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Abstract: 

Considerable efforts are being taken worldwide to utilize the locally available and renewable natural resources to develop high 

performance cement composites leading towards a more sustainable construction practice. Natural rubber latex (NRL) and coir fibre 

are among such abundant and renewable resources which can be effectively incorporated in the production of energy efficient cement 

composites. The existing literature reveals that the natural rubber latex modifies the plain concrete to an impermeable and denser 

matrix having enhanced mechanical properties and durability characteristics by providing efficient water tightness to concrete. 

However there is a scope of improving the mechanical properties further by the incorporation of fibre and pozzolanic admixtures. 

This paper aims to study the influence of coir fibre and metakaolin on the mechanical properties of natural rubber latex modified 

concrete. The study involves testing workability, compressive strength, split tensile strength and flexural strength of modified 

concrete samples. The optimum percentage of coir fibre and metakaolin replacement for NRL modified concrete, modified with 1 % 

inclusion of NRL by weight of cement has been ascertained when metakaolin replacement for cement varied  as 5, 10 and 15%  and 

coir  fibre content varied as 0.75, 1.0, 1.5, 2.0, 2.5%  by the volume of concrete. 
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I. INTRODUCTION 
 

The use of polymer latex in concrete is an age old practice from 

long periods. Utilization of renewable as well as locally 

available natural rubber latex (NRL) for the modification of 

conventional concrete is an environmentally responsible step 

towards sustainability. Similar to the synthetic polymers, the 

natural rubber latex at optimum dosage in concrete provides 

relatively better compressive, tensile and flexural strength. The 

NRL modification in concrete provides better binding properties 

and enhanced adhesion of aggregates. The long polymer chain 

structure of natural rubber latex enables it in providing a long 

range network of bonding. The NRL modification significantly 

improves the plain concrete from porous to an impermeable and 

denser microstructure by forming a lining of latex film across 

voids, pores and micro cracks. It considerably enhances the 

durability and water exclusion property of concrete. However 

the increase in strength due to NRL modification is seen to be 

moderate and hence there is a scope of improving the properties 

of natural rubber latex modified concrete by incorporating 

pozzolanos and fibres. Metakaoline is such a pozzolanic 

admixture which can be employed for the partial replacement of 

cement in normal concrete for enhanced strength characteristics. 

Similarly coir fibre is one of the abundantly available natural 

fibre which has been proved to increase the ductility, flexural 

strength, tensile strengths, energy absorption and crack 

inhibiting properties of plain concrete. However the influence of 

metakaolin and coir fibre in natural rubber latex modified 

concrete needs to be investigated. This study aims to evaluate 

the effect of metakaolin and coir fibre modification on the 

strength parameters of natural rubber latex concrete and to find 

out the optimum metakaolin replacement and the optimum 

percentage of coir fibre reinforcement for achieving high 

strength parameters. 

 
II. EXPERIMENTAL DETAILS 

 

Materials and Mix-proportions 

The materials used in this investigation were locally available. 

Ordinary Portland cement of 53 grade was used in the study. 

Crushed granite stones of maximum nominal size 20 mm and m-

sand were employed as coarse and fine aggregates respectively. 

The gradation of m-sand was confirming to zone II of IS 383-

1970. Specific gravity of fine and coarse aggregate were 2.75 & 

2.78 respectively. The natural rubber latex was collected from 

Associated Latex Ltd. Calicut, India. The specific gravity, pH 

and DRC of latex were 0.94, 10.44 and 60% respectively. The 

particle size was 0.2µm. The mineral admixture metakaolin was 

obtained from EICL industries, Trivandrum. The specific gravity 

of metakaolin was 2.6. The Natural brown coir fibre of length 

about 25 mm was used in the study. The specific gravity and 

water absorption of coir fibre were 0.82 and 70% respectively. 

Chemical admixture of Conplast 430(G) was used to get the 

homogeneity of the mix.The mix proportioning for M40 grade 

concrete was done as per guidelines of IS 10262:2009. Cement 

content and w/b ratio were 382.5 kg/m
3
 and 0.40 respectively. 

The ratio of natural rubber latex to cement by weight was kept 

as 1% since it was seen as the optimum dosage in past studies. 

 

Specimen Preparation 

NRL modified concrete with 1% latex to cement ratio was 

prepared as control specimen. Metakaolin blended specimen 
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were then prepared by adding metakaolin at 5, 10 and 15 % as 

partial replacement for cement in NRL modified concrete. After 

testing the compressive strength of metakaolin blended 

specimen, the optimum metakaolin percentage for cement 

replacement was determined. Coir fibre reinforced specimens 

were then prepared by reinforcing the optimum metakaolin 

blended NRL concrete. The coir fibre content was varied as 

0.75, 1.0, 1.5, 2 and 2.5% by the volume of concrete. Table I 

gives the details of the mix combinations tested during the study. 

