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Abstract. Nowadays, the consolidation of the rail in highlgpplated areas has become a
reality. Foundations, buildings, high accuracy desiand people are susceptible to suffer from
vibrations induced by passing trains. Thereforedet® for predicting ground vibrations are
required in order to determine new mitigation measuRectangular open or in-filled trenches
are a suitable solution to be used near construeaibgay lines. Their installation is fast, easy
and economic since no intrusion in the track isdeee In this work, the influence of the trench
design on its effectiveness is analyzed considaitrgin moving with subsonic speed. A finite
element model of the track has been developed alidhted with real data registered along the
tram network in Alicante (Spain). The analysisasried out in the time domain considering the
quasi-static movement of the vehicles. The resldtaonstrate that, in ascending order, the most
relevant parameters in a trench are its width, ldeptd in-filled material or trench typology.
However, it is also concluded that other conditisnsh as the stratification of soil are essential
in order to determine an optimal design of a waaiér.

Keywords: ground vibration, finite element method, isolaticef|lection, wave barrier.

Nomenclature

H Trench depth

Lr Rayleigh wavelength

Cj Reflection barrier coefficient
Di Soil density

i Soil shear wave velocity

Pi In-filled material density

v In-filled material shear wave velocity
7 Incident wave angle

7 Refracted wave angle

Fext Applied external forces vector
Fint Internal forces vector

{u} Nodal displacements
{u} Nodal velocities

{it} Nodal accelerations
[M] Mass matrix

[C] Damping matrix

[K] Stiffness matrix

{F¥t)} Time-dependent vector of applied forces
o Mass-controlling Rayleigh coefficient

p Stiffness-controlling Rayleigh coefficient
(2] Mass normalized eigen vector matrix

[c] Diagonalized damping matrix
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W Natural system frequency

& Modal damping ratio

Prrec Main frequency spectrum peak

d Distance between consecutive nodes
Y% Tram velocity

E Young modulus

1. Introduction

In the last decades of scientific railway reseatied,necessity of establishing a methodology
to calculate and control traffic-induced groundraiiion has grown up.

On the one hand, the increase in the standardvofgliin society has prompted the
requirement of high quality transportation servicBserefore, a more accurate study of railway
internalities and externalities has to be performed

On the other hand, it is well known that groundrattons from railways may produce
problems in nearby foundations and as a consequéineestability of buildings and people
health can be affected. To prevent these probléraaches and buried walls, as a type of
mitigation measure, may provide an important reidacof vibration amplitude after their
location. Although this mitigation measure is stii research process, it is a highly
recommended solution because of its characteridticstly, its construction does not present
any complexity. And secondly, its onsite instafiatiis very economic because for an existing
railway line it is not needed to modify its struetu

In this paper, two main objectives have been aehieVhe first goal was to create a model
based on the finite element methodology for theligt®n of ground vibration propagation. This
model has been calibrated and validated with ressurements taken along the tram network of
Alicante (Spain). The second effort was to applig ttimethodology to study the influence of
some hypothetical designs of open and in-fillechdtees located in the same soil, where the
above measurements were taken.

In order to create this model, the most relevarblipations on the subject have been
reviewed. The first models to predict the groundraiion level produced by the railway
appeared during the 70s. In [1] and [2], the d&®gm mechanisms of vibrations that have to be
taken into account to perform an accurate modekwigcussed. Some years later, [3] and [4]
focused their work on the urban railways. The fose completed an analytical study of the
vibrations induced by the metropolitan trains imnmgy tunnel structures. Later, [4] presented a
methodology to obtain the amplitude of vibratiomsidering all the subsystems which take part
in the phenomenon: generation-transmission-receptio

