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Abstract 
 
The implementation and validation of a numerical analysis methodology which can 
be used in the prediction of vehicle induced vibrations is described. This 
methodology is formulated in the time domain for the three-dimensional case. 
Although presented in the context of vehicle induced vibrations, it can be adopted in 
the study of general problems of dynamic soil-structure interaction in which the 
structure lies on the surface of the soil. The method is based on the coupling of the 
fundamental Green functions to a finite element code (FEMIX). These functions 
describe the behaviour of the unbounded soil, while the use of finite elements 
enables an adequate simulation of the part of the domain where inhomogeneities or 
nonlinearities occur. Some details about the implementation are discussed and two 
numerical examples are presented: the analysis of the dynamic response of a rigid 
square surface foundation and the study of the dynamic response of a slab resting on 
a homogeneous halfspace and subjected to the passage of a moving load. 
 
Keywords: vehicle induced vibrations, dynamic soil-structure interaction, three-
dimensional numerical analysis, time domain, finite element method, Green 
functions. 
 
 
 
1  Introduction 
 
In recent years a reasonable effort has been undertaken to develop numerical 
methods for the study of problems involving a dynamic soil-structure interaction. 
The simulation of the phenomenon of vehicle induced vibrations clearly requires an 
adequate consideration of the dynamic track-soil or road-soil interaction. The 
expansion of the high-speed railway lines contributed to the relevance of this kind of 
studies. 
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The Finite Element Method (FEM) is a very popular and attractive tool due to its 
versatility. However, due to the semi-infinite nature of the soil, this method presents 
some limitations when used in the simulation of this type of problems. Since it is not 
possible to fully discretize the soil, some type of domain truncation is required. 
These artificial boundaries lead to spurious reflections, which affect the behaviour of 
the modelled part of the system. When the discretized domain is very large (in order 
to move the artificial boundaries away from the part of the model with interest for 
the study), the problem becomes computationally intractable. The problems 
associated with these spurious reflections may be minimized (but not fully 
eliminated) using absorbing boundaries (application of viscous dampers connected 
to the boundaries of the finite element model) [1], Perfectly Matched Layers (PML) 
[2] or infinite elements [3]. 

 
As an alternative, some authors applied hybrid methods combining the Finite 

Element Method and the Boundary Element Method (FEM/BEM) in order to take 
advantage of the versatility of FEM and the capability of the BEM to simulate 
infinite media [4]. 

 
Other authors developed numerical models based on a 2.5D dimension concept, 

e.g., 2.5D finite/infinite elements (FEM/IEM) [5] and 2.5D FEM/BEM [6]. These 
procedures are very efficient from the computational point of view. The main 
drawback of these models is associated with the assumption of invariability of the 
geometry and properties of the structure along one direction. Usually they are also 
limited to linear or equivalent linear analyses. 

 
The present work refers the implementation and verification of a 3D numerical 

methodology formulated in the time domain and based on the coupling of the 
fundamental Green functions to a FE code [7, 8]. These functions reproduce the 
behaviour of the soil while the FE model can simulate a complex structure. The 
advantages of this procedure are related to the possibility of modelling structures 
with complex geometries which are not invariant along any direction, as well as the 
capability of performing nonlinear analyses. The main drawback of these models is 
their high cost in terms of time and computational resources. 

 
 
 
 

2  Methodology 
 
In this work the implementation of a numerical analysis methodology which can be 
used in the prediction of train induced vibrations is described [7]. Although it is 
presented in the context of the soil-track interaction, it can be adopted in the study of 
general three-dimensional problems of dynamic soil-structure interaction (SSI), 
when the structure lies on the surface of the soil. This procedure is formulated in the 
time domain and enables the consideration of complex geometries and nonlinearities 
in the simulation of the behaviour of the structure. 



3 

According to the presented methodology, the system is divided into two 
independent substructures: a) the superstructure; b) its supporting soil. The 
superstructure is studied with the Finite Element Method (FEM) while the soil 
behaviour is modelled by means of the fundamental Green Functions of a halfspace 
or a layered halfspace with linear elastic behaviour. The soil surface is assumed to 
be plane and horizontal. The coupling between the structure and the supporting soil 
is established at the interaction surfaces by means of equilibrium and compatibility 
equations.  
 

A brief description of the implemented procedure is presented below. A more 
detailed information is available in [8]. 

