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Abstract
Finite element analyses with Z_SOIL.PC [1] are used in order to predict the behaviour of a
pile test. The loading frame is introduced explicitly into a 3D model, while a simpler
axisymmetric analysis is carried out simultaneously in order to compare force-displacement
curves. These curves are then compared to the in situ measured load-displacement curve, and
shown to be in good agreement.

1. Introduction
A pile test was performed in order to optimize the pile foundation of a 350 m long viaduct
in construction for the H144 road in Switzerland.
Plane strain finite element analyses are unable to represent correctly the behaviour of a
single pile loaded at its top. Usually, a force-driven axisymmetric analysis is recommended,
but this model doesn’t take into account the loading frame used to transmit the force at the
pile’s head, as well as the retaining piles. In the case discussed in this paper, the loading frame
is composed of a jack, linked to four retaining piles – located at a certain distance of the test
pile – through two steel beams (see Figure 1). The test pile is a 23 m deep cast-in situ
“Vibrex” pile: a steel tube is vibrated into the ground until it reaches the required depth, then
steel reinforcement is placed and the pile is filled with concrete and pulled out. In general,
such a technique increases the pile’s frictional capacity.
All finite element analyses have been conducted prior to pile test execution. The goals of
these calculations were:
-

to estimate the bearing capacity of the pile in order to design the jack,

-

to predict the load-displacement curve, and

-

to show whether interaction between retaining and test piles was significant, therefore
meaning that the use of a 3D model can be of interest, compared to axisymmetric
model where retaining piles cannot be taken into account.

2. Pile Test Setup and Geology
The pile test setup is illustrated in Figure 1. It is carried out in the valley of the Rhone
river; the geology is mainly composed of deposits on a rather high depth: flood deposits,
fluvial deposits and lacustrine. Soil parameters estimated by the geotechnician are given in
Table 1. Three values for the Young modulus are given for each soil deposit, meaning that
three finite element analyses (optimistic, reasonable, and pessimistic) will be carried out.

Soils are modelled using the simple Mohr-Coulomb elastic-perfectly plastic constitutive law,
as monotonic loading is involved in this problem. The plastic deformation follows a nonassociated flow rule.
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Figure 1. Pile test view
Table 1. Soil parameters
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3. 2D Axisymmetric Analysis
The 2D axisymmetric model is depicted in Figure 2. A steady state coupled analysis is
carried on, with a water table located 3 meters under the surface. A force is applied at the top
of the pile and increased regularly. As this is a driven pile, no interface elements are
introduced in the model at the pile-soil interface, but a rather fine mesh is created at this
interface in order to follow accurately the development of plastified zones.
Figure 3 illustrates the load-displacement curves at the top of the pile for 2D axisymmetric
analyses of the three sets of soil parameters (realistic, optimistic, and pessimistic). It can be
seen that the three responses are smooth and none of them gives a clear failure load before the
applied load reaches a value of 10’000 kN.

Figure 4 depicts the stress level in the soil for F = 6’000 kN which is the load at which
plastification occurs along the whole pile, and the corresponding vertical displacement field is
shown in Figure 5.
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Figure 2. 2D axisymmetric model
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Figure 3. Load-displacement curves for the 2D axisymmetric model
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Figure 4. Stress level for F = 6’000 kN

Figure 5. Vertical displacement field for F = 6’000 kN

4. 3D Analysis
A 3D model is considered in order to check the interaction between the test pile and the
retaining piles.
Due to symmetry, only a quarter of the loading frame is modelled. Figures 6 and 7
illustrate the 3D model including a quarter of the test pile, a 28 m deep retaining pile, the
loading frame with the HEB 1000 steel beams and the jack.
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Figure 6. 3D mesh (1/4 due to symmetry)
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Figure 7. 3D model: pile head and loading frame
In order to reproduce the loading with the jack, the following “trick” is used: a thermal
analysis is carried out first, increasing the temperature inside of the jack. Then, the
corresponding mechanical analysis is driven, and the expansion of the jack is applied to the
pile and drives it into the soil. The force applied is obtained by integrating vertical stresses at
the top of the pile.

Figure 8 shows the evolution of stress level for increasing loads. Although plastification is
shown to develop between the test and retaining piles for a high load level, the loaddisplacement curve obtained for the 3D model with realistic Young moduli almost coincides
with the one obtained with the 2D axisymmetric analysis, as Figure 9 shows.
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Figure 8. Stress level and deformed mesh for F = 0 kN up to 8’000 kN
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Figure 9. Comparison of load-displacement curves for 2D axisymmetric and 3D models

5. Influence on convergence tolerance
At the beginning of our study, we didn’t have such a good correlation – as shown in Figure
9 – between 2D and 3D load-displacement curves. The problem was that unlike the
axisymmetric case – which is a force-driven problem, applying the force with the jack in the
3D case makes it more like a displacement-driven problem: the jack expands and forces the
pile into the ground. In the latter case, particular attention should be given to the selection of
tolerance, as Figure 10 shows: 1% tolerance yields a totally different load-displacement
response (green curve), while with a 100 times smaller tolerance, the “correct” answer is
retrieved (red curve).
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Figure 10. Influence of tolerance on the response of a displacement-driven problem

6. Conclusions
In situ measures are compared to the three axisymmetric load-displacement curves in
Figure 11. A very good agreement is found between the realistic prediction and the actual in
situ load-displacement curve.
The a priori finite element analysis also helped in the choice of the jack, showing that it
had to be capable to apply a force of up to 6’000 kN to the test pile.
Neither the 2D axisymmetric model nor the 3D model are shown to predict a clear failure
load before the applied load reaches 10’000 kN. During the pile test, the jack broke before the
pile for a load just over 6’000 kN...
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Figure 11. In situ vs. FE model comparison

7. Acknowledgements
The pile test was financed by the “Service des Routes du Canton de Vaud”. The main
contractor was Marti SA, the subcontractor for the pile test was Solexperts SA and the
geotechnician was De Cérenville Géotechnique SA, and the civil engineering office was
INGPHI SA.

8. References
[1]

Z_SOIL.PC v10 user manual, Zace Services Ltd, 2010

