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Abstract— Owing to the havoc infrastructural 

development the noise in the form of ground vibrations 

have been inevitable in the urban areas. EPS geofoam has 

been found to be one of the vast applications of 

geosynthetics family to mitigate ground vibrations due to 

high-speed machines/highways, traffics and trains. In the 

present study an attempt has been made to understand the 

efficacy of the expanded polystyrene (EPS) Geofoam as an 

in-filled trench material in reducing train-induced ground 

vibrations. Base Isolation, tuned mass damper, tuned 

liquid column damper or magneto-rheological dampers 

are some of the widely used solutions to minimize the 

vibrations in structures, but in case of reducing the ground 

borne shocks; open-trench, in-filled trenches are the most 

common methods. Thus, to understand the behaviour of 

the EPS Geofoam in-filled trench a finite element model 

has been developed using ABAQUS software considering 

all the parameters like geometric parameters of trench, 

train speed, EPS density, shear wave velocity mismatch 

between soil and EPS using commercially available 

ABAQUS FEM software. The screening efficiency of EPS 

filled trench has been found to be in the range of 42-65%.  

 

Indexed Terms—Ground borne vibrations, EPS Geofoam, 

vibration screening, FEM, open trench, in-filled trenches. 

  

I. INTRODUCTION 

 

Recent urbanization and industrialization forces 

transportation infrastructures like high-speed railway 

lines to be build up through closely spaced urban areas 

and residential buildings. Especially developing 

countries like India which comprises of a network of 

60,700 km railway route, largest among the Asia out 

of which approximately 60,000 km is of broad gauge 

(1676 mm gauge). Train vibrations can effectively 

result in damages and detrimental effects in the 

surrounding buildings and nearby sensitive structures. 

Utilization of high-speed train can cause more adverse 

effects, especially many stretches which are proposed 

to be constructed on the different challenging soils like 

high swelling black-cotton soils, rocky soils, soft clays 

etc.  There are several types of mitigation techniques 

like base isolation, tune-mass damper, providing 

lightweight material at the base of the foundation etc. 

are available to protect the buildings from the danger 

of vibrations induced by moving train which vary with 

the location, structure, soil-profiling etc. Out of all 

possible available techniques open and in-filled 

trenches are found to be cheap and easy to implement 

in near-by or far away from the ground vibration 

sources.  

 

II. LITERATURE REVIEW 

 

1. Open trenches are most effective owing to the fact 

that no elastic waves can pass through a void 

medium. The oldest approach on the vibration 

screening using open trench has been carried out 

by Woods et al.  [1–3]. Although few of their 

experiments have been unsuccessful due to lack of 

knowledge on the vibration screening mechanism 

in presence of trench or hollow medium. The 

screening efficiency of the open trenches have 

been evaluated considering 75% value and the 

minimum depth of the trench has been found out 

as the 0.6LR for active system and 1.33 LR for 

passive screening system. 

2. Later numerous works [4–7]  have been reported 

either by using Finite element method (FEM), 

Finite Difference Method (FDM) or Boundary 

Element Method (BEM). However, there are some 

serious practical limitations for constructing open 

trenches because of their stability problems and 

infiltration of surface run-off into the void spaces.  

 

Therefore, to overcome this drawback, a few 

theoretical and experimental studies are carried out 

with different types of in-filled materials such as soft 

and stiff in-filled trenches [8–12], rows of piles [13] 

and wave impeding blocks (WIB) [14] next to railway 
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track. Although most of the times, barriers have been 

provided in a rectangular form with very high aspect 

ratio (Width/depth <<1), several other forms like 

alternate barrier, multiple trenches, staggered trenches 

have been investigated as vibration screening 

techniques.  Ideally, it is easier to install stiffer 

materials than the surrounding soil as they can tolerate 

the lateral pressure as well as surface surcharge loads. 

  

3. Celebi et al [15–17]investigated experimentally 

the vibration isolation performance of the building 

foundations nearby moving trains by employing 

open and in-filled trench barriers. The frequency of 

the vibration source plays crucial role for both the 

active and passive cases. According to their 

research Geofoam barrier is more effective in stiff 

soils as compared to soft soil. 

