
Chapter 9

Model definition

9.1 Main features

9.1.1 Introduction

Any analysis, static or dynamic, in a FEM follows a standard procedure as defined in
fig.(9.1):

The experimental sequence to perform in the calibration chamber is as follows:
Any analysis, static or dynamic, in a FEM follows a standard procedure: 

1.Creation of a 
geometry 

2.Mesh
generation

3.Initial stress 
generation

4.Calculations 5.Evaluation of 
results 

Figure 9.1: Phases in Finite Element Modeling

1. CPT (installation test)

2. Static test 1

3. Quasistatic test

4. Static test 2

The ideal model would be that one that reproduced the exact experimental sequence. CPT
and Static tests are strain controlled tests, an input displacement is imposed and the force
is then the output. Prescribed displacements can be defined in PLAXIS. However, the
program does not allow large strains (in this case large changes of geometry). CPT imposes
70 cm displacement, consequently, CPT-installation test can not be modeled. The second
test, the static, imposes 2cm displacement. According to NEN 6473 code a pile fails for
a displacement equal to 10%dpile, so 2cm in our 3,33cm diameter rod largely exceeds this
value and it is to expect that the model of the static test will give soil failure as output.
A numerical analysis cannot be continued from a previous failed phase. This implies that,
if it is the case that failure is achieved while static test, the pseudostatic one could not
be reproduced. To recapitulate, it is not possible to reproduce the experimental sequence,
the static and pseudostatic tests will be modelled on their own and later compared. The
idea is to simulate the two tests independently.

There is a second main shortcoming in this numerical model: the impossibility to con-
sider explicitly different loading rates. PLAXIS offers the possibility of static and dynamic
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Figure 9.2: Key problems and approaches to the numerical model

models. The only way to account for the loading times will be defining accurately the time
frames in the calculation settings. Certainly, PLAXIS offers the possibility to analyze the
effects of vibrations into the soil.The effects of vibrations have to be calculated with a
dynamic analysis when the frequency of the dynamic load is in the order or higher than
the natural frequency of the medium. Low frequency vibrations can be calculated with a
static analysis. The pseudostatic test is also a low frequency test; for this, both dynamic
and static approaches to it are carried out and compared. An appropriate time frame will
be chosen for the dynamic test, the multipliers for the dynamic load will require a precise
low frequency definition and a good definition of the loading pulse. In the static modeling
there is no time involved.

To sum up, the coming box states the principal aspects where the numerical model devi-
ates from the experimental test:

• Small deformation theory vs large displacements

• Creation of initial test conditions (stresses)

• Static or dynamic calculations vs static and pseudostatic tests

• fully drained or undrained condition vs partial consolidation

9.1.2 About dynamic analysis

Hereby some general remarks about dynamical modeling in PLAXIS that may be useful
for the model are presented.

Input

• Geometry: Despite the fact that the dynamic phenomena may have 3-D charac-
teristics, in PLAXIS Version 8 the dynamic model is limited to plane strain and
axysimmetric conditions. Normally single-source vibration problems are modeled
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with axisymmetric models, because waves in an axisymmetric system radiate in a
manner similar to the 3D case. Energy dissipates leading to wave attenuation with
increasing distance form the source, namely, geometric damping.Geometric damping
is by definition included in the axisymmetric model. The physical damping due to
viscous effects, plasticity or friction can be considered by using the Rayleigh damp-
ing. More detail on Rayleigh damping will follow.
15-noded elements are normally used both for pile and soil. The thickness of the
interface may be determined previously according to analytical methods.

• Boundary conditions: What requires special attention is the modeling of the
boundaries. Although these can be picked up in order to match with the calibration
chamber does, in a real in-situ case they have no physical significance. Hence, to
avoid spurious reflection special wave absorbing conditions must be applied. It is
also important to place them far enough; as said, these may be at the calibration
chamber boundaries but also other criteria can be implemented. Lee and Salgado
(1999) proposed that the bottom boundaries of the meshes should be placed at a
depth larger than 2 times the pile length measured from the ground surface and the
width of the mesh should be equal or larger than the pile length.

