surface (Fig. 4. c-d). When a bonding agent becomes effective second layer (upper 

layer) of concrete was cast about 25 minutes later, up to the mould height (Fig. 4. e-f). The vibration of the top layer was 

decreased by 50 percent to prevent a mixture of the layers. A total of 12 prismatic and 12 cubic samples were made. 

After casting, all specimens were demoulded for 24 hours and cured for 28 days in water at room temperature 

(approximately 20 °C). A flexural strength test was used to assess the mechanical performance of steel fibres reinforced 

(a) 
(b) 

Closer 



 

 

3rd Conference on Sustainability in Civil Engineering (CSCE’21)                                                                                 

Department of Civil Engineering 

Capital University of Science and Technology, Islamabad Pakistan 

 

Paper No. 21-114   

concrete (SFRC) and functionally graded concrete (FGC). Whereas, to ensure the quality and uniformity of concrete the 

Ultrasonic pulse velocity test was carried out. 

Table 1- Mix designs (kg/m3) 

Mixes ID Cement Water Fine 

Aggregate 

Coarse Aggregates Fibres 

NCA RCA RPA  

Portland cement 

concrete(PCC)  

422 211 672 1344 - - - 

recycled plastic 

aggregate 

concrete(RPA)  

422 211 672 1142 - 78 - 

recycled concrete 

aggregate(RCA)  

422 211 672 1142 202 - - 

steel fibre 

reinforced 

concrete (SFRC) 

422 211 672 1344 - - 59 

        

 

 

Figure 3: concrete mixes considered in this study 

2.4 Flexural strength test 

Modulus of rupture (MR) is another name for this examination. Under third-point loading at a rate of 0.5mm/minute, the 

flexural strength test was executed on beam-shaped specimens with dimensions of 100x100x500mm, as per ASTM C78 

[17]. During the testing, flexural behavior and the crack pattern was being observed. Three samples were cast for each 

blend. Figure 5(a) depicts the prismatic sample being tested. Since fractures begin in the tension zone in the middle third 

of the span length, the formula for calculating the modulus of rupture (MR) is as follows: 

   ƒr = 
Pul

bd2                                                (1) 

2.5 Ultrasonic pulse velocity (UPV) test 

Non-destructive ultrasonic pulse velocity measurements are used to interpret concrete insufficiencies, such as non-

uniformity and crack presence. This test was carried out on three cubic specimens, each measuring 100x100x100mm. 

Figure 5(b) depicts the cubic sample testing. This test is performed by sending an ultrasonic pulse through the concrete to 

be tested and measuring the time it takes for the pulse to pass through the structure. The values of ultrasonic pulse 

velocity were taken from the Ultrasonic Non-destructive Tester in accordance with ASTM C597-09 [18]. 
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Figure 4: Moulds are marked to define the upper and bottom layers: (a) cubic sample (b) Prismatic sample. The casting of the bottom 

layer along with an application of ULTRA SBR latex: (c) cubic sample, (d) Prismatic sample; and after casting of the upper layer (e) 

cubic sample, (f) Prismatic sample. 

 

Figure 5: (a) flexural strength testing and (b) UPV testing 
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3 Results and discussion 

3.1 Flexural strength 

Flexure strength results (mean value) of all concrete mixes (SFRC and FGC) are presented in fig.6. All of the FGC 

mixes were compared to the conventional SFRC mix. Eq. (2) can be used to calculate relative strength, from which the 

difference in strength can be calculated. The differences in flexural strength between FGC mixes and SFRC are 

thoroughly explained. 

(fFGC / fSFRC) × 100    (2) 

Figure 6 shows a comparison of steel fibres reinforced concrete (SFRC) and functionally graded concrete (FGC). PCC + 

SFRC mix has 5.5 % more flexural strength than traditional SFRC, RCA +SFRC mix has 1.8 % more flexure strength, 

and RPAC + SFRC mix has 13.3 % lower flexure strength. The best FGC mix was PCC + SFRC, which provided 5.5 % 

more flexural strength than conventional SFRC. Using recycled concrete aggregate (RCA) in concrete, on the other 

hand, helps to save the world by reducing the capacity of construction waste that closes up in landfills [19]. Therefore, 

FGC compositions of replaced recycled aggregates (RCA, RPAC) cast in the upper layer, combined with a bottom layer 

of fibres reinforced concrete, will eliminate environmental waste, thus leading to sustainable growth. 

Cement optimization, serviceability performance, and an FGC member having the same deflection strength as a 

homogeneous component are just a few of the benefits of the FGC [20]. Concrete's functional gradation can be linked to 

a reduction in the element's mass and the formation of multifunctional properties [21]. As a result, using FGC in new 

construction can increase PCC's post-cracking behavior. Furthermore, the FGC concept in new construction is much 

more effective in bending members, enabling us to reduce the use of fibres that precede society's economic growth. 

 

Figure 6: Flexure strength comparison of SFRC and FGC mixes 

3.2 Ultrasonic pulse velocity (UPV) test 

The UPV test was used to measure concrete's consistency under the influence of steel fibres and recycled aggregates. 

The UPV test results are presented in Figure 7. As suggested that Concrete has good durability when its pulse velocity 

value varies between 3660–4575 m/s [22]. Higher velocities indicate good material quality and consistency, while slower 

velocities can reveal concrete with numerous cracks or voids [23]. From the results, it can be observed that all calculated 

values are within the range indicated, which confirms the quality of both SFRC and FGC. Furthermore, the SFRC mix 

exhibits a lower UPV value than all FGC mixes. All FGC mixes have higher velocities than the SFRC mix because if we 
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use FGC instead of SFRC, it will use fewer fibres. If the amount of fibres is reduced, then there will be fewer pores in 

the concrete and its UPV value will be greater. The results are in good agreement with the findings of L. Li.[24], who 

reported that the addition of fibres and calcium carbonate whisker (CW) decrease the ultrasonic pulse velocity (UPV) 

value. Finally, it has been concluded that FGC increases the quality and durability of concrete as compared to SFRC. 

 

Figure 7: UPV test values of SFRC and FGC mixes 

4 Conclusion 

The experimental investigation conducted on the mechanical performance of Steel fibres reinforced concrete (SFRC) and 

functionally graded concrete (FGC) yielded the following conclusion. 

• The mix PPC+SFRC and RCA+SFRC exhibit higher flexural strength compared to SFRC. While the flexural 

performance of RPAC+SFRC is lower than SFRC. 

• The FGC combination of PCC+SFRC has a 5.5 % higher strength compared to the traditional SFRC. 

• As compared to conventional SFRC, the FGC mix of RCA+SFRC has 1.8 % higher flexure strength, and the 

RPAC + SFRC mix has 13.3 % lower flexure strength.  

• The strongest FGC mix combination is PCC+SFRC, which offers 5.5 % more flexure strength than traditional 

SFRC. Therefore, the FGC mix possessing PCC+SFRC is more effective and cost-efficient in bending members 

by reducing the fibres content. 

• The ultrasonic pulse velocities of all FGC mixes are higher than the SFRC mix which ensures the concrete's 

consistency and uniformity. 

• The FGC method, on the other hand, allows us to use fibres in one layer and cast the second layer from recycled 

aggregates concrete (RCA, RPA). It can support us in recycling everyday plastic waste and reusing demolished 

concrete as an aggregate substitute in new concrete in a cost-effective (environmentally friendly) manner. 

 

In comparison to traditional SFRC, functionally graded concrete (FGC) is more efficient in flexural strength. As a result, 

FGC is suggested for the flexural member. However, utilizing different fibres, waste materials, and aspect ratios need to 

be examined along with the cost analysis to assess the FGC’s performance. 
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Abstract- Plastering is one of the general applications of earth-based mortars used for 

earthlike building conservation or latest architecture. Regarding the compressive 

strengths, there are contrasting findings presented in past studies. It is found that the 

mixture of coconut fibers with cement mortar decreased its compressive strength when 

increasing the fiber content. The extensive research has been done on the use of natural 

fibers as a stabilizer in building materials. The use of fibers, or natural fibers, in the 

plaster does more to enhance the wall strength than fibers in blocks or mortar. This 

paper adds to the effort to review the properties of the coconut-reinforced paper 

machine by focusing directly on any changes in the changing behavior of the composite. 

The research and conclusions of various researchers are reviewed to better understand 

the combined behaviors. According to the review, the dynamic nature of the hardened 

coconut compounds has been greatly improved.  

Keywords- Plaster, Compressive behavior, stabilizer, coconut fiber  

1 Introduction 

One of the basic needs of a person is accommodation. This usually comes third after meals and clothing. Housing is not 

enough in price and quality in many developing countries as compared to population growth. This shortage is the reason 

for the need for development in the construction industry, especially in stone houses [1]. Plaster is a unique material that 

can vary basically by chemical formulation. The main types of chemicals are gypsum cement and lime plaster. Lime 

plaster is prepared by burning limestone (calcium carbonate) to produce quicklime (calcium oxide). Water is added to 

form slaked lime (calcium hydroxide), which forms a mixture of cement. The lime reacts chemically with carbon dioxide 

(CO2) present in the air [2]. Bulk testing is essential because plasters are used in walls and ceilings, and their attachment 

to substrates depends on their weight. Plasters must be able to deform when substrate deforms, in the application of 

loads, thermal fluctuations or to reduce shrinkage. Therefore, it is necessary to test the defects of the earth plaster, which 

can be tested by a strong mode of hardness testing [3]. Natural strengthening materials can be found at low cost and low 

energy levels using local manpower and technology. The use of natural fiber is of unique concern in rarely improved 

regions where there are common building materials very expensive. In making concrete with adding threads, traditional 

architecture has reached new levels of performance [4]. An examination of some old and modern buildings shows that 

their lives have been greatly reduced since then the cement of the earth undergoes shrinking cracks. Therefore, a study 

on the reduction of earth plaster is important for the sustainability of such construction practice. This work investigates 

the decrease in erosion suspension of the earth reinforced with various fibers such as barley grass, wheatgrass, and wood-

shaving under various medical conditions [5]. 

Mortar is usually a matrix formed by judiciously combining cement or any other cementitious material like lime or alkali 

activated binders with fine aggregates such as river sands or crusher rock powder sand in the existence of sufficient dose 

of water. Mortars are useful in bonding the bricks during the wall construction or plastering, both inside as well as 
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outside as finishing layer. When the hydration reaction gets finalized and calcium silicate hydrate gels are formed mortar 

will have adequate mechanical strength [6]. An experimental study of the various types of brick structure to determine 

the shear volume, using diagonal pressure test and triple cutting. The result of both tests has shown that the shear volume 

is entirely dependent on the power of used mud [7]. The main disadvantage of plaster compared to cement products its 

hardness and high intimacy watering. Although gypsum hemihydrate melts slowly inside water, its use is not increased 

for external use due to its poor mechanical properties caused by low bonding strength between gypsum grains and lack 

of adhesion paths between characters that lead to higher altitudes [8]. In Table 1 properties of coconut fiber reinforced 

concrete (CFRC) are shown. 

Table 1: Properties of Coconut Fiber Reinforced Concrete (CFRC) [8]. 

Fiber volume 

Fraction 

(%) 

Compressive  strength 

(MPa) 

Split tensile strength 

(MPa) 

Modulus of rupture 

(MPa) 

Shear strength 

(MPa) 

- 21.42 2.88 3.25 6.18 
0.5 21.70 3.02 3.38 6.47 
1.0 22.74 3.18 3.68 6.81 
1.5 25.10 3.37 4.07 8.18 
2.0 24.35 3.54 4.16 8.21 

 

The compressive strength, splitting tensile strength, modulus of rupture, and shear strength of coconut fiber reinforced 

concrete with 2% fibers by volume proportion were improved up to 13.7, 22.9, 28.0 and 32.7 %, respectively as 

compared to those of plain concrete. Researchers also found that all these properties were also improved for coconut 

fiber reinforced concrete with all other tested volume proportion of fibers (0.5, 1 and 1.5 %). These properties were 

improved up to only 1.3, 4.9, 4.0 and 4.7 %, respectively for coconut fiber reinforced concrete with 0.5% fibers by 

volume proportion. Modern climatic challenges in urban areas require more practical solutions to reduce environmental 

degradation such as the urban temperature effect (UHI). Hot pressures caused by severe temperatures, fluctuations in 

temperature, as well as UV rays emitted on construction sites adversely affect the city as well house construction for 

thermal comfort, strength building, and durability of finishing materials. Thus, it is improving the effectiveness of 

external finishing materials to reduce the effects of natural loads would be beneficial in construction and urban materials 

[9]. 

2 Compressive Performance of Cement Paste 

The mechanical and physical properties of reinforced cementitious material can be affected by many factors. These 

cementitious materials are reinforced with natural fibers. These materials are categorized by, the nature of cementitious 

material and the composition of composite; reinforcing fibers behavior and its types; and the characteristics of 

composite, chemical healing and solubility. With these aspects, the arrangement of fibers and cementitious material 

causing the uniform distribution of reinforcing cords and affects the material properties of these compounds. The 

chemical composition and surface of fiber determine the fiber-matrix compatibility. This compatibility depends upon the 

condition of the optical connector, the reinforcement content exposed to compact mechanical properties. 

There are lots of elements that can influence the mechanical and physical properties of cement composites supplemented 

with coconut fibers. The grouping of such materials is based upon, the variety of the cement matrix and the composition 

of the composite;  the category and property of the reinforcing fibers; and the classification of the composite, chemical 

healing and solubility. Between these specifications, the alignment betwixt the fiber and the cement matrix directing to 

the uniform dispensation of reinforcing cords persist as one of the strongest elements affecting the mechanical properties 

of these materials. Coconut fiber-matrix similarity is decided by the chemical configuration of coconut fiber, its external 

structures and depending on the limitations of optical connector, the reinforcement volume establishes the level of 

exposure to compact mechanical properties [10].  
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Concerning the force of compression, there are conflicting results presented in past studies. It was found that the 

installation of coconut fibers reduces cement target’s strength (compressive strength) when fiber content increases. The 

researches claim that the reduction of interaction of fibers within the matrix; increase the volume of voids within the 

composite and was seen as the highest volume fraction of coconut fibers added, indicating a bold formation. On the other 

hand, some researchers found an increase in strength (compressive strength) by the insertion of coconut fibers into the 

cement in the mud [11]. The effect on the distribution of pressure by threads. Concerns about adding more coir fiber to 

cement-lime mortar, it was found that the strength (compressive strength) of the mud increases with volume fraction of 

coconut fiber content up to 0.5%, and high coconut fiber content decreases the compressive strength of the mud 

compared to the reference cement [12]. Numerous studies announce that the addition of plant fibers to the earth's mud 

can cause the reduction of dry piles, shrinkage and heat dissipation, which is easily remedied by the presence of fibers, 

which have a smaller mass, and ultimately increase the compressive strength and adhesion of plaster foundations. 

Moreover, the effects of compression and adherence strength require further studies [12].  In Figure 1: Coconut fiber-

reinforced cement-based mortars specimens after compressive strength test and flexural strength are shown. 

(a)  (b)  
Figure 1: Coconut fiber-reinforced cement-based mortars specimens after: (a) compressive strength test and (b) flexural strength. 

