


[bookmark: _Hlk173673863][bookmark: _Toc441428374][bookmark: _Hlk173675137][bookmark: _Hlk173646631]Original Research Article
COMPRESSIVE BEHAVIOUR OF TYRE FIBRE IN LIGHT WEIGHT CONCRETE USING HIGHER GRADE OF CEMENT


ABSTRACT: As the population of Nigerians increases, the number of cars and used tyres also increases. Used and expired tyres are non-biodegradable and poses serious threat to human health and the environment. This paper examined the effect of partial replacement of coarse aggregate by tyre fibre on the fresh and hardened concrete cubes. The shredded tyres aggregate used in concrete grade M15 at 0%, 5% and 10% replacement levels, cured for 7 days and 28 days. The finite element analysis software, ANSYS was used to model the compressive behaviour of the concrete. The experimental investigation showed that workability of the concrete is affected by the replacement of coarse aggregate with tyre fibre. As the percentage of tyre fibre increases from 0% to 10%, the compressive strength declines. The 28 days’ compressive strength values at 5% and 10% tyre fibre replacement are 20.7 N/mm2 and 17.7 N/mm2 respectively. The average equivalent elastic strain value, average equivalent stress, strain energy and the total deformation in the concrete increases as the percentage of tyre fibre increases. In conclusion, less than 10% tyre fibre could be used as partial replacement to coarse aggregates especially in non-structural concrete, such as fill or light weight concrete. 
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1.	INTRODUCTION 
“Recycled tyre polymer (RTP) fibre has recently been gaining ever-increasing attention from the scientific community as a promising substitute to synthetic fibres for cementitious composites to improve sustainability” (Meng Chen et al. 2020). “The inclusion of RTP fibres is favorable in enhancing the splitting tensile properties of concrete under various strain rates (10−1 to 101 s−1), where the dynamic splitting tensile strength and dissipated energy of concrete mixture containing 0.2 vol% RTP fibre are improved by 5.5%–14.2% and 24.9%–36.7% respectively compared to the plain mixture as a result of fibre bridging effect. Fibre pull-out process considerably contributes to the enhancement of energy dissipation capacity” (Meng Chen et al. 2020). “The research community has been paying a lot of attention to solid waste management” (Adewuyi et al., 2015, and Adewuyi et al., 2017). In nature, solid wastes are not biodegradable, hence, creating major problem in environment despite several landfill treatments. Managing these wastes is a significant environmental challenge for the entire world, in fact, the disposal in landfills has been prohibited in many countries due to the swift depletion of suitable sites for garbage disposal. “There are various solid wastes, such as construction and demolition debris, hazardous waste lamps, household, hazardous waste (HHW), industrial/commercial waste, regulated medical waste, used electronic equipment, waste tyres and many more” (Olaniyi et al., 2019, Olaniyi et al., 2023a and Olaniyi et al., 2023b). “The use of RTSF can not only enhance the mechanical properties and sustainability of cementitious materials but also reduce the environmental impact of waste tyres” (Meng Chena et al. 2021). Hasanain K. et al. 2023 concluded that “the higher the number of bends and fiber content, the more pronounced the enhancement provided by the fibers to the compressive strength and ductility responses and also the elastic properties of plain lightweight concrete remained unaffected by the addition of fibers”. panelBaifa Zhang et al. 2022 showed that “the incorporation of fibres effectively reduced the brittleness of LCC without altering its composition, and contribute much to the ductility of LCC ss of LCC without altering its composition, and contributed much to the ductility of LCC with the failure mode transforming from brittle to ductile failure. Compared with smooth steel (SS) and polypropylene (PP) fibre, end-hooked steel (ES) fibre exhibited a better improvement to the mechanical properties of LCC”. 
With the increase in the automobile production, large amounts of waste tyres are causing significant environmental problems. “Nigeria imports large quantity of tyres annually as the production of tyres is almost non-existent; survey shows that there are over 20 million tyres consisting of 120 different brands imported annually”, NADDC (2018), and when these tyres are discarded, they make up a significant amount of solid trash that are dumped in landfills. They are of non-biodegradable and poses serious threat to human health, the environment, and aesthetics. These discarded tyres are often used in skid-resistant ramps, recreational courts and walks, and road junctions. “Thus, steel fibers recovered from waste tires have been preferred as an alternative to industrial steel fibers due to their environmentally friendly and low-cost advantages. In this study, an experimental study was carried out to explore the effect of fiber content on the fresh and hardened state of the concrete” (Zeybek Ö, et al. 2022). Management schemes and processing techniques for used tyres include retreading, combustion, pyrolysis, reuse and shredding TALENTA (2019). Another way of managing these tyre wastes is the applications in Portland cement concrete (PCC). This kind of concrete is frequently utilized in the building of highways. The use of waste tyre rubber in concrete has been found as the best disposal method to protect our environment Jamdar & Ansari (2018). “This will help to solve the significant environmental problem of disposal and shortage or depletion of natural coarse aggregates in construction. Partial replacing the coarse aggregates of concrete with recycled waste tyre aggregates can improve the qualities such as low unit weight, high resistance to abrasion, durability, absorbing the shocks and vibrations, high ductility etc”. (Ashwini & Kariappa, 2020). “Generally, plain cement concrete has deficiencies like low tensile strength and allow strain at fracture, and in addition there exist a hike in cost of cement and aggregates, which are the most essential ingredients for making concrete. This urgently calls for a need to find an alternative material that are cost effective for concrete production. Currently, the rapid expansion of the building industry is driving up demand for concrete ingredients, and new ingredients to include in concrete mixes are constantly being researched and developed. Several researchers have suggested the use of waste ceramic tiles, electronic wastes, palm kernel shells, coconut shells, waste tyre rubber etc. which can be used successfully as aggregates in concrete more” (Olaniyi et al., 2023c and Olaniyi et al., 2023d). The main aim of this experimental work is to protect our environment by using non decaying material waste tyre in concrete, and to study its compressive behavior in light weight. 
2.	MATERIALS AND METHODS
2.1.	Materials 
 Cement: Portland Elephant Supaset cement of grade 42.5N as shown in Figure 1 was used for in this study. The specific gravity and finest modulus are 3.15 and 2.23 respectively (1S 4031 Part 1). 
[image: ]
Fig 1: Portland Elephant Supaset cement

