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Abstract. Ground borne vibration in buildings due to railway traffic is a major concern in
densely built up areas. In practice, railway induced vibration is often predicted by means of
empirical methods such as the Detailed Vibration Assessment developed by the U.S. Federal
Railroad Administration (FRA). The vibration velocity level in a building is predicted based
on a separate characterization of the source, the wave propagation and the receiver. They
are characterized by a force density, a line transfer mobility and a coupling loss factor, re-
spectively. While the line transfer mobility is determined directly with in situ measurements of
transfer functions, the force density and the coupling loss factor are obtained indirectly. In this
paper, a numerical model is used to simulate the experimental FRA procedure. The influence
of the soil properties on the coupling loss factor is investigated by computing the coupling loss
factor on three sites with different soil conditions. Each coupling loss factor is used to predict
the vibration velocity level and the result is compared to a numerical prediction such that the
accuracy of the procedure can be investigated. It turns out that the soil has a large influence on
the coupling loss factor, as the reduction of the vibration velocity level between the free field and
the foundation is affected by the relative stiffness of the building and the soil. Furthermore, the
coupling loss factor strongly depends on the position of the point where it has been measured.
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1 Introduction

Ground borne vibration in buildings due to railway traffic isa major concern in densely built
up areas. At low frequencies (1–80 Hz), vibration in buildings is perceived by the occupants as
mechanical vibration, whereas at higher frequencies (16–250 Hz), it is perceived as re-radiated
noise. An accurate prediction of this vibration is requiredso that effective mitigation measures
can be taken.

The numerical modeling of vibration in building is a problemof dynamic soil–structure
interaction. Generally, the coupling between the source and the receiver can be neglected such
that a prediction in two steps is possible. First, the dynamic load is determined at the source
and the vibration in the free field is computed. Second, the free field vibration is imposed as
the incident wave field and the building response is computed. Several numerical models have
been developed for the prediction of free field vibration dueto railway traffic at grade [1, 2] at
the source side and the building response at the receiver side. The validation of these models
show that a good knowledge of all relevant input parameters is necessary to obtain reliable
predictions. In practice, empirical predictions where these parameters are inherently taken into
account are therefore often used. The Federal Railroad Administration (FRA) and the Federal
Transit Administration (FTA) of the U.S. Department of Transportation have developed a set of
empirical procedure to predict vibration levels due to railway traffic [3, 4]. Three different levels
of assessment are described: the Screening procedure, the Generalized Vibration Assessment
and the Detailed Vibration Assessment. The first two levels are used for general screening
purposes. The third level is based on a prediction techniquedeveloped by Bovey [5] and Nelson
and Saurenman [6] and presents a more elaborate method basedon field measurements.

The Detailed Vibration Assessment predicts the vibration velocity levelLv [dB ref 10−8 m/s]
(root mean square in one-third octave bands) with the following equation:

Lv = LF + TML + Cbuild (1)

The first term in equation (1) is the force densityLF [dB ref 1 N/
√

m] and is a measure for
the power per unit length radiated by the source. The second term is the line transfer mobility
TML [dB ref 10−8 m/s

N/
√

m
] and is a measure for the vibration energy that is transmittedthrough

the soil relative to the power per unit length radiated by thesource. The third term is the
coupling loss factorCbuild [dB] and is a measure for the modification of vibration spectrum due
to the dynamic interaction between the foundation and the soil. Each term in equation (1) is
determined experimentally.

The line transfer mobilityTML is determined with an experimental measurement of transfer
functions between the track and the free field (Figure 1). Thepoint transfer mobilityTMPk

[dB ref 10−8 m/s

N
] is measured as the transfer function between the applied force in a single

impact pointk and the velocity in the free field. The line transfer mobilityTML is obtained as
the superposition of different point transfer mobilities,determined along the track alignment:

TML = 10 log10

(

La

n
∑

k=1

10
TMP

k

10

)

(2)

whereLa is the distance between the impact points andn is the total number of impact points.
The force densityLF is determined indirectly based on equation (1). The vibration velocity

level during a train passage is measured in the free field (without the presence of a building).
The line transfer mobilityTML is determined experimentally and is subtracted from the free
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Figure 1: The experimental setup for the determination of the line transfer mobilityTML.

field vibration velocity level, resulting in a normalized force densityLF of the train passage.
The force density is not only determined, however, by the dynamic characteristics of the train
and the track, but also depends on the subsoil conditions.

