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ABSTRACT – Interlocking block pavements are hard surface paving system which reduces storm water runoff flows, soil 

erosion and improves runoff water quality. These permeable pavements have been in commercial use now for around 

three decades and they are often used as an alternative to conventional impervious hard surfaces in roads, car parks, 

footpaths and pedestrian areas. Bedding sand layer below these pavers acts as drainage layer and good seating to the 

bricks. Nowadays, erosion of this sand layer can lead to the failure of the system. This study deals with erosion control of 

sand layer below interlocking bricks using coir geotextiles. Coir geotextiles made of natural coir fibres are effectively 

used in many engineering applications like erosion control, filtration, reinforcement and drainage. It is adopted as erosion 

control layer in the sand bed and the efficiency of coir geotextile in preventing sand erosion below interlocking blocks as 

well as improvement in load carrying capacity by conducting mini plate load test in the laboratory are reported. Erosion 

test was done by preparing a laboratory setup such that two tanks containing one with sand, paving block and other with 

sand, paving block, coir geotextile. Allowed water to flow at a constant head over these models and an outlet pipe is 

provided at bottom of sand layer and discharge is collected. Permeability was measured continuously and the quantity of 

sand eroded was measured. Noticeable erosion control was not seen but, about 30% improvement in load carrying 

capacity was obtained due to the intrusion of coir geotextiles. 
Keywords: Permeable pavements, coir geotextiles, erosion control, reinforcement. 

1 INTRODUCTION 

Conventional pavements and driveways produce higher 

runoff rates and volumes as they are simply designed to 

shed water from their surface. It creates some 

difficulties to maintain the storm water management 

system, while permeable pavements allow the water to 

pass between each block and transmit it into the 

underlying sub-base, where it can be stored or properly 

drained off. Because of infiltration and storage of storm 

water within the paving system, it provides lesser 

runoff rates than that of a conventional pavement. 

Therefore permeable paving system proves to be better 

in functioning in storm water management system to 

that of a normal paving system. Runoff from 

impermeable areas such as roofs is properly handled 

with this type of pavement. However, problems with 

these paving systems arise hugely and the major one is 

the settlement of paving surface. Main reasons behind 

the settlement are heavy loads coming over the surface, 

erosion of underlying sand and turbulent flow over the 

surface of pavement. 

Failure of a permeable paving system (figure 1) would 

result in the surface becoming impermeable, and 

behaving like a normally paved surface. So, the 

operation and maintenance of the system needs to be 

considered carefully during design. The failures are 

mainly due to the erosion of jointing and bedding sand, 

which can increase the moisture content of subgrades 

and reduce their CBR values. John  (1992) had studied 

the causes of erosion of jointing sand and its control 

measures. But erosion of the sand bedding layer has 

not yet been studied. Maharaj et.al (2012) explains 
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erosion protection, filtration and sediment trapping 

provided by geotextiles in permeable pavements for 

treatment of concentrated storm water. Adopting the 

erosion protection provided by geotextiles, a study on 

the application of geotextile as an erosion control layer 

for bedding sand in interlocking pavements has been 

discussed in this paper.   

Coir geotextile which is a locally available material, 

cheap, strong and biodegradable, which finds its 

application in a number of situations in geotechnical 

engineering, has been adopted for this study. This will 

be a new application of coir on sand layer in permeable 

pavements which has not yet been studied before.  Coir 

geotextiles has been used for erosion control along 

slopes (Subramani, 2012) and as an effective filter and 

reinforcing media for saturated clay dykes in low lying 

region (Lekha and Kavitha, 2006). Woven coir 

geotextiles within pavements as reinforcing material 

can reduce the settlement and enhance the bearing 

capacity (Subaida et al., 2009). Coir geotextiles have 

not shown a significant reduction in strength even after 

limited cyclic wetting and drying tests, indicating its 

durability (Sheeba et.al, 2000). This study estimated 

comparatively the efficiency of coir geotextile in 

preventing sand erosion below interlocking concrete 

block walkways and its function as a reinforcing 

element.  

 
 

Fig.1 Failure of a typical permeable pavement surface 

 

2 EXPERIMENTAL PROGRAM 
 

2.1 Characterization of materials 
 

Materials used are 

 

Paving block: - Interlocking bricks of size 15.4 x 10.2 

x 6 cm. 

Sand: - Well graded manufactured sand (M sand) 

collected from a nearby quarry. Properties of M sand 

are presented in table 1. 