2.1.1.	Aggregate 
Natural river sand of size less than 5mm was used as fine aggregate, while basalt stone with size 16mm and below was used as coarse aggregate. The aggregates were washed to remove dust and dirt and were dried to surface dry condition.
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                                       (a) 						(b)
Fig 2: (a) Coase aggregate
           (b) Fine aggregate

2.1.2.	Waste Tyre Fibre aggregate  
The tyre rubber waste was obtained by shredding to an average size of 16 mm.








                              (a)                                                                                    (b)
Fig. 3 (a - b): Tyre Fibre before and after shredding

2.1.3.	Water
The water used for mixing and curing processes was portable borehole water, free from any bacteria, oils, acids, salts and other impurities, and confirming to BS EN 1008:2002.

2.2.	Methods
2.2.1.	Sample mix design
For this experimental study, three different concrete mixes were produced (Table 1). The concrete mix design was prepared using BS 1881-125 (2013). The concrete was mixed using the concrete mixer in ratio 1:2:4, at water-cement ratio of 0.5. 
Table 1: Concrete Mix design
		Mix Identity
	Mix Proportions

	0% Fibre Concrete
	Concrete with 100% coarse aggregate.

	5% Fibre Concrete
	Concrete with 95% coarse aggregate + 5% tyre rubber.

	10% Fibre Concrete
	Concrete with 90% coarse aggregate + 10% tyre rubber.

	
	

	
	







Fig. 4: Weighing of Basalt stone, cement and water for mixing








Fig. 5: Addition of waste tyre fibre and mixing
2.2.2.	Slump test
The slump test was carried out to assess the workability of the fresh concrete. The apparatus for the test consists of a metal mold, in the shape of the frustum of a cone, open at both ends and provided with a handle, having a top internal diameter of 100mm and bottom internal diameter of 200mm with a height of 300 mm and a tamping rod. Fresh concrete was placed in three layers in the slump cone through the slump funnel with the aid of a scoop. Each layer was given 25 blows using the tamping rod. The blows were evenly distributed around the entire surface of the concrete in the cone. The funnel was removed and the surface of the fresh concrete was troweled with the aid of a straight edge. The slump cone was removed in order to get the slump concrete mix and the slump value was measured.           
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(a)                                                      (b)
Fig. 6: (a) Filling of cone moulds with concrete   (b) Finding the Slump value
2.2.3.	Casting of cubes specimen
Test specimens of cubes of size 150 mm x 150 mm x 150 mm were prepared using the standard moulds. The concrete was poured in these moulds in three layers with each layer being compacted 25 times by a tamping rod (Figure 9). After the mould was filled, the top was levelled using a trowel. After 24 hours of casting, the cubes were removed from the moulds and then submerged in water tank (cured) for 7 and 28 days. 
(a) [image: ][image: ][image: ]                                                       (b)                                             (c)
Fig. 7: (a) casting of concrete in moulds ; (b) Compacting in layers  : (c) Cube after curing