The coupling loss factorCbuild is determined indirectly as the relation between the vibration
velocity level in the free field and the vibration velocity level at the foundation of a building.
The coupling loss factor depends on the building and foundation type, but also on the subsoil
conditions. In the FRA manual, a frequency dependent coupling loss factor is proposed for
several building and foundation types.

In a prediction with the FRA procedure, each term in equation(1) is determined experimen-
tally. When a new building is constructed in the neighborhood of an existing track, the vibration
velocity level in the building is predicted as follows. The force densityLF and the line transfer
mobility TML are measured on site. The advantage is that the source and thelocal transfer of
vibration are correctly accounted for. The coupling loss factor Cbuild cannot be determined on
site, however, as no building is present yet. It can be obtained from a database that contains
previous measurements of the coupling loss factor of several building types. Examples of cou-
pling loss factors are also given in de FRA manual [3]. The coupling loss factor is not only
determined by the building or foundation type but also by thesubsoil conditions, however. It is
therefore important that the conditions of the soil are similar at the site where the coupling loss
factor has been determined and at the site where it will be applied.

When a prediction is needed on a site with an existing building and a new track, the line
transfer mobilityTML and the coupling loss factorCbuild are determined on site, whereas the
force densityLF has to be determined at another site with similar conditionsfor the train, the
track and the soil.

In the present paper, the influence of the soil characteristics on the coupling loss factor is
investigated by numerical simulations to assess possible inaccuracies in the prediction due to
a mismatch in the soil conditions. The influence of the soil conditions on the force density
has been investigated previously [7]. In section 2, the numerical model is introduced. The
vibration velocity level in the free field and in the buildingis computed numerically on three
different soils in section 4 and section 5. In section 6, the coupling loss factor at each soil type
is obtained from these results. Finally, in section 7, a prediction of the vibration velocity level
in the building is made by combining the computed coupling loss factors for each soil type with
the free field vibration velocity level at another site. The predictions are compared to the exact
solution and the accuracy of the FRA procedure is evaluated.
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2 Numerical model

A numerical model is used to compute the vibration velocity in a building due to a train
passage on a railway track. The source and receiver are considered to be weakly coupled such
that a prediction in two steps is possible. First, the vibration velocity in the free field due
to moving loads is computed. Therefore, the axle loads of themoving train and the transfer
functions from the track to the free field need to be determined. Second, the response of the
building is computed based on the incident wavefield.

2.1 Source model

Figure 2 shows the coupled track–soil domainΩ of the source system, which is subdivided
into the soil subdomainΩs and the track subdomainΩb, connected at the interfaceΣbs. Trac-
tions t̄b are imposed at the boundaryΓbσ. In case of a train passage, these tractions represent
the axle loads.

x
y

z Sbs

Ab Ωb

Ωs

Σbs

ub1

ub2

Γbσ

Gbσ
tb

Figure 2: The geometry of the coupled track–soil system.

The vibration velocityv(x′, t) at a pointx′ in the free field due tok moving axle loadsgk(t)
is calculated with the following convolution integral [1, 8]:

v(x′, t) =
na
∑

k=1

∫ t

−∞
HT(xk(τ),x′, t − τ)gk(τ)dτ (3)

Each elementhij(x
′,x, t) of the matrixH(x′,x, t) represents the velocity at a pointx in the

directionej at timet due to an impulsive load at a pointx′ in the directionei at timet = 0. In
equation (3), dynamic reciprocity is used to replace the matrix H(x′,x, t) by HT(x,x′, t).

In the following, a longitudinal invariant track and a horizontally layered soil are assumed
such that the geometry of the domainΩ is invariant in the longitudinal directioney. In this
case, the transfer function is unaffected by an arbitrary translationley of the source and the
receiver position. Ifl equalsyk0 + vτ , the source positionxk(τ) − ley = {xk0, 0, zk0}T no
longer depends on the timeτ and can be omitted in the argument of the transfer function.
Furthermore, the coordinatesx′ andz′ of the receiver positionx′ = {x′, y′, z′}T are assumed to
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be fixed, so that equation (3) is rewritten as follows:

v(y′, t) =

na
∑

k=1

∫ t

−∞
HT(y′ − yk0 − vτ, t − τ)gk(τ)dτ (4)

Because the domain is longitudinally invartiant, a double forward Fourier transform from the
space–time domain(y′, t) allows for an expression of the vibration velocity in the wavenumber–
frequency domain(ky, ω):

ṽ(ky, ω) =

na
∑

k=1

H̃T(ky, ω)ĝk(ω − kyv) exp(+ikyyk0) (5)

where a hat denotes the representation in the space–frequency domain and a tilde the represen-
tation in the wavenumber–frequency domain. An inverse wavenumber transform results in the
frequency content̂v(y′, ω) of the vibration velocity.