Nowadays, in the study of railway induced-grountbrations two main tendencies are
acknowledged, namely, the analytical and the nwakrdne. In contrast to the numerical
methodology, the analytical one provides a contirsugolution in all the domains in which the
problem is studied. Some of the analytical resesx¢hat may be cited include works such as
[5] and [6]. However, these analytical studies hamémportant limitation since their solution is
only possible for simple geometries and idealizedditions. Hence, it is essential to use
numerical models in order to predict the groundration propagation from railways and to
investigate new measures for attenuating the vig?]. Therefore, the Finite Element method
(FEM) has been the methodology selected in thiepapeveral authors have also chosen this
method in order to study railway vibrations. [8]idied with the FEM the dynamic response of
an embedded rail track demonstrating that vibratiocrease with the load speed. In 2009, [9]
constructed a two-dimensional FE model to study bmwave-propagation was influenced by
buried walls. However, a 2D model cannot take adoount the wave propagation, geometrical
and material dissipation in the longitudinal difentof the railway. That is why, in this paper, a
3D model has been proposed. In contrast, FEM ptesebasic disadvantage for reproducing
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the wave propagation phenomenon. This method pistenrepresent a semi-infinite soil by a
finite size model. In consequence, several autlises non-reflecting boundaries in order to
prevent this problem [10-13]. However, it ends uging a complicated remedy, which is
sometimes applicable only when the layered sodluigported on a rigid bedrock base [14]. In
this paper, the radiation condition has been aelidyy dimensioning the model so that the
biggest required Rayleigh wavelength can be deeelap all directions (section 2).

Related to the second scope of the paper, thetiedwaf the ground vibration amplitude due
to the influence of active trenches has been sfudpecifically, the most important parameters
on a trench design have been taken into accouthteiranalysis, i.e., width, depth and in-filled
material or trench typology.

This kind of vibration dissipation measures haverbstudied for more than 40 years. Firstly,
[15] and [16] carried out some field works. Theytbeached similar conclusions: the reduction
of ground vibration is possible only when the deptlthe trench is comparable to the Rayleigh
wavelength. Moreover, [16] revealed that a 75% mpltude reduction is possible when the
quotient H/Lg is higher than 0.6 for active isolation and for @mogeneous soil, whernd
denotes the depth ang the Rayleigh wavelength. In addition, later théiced studies such as
[14] and [17] agreed with the idea that the modevant geometrical parameter on the
effectiveness of a trench is its normalized def@bnsequently, it is well known that for a
homogeneous soil, the isolation of ground vibratigntrenches is effective only for medium
and high frequency vibrations, so it can be thoudast for a homogeneous soil and low
wavelengths, trenches could not be very effectii@vever, from that, several authors such as
[14], [16] and [18] suggest that it would be neeegsto study the influence of barriers in a
layered ground since it is expected to find a gneaffect than in a homogenous soil. The soil in
the study site of this paper is a layered onegebtisn 4,the interaction among this fact and the
depth of the trench is analyzed. Moreover, themoisa great agreement by the main works on
the influence of the trench width. Some authordisag[11] and [19] found this parameter to be
significant on the trench effectiveness while [12B] and [20] reached the opposite conclusion.
In order to come to a clear idea, the trench wiglhiso studied in this paper.

Related to the in-filled trench material, the matign phenomenon is produced by the
impedance discontinuity in the propagation mediuntes arriving waves are refracted and
reflected. In accordance with [21], the reflectmefficientc;; for a determined in-filled trench
is defined as follows:

2pip,cosb;

G = pik;cost; + p; u}.cos@i (1)
wherep; andy; are, respectively, the density and the velocityhef elastic shear waves for the
soil andp; andy; are the same parameters for the in-filled trencteri@. In addition,& and &

are, respectively, the incident and refracted wavgle. From that, the denser and the stiffer the
in-filled material is, the bigger reflection coeitnt the trench will have, obtaining a better
effective isolation. All this is related to the lexftion mechanism, but theoretically, the
absorption mechanism could also make the amplivdidiboration reduce in soil after the trench.
In section 4, the influence of the in-filled matrilensity and stiffness over trench effectiveness
will be analyzed by proposing concrete and pohhaeé as in-filled materials. However, in
spite of everything, it is well known that, ideallgn open trench will always be better than an
in-filled trench since no waves are transmitted ablid to void interface. This fact has also been
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studied in the next analysis as two open trencbltypes have been proposed: an open trench
and a sheet piling trench.

2. Development of the 3D FE model

In this section, a description of the methodologilofved in the development of the FE
model is presented.

As it will be seen below, a three-dimensional &nélement method has been used for the
study of the induced-train ground vibration wavestlie time domain. The geometry and
material characteristics of the track and soil elete have been taken from a specific point of
the tram network of Alicante where the real dataenmeasured. Consequently, the analysis of
barriers presented in section 4 will be applicabléne future.

With this methodology, both quasi-static and dymamiechanisms of train vibration
generation can be implemented. However, when cigatie model no dynamic components
have been taken into account until the calibrasiod validation process.