 

Figure 1 presents the coconut fiber-reinforced cement-based mortars samples after compressive strength and flexural 

strength tests. Summarizing, the compressive strength of the coconut fiber reinforced mortar showed a decrease. Bulk 

testing is essential because plasters are used in walls and ceilings, and their attachment to substrates depends on their 

weight. Plasters must be able to deform when substrate deforms, in the application of loads, thermal fluctuations or to 

reduce shrinkage. Therefore, it is necessary to test the defects of the earth plaster, which can be tested by a strong mode 

of hardness testing [13]. In short, the installation of cables reduced the performance of the mud. Therefore, the high 

water content of the mix was used to achieve the intended amount of table flow. The threads in the mud showed an 

increase in the amount of water to the binder compared to cement reference, which can affect the solid structures of 

cement. It was noticed that performance decreases with the length and thickness of the fibers [14].            

3 Available Measures to Improve Compressive Behavior 

Cement has been used historically for hundreds of years now and brings many useful properties namely decorating, 

protecting the environment, thermal heating, and sound effects up to a good level among many others. Nowadays, 

however, the research has focused on the investigation of the structures of the long-established concrete plastering 

machine. While good in many respects concrete exhibits weak structures such as flexural, mechanical and compressive 

strengths which is the main reason why cement has not escaped its common use as decorative and plastering materials. 

Plaster is very natural and does not provide any resistance to cracking when applied to the connecting force. The 

inclusion of fibers in binding materials can often improve its structure, especially in post-crack behavior; In particular, 

homosexuality can be reduced by an appreciation by combining mud with natural fibers [15]. The mud supply should not 

show high pressure, indicative of high durability, because brittle behavior may be at risk of cracking. Therefore, the 

results obtained from this work can be a good addition to the dedication. On the other hand, flexibility is highly 

requested and must withstand structural movements and thermal variability in pressure without cracking Flexural energy 

is strong it has to do with other factors, such as the tendency to crack and the ability to stick to offer mud [16]. 
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Concerning the compressive strength, there are conflicting results shown in previous studies. Hwang et al. found that the 

installation of coconut fibers reduces cement target’s strength when fiber content increases. Researchers claim that the 

reduction of the interaction of fibers within the matrix; enlarge the volume of voids within the composite and was seen as 

the highest volume fraction of coconut fibers added, indicating a bold formation. An examination of some old and 

modern buildings shows that their lives have been greatly reduced since then the cement of the earth undergoes shrinking 

cracks. Therefore, a study on the reduction of earth plaster is important for the sustainability of such construction 

practice. This work investigates the decrease in erosion suspension of the earth reinforced with various fibers such as 

barley grass, wheatgrass, and wood-shaving under various medical conditions [17]. 

4 Selection of Suitable Fiber 

There are many general advantages of coconut fibers e.g., they are resistant to damage by moths, repellant of fungi and 

decay, also coconut fibers are heat insulating and sound absorbing materials, not easy to ignite, fire resistant, 

uninfluenced by wetness and humidity, strong and durable, irrepressible, spring back to shape even after constant use, 

totally uncharged and not difficult to clean [18]. Fibers, or natural fibers, could be mixed in composite materials to 

upgrade firmness and flexibility, reduce weight, improve the inclination of cracked candy matrices, increase shear 

strength and be more secure during processing, and handling. However, the element influencing the widespread 

utilization of fibers is durability. The strong alkaline presence in portland cement matrix (pH> 12) is largely due to the 

existence of calcium hydroxide and may be due to possible interaction between fiber elements and portlandite causes the 

degradation of composite materials [19]. Table 2 represents the tensile strength and modulus of rupture of cement paste 

composite reinforced with varying volume fractions of 3.8 cm long coconut fibers ranging from 2% to 6 %. 

Table 2: Mechanical properties of coconut fiber reinforced plaster with respect to fiber percentage [19]. 

Fiber volume fraction 

(%) 

Tensile Strength 

(MPa) 

Modulus of Rupture 

(MPa) 

2 1.9 3.6 

3 2.5 4.9 

4 2.8 5.45 

5 2.2 5.4 

6 1.5 4.6 

 

For example, take note of the fact that the 4 % volume proportion of coconut fibers had shown the outstanding 

mechanical properties amidst all tested volume proportion [20]. With a 4 % volume proportion, the researchers also 

studied the tensile strength of cement paste reinforced with different lengths of coconut fibers. The observed tensile 

strengths with fiber lengths of 2.5, 3.8 and 5.0 cm were 2.3, 2.8 and 2.7 MPa [21]. The maximum strength of cement 

paste composite was achieved with coconut fiber having length of 3.8 cm and 4% by volume fraction. Another method to 

combat damage and to upgrade the strength of plant-reinforced concrete cement is to change the surface of the natural 

fibers using hydrophobic materials that permit themselves to be painted, protected in an alkaline environment where they 

will be disclosed and decrease the amount of water the fiber absorbs, and thus providing more stability in the cement 

matrix. In this study, structural elements reinforced with coconut shell are designed to decide the effect of the defensive 

element, length and percentage by fiber weight on the properties of reinforced mortar machines [10]. 

The thermal conductivity of the building material is an important method of heating comfort within buildings. Using date 

palm in mortars is effective in making the environment friendly and protective; Pinto et al. show good tropical buildings 

where corn cobs can be added. The findings reveal the divisive areas of the day-to-day combination of palm metal 

compounds. Those results have already been tested and verified for other tasks. Therefore, separating the properties of 

vegetable fibers becomes an interesting parameter for something aimed at a powerful structure [22]. 
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5 Conclusion 

Natural fibers such as coconut fiber are effective in strengthening the manufacturing of mud type. Regarding the results 

obtained, there is an increase in pressure and flexibility by 84.27% and 43.32% respectively as compared to untreated 

mud. Treatment with paraffin upgrades the chemical aversion to fiber, minimizing the water sucking up extent and 

contributing best preservation as a contrast of alkaline medium of the cement. The addition of coconut fibers in minor 

quantities (0.5 percent by weight) is to upgrade flexural and compressive strength, as long as mixing is not being 

disturbed by fibers. The short fibers, i.e. 1 cm, are aligned randomly which shows homogeneous way of behaving to 

mechanical stresses, improves compressive and flexural strength. 
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Abstract-This paper presents the effect of ambient (27°C) and heat (100°C) curing on the 

properties viz. workability, compressive, and tensile strength of quarry rock dust (QRD) based 

geopolymer concrete (GPC) comprising fly-ash (FA), and slag (SG) as a binder. The SG was 

replaced with QRD up to 20% by weight to develop QRD-SG-FA based geopolymer concrete 

(QFS-GPC). A total of 12 types (6 cured at ambient and 6 cured at 100°C) of mixes were 

prepared and tested. The workability of the mixes was reduced by the replacement of SG with 

QRD. The ambient cured GPC-D27°C and oven-cured GPC-D100°C mixes with FA/SG 

contents of 50/35% and QRD of 15%, yielded the maximum compressive strength of 

33.55MPa and 35.45MPa respectively. The strength properties i.e., compressive, and splitting 

tensile strengths of the above optimal mixtures have shown improved strength by curing at 

higher temperature and have depicted more strength than the control OPC concrete 

specimens. 

Keywords- Ambient temperature curing, elevated temperature curing, geopolymer concrete, quarry rock dust. 

1. Introduction  

Nowadays, construction activities have been increasing to meet infrastructure demand. It can be observed that ordinary 

Portland cement (OPC) concrete is an essential and broadly used construction material in most construction activities. 

During the manufacturing process of OPC, a huge amount of carbon dioxide (CO2) is released into the atmosphere 

through the transformation of raw material and fuel consumption. The second-largest source of production of greenhouse 

gases in the cement industry [1]. [2]. The manufacturing of OPC contributes about 5% of CO2 emission globally [3]. 

Therefore, an alternative finding for OPC concrete has been a  challenging task for researchers and environmentalists. It 

is essential to work on feasible and better solutions, which can utilize industrial solid wastes to yield alternative binder 

materials. Alkali activated geopolymer concrete (GPC) is a relatively new technique in the construction industry that has 

been becoming popular due to its mechanical properties and eco-friendly benefits. The geopolymers are good solutions 

to reduce and support the effective use of waste materials [4]. The geopolymers can play a significant role in reducing 

the low emission of CO2  in comparison to OPC in the construction industry [5]. In general, the geopolymers are 

classified as alumino-silicate, an inorganic polymer manufactured from the alkaline activation of different 

aluminosilicate constituents of geological source or industrial by-product wastes like metakaolin, slag (SG) and, fly ash 

[6][7].  

It is described that the production of GPC with low calcium FA at elevated temperature curing resulted in superior 

mechanical properties [8] which restricts its usage to precast structural members only. However, at ambient curing 

conditions, these results are comparatively less promising. It was due to the polymerization procedure which proficiently 
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holds at elevated temperature and directs to the development of sodium aluminate silicate hydrate (NASH) calcium 

aluminate silicate hydrate (CASH) [9]. In few studies, by adding calcium-rich materials such as alcofine [9], SG [10], 

etc. the reactivity of low calcium FA was improved at ambient curing conditions. It has been remarked that SG and FA 

blended GPC mixes proved good resistance to high temperature  [11] and displayed heightened shrinkage [12]. It is also 

described in experimental work that calcium comprising ingredients accelerate the rate of geopolymrization at ambient 

curing conditions, minimize the pore sizes in the mixture and produce the compressed composite with better mechanical 

properties [13][14].  

The quarry rock dust (QRD) is a dumped residue and calcium-containing substance which can be utilized as a partial 

alternative to filler or binder material in GPC. This can assist in the reduction of land and environmental pollution by 

preventing its deposition at landfills. From the previous studies, it was noticed that mostly QRD has been utilized as a 

partial substitute of sand in geopolymer mortar [15] and cement concrete [16][17]. However, the research studies on 

QRD  as a partial alternative of binding material in geopolymer concrete are rather limited. Therefore, the present 

research study investigates the effect of QRD as partial replacement of SG on fresh and mechanical properties of QRD-

FA-SG based GPC (QFS-GPC) cured at ambient (27 °C) and elevated (100°C) temperature conditions. To accomplish 

this, a series of GPC mixes were planned by differing the amount of QRD (to partially substitute SG) in QFS-GPC as 

shown in Table 1. The tests were later performed to find an optimal mix considering workability and mechanical 

properties viz. compressive and splitting tensile strength.  

2. Experimental Methodology  

A total of ten types of mixes of QFS-GPC were designed as described in Table 1, with varying dosage (0%, 5%, 10%, 15%, 

and 20%) of QRD, partially substituting SG (by weight of binder), while maintaining all ingredients the same in all the 

mixes. For the sake of comparison, two OPC concrete mix types were also considered as control mixes to observe the 

differences and improvements, if any. Thus, a total of 12 mix types were prepared. The engineering properties (i.e., fresh, and 

mechanical) of control mix (OPC) and QFS-GPC mixes were evaluated by slump test, compressive, and splitting tensile 

strengths tests. According to ASTM standard C143/C143M-20 [26], the workability of fresh concrete was determined by 

performing a slump cone test. A universal testing machine (UTM) with a load capacity of 3000 KN was used for testing of 

cylinders and cubes at the rate of 8 KN/s after 7, 28, and 56 days of casting to determine split tensile and compressive 

strengths according to ASTM C496/C496M-17 [27] and BS EN 12390-5-2019 [28]  respectively. 

2.1. Materials specifications and mixing of ingredients. 

In the present study, the type II OPC confirming to ASTM standard C-150/C150M-20 [18] for OPC concrete; and three 

binders i.e., QRD, FA, and SG were used in various proportions in the preparation of QFS-GPC mixes. The low calcium  FA 

of class F (Grey color) confirming the requirements of  ASTM C618-19 [19] was used. It is a preferred source over high 

calcium FA due to the high calcium effect on the polymerization process [19].  The grinded QRD was sieved through a 45µm 

sieve confirming the finess of particles used in the GPC production as a binder [20]. The off-white processed SG justifying 

the ASTM C989/C989M-18a was used [21].  

In the present study, the alkaline solution was prepared by mixing sodium hydroxide (SH) and sodium silicate (SS). The 

molar solution of  SH (12M) was prepared 24 hours before use, by gradually mixing 98% pure flakes in the potable water. 

The solution of SS was mixed with SH solution 30 minutes before its usage. The natural river sand obtained from 

Lawrancepur (near Attock)  was used as fine aggregates. The coarse aggregates were supplied from Margallah hills crushers. 

The finess modulus of sand was verified to ASTM C136/C136M-19 [22] while the water absorption and specific gravity 

were according to ASTM C128-15 [23]. The specific gravity of coarse aggregates was as per recommendations of ASTM 

C127-15 [24]. The alkaline solution is generally viscous than water, hence its usage makes the GPC mixes stickier and more 

viscous than OPC concrete mixes. Therefore, to increase the workability of freshly GPC mixes, a Naphthalene Sulphonate 

grounded superplasticizer conforming ASTM C494/C494M-19 [25] was utilized in the present study. The mix proportion for 

1 kg/m3 of OPC and GPC is shown in Table 1. 
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Table 1. The composition and proportions of OPC and GPC mix used in the study. 
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1 OPC-27 °C 27 °C 
10

0 
- - - - 0.35 - - 400 400 - - - - - 

68

0 

75

1 

34

0 
10 

14

0 

2 OPC-100 °C 100 °C 
10

0 
- - - - 0.35 - - 400 400 - - - - - 

68

0 

75

1 

34

0 
10 

14

0 

3 
GPC-A 27 

°C 
27 °C - 50 50 0 0.50 - 12 1.5 400 - 

20

0 

20

0 
0 80 

12

0 

68

0 

75

1 

34

0 
10 35 

4 
GPC-A 100 

°C 
100 °C - 50 50 0 0.50 - 12 1.5 400 - 

20

0 

20

0 
0 80 

12

0 

68

0 

75

1 

34

0 
10 35 

5 
GPC-B 27 

°C 
27 °C - 50 45 5 0.50 - 12 1.5 400 - 

20

0 

18

0 
20 80 

12

0 

68

0 

75

1 

34

0 
12 35 

6 
GPC-B 100 

°C 
100 °C - 50 45 5 0.50 - 12 1.5 400 - 

20

0 

18

0 
20 80 

12

0 

68

0 

75

1 

34

0 
12 35 

7 
GPC-C 27 

°C 
27 °C - 50 40 10 0.50 - 12 1.5 400 - 

20

0 

16

0 
40 80 

12

0 

68

0 

75

1 

34

0 
14 35 

8 
GPC-C 100 

°C 
100 °C - 50 40 10 0.50 - 12 1.5 400 - 

20

0 

16

0 
40 80 

12

0 

68

0 

75

1 

34

0 
14 35 

9 
GPC-D 27 

°C 
27 °C - 50 35 15 0.50 - 12 1.5 400 - 

20

0 

14

0 
60 80 

12

0 

68

0 

75

1 

34

0 
14.5 35 

10 
GPC-D 100 

°C 
100 °C - 50 35 15 0.50 - 12 1.5 400 - 

20

0 

14

0 
60 80 

12

0 

68

0 

75

1 

34

0 
14.5 35 

11 GPC-E 27 °C 27 °C - 50 30 20 0.50 - 12 1.5 400 - 
20

0 

12

0 
80 80 

12

0 

68

0 

75

1 

34

0 
14.5 35 

12 
GPC-E 100 

°C 
100 °C - 50 30 20 0.50 - 12 1.5 400 - 

20

0 

12

0 
80 80 

12

0 

68

0 

75

1 

34

0 
14.5 35 

Note: W (Water): B (Binder); C (Cement): OPC (Ordinary Portland Cement); AAL (Alkaline Activator Solution); QRD (Quarry 

Rock Dust); SG (Ground Granulated Blast Furnace Slag); FA (Fly Ash); SH (Sodium Hydroxide); SS (Sodium Silicate); M( 

molarity); SP (Superplasticizers); S (Sand); CA (Coarse Aggregates). 

