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ABSTRACT: The overall goal of this research is to investigate low-cost but safe 
buildings in earthquake prone regions. The dynamic behaviour of coir fibre reinforced 
concrete (CFRC) structural member is practically unknown. In this work, the effect of 
fibre content on properties of CFRC is studied. To evaluate the efficiency of coir fibres in 
improving the properties of the concrete the performance of plain concrete (PC) is used a 
reference. Compressive strength, modulus of elasticity, splitting tensile strength and 
modulus of rupture were determined for all CFRC and PC specimens. Dynamic properties 
of the CFRC beams were investigated experimentally using impact loading with a 
calibrated hammer for the different stages of damage in beams. The damage was 
produced using four points loading in an universal testing machine. It is observed that the 
damping is increased up to 229 % and natural frequency is decreased up to 63 %, when 
CFRC beam with 3 % fibre content goes from uncracked to cracked stage.  

1 INTRODUCTION 

Earthquakes of considerable magnitudes are occurring frequently in the recent years, and causing mass 
destruction of buildings because of non-engineered old type of construction. This ultimately results in 
loss of life and property. To significantly improve life quality, new techniques for economical and safe 
housing are required. Natural fibre reinforced concrete structures can be one solution, which require 
suitable quantities of fibres in concrete. Certain quantity of fibres can be beneficial for enhancing the 
properties of plain concrete. But it is not necessary that all properties will be improved, the addition of 
fibres may increase certain properties and at the same time may decrease other ones. Therefore the 
fibres in appropriate quantity should be selected. To investigate the effects of fibre quantity on 
properties of fibre reinforced concrete, an experimental program is planned. Coir fibres with content of 
1, 2 and 3 % were used for coir fibre reinforced concrete (CFRC), and the static and dynamic 
properties of CFRC were determined. Coir fibres are selected because of its highest ductility. 
Munawar et al. (2007) and Satyanarayana et al. (1990) presented stress-strain curves for different 
natural fibres confirming higher ductility of coir fibres. They reported strain of 24 % and 39 %, 
respectively, for coir fibres, whereas other natural fibres have strains in the range of 3 – 6 %. 

Aziz et al. (1981) and Das Gupta et al. (1978) studied the mechanical properties of cement paste com-
posites for different lengths and volume fractions of coconut fibres. Das Gupta et al. concluded that 
the tensile strength and modulus of rupture of cement paste reinforced with different volume fractions 
ranging from 2 % to 6 % of 38 mm long coconut fibres was increased up to 4 % and then decreased. 
With 4 % volume fraction, they also studied the tensile strength of cement paste reinforced with dif-
ferent lengths of coconut fibres. The reported tensile strengths were 2.3, 2.8 and 2.7 MPa with lengths 
of 25, 38 and 50 mm, respectively. Thus coconut fibres with a length of 38 mm and a volume fraction 
of 4% gave maximum strength of cement paste composite. 

Baruah and Talukdar (2007) investigated the static properties of plain concrete (PC) and CFRC with 
different volume fractions ranging from 0.5% to 2% and fibre length of 4 cm. The investigated 
properties were compressive strength (σ), splitting tensile strength (STS), modulus of rupture (MOR) 
and shear strength (τ). An increase in all strengths was observed with an increase in fibres volume 
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fraction. These strengths σ, STS, MOR and τ were increased up to 13.7, 22.9, 28.0 and 32.7 %, 
respectively, for CFRC with 2% fibres by volume fraction and up to only 1.3, 4.9, 4.0 and 4.7 %, 
respectively, for CFRC with 0.5% fibres by volume fraction as compared to those of PC. They 
concluded that natural fibres may be good alternatives to relatively more expensive steel, polyester or 
glass fibres. 

With regard to durability of coir fibres in cement composites, John et al. (2005) studied the coir fibre 
reinforced low alkaline cement taken from the internal and external walls of a 12 year old house. The 
panel of the house were produced using 1:1.5:0.504 (binder: sand: water, by mass of binder) mortar 
reinforced with 2% of coir fibres by volume. Fibres removed from the old samples were reported to be 
undamaged. 

Zheng et al. (2008) and Yan et al. (2000) determined the dynamic properties of concrete composites 
having scrap tires and polyolefin fibres, respectively. Zheng et al. found that damping ratios of grinded 
and crushed rubberized concrete (45% by volume of aggregate replaced with rubber) could reach as 
high as 75% and 144%, respectively, as compared to plain concrete. Yan et al. found that an increase 
in damping was always accompanied by a decrease in response frequencies of the considered fibre 
reinforced concrete composites. 