 

 
2.1 Description of the superstructure (Finite Element Method) 
 
The superstructure includes all parts of the system that are located above the soil, 
being its behaviour simulated by means of the FEM. Thus it is possible to consider 
complex geometries, heterogeneities and nonlinearities. The dynamic equation of the 
structure can be written as 
 

 +  +  = M u C u K u P  (1)
 
where M , C  and K  are the mass matrix, damping matrix and stiffness matrix of the 
superstructure, u  is the displacement vector and P  is the vector of external forces. 
A dot over a variable denotes differentiation with respect to time. 

 

 
2.2 Description of the soil (Green Functions) 
 
As referred above, the soil behaviour is described by means of the fundamental 
Green Functions, which define the dynamic response of the soil due to an unit load 
applied at any point. The presented tool contemplates the possibility of considering 
the soil as a homogeneous halfspace or as a layered halfspace with linear elastic 
behaviour. 
 

The presented procedure is based on the following assumptions: 
- the continuous time histories of the soil pressures are approximated by a 

sequence of rectangular pulses whose value corresponds to the average of the 
initial and final values of the respective time step; 

- the soil-structure interaction surface is discretized with interaction elements and 
a uniform pressure is assumed within each element. This division is defined in 
accordance with the finite element mesh in such a way that each interaction 
element corresponds to a face of a finite element contacting with soil. 

 
As a consequence of these assumptions the dynamic response of the soil due to 

pressure loads (applied in the surface associated with the interaction elements) with 
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rectangular time-dependence must be calculated. This response may be obtained by 
subtracting the responses due to a pair of loads with Heaviside time-dependence 
applied at consecutive time steps. 
 

The displacements at the surface of the soil due to a point load with Heaviside 
time-dependence applied at the surface of the soil can be calculated analitically in 
time-space domain for the case of a homogeneous halfspace [9]. However, these 
analytical solutions neglect the effect of damping and are limited to some values of 
the Poisson's ratio. 
 

When dealing with a layered halfspace, the response of the soil is computed 
numerically using the Direct Stiffness Method available in the Elastodynamics 
Toolbox for MATLAB - EDT [10, 11]. In this case the Green functions are 
calculated in the frequency-wavenumber domain and are then transformed to time-
space domain. 
 

As described above, this methodology requires the calculation of the soil 
response due to a pressure load with Heaviside time-dependence. In the cases where 
the soil response is calculated analytically, the solution due to a pressure load is 
obtained by spatially integrating the solution due to a point load. When the Green 
functions are calculated in the frequency-wavenumber using EDT, the desired 
response can be obtained using a more efficient procedure that consists on the 
multiplication of the solution by the wavenumber content of the loaded area and by 
the frequency content of a Heaviside load before the transformation to the time-
space domain. Acording to the considerations described above and to 
 

j jw =  H q  (2)

 
the matrix jΗ  ( )j<1 =H 0  is used to calculate the soil displacement vector jw  

observed at time step jt = j Δt  due to an interface pressure q  applied at the time 
t = 0  and kept constant (Heaviside time dependence). 
 

Considering the matrix kF  defined as 

 
( )k+1 k-1

k
-

=
2

H H
F  (3)

 
the Equation (2), which relates the soil displacements at a specific time step with 

the time evolution of the soil pressures, can be written as 
 

( )
i

i j-1 i-j+1 0 i

j=2

=  + ∑w F q F q  (4)
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2.3 Soil-structure coupling 
 
As referred above, the coupling is established at the interaction surfaces by 
enforcing the equilibrium of forces and making the displacements compatible. 
 

In this work, it is imposed that the displacements at each interaction point (soil) 
are compatible with the displacements at the corresponding point of the finite 
element model. The relation between the nodal displacements of the finite elements, 
u , and the displacements of the interaction points (superstructure), v , can be 
written as 
 

u=v T u  (5)
 
where uT  represents a transformation matrix whose terms result from the finite 
element shape functions evaluated at the interaction points. 
 

Thus, the displacements are made compatible by imposing 
 

=w v (6)
 

On the other side, the equilibrium of forces at the interaction surface is 
guaranteed by imposing that the action of the soil on the structure has the same 
magnitude as the action of the structure on the soil and opposite signal. Thus, it is 
necessary to calculate the nodal interaction forces, Q , corresponding to the soil 
pressures, q : 
 

q= -Q T q  (7)
 
where qT  represents a transformation matrix which results form the integration of 
the finite element shape functions over the area of the interaction elements. 
 