 

For the preparation of mixes, all the ingredients including aggregates (fine and coarse), and binders (OPC or QRD, FA, and 

SG) were dry mixed uniformly in the mechanical mixer having the capacity of  0.15m3 and speed of 20 rev/m for 2 minutes. 

Before the mixing, the saturated surface dry (SSD) condition of fine and coarse aggregates was obtained. The solution of SH 

was prepared 24 hours before its application [9] due to exothermic reaction produced during its preparation and mixed 30 

min before with SS solution at a required ratio of 1.5 to enhance the reactivity of the solution [10]. Afterward, the premixed 

alkali-activated solution was added progressively, and mixing continued for another 2-3 minutes to ensure the uniformity of 

the mixture. Finally, the extra water and superplasticizer (SP) were added to the fresh mixture to achieve the required 

workability. 

The moulds of cubes (150mm x 150mm x 150mm), and cylinders (150mm x 300mm) were filled in three layers with the 

freshly prepared concrete mix. A vibrator was used for compaction. The freshly casted specimens were placed in the 

laboratory at ambient and in an oven at 100°C temperature for 24 hours. After demoulding, the OPC and QFS-GPC 
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specimens were kept in a water tank and direct sunlight for water and air curing respectively for 7, 28, and 56-days for 

testing. Three samples for any test of a mixed type were cast and the average value was used in the results. 

3. Results and Discussions  
The results of workability, compressive, and splitting tensile strengths are discussed in the following subsections.  

3.1. Workability 

The ease of positioning and placement of freshly made concrete is known as workability. The slump test on freshly 

prepared OPC and QFS-GPC mixes was performed according to ASTM standard C143/C143M-20 [26]. The values of 

the slump test are shown in Figure 1. The workability of QFS-GPC mixes was observed lower than OPC mixes due to 

the sticky and viscous properties of SH and SS solution [28]. In the present study, the target medium workability 

standard (50 to 89 mm) [29] was followed. The workability decreases by replacement SG with QRD in the QFS-GPC 

mixes due to the angular shape of QRD [15]  than SG and FA particles that increase water requirement. The target 

medium workability standard was maintained by an equal amount of extra water for all QFS-GPC mixes and a varying 

amount of super-plasticizer [25]. The results of workability achieved for OPC and QFS-GPC mixes are shown in Figure 

1.  

 

 

 

 

 

Figure 1: The slump values of control (OPC) and QFS-GPC mix to the target slump (medium workable) after 

supplementing varying quantities of SP. 

3.2. Compressive strength  

The compressive strength results of OPC and QFS-GPC mixes cured at ambient (27°C) and elevated temperature (100°C) are 

shown in Figure 2. From the Figure 2, it can be observed that the 56- days cured OPC, GPC-A, GPC-B, GPC-C, GPC-D and 

GPC-E specimens at elevated temperatures have 7.97%, 14.45%, 4.27%, 7.76%, 5.67%, and 19.82% respectively better 

compressive strengths than at ambient cured specimens. It is also observed that the compressive strength of QFS-GPC mixes 

increases as the replacement levels of QRD contents increase but up to 15%, after which it decreased.  It can be due to the 

increasing quantity of calcium-rich materials which hasten the rate of the polymerization process at room temperature 

(ambient) as well as at elevated temperature (100°C) and lessen the pore sizes. The specimens cured at elevated temperatures 

have higher strength due to better polymerization than the ones cured at ambient temperature. The effect of calcium-rich 

materials on the strength properties has also been described by other researchers at ambient [10,13-14] and elevated 

temperatures [8,11]. The increase in compressive strength is due to higher calcium oxide contents (in QRD) [13]. When the 

QRD contents increased from 15% to 20% (as in GPC-E27°C and GPC-E100°C), the QFS-GPC mix becomes least 

workable. The decrease in compressive strength can be due to excess lime quantity and an incomplete polymerization process 

[30]. The maximum strength was achieved by the GPC-D mix with 50% FA, 35% SG, and 15% QRD contents. After 56-day 

testing, the optimal mix GPC-D27°C and GPC-D100°C has 11.35% and 8.9% more compressive strength than the control 

mix (OPC mix) cured at ambient (27°C) and elevated (100°C) temperature respectively due to better polymerization process.  
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Figure 2: The compressive strength results of OPC and QFS-GPC mix at ambient and elevated temperatures 

3.3. Splitting tensile strength  

The results of split tensile strength are shown in Figure 3. From the figure, it can be noticed that the trend of increase in split 

tensile strength behavior is the same as was observed for the compressive strength results. The split tensile strength has 

improved as QRD contents increased in the QFS-GPC mixes up to 15%. The replacement level of SG with QRD beyond 

15% has caused the reduction of split tensile strength. The increase of calcium-carrying blends (mostly CaO with an increase 

in QRD up to 15%)in the binders has caused improvement in the strength of QFS-GPC specimens at all ages which produced 

a reaction product for both FA and SG [32].The replacement levels of QRD beyond 15% have caused the reduction of tensile 

strength due to the deficient polymerization process [14]. After 56-day testing, the ambient cured GPC-D27°C and elevated 

temperature cured GPC-D100°C mix have slightly more i.e., 1.43% and 1.89% tensile strengths than the control mix 

specimens respectively. The mix GPC-D27°C and GPC-D100°C with the tensile strength of 2.12 MPa and 2.15 MPa were 

considered as the optimal QFS-GPC mixes cured at ambient and elevated temperatures respectively.  

  

 

 

 

 

 

  

 

Figure 3: The splitting tensile strength results of OPC and QFS-GPC mix at ambient and elevated temperatures 
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4. Practical Applications  

In general, GPC has restricted field applications due to heat curing for accomplishing a superior and better strength. Due to 

this reason generally, the precast structural units of GPC have been manufactured and applied in field applications. However, 

with the inclusions of calcium-rich materials (binders) like QRD, SG, and lime, the production of GPC at ambient curing 

conditions with better strength properties has become possible. The ambient curing conditions also lessen the energy 

consumed and costs related to heat curing. 

5. Conclusions  

The following conclusions can be drawn from the present study: 

• The workability of QFS-GPC mixes decreases as the incorporation of QRD contents increases. 

• The mechanical properties of QFS-GPC mixtures usually increased by incorporating the QRD content from 0% 

to 15% and beyond this replacing level i.e., 20% with SG, strength was reduced. 

• The optimum (maximum) strength properties i.e., compressive, and split tensile strength of specimens cured at 

27°C and 100°C were obtained by GPC-D27°C and GPC-D100°C with 15% QRD contents by weight of total 

binder respectively.  
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Abstract- This study evaluates the mechanical and durability characteristics of eco-

friendly concrete comprising of electronic plastic waste (EPW) as partial replacement of 

fine aggregate. Such an approach not just only reduces the negative effects of EPW on 

the surrounding world, but also helps in avoiding excessive quarrying for the production 

of natural aggregate. For this purpose, four M20 grade concrete mixes were prepared, 

substituting natural fine aggregates with plastic fine aggregates (PFA) using 0%, 10%, 

15%, and 20% substitution levels. The mechanical efficiency of EPW concrete was 

evaluated based on the compressive strength while some of the durability properties were 

assessed through, sorptivity coefficient and alternate wetting and drying. The findings 

showed that by 10%, 15%, and 20% PFA replacement, compressive strength decreased 

by 2.6%, 9%, and 13.6%, respectively. Conversely, EPW concrete provided acceptable 

to excellent performance in the workability, and also shows positive results for required 

durability properties such as sorptivity coefficient, and alternate wetting and drying. 

Keywords- Eco-friendly concrete; Electronic plastic waste; Natural aggregates; Plastic fine aggregate (PFA).  

1 Introduction 

 Concrete is one of the most prominent and frequently used construction materials on the earth. Its global production is 

approximately 5.3 billion cubic meters per year, The world's second most utilized material in the universe after water[1]. 

Besides that, increased urbanization is driving the market growth for infrastructure, which in turn is going to increase the 

utilization of concrete. The extreme utilization of concrete is draining natural aggregate resources, which is thought to be 

a disastrous exercise as it harms watersheds and other ecosystem functions[2]. But on the other hand, Plastic 

materials, have become a significant environmental threat and are discarded in substantial volumes day after day. Every 

year, approximately 30 million tons of solid waste are generated in Pakistan[3], and 299 million tons of plastic waste were 

produced worldwide in 2013 [4]. A fraction of this plastic waste is recycled, whereas the remainder is frequently tossed 

aside in landfills, rivers, and seas, or burnt. All such mitigation strategies pollute the land and harm aquatic organisms, 

while burning emits toxic fumes. 

Electronic plastic waste (EPW) comprises the plastic from dismantled household items, machines, televisions, freezers, 

radio equipment, etc. In Pakistan, the total amount of electronic waste produced is roughly 433 kilograms per capita, and 

44.7 million tons of Electronic waste ( E-waste) were noted globally in 2016[5]. Only around 12.5 percent of E-waste is 

effectively recycled globally, while the remaining portion is thrown away or burned. [6]. EPW's negative environmental 

impacts necessarily require its recycling and potential use in the construction industry. 

Several attempts were made to study the effectiveness of EPW aggregates as a partial alternative to natural aggregates. 

Plastic waste (electronic and PET products) has been shredded into fine aggregates to evaluate its potential in concrete. K. 
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Alagusankareswari et al. [7] substituted fine aggregates by 0%, 10%, 20%, and 30% of EPW aggregates in concrete. About 

3.8%, 7.25%, and 10.96% reduction in the self-weight were observed replacing 10%, 20%, and 30% fine aggregates. 

Likewise, the compressive strength was decreased by 7.6%, 21.47%, and 26.11%, and tensile strength was reduced by 

1.67%, 20.98%, 38.98%, respectively with the increment of EPW replacement ratio. Similarly, the effect of EPW fine 

aggregate in partial replacement of natural sand was assessed by Basha et al. on concrete properties [8]. They recommended 

a 20% replacement ratio by obtaining the compressive strength of 32.2 MPa and split tensile strength of 4.8 MPa at 28 

days of curing.  Some author also studied the thermal performance of PFA concrete,as shown in Figure 1 Such as It is 

important to mention that the ABS plastic is heated to the melting point only to reshape it and is not burned. The 

corresponding author have performed the TGA analysis of concrete with this particular plastic type and it was observed 

that up to 2000 C, the change in weight of the sample is negligible compared to control sample meaning the release of 

substances and gases is at minimum. Furthermore, if this plastic is not reused using only the melting process, it may be 

burned, land filled or thrown into sea which would create more serious environmental problems[9]. Lili et al. replaced fine 

aggregate with coal bottom ash (CBA) in roller compacted concrete (RCC), and the results of compressive strength, 

deformation, stress strain curve, and splitting tensile strength indicate a decreasing trend with CBA material. However, in 

the case of uniaxial compressive strength, the disruption growth process is delayed[10]. Similarly, li et al. has also used 

Aragonite and calcite calcium carbonate whisker (CW) for improving the mechanical properties of cementitious 

composites. It has been added as a high-performance, low-cost, micro fiber material. Which showed a significant decrease 

in the heat of hydration of cement and the total amount of non-evaporable water. Also an increase in the yield stress and 

plastic viscosity of cement past was observed[11] Also, Lili et al. investigates the effect of high temperature on the 

microstructure of CW reinforced cement paste using nanoindentation and a mercury intrusion porosimetry test. The result 

shows that the fractal component of calcium carbonate whisker reinforced cement paste increased with increasing 

temperature and porosity[12]Other plastic types like high-density polyethylene (HDPE) plastic have also been utilized in 

concrete as a fine aggregate substitute by Amalu et al. [13]. The results indicate that for all concrete mixes and at all curing 

ages, the compressive strength decreased from 24.44 MPa (controlled) to 17.55 MPa (25% HDPE substitution). Choi et 

al. [14] used PET waste from plastic jugs as a fine aggregate substitute in concrete for the fresh and mechanical properties 

assessment. About 21% reduction in the compressive strength was found utilizing 75% PET waste plastic as natural fine 

aggregate replacement. But in our case with the replacement of PFA in concrete the compressive strength decreased by 

13.6% which represents the positivity of using PFA in concrete. 

Past studies investigated the use of various plastics (PVC, HDPE) as a fine aggregate substitute in concrete. However, only 

a few studies have been published on EPW as a fine aggregate substitute in concrete, reviewing its mechanical and 

durability properties. As a result, this research looks into the mechanical and durability properties of EPW concrete that 

uses manufactured PFA as a natural fine aggregate substitute. It is intended to develop durable lightweight concrete, 

ensuring a feasible replacement ratio, and reducing the reliance of the construction industry on natural fine aggregate. For 

this purpose, PFA was used as a replacement of natural sand with substitution levels of 0%, 10%, 15%, and 20% of natural 

fine aggregate. The compressive strength test was performed to assess the mechanical properties of EPW concrete while 

sorptivity coefficient and alternate wetting and drying tests were adopted to evaluate the durability properties. 

 

Figure 1 TGA analysis of EW[9] 
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2 Experimental Detail 

The Fauji Cement Company Limited's Ordinary Portland Cement (OPC) of grade 53 is used as a binding agent. The OPC 

used is a general-purpose Type-I cement according to ASTM C150/C150M. In Table 1 Both the physical and chemical 

properties of OPC provided by the vendor are listed. The concrete mixture was made with potable water appropriate for 

drinking. 

Table 1. General properties of Portland cement 

Chemical properties Results (%) Physical properties Results 

SiO2 22.5 Fineness modulus 93.4% 

SO3 5 Specific gravity 322 

Loss on ignition 1.70 Initial setting time 110min 

Al2O3 2.80 Final setting time 180min 

MgO 1.76 28-day compressive strength 47MPa 

2.1  Aggregates 

To develop a concrete mix, natural sand of the Lawrencepur quarry was utilized as a fine aggregate. It has a fineness 

modulus of 2.73, is dark in color, and is classified as medium sand. In this study, coarse aggregates from the local market 

were used, which were processed by grinding rocks with a maximum size of 20mm. The EPW is depicted shown in Figure 

2, had been bought from the Rawalpindi local store and was composed of scrap computer equipment such as computer 

mouses, keyboards, printers, and so on, which have been processed in three stages before being altered into a manufactured 

plastic fine aggregate (PFA). The process initiates with the washing of EPW using ordinary tap water followed by 

shredding the plastic into smaller pieces in a mechanical shredder. To remove other similar objects such as wires, steel, 

etc., all the broken EPW was then screened out in the second stage. After screening, the shredded EPW was melted in a 

kiln at a high temperature (200° C), followed by cooling in water to turn it into plastic rocks. The plastic rocks were 

eventually crushed and ground to turn into plastic fine aggregates (PFA) in the last stage. The detail process of preparation 

of EW is shown in  Figure 3. The general properties of all aggregates (fine, coarse, and PFA) are enlisted in Table 2. 