 

TABLE.I. MIX COMBINATIONS OF CONCRETE USED 

IN THE STUDY 

 

Mix Designation Mix Proportion 

 

NRL Metakaolin Coir 

 

L1M0 1% 0% 0% 

L1M5 1% 5% 0% 

L1M10 1% 10% 0% 

L1M15 1% 15% 0% 

L1M10 + 0.75% C 1% 10% 0.75% 

L1M10 + 1.0% C 1% 10% 1.0% 

L1M10 + 1.5% C 1% 10% 1.5% 

L1M10 + 2.0% C 1% 10% 2.0% 

L1M10 + 2.5% C 1% 10% 2.5% 

 

Testing  Programme 

The testing programme consisted of experiments to find out the 

fresh and hardened state properties of concrete. The workability 

of fresh mix was assessed using slump test. The tests conducted 

on hardened state were compressive strength, split tensile and 

flexural strength tests. The test on compressive strength was 

performed on standard cubes of size 150 mm using 2000 kN 

compression testing machine in accordance with IS: 516 -1959. 

Compressive strength was assessed after 7, and 28 days curing 

respectively. The Split Tensile Strength of concrete at 28 days 

was found on cylindrical specimen of 150 mm diameter and 300 

mm height using 2000 kN compression testing machine as per 

IS: 5816 - 1999. The Flexural Tensile Strength test was 

conducted on beams of size 100×100×500 mm after 28 days 

curing. The test was done in accordance with IS: 516-1959 using 

1000 kN Universal Testing Machine.  

 

III. RESULTS & DISCUSSIONS 

 

Workability 

The workability measurement using slump test shows that the 

slump value of NRL concrete decreases with metakaolin and 

coir fibre modification. It is seen that the slump values are 

getting lowered as the metakaolin replacement and coir fibre 

content increases. Hence the workability of NRL concrete 

reduces with increase in metakaolin replacement and coir fibre 

content. This can be due to the absorption characteristics of coir 

fibre and metakaolin. 

 

Compressive strength: 

The 7
th

, 28
th

 and 56
th

 day compressive strength of NRL concrete 

and the variations in compressive strength due to the 

modification by metakaolin and coir fibre reinforcement are 

presented in Table II & Table III respectively.  It was seen that 

the metakaolin replacement of cement in NRL concrete 

increased the compressive strength considerably. The maximum 

compressive strength was obtained for 10% metakaolin 

replacement. Hence from the cases considered the optimum 

metakaolin replacement for NRL modified concrete was 

obtained as 10 %.  The pozzolanic  reaction as well as the void 

filling effect of metakaolin could be the reason for strength 

improvement. 

 

TABLE.II. COMPRESSIVE STRENGTH OF 

METAKAOLIN BLENDED NRL CONCRETE 

 

Mix 

Designation 

7 day 

Compressive 

strength 

(N/mm
2
) 

28 day 

Compressive 

strength 

(N/mm
2
) 

56 day 

Compressive 

strength 

(N/mm
2
) 

 

L1M0 35.83 48.15 51.03 

L1M5 40.14 51.65 54.17 

L1M10 42.67 55.76 58.24 

L1M15 41.53 54.01 56.47 

 

The variation in the compressive strength of metakaolin blended 

NRL concrete with respect to the metakaolin % of cement 

replacement is presented graphically in Fig. 1. 

 

 
 

Figure.1. Compressive strength of metakaolin blended NRL 

concrete 

 

In the case of coir fibre reinforced NRL concrete specimen in 
which 10% cement was partially replaced with metakaolin, the 
compressive strength was varying depending on the fiber 
content. The maximum compressive strength was obtained for 
1.0% coir fibre reinforced NRL modified concrete. Further 
addition of coir fibre reinforcement resulted in the reduction of 
compressive strength due to the balling effect of fibre. Fig. 2 
shows the variation in the compressive strength of coir fibre 
reinforced metakaolin blended NRL concrete depending on the 
fibre content. 
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TABLE.III. COMPRESSIVE STRENGTH OF 

METAKAOLIN BLENDED COIR REINFORCED NRL 

CONCRETE 

 

Mix Designation 7 day 

Compressi

ve strength 

(N/mm
2
) 

28 day 

Compressive 

strength 

(N/mm
2
) 

56 day 

Compressive 

strength 

(N/mm
2
) 

 

