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Abstract. In this paper some modelling issues of geotechnical finite element applications are 
highlighted. Modelling professionals involved in the analysis of geotechnical projects ought 
to be familiar with the possibilities and limitations of the finite element method as well as the 
available soil constitutive models in order to make the right modelling decisions. Lack of 
knowledge may lead to severe damage or collapse of the geotechnical structure. The 
presentation is intended to create awareness about the subject, with the purpose to further 
improve the quality of finite element calculation results for geotechnical applications. In 
particular, the role of mesh coarseness and interface elements is highlighted. An example is 
elaborated using Plaxis-GiD to demonstrate some modelling aspects. 
 
 
1 INTRODUCTION 

Deformation-based finite element calculations for geotechnical applications (deformation, 
bearing capacity and stability of excavations, tunnel projects, foundations, embankments, etc.) 
give special requirements to the finite element model being used. Because of the highly non-
linear and time-dependent behaviour of soils, advanced constitutive relationships are needed 
in the finite element model, preferably with a separation between effective stress and pore 
pressure. This material non-linearity and time-dependency not only requires a robust step-
wise solution procedure, but, since ordering and timing are important, the finite element 
model should also allow for a realistic simulation of the construction process. 

When structures are involved, structural behaviour as well as soil-structure interaction 
needs to be taken into account. In particular, when bearing capacity of soil structures is to be 
analysed, the coarseness of the finite element mesh plays an important role. Unfortunately, the 
finite element method gives an upper bound (unsafe) solution for bearing capacity problems. 
Upon mesh refinement the bearing capacity reduces towards its theoretical value. Also 
interface elements play an important role, not only to properly model the soil-structure 
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interaction, but also to accurately calculate bearing capacities. 
The next Chapter (2) describes an example which involves some issues that are typical for 

geotechnical applications or soil-structure interaction problems. The subsequent Chapter (3) 
elaborates on issues such as model boundaries, meshing, interface elements, construction 
stages, soil modelling and bearing capacity. The paper ends with some conclusions on the 
possibilities and limitations of the finite element method for geotechnical applications. 

2 EXAMPLE: SUCTION CAISSON SUBJECTED TO LOADING 
The example problem considers the determination of the bearing capacity of a suction 

caisson loaded by a point load at an angle of 30 degrees with the horizontal (see Figure 1)i. 
The caisson has a diameter of 5 meter and a penetration depth of 7.5 m. The load is attached 
to the caisson at a depth of 6 m.   

  
Figure 1: Geometry of the suction caisson 

The geometry is extended 7.5 m around the caisson and 6.5 m below to avoid influence of 
the geometry boundaries. Interfaces are added around the caisson to model the soil-structure 
interaction. To avoid locking of the interfaces, they are extended 0.5 meter below the caisson 
bottom.  

The soil has an effective unit weight of 5.5 kN/m2 and is modelled by means of the Tresca 
model with a Young’s modulus of 10 kN/m2 at the surface increasing with 125 kN/m2 per 
meter depth, a Poisson’s ratio of 0.45 and a cohesion (undrained shear strength) of 0 kN/m2 at 
the surface increasing with 1.25 kN/m2 per meter depth. Along the caisson the strength 
reduction factor of the interface (Rinter) is set to 0.65. Below the caisson, this factor is set to 
1.0 to neglect the reduction of the interface strength here. 

The initial stresses are generated using the K0-procedure with a K0-value of 0.55 in both 
horizontal directions. The caisson will be installed in phase 1, where it is modelled by a non-
porous linear-elastic material with an effective unit weight of 7.75 kN/m2, a Young’s modulus 
of 105 kN/m2 and a Poisson’s ratio of 0.2. In phase 2 the load will be activated at a value of 
1500 kN (1300 kN in horizontal direction and 750 kN in vertical direction). As the theoretical 
solution of this example gives a maximum force of 1220 kNi, loading towards 1500 kN 
should give failure before reaching this value. 
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Figure 2: Deformed mesh of the suction caisson at failure 

3 MODELLING ISSUES 

3.1 Model boundaries 
In reality the sub-soil is virtually unlimited, but finite element models require model 

boundaries with appropriate boundary conditions. The larger the model, the more elements 
and thus more calculation time and computer memory is required, which means higher costs. 
On the other hand, boundaries should not influence the results. Symmetry boundaries with 
proper boundary conditions may be used to reduce significantly the calculation costs (i.e. the 
x-y plane in the example of Chapter 2). In order to accurately calculate deformations, model 
boundaries should generally be put further away than for stability or bearing capacity 
calculations. In dynamic calculations the boundaries should be set sufficiently far away such 
that possible reflections do not reach the domain of interest during the time interval of the 
analysis.  

For problems involving unloading using a simple soil model that does not take into account 
the high stiffness at small strain levels, unrealistic heave will occur in ‘deep’ elements, where 
in reality hardly any heave or deformations take place. Therefore, it might be considered to 
place the bottom boundary not very deep below the excavation or retaining wall, but it is 
better to use a high small-strain stiffness in deeper layers. 

