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Abstract 

One of the problems for buildings and structures is 

ground vibration, as waves propagate through the 

soil and interact with buildings, where they may 

cause damage to nearby structures or secondary 

ones. The soil medium is assumed to be linear 

elastic, homogeneous and isotropic. Most energy 

associated with any surface waves can be absorbed 

and damped by these barriers because of geometric 

damping and material damping. In this paper, the 

performances of in-filled coir-latex composite 

trenches as a wave barrier under harmonic loading 

in the vertical direction were studied by conducting 

experiments. The influence of key parameters such 

as geometric dimensions, fibre volume and soil 

dynamic properties on the performance of in-filled 

coir-latex composite trench was evaluated. A 

quantitative performance evaluation of vibration 

isolation using coir-latex composite has a bright 

future because they are cheaper and environment 

friendly. 

Keywords: Ground-borne Vibrations, Wave barriers, 

Trenches, Coir-Latex composite. 

 

1. INTRODUCTION  

 

Wave barriers are frequently used in engineering 

practice to reduce the ground vibrations caused by 

propagating surface waves of relatively small wave 

lengths. Wave barriers are used to mitigate the level 

of ground-borne vibrations induced by different 

sources such as machine foundations, blasting 

activities and high speed trains, which can cause 

unfavorable effects[3]. The wave barriers can be a 

successful technique to control the transmitted 

vibrations and their disturbance. The use of an open 

trench is more effective than in-filled trenches but 

its practical application is limited to relatively 

shallow depths. The In-filled trenches are more 

convenient for construction than open trenches. 

Efficiency of a wave barrier will depend on the 

impedance ratio and it must be as low as possible. 

The material used for ground vibration isolation 

must be soft as to approach the condition of an open 

trench[1]. The geometry, location and composition 

of the wave barrier influence the isolation 

performance. 

Material properties required for vibration isolation 

includes low density and finite material 

discontinuity for the wave field. Recently, Geofoam, 

which is a two-component polyurethane lightweight 

material is utilized for infilled trenches[2].The 

development of new class of natural fibre based 

polymer composites and quantitative performance 

evaluation of vibration isolation using coir 

composite has a bright future because they are 

cheaper and environment friendly. From previous 

the studies it was found that coir fibre and its 

composites have some properties required for a 

vibration isolation material. 

Published literature reveals that a significant amount 

of numerical and experimental research has been 

carried out for some cases such as open trenches, in-

filled trenches, sheet-pile walls, rows of solid or 

hollow concrete or steel piles. In Kerala pile 

installation are going on in soft soils and coir fibre is 

available in nearby areas. Effective utilization of this 

material for vibration isolation during constructional 

activities can be suggested. Coir fiber has naturally 

good vibration absorption capacity. Addition of 

admixtures and proper treatment can lead to a better 

durable vibration isolation material. A quantitative 

performance evaluation of vibration isolation using 

coir composite has a bright future .Construction and 
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machine industries need this product in large scale 

and hence it will promote the coir industry in 

Kerala. 

2. FIELD STUDY  

The results of the field experimental investigations 

are analyzed and interpreted to provide 

recommendations for the composition of coir 

composite suitable for ground vibration isolation. 

2.1. Development of composites 

The coir fibres were obtained from the coir industry, 

Kaniyapuram, Kerala. The collected coir fibres were 

sun-dried and cut manually. The composites were 

developed at Kairali Coir Mattress Industry, 

Chirayankeezhu, Trivandrum, Kerala.  Fibres were 

spread uniformly in a bed into which chemically 

treated latex was sprayed manually to obtain a mat 

shaped composite.  Later, it was kept for oven 

drying at 120o C. The oven dried composite was 

compressed in a hydraulic compressor .The fibre 

content was kept fixed and the latex content was 

varied to develop 3 different composites. The coir-

latex ratios of 3 different composites were prepared 

varied as 70:30(composite 1), 60:40(composite 2), 

and 50:50 (composite 3). 

2.2 Test procedure 

A test tank of dimension 2m ×2m×1m was filled 

with sand in uniform density as shown in figure 1. 

Impact load of varying energy were given at the 

surface of sand bed on the point shown as source in 

figure 2. Energy of the impact load applied was 

varied by increasing the weight and keeping the 

height of fall constant (0.5 m). A schematic diagram 

of test set up is shown in figure 2. Open trench was 

difficult to be constructed in sandy soil. Hence 

hollow casing of required dimensions are first 

inserted in to the sand bed. The composites were 

inserted into the hollow casing after removing the 

soil inside it. After installation the casing was 

removed. The testing consisted of exciting the 

ground again and recording the measurements of 

ground motion for the same energies at the same 

previously selected locations in stage one. The 

vibrations were measured using three accelerometers 

placed on surface of sand bed. Accelerometer A1 is 

placed near to the source, A2 and A3 were mounted 

before and after trench respectively. The 

accelerometers were connected to the data logger 

which in turn was connected to the computer. The 

amplitudes of accelerations were recorded using the 

software DEWESoftX. 

 

          Fig 1. Test set up used for the study. 