Adding the interaction forces, Q , to Equation (1) one has 
 

i i i i i
q +  +  = -M u C u K u P T q  (8)

 
Taking into account (4) and performing some mathematical work, Equation (8) 

can be written as: 
 

i i i i +  + ( + )  = +act histM u C u K K u P Q  (9)
 

where 
 

( )0
q u=

1−actK T F T  (10)
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and 
 

( ) ( )
i

0 j-1 i-j+1
q

j=2

=
1−

∑histQ T F F q  (11)

 
The influence of the supporting soil in the behaviour of the system is represented 

by means of the dynamic stiffness matrix of the soil actK  and the vector of the 
historical interaction forces histQ . Since full contact is assumed (see Equation (6)), 
the stiffness matrix actK  is calculated and added to the stiffness matrix of the 
structure only once before the first time step. On the other hand, as the vector histQ  
changes with time, it has to be calculated and added to the system of equations 
before processing each time step. The dynamic equation of the system, defined by 
(9), can be solved by a classical time step integration procedure as the Newmark 
Method. 
 
 
3  Some comments about the implemented methodology 
 
3.1 Symmetry of the stiffness matrix of the soil 
 
According to [7], when all the interaction elements are identical and the interaction 
stresses are assumed to be uniform within each element, the matrix 0F  is symmetric. 
However, these conditions do not guarantee the symmetry of the stiffness matrix of 
the soil actK . Thus, it is possible to conclude that actK  is symmetric only when 0F  is 
symmetric and simultaneously the following condition is ensured 
 

T
q u= cT T  (12)

 
In this work, Equation (12) is only valid when the elements involved in the 

interaction are 8-node solid elements.  
 
3.2 Stability of the process 
 
In the developed tool, the dynamic equation of the system is solved by the Newmark 
Method. In fact, when adequate values of its parameters are used the method is 
stable, i.e., the stability of the procedure does not depend on the discretization 
adopted for time and space. However, the coupling of the structure and the 
supporting soil using interaction elements changes this scenario. In order to avoid 
instabilities associated with the interaction elements, the time step must be chosen in 
accordance with the spatial discretization at the interaction surfaces. Several authors 
identified this phenomena [7, 12] and some of them suggest reference time steps, 
which do not guarantee the stability of the process. The use of smaller time steps 
may lead to instabilities. In the analyses whose results are presented in section 4 the 
adopted time step, Δt , takes into account the following criterion [7]: 
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R

d
Δt =

2 C
 (13)

 
where d  is the diagonal of the interaction elements and RC  is the velocity of the 
surface waves of the soil. 
 
3.3 Response of points on the soil surface 
 
It is important to note that, knowing the time history of the interaction stresses, the 
calculation of the response on the surface soil is very simple. In fact, the 
displacement of a point *ξ  on the surface of the soil at the instant jt = j Δt  is given 
by 
 

* *

j
j-i i

ξ ξ
i=1

(j Δt) = ∑w F q  (14)

 
where *

k
ξ

F  is obtained as described in section 2.2. 
 
 
4  Numerical examples 
 
In this section two numerical examples are presented, corresponding the former to 
the analysis of the dynamic response of a rigid square surface foundation and the 
latter to the study of the dynamic response of a slab resting on a homogeneous 
halfspace due to a passage of a moving load. The developed tool can be used in the 
prediction of vibrations induced by trains (in the track as well as in the surface of the 
adjacent soil), corresponding the presented tests to a part of the validation procedure 
based on several steps of increasing complexity. 
 
4.1 Dynamic response of a rigid square foundation 
 
As a first example, the study of the dynamic response of a rigid square surface 
foundation resting on a homogeneous halfspace is considered. This example has 
been chosen due to the simplicity of the studied structure as well as to the possibility 
of comparing the obtained results with those presented in the literature [7]. In order 
to facilitate this comparison, the geometry and material properties presented in 
Figure 1 are used for the foundation. The rigidity of the foundation is simulated by 
adopting a large value of the Young's modulus. Figure 1 also shows the properties of 
the homogeneous halfspace. 
 

A 20×20  mesh of identical 8-node solid elements is used to simulate the 
foundation. This mesh leads to a 20×20  regular discretization of the interaction 
surface. The time step, tΔ , used for the calculation is equal to -51.8214×10 s , which 
is in accordance with (13). 
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Rigid square foundation 

3 3

20 2

a = 1.524 m
ρ = 29.245×10 Kg/m
E = 1.0×10 N/m

 

 
Homogeneous halfspace 

10 2

S

G = 4.65×10 N/m
C  = 2950 m/s
ν = 1/3

 

 
Figure 1: Geometry and properties of the foundation - soil system. 