The transfer matrix̃HT(ky, ω) in equation (5) is formulated in the wavenumber–frequency
domain. It is computed with a 2.5D coupled finite element – boundary element method [9],
where the longitudinal invariance of the domain is exploited by a Fourier transform from the
directiony′ to the wavenumberky. A finite element model for the track is coupled to a boundary
element model for the soil.

The dynamic axle loadŝgk(ω) in equation (5) are the result of the interaction between the
vehicle, the track and the soil. They are computed in the frequency domain by means of a
compliance formulation in a moving frame of reference [8], based on a perfect contact between
the wheels and the track.

2.2 Receiver model

Figure 3 shows the coupled soil–structure domainΩ of the receiver system, which is sub-
divided into the soil subdomainΩs and the structure subdomainΩb, connected at the interface
Σbs.

ΓsσΓsσ

Ωs

Σbs

t̄
nb

b

nb

ρbb

ui

Γs∞

Ωb

Γbσ

Figure 3: The geometry of the coupled soil–structure system.

The calculation of the vibration velocity in the building due to an incident wavefield is a
problem of dynamic soil–structure interaction. The problem is assumed to be linear and all
equation are elaborated in the frequency domain.
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For any virtual displacement field̂vb imposed on the structureΩb, the sum of the virtual
work of the internal and the inertial forces is equal to the virtual work of the external loads:

− ω2

∫

Ωb

v̂b · ρbûbdΩ +

∫

Ωb

ε̂b(v̂b) : σ̂b(ûb)dΩ

=

∫

Ωb

v̂b · ρbb̂dΩ +

∫

Γbσ

v̂b · t̂
nb

b dΓ +

∫

Σbs

v̂b · t̂nb

b (ûb)dΓ (6)

whereûb is the displacement vector in the structure,ρbb̂ denotes the body force in the domain
Ωb, andt̂

nb

b = σ̂b · nb is the traction vector on a boundary with unit outward normalvectornb.

Tractionŝt
nb

b are imposed on the boundaryΓbσ.
When equation (6) is discretized by means of 3D finite elements and the equilibrium of

stresses on the interfaceΣbs is accounted for, the following expression is obtained [9]:
(

Kbb − ω2Mbb + K̂s
bb(ω)

)

¯
ûb =

¯
f̂b(ω) +

¯
f̂ s
b(ω) (7)

whereKbb andMbb are the finite element stiffness and mass matrix,K̂s
bb(ω) is the dynamic soil

stiffness matrix,
¯
f̂b(ω) is the external load vector and

¯
f̂ s
b(ω) is the force vector due to the incident

wavefield. The dynamic soil stiffness matrix̂Ks
bb(ω) and the force vector

¯
f̂ s
b(ω) account for the

interaction with the soil and for the incident wavefield, respectively, and are computed by means
of the boundary element method.

3 Case

In the following sections, the vibration velocity level in the free field and in a building due
to a train passage is computed by means of the numerical models introduced in section 2. The
coupling loss factor can be determined numerically from these results. By considering different
soil types, the influence of a mismatch in the soil conditionson the coupling loss factor and the
resulting prediction is investigated. In this section, thecharacteristics of the train, track, soil
and building are discussed.

In the present case, a classical ballasted track [1] is considered with UIC 60 rails supported
every 0.60 m by rubber pads on monoblock concrete sleepers. The rails are continuously welded
and are fixed with a Pandrol E2039 rail fastening system and supported by resilient studded
rubber rail pads (type 5197) with a thickness of 11 mm. Each rail pad is preloaded with a clip
toe load of about 20 kN per rail seat. The prestressed concrete monoblock sleepers have a length
lsl = 2.50 m, a widthbsl = 0.235 m, a heighthsl = 0.205 m and a massmsl = 300 kg. The track
is supported by a porphyry ballast layer (calibre25/50, thicknessd = 0.35 m) and a limestone
sub-ballast layer (thicknessd = 0.60 m). The density of these ballast layers is1700 kg/m3.

The track is modeled as a longitudinally invariant track [1]by means of the 2.5D finite
element method, where the dynamics of the rail pads and the mass of the sleepers are uniformly
distributed along the track. It has been shown that continuously and discretely supported tracks
have similar dynamic behaviour up to about 500 Hz [10]. The rails are modeled as Euler–
Bernoulli beams and the rail pads are modeled as continuous spring–damper connections. The
sleepers are assumed to be rigid in the plane of the cross section and are modeled as a uniformly
distributed mass along the track. The ballast bed is modeledas a set of distributed, independent
linear springs and dampers. Figure 4 shows the cross sectionof the ballasted track model.