2.1 Rayleigh damping theory

For the FEM analysis, the software ANSYS LAUNCHE&stbeen used. In order to resolve
the numerical dynamic problem, a global mass maMk damping matrix €] and stiffness
matrix [K] are generated. Then, the equilibrium is propdsedquation (2):

Fext = Fint (2)

whereF,; andF;, are, respectively, the applied forces and the mateforces vector. Therefore,
based on the values of the state fields (displan&me velocities, and accelerations),
internal forces are calculated resolving numenctie equation of motion (3):

[M]{it} + [Cl{a} + [KT{u} = {F*(8)} ®3)

being{F(t)} the external applied forces vector which is tinepehdent.

Although the generation of mass and stiffness wedris performed directly from the system
properties, Rayleigh damping theory is consideredas to generate the damping matrix.
According to this theory(] can be denoted by (4):

[C]=a[M]+[K] 4)

in which o andf are the so-called Rayleigh coefficients which arquired for the dynamic
analysis and have a global influence in the phemome
By orthogonal transformation, equation (4) is madifas (5):

a+ pw? - 0
[217[C][0] = a[@]" [M][@] + B[2]" [K1[®] = [c] = : g : (5)

0 - a+pwl

being [7] the normalized eigenvector mass matrix of theesysc] is the diagonalized damping
matrix ande is the i-natural modal frequency of the system.
From analogy to single-degree-of-freedom systetis kinown that:
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¢ = 2§w; (6)
whered is the modal damping ratio. Then, matching (5) @)dequation (7) is obtained:
2§w; = a+ pw} (7)
and this reduces to (8):

a  Pw;

=50t ®)

A hypothetical plot of equation (8), consideringital values ofax and g coefficients is
shown in figure 1.
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Fig. 1. Graphical representation of expression (8):
P p—— T compone@zt,%); - = =, Stiffness componerqf%)

As can be seen, the modal damping ratio is noratifrequency-dependent. Moreover, both
mass and stiffness components have been plottatisinvay, it can be observed that the mass
component, dominated by coefficieat is only notable for a frequency range from O to 6
rad/sec. In contrast, the stiffness component, datad by coefficieng, is always notable and
proportional to the natural frequency of the systéma large number of civil problems, the
natural frequency values of a system are locatdti@rlinear tract of the expression because of
the large structural stiffness, see equation (8gré&fore, in these cases it can be assumed that
the mass component is not influential in the phesioon and expression (8) can be written
as (9):

q=Lo ©)

Clearing thes coefficient from (9), it can be obtained by eqoat{10):

g2 (10)

Wi

As an exception, it can be considered the casesg$t®m where a harmonic force or a set of
harmonic forces are applied. For the determinabbdamping Rayleigh properties; is to be
supposed as the most dominant harmonic force freyugince the system is going to vibrate in
accordance with this time-dependent action.

412

[ VIBROENGINEERING JOURNAL OF VIBROENGINEERING MARCH 2012.VOLUME 14,1SSUEL. ISSN1392-8716



761.STUDY OF WAVE BARRIERS DESIGN FOR THE MITGATION OF RAILWAY GROUND VIBRATIONS.
J.I. REAL, A. GALISTEO, T. REAL, C. ZAMORANO

2.2 Modeling the railway cross section

Regarding the railway structure modeling, a singifreproduction of the elements has b
determined. Considered actions are vertical, figén tweight and hypothetical induced dynai
actions from wheel and rail defects. Consequentigchanical profrties and geometry are
modified so that inertia and vertical rigidity aequal to the real ones. A cross section of
studied track is shown in figure 2.

O o pi —
OON

e 11”7 O OO
DITCH | ILEAN CONCRETE | |/

DITCH

Fig. 2. Cross section of the railway provided by GTP (Maragnt Entity of Transport Network and Pc
of the Generalitat)

As can be observed, the studied structure is atedalt with embedded Phoenix rails €
three different concrete layers, i.e. reinforcedss and lean ones. Rails have been modele
rectangle which has the same width as the realréaldbut different height so that the horizor
axle inertia is the same as the real one. Railtha#ness has been increased since its a
dimenson is too small compared to the other elementsolsequence, You’s modulus has
been modified so that the element has the samiealaiiyidity as in reality. The same geome
as shown in figure 2 has been modeled for the edaalements. From gechnical tests it is
known that the soil is formed by a 2 meters thigkdslayer supported on a calcarenite bed
base. However, the sand elastic parameters ateustthown. Material characteristics ¢
summarized in Table 1.