2.2.4.	Compressive Strength Test
Compressive strength test was carried out on cubes of dimensions 150 × 150 × 150 mm using a using the Compressive Testing Machine (Figure 8) after 7 days and 28 days curing. For each test and for each mix two specimens were tested. The compressive strength was computed using equation i.
 = 	                                        ………………Eq i.
Where,  is the compressive stress in N/mm2. P is the maximum load applied in Newton and A is the cross-sectional area in mm2.
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Fig. 8: Compressive test machine test setup.
3.	Experimental modelling
The compressive behaviour of the concrete cubes was modelled using ANSYS Software. 
4.	RESULTS AND DISCUSSION
4.1.	Workability of the concrete 
 The workability of the M15 grade of concrete was measured by widely used slump test with at 0.40 water cement ratio at 0%, 5% and 10% waste tyre fibre addition. The slump values obtained are shown in Figure 9. As seen, the workability of the concrete is affected by the replacement of coarse aggregate with tyre fibre. As the percentage of waste tyre fibre in the overall volume of aggregate increases, the fibre concrete exhibits an increase in slump value. 0.5 kg of water had to be added to the concrete during mixing because it was too stiff to mix, the 10% fibre mix result demonstrated an improvement in workability. However, it can be said that adding tyre fibre has a negative impact on workability.



Fig. 9: Slump value for different percentage (%) of tyre fibre
4.1.2.	Compressive Strength Test Results
The result of the compressive strength of tyre fibre concrete after 7-days and 28-days curing are recorded in Tables 2 and 3. This result indicates that as the percentage of waste tyre rubber increases from 0% to 10% the compressive strength declines. This was also observed by Biji & Rajeevan (2018), Ashwini & Kariappa (2020), Durga & krishna (2022), and could be due to the unequal distribution of fibres, and possibly due to the improper adhesion of cement pastes and tyre fibre particles. Also, since tyre fibre has less stiffness than basalt, it reduces both the bulk stiffness and the capacity to support weights of concrete.  The Graph of Compressive strenght at different %  of tyre fibre is shown in figure 10.
Table 2: Compressive Cube Strength at 7 days

		Mix Identity
	Mean Weight (g)
	Mean Load at Failure (KN)
	Compressive Strength(N/mm2)

	0% Fibre
	9088
	456.80
	20.30

	5% Fibre
	8287
	368.75
	16.40

	10% Fibre
	8040
	310.95
	13.80






Table 3: Compressive Cube Strength at 28 days
		Mix Identity
	Mean Weight (g)
	Mean Load at Failure (KN)
	Compressive Strength(N/mm2)

	0% Fibre
	9205
	579.70
	25.80

	5% Fibre
	8457
	466.35
	20.70

	10% Fibre
	7739
	397.45
	17.70








Fig. 10: Graph of Compressive strenght at different %  of tyre fibre

4.1.3.	Experimental modelling results 
The compressive behaviour of the concrete cubes was observed from the experimental modeling results from ANSYS as shown in figure 11. It was noticed that the average equivalent elastic strain values which are the limit for the values of strain up to which the concrete will rebound and come back to the original shape upon the removal of the load, increase as the percentage of tyre fibre increases in concrete. This is also true for the average equivalent stress, strain energy and the total deformation values of the tyre fibre concrete as presented in Table 4. The result also shows that there is no increase in these compressive behavior properties after 7 days. 
Table 4: Average Equivalent elastic strain(m/m)
		Percentage
	7days
	28days

	Control (0%)
	1357.6
	1357.6

	5%
	1368.8
	1357.6

	10%
	1374.6
	1374.6

	Average Equivalent stress (J)

	Control (0%)
	2.1448e+007
	2.1448e+007

	5%
	2.1631e+007
	2.1631e+007

	10%
	2.1726e+007
	2.1726e+007

	Strain energy (Pa)

	Control (0%)
	5.1719e+007
	5.1719e+007

	5%
	5.2166e+007
	5.2166e+007

	10%
	5.2336e+007
	5.2336e+007

	Total deformation (m)

	Control (0%)
	104.12
	104.12

	5%
	104.78
	104.78

	10%
	105.01
	105.01
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a. Equivalent elastic strain 			                                  b. Equivalent stress
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c. Strain energy							d. Total deformation
Fig. 11 (a-d): Experimental modeling of concrete cubes using ANSYS Software.
5.	 CONCLUSIONS
The following conclusions are formed from this experimental work;
Workability of the concrete is affected by the replacement of coarse aggregate with tyre fibre. 
As the percentage of waste tyre rubber increases from 0% to 10% the compressive strength declines, possibly due to the improper bonding between the matrix of cement paste and the tyre fibre aggregates.
The 28 days’ compressive strength values at 5% and 10% tyre fibre replacement are greater than 15N/mm2. The overall results show that it is possible to use recycled tyre fibre aggregates in concrete construction as partial replacement to mineral coarse aggregates. 
The average equivalent elastic strain value, average equivalent stress, strain energy and the total deformation in the concrete increase as the percentage of tyre fibre increases in concrete. No increase in these compressive behavior properties after 7days was observed.
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SLUMP value (mm)	
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0% Fibre	5% Fibre	10% Fibre	20.3	16.399999999999999	13.8	
0% Fibre	5% Fibre	10% Fibre	25.8	20.7	17.7	% Tyre FIBRE
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