 
 
 
At a first stage the foundation is subjected to a short-duration vertical impulse, 

applied during one time step and distributed over its area. As a second phase of the 
study, a long-duration vertical impulse is applied during several time steps. Figure 2 
illustrates the time history of each load. 
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0

200 t

a) b) 
 
Figure 2: Time history of the applied loads: a) short-duration vertical impulse; 

b) long-duration vertical impulse. 
 
 
 
Figures 3 and 4 show the time history of the vertical displacement of the rigid 

foundation subjected to a short-duration vertical impulse and to a long-duration one, 
respectively. A good agreement can be observed when comparing the results 
obtained in the present work with those presented in [7]. This fact indicates that the 
implemented method provides accurate results. 
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Figure 3: Vertical response of a rigid square foundation subjected to a short-duration 
vertical impulse (applied during one time step): comparison of the obtained results 

with those presented in [7]. 
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Figure 4: Vertical response of a rigid square foundation subjected to a long-duration 
vertical impulse (applied during 200 time steps): comparison of the obtained results 

with those presented in [7]. 
 
4.2 Load moving over a surface of a slab 
 
As a second example, the dynamic response of a slab subjected to a moving load is 
studied. The aim of this study is to analyse the performance of the developed tool in 
the computation of the response of a structure subjected to a moving load. The 
obtained results are compared with those computed by means of a 2.5D FEM/ITM 
methodology [5, 13]. 
 

Figure 5 shows the geometry and the properties of the slab as well as the 
properties of the homogeneous halfspace. Different lengths of the model, L, were 
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considered in the calculation. The results presented in this paper correspond to a 
length L equal to 50 m. The slab is discretized into two layers of 8×200  identical 
20-node solid elements with dimensions 0.25×0.25×0.15  cubic meters. The chosen 
mesh leads to a 8×200  regular discretization of the interaction surface. Based on 
(13), a time step, tΔ , equal to -31×10 s  is adopted. 
 

F

2.0 m (x L)

Homogeneous halfspace
Cs, Cp, rho, Ds, Dp

0.3 m

v

Slab

Slab 
9

3

E = 30×10 Pa
ρ = 2145 Kg/m

 = 0.2ν
 

 

Homogeneous halfspace 
P

S

3

P S

C  = 433.0 m/s
C  = 250.0 m/s

ρ = 1800 Kg/m
D  = D  = 0.02

 

 
Figure 5: Geometry and properties of the slab - soil system. 

 
A vertical load of magnitude F equal to 1 kN  moving over the length of the slab, 

L, at different speeds, v, is considered in this study. The presented results 
correspond to a circulating speed equal to 125 m/s , which is below the velocity of 
the surface waves of the soil. 
 

Figure 6 shows the evolution of the vertical displacement of a point on the top 
surface of the slab (corresponding to a node of the FE mesh at the mean section of 
the model: position equal to zero) with the load position. This figure shows a 
comparison between the obtained results with those calculated using a 2.5D 
FEM/ITM model. A good agreement between the results of both models can be 
observed. However it is possible to identify a small disturbance in the curve 
obtained in the present work, which occurs when the load enters the model. 
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Figure 6: Vertical displacement of a point of the slab: comparison of the obtained 
results with those computed using a 2.5D FEM/ITM model. 
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In a similar representation, Figures 7 and 8 show the evolution of the vertical 
displacement of two points located 2 m and 5 m off the border of the slab, 
respectively. Once again a good agreement between the results is observed. 
However, the disturbance due to the entrance of the load in the model is more 
evident as the distance between the analysed point and the slab increases. This fact 
enables to conclude that the study of the response at larger distances from the slab 
requires a more extensive model. 
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Figure 7: Vertical displacement of a point 2 m off the border of the slab: comparison 

between the obtained results and those computed with a 2.5D FEM/ITM model. 
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Figure 8: Vertical displacement of a point 5 m off the border of the slab: comparison 

between the obtained results and those computed with a 2.5D FEM/ITM model. 