Table 1. Material propertie

Material E (Pa) v p (kg/m)
Rail 2.1el: 0.30 7830
Rail pad 2.67¢ 0.48 900
Reinforced concrete  2.72ell 0.25 2400
Mass concrete 2.25ell 0.20 2300
Lean concrete 2.25ell 0.20 2300
Cable ditch 1.13ell 0.20 2300
Sand unknowr unknown unknown
Calcarenite 4.6e9 0.26 1830

2.3 Defining the entire FE model

In order to perform a thorough analysis, wave pgagian criterion has to be respect
Hence, no artificial boundaries have to interfemettte vibration transmission by creating wrc
reflecting and refracting effects. It has been dedito study a fiquency range from 2 to 50 Hz,
which includes large part of the frequency intemedévant to the whole body perception. Si
ground surface vibration is studied, Rayleigh wases to be considered in the assumpti
Consequently, for calculating theatrsversal and longitudinal dimension of the moded
largest Rayleigh wavelength at the lower considdrequency has to fit on the model in
directions. Considering the elastic vibration thegorthis wavelength corresponds
approximately 50 m. Siitarly, the length of the elements is determinedtisat 6 nodes at
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present per wavelength of the Rayleigh waves athtgeer frequency [22]. In this way, tl
length of elements is up to 0.5 m.

The vehicle selfwveight is applied to the rail as a punc force. However, the force
magnitude has been modified depending on its posgince the vertical rigidity of the model
track is lower near the frontiers. Consequentickrdeflections under a unitary force have
analyzed as can be seen in fig8rdn this way, the train weight has been ponda@that the
vertical deflection keeps constant along the fudvement

E Apex=1,1-10%

Sl Awex=0,56-108

Fig. 3. Study of vertical track displacements under a uypifarce

Surface soil accelerations apbtained in a track transversal line located in tia# of the
model, i.e. as far as possible of the beginningaaring model boundaries, see figur

2.0

15

10

Acceleration, mn/s*

05

1 - S

-0.5 F

10 F

A5 F

-2.0 L L L L L I I I

Time, s
Fig. 4. Rail vertical acceleratic

Attending to figure 4, the three different vehidegies can be distinguished as tr
maximum accelerations are registered. In addititmee principal peaks in accelerat
spectrums have been recognized: bogies and whee$-static frequencies, which are not too
dominant, and the main frequency spectrum peakPy.. = 16.67 Hz, which is induced by
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discretized progress of the load since the distheteeen nodes = 0.5 m and the considered
train velocity isv = 30 km/h:

v 30/3.6
Prec :EZ 0.5

= 16.67 Hz (11)

To conclude the modeling, different comparisonswieen initial and simplified model
results have been performed and the half parteostiucture has been removed since it does not
involve any modification on results. This fact h@evided a relevant structure simplification
since the mesh has become much more economiams tafrcomputational time.

2.4 Sensitivity analysis

It is necessary to establish which parameterstétkat part in the process are influential in the
results and which of them are not. This analysisigies help when carrying out future settings
and results comparisons with collected real dat, galibration and validation processes.
However, there are some known parameters whosdigiysanalysis would not make sense
since their magnitude is already established. Unknparameters are the glohalRayleigh
coefficient and the elastic sand properties.

In figure 5, the influence of Young’s modulus orcelerations results for a point located
1.20 m far from the rail is indicated. As can bea@fved, this parameter is quite influential since
vibration amplitude decreases for higher valuegt.dRegarding theg Rayleigh coefficient, its
effect on the dynamic response is provided in #g@r It is determined that the higher ihe
coefficient is, the more attenuated the soil respas since the acceleration amplitude and the
time-response after peak are lower. This fact eaaxplained from equations (9) and (10) as the
modal damping ratio is proportional to th&ayleigh coefficient. Moreover, in order to propos
some appropriate values of coeffici@gnfor the sensitivity analysis, equation (10) hasrbesed.
Other sand elastic parameters such as the Poissdigsand density have been found not to be
so much influential on the results.

0.4 04 r

0z 0z r
0.0 0.0
-02 02

-0.4 04

Acceleration, m/s?
Acceleration, m/s?

