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ABSTRACT: This paper deals with transmissivity test conducted in laboratory on newly developed coir latex composite to 

be used as separator in flexible pavement. The coir-latex composite is developed by treating coir fibre of varying fibre 

length, woven coir geotextile and non-woven coir geotextile with optimum latex content (50%). Transmissivity of the 

composite is measured under varying hydraulic gradient and normal pressure using a specifically designed apparatus to 

simulate field condition. Transmissivity of the coir latex composite seems to decrease with increase in hydraulic gradient as 

well as with increase in normal pressure. The results are compared under test conditions without using the composite as 

well as with coir geotextiles without latex treatment 
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1 INTRODUCTION 

Proper drainage system plays a significant role in the 

life of a roadway. Inadequate subsurface drainage cause 

the failure of pavements much earlier than its expected 

life. For the proper subsurface drainage of water and 

reinforcement in  pavements  geosynthetics and 

composite geosynthetic seperator layers  are widely 

used. Even though geosynthetics have excellent drainge 

properties and increase the stability of pavements as a 

reinforcement they have a negative impact on the 

environment as they are non biodegradable in nature. 

Geotextiles made from natural coir fibres are eco 

friendly and  have superior mechanical and drainage 

properties. Coir fibre- polymer composites are hybrid  

materials which combine the properties of natural fibres  

and polymer which can be used as replacement for 

geosynthetic composite. Drainge properties of different 

coir-latex composites are determined  by conducting a 

series of transmissivity tests by using the composite as 

seperator layer between a clay subrade and aggregate 

base . Transmissivity of the composites are determined 

under varying hydraulic gradient as well as normal 

pressure 

Tan et al., 2001 analysed the drainage behaviour of 

geosynthetics products embedded in poorly draining 

residual soil which showed that the rate of pore pressure 

dissipation was faster with the placement of permeable 

geosynthetics materials. Palmeira and gardoni 2002, 

observed that confinement of the geotextile can 

significantly increase its retention capacity depending 

on the stress level and type of geotextile. Han et al., 

2003 analysed that transmissivity of smart geotextiles 

and geonets decrease with increase in compressive 

stress. The transmissivity seems to vary with intrusion 

under compressive stress. Pak and Zahmatkesh, 2010 

observed that transmissivity decreases exponentially 

with  increase in normal pressure which is significant 

for normal stresses upto 100 kPa. Sumesh 2015, 

investigated the influence of coir fibre length and latex 

content on the strength of coir fibre-latex composite. 

Optimum latex content was found to be 50%. 

2 MATERIALS AND TESTS 

2.1 Materials used 

Coir is a natural fibre extracted from the husk of 

coconut and is found between the hard, internal shell 

and the outer coat of coconut. Coir is an easily available 

material and is found to be stronger and durable in 

nature. The coir fibre used for the development of 

composite is collected from a small scale industry in 

Chirayankeezhu, Trivandrum. The coir fibres are dried 

properly before latex treatment. Chemically treated 

rubber latex used was collected from Kairali coir 

mattress, Chirayankeezhu, Trivandrum. Woven and non 

woven geotextile used for the test are obtained from 

Coir craft, Statue, Trivandrum. 

Commercially available kaolinite clay is used as 

subgrade material. Kaolinite clay is obtained from 

Coromandel clay, Kochuveli, Trivandrum. The 



Transmissivity of Coir Latex Composite 

2 

properties of kaolinite clay collected are shown in  

Table 1. Locally available aggregate of size scaling 

down from 22.5mm were used for base course. 

Table 1 Properties of Clay 

Properties of clay Value 

Liquid limit (%) 55 

Plastic limit (%) 30 

Plasticity index (%) 25 

Specific gravity 2.25 

Maximum dry density (g/cm
3 
) 1.5

 

Optimum moisture content (%) 25 

% of silt 11 

% of clay 71 

2.2 Development of composites 

The composites were developed at Kairali coir mattress, 

Chirayankeezhu, Triavndrum. For the development coir 

–latex composite coir fibres which were manually cut to 

specified length ie5cm,10cm and 15cm were uniformly 

spread on platform. Chemically treated rubber latex was 

manually sprayed uniformly on to the surface of the 

prepared coir fibre bed. 50% latex content is considered 

as optimum for the composite. The latex sprayed coir 

fibre bed is weighed in order to make sure optimum 

latex content is reached. The coir fibre bed is then 

heated at 1200 C for 15 minutes. Same procedure is 

followed for the latex treatment of woven coir and non 

woven coir geotextile. Table 2 shows the representation 

and properties of the composites. Figure 1 shows 

different composites and geotextiles used as seperator. 

