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The ElastoDynamics Toolbox (EDT) version 2.1 offers an extensive set of
MATLAB functions to model elastodynamic wave propagation in horizontally
layered media. The toolbox is based on the direct stiffness method and the thin
layer method (Kausel and Roësset, 1981; Kausel, 2006). These methods pro-
vide stiffness matrices for a homogeneous layer and a homogeneous halfspace,
which are formulated in the frequency-wavenumber domain.

The toolbox can be used to solve a variety of problems governed by wave
propagation in the soil, such as (1) site amplification, (2) the computation of
dispersive wave modes in layered soils, and (3) the calculation of the forced
response of the soil due to harmonic and transient loading. Site amplification
is an important issue in the assessment of the seismic hazard at sites where the
top soil layers are particularly soft. In such cases, the seismic motion at the
surface can be much higher than the outcrop motion due to resonance of the
soft layers. The computation of dispersive wave modes is the key ingredient
of the Spectral Analysis of Surface Waves (SASW) method, which is used to
determine the dynamic properties of shallow soil layers (Nazarian and Desai,
1993; Yuan and Nazarian, 1993). The calculation of the forced response of the
soil due to a unit load (i.e. the fundamental solutions or the Green’s functions
of the soil) is the basis of the boundary element method, which can be used
to calculate foundation impedance curves or to model dynamic soil-structure
interaction problems.

In a previous paper, EDT 1.0 has been presented (Degrande and Geraedts,
2008). EDT 1.0 consists of a FORTRAN program to solve forced vibration
problems with the direct stiffness method, and a set of MATLAB functions
to interface with the FORTRAN program. The present paper focuses on EDT
2.1: the toolbox is completely reimplemented, the functionality of the toolbox
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is drastically extended, and the numerical efficiency is improved. EDT 2.1
is written in C++, using the MATLAB MEX interface to ensure a seamless
integration in the MATLAB environment.

The MATLAB functions in EDT 2.1 can be categorized as follows: (1) shape
functions and stiffness matrices calculated with the direct stiffness method, (2)
shape functions and stiffness matrices calculated with the thin layer method,
(3) Fourier and Hankel transformation algorithms, (4) amplification problems,
(5) surface waves, (6) forced vibration problems, and (7) visualization of a
wave field. The user can interact with EDT 2.1 at a low level of abstrac-
tion (categories 1-3) or a high level of abstraction (categories 4-7). Due to
this multi-level approach, the toolbox is suitable for educational purposes and
for use in a research environment: the high level functions allow for an easy
and efficient implementation of many common problems, while the low level
functions facilitate customization and the development of new techniques.

EDT 2.1 serves as an electronic learning environment for the simulation and
processing of seismic wave propagation in layered media. It is actively used
at K.U.Leuven in the frame of the master’s programs of civil engineering and
geotechnical and mining engineering.

The toolbox has also been used by various authors to model wave propagation
in layered soils. Schevenels et al. (2008) have used EDT to study the robust-
ness of vibration predictions based on SASW tests. Degrande et al. (2008)
have used the toolbox to study the optimization scheme used to solve the
inverse problem in the SASW method. Hussein et al. (2007) have integrated
EDT in the pipe-in-pipe model for the calculation of vibrations from a railway
tunnel in a layered soil. Degrande et al. (2007) have used a 2.5-dimensional
model for the simulation of SASW tests along a dike. The dike has been
modelled with finite elements, while the underlying soil has been modelled
with boundary elements, using 2.5-dimensional Green’s functions of the soil
obtained with EDT.

In the following, the use of EDT 2.1 is illustrated by means of three examples.
The first example addresses the amplification of an incident wave in a layered
soil. The soil consists of a layer with a thickness of 3m on a halfspace. The
shear wave velocity equals Cs1 = 150m/s in the layer and Cs2 = 300m/s in
the halfspace. The dilatational wave velocity is Cp1 = 300m/s in the layer
and Cp2 = 600m/s in the halfspace. The material damping ratio is Ds =
Dp = 0.05 for both shear waves and dilatational waves, in both the layer and
the halfspace. The density is ρ = 1800 kg/m3 in the layer and the halfspace.
The incident wave is a horizontally polarized shear wave or an SH-wave. Three
different angles of incidence θ (with respect to the soil’s surface) are considered:
90◦, 60◦, and 30◦. The amplification factor H(ω), defined as the ratio of the
motion at the surface to the amplitude of the incident wave, is computed in
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the frequency range from 1Hz to 100Hz. This problem is solved with EDT 2.1
using the MATLAB code shown in figure 1. The results are shown in figure 2.
It is observed that the amplification increases with the angle of incidence. As
the frequency tends to zero, the amplification factor H(ω) tends to 2, and the
motion at the surface of the layer is equal to the outcrop motion. At about
12.5Hz, 37.5Hz, 62.5Hz, and 87.5Hz, quarter wavelength resonance of the
top layer occurs.

