
Application of Bayesian model class selection on differential 

problems in geotechnical engineering 

by 

Zhang Lizhi 

 

A thesis submitted in partial fulfillment of the 

requirements for the degree of 

Master of Science in Civil Engineering 

Faculty of Science and Technology  

University of Macau 

2012 

 

 

 

 

 

 

Approved by  _______________________________________________________  

Supervisor 

 ______________________________________________________  

 ______________________________________________________  

 ______________________________________________________  

Date ______________________________________________________________  



 

 

 

 

 

 

In presenting this thesis in partial fulfillment of the requirements for a Master's degree 

at the University of Macau, I agree that the Library and the Faculty of Science and 

Technology shall make its copies freely available for inspection.  However, 

reproduction of this thesis for any purposes or by any means shall not be allowed 

without my written permission.  Authorization is sought by contacting the author at 

 

Address: 

 

Telephone: 

Fax: 

E-mail: 

 

 

 Signature ________________________  

 

 Date ____________________________  



 

 

 

University of Macau 

Abstract 

APPLICATION OF BAYESIAN MODEL 

CLASS SELECTION ON DIFFERENTIAL 

PROBLEMS IN GEOTECHNICAL 

ENGINEERING 

 

by Zhang Lizhi 

Thesis Supervisor:  Prof. Ka-Veng Yuen 

Co-supervisor:  Prof. Wai-Man Yan 

Master of Science in Civil Engineering 

Researches on nonlinear behavior of soil are significant since many studies in civil 

engineering rest on it. Derivative calculation on nonlinear behavior is frequently encountered 

in soil mechanics such as the evaluation of dilatancy and shear modulus from the strain-stress 

behavior of geomaterials. Experimental data are acquired in discrete form and contaminated 

by noise so direct finite difference calculation is well known to be unreliable. In this thesis, a 

Bayesian nonparametric methodology is proposed for derivative computation. The raw data 

will first be transformed to satisfy some periodicity conditions in order to avoid the error 

induced by the Gibbs phenomenon. Model class candidates are then constructed based on 

partial Fourier series. Bayesian inference provides the quantitative criterion to choose the 

most suitable model for curving fitting. The derivative can be computed directly by 

differentiating the chosen model. Especially to poor quality measurements with large noises 

and non-uniform intervals, the proposed approach can provide satisfying data-fitting results 

and derivative computation.  

The proposed method is applied on three examples in this thesis. Two illustrative examples 

are discussed to verify the efficiency and robustness of the methodology. One set of data 

coming from pressuremeter tests are processed in order to obtain the shear stress-strain 

relationship and secant shear modulus reduction curves which are the main aims herein. Only 

the first order derivatives are involved in this thesis.  
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