The track is supported by a homogeneous halfspace. In order to investigate the influence of
the soil properties on the prediction of the vibration velocity level, three sites are considered
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Figure 4: Cross section of a ballasted track model.

with different soil characteristics representing a soft, medium and stiff soil. The dynamic soil
characteristics are summarized in Table 1.

Table 1: Dynamic soil characteristics.

Type Cs Cp ν ρ β
[m/s] [m/s] [-] [ kg/m3] [-]

Soft 100 200 0.33 1800 0.025
Medium 150 300 0.33 1800 0.025
Stiff 300 600 0.33 1800 0.025

The Thalys HST consists of two locomotives and eight carriages and has a total of 26 axles
[8]. Each axle has an unsprung massMu = 2027 kg. The lengthl of the train equals 200.18
m. The train is modeled as a series of individual axles, as thecoupling between different axles
through the vehicle can be neglected. The mechanical model of the train therefore only takes
into account the unsprung massMu of each axle.

At 30 m from the track, a masonry building with dimensions12 m × 6 m × 6 m is assumed
to be present (figure 5a) [11]. The structure has two stories,each subdivided into 4 rooms. The
interior and exterior walls have a thicknesstw = 0.10 m, and consist of clay brick masonry.
The floors are concrete slabs with a thicknesstfl = 0.20 m. All floors are simply supported,
corresponding to hinged joints at the slab edges. The structure is founded on a concrete strip
foundation with a widthwfou = 0.60 m and a thicknesstfou = 0.20 m. Figure 5b shows the
foundation of the building and indicates the location of points A, B, C and D where the response
in the free field and in the building will be computed.

The building is modeled with the finite element method. The strip foundation, the walls and
the floors are modeled by means of shell elements, using isotropic properties for the foundation
and the floors and orthotropic properties for the masonry walls [11]. The lintels above the door
and the windows are modeled by means of beam elements.

4 Vibration velocity level in the free field

In this section, the free field response due to the passage of the Thalys HST on the track at a
speed of 150 km/h is computed with the source model describedin section 2.1. Figure 6 shows
the computed time history and the frequency content of the free field vibration velocity in point
A due to the passage of the Thalys HST at a speedv = 150 km/h on a site with medium soil.
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(a)
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(b)
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Figure 5: (a) Geometry and location of the building and (b) foundation of the building and location of the mea-
surement points.

The duration of the passage is about 4.8 s which is approximately equal to the lengthl of the
train divided by the train speedv. The time history can be divided in three parts: an increasing
vibration level when the train approaches, a nearly stationary part when the train passes and a
decreasing vibration level when the train moves away. The stationary part of the response is
selected by means of the DIN selection procedure [12] based on the timeT2 and is indicated in
black in Figure 6a. The vibration velocity levelLv is then defined as the one-third octave band
RMS spectrum of the stationary part of the vibration velocity.
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Figure 6: (a) Time history and (b) frequency content of the vertical velocity at 30 m from the track in the free field
due to the passage of a Thalys HST at a speed of 150 km/h on a sitewith medium soil (stationary part of the time
history is indicated in black).

Figure 7 shows the vibration velocity levelLv at the three different sites in the free field in
the points corresponding to point A and point B (Figure 5b). In the response on the stiff soil,
a peak around 63 Hz is found. This is due to the resonance of unsprung mass of the wheelsets
on the track. In the low frequency range, the highest response is obtained for the soft soil. The
response is increasingly attenuated, however, not only at larger distances from the track but also
with increasing frequency. As this attenuation is strongerfor softer soils, the peak at 63 Hz is
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no longer observed in the response on the soft and the medium soil and the highest response in
the high frequency range is obtained for the stiff soil.
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Figure 7: Free field vibration velocity level at (a) 30 m and (b) 42 m on a soft (light grey line), medium (dark grey
line) and stiff (black line) soil.

