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A b s t r a c t  

Many researchers have investigated alternative sources to overcome the problem of 
conventional building material polluting the environment by the development of green 
self-compacting concrete in the construction industry. The best alternative solution is to 
utilise non-conventional construction materials like agricultural wastes. Meanwhile, self-
compacting concrete (SCC) is considered as high strength as well as high-performance 
concrete. The demerits, which include tensile and flexural strength, can be improved by 
incorporating coir fibres. The utilisation of coir fibres also modifies self-compacting 
concrete performance after cracking and improves the toughness. This study defines an 
experimental investigation of the mechanical properties of self-compacting concrete 
containing coir fibres (CF) with different percentages being 0%, 0.2%, 0.5%, 1%, and 
1.5% at 7- and 28-days water curing. The mechanical properties include the slump flow 
and compressive and tensile strength were examined. The outcomes demonstrated that a 
required slump flow for self-compacting concrete was achieved using coir fibres up to 1%, 
beyond which it reduced the slump significantly. The length of fibre and proportion of 
fibres directly affected the workability. The compressive strength was 10% to 15% 
enhanced with the incorporation of coir fibres up to 0.5%; after that, the strength was 
slightly reduced, and tensile strength was 30% to 50% improved compared to conventional 
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self-compacting concrete up to 1% of coir fibres incorporation in the SCC mix, after which 
it rapidly reduced.  

Keywords: self-compacting concrete, coir fibre, slump flow, compressive strength, split 
tensile strength 

1. INTRODUCTION 

Many scholars wish to introduce new and innovative systems that will fulfil future 
demands for construction. The conventional systems adopted in the construction 
industry, including reinforced concrete, load-bearing structures, brickwork, 
timber work, and many others, do not satisfy the current demand. This moves 
development towards new innovative construction system, including IBS, which 
includes various methods and benefits that will be highly preferable in the future 
[1-4]. SCC tends to flow under its own weight, even in  dense reinforcement or 
irregular shapes; SCC possesses both high strength and high performance [5], and 
is, therefore, one of the most beneficial products in the construction industry. At 
present, it is widely utilised. SCC has greater compressive strength than flexural 
and tensile strength because it is brittle [6] so, in order too enhance the tensile and 
flexural strength of SCC, reinforcement is required. Steel fibres are most 
commonly used in concrete. The manufacturing process of steel emits 7% of the 
total carbon dioxide (CO2) in the atmosphere [9] and the use of steel fibres 
contributes to increasing project costs and decreasing concrete durability when 
exposed to an aggressive environment [10]. Simultaneously, the generation of 
agricultural waste also increases with respect to time, creating environmental and 
disposal problems [11-12]. To overcome these issues, agricultural waste such as 
coir fibre can be utilised in SCC to enhance its tensile and flexural strength. 
Furthermore, this has the potential to decrease the emission of CO2, 
environmental pollution, disposal of waste, and increase resistance to stresses at a 
high level, making the concrete more ductile. In this study, the compressive and 
the tensile strength as well as the slump flow were investigated to analyse the 
behaviour of SCC when coir fibres are introduced. 

2. LITERATURE REVIEW 

In Malaysia, approximately 150,000 hectares of agricultural land are used for 
coconut plantations [13]. Coir fibre and shell are the by-products of the 
manufacture of coconut oil. Coir fibre is utilised as a reinforcement material in 
concrete to reduce environmental pollution and make the manufacture of concrete 
more economical [14]. Many researchers have conducted experimental work on 
coir fibre used as a reinforcement material in concrete. Jhatial [16] analysed the 
fresh and hardened properties of steel fibre concrete. The steel fibre was added in 
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different proportions; 1%, 2%, 3%, 4%, and 5%. The results demonstrated that the 
steel fibres in concrete decreased its workability. Simultaneously, the compressive 
and flexural strength were increased up to 3% and 5%, respectively, at the 3% 
optimum addition of steel fibre. Athiyamaan & Ganesh [17] also analysed the 
flexural performance of SCC by utilising steel fibre as a filler. 
In contrast, fly ash and nano-silica were partially replaced with cement. Hence, 
Fly ash (30%) and micro silica fume (10%) are mineral admixtures replaced with 
cement. The results demonstrated that an SCC beam's flexural performance was 
enhanced up to 63% in terms of ultimate load. Ghorbani [18] examined the impact 
of magnetised water on the mechanical characteristics of SCC by adding steel 
fibres in different proportions being 0%, 0.35%, 1%, and 1.65%. The results 
showed that the new state properties of SCC decrease as the amount of steel fibre 
increases in the concrete. 
In contrast, strength properties show that SCC mixtures are relatively improved 
by magnetising the mixing water. Yan [15] investigated the mechanical properties 
of concrete by utilising various percentages such as 0.5%, 1.0%, 1.5%, 2.0%, and 
2.5% of basalt, polypropylene, and glass fibre. The results show that the basalt, 
polypropylene, and glass fibre significantly affect the modulus of elasticity and 
compressive and flexural strength; as the content of fibre increases in the concrete 
mix, the modulus of elasticity and compressive and flexural strength also 
increases. Tahir [19] examined the material, mechanical, and structural properties 
of SCC reinforced with 0.5% and 1% coir fibre. The results indicated that having 
0.5% coir fibre in SCC enhanced the compressive, tensile, and flexural strength.  
Based on previous studies, the mechanical properties of coir fibre were added to 
SCC. Hence, the adoption of coir fibre in SCC will reduce solid waste and solve 
corrosion problems which occur due to the utilisation of steel in SCC.  