• External loads: It has been analytically calculated the load that reaches the pile
head. This total load must be distributed over the pile section. This load can be
created and treated as static or dynamic as follows:

– Static load: define the load and activate it in the second calculation phase by
clicking on it

– Dynamic load: define the load, set it as dynamic in the loads menu and acti-
vate it in the second calculation phase by entering appropriate dynamic load
multipliers.

• Model parameters: By entering the characteristic parameters required for the
hardening soil model, the wave velocities are automatically generated. Besides,
Rayleigh damping could be taken into account defining two coefficients:

C = αM + βK (9.1)

where C represents the damping, M the mass, K the stiffness and α and β are
coefficients to be given as input parameters in the material data sets. However, in
single source problems with axisymmetric model, it may not be necessary to include
Rayleigh damping as most damping occurs due to radial spreading of the waves
(geometric damping).

Calculations

The calculations in dynamic analysis always use seconds as time unit. The iterative
procedure can be defined manually, different options are available (Newmark alpha and
beta,boundary relaxation coefficients); it is especially useful to set manually the dynamic
sub steps. If the wave velocities exhibit different values (i.e. between pile and soil) the
number of sub-steps automatically set may be too large and it can be appropriate to set
it manually.
A dynamic load can consist of a harmonic load, a block load or a user-defined load. In all
cases, dynamic loads must be activated setting the appropriate multipliers:

Activeload = Dynamicmultiplier ∗ Inputvalue (9.2)

• Harmonic loads: In PLAXIS they are defined:

F = M̂F̂ sin(ωt + ϕ0) (9.3)
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where M̂ is the Amplitude multiplier, F̂ is the input load, ω = 2πf with f the
frequency and ϕ0 is the initial phase angle.

• Block load:It is a dynamic load applied suddenly in a single time-step. It can be
defined setting the amplitude multiplier equal to the magnitude of the block load,
f = 0 and ϕ = 90, so F = M̂F̂ ; or as a user-defined load.

• User-defined loads:A dynamic load can be activated creating an ASCII file con-
taining time and load multiplier in two columns separated by a space.

9.2 Input

9.2.1 General settings

• Axisymmetrical model (axis at the center of the pile), for the reasons presented in
previous sections it is the best option for single-source vibrations. Then, only the
right-half of the real geometry is represented in the model.

• 15-noded-elements

9.2.2 Geometry and mesh

The geometry has been designed to match with that of the calibration chamber. It should
be an appropriate consideration because the experimental tests in the calibration chamber
were designed to avoid boundary effects (one test in the center only), hence, matching the
numerical model boundaries with that of the chamber we are placing them far enough.
The pile radius is taken 2cm instead of 1.666cm in order to have a simpler model, further
on this will be corrected and recompensated for appropriate comparison. It has been
argued that the CPT and the static can not be included and only the pseudostatic tests is
object of attention. Nevertheless, the effects of the CPT and the static test are taken into
consideration by means of placing the pile initially at -72cm below the surface. Besides
it is important to generate a proper stress state in the soil. To achieve it, prescribed
displacements along the pile and at the tip are imposed even before the pile is created, to
’prestress’ the soil, to simulate the installation effects.

• Along the shaft a horizontal displacement of 1cm is imposed.

• At the tip a vertical displacement of 10cm is imposed.

The shoulder point will have both vertical and horizontal components of the prescribed
displacement as it belongs to both tip and shaft. The values of these prescribed displace-
ments have been chosen to be half the radius of the pile for the horizontal one and the
vertical is ten times the horizontal one. Quantitatively, the effects of the installation of the
pile into the sand in the tank are unknown, though one could estimate them as follows:
the area of the pile in the numerical model is 12.5cm2. When a lateral expansion due to
installation occurs, the area affected should have the same value as the area of the pile,
the area affected could be defined as that generated with a radius rpile +presc.displ minus
the area of the pile. This would lead to a value of the prescribed horizontal displacement
of 0.8cm. However, as the experimental results are available for calibration, different cal-
culations within this range of expansion were performed until the best fit was obtained for
1cm.
Of special interest is also the interface that generated surrounding the pile, to register

the pile-soil interaction. The shoulder point of the pile is an extremely difficult point to
model. To guaranty the freedom of movement of this point (it is allowed to move but it is
difficult to implement that in the program), both tip and shaft interfaces will be extended
into the sand.
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Figure 9.3: Input geometry: axisymmetrical model with pile created at depth defined by
CPT+static tests
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A ( 0.01m, 0m) 
B ( 0.01m, -0.1m) 

C ( 0m, -0.1m) 

Figure 9.4: Expansion: prescribed displacements

The mesh is generally set to coarse, with refinements in the pile cluster, along the pile
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Figure 9.5: Determination of the expansion values

shaft and at the pile tip.

