
Indian Geotechnical Conference IGC2016 
15-17 December 2016, IIT Madras, Chennai, India 

1 

NUMERICAL STUDY OF THE SCREENING EFFECTIVENESS OF 
OPEN AND FILLED TRENCHES USING THE SCALED BOUNDARY 

FINITE ELEMENT METHOD  

N M SYED 
Civil Engineering Section, Polytechnic, Maulana Azad National Urdu University, Bangalore – 560 072. 
madanibaroda@gmail.com 

ABSTRACT:  In railway transportation, reducing the effects of the train-induced vibrations on the nearby structures is a 
challenging task. Trenches are one of the simplest among the various mitigation measures for the attenuation of ground-
borne vibrations. This paper deals with the study of the effectiveness of open and filled trenches in vibration screening.       
In the present study, the far-field is modelled using the scaled boundary finite element method (SBFEM). The trainload is 
simulated using two simultaneously applied concentrated line loads which cover a wide frequency range that normally arises 
in case of a heavy axle train passage. The developed code is first verified by solving the problem available in the literature. 
Various parameters such as geometric features of the open trench like width and depth of the trench and distance of the 
trench from the rail (active and passive isolation) as well as the backfill material in filled trench are considered and their 
effect in screening the ground-borne vibrations is investigated. Results show that among the geometric parameters the role 
of the depth of the trench is very significant. Open trench was found to be more effective than the filled trenches.  
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1 Introduction 

Ground-borne vibrations due to trains in 
urban region may cause discomfort to 
people in the nearby buildings. Reducing the 
effects of the train-induced vibrations on the 
nearby structures is a challenging task. 
Various researchers have been developing 
theoretical and numerical techniques along 
with the experimental investigation to 
mitigate the effect of ground transmitted 
vibration. Trenches are one of the simplest 
among the various mitigation measures for 
the attenuation of ground-borne vibrations. 
Shrivastava and Rao (2002) examined the 
effectiveness of open and filled trenches for 
3D problems. Mino et al. (2009) carried out 
2D Finite Element Method (FEM) 
simulations to study the effect of several 
open trench configurations in reducing the 
vibrations. Bo et al. (2014) performed 2D 
numerical investigations to study the 
effectiveness of wave barrier in vibration 
isolation. Chiang and Tsai (2014) studied the 
effectiveness of open trenches in reducing 
the transient vibration using 2D Boundary 

Element Method (BEM).. This paper deals 
with the study of the effectiveness of open 
and filled trenches in vibration screening 
using the scaled boundary finite element 
method (SBFEM). The SBFEM offers the 
advantages of both the FEM and the BEM, 
evading their respective drawbacks. 

2 Coupled FEM-SBFEM Scheme in Time 
Domain 

In the present work, the sub-structure 
method of dynamic Soil-Structure 
Interaction (SSI) analysis has been 
employed. The dynamic property of an 
unbounded domain can be represented by 
the force (R)-acceleration (ü) relationship 
formulated on the near-field/far-field 
interface which satisfies the radiation 
condition at infinity. This relationship is 
coupled with the substructure of the 
bounded domain at the interface leading to 
the following governing equations of the 
total dynamic system (Wolf, 2003)  
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where [M], [C] and [K] are mass, material 
damping and stiffness matrices, 
respectively; {u(t)},   tu ,{ü(t)} are 
displacement, velocity and acceleration 
vectors, respectively. The subscripts s and b 
denote the nodes of the bounded domain and 
nodes associated with the interface, 
respectively. The interaction forces {Rb (t)} 
can be evaluated from the following 
equation  

          du
t

tMtbR  
0

                                (2) 

where [M∞(t)] is the acceleration unit-
impulse response matrix in the time domain. 
In the present work, [M∞(t)]  is determined 
using the SBFEM (Wolf, 2003). The FEM is 
employed to model the near-field and the 
SBFEM is applied to model the unbounded 
domain. Once the interaction forces are 
found using Eq. (2), Eq. (1) may be solved 
by using a time-integration scheme, such as 
Newmark method.  

3 Comparisons with the published results 

Results obtained from the coupled FEM-
SBFEM scheme discussed in the previous 
section have been compared with those 
available in the published literature 
elsewhere (Syed and Maheshwari, 2014). 
However, a specific problem of elastic half-
space with open trench from the published 
literature is solved using the present method 
in the following subsection.  

3.1 Elastic half-space with open trench 

An elastic half space under a triangular 
impulse of magnitude P0 = 1 MPa is 
investigated (Fig. 1). Material properties of 
the half-space are: Modulus of elasticity, E 
= 330 MPa; Poisson's ratio, v = 0.25; and 
mass density,  = 1,785.7 kg/m3. The soil-
structure system shown in Fig. 1 is divided 
into a FEM and a SBFEM subsystem. The 
far-field is modelled by two-noded line 
SBFEs whereas the near-field soil is 

discretized by means of four-noded plane 

strain solid elements. 
 