Zoccali et al. [18,19] have presented a 3D FEM model 

to mitigate the vibration induced by the transits of the 

train using three different in-filled trenches, which are 

materials soil-bentonite, rubber chips and concrete. 

The distance among the source, trench and receiver 

and the frequency content of the train loading have 

been considered as important parameters in their 

study. 

  

4. Overall, the position and shape of the EPS 

Geofoam in-filled trenches along with the different 

other geometric parameters are crucial in obtaining 

effective vibration screening. Expanded 

polystyrene Geofoam (EPS) has gained the 

recognition in the geotechnical engineering due to 

its desirable mechanical properties such as light-

weight, volume contraction under deviatoric 

compressive loading, availability, ease of use and 

low manufacturing costs. The EPS geofoam as 

infilled material for vibration screening system has 

been used by many researchers earlier [20–26] for 

different ground vibration sources. However, the 

research of EPS geofoam as the vibration 

screening material under the high-speed train is not 

much in available literature. The present research 

aims to find out the utility of the EPS geofoam as 

the effective vibration screening material under 

high-speed train.  

 

 

 

 

III. NUMERICAL MODEL DEVELOPMENT 

  

In this section, the efficiency of the EPS Geofoam in-

filled trench has been verified for the train loading 

which is basically series of point loads acting over an 

embankment. For this purpose, a two-dimensional 

finite element model has been developed. where the 

railway track and the trench span extend 

longitudinally. A moving train with speed V (km/h) 

travels on a continuous railway track resting on an 

embankment soil system. The compacted subgrade 

soil subjected to wave propagation is assumed to be 

homogenous, isotropic and linearly elastic. The effect 

of change in the subgrade density due to various 

loading has not been taken in to account in the present 

study.  The influence domain is divided in to three 

parts; the superstructure (the railway track consisting 

of sleepers and ballast), the sub-structure (compacted 

soil and natural soil (near field)), and the soil deposit 

(far field). The primary objective is to determine the 

active vibration screening efficiency of Geofoam 

filled trench in terms of the amplitude reduction ratio 

(ARR) where ARR can be determined by measuring the 

average value of the velocity reduction factor (VRF) 

over a specific distance (3R) along the ground 

surface. This distance has been fixed, based on the 

variation in the vertical velocity amplitude after this 

specified distance the variation of vertical velocity is 

almost negligible (around 3.5%). Hence, VRF and 

ARR can be defined as follows: VRF = (Absolute 

maxima of velocity with trench)/ (Absolute maxima of 

velocity without trench) & ARR = 
  1

𝑐
×∫ 𝑉𝑅𝐹(𝑦/

𝑐

0

𝑥). 𝑑𝑦/𝑑𝑥.   

 

In FE model the contribution of the P, S and R waves 

can’t be distinguished since the vibration used to come 

in mixed form of all types of waves. 

 
Schematic diagram of influence domain and 

geometric parameters of trench 
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In the present study, a plane strain FE model is 

developed in ABAQUS [27] to investigate the 

screening efficiency of the EPS Geofoam in-filled 

trench.  Soil is modelled as elastic, isotropic, 

homogenous media. The whole influence domain has 

been discretised using quadratic four noded elements 

(CPE4R); the far field of the domain has been 

discretised using infinite elements (CINPE4). The 

contacts of sleeper with ballast and ballast with soil 

have been assumed as hard contacts, where finite 

sliding between surfaces has been ensured without any 

indentation. Based on the average vertical 

displacement at the side boundary a sensitivity 

analysis has been carried out to determine the 

optimum half-domain size along the horizontal 

direction. The average element size (0.42 m) is chosen 

based on the criteria of wave propagation as proposed 

by Kramer [28]. However, to capture the wave 

propagation more accurately, finer mesh is considered 

near the source and the trench, where the average 

element size is considered as 0.32 m and 0.16 m 

respectively. A mesh sensitivity analysis has been 

carried out for individual layers to know the optimum 

value of the mesh size. 

The time increment for the analysis is determined 

based on the fastest propagation velocity of the wave 

and the element size [29]. The total dynamic excitation 

time is considered as 10 sec. The energy dissipating 

mechanism for the soil is simulated with Rayleigh 

damping. The mass and stiffness coefficients for the 

Rayleigh damping are determined as α =1.2 and β = 

0.0004, which provide the damping ratio (ξ) of 

5%.The first and second mode of natural frequencies 

have been calculated based on the frequency analysis 

with no trench condition. In the present analysis, the 

Rayleigh wavelength (λR) is found to be 2.04 m with 

train speed of 60 km/h. Different other train speed 

values have been considered later for parametric 

study. 