5 Vibration velocity level in a building

In this section, the response of the building to the passage of the Thalys train on the track is
computed with the receiver model described in section 2.2. In Figure 8, the vibration velocity
levels at the foundation of the building determined on threedifferent soils are compared. The
response is shown at the front side (point A) and at the back side (point B) of the building
(Figure 5b), corresponding to the points where the free fieldresponse is shown in Figure 7.
At low frequencies the highest response is obtained for the soft and the medium soil, whereas
at higher frequencies the highest response is obtained for the stiff soil, corresponding to the
observation of the vibration velocity level in the same points in the free field. It can be observed,
however, that the response at the foundation differs from the response in the free field due to the
dynamic soil–structure interaction. This modification is described by the coupling loss factor,
discussed in the next section.
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Figure 8: Vibration velocity level of the foundation in (a) point A and (b) point B on a soft (light grey line), medium
(dark grey line) and stiff (black line) soil.

6 Coupling loss factor

The coupling loss factorCbuild is determined by subtracting the vibration velocity levelLF +
TML in the free field from the vibration velocity levelLv at the foundation of the building:

Cbuild = Lv − (LF + TML) (8)
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Figure 9 shows the coupling loss factors in point A and point B, determined at the three different
soil types. These values are compared to coupling loss factor proposed in the FRA manual for
a 2 to 4 story masonry building. A negative value of the coupling loss factorCbuild implies a
reduction of the vibration velocity level from the free fieldto the foundation, while a positive
value means an increase of the vibration velocity level.
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Figure 9: Coupling loss factorCbuild in (a) point A and (b) point B on a soft (light grey line), medium (dark grey
line) and stiff (black line) soil compared to the curve proposed in the FRA manual for a 2 to 4 story masonry
building (dotted line).

In the high frequency range, a zero value is observed for the coupling loss factor for the
stiff soil. Due to the high relative stiffness of the soil, the ground vibration is imposed to the
building and is transmitted almost unaffectedly to the foundation. A large reduction is observed,
however, for the coupling loss factor in the case of the soft and the medium soil. Due to the
lower relative stiffness, the ground vibration is transmitted at a reduced level to the foundation.
The interaction between the soil and the structure is determined by the characteristic wavelength
of the vibration. As the wavelength decreases with increasing frequency and for softer soils, a
higher reduction is obtained at high frequencies for the soft and the medium soil.

In the low frequency range, a difference up to 15 dB is observed between the coupling loss
factor at the front side (point A) and the back side (point B) of the building. This can be due
to the fact that the building response at low frequencies is an average response to the incident
wavefield. As the incident wavefield itself is attenuated with increasing distance from the track,
a reduction is found at the front side wereas an increase is found at the back side. This effect is
more pronounced for the case of the stiff soil.

From the previous discussion it can be concluded that the soil conditions significantly affect
the values obtained for the coupling loss factor. Furthermore, it is observed that the computed
values for the coupling loss factor overestimate the valuesproposed by the FRA. The coupling
loss factor is also strongly dependent, however, on the location of the measurement point. Figure
10 shows the coupling loss factor determined on the three soils in point C along the edge of the
building and in point D in the centre of the building (Figure 5b). The reduction in point D is
generally around 10 dB higher than the reduction in point C. The foundation response in a point
is affected by the kinematics of the complete building as well as by the local geometry. When
torsional and rotational modes of the building are excited,the response at the centre of the
foundation is lower. As the incident wavefield is similar in point C and point D, the reduction
is higher in point D.

Figure 11a shows the spatial variation over the foundation of the coupling loss factor at 63
Hz, confirming that a higher reduction is obtained in the centre of the building. Furthermore,
it is observed that the reduction is generally higher at the front of the building (left side) than
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Figure 10: Coupling loss factorCbuild in (a) point C and (b) point D on a soft (light grey line), medium (dark
grey line) and stiff (black line) soil compared to the curve proposed in the FRA manual for a 2 to 4 story masonry
building (dotted line).

at the back (right side). Figure 11b shows the average value of the coupling loss factor over
all points in the foundation and the 90 % interval of the coupling loss factor values over the
foundation. The coupling loss factor is strongly dependenton the location of the measurement
point, as a large spread, up to 20 dB, can be observed. The conclusion still holds in case of the
average coupling loss factor, however, that the reduction is stronger for softer soils, particularly
at higher frequencies.

7 Prediction of the vibration velocity

In this section, a prediction is made for the vibration velocity level at the foundation of
a building on a medium soil. In order to investigate the influence of the soil properties on
the prediction accuracy, the free field vibration velocity level on a medium soil is therefore
combined with the coupling loss factors obtained in section6. As the coupling loss factor
is affected by the position of the measurement point, the average value over the foundation
is used. Figure 12 shows the prediction of the response in point A and point B (Figure 5b),
compared to a 12 dB region around the exact solution for the medium soil. In case of a coupling
loss factor determined on a medium soil, the prediction is generally within 6 dB of the exact
solution. In case of a coupling loss factor determined on a soft or a stiff soil, however, the
accuracy is significantly less good at higher frequencies. An overestimation of the response up
to approximately 20 dB is obtained with the coupling loss factor of the stiff soil, whereas an
underestimation up to approximately 15 dB is obtained with the coupling loss factor of the soft
soil.