From the example in Chapter 2 it can be seen that a fully developed failure mechanism fits 
nicely in the model (see Figure 2). However, the final stress state at the model boundaries is 
not equal to the initial stress state, and therefore it may be thought that there is some influence 
from the boundary conditions. As we are using a soil constitutive model with undrained shear 
strength, the shear strength does not depend on the stress state. So even if the stress state 
would be influenced by the boundary conditions, it will not affect the failure level.  

3.2 Meshing 
In particular for stability and bearing capacity problems, the accuracy of the solution 

depends on the type and size of the elements. Upon global or local mesh refinement, the 
accuracy of results tends to improve, but the failure level is approached from the unsafe side 
(over-prediction). Particularly near loads, structures or other parts of the model where stress 
or strain concentrations are expected, local refinement is required. For geotechnical 
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applications, the use of higher-order elements is highly recommended to allow for at least a 
linear distribution of stress and strain within elements and to avoid locking. For 3D models, 
most accurate results are obtained using 20-node brick elements. The 10-node tetrahedral 
elements as used in the example are less accurate in calculating failure loads. Despite the local 
refinement around the anchor, the theoretical value (1220 kN) is exceeded by 8.8%.  

3.3 Interface elements 
Many geotechnical applications involve the interaction between soil and structures in or on 

the soil. Soil-structure interaction problems can be modelled using interface elements with 
limited shear strength and tension capacity. The elastic stiffness of interface elements is a 
numerical compromise to obtain on one hand small (negligible) elastic deformations (means: 
very high stiffness) and on the other hand a non-diverging iterative procedure (means: 
stiffness not too high). The shear strength in the interface can conveniently be related to the 
shear strength of the surrounding soil by using an interface strength reduction factor. The 
tension capacity is usually zero, which leads to gapping between a structure and the 
surrounding soil as soon as tensile stresses tend to occur.  

It is recommended to extend interfaces below the bottom of a structure in the soil and at 
corners of massive structures in the soil in order to avoid locking and to enable a smooth 
stress distributionii. For similar reasons, circular structures should be modelled with curved 
(iso-parametric) elements and corresponding curved interface elements to avoid locking and 
stress peaks. 

In the example iso-parametric interface elements have been used around the caisson as 
well as extended interface elements at the bottom. Alternative models without extended 
interface elements and interface elements at the bottom showed a significantly higher failure 
load and peak stresses at the corners. 

3.4 Soil modelling 
In the example a rather simple linear elastic perfectly-plastic model with Tresca failure 

criterion has been used. The shear strength is increasing with depth. This ‘undrained shear 
strength’ approach is often used in bearing capacity (ultimate limit state) analysis on soft soil 
under undrained conditions, but one cannot expect accurate deformations (serviceability 
states) from such a simple model. If accurate deformations are to be calculated, the use of a 
more advanced model is recommended. Such a model ought to include stress-dependency of 
stiffness, high stiffness at small strains, plastic compaction in primary loading, plastic 
shearing in mobilising the material’s shear strength and an effective strength formulation. In 
any case, when the material strength is modelled by means of effective strength properties, it 
is recommended to check the final stress state and to compare this with a known shear 
strength profile. Even advanced soil models may have difficulties predicting realistic shear 
strength using effective strength properties. 

3.5 Calculations 
Because of the non-linearity of soil behaviour, a geotechnical project needs to be modelled 

in sufficient detail, taking into account various stages of construction, since the order in which 
events happen matters. In addition to the calculation of deformations and forces under 
serviceability states, limit state criteria may need to be applied for all construction stages. 
Critical or decisive events may occur in intermediate stages and not necessarily the final 
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stage. This requires facilities in the finite element program for staged construction and safety 
analysis. The latter should preferably be done for geotechnical calculations using a strength 
reduction techniqueiii rather than increasing the load, except if the strength has been modelled 
as undrained shear strength, such as in the example problem. New methods are being 
developed to include partial factors for model parameters, actions (loads) and resistances 
according to Eurocode 7. 

4 CONCLUSIONS 
In this contribution some issues related to finite element calculations for geotechnical 

applications are considered. On the basis of an example, the bearing capacity of a suction 
caisson, some particular issues are highlighted. This leads to some conclusions about the 
possibilities and limitations of the finite element method for geotechnical applications. 

- The position of model boundaries should be chosen in accordance with the type of 
analysis and the type of soil model. 

- Element type, size and local refinement, as well as extended and iso-parametric 
interface elements are essential to accurately predict bearing capacity in soil-structure 
interaction problems. 

- Simple soil models with direct input of shear strength may be adequate to calculate 
bearing capacity (ultimate limit state), but more advanced models are required to 
accurately model deformations (serviceability states). 

- Always compare the resulting stress state with a known shear strength profile. 
- It may be necessary to apply limit state criteria to all construction stages and not only 

the final stage. 
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