9.2.3 Boundary conditions

The boundaries are placed far enough. In addition, absorbent boundaries are generated
at the bottom and right-hand boundaries to absorb increments of stresses caused by the
dynamics of the problem and that otherwise would reflect inside the soil. Standard fixities
are also applied, PLAXIS automatically generates a full fixity on the base of the geometry
and roller conditions at the vertical sides (ux = 0, uy = free).

9.2.4 Loads and prescribed displacements

It was already discussed the necessity to prescribe displacements along the pile to sim-
ulate the installation effects. These displacements have to be activated first of all, then
deactivated and the pile can be created and the test modeled.

The tests will be modeled different depending on whether it is static or dynamic:

• Static: Experimentally it was a strain controlled test, the pile was pushed exactly
2cm into the soil. The same idea is implemented numerically. A prescribed displace-
ment of 2cm downwards must be defined on the top of the pile and activated by
means of staged construction during the calculations. Another option would be to
model the pseudostatic test statically, hence, defining a force and applying it stati-
cally. In PLAXIS both static calculations should give the same results. Prescribed
displacement is less computational expensive so it is preferred.

• Dynamic: A unit distributed load system must be defined on the top of the pile and
set to dynamic. Its value will be increased to the experimental one in the calculation
definition.

9.2.5 Initial conditions

• Water pressures: Phreatic level in the tank is at −15cm below surface. Hydrostatic
pressures are generated in the whole geometry according to this level. The unit
weight of water is set to default value 10kN/m3.
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Figure 9.6: Finite Element Mesh

• Initial stresses: PLAXIS generates the initial stresses by default with the formula
of Jaky (K0 = 1 − sin φ). However this is not the case. The soil is set to over-
consolidated with OCR=5 and the horizontal stresses are set to be the double than
the vertical ones (K0 = 2). This may need further explanation. As Hanna and
Soliman-Saad [31] presented in their study on the effect of compaction duration on
the induced stress levels in laboratory prepared sand bed, the in-situ stress levels
are often not properly known and aware of. Especially the sand placing technique
can drastically influence the stress levels, consequently, the produced sand bed may
not be as normally consolidated and homogeneous as assumed in many theories.
It is most likely to be an overconsolidated, nonhomogeneous and anisotropic sand
(Broms, 1971). The problems that appeared in the experimental test related to the
preparation technique are known. The fluidization-vibration-drainage system did
not work appropriately, up to the point that a maximum had been reached and
it was no longer possible to loosen the soil, no matter the fluidization time and
even without vibration. Thus the sample was all continuously remolded, making
it denser, re-vibrating it once and again. A very overconsolidated sand is to be
expected. Moreover, there are the boundary conditions created at the bottom and
sides of the calibration chamber. It is not a standard calibration chamber. The rigid
walls and bottom, combined with the 2 vibrators adhered to the walls can largely
increase the horizontal confining stresses. The waves introduced into the soil for du-
rations up to 30 min can be reflected from at the rigid walls and combined with the
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inefficient re-preparation of the sample make it expectable to have in-situ horizontal
stresses doubling the vertical ones.

Figure 9.7: Initial effective stresses

9.2.6 Material sets and models

• Sand: It is modeled with the hardening soil model to be able to record non-linear
deformations below the pile tip. As it is a rapid loading process, the behavior is
undrained. Also dry and drained calculations are going to be performed for com-
parison. The soil is fully saturated by water, could be approximated to be almost
incompressible and the Poisson’s ratio has to reflect it. The research deals with
quite dense sands, due to problems with the preparation system in the tank. This
originates experimental samples with high friction angle and stiffnesses. Although
dense sands show dilatancy, no dilatancy is taken into consideration in the model to
be on the safe side.
Interfaces along the pile shaft are given the same properties as the sand but an
interface strength reduction of 0.7 is applied.