 
As an example, Figure 9 shows two colour plots of the vertical displacements of 

the slab at an intermediate instant of the analysis. In order to emphasise the effect of 
the load speed, the results due to a load moving at subcritical speed are compared to 
those obtained for the case of a load moving at supercritical speed. It is possible to 
observe that, when the load speed is below the velocity of the surface waves, 
displacements are practically symmetric. The symmetry disappears for the case of a 
supercritical load speed and the disturbance lies behind the load. 
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a) b) 
 

Figure 9: Vertical displacements of the slab showing the effect of the load speed: 
a) subcritical speed; b) supercritical speed. 

 
 

5  Conclusions and further developments 
 
This paper briefly presents the implementation and verification of a numerical 
analysis methodology, which can be used in the prediction of vehicle induced 
vibrations. Two numerical examples are presented, which are included in a large 
group of tests related to the validation of the methodology. The comparison of the 
obtained results with those presented in the literature as well as with those obtained 
by means of a different validated method reveals a good agreement. However, since 
this tool was developed in order to be used in the prediction of vehicle induced 
vibrations, some tests with increasing complexity are still needed until that goal is 
achieved. 
 
 

Acknowledgements 
 
This paper reports research developed under the financial support of "Fundação para 
a Ciência e Tecnologia - FCT", Portugal. The first and second authors wish to thank 
FCT for the financial support provided by the grants SFRH/BD/24197/2005 and 
SFRH/BD/47724/2008, respectively. 
 

The authors also wish to acknowledge the support of the project “Risk 
Assessment and Management for High-Speed Rail Systems” of the MIT – Portugal 
Program Transportation Systems Area. 
 
 

References 
 
[1] L. Hall, " Simulations and analyses of train-induced ground vibrations", PhD 

Thesis, Royal Institute of Technology, Sweden, 2000. 
[2] U. Basu, A. Chopra, "Perfectly matched layers for transient elastodynamics of 

unbounded domains", International Journal for Numerical Methods in 
Engineering, 59, 1039-1074, 2004. 



13 

[3] Y. Yang, H. Hung, D. Chang, "Train-induced wave propagation in layered 
soils using finite/infinite element simulation", Soil Dynamics and Earthquake 
Engineering, 23, 263-278, 2003. 

[4] P. G. Barrera, “Análisis numérico y experimental de las vibraciones 
ocasionadas por el paso de trenes de alta velocidad en el suelo y en estructuras 
cercanas a la vía”, PhD Thesis (Spanish), Universidad de Sevilla,  2007. 

[5] P. A. Costa, R. Calçada, A. S. Cardoso, A. Bodare, “Influence of soil non-
linearity on the dynamic response of high-speed railway tracks”, Soil 
Dynamics and Earthquake Engineering, 30, 221-235, 2010. 

[6] S. François, M. Schevenels, P. Galvin, G. Lombaert, G. Degrande, "A 2.5D 
coupled FE-BE methodology for the dynamic interaction between 
longitudinally invariant structures and a layered halfspace", Computer 
Methods in Applied Mechanics and Engineering, 199, 1536-1548, 2010. 

[7] C. Bode, R. Hirschauer, S. Savidis, “Soil-structure in the time domain using 
halfspace Green’s functions”, Soil Dynamics and Earthquake Engineering, 22, 
283-295, 2002. 

[8] N. C. Santos, J. Barbosa, R. Calçada, A. Azevedo, R. Delgado, “Metodologia 
numérica para a análise de problemas tridimensionais de interacção dinâmica 
solo-estrutura no domínio do tempo”, Internal Report (Portuguese), FEUP, 
Portugal, 2010. 

[9] E. Kausel, “Fundamental Solutions in Elastodynamics – a Compendium”, 
Cambridge University Press, New York, 2006. 

[10] G. Degrande, K. Geraedts, “An electronic learning environment for the study 
of seismic wave propagation”, Computers & Geosciences, 34, 569-591, 2008. 

[11] M. Schevenels, S. François, G. Degrande, “An ElastoDynamics Toolbox for 
MATLAB”, Computers & Geosciences, 35, 1752-1754, 2009. 

[12] M. Marrero, J. Dominguez, "Numerical behavior of time domain BEM for 
three-dimensional transient elastodynamics problems", Engineering Analysis 
with Boundary Elements, 27, 39-49, 2003. 

[13] P. A. Costa, "Moving loads on the ground: a numerical model based on 2.5D 
FEM/ITM for dynamic analyses", Internal Report, FEUP, Portugal, 2008. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