% SOIL PROFILE
h=[3 inf]; % Element thickness [m]
Cs=[150 300]; % Shear wave velocity [m/s]
Ds=0.05; % Shear damping ratio [-]
rho=1800; % Density

% FREQUENCY SAMPLING
f=1:1:100; % Frequency [Hz]
omega=2*pi*f; % Circular frequency [rad/s]

% ANGLE OF INCIDENCE
phi=[90 60 30]/180*pi; % Angle of incidence [rad]

% RECEIVER DEPTH
z=0; % Receiver depth [m]

% AMPLIFICATION FACTOR
H=amp_sh(h,Cs,Ds,rho,phi,z,omega);

% FIGURE
figure;
plot(f,squeeze(abs(H)));
xlabel('Frequency [Hz]');
ylabel('Amplification [-]');

Fig. 1. Solution of a wave amplification problem with EDT 2.1.
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Fig. 2. Amplification of an incident horizontally polarized shear wave in a layered
soil. The angle of incidence is 90◦ (solid line), 60◦ (dashed line), and 30◦ (dotted
line).

The second example focuses on the calculation of the dispersion curves of a
layered soil. The soil properties are identical to those in the previous example.
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The computation is performed with the direct stiffness method, and involves
the solution of a transcendental eigenvalue problem, which is solved with a
search algorithm. Figure 3 shows the MATLAB code used to solve this prob-
lem with EDT 2.1. The dispersion curves are calculated in the frequency range
from 0Hz to 100Hz. The results are shown in figure 4. At zero frequency, the
phase velocity of the fundamental Rayleigh wave equals 279.8m/s, correspond-
ing to the phase velocity of the Rayleigh wave in the underlying halfspace. At
high frequencies, the phase velocity of the fundamental Rayleigh wave tends
to 139.9m/s, corresponding to the phase velocity of the Rayleigh wave in the
top layer. This reveals that, at limiting low frequencies, the layered halfspace
behaves as a homogeneous halfspace with the characteristics of the underlying
halfspace, whereas at limiting high frequencies, it behaves as a homogeneous
halfspace with the characteristics of the top layer. Higher modes appear at
higher frequencies, which are referred to as the cut-off frequencies of these
modes; their phase velocity varies between the shear wave velocity Cs2 of the
underlying halfspace and the shear wave velocity Cs1 of the top layer.

% SOIL PROFILE
h=[3 inf]; % Element thickness [m]
Cs=[150 300]; % Shear wave velocity [m/s]
Cp=[300 600]; % Dilatational wave velocity [m/s]
Ds=0.05; % Shear damping ratio [-]
Dp=0.05; % Dilatational damping ratio [-]
rho=1800; % density [kg/m^3]

% FREQUENCY RANGE
fMax=100; % Maximum frequency [Hz]

% COMPUTE DISPERSION CURVES
[f,C]=eig_dsmpsv(h,Cs,Cp,Ds,Dp,rho,fMax);

% FIGURE
figure;
plot(f,C);
xlabel('Frequency [Hz]');
ylabel('Phase velocity [m/s]');

Fig. 3. Solution of a free vibration problem with EDT 2.1.

The third example addresses the computation of the three-dimensional Green’s
functions of a layered soil. These functions represent the response due to a har-
monic point load in the x-direction, the y-direction, and the z-direction. The
soil properties are the same as in the previous examples. Figure 5 shows the
MATLAB code to compute the Green’s functions. The response is calculated
on a rectangular grid of receivers for an excitation frequency of 50Hz. The re-
sponse due to a load in the z-direction is visualized in figure 6. The dominance
of the fundamental Rayleigh wave is clearly visible: at 50Hz, the phase veloc-
ity of the fundamental Rayleigh wave is about 141m/s, as can be observed
in figure 4. The corresponding wavelength, which equals about 2.8m, clearly
prevails in the wave field shown in figure 6.
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Fig. 4. Dispersion curves of a layered soil.

% SOIL PROFILE
h=[3 inf]; % Element thickness [m]
Cs=[150 300]; % Shear wave velocity [m/s]
Cp=[300 600]; % Dilatational wave velocity [m/s]
Ds=0.05; % Shear damping ratio [-]
Dp=0.05; % Dilatational damping ratio [-]
rho=1800; % density [kg/m^3]

% SAMPLING
f=50; % Frequency [Hz]
omega=2*pi*f; % Circular frequency [rad/s]
p=logspace(-5,1,1000); % Horizontal slowness [s/m]
zs=0; % Source depth [m]
x=[-5:0.2:5]; % Receiver grid (x-coordinate) [m]
y=[-5:0.2:5]; % Receiver grid (y-coordinate) [m]
z=[0:0.2:4]; % Receiver grid (z-coordinate) [m]

% GREEN'S FUNCTIONS
ug=green3d_rec(h,Cs,Cp,Ds,Dp,rho,zs,p,x,y,z,omega);

% FIGURE
figure;
waveplot_rec(x,y,z,real(ug(3,:,:,:,:,:,:)));
xlabel('x [m]');
ylabel('y [m]');
zlabel('z [m]');

Fig. 5. Solution of a forced vibration problem with EDT 2.1.

While the above examples illustrate the use of EDT 2.1, they do
not encompass all possibilities of the toolbox. The toolbox, the user’s
manual, and more examples can be downloaded from the internet at
http://www.kuleuven.be/bwm/edt.
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Fig. 6. Response of a layered soil due to a vertical harmonic point load at the surface.
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