0.8 06

08 P S T T R R 08
01 2 3 4 5 6 7 8 9 01 2 3 45 658 7 8 9
Time, s Time, s
c os d os
04 04

0z r

0z r
0.0
02 0.2

04 b 04

Acceleration, m/s?
Acceleration, m/s?

06 06

1 1 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
Time, s Time, s

08 L 1 1

-0.8

Fig. 5. Acceleration response in a point located at 1.2figtance from the rail for different sand Young's
modulus valuesH): a)E; = 1.7-10Pa; b)E, = 7-10 Pa; c)E; = 12.3-10 Pa; d)E, = 17.5-10Pa
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Acceleration, m/s?

Time, s

Fig. 6. Schematic acceleration response in a point loca2d m from the rail for differenf Rayleigh
coefficient: = — =, ;= 0.0001; B3=0.001;........ S2=0.01

Thus, the only two parameters which have been chtsdake part in the calibration and
validation processes are the Young’s Modulus ae@ fRayleigh coefficient.

3. Calibration and validation

Once the model has been developed, it has beebrateli and validated from the
measurements registered on Line 4 of the Alicanat® hetwork. The measurements were taken
when the vehicle passed by using some FiberSenlirtgiaxial accelerometers. The data was
recorded in two points located 0.3 and 1.20 m famfthe rail and only data gathered from
trains which speed was approximately 30 km/h hagenbconsidered. Hence, the effect of
velocity has not taken part in the analysis. Therage of all registered accelerations has been
obtained and used for performing the comparisomesithe variability of results has been
checked to be acceptable.

As deduced in section 2, the only two parametensidered in the calibration and validation
process are those which are influential in resatd yet unknown. The rest of the parameters
have been provided by GTP or obtained from simpleutus. Both unknown parameters have
been calibrated by comparing the model results wdta gathered 0.3 m from the rail. The
dynamic component has been taken into account dngasing model accelerations in a 33%
[23] as, since this point, only quasi-static getieramechanism had been considered.

The calibration process has been rigorously pedrimy comparing the following criteria
between the real data and model results:

* Value of the maximum and minimum acceleration peaks
« Time the signal takes to grow to the first peak.
« Attenuation time from the last peak.

After that, it has been achieved to validate thel@havith the suitable chosen parameters by
making another comparison. It has been checkedntbdel results accurately fit with the real
data collected 1.20 m from the rail. The resultpagameters from the calibration process are
listed in Table 2.

Table 2. Resulting parameter values from calibration process

Parameter Calibrated value
S Rayleigh coefficient 0.001
Sand Young modulus 70 MPa
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The validation process allows the model to study éffectiveness of barriers on wave
transmission isolation for the analyzed soil.

4. Study of barriersinfluencein wave soil propagation

In the present analysis, the main influential patars in a wave barrier design are studied.
According to the reviewed literature, it is welldwn that factors such as the trench geometry,
i.e. depth and width and the in-filled material magve a pronounced effect on the trench
effectiveness. However, this effect has not beeinedy established for a layered soil yet, but it
is thought that trench effectiveness may be madlifiss has been seen, the analyzed railway
track is over a stratified soil so the layeringeeffhas been analyzed. The characteristics of the
soil materials are shown in Table 3.

Table 3. Soil material mechanical characteristics

Material  Thickness(m) E (MPa) v p (kg/m?)
Upper layer Sand 2 70 0.3 1800
Substratum Calcarenite indefinite 4600 0.26 1830

A quasi-static load is applied along the rail atc@nstant velocity of 30 km/h. The
acceleration amplitude after different proposedvadrenches is computed. Thus, the influence
of trenches characteristics is studied.

4.1 Influence of trench width

According to [24], the isolation improvement of a@we barrier is only appreciable for a
width below a quarter of the Rayleigh wavelength. this model, the main propagation
frequency is 16.67 Hz and the Rayleigh wave vejofot the upper layer is about 106 m/s.
From that, a quarter of the main wavelength isaup.6 m, which is not a reasonable dimension
for a trench. Hence, widths below this value avelisd.

For the present analysis, the effectiveness oktlen trenches has been compared. The
following widths for each one of them have beensidered: 0.45 m, 0.6 m and 0.75 m which
are common backhoe bucket sizes and sensible diomsng be used in urban areas. The
trenches depth has always been kept constant arad ®g1.5 m so the calcarenite substratum
has not been penetrated. Figure 7 shows the Jeaticaleration response in a node located 1.3
m from the trench for each considered width.