Fig. 1(a): Geometry of the SSI system 
Fig. 1(b):  Loading history  
The same system has been analyzed by Israil 
and Banerjee (1990) by using time-domain 
BEM and by Yerli et al. (1998) who 
employed infinite elements approach. 
Vertical displacements at Points A (before 
the trench) and B (after the trench) obtained 
by the present method and plotted in Figs. 2 
and 3 match quite well with the published 

results within the permissible error. 
Fig. 2: Vertical displacement at point A with and 
without trench 
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Fig. 3: Vertical displacement at point B with and 
without trench 
 

4 Parametric study of the trench 

Parametric analysis is performed for the 
railway embankment supported on elastic 
half-space considering the existence of an 
open trench as shown in Fig. 4. The material 
properties of the half-space are: E = 120 
MPa,  = 2000 kg/m3 and  = 0.33. The 
material properties of embankment layer 
are: E = 330 MPa,  = 2000 kg/m3 and  = 
0.33. A trench barrier of width W and depth 
D is assumed to be located at a distance L 
from the embankment as shown in Fig. 4. 
Two concentrated line loads in the form of 
four consecutive impulses in a horizontal 
distance of 2 m to each other are applied 
simultaneously to represent the trainload. 
This load combination possess a wide 
frequency contents with a predominate 
range from 20 to 35Hz which covers the 
frequency range that is expected to be 
caused by a heavy axle train passage(Adam 
and von Estroff, 2005).   

Fig.4: Geometry of the soil-structure system and time 
history of the applied load 

4.1 Effect of distance of the open trench from 
the source of vibration 

To assess the effect of distance of the trench 
from the source of vibration L, the active 
isolation case is considered where L = 4 m 
and passive isolation case is considered 
where L = 20 m. For this case, W = 1 m and 
D = 3. The response is evaluated at a point 
which is 25 m from the left hand side of the 
embankment. Fig. 5 shows the plot of 
vertical acceleration calculated for both 
active and passive isolation cases as well as 
for the case with no trench. The presence of 

open trench leads to about 50 % reduction in 
the acceleration amplitude for active 
isolation and about 42 % reduction for 
passive isolation. In the present study, the 
active isolation seems to be comparatively 
effective than passive isolation, but this may 
not always be the case, since it would 
depend on the soil conditions and the nature 
of applied load.  

Fig. 5: Vertical acceleration for active and passive 
isolation 

4.2 Effect of trench depth for open trench 

For evaluating the effect of depth of the 
trench, the case of passive trench (L = 20 m) 
is considered with W = 1 m. Two values of 
the depth of the trench, viz. D = 3 m and D 
= 6 m, are considered.  In Fig. 6, the time 
history of the vertical accelerations for both 
the values of the depth of the trench is 
shown. The figure indicates about 42% 
reduction in the acceleration amplitude in 
the case of 3m depth and about 62.5% 
reduction in the case of 6m depth when 
compared with no trench case.   
Fig. 6: Vertical acceleration for different depths 

4.3 Effect of trench width for open trench 

Fig. 7 shows the plot of vertical acceleration 
calculated for two different values of the 
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trench width, viz. W = 1 m and W = 2 m 
along with the plot of acceleration for no 
trench case. For this case, D = 6 m.The 
percentage reduction in the acceleration 
amplitude in the case of 1 m width is about 
62.5% whereas it is 63 % in case of 2 m 
width when compared with no trench case. 
There is very little effect of increase of width 
on vibration isolation effectiveness of open 
trench.  

 
Fig. 7: Vertical acceleration for different widths 

4.4 Effect of the filled trench 

The effect of the filled trench in vibration 
isolation is investigated for two different 
backfill materials: a soft soil and concrete. 
For this analysis, D = 6 m, W = 1 m and L = 
20 m. The material properties of soft soil are: 
E = 28 MPa,  = 1750 kg/m3 and  = 0.4. 
The material properties of concrete are: E = 
25 GPa,  = 2000 kg/m3 and  = 0.25. Fig. 8 
shows the calculation results. It is evident 
from Fig. 8 that the trench filled with soft 
soil is more effective in vibration isolation 
than the trench filled with concrete. 
However, open trench is comparatively 
effective than the filled trenches.  

Fig. 8: Vertical accelerations for open and filled 
trenches 

5 Concluding Remarks 

A study is carried to assess the effect of open 
and filled trenches in vibration isolation 
using coupled FEM-SBFEM approach. 
Important observations are as follows: 
 The increase in depth and width of the open trench 

result in the reduction of the ground vibration. 
However, the influence of depth of the trench is 
considerably more than the width of the trench. 

 Compared to filled trenches, open trench is more 
effective in vibration isolation. 

 Filled trench with soft-soil is more effectives than 
the trench filled with concrete in vibration isolation. 
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