  

Figure 2. Dumped electronic wastes (E-waste) Figure 3 Detail process of preparation of PFA 

 

Table 2.General properties of aggregates (coarse, fine, and PFA) 

Properties Coarse aggregate Natural fine aggregate Plastic fine aggregate 

Maximum nominal size(mm) 20 4.73 4.72 

Minimum nominal size(mm) 4.75 0.074 0.149 
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Fineness modulus  7.21 2.73 3.18 

Specific gravity 2.71 2.61 1.21 

Saturated surface dry water 1.08 0.49 0 

2.2 Mix composition: 

       Four different types of concrete mixes were produced incorporating plastic fine aggregate (PFA) in partial 

replacement of natural sand by adopting the M20 concrete mix. The number of samples tested is listed in table. while the 

mix composition is demonstrated in table  

Table 3 Detailed summary of all tests 

 

 Table 4 Mix composition of PFA concrete  

 

Mix ID PFA (%) Cement 

(kg/m3) 

Water 

(kg/m3) 

Coarse aggregate 

(kg/m3) 

Sand 

(kg/m3) 

PFA (kg/m3) 

P0 0 424 212 44.13 676 - 

P10 10 424 212 44.13 608 52 

P15 15 424 212 44.13 575 79 

P20 20 424 212 44.13 541 105 

3 Results 

3.1 Fresh property 

3.1.1   Slump 

The slump test, which is a measure of concrete consistency and fluidity, was used to assess EPW concrete's workability.   

Figure 4 depicts the results of the slump test performed on EPW concrete. An increasing trend was observed in the 

workability of EPW concrete mix with the increasing amount of PFA. The enhancement in the workability by 30.16% 

with 10% replacement of natural fine aggregate with the PFA and an almost 10% increment in the slump value was reported 

for every 5% further increment in substitution of PFA in EPW concrete mix as shown in Figure 5. 

The increase in workability of EPW concrete mix with the addition of PFA may be due to PFA's extremely low water 

absorption. As observed and reported in previous experiments, the excess water in the mix aids in increasing workability 

[13]–[15]. However, the workability of concrete depends upon numerous factors including aggregate size, water absorption 

capacity, and shape. The size of PFA was regulated during processing, but a higher slump value is due to the excess of 

free water in EPW concrete. 

Properties Dimensions of specimens  No of Specimens 

P0 P10 P15 P20 

Slump Standard cone size 3 3 3 3 

Compressive strength (28 

days) 

100 ×100 ×100 mm3 (cubic) 3 3 3 3 

Sorptivity coefficient (28 

days) 

100× 50 mm (Disk) 3 3 3 3 

Alternate wetting & drying 100 ×100 ×100 mm3 (cubic) 3 3 3 3 
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Figure 4. The slump of EPW concrete mixes 

 
Figure 5.Slump % increased with PFA substitution 

3.2 Mechanical property  

3.2.1 Compressive strength  

The compressive load carrying capacity of EPW concrete is assessed by performing Compressive strength tests for cubes 

of 100mm. The 28-day compressive strength test results of P0, P10, P15, and P20 are shown in Figure 6. It has shown 

that the compressive strength of EPW concrete decreases with an increasing percentage of PFA. About 2.6%, 9%, and 

13.6% decrease in the compressive strength was noticed for P10, P15, and P20 samples, in Figure 7 respectively.  

The decrease in compressive strength is because of the PFA's smooth surface texture, which produces a weak interfacial 

bond between PFA and cement paste [16]. Furthermore, the plastic aggregates have hydrophobic nature, which produces 

excess water in the mixture and reduces the strength of EPW concrete. However, some studies relate the decrease in 

compressive strength to the imbalanced moduli, which occurs when PFA particles have a lower elastic modulus than the 

adjacent cement paste, resulting in small cracks. The outcomes of  EPW concrete compressive strength support the previous 

work [7], [10], [11], performed on the plastic waste utilization as partial replacement of natural aggregates.  

 

  

Figure 6. Compressive strength of EPW concrete at 28 days 

 
Figure 7 Compressive strength decrease with PFA 

replacement. 
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3.3 Durability property  

3.3.1 Sorptivity coefficient  

The amount of water absorbed by a substance through capillary action per unit area is known as the sorptivity coefficient 

(SC). Materials with a high sorptivity coefficient are more vulnerable to degradation, which affect durability adversely. 

The sorptivity coefficient of the specimen was measured by taking the weight gain of a specimen after immersing it in 

water for 6 hours. Figure 8 shows the experimental results of the sorptivity coefficient for all mixes of EPW concrete (P0, 

P10, P15, and P20). For SC 100mm*50mm disk was prepared and tested. It can be seen in Figure 9 that the sorptivity 

coefficient decreases with the increasing percentage of PFA substitution. Water absorption cumulative reduction reaches 

up to 57.25% for P20, highlighting the role of PFA in sorptivity coefficient reduction. The cumulative reduction in 

sorptivity coefficient shown in Figure 9 eventually adds to the EPW concrete durability enhancement. This significant 

decrease in water absorption can be attributed to the impervious nature and non-absorbent behavior of plastic aggregates 

[18]. 

 

  Figure 8  The sorptivity coefficient of EPW concrete 

 
 

Figure 9 SC reduction with PFA replacement 

3.3.2 Alternate wetting and drying  

This experiment reflects the ability of concrete to degrade when subjected to alternate wetting and drying cycles, such as 

sea tidal waves. In this test EPW concrete samples were exposed to alternate wetting and drying procedure for 25 cycles. 

The compressive strength reduction of EPW concrete upon exposure to 25 alternate wetting and drying conditions in 

addition to the average loss in compressive strength is shown in Table 5. While Figure 10 illustrate the comparative 

compressive strength of all percentages with PFA incorporation after 0 and 25 cycles of alternate wetting and drying. The 

results show that the compressive strength is affected negatively while resistance to strength degradation in 25 cycles is 

significantly increased with the incorporation of PFA. When compared to P0, the higher percentage of PFA (P20) generates 

additional resistance to alternative wetting and drying cycles. This progress is attributed to PFA's non-absorbent nature as 

compared to natural fine aggregates. In the control mix, compressive strength degradation is 24.3% for PO. Likewise, the 

compressive strength reduction for P10, P15, and P20 is approximately 21.3%, 8.88%, and 14.1%, respectively. 
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Table 5. Compressive strength of EPW concrete after 25 cycles of alternate wetting and drying. 

Mix Id Compressive strength (MPa) Compressive strength reduction (%) 

 25 cycle 25 cycle 

PO 25.3 24.3 

P10 25.6 21.4 

P15 27.7 8.88 

P20 28.0 3.11 

 

 

 

 

 

 

 

 

              

Figure 10 Alternate wetting and drying before and after 25 cycles. 

4 Conclusion 

The research provides a review of the effect of PFA inclusion on EPW concrete results. The influence of increasing 

replacement levels (10%, 15%, and 20%) of natural fine aggregates by PFA on the fresh, mechanical, and durability 

properties of EPW concrete is demonstrated. Increasing the substitution level of sand by PFA leads to the following 

conclusions: 

•The workability of EPW concrete significantly improved due to the non-absorbent smooth surface texture of PFA.  

• The mechanical properties (compressive strength) of EPW concrete were substantially decreased as a result of poor and 

ineffective bonding of PFA with the cement paste to remain firm. However, EPW concrete is still preferred to utilize for 

construction purposes because the minimum compressive strength accomplished by EPW concrete is greater than the 

minimum pressure required (17.5 MPa). 

•The sorptivity coefficient values significantly reduced due to the non-absorbent nature of PFA in EPW concrete. 

Minimizing the water absorption capability of EPW concrete mitigates several issues e.g., concrete spalling, reinforcement 

corrosion, etc., improving the durability properties of EPW concrete. 

•The percentage reduction in compressive strength after 25 cycles of alternate wetting and drying tends to decrease with 

increasing PFA percentage as the PFA has lower water absorption and does not permit the smooth swelling and shrinkage 

of concrete, making the EPW concrete suitable for offshore construction activities. 

This study demonstrates the production of PFA from raw electronic waste and its suitability for use as a natural fine 

aggregates substitute in concrete mixes. The negative impact of PFA on mechanical properties limits the use of EPW 

concrete in projects where concrete strength is critical. However, the increased durability of EPW concrete in respective 

properties extends its usage in other applications such as coastal or offshore structures, etc. 

Further research works are suggested to elevate the mechanical characteristics of EPW concrete using pozzolanic materials 

i.e., silica fume, nanoparticles, etc. Moreover, it is important to examine some other durability characteristics such as 
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freezing and thawing, chloride migration, wear resistance, ultrasonic pulse velocity, temperature resistance, etc. along with 

the chemical and microstructural properties of EPW concrete for the proper application of PFA concrete  
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Abstract- The rapid increase in industrialization, population, and modern life style 

has significantly increased the rate of waste production. As a result of technological 

advancement and up gradation of technological innovations, the rate of obsolescence 

in the electronic equipment’s has also increased making it one of the fastest growing 

waste streams in the world. The current annual production rate of Electronic or E-

waste is 3-4% in the world. E-waste will be increased approximately to 55 million 

tons per year by 2025. This E-waste significantly damages the environment because 

of its non-biodegradable nature. In order to diminish this problem one of the ways is 

to utilize this E-waste in the concrete production. Past works have used the E-waste 

plastic as a raw material for production of plastic aggregate to be used as a substitute 

for natural aggregates. However, the results have shown the plastic aggregate reduces 

the compressive strength of resulting concrete. In order to enhance the strength 

properties, different dosages of nano graphite platelets (NGPs) (i.e. 1, 3 and 5%) have 

been introduced into concrete with replacement of 25% coarse aggregates by plastic 

aggregates. Dispersion test is carried and a ratio of 0.6:1 (surfactant/NGPs) is found 

to yield maximum dispersion. NGPs are nanofillers which significantly improve the 

density and hardness of the cementitious composite due to reduction in porosity and 

reinforcement in microstructure. The specimen that contained 25% (by volume) of 

E-waste as an aggregate, and 5% of NGPs (by weight of cement) was proved 

effective in increasing compressive strength by 13.56%. 

Keywords- E-waste, nano graphite platelets, dispersion, compressive strength. 

1 Introduction 

Concrete is considered to be the second most extensively utilized material in construction industry. This can be 

attributed to its properties, accessibility to its raw materials, low price in conjunction with increasing industrialization 

and urbanization. This led to increasing natural rocks exploitation which resulted in deterioration of the landscape and 

escalation in environmental pollution. The rapid increase in industrialization, urbanization and population growth 

significantly increased the amount of waste generation. The use of modern electrical and electronic appliances turns 

out to be an essential part of our everyday life enabling us with more convenient, secure, comfortable, easy and swift 

procurement. As a result of technological advancement and continuous up gradation of technological products, the 

rate of waste generation in the electrical and electronic equipment also increased, making it one of the fastest 

increasing waste streams in the world. E-waste significantly damages the environment and its disposal process is 
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relatively more difficult compared to other waste streams. To prevent the environment from the adverse and hazardous 

effect of E-waste, proper utilization is required along with its disposal. In order to tackle this problem one of the ways 

is to utilize this waste in concrete production. To minimize the adverse impacts on environment and diminishment of 

natural resources [1, 2], the preservation of raw materials needs to be emphasized. In concrete, coarse aggregates 

occupy 65-70% of volume. Large scale use of concrete ingredients especially use of coarse aggregates from rocks 

causes depletion of natural resources thus welcoming disasters in the form of global warming, land sliding and 

depletion of ozone layer. Nowadays, many countries around the globe are facing a deficiency of natural resources, 

and depend on the imports to meet their needs[3]. Efforts are required to take important steps in order to save the 

nature without compromising on the overall performance of concrete. Various attempts has been carried out in the 

past with the ambition of substituting natural aggregate with recycled aggregate[3, 4]. Therefore, several other 

alternatives in concrete to natural aggregates like demolition waste, plastic waste, paper etc. has gained momentum. 

Zeeshan et al. [5] conducted an extensive investigation by utilizing manufactured E-waste as a partial substitute of 

coarse aggregate. The substitution ratio of E-waste aggregate was 10 to 20%. It was revealed that by substituting 

coarse aggregate by 10 and 20% of E-waste, the mechanical properties decreased while an improvement in durability 

and workability properties were reported. Needhidasan et al. [6] studied the effect of grinded E-waste on the concrete 

performance. The range of substitution ratio used was 0 to 20% of coarse aggregate by volume. It was reported that 

the decrement in compressive and flexural strength occurs with the increments of E-waste but the tensile strength 

increased. Also, the utilization of E-waste plastic in concrete production not only prevented the environmental 

degradation but also reduced the cost and unit weight of concrete. M.Chougan et al. [7] studied the variation of density, 

microstructure, compressive strength, flexural strength and permeability properties of concrete with different 

commercial nano graphite content (i.e. 0.01, 0.1 and 0.2%) and found that there is significant increase in mechanical 

characteristics and density up to 30% and 16%, respectively and a significant decrease in permeability. W.Meng el 

al.[8] investigated the effect of different nanomaterials like carbon nanofibers (CNFs) and graphite nanoplatelets 

(GNPs) on the mechanical performance of ultra-high performance concrete (UHPC). The dosage of nanomaterials 

ranged from 0 to 0.3% and it was found that the compressive strength increases from 5 MPa to 8 MPa. It was also 

reported that 59%, 276% and 56% enhancement was observed in flexural strength, toughness and tensile strength, 

respectively. However, no work has been reported to date where nano materials are used to enhance the strength 

properties of concrete with plastic aggregates. In this research, an attempt is made to enhance the compressive strength 

properties of E-waste incorporated concrete with the addition of nano graphite platelets (NGPs). 

2 Materials and Experiments 

Ordinary Portland cement (OPC) Type-I, meeting the guidelines as per ASTMC150 was utilized as a binder. Table 1 

indicates different characteristic of Type-1 cement.  Commonly used tap water with a PH range between 6.5 and 7 is 

used. Fine aggregate utilized in this research was “Lawrence Pur sand” with maximum particle size of 4.75mm in 

compliance with ASTM C566. Coarse aggregate utilized was obtained from Margalla brand in Taxila, Pakistan with 

maximum particle size of 20mm. Properly manufactured E-waste plastic aggregate by heating process of required 

shape and size comparable to coarse aggregate was utilized in this research work as shown in Figure 1(a). Table 3 

indicates the physical properties of fine and coarse aggregates as well as manufactured E-waste plastic aggregates.  