2.3 Test program 

 

Fig 2 Schematic representation of test set up. 

The performance of three different composites (coir-

latex ratio) was evaluated by varying trench 

dimensions and testing each such trench 

configuration for four different loading conditions. 

Table 1 shows the experimental parameters used for 

the model study. The trench dimensions and loading 

energy levels were varied for each type of 

composites. For example, composite 1 with coir-

latex ratio 70:30 with trench dimension 100 x 3 x 30 

cm was tested for impact energies 3.5, 6.4, 13.5 and 

28 N-m. 

              Table 1. Experimental parameters 

    Trench 

dimensions 

(L x B x H 

cm) 

Loading 

condition 

(Energy 

N-m) 

Composites 

(Coir- latex ratio ) 

100 x 3 x 30  

 

 

3.5,  6.4, 

13.5, 28 

 

70:30 (Composite 1), 

60:40 (Composite 2),  

50:50 (Composite 3),  

 

100 x 3 x 60 

100 x 6 x 30 

100 x 6 x 60 

50 x 3 x 30 

50 x 3 x 60 

50 x 6 x 30 

50 x 6 x 60 
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3. RESULTS AND DISCUSSIONS 

The influence of varying latex content and trench 

dimensions on the screening effectiveness was 

studied. The system effectiveness can be evaluated 

based on the observed displacement, velocity or 

acceleration with the vibration barrier. Since 

acceleration pickups were used to measure the soil 

particle acceleration, the system effectiveness can be 

presented in terms of reduction in soil particle 

acceleration. Therefore, the results are presented in 

the form of amplitude reduction ratio, ARR, which 

is calculated by normalizing the post-trench 

installation peak acceleration amplitude by the peak 

acceleration amplitude before trench installation, 

measured on the ground surface. Lower the value of 

ARR, better is the efficiency of the material as a 

vibration isolator. 

3.1 Variation with load 

 As the energy levels applied to the soil mass are 

increased the acceleration obtained at A3 placed 

after the trench is found to be increasing showing 

that the efficiency of the system is reduced as the 

energy applied is increased. Figure 3 shows the 

variation of peak acceleration obtained at A3 for 

different impact excitations for composite 3 when 

the trench dimension provided was 100 x 3 x 30 cm. 

 

 

Fig.3 The variation of peak acceleration obtained at    

          A3 for different impact excitation. 

3.2 Effect of length 

The test was conducted in two lengths of trenches, 

50 cm and 100 cm. Real time acceleration plot 

obtained for composite 3 at A3 for 50 cm and 100 

cm length of trench is shown in figure 4. The 

variation in ARR with energy plots for different 

composites are shown in figure 5 to 7. From the 

figure 4, it is clearly observed that when the length 

was reduced to 50 cm the efficiency of the system 

was reduced and higher peak amplitude of 

acceleration was observed in accelerometer A3. 

From figure 5 to 7, it can be seen that at lower 

energy level 50 cm length and 100 cm length trench 

performed similarly and as the energy applied was 

increased 50 cm length trench had higher ARR. 

Similar plots were obtained for all the other 

composites when subjected to different energy 

levels of vibration. 

 

Fig 4. Real time acceleration plot at A3 for impact 

energy 13.5 N-m. 

 

Fig 5. Variation of ARR for different energy levels 

for the composite 1. 

 

Fig 6. Variation of ARR for different energy levels 

for the composite 2. 
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Fig 7. Variation of ARR for different energy levels for 

the composite 3. 

3.3 Variation with depth 

The test was conducted in two depths 30 cm and 60 

cm. Figure 8 to 10 gives us the variation of ARR with 

energy for different composites used as infill material 

when the depth was 30 cm and 60 cm. The depth 

showed the maximum influence on the performance of 

the in-filled trench. The efficiency of the system 

improved up to 30% when the depth was increased 

from 30cm to 60 cm. As the energy applied increased 

the efficiency of 60 cm trench reduced gradually and 

approached the ARR obtained by 30cm trench. Similar 

plots were obtained for all the composites at all impact 

excitations. 

 

Fig 8.Variation of ARR for different energy levels for 

the composite 1 

 

Fig 9. Variation of ARR for different energy levels for 

the composite 2 

 

 Fig 10.Variation of ARR for different energy levels 

for the composite 3 

Conclusions 

It was found that coir composite in-filled trenches 

showed vibration isolation capacity. Out of three 

composites prepared composite 3 with coir latex ratio 

50:50 performed better. It was seen that soil itself had a 

material damping property with an efficiency of 15% 

on an average.  

Composite 1 performed with an efficiency of 60% on 

average for all loading conditions. Composite 2 

performed with efficiency 45%. Composite 3 showed 

an efficiency of 78% on an average for all loading 

conditions. It is seen that geometry of the trench had an 

influence on the protective performance of coir 

composite in-filled trench. When length of trench was 

reduced to half, the efficiency of the system was 

reduced by 20%. When the depth of trench was 

doubled the improvement in efficiency was 33%.  It 

was seen that the dimension of the barrier influenced 

the performance of isolation barrier. 
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