
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BIOGRAPHICAL SKETCH 

Alireza Shiri was born in Gorgan located in the northern part of 

Iran located in Golestan province/state. He started his 

undergraduate studies Mining Engineering in University of 

Birjand in September 2010 and received his Bachelor’s degree 

in November, 2014. He is currently a Master’s student in the 

Civil and Environmental Engineering department of Tennessee 

Tech University with a focus in Geotechnical Engineering. 

EDUCATION 

MSc. Civil Engineering 

Tennessee Technological University 

Cookeville, Tennessee, USA, 2021-2022 

BSc. Mining Engineering 

University of Birjand 

Birjand, South Khorasan, Iran, 2010-2014 

 

 

 

 

 

The Department of 

Civil and Environmental Engineering 

Announces the Thesis Defense 

of 

Alireza Shiri 

In Partial Fulfillment of the Requirements 

For the degree of 

Master of Science in Civil and Environmental 

Engineering 
 

November 10, 2022 

08:00 a.m. 

 

Held in 

Prescott Hall, Room 425 
 

Tennessee Tech University 

Zoom Link: Paste Zoom Link Here. 

FUNDING ACKNOWLEDGEMENTS  

Alireza Shiri would like to acknowledge the financial support 

from the Department of Civil and Environmental Engineering 

and from the Center for Energy Systems Research (CESR). 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABSTRACT 

The application of soil constitutive models helps to predict the behavior of 

different types of soils under various loading conditions. Different basic and 

advanced soil models have been devised for this purpose. The most common soil 

models that have proven to show accurate estimation of soil behavior under loading 

conditions are Mohr-Coulomb model, Plastic Hardening model, and Modified Cam-

Clay model. Each of these models require certain parameters from the soil properties 

in order to be able to perform the analysis of various structures. The primary 

objective of the current research is to develop a clear method or procedure for 

utilizing the advanced soil constitutive models alongside the simple soil constitutive 

models used in everyday calculations of geotechnical engineers. 

In order to achieve this purpose, after providing an introduction of the thesis 

topic, three soil constitutive models, which are Mohr-Coulomb, Plastic Hardening, 

and Modified Cam-clay, are introduced. In addition, since some of the conventional 

test methods, which need to be performed to derive certain parameters for any soil 

constitutive models, are fairly expensive, time-consuming, or not applicable for in-

situ conditions, other alternative methodologies, which are easier, more repeatable, 

cheaper, and more accessible, are introduced to estimate these parameters. As a 

result, two new methods are used to estimate the slope of virgin compression line, 

λ, in Modified Cam-clay model. The laboratory tests required to estimate λ are 

completely explained in this chapter. Later, the soil constitutive models with the 

corresponding parameters and the testing procedure and numerical modeling is 

explained. The laboratory triaxial, one-dimensional consolidation, fall cone, and 

miniature vane shear tests were performed. In addition, these data were used to 

obtain the λ parameter, which was used as input data for the Cam-clay model 

presented. 

Moreover, the Mohr-Coulomb, Plastic Hardening, and Modified Cam-clay 

constitutive theories were used in the FLAC 2d software to predict and compare soil 

behavior following various stress paths. For this purpose, four case studies are 

studied in this thesis and the parameters of two soil constitutive models are derived 

from the parameters of the soil model that is available. These soil model parameters 

are used to perform Triaxial test, One-Dimensional Consolidation test, Plane strain 

test, and loading on an embankment. The results are presented as the evolution of 

deviatoric stress versus shear strain, the evolution of pore pressure versus shear 

strain, the derivation of compression index called the slope of virgin compression 

line, λ, assessment of the effect of various soil constitutive models in estimating the 

amount of settlement in drained conditions on the loading on an embankment, and 

the stress path plane (deviatoric stress versus mean effective stress). Furthermore, 

the results of the computer software were compared to the laboratory test data. 

Finally, a comprehensive and applicable procedure in forms of tables are introduced 

to use these simple and advanced models by having only the parameters of one of 

the soil constitutive models. 
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