Nano graphite platelets (NGPs) were commercially purchased in powder form and its elemental composition obtained 

from EDX spectroscopy is listed in Table 2. The surface texture and morphology of NGPs were determined using 

SEM which indicates that the NGPs have rough texture and irregular shape as shown in Figure. 1(b). Acacia gum 

(AG) was utilized as a natural surfactant for effective dispersion of NGPs. 
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Figure 1: (a) Manufactured E-waste aggregate and (b) SEM micrograph of NGPs 

Table 1-Features of OPC 

Chemical 

composition Content (%) 

CaO 63.58 

SiO2 21.9 

Al2o3 5.1 

Fe2O3 4.1 

MgO 2.56 

SO3 2.74 

Na2O 0.23 

K2O 0.88 

Ignition loss 0.63 

 

Table 3-Physical properties of fine and coarse aggregates, and manufactured E-waste aggregates 

 Property Coarse    Aggregate E-waste aggregate  Fine Aggregate 

Max. nominal size(mm)  20 19 4.75 

Min. nominal size (mm) 4.74 4.75 0.074 

Specific Gravity   2.71 1.21 2.78 

SSD water Absorption (%)   1.08 0 0.5 

Color Dark Black brown Dark 

Shape Angular Angular _ 

Aggregate impact value (%)   25.43 8.108 NIL 

Aggregate Crushing value   27.42 1.3 NIL 

Fineness Modulus   Nil Nil 2.27 

Bulk Density(lb./ft^3)   94.05 30.43 100 

Table 2-Elemental Detail of NGPs 

Elements 
Nano graphite platelets 

(NGPs) 

 Weight(%) 
Atomic 

(%) 

C 83.77 90.45 

O 7.83 6.35 

Mg 0.62 0.33 

Al 0.64 0.31 

Si 2.97 1.37 

S 0.32 0.13 

Ca 1.81 0.59 

Fe 2.03 0.47 

Total 100 100 
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1.1  Concrete mix proportions 

In this research, M25 grade concrete was followed and the mix ratio was 1:2.14:3.08[9]. The maximum size of coarse 

and fine aggregate was 20 and 4.75 mm, respectively and water cement ratio was kept at 0.49. In this research, about 

25% of E-waste aggregate by volume of coarse aggregate was incorporated in concrete along with different 

percentages of nano graphite platelets (NPGs) (i.e., 0%, 1%, 3% and 5%). Tilting drum revolving with speed of 

35rev/min was utilized for concrete mix preparation. Five different concrete mixes with one control mix and the other 

four of E-waste incorporated concrete with different percentages of NGPs were prepared. Each E-waste incorporated 

concrete mix contained 25% of E-waste by volume of coarse aggregate with 0, 1, 3 and 5 % NGPs respectively. The 

mixing of concrete was done in three stages. Firstly, the NGPs along with specified amount of acacia gum (AG) was 

dispersed in water with the help of ultra sonicator. Secondly, the coarse, fine and E-waste aggregates were mixed 

along with 75% of total water (containing dispersed NGPs) for four minutes. Thirdly, the remaining 25% of water 

with cement were also added and mixed for the next four minutes. 30 cylinders of dimension (150mmx300mm) were 

prepared and tested at 7 and 28 days. Table 4 indicates the details of concrete mixes. 

Table 4-Details of concrete mix proportions 

Mix ID Cement Water  W/C 

Fine    

aggregate 

Coarse   

aggregate E-waste NGPs 

  (Kg/m^3)  (Kg/m^3)    (Kg/m^3)   (Kg/m^3) (kg/m^3) (kg/m^3) 

Control Mix 367.34 180 0.49 789 1133.3      

E.W25%NGP0% 367.34 180 0.49 789 850.0 126.51   

E.W25%NGP1% 367.34 180 0.49 789 850.0 126.51 3.67 

E.W25%NGP3% 367.34 180 0.49 789 850.0 126.51 11.02 

E.W25%NGP5% 367.34 180 0.49 789 850.0 126.51 18.37 

3 Results and Discussion 

3.1   Dispersion of NGPs 

NGPs consist of graphite which is closely packed and has an affinity to agglomerate because of its large surface area 

and fine particle size. The Van der Waals forces resist its dispersion into the cementitious matrix. Therefore, it is 

needed to homogeneously disperse NGPs in cementitious composites. For the dispersion of NGPs, the use of natural 

surfactant or chemicals with mechanical sonication is required in order to reduce the impact of powerful Van der Waal 

forces [10]. In this research, a natural surfactant i.e., Acacia gum (AG) was utilized to disperse NGPs effectively by 

breaking the Van der Waals interactions among NGPs [11, 12]. Initially, NGPs to surfactant ratios from 1:0 to 1:1 

was chosen. To obtain dispersed solution, the surfactant-ultrasonication method was used and then it is further diluted 

to the amount of water required for concrete preparation. After that a prototypical sample was collected, to examine 

the effectiveness of dispersion. The absorbance of dispersed aqueous solution is generally examined at 500nm 

(whereas 500nm is the wavelength to be adjusted on UV spectroscopy apparatus), which remains least affected at the 

ambient conditions [11]. The absorbance of dispersed aqueous solution for each ratio of NGPs/surfactant (1:0 to 1:1) 

with increment of 0.2 was examined. Finally, Graph is plotted between Surfactant/NGPs ratios and absorbance at each 

corresponding ratio. The results indicated that the ratio of 0.6:1 (surfactant: NGPs) shows maximum absorption and 

is optimum to obtain uniform dispersion aided with 45 min of mechanical sonication as given in Figure 2. 
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Figure 2: UV-Vis Spectroscopy of AG with NGPs 

3.2    Compressive strength  

In the design of reinforced cement concrete (RCC) structures, concrete compressive strength is considered as one of 

the fundamental property. In the present study, cylindrical compressive strength of concrete containing E-waste is 

determined in compliance with ASTM C39 [13]. Before testing, both ends of the cylinder were provided with rubber 

pads to prevent any surface irregularity to effect the result as well as the ends to be orthogonal to the sides of specimen 

as shown in Figure 3. Compressive strength was measured with the help of universal testing machine (UTM) having 

1000 kN capacity. Figure 4(a) reported the results of cylindrical compressive strength at 7- and 28-days curing. The 

results show that the compressive strength of E-waste incorporated concrete significantly declines which is in 

compliance with the past works [14, 15]. This reduction in strength is because of the smooth texture of E-waste 

aggregates thereby yielding a weak adhesion with the cement paste. Also, because of the hydrophobic nature of plastic 

aggregate, it may prevent the intrusion of requisite quantity of water during curing which is necessary for the process 

of hydration. Another reason of strength decrement may be because of low water absorption/non-absorbent behavior 

of E-waste aggregates thereby causing excess content of water in concrete mixes. Besides, E-waste aggregates have 

less unit weight, density, strength and rigidity in contrast to natural coarse aggregates thereby generating a high stress 

region facilitating the spread of damage which may be the cause of strength decrement [16, 17]. The results shown in 

Figure 4(a) also reported that by incorporating NGPs in concrete containing plastic aggregate, increase in compressive 

strength was observed as compared to E-waste concrete without NGPs. This increase in compressive strength is a 

result of the inclusion of NGPs which strengthened the composites at nano level thereby resulting in an improvement 

in the strength. Previous studies mentioned that incorporating nanofillers (GNPs, GONPs, NGPs, nG etc.) in 

cementitious composites significantly improve their density and hardness due to the reduction in porosity and 

reinforcement in microstructure of cementitious composites[7, 18].  

The results reported that the strength of concrete comprising 25% partial substitution of coarse aggregate via E-waste 

aggregate decreased by 26.3% after 28 days curing compared to control samples. Also, the results reported that 

compressive strength of E-waste concrete containing 1, 3 and 5% NGPs has been improved compared to E-waste 

concrete without NGPs. Figure 4 (a) and (b) indicates the assessment in compressive strength and the rate of strength 

gain at various curing ages. It has been observed that the regular rise in compressive strength occur with increasing 

dosage of NGPs in the E-waste concrete composites at various hydration period. After 28 days curing, the mix with 

5% NGPs shows the maximum compressive strength with 13.56% enhancement compared to E-waste concrete 
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without NGPs. The mix with 1% NGPs was examined to have lowest increase in strength of 1.95%. Hence, it was 

concluded that incorporating NGPs in E-waste concrete significantly enhanced its compressive strength. Thus, a 

substitution proportion up to 25% can be utilized with manufactured E-waste coarse aggregate as the compressive 

strength achieved is more than the minimum compression capacity required for usually implemented concrete which 

is assessed to be 17.24 MPa [19]. 

  

Figure 3: Compression test Assembly a. Cylinder before test and b. Cylinder After test 

 

Figure 4: (a) Compressive Strength of NGPs composites incorporated with 25% E-waste and (b) Strength gain chart 

4  Conclusions 

From the research study, the following results regarding the NGPs reinforced composites containing the 25% E-waste 

aggregates has been drawn. 
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• Dispersion of nano graphite platelets (NGPs) in water along with surfactant (AG) yield maximum dispersion 

at ratio of 0.6:1 (surfactant/NGPs ratio). 

• The compressive strength of E-waste incorporated concrete without NGPs was decreased by 26.3% after 28 

days curing as compared to control samples. This is because of the weak bond formation between E-waste 

aggregate and cement paste. Also, it can be examined that the gradual increase in compressive strength was 

observed with increase in concentration of NGPs in the E-waste concrete mixes. The mix with 5% NGPs 

exhibits 13.56% higher compressive strength after 28 days curing as compared to E-waste concrete without 

NGPs. This increase in strength is due to the inclusion of NGPs which significantly improved density, 

hardness and reduced porosity thereby resulting an enhancement in the strength property. 

• A substitution of E-waste up to 25% can be utilized with manufactured E-waste coarse aggregate with 

reasonable compressive strength.  
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Abstract- To reduce the quantity of CO2 emitted within the construction industry, 

cementitious by-products will need to be implemented on a larger scale. In relation to the 

use of by-products, one of the biggest disadvantages is that not only from source to source, 

obtaining a by-product from the same source could result in a variation in the chemical 

and physical properties which will then impact the mechanical properties. Therefore, the 

paper reviewed binary and ternary cementitious pastes that were produced from 7 

different by-products and predicted the impact of variation in the chemical and physical 

properties on the 14-day compressive strength. The predictions and analysis were done 

with the use of artificial neural networks (ANN). Overall, ANN successfully derived an 

accurate prediction which correlated with the trends that were expected. This study noted 

that if parameters of the overall mix were taken into consideration, the increase in SiO2 

will have a negative impact while increase in CaO would have a positive impact on the 

14-day strength. The most accurate form of understanding the impact of chemical and 

physical variability of cementitious replacements, took into consideration both Ca/Si ratio 

and the average particle size.  

Keywords- ANN, Cement Replacements, Predicting Compressive Strength, Binary and Ternary Cementitious Pastes.    

1 Introduction 

Studies have reviewed many combinations of cementitious by-products that can be used as an alternative for Ordinary 

Portland Cement (OPC) [1,2]. The impact of Pulverised Fuel Ash (PFA) and By-Pass Dust (BPD) obtained over a 6-month 

period from the same source was analysed by Limbachiya et al [3]. The results showed a clear variation in the chemical 

and physical properties and the correlating impact on strength development. Shi et al. [4] reported on four different forms 

of glass powder being used as a cementitious replacement. They noted that the particle size has a large effect on the 

compressive strength of concrete, as replacements containing larger particles size produced lower strengths at 28 days. 

Overall results showed one of the biggest disadvantages of using by-products is that not only from source to source, 

obtaining a by-product from the same source could result in a variation in the chemical and physical properties, which 

thereafter will result in a variation in concrete strength.  

When there is variation in OPC, Bogues equations are used to predict the quantity of compounds that will be produced 

during the hydration process and therefore, an indication of strength development. Bogues equations use the oxide 

composition of OPC to determine the level of alite, belite, tricalcium aluminate and tetracalcium aluminoferrite [5], which 

are responsible for different properties within concrete. As well as the individual oxide values, oxide ratios are known to 

help predict the behaviour of concrete. In a review of the influence of the Ca/Si ratio on the compressive strength of 

cementitious calcium–silicate–hydrate binders, it was concluded that as Ca/Si ratio decreases the compressive strength 

increase [6]. It was reported that the diffraction peaks’ intensity of calcite became stronger as the Al/Si ratio decreases [7]. 

It is assumed that as the Al/Si ratio increases the calcite decreases, therefore, greater formation of strength gaining 
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compounds. Finally, it was concluded that for lower ratios of Mg/Si, unreacted silica remained and for higher ratios brucite 

precipitated. Therefore, greater forms of deterioration are likely to occur at higher ratio levels [8].   

When it comes to a variation of properties in cement replacements, there are no such tools that can be used to help 

understand the impact on strength development. Studies have used artificial neural networks (ANN) to predict the strength 

of concrete using more sustainable materials. ANN was used to understand the effect of Nano and Micro Silica on the 

compressive and flexural strength of cement mortar [9]. The variables in this case were the quantity of different 

components used in the mortar mixture. The study concluded that the ANN model was able to predict the compressive 

strength to a high level of accuracy. Alongside ANN, Fuzzy Logic (FL) models have been used by previous studies to help 

predict the behaviour of concrete [10,11]. Although both models can provide high levels of accuracy, both studies 

concluded that ANN provided a greater level of statistical accuracy in comparison to FL. Currently, there are very few 

studies that have looked at a range of chemical and physical variations in by-product combinations and the impact of this 

on the strength of cementitious mixes consisting of binary and ternary blends.  Therefore, the aim of this study is to use 

ANN to predict the impact of chemical and physical variability in cementitious by-products. The objectives are to firstly, 

produce ternary and binary cementitious pastes. Secondly, use the chemical and physical properties of these mixes as input 

parameters to help predict and determine the parameters that have an impact on the compressive strength. The significance 

of this work is that it will allow for a better understanding on the impact of chemical and physical variability when using 

binary and ternary cementitious pastes and determine how ANN can be used to help predict this behaviour. 

2 Research Methodology  

 
2.1 Cementitious materials  

The OPC fulfilled the requirements of BS EN 197-1 CEM I [12]. The cementitious materials used in this study were 

obtained from a variety of sources. Ground Granulated Blast Furnace Slag (GGBS), (PFA), Metakaolin (MK), BPD and 

Silica Fume (SF) came in powder form to be used within the cementitious binders, while Basic Oxygen Slag (BOS) and 

Glass Powder (GP) came in a crushed form and required further grinding before adequate levels of fineness were achieved.  

Table 1 provides the physical and chemical properties using of Hydro 2000/Mastersizer 2000 and X-Ray Fluorescence 

(XRF) respectively. 

Table 1 Chemical and physical properties of OPC and Cement Replacements. 