3. METHODS AND MATERIALS 

After the literature review and gaining a better understanding of fibre-reinforced 
self-compacting concrete, the following work methodology was formulated. First, 
the physical properties, namely specific gravity and water absorption of the 
materials, being aggregate, cement, and coir fibre, were measured according to 
ASTM C136 and ASTM C642, respectively. Flow characteristics of SCC-CF 
were studied through the slump flow test by utilising BS EN 12350-8. Test 
specimens were cast to study the hardened properties of SCC-CF, namely 
compressive and split tensile strength, respectively, for seven days and 28 days. 
The BS 12390-3:2009 and BS 12390-6:2009 standards were followed to 
investigate the compressive and tensile strength of self-compacting concrete 
containing the coir fibres. 
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3.1. Fine and Coarse aggregate  
Fine and coarse aggregates conforming to BS EN 12620 [22] were used for this 
study. The coarse aggregates were passed through a 20 mm sieve, and the fine 
aggregates were passed through a 5 mm sieve. The physical properties of the fine 
and coarse aggregates are presented in Table 1 and Figure 1, indicating that the 
coarse and fine aggregates were 2.62 and 2.59 heavier than water, respectively, 
making the SCC dense and enhancing its strength. 

Table 1. The results of experimental research and computer calculations 

Properties Fine Aggregate Coarse Aggregate 
Specific gravity 2.59 2.62 
Water Absorption (%) 1.10 1.58 

 
Fig. 1. Water absorption of aggregates and coir fibre 

3.2. Cement 
Ordinary Portland cement (OPC), called TASEK, was utilised in this research, 
conforming to MS EN 197-1:2014 [23]. The specific gravity of the OPC obtained 
from experimental work was 3.08. 

3.3. Coir fibre 
Coir fibres are natural fibres that are extracted from the coconut shell. Generally, 
coir fibre length ranges from 90mm to 250mm. Coir fibre has excellent resistance 
to impact load because it is both rigid and stiff compared to other natural fibres. 
There are many other advantages of coconut fibre such as resistant to fungi and 
rot. It also provides good insulation against temperature and sound, is tough and 
durable, not easily combustible, and easy to clean. These characteristics were 
beneficial for later use in the self-compacting concrete. Coconut fibre represents 
a large proportion of the agricultural waste produced in the tropics. In this study, 
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the length of the coir fibres used ranged between 30mm to 50mm. Vegetation and 
dust were removed from the fibres, as shown in Figure 2. The physical properties 
such as water absorption, specific gravity, and coir fibre density were obtained 
and are presented in Table 2. 

Table 2. Physical properties of Coir fibres 

Properties Results 
Specific gravity 1.14 

Water Absorption (%) 67 
Density (g/cc) 1.18 
Length (mm) 50 

 
Fig. 2. Preparation of coir fibres 

3.4. Water 
Ordinary portable water which fulfils BS EN 1008:2002 [24] was used for the 
entire experimental investigation and the curing of specimens. 