2 BACKGROUND 

This is a continuation of previous work, Ali and Chouw (2009), on coir fibre reinforced concrete 
(CFRC); in which static and dynamic properties of CFRC, without and with coir rope, were studied. A 
fibre length of 7.5 cm and a content of 3% were used for preparing CFRC. Details about casting and 
testing procedures were given. The static properties were determined by standard procedures, normally 
used for plain concrete (PC). The investigated static properties include modulus of elasticity, 
compressive strength, splitting tensile strength and modulus of rupture. These properties mentioned 
later are the average of three values. The damping ratio and natural frequency of CFRC beam were 
determined using calibrated hammer; the brief detail of dynamic test is provided here in later section. 

In this work, the same fibre length with fibre content of 1 % and 2 % is used for preparing CFRC. The 
previously obtained data of CFRC with 3 % content (from Ali and Chouw 2009) is used to complete 
the study of the effect of fibre content on static and dynamic properties of CFRC. The properties of 
plain concrete are taken as reference.  

2.1 Water-cement ratio and slump 

Figure 1 shows the effect of fibre content on water-cement (W/C) ratio and slump of CFRC. The 
reference value for plain concrete is indicated by straight line. As expected, water-cement ratio 
increases and slump decreases with an increase in fibre content. 
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Figure 1: Effect of fibre content on (a) water-cement (W/C) ratio and (b) slump of CFRC 
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3 STATIC PROPERTIES 

3.1 Modulus of elasticity (MOE) 

The MOE decreases with increasing fibre content in CFRC, as shown in Figure 2a. This relative 
decrease in MOE for CFRC with increasing content is negligible. It can be noted that all values of 
MOE for tested CFRC with three fibre contents are less than that of the PC. The MOE of CFRC with 
fibre content of 1, 2 and 3 % are reduced up to 7, 10 and 11 %, respectively as compared to that of PC. 

Figure 3 shows the tested cylinder specimens (100mm diameter x 200mm high) for modulus of 
elasticity and compressive strength. It can be observed from the figure that the spalling of PC occurs, 
whereas cracks were produced in case of CFRC. 
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Figure 2: Effect of fibre content on (a) Modulus of elasticity MOE and (b) Compressive strength σ 
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Figure 3 : Tested specimens for modulus of elasticity and compressive strength 

3.2 Compressive strength (σ) 

The compressive strength has also a decreasing trend with increasing fibre content in CFRC, as shown 
in Figure 2b. But CFRC with 1 % fibre content has higher compressive strength as compared to that of 
PC. In comparison to compressive strength of PC, σ is increased up to 9 % for CFRC with 1 % fibre 
content and is reduced up to 6 and 10 % for CFRC with fibre content of 2 and 3 %, respectively. 
Higher fibre content in CFRC might have caused voids resulting in decreased compressive strength. 
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3.3 Splitting tensile strength (STS) 

The tested cylinder specimens (100mm diameter x 200mm high) for STS are shown in Figure 4. PC 
cylinders were split into two halves and CFRC cylinders were remained in contact through fibres. 
With increasing fibre content, the opening of two halves is restricted (Figure 4b to 4d). 

The STS of CFRC with all fibre contents are more than that of PC. However, it has decreasing 
tendency with increasing fibre content in CFRC, as shown in Figure 5a. The STS of CFRC with fibre 
content of 1, 2 and 3 % are reduced up to 12, 5 and 3 %, respectively as compared to that of PC. 
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Figure 4: Tested specimens for splitting tensile strength 
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Figure 5: Effect of fibre content on (a) Splitting tensile strength STS and (b) Modulus of rupture MOR 

 

3.4 Modulus of rupture (MOR) 

The modulus of rupture has an increasing trend with an increase in fibre content of CFRC, as shown in 
Figure 5b. But, MOR of CFRC with 1 and 2 % content is less than that of PC. In comparison to MOR 
of PC, MOR is decreased for CFRC with fibre content of 1 and 2 %. However, it is increased up to 4 
% for CFRC with 3 % fibre content. 

Figure 6 shows the tested beam specimens (100mm side x 100mm wide x 500mm long) for MOR. PC 
beams were broken into two pieces, while CFRC beams were held together because of fibres.  
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3.5 Density 

As expected, density of CFRC 
decreases with an increase in 
fibre content of CFRC, as 
shown in Figure 7. All values 
are less than the density of plain 
concrete. The density of CFRC 
with fibre content of 1, 2 and 3 
% are reduced up to 2, 3 and 4 
%, respectively as compared to 
that of PC. 
 

3.6 Comments 

It is difficult to select a particular percentage for CFRC based on their observed static properties, 
because all properties were not improved. CFRC with 3 % fibre content have better tensile (STS and 
MOR) and lesser compressive strengths than that of PC. The pullout of fibres for higher content is also 
observed in CFRC. It may be possible to increase MOR with using chemical coatings on fibres by 
avoiding fibre pullout.  