IV. MATERIAL PROPERTIES  

The properties of the soil are considered according to 

the geotechnical investigation reported by Zakeri et al. 

[30]. As reported in their study [30], the soil deposit 

includes the top 1 m depth of compacted soil overlain 

a homogenous soil deposit of 10 m. As per [31] the 

available density of EPS Geofoam varies from 11.2 

kg/m3 (EPS 12) to 45.7 kg/m3 (EPS 46). 

Properties  EPS12 EPS15 EPS19 EPS29 

Density            

(ρ in 

kg/m3) 

11.2 14.4 18.4 28.8 

Elastic 

modulus 

(E in 

MPa) 

3.3 5.5 8.9 16.5 

Poisson’s 

ratio                   

(ν) 

0.1 0.1 0.1 0.1 

 

In this study, the train load has been modelled as series 

of pulse type moving step loads. Although in real 

practice, the train loading is three-dimensional in 

nature the effect of longitudinal direction has been 

ignored in the present study. The pattern of the load is 

corresponding to the passage of freight train moving at 

a speed of 60 km/h with bogie axle distance of 9 m 

[32]. Two concentrated loads act over the rails at a 

spacing of 2.4 m. The history of each load consists of 

four consecutive pulses; each pulse has time duration 

of 0.02 sec and amplitude of 1000 kN.  

 
Time history of train loading 

V.  MODELVALIDATION 

The developed FEM model along with the specifying 

loading conditions has been validated with the existing 

available literature. As the pattern of train loading 

considered for the present analysis is similar to [32], 

the present FE model has been validated with the 

displacement and the velocity response reported by 

them at a certain point (1m from the toe of the 

embankment) in sandy soil deposit for the ‘no trench’ 

condition. the variation of vertical displacement and 

velocity along the y axis, with time is compared with 

that results reported by Di Mino et al. [32]. It can be 

seen that the average variation of the vertical 

displacement and the velocity response between the 
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study of [32] and the present analysis is found to be 

6.5% and 5.4% respectively. This ensures the 

correctness of the present model.  

 

Validation of displacement variation (in vertical 

direction) 

 

Validation of velocity variation (in vertical direction) 

VI. FREE FIELD RESPONSE  

The free field dynamic response (Vertical velocity 

time history) has been shown along the ground surface 

at various distances from the toe of the embankment 

(0.5 m, 1 m, 1.5 m 10.5 m) for the train moving at a 

speed of 60 km/h. The value of absolute maximum 

vertical velocity at different pick-up locations is found 

to be in the range of 0.0678 to 0.1036 m/s, which is 

expected to cause some serviceability issues. In 

similar way, the horizontal component of velocity has 

been calculated for all the locations. Among total 560 

scenarios, 46 are related to free field ground vibration 

and rest of them to ground vibration with trenches.  

 

 

Free field response for train-induced vibration at 0.5 

m, 1.0 m,  1.5 m, and 10.5 m from the toe of the 

embankment. 

VII. PARAMETRIC STUDY 

To evaluate the screening efficiency of EPS Geofoam 

in-filled trench, various parameters related to 

geometry of the trench, train loading and soil 

properties are considered. The parameters of this study 

have been tabulated.  Different results have been 

produced by varying the range of parameters as shown 

in Table below. In the present study, a total of 12 

different soil types are defined arbitrarily. 