• Pile: The pile is not modeled as a plate but instead it is considered a linear-elastic
non-porous material. The Young modulus and the Poisson’s ratio are reduced be-
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cause the pile is hollow, not massive, and to facilitate the numerical calculation
respectively.

• Interface in sand: An extra material needs to be defined. The interfaces have been
extended inside the sand, but only to allow shoulder point displacement and not to
represent any pile-soil interaction, thus, only geometric function, no stress reduction.
For this reason, the properties given to the extensions of the interfaces must be the
same ones as the sand, without the strength reduction that was considered for the
interfaces along the shaft of the pile. The interface in sand material is exactly as
the sand but without interface strength reduction.

As in axisymmetric models most damping is geometric damping, no Rayleigh damping is
included. This also agrees with the assumptions of the analytical cone model that showed
that the Rayleigh damping was not significant for our case.

Figure 9.8 summarizes the properties.

Parameter Symbol Sand Interface in sand Pile (steel) Unit

Material model Model Hardening soil Hardening soil Linear elastic - 

Behavior Type Drained/Undrained Drained/Undrained Non porous - 

Unit weight above 
phreatic line unsat 20 20 78.5 kN/m

3

Unit weight below 
phreatic line sat 23 23 - kN/m

3

Young’s modulus refE 60000 60000 2.1*10
7

kN/m
2

Oedometer
modulus oedE 80220 80220 - kN/m

2

Power m 0.6 0.6 - - 

Unloading modulus urE 382500 382500 - kN/m
2

Poisson’s ratio ur 0.15 0.15 0 - 

Reference stress refP 100 100 - kN/m
2

Cohesion c 1 1 - kN/m
2

Friction angle 39 39 - Deg 

Dilatancy angle 0 0 - Deg 

Interface strength 
reduction int

R 0.7 1(rigid) 0.6 - 

Figure 9.8: Material properties

9.3 Calculations

The phases carried out for modeling static and dynamic tests are explained below.

1 Expansion: Plastic, staged construction. To represent the effects of the installation
of the pile (CPT), before even creating the pile, the prescribed displacements pre-
viously defined must be activated at the boundaries of the pile cluster, according to
fig.(9.4)). The pile cluster may be deactivated to reduce computational time.
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2 Pile creation: Plastic, staged construction. The prescribed displacements of the
expansion are deactivated. the pile cluster has to be activated and pile properties
are given to it.

3 Test:

3.1 Static:Plastic analysis, staged construction. It consists in activating the pre-
scribed displacement (2cm) on the top of the pile by clicking on it in the defi-
nition of the staged construction.

3.2 Dynamic:Dynamic analysis, harmonic multipliers. In the literature and the
experimental results it has been seen that the pulse for a pseudostatic test has
the shape of half an harmonic cycle (at the end of the test, the phase angle
is of 180o). For a duration of 0.06s, the total period would be of 0.12. The
frequency is the inverse of the period, thus, 8Hz. The amplitude multiplier is
the maximum value of the distributed load at its peak. Experimentally the
forces for the pseudostatic test were around 25kN. The area of the pile in the
numerical model is approximately 0.0012m2, therefore, the distributed load
(σ = F/A) should be a factor ten larger, i.e. M=25000.

4 Response: For the dynamic test only it may be interesting to model the free re-
sponse of the soil after the test. This can be done setting all the harmonic multipliers
to zero.

Phase 0 

Default PLAXIS 

Phase 1

Expansion 

(activate prescribed displacements) 

Phase 2

Pile creation 

(give pile properties to pile cluster) 

STATIC DYNAMIC 

Phase 3

Test (Harmonic multipliers) 

(t=0.062, M=25000, f=8, phi=0) 

Phase 3 

Test 

(activate prescribed displacement) 

Phase 4 

Response (Harmonic multipliers) 

t=0.062, M=0, f=0, phi=0 
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Response (Harmonic multipliers) 
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Test (Harmonic multipliers) 
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Figure 9.9: Calculation phases