3.5. Admixtures 
According to ASTM C494 Type E (Water-reducing and accelerating admixtures), 
the super plasticiser ESTOP was used. ESTOP is a non-toxic brown liquid based 
on sulphurated naphthalene formaldehyde condensates. ESTOP is a high-range 
water-reducing admixture for concrete and grouts, confirming to BS 5075: part 3 
[25], see Figure 3. It was used to produce both high strength concrete and flowing 
concrete without addition of extra water. 
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Fig. 3. ESTOP super plasticizer admixtures 

4. PREPARATION AND TESTING OF SPECIMENS 

M30 grade SCC was designed using EFNARC 2005 SCC guidelines for 
specifications [27]. A pilot study was conducted to achieve a ratio where an 
appropriate slump flow and 30 MPa compressive factor were achieved. The ratio 
obtained was 1:2:1.5 (cement: sand: coarse aggregate), and the water-cement ratio 
was 0.45. The calculation of materials for 1 m3 is presented in Table 3. 

Table 3. Quantity of cement, sand, coarse aggregate, water, and admixture for M30 
grade concrete 

Mix 
proportion 

Composite 
cement 
(Kg/m3) 

Sand 
(Kg/m3) 

Coarse 
aggregate 
(Kg/m3) 

Water 
(Kg/m3) 

Admixture 
(Kg/m3) 

SCC for 
M30 Grade 

concrete 

440 880 660 198 4.4 

 
In this study, the coir fibres were used in different proportions, being 0%, 0.25%, 
0.5%, 1%, and 1.5% by weight of cement. Properties such as slump flow were 
then measured. The hardened properties being compressive, tensile, and flexural 
strength of the resulting self-compacting concrete consisting of coir fibres were 
then investigated. The three samples of cubes and cylinders, having dimensions 
of 150x150x150 mm cube and 100 mm Ø X 300 mm cylinder, are shown in 
Figures 4, 5, and 6 for compressive and tensile strength of SCC, respectively, at 7 
and 28 days for water curing for each proportion. 
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Fig. 4. Dimensions of the cubes and cylinders 

 

Fig. 5. Testing of an SCC specimen under compressive Strength 

 
Fig. 6. Testing of an SCC specimen under tensile Strength 
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5. RESULTS AND DISCUSSION 

In this study, the fresh-state property, slump flow (filling ability), was examined. 
The hardened properties of compressive and tensile strength of the SCC were 
analysed for samples containing coir fibres at different curing regimes. 

5.1. Slump Flow of SCC-CF 
The slump flow (filling ability) outcomes for SCC containing coir fibres are 
presented in Figures 7 and 8. The results demonstrated that the slump flow (filling 
ability) rapidly decreases with increasing coir fibre percentage because the coir 
fibre increases the internal resistance to flow of the SCC. The slump flow was 
achieved as demonstrated in the EFNARC specification at 1% of coir fibre 
addition; beyond that, slump flow decreases almost 50% at 1.5% coir fibre 
addition in SCC. The decrease in slump flow is due to the fibre's resistance and so 
the adhesion between the mix particles becomes poor. A similar trend in slump 
flow of SCC containing CF was obtained by Chen [24] who also examined the 
fresh state properties of SCC containing coir fibres. The results demonstrate that 
the slump flow significantly decreased with the incorporation of CF in SCC. 

 
Fig. 7. Testing the Slump flow of SCC containing CF 
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Fig. 8. Slump flow of SCC containing CF 

5.2. Compressive strength of SCC-CF 
The SCC-control and SCC-CF samples were analysed for compressive strength 
after 7 and 28 days of water curing, as presented in Figure 7. The outcomes are 
presented in Figure 9 and demonstrate that the compressive strength significantly 
increases because the coir fibre enhances the internal capacity to resist the 
compression stresses. The addition of coir fibre up to 0.5% increases compressive 
strength, then strength rapidly decreases for further addition of coir fibres. The 
rapid decrease in strength is because the water absorption of CF is high So, the 
cement chemical reaction did not occur properly, and the internal bonding 
between the particles became poor. The optimum percentage is 0.5% CF addition 
in SCC, where maximum compressive strength is obtained; 10% to 15 % strength 
increases compared to the control sample of SCC. According to Mohamad [25] 
and Lakhiar [7], the compressive strength of concrete increases with the 
incorporation of coir fibres because the CF fills the voids which were present in 
the concrete mix, making the concrete more ductile and improving the internal 
bonding between the particles, thereby reducing the brittleness in the SCC which 
contributes to the greater strength. 
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Fig. 9. The Compressive Strength of SCC containing CF 