The prediction of the response in point A and B is relatively accurate with an average cou-
pling loss factor determined on the same soil type. Due to thespatial variability, however, it can
be expected that the accuracy of the prediction will be less good in other points of the building.
Figure 13 shows the prediction of the response for point C andpoint D (Figure 5b) compared to
a 12 dB region around the exact solution. The prediction of the response in point C, located at
the edge of the foundation, is relatively accurate when the coupling loss factor of the medium
soil is used. The prediction in point D, located in the centreof the foundation, however, is
overestimating the response, even when the medium soil coupling loss factor is used.

From the previous analysis, it can be concluded that the coupling loss factor should be de-
termined from data obtained at sites where the conditions for the building, the foundation and
the subsoil are similar in order to obtain an accurate prediction. Furthermore, it can be con-
cluded that the location of the measurement point strongly affects the coupling loss factor and
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Figure 11: (a) Spatial variation at 63 Hz and (b) average value (black line) and 90 % interval (grey region) of the
coupling loss factorCbuild on a soft (top), medium (middle) and stiff (bottom) soil.
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Figure 12: Predicted vibration velocity level in (a) point Aand (b) point B using the average coupling loss factor
determined on a soft (light grey line), medium (dark grey line) and stiff (black line) soil compared to a 12 dB
region (grey region) around the exact solution (dotted black line).
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Figure 13: Predicted vibration velocity level in (a) point Cand (b) point D using the average coupling loss factor
determined on a soft (light grey line), medium (dark grey line) and stiff (black line) soil.

the resulting prediction of the vibration velocity level. In a prediction with the FRA procedure,
an experimental value obtained from previous measurementsof the coupling loss factor of a
similar building type postis used. As the prediction is affected as well by parameters such as the
subsoil conditions and the measurement point, however, an accurate experimental prediction is
not possible in every situation. The accuracy of the prediction could be improved by providing
predictions of the coupling loss factor by means of numerical simulation, as has been shown in
this paper. The advantage of the numerical prediction of thecoupling loss factor is the greater
flexibility in dealing with different building and founation configurations and soil properties,
while the advantage of using experimental data of the sourceand the transfer of vibration is that
the local conditions are correctly accounted for. A hybrid experimental–numerical prediction
combines both advantages.

8 Conclusions

The FRA procedure is an empirical procedure for the prediction of railway induced vibration
in buildings. The source, the wave propagation and the receiver are characterized experimen-
tally by a force density, a line transfer mobility and a coupling loss factor, respectively. The line
transfer mobility is determined directly based on wave propagation tests. The force density and
the coupling loss factor are determined indirectly, however, and they are influenced by several
parameters such as the subsoil conditions. Previously, theinfluence of the soil conditions and
other parameters on the force density and the resulting prediction accuracy has been investi-
gated [7]. In this paper, the influence of the soil conditionsand the location of measurement
points on the coupling loss factor of a specific building typehas been investigated by means of
a numerical simulation of the FRA procedure.

The coupling loss factor characterizes the modification of the vibration velocity level due to
the dynamic soil–structure interaction at the receiver side. This effect, however, is dependent on
the conditions of the subsoil. Generally, a higher reduction is obtained at a higher frequency and
for softer soils. The dependency of the coupling loss factoron the soil conditions leads to an
overestimation of the response in case of a coupling loss factor determined on a stiffer soil and
an underestimation in case of a coupling loss factor determined on a softer soil. Furthermore,
a large spatial variation is observed in the coupling loss factors determined at different points
in the foundation of a building due to the kinematics of the building and local variations of the
geometry.

As the coupling loss factor is influenced by several parameters such as the soil conditions
and the location of the measurement point, it is important that experimental data of the coupling
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loss factor is used on sites with similar conditions. An appropriate experimental coupling loss
factor may not be available, making an accurate empirical prediction impossible. It has been
shown in this paper that the coupling loss factor can also be predicted by means of numerical
simulations and combined with an experimental prediction of the free field vibration velocity
level. A hybrid experimental–numerical prediction methodis then obtained that combines the
advantages of both methods.
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