Composition SiO2 

(%) 

TiO2 

(%) 

Al2O3 

(%) 

Fe2O3 

(%) 

MnO 

(%) 

MgO 

(%) 

CaO 

(%) 

Na2O 

(%) 

K2O 

(%) 

P2O5 

(%) 

SO3 

(%) 

Average 

Particle 

Size (µm) 

OPC 19.42 0.36 4.55 2.49 0.02 1.03 60.60 0.22 0.57 0.2 3.62 38 

PFA 45.85-

52.29 

0.98-

0.82 

24.43-

19.76 

10.38-

7.55 

0.16-

0.06 

2.09-

1.44 

6.13-

2.81 

0.91-

0.63 

2.75-

2.02 

0.51-

0.22 

0.84-

0.48 

55-32 

GGBS 33.28 0.57 13.12 0.32 0.32 7.74 37.16 0.33 0.48 0.01 2.21 20 

SF 94.21 0.01 0.48 0.71 0.01 0.55 0.37 0.35 1.15 0.04 0.17 0.7 

BOS 13.94 0.7 2.98 25.99 3.17 6.56 39.57 0.06 0.03 1.51 0.28 30 

GP 69.56 0.07 2.01 0.65 0.32 1.19 10.61 12.28 0.98 0.03 0.18 100 

MK 54.06 0.02 40.65 0.77 0.01 0.23 0.03 0.17 1.89 0.16 0.02 7 

BPD 17.34-

12.79 

0.23-

0.19 

4.26-

3.47 

2.36-

1.88 

0.05-

0.04 

1.11-

0.82 

53.6-

44.03 

1.16-

0.5 

10.06-

4.28 

0.25-

0.12 

12.22-

6.25 

67-32 
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2.2  Mix Design and Fabrication 

130 cementitious pastes were produced, tested, and analysed by the author in the laboratory for this study. All cementitious 

pastes were produced as a semi dry mix with constant w/c ratio of 0.2, therefore the variability in the results could only be 

due to the difference in the chemical and physical properties of the materials used. To produce samples, the binary//ternary 

mixtures were mixed thoroughly before water was added and compaction was applied. Thereafter, the samples were cured 

and tested following guidance in BS EN1338:2003. The paste cubes had a dimension of 50x50x50mm, and the compressive 

strength was obtained at 14 days. The mixes produced had varying levels of OPC and by products. OPC, PFA, BPD, 

GGBS, GP, SF, BOS and MK was used to produce the cement pastes by up to 60%, 80%,10%, 80%, 15%, 15%, 45% and 

30% by weight respectively. All mixes can be found in Appendix A. 

3. Artificial Neural Network setup 

3.1  Input and target parameters 

Input properties were based on the combined oxide properties of ternary and binary mixes, which were obtained by using 

Equation 1 that was developed for this study. Table 2 provides the actual oxide compositions determined using XRF for 

11 ternary and binary mixes, as well as the predicted oxide compositions using Equation 1. Based on these results, Equation 

1 was determined to provide an accurate assumption on the combined oxide percentage and therefore be used in the ANN 

models. 

Inputn = (
%OPC

100
∗ OPCn) + (

%CR1

100
∗ CR1n) + (

%CR2

100
∗ CR2n)                       (Equation 1) 

Where Inputn is the input parameter for the ANN model, %OPC is the percentage of OPC used in the mix, n represents 

the chemical or physical property, OPCn is the quantity of n in OPC, %CR1 and %CR2 are the percentages of cement 

replacements used in the mix and CR1n and CR2n are the quantity of n in the cement replacement.  

Table 2 Accuracy of Predicted Ternary and Binary oxides 

 

3.2  Neural Network setup. 

Figures 1 and 2 show the ANN models developed in this study, namely NN 5-7 and NN 4-7. Seven neurons in the hidden 

layer were chosen as they provided accurate predictions. The five input parameters for NN 5-7 were based on the combined 

chemical properties that form alite, belite, tricalcium aluminate and tetracalcium aluminoferrite, as well as the average 

particle size. The four input parameters for NN 4-7 were ratios that are known to have a direct impact on hydration 

compounds and formation of calcium silicate hydrate (CSH) as well as the average particle size.  

To have a more effective ANN setup, the input and target parameters are normalised [13]. The calculated output will then 

also provide a normalised value, which will require it to be reverse transformed to obtain the actual target value. To 

 SiO2 (%) CaO (%) Al2O3 (%) Fe2O3 (%) 

Mix Actual Predicted Actual Predicted Actual Predicted Actual Predicted 

1  24.53 24.96 50.49 51.22 6.73 7.98 1.69 1.62 

2 31.25 32.22 45.57 45.91 5.16 5.76 1.74 1.69 

3 20.62 21.10 50.27 51.71 5.33 5.95 6.31 6.76 

4 23.42 24.14 50.96 52.05 6.40 7.53 1.77 1.72 

5 23.96 24.71 49.23 50.52 6.69 7.94 1.64 1.61 

6 16.51 17.23 51.21 52.19 3.64 3.92 11.18 11.89 

7 27.98 30.75 38.42 37.66 10.19 12.38 4.65 5.58 

8 35.49 37.72 37.62 37.23 7.55 8.83 3.60 4.16 

9 33.91 34.10 44.82 45.71 5.76 6.08 1.56 1.68 

10 31.60 31.06 46.25 47.55 5.72 6.71 1.63 1.66 

11 28.94 29.53 48.75 48.46 5.94 7.03 1.70 1.65 
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normalize the input and output parameters, Equation 2 was applied to all values. Where amin and amax are constants, bmax is 

the greatest value of that parameter, bmin is the lowest value of that parameter, b is the actual value and a is the normalised 

value. Table 3 provides the values required to de-normalise the values. 

a = (amax-amin)*(b-bmin)/(bmax-bmin) + amin                                                                (Equation 2) 

 

                         Figure 1 NN 5-7 Model                                                        Figure 2 NN 4-7Model. 

 

Table 3 Parameters used to normalise input and target values 

Input/Target Parameter amax amin bmin bmax 

SiO2 1 -1 16.12 53.30 

CaO 1 -1 5.69 60.23 

Al2O3 1 -1 3.61 26.34 

Fe2O3 1 -1 0.49 16.59 

Ca/Si 1 -1 0.11 3.15 

Al/Si 1 -1 0.18 0.58 

Mg/Si 1 -1 0.02 0.28 

Average Particle Size (µm) 1 -1 18.01 58.9 

fc(MPa) 1 -1 0 70.40 

 

Once the input and output parameters were determined, the next step was to define the neural network. A pre-installed 

neural network fitting app in Matlab was used in this study. The neural network fitting app solves an input-output fitting 

problem with a two-layer feedforward neural network. The network was a two-layer feed-forward network with sigmoid 

hidden neurons and linear output neurons and trained with Levenberg-Marquardt backpropagation algorithm, unless there 

is not enough memory, in which case scaled conjugate gradient backpropagation will be used [13]. The backpropagation 

algorithm involves two phases. Firstly, the forward phase where the activations are propagated from the input to the output 

layer [11]. Secondly, the backward phase where the error between the observed actual value and the desired nominal value 

in the output layer is propagated backwards to modify the weights and bias values [11]. Equations 3 and 4 provide the 

calculations that includes the transfer function required to determine the normalised target value based on the inputs 

provided [14]. Where, Os is the normalised ouput value, q is the number of input parameters; r is the number of hidden 

neurons; s is the number of output parameters; Biass and Biask are the biases of sth output neuron and kth hidden neuron 

(Hk), respectively; with j,k is the weights of the connection between Ij and  are the weights of the connection 

between Hk and Os 

 
𝑂𝑠 = 𝐵𝑖𝑎𝑠𝑠 +  ∑ 𝑤𝑘,𝑙

ℎ𝑜𝑟
𝑘=1 .

2

(1+ 𝑒(−2 𝑥 𝐻𝑘))−1
                                                                                        (Equation 3) 

SiO2 

fc Al2O3 

Fe2O3 

Average 

Particle Size 

 

Biass 

CaO 

Biask 
Biass 

fc 

Ca/Si 

Mg/Si 

Average 

Particle Size 

Al/Si 

Biask 
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𝐻𝑘 =  𝐵𝑖𝑎𝑠𝑘 + ∑ 𝑤𝑗,𝑘

𝑖ℎ .
𝑞
𝑗=1 𝐼𝑗                                                                                                         (Equation 4) 

 
For training, validation and testing the data sets were divided into 70%, 15% and 15% respectively. To assess the accuracy 

of the output the regression (R2), Root Mean Square Error (RMSE), Mean Absolute Percentage Error (MAPE) and Mean 

Square Error (MSE) were calculated using equations 5, 6, 7 and 8 respectively. 

 

𝑅2 = 1 − (
∑ (𝑡𝑖−𝑂𝑖)2𝑁

𝑖=1

∑ (𝑡𝑖−𝑡𝑚)2𝑁
𝑖=1

)                                                                                                                       (Equation 5) 

 

𝑅𝑀𝑆𝐸 = √
∑ (𝑂𝑖−𝑡𝑖)2𝑁

𝑖=1

𝑁
                                                                                                           (Equation 6) 

 

𝑀𝐴𝑃𝐸 =  
1

𝑁
∑ |

𝑂𝑖−𝑡𝑖

𝑡𝑖
| × 100𝑁

𝑖=1                                                                                               (Equation 7) 

 

𝑀𝑆𝐸 =
∑ (𝑂𝑖−𝑡𝑖)2𝑁

𝑖=1

𝑁
                                                                                                                 (Equation 8) 

 

Where ti is the actual compressive strength of concrete mixes, tm is the mean compressive strength of concrete mixes, Oi is 

the predicted value and N is the total number of data points in each set of data. 

 

3.3 Impact of Individual Input  

As well as assessing the accuracy of the models with Equations 5 and 6, it is also important to understand the impact of 

input parameters on the output value. This will allow for further validation of the ANN model and algorithms, as it will 

have the potential to be used for values outside of those used in this model. It is important to note that the values will still 

have to remain within the ranges stated in Table 3. To determine the impact of each input parameter, the connection weight 

approach was adopted. The connection weight approach uses raw connection weights, which accounts for the direction of 

the input–hidden–output relationship and results in the correct identification of variable contribution [15]. Based on this 

approach, Equation 9 was used to determine impact of each input parameter. A negative value will mean that an increase 

in this parameter will decrease the output value, a positive value will mean that an increase in this parameter will increase 

the output value and those values with the largest value are those with the largest impact. 

𝐼𝑛𝑝𝑢𝑡𝑥 = ∑ 𝐻𝑖𝑑𝑑𝑒𝑛𝑋𝑌
𝐸
𝑌=𝐴                                                                                       (Equation 9) 

3 Results 

3.1 Predicting the impact of chemical and physical variability 

Figure 3 provides the predicted vs experimental strengths for the NN 5-7 model. Equation 10 is derived from algorithms 

used in the ANN model for predicting the 14-day compressive strength. The R2, RMSE, MSE and MAPE values were 

0.95,4.36, 18.98 and 17.97, respectively. Overall, the results show that ANN can predict compressive strength to a high 

level of accuracy when oxide values are considered using Equation 1. It is assumed that the accuracy is closely related to 

the input parameters behaving in the way that is expected. Figure 4 provides the impact that each input parameter has on 

the output value. Results show that as SiO2, Al2O3 and Average particle size increases, there will be a negative impact on 

the output and that as CaO and Fe2O3 increases, there is a positive impact on the output. Studies [16][17][18] have 

previously noted that cement replacements with a high SiO2 content provide greater strength development through 

secondary reaction with Ca (OH)2. However, when SiO2 is determined using Equation 1, results show that overall, as SiO2 

increases the strengths tend to decrease and that as CaO increases there is an increase in strength. This therefore correlates 
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with result that you would expect to occur in OPC hydration in which the ratio of Ca/Si dictates the formation of compounds 

and therefore strength development. Fe2O3 is the input that is responsible for the greatest strength gain. 

 

 

 

 

 

 

Figure 3 Regression of Actual fc vs predicted fc for NN 5-7                              Figure 4 Influence of each input for NN 5-7  

𝑓𝑐 = −0.84 −  1.47 (
2

(1+ 𝑒(−2 𝐻1))
− 1) –  0.29 (

2

(1+ 𝑒(−2 𝐻2))
 − 1) − 0.74 (

2

(1+ 𝑒(−2 𝐻3))
− 1) + 1.86 (

2

(1+ 𝑒(−2 𝐻4))
−

1) –  1.89 (
2

(1+ 𝑒(−2 𝐻5))
− 1) − 0.25 (

2

(1+ 𝑒(−2 𝐻6))
− 1) +  0.55 (

2

(1+ 𝑒(−2 𝐻7))
− 1)     (Equation 10) 

 

Where: 

H1= -1.80 + 0.29SiO2 + 0.20CaO + 1.90 Al2O3- 4.06Fe2O3 + 1.49 Average Particle Size (µm) 

H2= 1.97 + 0.52SiO2 – 1.01CaO + 2.29Al2O3 + 0.15Fe2O3 -0.63 Average Particle Size (µm) 

H3= -0.03 + 1.22SiO2 - 0.71CaO – 2.74Al2O3 + 0.22Fe2O3 – 1.19 Average Particle Size (µm) 

H4= -0.87 + 0.25SiO2 + 0.43CaO + 1.68Al2O3 – 2.27Fe2O3 + 0.35 Average Particle Size (µm) 

H5= 1.08 – 0.42SiO2 + 0.23CaO + 1.96Al2O3 - 0.38Fe2O3 – 0.42 Average Particle Size (µm) 

H6= 1.84 + 2.71SiO2 – 4.00CaO + 0.46Al2O3 – 1.37Fe2O3+ 3.03 Average Particle Size (µm) 

H7= -2.42 + 1.47SiO2 – 1.56CaO – 0.07Al2O3 – 2.45Fe2O3 – 4.36 Average Particle Size (µm) 

 

Although studies [19] have reported on the positive impact of Nano Fe2O3 on the compressive strength of concrete, the 

strength development in concrete is primarily down to the formation of Calcium silicate (Ca3SiO5) and Larnite (Ca2SiO4). 

Overall, the biggest impact on strength development was the average particle size. Results show that as average particle 

size increases the strength decreases. This correlated with conclusions made is previous studies [4] and is assumed to be 

due to the water not being able to react with the oxides within the inner particle of the material.  