Parameter

s 

Symbol

s 

Unit

s 

Minim

a 

Maxim

a 

Train 

Speed 
V km/h 50 200 

Width of 

Trench 
w m 0.5 2.5 

Depth of 

trench 
d m 0 6.5 

Location 

of Trench 
l m 0 2 

Soil Shear 

Wave 

velocity 

VS m/s 50 250 

Range of different parameters 

The performance of EPS Geofoam in-filled trench is 

controlled by the several factors. To investigate the 

screening efficiency in terms of ARR (x, y) as defined 

earlier have been calculated; the maximum and 

minimum values of vertical velocities (x, y direction) 

obtained in the significant points are tabulated. To 

develop more rational model all the parameters like 

trench dimensions (depth, width and location), train 
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speed, soil properties are represented in dimensionless 

form. The geometric parameters are normalised by the  

 

Rayleigh wavelength (λR) of the soil. For the 

considered parameters a detailed parametric study has 

been conducted to prepare a rational design. Thus an 

open trench and EPS Geofoam in-filled, are shown in 

the time history of velocity in x and y directions. From 

Figures it can be seen that the EPS Geofoam filled 

trench can significantly reduce the train vibration. The 

parameters used for this purpose are d = 1.5 m, w = 0.5 

m, l = 1 m and EPS12 has been considered for all the 

analyses unless otherwise specified. The minimum 

and maximum velocity and displacements in both the 

directions have been shown in Table below. In the 

present study, soil with shear wave velocity (Vs) is 

varied between 50 m/s to 250 m/s and their different 

max & min velocities and displacements are tabulated 

in below Table.  Maximum peak vertical velocities are 

in the range of 0.32-0.41 m/s, which is significant to 

produce ground vibrations. By calculating ARR the 

screening efficiency of the both the trenches have been 

compared. 

 Velocit

y (x) 

(m/s) 

  

Velocit

y (y) 

(m/s) 

Displacem

ent (x) (m) 

Displacem

ent (y) (m) 

Vs 

(m

/s) 

M

in 

M

ax 

M

in 

M

ax 

Min Ma

x 

Min Ma

x 

50 0.

0

1 

0.

54 

0.

0

3 

0.

62 

0.00

068 

0.0

078 

0.00

076 

0.0

086 

75 0.

0

4 

0.

58 

0.

0

8 

0.

68 

0.00

072 

0.0

086 

0.00

079 

0.0

095 

10

0 

0.

0

6 

0.

63 

0.

1

6 

0.

71 

0.00

079 

0.0

092 

0.00

086 

0.0

103 

12

5 

0.

0

9 

0.

70 

0.

2

5 

0.

76 

0.00

085 

0.0

098 

0.00

098 

0.0

115 

20

0 

0.

1

6 

0.

79 

0.

2

8 

0.

82 

0.00

089 

0.0

108 

0.00

106 

0.0

119 

25

0 

0.

2

1 

0.

81 

0.

3

2 

0.

89 

0.00

095 

0.0

116 

0.00

117 

0.0

128 
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Design 

Parameters  

Symbol

s 
Units  

EPS 

filled 

trenc

h 

Open 

Trenc

h  

Normalised 

Depth 
D 

unitles

s 
1.2 0.7 

Normalised 

width 
W 

unitles

s 
0.5 0.25 

Normalised 

Location  
L 

unitles

s 
0.75 0.5 

EPS 

Geofoam 

Density  

- kg/m3 
11.2-

28.8 
- 

Soil 

Damping 

Ratio  

ξ % 4-6 4-6 

Bed rock 

Layer 

depth 

T m 
10-

17.5 

10-

17.5 

Train 

Speed 

range  

V m/s 
50-

200 

50-

200 

Average 

Vibration 

screening 

efficiency  

ARR - 
0.35-

0.58 

0.22-

0.35 
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Time history of the velocity in x and y direction for 

the pick-up point located 4.25 m from the toe of the 

embankment 

The depth of the trench is found to be the most crucial 

geometric parameter. By keeping all the geometric 

parameters constant, the depth of the trench has been 

varied from D = 0.4 to D = 3.2. It is well established 

from [1] study that minimum D for the open trench is 

nearly 0.6, in the present study for the EPS filled 

trench it is found to be 1.2. The ARR value has been 

decreased significantly as shown in below Figure, the 

range comes in between 0.40 to 0.56 for both the 

directions.  

Trench width has been appeared to be less important 

parameter as compared to other geometric parameters. 

However, in case of in-filled EPS Geofoam trench, 

width has an important role in vibration screening 

efficiency. For the EPS filled trench width has been 

varied from 0.25 to 1.25 to find out the optimum width 

from its effectiveness as well as from economic point 

of view. The optimum width factor W has been found 

as 0.5 for EPS filled trench whereas for the OT the W 

has been fixed as 0.25 for all the cases. The variation 

of ARR with the W has been shown in Figure below, 

where the ranges come in between 0.44 to 0.56 for the 

different values of W from 0.5 to 2.5. 