Since the main wavelength in the model is lowentti®e quarter Rayleigh wavelength, the
vibration isolation after the open trench growstlees width is larger, which agrees with [24].
However, this dynamic reduction is not so relevanisidering that the vibration amplitude for
each studied solution has the same order of matmiterom that, it can be concluded that the
slight alteration produced by the increase of tiuelied parameter cannot justify the choice of
the barrier width in the design process. Theresame more important design criteria such as
the availability of urban space or the construcbodget.

4.2 Influence of trench depth and typology in a layered soil

The previous analysis suggests that a practicatisalshould be chosen in order to establish
the trench width as no dynamic criteria is to basidered. Hence, in this section, a width of
0.45 m is selected for the study. The followinghtie depths and typologies are considered:

e 1 mdepth, which is the shorter trench studied.
» 1.5 m depth, which base is at distance of 0.5 mfitee calcarenite layer surface.
* 2 mdepth, which base is in contact with the caloie layer surface.
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* 2.5 mdepth, which penetrates the calcarenite [@y@Em.

» In-filled concrete barrier, see Table 4.

» In-filled polyurethane barrier, which is a relafiysoft material, see Table 4.
e Open trench.

« Sheet piling trench.

Acceleration, m/s*
°

Time s

Fig. 7. Schematic acceleration response in a node locaseuh far from the trench:
........ , 0.45 m width; , 0.6 m widthje——— , 0.75 m width

Table 4. In-filled material characteristics and in-fillecgthches reflection coefficient

EMPa) v p(kgm’) g
Concrete 30000 0.25 2400 0.08
Polyurethane 20 0.45 500 1.58

The influence of depth in the isolation vibratioe ¢omputed in terms of acceleration
registered in the soil after the trench. This asialys firstly performed for each trench typology
separately. The results are provided in figure® 80 and 11.

Acceleration, m/s?

0 1 2 3 4 5 6 7 8 9
Time s

Fig. 8. Schemati@cceleration response in a node located at 2 mdrom-filled concrete trench:
........ , 0.5 m deepj———, 1 M deepmm = = , 1.5 M deepe—, 2 m deep

Generally, with the exception of the polyurethameath, it can be said that an increase of the
trench depth induces better vibration isolationydiolr depths within the sand layer thickness.
As can be observed, both depths 1.5 m and 2 m peothe same effect. So, according to this
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model, a penetration in the bedrock base is noéssry since no remarkable improvements
have been registered and in general, the optimupthdwill be considered the sand layer
thickness. In contrast, according to figure 11,nf&ximum vibration reduction for a sheet piling
trench is given by the 1.5 m depth trench so tlasld: make possible to save 0.5 meters of sand
excavation.

Acceler ation, m/s?

0 1 2 3 4 5 6 7 8 9
Time s

Fig. 9. Schemati@cceleration response in a node located at 2 médiroim-filled polyurethane trench:
ceeeeees , 0.5 Mmdeep——, 1 mdeepm = = , 1.5 M deepsm—, 2 m deep

0.15

Acceleration, m/s?

Time,s

Fig. 10. Schemati@acceleration response in a node located at 2 mdmopen trench:
........ , 0.5 mdeep————, 1 mdeepm = = , 1.5 M deeps—, 2 m deep

At the same time, however, for the in-filled polgtirane trench, no improvements have been
found with depth increment.

To sum up, it has been established that, mainé/wthole vibration energy is propagated by
the softer substratum when the solil is stratififuis fact provides a huge advantage for trenches
since it is not necessary to reach big depths lhiege a notable vibration reduction level. In
addition, it has been revealed that the depth ishighly influential for in-filled trenches, which
material has a big reflection coefficient, i.e.yokthane.

The above results provide a clear idea about tlieince of depth in the trench
effectiveness. However, in figure 12 the differenbetween the four considered trench
typologies is compared. The maximum accelerati@kger the time acceleration response of a
node located at 2 m from the trench is represented.

419

[0 VIBROENGINEERING JOURNAL OF VIBROENGINEERING MARCH 2012.VOLUME 14,I1SSUEL. ISSN1392-8716



761.STUDY OF WAVE BARRIERS DESIGN FOR THE MITIGATION ORAILWAY GROUND VIBRATIONS.
J.l. REAL, A. GALISTEO, T. REAL, C. ZAMORANO

Acceleration, m/s?