Table 2 Properties of Separators 

Composite Representation 

Latex 

content 

(%) 

Woven Coir WC - 

Woven coir  + Latex WCL 50 

5 cm Coir fibre + Latex CL5 50 

10 cm Coir fibre + Latex CL10 50 

15 cm Coir fibre + Latex CL15 50 

Nonwoven coir NWC - 

Nonwoven coir + Latex NWCL 50 

2.3 Test procedure 

The test section to determine transmissivity consisit of 

three layer. The bottom subgrade layer consisit of 

kaolinite clay filled in liquid limit in order to represent 

worst case scenario for subgrade. The composite layer 

is placed above the subgrade. The base layer at top 

consist of aggregates of size scaling down from 

22.5mm.  A porous stone is placed at the top of the base 

layer followed by perforated base plate and loading 

plate. 

 

(a)                                     (b) 

 

(c)                                     (d) 

 

(e)                                     (f) 

 

(g) 

Fig. 1 Separators used: (a) WC, (b) WCL, (c) NWC, (d)     

NWCL, (e) CL 5, (d) CL 10 and (e) CL 15. 

Transmissivity of the composites are determined using a 

constant head transmissivity test. Figure 2 shows the the 

test set up for the constant head test. The test section is 

placed at unit hydraulic gradiant for 24 hrs by keeping 

the bottom outlet open. Transmissivity of different 

composites and geotextiles are determined by varying 

the hydraulic gradient and normal pressure. 

Transmissivity is determined using equation (1) 

according to ASTM D 4716. 

𝛳 =
𝑞

𝑖𝑤
                      (1) 
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Where 𝜃 is transmissivity in cm
2
/s, q is discharge per 

unit time in cm
3
/s, i is hydraulic gradient and w is width 

of specimen in cm. 

 

Fig. 2 Transmissivity test apparatus 

3 RESULTS AND DISCUSSION 

3.1 Transmissivity under varying load and 

hydraulic gradient 

Transmissivity of different  composites and geotextiles 

were determined by varying the hydraulic gradient and 

normal pressure. Figure 3 shows transmissivity of coir 

fibre-latex composites having different fibre fibre 

length. Transmissivty decreases with increase in 

hydraulic gradient and normal pressure. Transmissivity 

decreases with increase in fibre length. When fibre 

length decreases the pore space with in the composite 

decreases making it more tightly packed thus preventing 

the latex from seeping  much into the composite. In this 

case more latex will adhere to the surface which will 

stop the clay from seeping into the composite and 

improve the transmissivity. 

For minimum hydraulic gradient and maximum normal 

pressure CL5 have 15% more transmissivity than CL10 

and 25% more transmissivity than CL15 .  

Figure 4 shows transmissivity of WC and WCL with 
variation in hydraulic gradient and normal pressure. 
Transmissivity curve shows similar trend as in the 
previous case. Woven geotextile having apparent 
opening size of 5 mm x 5 mm. Theres no significant 
change in transmissivity with latex treatment because of 
the large opening size. 

 

  

 

Fig. 3 Variation of transmissivity with pressure for coir-

latex composites under varying hydraulic gradient. 

 

Fig. 4 Variation of transmissivity with pressure for WC 

and WCL under varying hydraulic gradient. 

Figure 5 shows the transmissivity of NWC and NWCL. 

There was a significant improvement in transmissivity 

for non woven with latex treatment. With latex 

treatment the non woven geotextile becomes more 

sturdy and the surface pores are partially closed which 

inturn reduces the seepage of clay into the composite. 

At maximum normal pressure for i = 0.1 NCWL 

exhibits 25% increase in transmissivity when compared 

to NCW. 

 

Fig. 5 Variation of transmissivity with pressure for NWC 

and NWCL under varying hydraulic gradient. 
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3.2 Transmissivity for i= 0.1 

Figure 6 shows the varaition of transmissivity of 

composites under varying normal pressure for i = 0.1. 

Maximum transmissibility is exhibited by WC and 

WCL. This may be due to the fact that the base 

aggregates enters the openings of the geotextile 

increasing the flow path. But they are not suitable in 

terms of drainage since they have very highy cross 

plane permeability. It can be concluded that placing a 

separator layer improves the drainge behaviour of the 

test section compared to the test section with out any 

seperator. 

 

Fig. 6 Variation of transmissivity with pressure for 

different separators. 

4 CONCLUSIONS 

Transmissivity of different composites used as seperator 

between clay subgrade and base material were 

determined under varying hydraulic gradient and 

normal pressure. Following conclusions were drawn 

from the study 

 Transmissivity decreases with increase in normal 

pressure and hydraulic gradient  

 Transmissivity increases with decrease in fibre 

length. CL5 exhibit 15% and 25% increase in 

transmissivity when compared to CL10 and CL15 

respectively under maximum normal pressure  

 Woven geotextile WC and WCL have almost 

similar transmissivity characteristics. Because of its 

large opening size latex treatment have no 

significant effect on WC 

 Transmissivity of non woven geotextile NWC 

shows significant improvement in its drainage 

properties with latex treatment. NWCL exhibits 

25% increase in transmissivity when compared to 

NWC  under maximum normal pressure and 

minimum hydraulic gradient 

 Placing a separator layer definitely improves the 

drainage in test section 
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