 

 

 

 

 

 

 

 

 

 

Figure 5 Regression of Actual fc (MPa) vs predicted fc (MPa) for NN 4-7       Figure 6 Influence of each input for NN 5-7-1  
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𝑓𝑐  =  1.04 +  0.67 (
2

(1+ 𝑒(−2 𝐻1))
− 1) +  0.38 (

2

(1+ 𝑒(−2 𝐻2))
− 1) –  0.36 (

2

(1+ 𝑒(−2 𝐻3))
− 1) + 0.64 (

2

(1+ 𝑒(−2 𝐻4))
− 1) +

 0.73 (
2

(1+ 𝑒(−2 𝐻5))
− 1) +  1.72 (

2

(1+ 𝑒(−2 𝐻6))
− 1) +  1.00 (

2

(1+ 𝑒(−2 𝐻7))
− 1)                                                         

(Equation 11) 

Where: 

H1= 1.79 + 0.34Ca/Si – 1.79Al/Si - 1.86 Mg/Si – 0.29 Average Particle Size (µm) 

H2= 1.20 – 0.43Ca/Si – 2.36Al/Si – 0.26 Mg/Si – 0.15 Average Particle Size (µm) 

H3= 0.31 – 0.66Ca/Si + 2.31Al/Si + 2.17 Mg/Si + 3.15 Average Particle Size (µm) 

H4=0.02 – 1.16a/Si + 0.12Al/Si + 1.10 Mg/Si + 1.41 Average Particle Size (µm) 

H5= -0.74 + 0.89Ca/Si + 1.92Al/Si + 0.37 Mg/Si – 0.64 Average Particle Size (µm) 

H6=1.76 + 2.61Ca/Si + 0.08Al/Si - 1.77 Mg/Si – 0.18 Average Particle Size (µm) 

H7= 3.96 – 1.50Ca/Si – 1.67Al/Si + 1.43 Mg/Si + 0.26 Average Particle Size (µm) 

 

Figure 5 provides the predicted vs experimental strengths for the NN 4-7 model. Equation 11 is derived from algorithms 

used in the ANN model for predicting the 14-day compressive strengths. The R2, RMSE, MSE and MAPE values are 

0.96,3.61, 13.05 and 14.92, respectively. In comparison to oxide percentages, oxide ratios predict output with a higher 

level of accuracy and a greater level of confidence. It is assumed R2, RMSE, MSE and MAPE provide a greater level of 

accuracy as the ratios correlate to the formation of compounds that are responsible for strength development. Therefore, 

ANN can correlate more accurately with the output parameter.  Figure 6 shows that the only ratio that contributes to 

strength development is Ca/Si, while Al/Si, Mg/Si and average particle size all have a negative impact. Overall, these 

results show that when taking into consideration the combined oxide values, the trends follow those that are noted for OPC 

hydration. Alite has a Ca/Si ratio of 3:1 and C-S-H has a Ca/Si ratio of approximately 2:1, so excess lime is available to 

produce Ca(OH)2 [20]. Alite is responsible for early age strength development as well as formation of Ca(OH)2 and results 

show that as Ca/Si increases, the trend is that strength properties will also increase. When reviewing Al/Si, trends show a 

decrease in strength as the ratio increases. This correlates with the results that were obtained, in which it was concluded 

that depending on the Al2O3/SiO2 ratio, the ye’elimite and gehlenitephases were formed in different proportions [21]. It is 

therefore assumed that in the mixes reviewed, at lower ratios of Al/Si, content of gehlenite exceeds the ye’elimite content 

therefore decreasing strength properties. 

4 Conclusion 

The overall the aim of this study was to produce an ANN system that can be used to predict the compressive strength of 

cement paste at 14 days and to help in gaining a better understanding of the chemical and physical properties of by-products 

that impact strength.  Based on the report the following conclusions can be made: 

• Cementitious replacements for OPC come from a variety of sources with varying chemical and physical 

properties. Based on the level of replacement, the use of these materials will have an impact on the hydration 

compounds produced and therefore, strength. 

• Although previous studies have noted that a high SiO2 content in the cement replacement would allow for an 

enhancement in strength with secondary hydration of Ca(OH)2. This study noted that if parameters of the overall 

mix as shown in Equation 1 were taken into consideration, the increase in SiO2 will have a negative impact on 

strength.  

• When reviewing oxide values, oxide ratios provided the most accurate trendlines. Results showed when taking 

all parameters in consideration, the trend was like that of OPC hydration alone, in which Ca/Si determined the 

early age strength.  

• Overall, results showed that the most accurate form of understanding the impact that chemical and physical 

variability of cementitious replacements would have, took into consideration both Ca/Si and the average particle 

size.   

• ANN is a powerful tool in helping us gain a better understanding of the impact that each input has in relation to 

the target and allowing accurate prediction of the strength of concrete which incorporates cement replacements. 

• ANN was successfully used in this study to provide an accurate prediction which correlated with the trends that 

were noted in the oxide analysis.    

https://www.sciencedirect.com/topics/engineering/gehlenite
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Appendix A 

1 OPC20/PFA80* 44 OPC20.63/PFA68.12/SF11.25 87 OPC5/GGBS60/BOS25 

2 PFA80/MK20 45 OPC5/PFA80/SF15 88 OPC30/GGBS40/BOS30 

3 OPC14/PFA56MK30 46 OPC12.5/PFA80/SF7.5 89 OPC35/GGBS20/BOS45 

4 OPC14/PFA66/MK20 47 OPC60/PFA25/SF15 90 OPC45/GGBS40/BOS15 

5 OPC24/PFA66/MK10 48 OPC48.13/PFA48.12/SF7.5 91 OPC45/GGBS20/BOS35 

6 OPC44/PFA26/MK30 49 OPC60/PFA32.5/SF7.5 92 OPC25/GGBS60/BOS15 

7 OPC60/PFA40 50 OPC28.13/PFA68.12/SF3.75 93 OPC15/GGBS40/BOS45 

8 OPC60/MK40 51 OPC36.25/PFA56.25/SF7.5 94 GGBS40/BOS60 

9 OPC27/PFA46/MK10 52 OPC15/PFA80/SF5 95 GGBS60/BOS40 

10 OPC28/PFA52/MK20 53 OPC48.13/PFA40.62/SF11.25 96 OPC47.5/PFA47.5/GP5 

11 OPC60/GGBS40 54 OPC20.63/GGBS68.12/SF11.25 97 OPC30/PFA50/GP20 

12 OPC14/GGBS56/MK30 55 OPC5/GGBS80/SF15 98 OPC27.5/PFA67.5/GP5 

13 OPC14/GGBS66/MK20 56 OPC12.5/GGBS80/SF7.5 99 OPC47.5/PFA37.5//GP15 

14 OPC44/GGBS46/MK10 57 OPC60/GGBS25/SF15 100 OPC35/PFA55/GP10 

15 OPC28/GGBS52/MK20 58 OPC48.13/GGBS48.12/SF7.5 101 OPC60/PFA20/GP20 

16 OPC24/GGBS66/MK10 59 OPC60/GGBS32.5/SF7.5 102 OPC10/PFA80/GP10 

17 OPC44/GGBS26/MK30 60 OPC28.13/GGBS68.12/SF3.75 103 OPC17.5/PFA67.5/GP15 

18 OPC20/GGBS80 61 OPC36.25/GGBS56.25/SF7.5 104 OPC60/PFA30/GP10 

19 OPC37.5/PFA57.5/BPD5 62 OPC48.13/GGBS40.62/SF11.25 105 OPC47.5/GGBS47.5/GP5 

20 OPC23.75/PFA68.75/BPD2.5 63 OPC43/PFA38/GGBS19 106 OPC30/GGBS50/GP20 

21 OPC28.75/PFA68.75/BPD25 64 OPC24/PFA58/GGBS18 107 OPC27.5/GGBS67.5/GP5 

22 OPC15/PFA80/BPD5 65 OPC24/PFA18/GGBS58 108 OPC47.5/GGBS37.5//GP15 

23 OPC60/PFA30/BPD10 66 OPC14/PFA28/GGBS58 109 OPC35/GGBS55/GP10 

24 OPC48.75/PFA48.75/BPD2.5 67 OPC26/PFA37/GGBS37 110 OPC40/GGBS60 

25 OPC60/PFA35/BPD5 68 OPC14/PFA58/GGBS28 111 OPC60/GGBS20/GP20 

26 OPC10/PFA80/BPD10 69 OPC44/PFA18/GGBS38 112 OPC10/GGBS80/GP10 

27 OPC48.75/PFA43.75/BPD7.5 70 OPC5/PFA60/BOS25 113 OPC17.5/GGBS67.5/GP15 
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28 OPC37.5/GGBS57.5/BPD5 71 OPC30/PFA40/BOS30 114 OPC60/GGBS30/GP10 

29 OPC23.75/GGBS68.75/BPD2.5 72 OPC35/PFA20/BOS45 115 OPC90/PFA-JUL10* 

30 OPC28.75/GGBS68.75/BPD25 73 OPC45/PFA40/BOS15 116 OPC90/PFA-AUG10* 

31 OPC15/GGBS80/BPD5 74 OPC45/PFA20/BOS35 117 OPC90/PFA-SEP10* 

32 OPC60/GGBS30/BPD10 75 OPC40/BOS60 118 OPC90/PFA-OCT10* 

33 OPC48.75/GGBS48.75/BPD2.5 76 OPC25/PFA60/BOS15 119 OPC90/PFA-NOV10* 

34 OPC60/GGBS35/BPD5 77 OPC15/PFA40/BOS45 120 OPC90/PFA-DEC10* 

35 OPC10/GGBS80/BPD10 78 OPC60/BOS40 121 OPC80/PFA-JUL20* 

36 OPC48.75/GGBS43.75/BPD7.5 79 OPC40/PFA60 122 OPC80/PFA-AUG20* 

37 OPC70/PFA-NOV30* 80 OPC90/BPD-JUL10* 123 OPC80/PFA-SEP20* 

38 OPC70/PFA-DEC30* 81 OPC90/BPD-AUG10* 124 OPC80/PFA-OCT20* 

39 OPC95/BPD-JUL5* 82 OPC90/BPD-SEP10* 125 OPC80/PFA-NOV20* 

40 OPC95/BPD-AUG5* 83 OPC90/BPD-OCT10* 126 OPC80/PFA-DEC20* 

41 OPC95/BPD-SEP5* 84 OPC90/BPD-NOV10* 127 OPC70/PFA-JUL30* 

42 OPC95/BPD-OCT5* 85 OPC90/BPD-DEC10* 128 OPC70/PFA-AUG30* 

43 OPC95/BPD-NOV5* 86 OPC95/BPD-DEC5* 129 OPC70/PFA-SEP30* 

    130 OPC70/PFA-OCT30* 

*OPC20/PFA80- 20%OPC and 80%PFA in the cementitious paste 
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Abstract-  In construction, concrete is mostly used for different projects. The drawback of plain cement 

concrete is that it is strong in compression but weak in tension. Nowadays, a lot of effort is made to minimize 

this problem by using additives e.g. fibers and cementitious material. Moreover, recycled coarse aggregates 

(RCA) are seeking more attention towards substituting natural coarse aggregate (NCA) because of their 

related economic benefits and sustainable development. Hence, this paper examines the combined influence 

of jute fiber (JF) and recycled coarse aggregates (RCA) on the concrete properties. In this investigation, the 

length of JF is kept at 10 mm. Two types of mixes are investigated i.e. with 0% RCA (control mix) and 100% 

RCA. In each of these mixes, 0%, 0.30%, and 0.60% of jute fiber (JF) by volume of concrete are used. The 

mechanical and durability properties are evaluated by compressive strength test and porosity test respectively. 

This investigation shows that the addition of 0.30% of JF has a positive influence whereas the addition of 

0.60% has a negative influence on the mechanical property of concrete in both 0% RCA and 100% RCA 

cases. In both cases (0% RCA and 100% RCA), the compressive strength is slightly improved up to 0.30% 

of fibers but upon further increase of the fibers, the compressive strength is decreased. While in the durability 

test, the concrete porosity increases with the increasing quantity of JF and RCA  in both 0% RCA and 100% 

RCA cases. In a higher dosage of fibers (0.60%), the effect of porosity is more as compared to lower dosages. 

 

Keywords- Durability properties, Jute fiber, Mechanical property, Recycled coarse aggregates. 

1 Introduction 
Concrete is mostly used in structures due to its high compressive strength, low maintenance, and economical as 

compared to other materials. To improve its construction (mechanical and durability) properties, many researchers 

have been working on the addition of cementitious materials and natural fibers. This composite material is called fiber 

reinforced concrete. These natural fibers can be divided into three groups i.e. plant, mineral, and animal fibers. Plant 

fibers possess higher strength than other fibers and are investigated by different researchers [1]. According to Banthia 

[2], the compressive strength of concrete is increased by the addition of plant fiber. In this paper, jute fiber (JF) is used 

to increase the mechanical and durability properties of concrete. Islam et al. [3] used different amounts of JF and 

concluded that the small amount (0.25%) of JF has a positive effect on concrete properties. Dayananda N et al. [4] 

uses different dosages and different curing ages of JF and concluded that the addition of 0.4% JF has a positive effect 

on concrete and with the increase in curing age, the mechanical properties of JF reinforced concrete mix increase. 

Recently, many countries are facing problems with the dumping of construction and demolition (C&D) waste due to 

a shortage of land. According to Akhtar [5], 3 billion tons of C&D waste are generated in 40 major countries. The 

mailto:kamranjamil894@gmail.com
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volume of natural coarse aggregates (NCA) in concrete is 50-75% normally. So recycled coarse aggregates (RCA) 

derived from C&D waste are used to minimize the problem and to lessen the dependence on the NCA. The partial or 

full replacement of NCA with RCA can assist to solve the problems related to the shortage of landfills and pollution. 

Kwan et al. [6] indicated that the compressive strength of concrete is almost identical in the case of concrete which is 

made of 30% RCA and NCA concrete, and compressive strength is decreased by 20% when 100% RCA is used. In 

China, Li et al. [7] used RCA successfully in different structural and pavement applications and shown the positive 

response of RCA in civil engineering. Hoffman et al. [8] also showed the RCA sustainability in different concrete 

structures applications and indicated the corresponding variation in concrete properties. 

The literature shows that there are rare studies on the effect of JF with RCA keeping the mechanical and durability 

aspects into account. For this purpose, this paper shows the behavior of JF reinforcement on the performance of 

concrete with RCA. In this research, two different types of mixes are made from 0% RCA (reference mix)  and 100% 

RCA, and in every mix, 0%, 0.30%, and 0.60% of JF by volume of concrete are used. The results show that 0.30% JF 

has a positive effect on the properties of concrete in all cases. 

2 Experimental Procedures 

 
2.1  Materials 

 

2.1.1 Binder 

Ordinary portland cement (OPC) of grade 53 was used as a binder in this investigation. This OPC is according to 

ASTM C150 [9] and it is type 1. The general characteristics of OPC are given in table 1. 

Table 1. General properties of OPC 

Chemical composition 

 

Percentage (%) Physical characteristics 

 

Results 

 

SiO2. 22.7 (SG) Specific gravity  3.13 

Al2O3 5.15 (SS) Specific surface  318 (m2/kg) 

Fe2O3 3.95 Consistency  28.75 (%) 

CaO 63.85 Initial setting time  175 (min) 

MgO 2.71 Final setting time 240  (min) 

SO3 3.03 Soundness No 

Na2O 0.23 28 days fc
/ (compressive strength)  43.95 MPa 

K2O 0.85 Fineness 94% 

Ignition loss 0.65 -- -- 

 

2.1.2 Aggregates 

Originally Lawrencepur natural siliceous sand was used as fine aggregates (FA) in all mixes. Locally available natural 

coarse aggregate (NCA) of Margalla brand natural crush was used in this research. The chemical and physical 

properties of fine and coarse aggregates are given in table 2. RCA was obtained manually by crushing concrete 

cylinder having compressive strength in the range of 30-35 MPa. After crushing, these recycled coarse aggregates 

were sieved according to the size of NCA. The maximum and minimum sizes of NCA and RCA were kept constant 

as shown in figure 1. The gradation curve of aggregates is shown in figure 2. All aggregates (fine and coarse) used in 
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this experiment follow the ASTM standard specification [10]. The general properties of aggregates are given in table 

2. 