To determine the optimum location factor of the trench 

the initial value has been chosen as the L = 0.5, which 

is very close to the railway embankment. The optimum 

value obtained as L = 0.75 for EPS filled trench and 

0.5 for OT respectively. The variation of the ARR with 

different L has been shown in Figure; the range of ARR 

has been obtained in between 0.43 to 0.54 for both the 

directions.  

The depth of the bed rock layer from ground surface 

(T) has an important role to play in the screening 

efficiency of the in-filled trench. Bed rock layer to 

trench depth (T/d) ratio has been varied in the rage of 

4-7 to find out the ARR for the both the directions as 

shown in Figure. It has been found that ARR value 

increases from 0.47 to 0.62 with the increase in T/d 

from 4 to 7. Since, the distance between trench and bed 

rock increases more stress waves will be reflected 

back to the ground surface which will ultimately be 

converted to Rayleigh waves through mode 

conversion.    

To show the importance of the mismatch of the shear 

wave velocity between soil and in-filled materials a 

parametric study has been conducted with different 

Vb/Vs values. The range of Vb/Vs has been chosen in 

between 0.25 to 2.5 as shown in Figure. The 

impedance mismatch between the soil and in-filled 

material is the crucial in the screening effectiveness.   

EPS Geofoam density plays a crucial role in screening 

effectiveness, as of now the EPS density has been 

considered as 11.2 kg/m3 (EPS12). For the purpose of 

parametric study EPS Geofoam density has been 

varied from 11.2 kg/m3 to 28.8 kg/m3 as shown in 

Table. The increase in EPS Geofoam density 

decreases the screening effectiveness; however, the 

choice of density is dependent on the availability and 

soil properties. In the Figure, the variation of ARR has 

been shown with the different values of EPS Geofoam 

density.  

In the present study, the train different range of train 

speed has been considered for the parametric study. 

For this purpose Mach number (M2) which is defined 

as the ratio of the train speed (V) and shear wave 

velocity of the soil (Vs). M2 equals to 1.0 correspond to 

the critical speed, whereas M2 < 1.0 and > 1.0 are sub-

critical and super-critical speeds respectively. In the 

Figure below the variation of the ARR with different 

critical speed region has been shown to know the 

screening effectiveness. It can be seen that EPS filled 

trench is more effective in reducing the vibration of 

train moving with super critical speed which is well-

established fact for the in-filled trench in reducing 

ground vibrations. To show the utility of trench in the 

sub-critical and super-critical region the vertical 

velocity responses are plotted in the frequency domain 

in Figures below It is clear from the Figures that 

reduction in the vertical velocity is higher in 

supercritical region with the EPS filled trench.  
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From the above parametric study, the quantification of 

the screening effectiveness can be visualised with 

influences of different parameters. 

 

 

 

 

 

 

 

 

Variation of ARR with different normalised 

parameters depth, width, location, the Vb/Vs, 

different EPS Geofoam density, different Mach 

number, and ratio of the bed rock depth to depth of 

the trench. 
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The frequency distribution of the velocity in sub-

critical speed region, super-critical speed region. 

CONCLUSION 

The performance of EPS Geofoam filled trench has 

been evaluated using finite element model under train 

induced vibrations.  A 2D FEM model has been 

developed to investigate the influence of different 

parameters. The conclusions of the present study can 

be drawn as follow:  

• The analyses have been carried out for both the 

open and EPS filled trenches to find out the design 

recommendations.  The screening effectiveness in 

terms of the amplitude reduction ratio has been 

shown for the different trench parameters.  

• The range of screening efficiency obtained by 

using EPS filled trenches are in the range of 43-

65% whereas with open trench it is in the range of 

76-86%.   

• The depth of the trench, shear wave velocity and 

Poisson’s ratio of the EPS Geofoam are found to 

be crucial in vibration screening.  

• The location of the trench has an important role to 

play in construction of trenches. Three different 

range of train speed critical, super-critical and sub-

critical have been considered in the present study. 

The results show the EPS filled trench is very 

much effective in high-speed train vibrations.  
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