5.3. Tensile Strength of SCC-CF 
The SCC and SCC-CF were analysed for tensile strength performance after 7 and 
28 days of water curing, in a Universal testing machine, as shown in Figure 10. 
The results show that the tensile strength increases rapidly when coir fibre is 
incorporated up to 0.5% because the fibres have a tendency to enhance the tensile 
strength capacity up to certain amount. Then, the strength reduced for further 
incorporation of coir fibres in SCC, mainly because the water absorption of CF is 
high. The cement chemical reaction did not occur properly, and the internal 
bonding between the particles became poor. The optimum percentage is 0.5% CF 
addition in SCC, where maximum tensile strength is obtained; 20% to 35 % 
strength increases compared to the control sample of SCC. Valasek [26] and 
Manjula [27] also investigated SCC containing CF and found that the tensile 
strength was significantly increased when CF was added up to 0.5% by weight of 
cement. The tensile strength then decreased with further addition of CF. Similar 
behaviour for tensile strength when CF was added to the SCC was seen in this 
study. 
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Fig. 10. Tensile Strength of SCC containing CF 

6. STATISTICAL ANALYSIS  

To analyse the outcomes in the compressive and tensile strength, statistical 
analysis was done using ANOVA software. Although the difference in 
compressive strength between the control and SCC with coir fibres is notable, 
statistically this cannot be considered significant. Thus, statistical analysis was 
performed to find the P-value for the compressive and splitting tensile strength 
differentiation; whether or not the difference indicates anything consequential. 
Table 4 presents the P-value of compressive strength for SCC as 0.153, which is 
greater than 0.05; therefore, it can be concluded that this is not statistically 
significant. As for splitting tensile strength, as shown in Table 5, the 
differentiation in strength ranged from 3.15 to 5.6 MPa in the statistical analysis; 
this indicates that the P-values for SCC mixtures were less than 0.05; thus, the 
differentiation can be categorised as statistically significant. 

Table. 4. Statistical analysis of compressive strength 

Specimen 
Average 

Compressive 
strength (MPa) 

Variance Standard 
deviation 

p-value 

Control 32.13 2.1 0.9 0.153 
SCC 0.2% CF 34.71 1.94 1.1 
SCC 0.5% CF 36.06 1.84 1.4 
SCC 1% CF 31.88 1.52 0.8 

SCC 1.5% CF 25.92 1.32 1.5 
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Table. 5. Statistical analysis of splitting tensile strength 

Specimen 
Average 

Compressive 
strength (MPa) 

Variance Standard 
deviation 

p-value 

Control 3.15 0.0029 0.13 0.0174 
SCC 0.2% CF 4.57 0.0024 0.32 
SCC 0.5% CF 5.6 0.0022 0.17 
SCC 1% CF 4.64 0.002 0.12 

SCC 1.5% CF 2.76 0.0019 0.16 

7. CONCLUSION 

After the extensive literature review, and after identifying the need for detailed 
studies on self-compacting concrete and its composite with the addition of coir 
fibres, the following general conclusions can be drawn. Several areas for further 
work are also identified and presented. The general conclusions drawn based on 
the experimental investigations carried out in this study are as follows: 

i. The slump flow decreases with fibre content increase because the coir fibres 
increase the concrete's resistance. 

ii. The full coir fibre content used in the present investigation in SCC is 1%, 
where the slump flow is 16.67% less than the reference slump flow value. 

iii. At a coir fibre content of 1.5%, the mix proportion of SCC for the M30 
grade of concrete has to be revised, especially concerning the more 
adequate portions. The mix will be consistent, without separation of coir 
fibres from the cement matrix.  

iv. The maximum compressive strength of SCC containing coir fibre is at 0.5% 
fibre content. It has 43% higher compressive strength than the reference 
mix of SCC.  

v. There is no strength loss across the age of curing from 7 days to 28 days for 
the SCC containing CF. Instead, the compressive strength improved in the 
range of 29% to 48% up to 0.5% addition of coir fibre, after which strength 
loss occurred of between 5% to 15% compared to the control SCC. 

vi. The maximum split tensile strength of CFRSCC is at 0.5% fibre content, 
and is 32.17% higher than the split tensile strength of the reference mix of 
SCC. 

vii. A similar pattern to compressive strength was seen in tensile behaviour; the 
strength decreased when the coir fibre was incorporated beyond 0.5% by 
weight of cement. However, although at 1% coir fibre content, SCC 
possesses almost 32 % higher tensile strength, it is 17% less than SCC 
containing 0.5% coir fibre. Beyond 1% coir fibre in SCC, tensile strength 
decreased by 12% compared to the control sample.  
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It can be summarised that the utilisation of coir fibres in the development of green 
SCC helps resolve the problem of coconut waste disposal and environmental 
pollution and contributes to an improvement in compressive and tensile strength.  
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