0 1 2 3 4 5 6 7 8 9
Time s

Fig. 11. Schemati@cceleration response in a node located at 2 mdrshreet piling trench:

cereeees , 0.5 M deepim——, 1 M deepm = = , 1.5 M deepsm——, 2 m deep
0.27
SANDLAYER BEDROCK BASE
0.24
0.21
W 4 S—
€ 018 o
2
3
2 0.15
c
°
&
T 0.12
g 0.09
>
=
% 0.06 4
=
0.03
0 h 2 .
1 1.5 2 2.5
Trench depth,m

Fig. 12. Maximum acceleration peaks on a node located at 2 m framtrénch: , no trench

located;X, polyurethane in-filled trencl & , concrete in-fillérench; M , open trenc® , sheet piling
trench

Results in figure 12 imply the following:
« Generally speaking, all the considered trenches hashieved some kind of vibration
reduction level since all of them provide a mecbahdiscontinuity in the soil. Additionally, in
every case vibration reduction keeps constantéptits above the sand thickness.
» Void trenches are the better ones since for evepthdtheir vibration reduction is higher
than for the in-filled barriers.
« Between void trenches, the most effective onegharse which vertical walls are held up by
a sheet pile because it is a more stable structioeever, for a depth equal to the sand layer
thickness the vibration reduction provided by bofhithem is almost the same. Moreover, as
mentioned before, for trench depths bigger thanm.the isolation level of the sheet piling
trench keeps constant.
« Since its reflection coefficient is smaller (seeblEad), a concrete in-filled trench is much
more efficient than a polyurethane one. In contriastlow depths, their effectiveness is similar.
In fact, the concrete in-filled trenches isolatlewel has resulted to be very sensitive to depth.
From these ideas, two main conclusions have besneel:
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» It has been clarified that void trenches are méfiectve than in-filled ones. It has been seen
that for a depth equal to the sand layer thickniesreduction level for both of them is similar.

However, the sheet piling trench presents a bsettectural stability and a depth of 1.5 meters
may be a suitable solution for the problem.

» It has been confirmed that the reflection coeffitiis highly influent in the effectiveness of

an in-filled trench. However, from figure 12 thexhsituations can be considered:

If ¢j < 1, i.e. the material trench is stiffer than sWibration reduction is achieved and a big
reduction is provided if the coefficient is nearae

If ¢; > 1, i.e. the material trench is softer than Sdibration reduction is also achieved but
not so much as in the previous situation sincehénpresent case reflection phenomenon does
not occur.

If ¢;j = 1, no vibration reduction is achieved since mecantinuity is located in the soil
structure.

From that, it is well known that the best materi@lsbe used for in-filled trenches are the
stiffer ones as concrete is. In contrast, shorciee in-filled trenches have to be disposable.
Their reduction level is similar to the polyuretkaone which has the same magnitude order as
the reference situation. With that, a 2 meters deserete in-filled trench may also be a suitable
solution for the analyzed cross section since divjgles an adequate vibration reduction and it
has a very stable structure.

5. Conclusions

A finite element model for the prediction of railwground vibration has been developed
and validated with real data. For the analysis,Rhgleigh damping approach has been adopted.
Wave transmission condition has been respectedrencesults are valid for a frequency range
from 2 to 50 Hz. The modeled track has been subjettt quasi-static load and applied for the
analysis of different configurations of wave so#rbers. From the presented results, the
following conclusions can be drawn:

» Regarding the characteristics of a wave barrieriarebcending order of their influence on
its effectiveness, the parameters which have beeeliesl are: width, depth and barrier typology.
» The increase of the barrier width within sensibues for urban areas does not affect
excessively the vibration isolation provided byranth. In consequence, non dynamic but
practical design criteria have been proposed tosfthe trench width in this paper.

* Anincrease of the trench depth for a layerediadicates clear improvement of the isolation
effect of the trench. Moreover, the optimum depthich provides the maximum isolation is
given when the trench base is in contact with tiréase bedrock base. No more depth is needed
since the trench effectiveness will not increase.

» Dense and stiff materials are the most suitables aaebe used for an in-filled trench since
their function is based on the reflection of thefate Rayleigh waves.

» Open trenches are more effective than in-filledsore sheet piling trench avoids suffering
from instability problems which an open trench nieywe. Moreover, it has been found that a
sheet piling trench does not need to reach theobkdrase to achieve the maximum vibration
isolation.
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