 

Figure 1: Recycle coarse aggregates (RCA) and natural coarse aggregates (NCA) 

 

Figure 2: Gradation curve of aggregates 

Table 2. General Properties of aggregates 

Properties FA NCA RCA 

Max. nominal size (mm) 4.75 25 25 

Min. nominal size (mm) 0.075 4.75 4.75 

Saturated surface dry water absorption (%) 0.62 1.04 6.5 

Bulk Density (kg/m3) 1638 1602 1360 

Specific gravity 2.67 2.73 2.27 

  

2.1.3 Jute fibers 

Locally available jute fibers were used in this experiment. The jute fibers were cut into 10 mm length as shown in 

figure 3. Table 3 shows the typical properties of JF. 
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Table 3. Typical properties of JF 

Parameters Results 

Fiber length (mm) 10 

Fiber diameter (mm) 0.02-0.05 

Bulk density (kg/m3) 1450 

Ultimate tensile strength (MPa) 490 

Young Modulus (GPa) 26 

 

 

Figure 3: Jute fiber (JF) 

2.1.4 Water and plasticizer 

Fresh tap water was used in all the concrete mixes. High-range plasticizer Sikament 515 was used to attain the required 

slump in all mixes. This plasticizer contains the properties of type F according to ASTM C494 [11] standard. 

2.2  Concrete mixes composition 

In this analysis, two cases have been studied i.e., with 0% RCA and 100% RCA. A total of six mixes were prepared 

with three various fractions of JF (0%, 0.30%, and 0.60%) having 0% RCA and three various fractions of JF (0%, 

0.30%, and 0.60%) having 100% RCA. The first mix is the control mix (reference mix), which contains 0% JF and 

0% RCA. The 0% RCA mixes are made according to ACI 211-91[12] for 30 MPa cylinder compressive strength, 

while 100% RCA mix cases, the RCA is used as a substitution of the volume of NCA. The value of slump and the 

water-cement ratio is 75-100 mm and 0.45 respectively for all the mixes. Table 4 shows the details for all concrete 

mixes. 

Table 4. Detail of mix proportion 

Mixture RCA JF 

(kg/m³) 

OPC 

(kg/m³) 

Sand  

(kg/m³) 

NCA  

(kg/m³) 

RCA  

(kg/m³) 

Water 

(kg/m³) 

Slump 

(cm) 

R0JF0(Ref) 0 0 439 660 1107 0 193 88 

R0JF0.30 0 4.35 439 660 1107 0 193 98 

R0JF0.60 0 8.7 439 660 1107 0 193 82 

R100JF0 100 0 439 660 0 940 193 85 

R100JF0.30 100 4.35 439 660 0 940 193 80 

R100JF0.60 100 8.7 439 660 0 940 193 91 

 

The mixing is carried out into two stages in a mechanical mixer. In the first stage, aggregates are mixed with the help 

of half of the water for 4 min, then fibers, cement, and the remaining half of water are inserted in the next stage, and 

the mixing is continued for 6 min. The total time of mixing is 10 min. Kurad et al. [13] adopted a similar method of 

mixing. After completion of mixing, the value of the slump is recorded by the slump cone apparatus. Table 4 reveals 

that the range of slump values is 75-100 mm. 
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3  Specimen Preparation and Testing Method 

In all mixes, the mechanical property is calculated by compressive strength test while durability property is calculated 

by porosity test. For the compressive strength test, cylinder specimens of (150 mm diameter × 300 mm height) sizes 

were cast according to the ASTM C39/C39M-14 [14] standard. In the case of the porosity test, concrete discs of 50 

mm thickness and 100 mm diameter were cast according to ASTM C642 [15] standard. These types of discs were 

produced from cylinders of 100 mm diameter and 200 mm height with the help of a stone cutter after curing. All the 

cylinders were left to be set in molds for 48 hours after casting. After de-molding, the curing of these cylinders is done 

for 28 days in normal water. After curing, these cylinders were cut into discs using a stone cutter and subjected to 

testing. Three specimens of each mix are cast and the average of these three is used to determine the results. 

4 Results 
 

4.1.  Mechanical Property 

 

4.1.1. Compressive strength test 

The compressive strength test is conducted after curing as shown in figure 4.  Figure 5 shows the values of the 

compressive strength test of all mixes with different quantities (0%, 0.30%, and 0.60%) of JF. With the increasing 

percentage of fibers in the case of 0% RCA and 100% RCA, a similar trend in compressive strength has been observed. 

As the fiber percentage increases, the compressive strength is increased in both cases of RCA. Similar observations 

have been observed by [3] [14]. Ali et al. [16] show that by adding fibers, the compressive strength is increased up to 

a certain limit then the compressive strength is decreased. In this paper, the compressive strength is increased up to 

0.30% of fibers but upon further increases of fibers, the compressive strength is decreased in both cases as shown in 

figure 5. This is because of the addition of excessive fibers, honeycombing, and voids are created in the case of 0.60% 

of fibers. These types of defects decrease the internal strength of concrete. At 0.30% JF, the compressive strength of 

concrete made with 0% RCA is greater than the reference mix (R0JF0). Compared to reference (R0JF0), the 

compressive strength is increased by 8% at R0JF0.30. However, by looking at the standard distribution of the results, 

it can be noted that the strength increase is not much significant. Therefore, it can be said that compressive strength is 

not compromised up to 0.30 % of JF in the concrete as compared to the control mix.  

The value of compressive strength in the case of R100JF0 is lower than the reference mix (R0JF0). Compared to 

reference (R0JF0), the compressive strength is reduced by around 22% at R100JF0. This shows that the recycled 

coarse aggregates (RCA) have less strength than natural coarse aggregates (NCA). The maximum compressive 

strength achieved at R0JF0.30 is 31 MPa but in the case of R100JF0.30, it was 25 MPa.  

It is concluded that as the jute fiber (JF) percentage increases, the compressive strength is not compromised up to 

0.30% of jute fibers (JF) in both cases but on further percentage increases, the compressive strength is decreased. The 

average maximum compressive strength is achieved at R0JF0.30. Therefore, 0.30% of JF quantity is the optimum 

quantity for the compressive strength of concrete. It is also observed that the RCA mixes have less compressive 

strength than the NCA mixes. This is because of the lesser density of RCA than NCA, therefore compressive strength 

is affected negatively by equal volume replacement with NCA. 
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Figure 4: Compressive strength test 

 

  

Figure 5: Graph between compressive strength and type of mix 

 

4.2. Durability Property 

 

4.2.1. Porosity 

The porosity of concrete is the measurement of void spaces in concrete. Figure 6 shows that the porosity of concrete 

mixes increases as the JF and RCA content increases. This is because of the presence of mortar which is adhered to 

RCA and the high volume of free water in RCA is the major cause of higher porosity. The porosity is significantly 
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increased in higher dosages of JF (>0.30%) in both cases. A similar trend was also shown in the research performed 

by Ali et al. [16] This is because as the percentages of fibers increase, the compression is not effective due to fibers 

accumulation. 

 

Figure 6: Graph between porosity and type of mix 

5 Conclusion 
This research topic investigates the effect of JF on the performance of concrete with RCA. The following conclusion 

can be drawn as, 

• The average compressive strength of the concrete mixes is slightly increased in both cases (0% RCA and 

100% RCA) due to the addition of JF as compared to reference mixes. The maximum compressive strength 

is increased up to 0.30% of fibers but upon a further increase in the percentage of fibers, the compressive 

strength is decreased. 

• The values of porosity increase with the increase of JF and RCA. This is attributed to the fact that as the 

percentages of fibers increase, the compression is not effective due to fibers accumulation. In the higher 

dosage of fibers (0.60%), the effect of porosity is more when compared to lower dosages. 

• It is concluded that 0.30% is the optimum dosage of fiber for compressive strength of concrete and RCA can 

be used in concrete where low strength is desired. 
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Abstract- In this modern era, concrete has become a basic construction material whose 

production on large scale, is leading towards the huge usage of natural resources. That is 

why, the natural resources are going on depletion consistently. To overcome this fact, it 

has become essential to find out alternate resources for the ingredients of concrete. 

Usage of non-biodegradable waste items is one of the sustainable solutions. However, 

some researchers are working on the fruitful utilization of electronic waste in concrete 

as a partial substituent for coarse or fine aggregates. Basically, electronic wastes or E-

wastes are any electronic appliances that have paid off their effective working life e.g. 

discarded old computers, CDs, VCRs, TVs, radios. In this experimental-based 

investigation, shredded electronic waste materials are utilized as coarse aggregates in 

concrete with a constant volume replacement of 30%. Moreover, to overcome the brittle 

nature of concrete, polypropylene macro synthetic fibers are used in concrete. Results 

show that the fibrous materials have a better effect on the mechanical performance of E-

waste aggregated concrete. The addition of 0.75% fibrous material in concrete increases 

the compressive strength of E-waste aggregated concrete about 30% while tensile 

strength increases about 75% as compared to the reference specimen. Main purpose of 

this research work is to reduce the high consumption of natural resources of ingredients 

of concrete by the utilization of E- waste material as coarse aggregates in concrete.   

Keywords-  macro synthetic fiber, reference specimen, relative density, shredded E-waste. 

1 Introduction 

In the construction industry, concrete is a highly used building material. High compressive strength and adorable 

durability of concrete are the basic reasons behind its immense usage in the construction industry. Conventional concrete 

is a mixture of cement, sand, crushed stones, and water. That is why the huge consumption of concrete is leading towards 

the depletion of natural resources around the globe [1]. Being a citizen of this global village, it is our responsibility to 

save the natural resources for maintaining the matchless beauty of our planet.  

In this undeniable scenario, several researchers are struggling to seek out new suitable resources for the ingredients of 

concrete. Effective utilization of recycled aggregates, by-products of various industries, waste materials, synthetic 

aggregates, etc. in concrete production, is the fruitful effort of researchers. Usage of those waste materials makes our 

environment healthy. Since from last few decades, many researchers are working on the effective usage of electronic 

waste materials in concrete production [2]. Electronic waste is the non-biodegradable waste that consists of discarded old 

computers, CDs, VCRs, TVs, radios etc – basically, any electronic appliances that have completed their working life.  

mailto:zeeshanlaskani@gmail.com
mailto:irshad.qureshi@uettaxila.edu.pk


 

 

3rd Conference on Sustainability in Civil Engineering (CSCE’21)                                                                                 

Department of Civil Engineering 

Capital University of Science and Technology, Islamabad Pakistan 

 

Paper No. 21-137   

Manjunath et al. [3] replaced the coarse aggregate of conventional concrete with electronic waste coarse aggregate upto 

30% by volume. It is observed that compressive strength of concrete reduces with the increase of percentage of E-waste 

aggregate. But its split tensile strength increases upto 17% at 20% replacement. Kalpana [4] replaced the fine aggregate 

of conventional concrete with electronic waste in powdered form upto 30% by volume. It is observed that all strengths of 

modified concrete become optimum at 20% replacement of fine aggregate of E-waste material. It is also observed that 

use of E-waste in conventional concrete somehow reduces its brittle nature by improving its ductility. 

Roy et al. [5] stated that the workability of concrete increased by adding E-waste coarse aggregate. Compressive strength 

reduces by increasing the percentage of E-waste. But, the compressive strength can be improved by using fly ash as a 

substitute of cement. So, there are multiple advantages of using fly ash in the e-waste aggregated concrete. On one side, 

it improves the strength of concrete while simultaneously on the other side; it causes a reduction in usage of cement and 

gives economical results as compared to conventional concrete. 

Khubaib et al. [6] stated that the use of polypropylene fiber in concrete causes reduction in the workability as well as in 

compressive strength of concrete. At 0.5% (by concrete volume) usage of polypropylene fiber in concrete, the 

compressive strength reduced about 10% while split tensile strength improved about 8% as compared to conventional 

concrete. Guerini et al. [7] investigated the influence of polypropylene macro synthetic fiber and steel fiber usage in 

concrete. In that work, it is observed that the usage of steel fibers in concrete causes more bleeding as compared to 

macro synthetic fiber. Moreover, macro synthetic fibers highly improve all the strengths of concrete as compared to steel 

fiber. Results become optimum at the usage of 1% of fibers in concrete. 

In this experimental-based investigation, shredded electronic waste materials are utilized as coarse aggregates in concrete 

with a constant volume replacement of 30%. Shape, size, and roughness of shredded electronic waste aggregates are 

relatively matching with that of the natural coarse aggregates. Shredded electronic waste coarse aggregates are much 

lighter than the natural coarse aggregates and have relative density (ratio of density of sample to density of reference) of 

1.03 which results in the production of lightweight concrete. As, concrete is strong in compression but weak in tension, 

that is why polypropylene macro synthetic fibers are used to overcome the brittle nature of concrete. 

2 Experimental Program 

2.1  Materials 
In this experimental-based research work, Ordinary Portland Cement (OPC) of grade 43 is used. Sand of Lawrance pur 

(local area) is used in this work. Crushed stones of Margalla hills are used as natural coarse aggregates (NCA) in 

concrete production. After purchasing the electronic waste from a local market from Rawalpindi, manufacturing of 

shredded electronic waste coarse aggregates (ECA) is performed in a nearby local factory. Gradation [8] of both NCA 

and ECA is kept almost the same. Their characteristics [9] are given in Table 1. Properties of MSF are given in Table 2. 

Table 1   Properties of aggregates 

Property Sand NCA ECA 

Bulk density (kg/m³) 1612 1578 524 

Water absorption (%) 0.9 0.7 1.2 

Specific gravity 2.66 2.69 1.04 

Max. aggregate size 

(mm) 
4.75 19 19 

Min. aggregate size 

(mm) 
- 4.75 4.75 

Table 2   Properties of macro synthetic fiber (MSF) 

Property Result 

Shape of fiber Crimped 

Fiber length (mm) 50 

Fiber diameter (mm) 0.8 

Modulus of elasticity (MPa) > 5000 

Tensile strength (MPa) > 450 

Specific gravity 0.91 

Melting point (oC) 160 
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Clean potable water is used for concrete production. In order to keep the slump value 80 mm – 100 mm, a high range 

water reducing admixture (sika viscocrete – 20 he) is used [10]. Gradation curves of fine aggregates and both types of 

coarse aggregates are shown in Figure 1. Overview of shredded E-waste coarse aggregates and MSF is given in figure 2. 

 

 

Figure 1: Gradation curves of aggregates 

    

 a)  b)                    c)                                     d)  

Figure 2: a)  30% E- waste  aggregate        b) Macro synthetic fiber (MSF)      c) Compressive tested       d) Split tensile tested cylinder 

2.2 Composition of concrete mixes 
In this experimental-based research work, total of 14 mixes are prepared by using 0% and 30% of E-waste coarse 

aggregates as shown in Table 3. First mix that contains no E-waste and no fiber is taken as control or reference specimen 

in the whole research work. Amount of macro synthetic fiber is used at 0.25%, 0.5%, 0.75%, 1.0%, 1.25%, and 1.5% by 
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