Table 1 Properties of M.Sand 

Property Value 

Specific gravity 2.77 

Maximum dry density 20.49  kN/m3 

Minimum dry density 16.9  kN/m3 

Dry density of the test 19.29 kN/m3 

Relative density  70.71% 

Effective Size, D10   0.14  

Coefficient of uniformity, Cu 10 

Coefficient of curvature, Cc 1.08 

Permeability  
9.51 × 10-3  

cm/s 

 
Coir geotextiles: - The properties of woven coir 

geotextiles  used for the study  is presented in table 2. 

Table 2 Properties of Coir Geotextiles 

Property Value 

Thickness 7.04 mm 

Mass per unit area 827 gsm 

Tensile strength 6.45 kN/m 

Opening size 1.21 cm × 1.02 cm 

 

2.2 Procedure 

 

The laboratory models of permeable system were 

fabricated within a 49 cm (length) x 49 cm (length) x 

60 cm (height) twin tank as shown in figure 2. Water 

sample/outlet pipes were placed at sides of the tank for 

outflow collection. The top layer consisted of 

commercially available concrete permeable pavement 

blocks of dimensions (15.4 cm x 10.2 cm x 6 cm).This 

was followed by a bedding sand layer of well graded 

M-sand. The bedding sand was filled in layers and are 

well compacted using a rectangular wooden block  to 

attain 95% of its maximum dry density. The 

geosynthetic layer (woven coir geotextile) was placed 

within the bedding sand layer in the second tank. Water 

was allowed to flow continuously at a constant head 

over these model set ups and through the outlet pipe 

provided at bottom of sand layer, discharge was 

collected. Permeability was measured continuously and 

extent of erosion has been assessed by collecting 

eroding sand. The different stages of experimental 

procedure are explained in figures from 3 to 8.  



Indian Geotechnical Conference IGC2016 

15-17 December 2016, IIT Madras, Chennai, India 
 

3 

 

Fig. 2 Tank used for experiment (a) Without coir and   

          (b) with coir geotextile 

 

 

Fig. 3 Laying the bedding sand 

 

 

Fig. 4 Coir geotextile layed over bedding sand 

 

 

Fig. 5 Geotextile covered with sand 

 

 
 

Fig. 6  Bedding sand layer compacted with wooden block 

 

 

 
 

Fig. 7  Paving blocks are arranged over leveled bedding    

            sand layer 

 

 
 

Fig. 8  Complete test setup with beakers to collect the     

           discharge from outlet pipe 

  

 

2.3 Plate load test  

 

The typical plate load test was conducted in the tank of 

0.6 × 0.6 × 0.5 m tank. The 0.4 m height of the tank 

was filled with river sand at its maximum density of 

17.15 kN/m3.Then 0.04m thick M.sand was filled at its 

maximum density value as specified in Table 1.The 

sand layer has been levelled and paving blocks are 

placed over the same. The load was applied using 

hydraulic jack and settlement was measured on dial 

gauges provided. The same test was conducted by 

providing woven coir geotextile in the mid layer of 

M.sand. Load-settlement graph was plotted for the test 

a b 
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with and without coir geotextile and the results were 

compared. 

 

3   RESULTS AND DISCUSSIONS 
 

Continuous flow was maintained for 21 days and 

average permeability and quantity of sand eroded for 

the test conducted with and without coir geotextile are 

presented in table 3.There is no large variation due to 

the addition of coir geotextile. May be there will be 

variation if the test is continued for months or size of 

M.sand and type of coir geotextile is varied. But there 

is improvement in the load carrying capacity of test 

conducted with coir geotextile. The load v/s settlement 

graph with and without coir geotextile is shown in 

figure 9. Initially there is no variation for load v/s 

settlement curve with and without coir geotextile. But 

for higher penetration there is about 30% improvement 

in load carrying capacity. 

 

 

 

Fig 9 Load – settlement curve 

 

Table 3 Results obtained 

Property 

Tank with 

coir 

geotextile 

Tank 

without coir 

geotextile 

Average 

permeability 

(cm/s) 
8.171 × 10-4 10.36 × 10-4 

Average 

quantity  of 

sand collected 
in 7 days (gm) 

6.00 6.00 

 

4   CONCLUSION 

The effect of coir geotextile below interlocking bricks 

as an erosion control layer and also as a reinforcement 

layer is studied. There is no large variation in the 

quantity of M.sand eroded. But there is 30% 

improvement in load carrying capacity for M.sand of 

D10  of 0.14mm and coir geotextile of 827 gsm. 
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