This experimental investigation shows a different behaviour as compared to the study of Baruah and 
Talukdar (2007). Other similar work is unknown to the authors. According to their results, almost all 
strengths of CFRC with considered volume fractions of fibres were increased as compared to those of 
PC having increasing trend with increased fibre volume fraction. Only compressive strength of CFRC 
with 2 % fibres is decreased as compared to that of CFRC with 1.5 % volume fraction of fibres. In our 
case, static properties have either increasing or decreasing trend with increasing fibre content with 
higher or lower strengths as compared to those of PC (Figure 2). The probable cause of the dissimilar 
behaviour in the two studies may be because of the different fibre origin, fibre length, mix design, 
aggregate size, cement properties, mixing technology and/or specimen sizes. 

(a) PC (b) CFRC (1 %) 

(c) CFRC (2 %) (d) CFRC (3 %) 

Figure 6: Tested specimens for modulus of rupture 

 

Figure 7: Effect of fibre content on density of CFRC 
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4 DYNAMIC PROPERTIES 

Dynamic properties of the CFRC beams (100mm wide x 100mm deep x 915mm long) are investigated 
for the four stages; (i) uncracked beam [S1], (ii) just before cracking [S2], (iii) cracked beam [S3] and 
(iv) after cracks occurred following some cycles of static load [S4a, S4b, S4c and S4d]. It may be 
noted that only the first three stages were possible for CFRC with 1 % fibre content due to the small 
amount of fibres; and three and four cycles of static load (after first crack appeared) were possible for 
CFRC with fibre content of 2 and 3 %, respectively. Dynamic properties of plain concrete beams were 
not measured, because PC beams broke during demoulding. Damage (crack) is introduced using static 
four-point loading in the universal testing machine. Typical static load displacement curves for stages 
S2, S3, S4a, S4b and S4c are shown in Figure 8. Crack development at stages S3, S4a and S4b are 
shown in Figure 9. For each stage, a small impact load was applied at the midspan of the beam with 
the help of a calibrated hammer, and the response was recorded by accelerometers for the 
determination of dynamic properties. Impact load was kept small so that there should not be additional 
damage due to impact. The impact load was applied three times at each considered stage to take the 
average of the dynamic properties for that stage. The logarithmic decrement is used for calculating the 
damping ratio of simply supported CFRC beams. Natural frequency is calculated from the period of 
the recorded acceleration, and it can be used to define the actual beam Young’s modulus at considered 
stages. The recorded acceleration time histories at stages S1, S3 and S4b for CFRC with 2 % fibre 
content are shown in Figure 10. Tested CFRC beams with 1, 2 and 3 % fibre content for dynamic 
properties are shown in Figure 11. 
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Figure 8: Typical load displacement curves at different stages for CFRC beams 
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Figure 9: Crack development  
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(a) Uncracked beam [S1] (b) Cracked beam [S3] (c) After crack - cycle 2 [S4b] 

Figure 10: Typical recorded acceleration time histories of CFRC beam with 2 % fibre content 

 

 

 

Figure 11: Tested CFRC beams for dynamic properties 
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Figure 12: Effect of fibre content on (a) Damping ratio and (b) Natural frequency of CFRC beam 
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4.1 Damping ratio 

Damping of CFRC beams increased for a particular fibre content with the formation of cracks. The 
effect of fibre content on damping is shown in Figure 12a. The fibre content has not much effect on 
damping of CFRC beams before damage, and damping increases considerably after cracking. 

4.2 Natural frequency 

Natural frequency of cracked CFRC beams decreased. Figure 12b shows the effect of fibre content on 
natural frequency. CFRC with 2 % fibre content has relatively higher natural frequency as compared 
to that of CFRC with other fibre contents.  

5 CONCLUSIONS 

This work studies the effect of increasing fibre contents in coir fibre reinforced concrete (CFRC) on 
the static and dynamic properties of CFRC members. Increasing fibre contents have affected the static 
properties of CFRC such that it has either increasing or decreasing trend having strengths greater or 
smaller as compared to that of reference plain concrete. Three specimens of CFRC were tested for 
each percentage of fibres to get robust and consistent results of considered properties. Amongst 
investigated static properties, CFRC with 3 % fibre content is selected based on higher tensile 
strengths. As far as dynamic properties are concerned, damping of CFRC beams increases and natural 
frequency decreases with increasing damage due to static loading for all cases. CFRC beam with 3 % 
fibre content has the highest damping and lowest natural frequency in the uncracked and cracked stage 
as compared to that of CFRC beams with fibre contents of 1 and 2 %.  

The study regarding the effect of fibre lengths and chemical coating on the properties of CFRC is 
intended.  
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