L1M10 42.67 55.76 58.24 

L1M10 + 0.75% C 43.05 56.82 59.08 

L1M10 + 1.0% C 43.63 57.73 60.16 

L1M10 + 1.5% C 42.54 56.04 58.19 

L1M10 + 2.0% C 41.25 55.58 57.87 

L1M10 + 2.5%  C 41.07 55.07 57.02 

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure.2. Compressive strength of metakaolin blended coir 

reinforced NRL concrete 

 

 Split tensile strength 

The 28th day split tensile strength values of metakaolin and coir 

fibre modifications in NRL concrete are presented in Table IV & 

Table V respectively. Partial replacement of cement by 

metakaolin increases the split tensile strength of NRL concrete in 

all the cases considered due to the pozzolanic and void filling 

mechanisms of metakaolin. And the highest split tensile strength 

is obtained for 10% metakaolin replacement.  Fig. 3 shows the 

graphical representation of influence of metakaolin modification 

on the split tensile strength of NRL concrete. 

 

TABLE.IV.SPLIT TENSILE STRENGTH OF 

METAKAOLIN BLENDED NRL CONCRETE 

 

Mix Designation 28 day split tensile 

strength 

(N/mm
2
) 

L1M0 3.63 

L1M5 3.70 

L1M10 3.81 

L1M15 3.78 

 
Figure.3. Split tensile strength of metakaolin blended NRL 

concrete 

 

TABLE.V. SPLIT TENSILE STRENGTH OF 

METAKAOLIN BLENDED COIR REINFORCED NRL 

CONCRETE 

 

Mix Designation 28 day split tensile strength 

(N/mm
2
) 

L1M10 3.81 

L1M10 + 0.75% C 3.95 

L1M10 + 1.0% C 4.10 

L1M10 + 1.5% C 3.86 

L1M10 + 2.0% C 3.79 

L1M10 + 2.5%  C 3.76 

 
The addition of coir fibre improved the split tensile strength of 
NRL – metakaolin concrete at lower % of coir fibre 
reinforcement with the maximum split tensile strength obtained 
at 1.0% of coir. The prevention of propagation of cracks by fibre 
could be the cause for strength improvement. However the 
strength got decreased for fibre content beyond 1% due to 
balling effect. The effect on the split tensile strength of NRL – 
metakaolin concrete with respect to the coir fibre % is presented 
graphically in Fig. 4. 
 

 
 

Figure.4. Split tensile strength of blended coir reinforced 

NRL concrete 
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Flexural strength 

The flexural strength test was conducted on coir fibre reinforced 

NRL modified concrete mixes in which 10% cement was 

replaced by metakaolin. Flexural strength test was also done for 

NRL control mix and 10% metakaolin modified NRL concrete 

for comparison of results. Table VI gives the flexural strength 

values of various NRL concrete modifications. 

 

TABLE.VI. FLEXURAL STRENGTH OF MODIFIED NRL 

CONCRETE 

 

Specimen 28 day flexural Strength 

(N/mm
2
) 

L1M0 5.76 

L1M10 5.88 

L1M10 + 0.75% C 6.24 

L1M10 + 1.0% C 6.40 

L1M10 + 1.5% C 6.16 

L1M10 + 2.0% C 6.08 

L1M10 + 2.5%  C 5.92 

 

The result shows that the coir fibre modification exhibited the 

similar trend as in the case of split tensile strength. The flexural 

strength increased at lower fibre content of 0.75 and 1% and 

beyond 1% the strength decreased with the increase in fibre 

content. Coir fibre content of 1.0% obtained the maximum 

flexural strength. Fig.5 represents the influence on various 

modifications on the flexural strength NRL concrete. 

 

 
Figure. 5. Flexural strength of modified NRL concrete 

 

IV. CONCLUSIONS 

 

The results obtained from the present investigation leads to the 

following conclusions 

 

 Partial replacement of cement by metakaolin in NRL 

modified concrete significantly improves the mechanical 

properties in all the considered cases and 10% metakaolin 

replacement proves to be the optimum modification 

 

 10% metakaolin replacement in NRL concrete 

increases the 28
th

 day compressive strength of NRL control mix 

by 15.8%, split tensile strength by 4.96% and flexural strength 

by 2.08%. 

 

 Further modification of NRL-metakaolin (10% 

metakaolin) concrete by coir fibre reinforcement improves the 

strength parameters at lower fibre content of 0.75% and 1% 

only. Beyond 1% fibre the strength decreases due to the balling 

effect of fibre. 

 

 The optimum coir fibre reinforcement is obtained as 

1% which further increases the 28
th

 day compressive strength by 

3.5%, the split tensile strength by 7.61% and flexural strength by 

8.84% over the optimum metakaolin blended NRL concrete. 

 

 Coir fibre reinforced specimen show minimum cracks 

when subjected to failure loads compared to NRL control 

specimens and metakaolin blended NRL concrete specimens. 
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