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1 Introduction  

1.1 Motivation 
 
Geotechnical structures are in general constructed on natural soil deposits. Their 
mechanical behaviour is significantly influenced by their initial “structure” and 
the degradation of microstructure with loading. Furthermore, due to the 
sedimentation process and the geological history, natural soil deposits tend to be 
highly anisotropic. Degradation of the soil structure is one of the main causes of 
the strain softening behaviour which leads to the progressive failure of many 
geotechnical structures.  
 
Due to the complexity of boundary conditions for typical problems in 
geotechnical engineering and the complexity of the subsoil behaviour as 
mentioned above, the application of advanced constitutive models to practical 
design requires the use of advanced numerical techniques, such as the finite 
element method (FEM). However, the outcome of numerical analysis is strongly 
influenced by the constitutive model used. To design geotechnical structures in a 
safe and economical way, robust constitutive soil models are required that are 
able to take into account the aforementioned aspects of the mechanical behaviour 
of natural soils.  
 
One class of constitutive models, in which various aspects of the mechanical 
behaviour of soils can be implemented, is the multilaminate model introduced by 
Pande & Sharma (1983). In the multilaminate framework, it is assumed that the 
overall deformation of a soil body can be obtained from deformation on so-called 
sampling or contact planes. Yield and plastic potential functions are defined on 
these sampling planes. As a consequence, plastic strains develop independently 
on planes, thus multilaminate models are able to take into account induced 
anisotropy intrinsically, i.e. without requiring additional parameters. The 
Multilaminate Model for Clay (MMC), which forms the basis of the model 
presented in this thesis, has been developed by Wiltafsky (2003) for normally 
consolidated or slightly overconsolidated clays and can successfully describe the 
mechanical behaviour of reconstituted clays by incorporating shear and 
volumetric strain hardening. As the initial structure (usually with inherent 
anisotropy) affects the mechanical behaviour of natural clays which behave 
differently from reconstituted clays, the model has been modified in this thesis to 
consider effects of structure, inherent anisotropy and strain softening. The 
proposed model is called Multilaminate Model for Structured Clay (MMSC) in 
the following. Only mechanical destructuration, namely degradation of structure 
with deformation is considered. Inherent anisotropy is implemented by means of 
a so-called microstructure tensor as proposed by Pietruszczak & Mroz (2000). 
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Strain softening behaviour, when solved by means of numerical methods, results 
in severe mesh-dependency and numerical instability, limiting the applicability 
and accuracy of numerical modelling. To overcome this problem a modified non-
local approach, proposed originally by Eringen (1972), is adopted. In the 
proposed approach, the new feature is that the method is modified by changing 
the distribution function in such a way that the model needs no additional 
parameter for obtaining non-local strains. All parameters, which are used in the 
non-local model, can be obtained from conventional laboratory tests.  
    

1.2 Outline of thesis 
 
The main goal of this research was to modify the multilaminate model presented 
by Wiltafsky (2003) to predict important features of the mechanical response of 
normally consolidated or slightly overconsolidated structured clays. The outline 
of the work presented in this study is the following: 
 
Chapter 2 presents the concept of the multilaminate framework. First of all, a 
brief description and the history of multilaminate models are given. Then, 
numerical integration rules and mathematical formulations adopted in the 
presented model are discussed.  
 
Chapter 3 presents the mathematical formulations of the Multilaminate Model for 
Clay in detail. In this chapter the basic features of the proposed model are 
discussed. The yield function, which consists of three parts, i.e. volumetric, 
deviatoric and tension part, is introduced. This is followed by the strain 
hardening rules for the deviatoric and volumetric parts and the local strain 
softening rule for the deviatoric part. Then the plastic potential function and the 
elastic behaviour of the model are presented. Single element tests are also 
presented in this chapter. 
 
Chapter 4 presents numerical implementation of inherent anisotropy. This 
chapter starts with a definition of anisotropy and gives a brief review of 
experimental studies on strength anisotropy. Inherent anisotropy is modelled by 
introducing a microstructure tensor. The influence of strength anisotropy on the 
yield surface of the model is illustrated in the deviatoric plane. Finally, the stress-
strain behaviour of anisotropic soils is shown by simulation of simple stress 
paths. 
 
Chapter 5 presents the finite element analyses of slope stability in anisotropic 
soil. A very simple example has been chosen to show the effect of initial strength 
anisotropy on slope stability. The influence of anisotropy parameters on the 
results is emphasized in this chapter. 
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Numerical modelling of destructuration is discussed in chapter 6. This chapter 
starts with an introduction to the experimental background of structured soils, 
whereas only mechanical destructuration is considered. Effect of isotropic and 
anisotropic bonding on stress-strain relationships of soils is studied in this 
chapter. 
 
Numerical modelling of strain localisation and its implementation into the 
proposed model is described in chapter 7. First of all, this chapter reviews the 
numerical problems related to strain softening and summarises the postulates of 
instability and shear banding. The regularisation techniques proposed in the 
literature are briefly discussed. Then the non-local concept and its 
implementation are presented in detail. The capability of the model for 
simulating strain softening behaviour is shown by numerical simulation of 
biaxial and triaxial tests and it is shown that results are not mesh sensitive. At the 
end of this chapter, the model is applied to the practical problem of a shallow 
tunnel. Ground response curves are presented.  
 
Chapter 8 gives a summary of the work performed in this thesis and 
recommendations for further work. References are listed in chapter 9. 
 
In addition, definitions of the stress and strain invariants used in this thesis are 
listed in Appendix A. Appendix B gives the numerical implementation of the 
proposed model into the finite element code PLAXIS Version 8 (Brinkgreve et al. 
2006) and the source code of the model is presented in Appendix C. 
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