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ABSTRACT

The case of large deformations presents a challenging problem to be simulated numerically. In recent
years, the development of meshfree methods especially the Material Point Method (MPM) has gained
some tractions and shown some significant progresses. This thesis aims to utilize this method for
analyzing a large deformation case found in load induced slope failure. Thus, a hypothetical slope
geometry is chosen to be modeled and analyze in regard to varying soil strength parameter and
incremental uniform load. Next, the results are divided into two criteria, small strain deformation and
large strain deformation. Then, a comparison study is performed between MPM and Finite Element
Method (FEM) in the small strain deformation region in order to investigate MPM. The outcome
shows that MPM produce relatively consistent results compared to FEM results in all the case variants.
In the large deformation region, MPM also presents failure geometries along with the corresponding
mechanical properties throughout the failure process. However, there are also numerical errors which
is happening in all the cases. These errors are causing inaccurate results on some small region in the
model and even breaking the model altogether in some worse cases.

Keywords: large deformation, material point method, numerical simulation, slope stability
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ABSTRAK

Permasalah deformasi adalah masalah yang menantang untuk disimulasikan secara numerik. Dalam
beberapa tahun terakhir pengembangan metode Meshfree, terutama Metode Material Point,
menunjukkan progress yang cukup signifikan. Pada skripsi ini, akan dilakukan analisis permasalahan
deformasi besar menggunakan metode Material Point ini untuk kasus kegagalan lereng akibat
pembebanan. Oleh karena itu, dibuatlah sebuah model lereng secara hipotetis yang kemudian dianalisis
terhadap variasi kekuatan tanah dan beban. Hasilnya dibagi menjadi dua yaitu analisis deformasi besar
dan analisis deformasi kecil. Hasil analisis deformasi kecil kemudian dibandingkan dengan simulasi
kasus serupa menggunakan metode elemen hingga. Sedangkan hasil analisis deformasi besar
digunakan untuk memeriksa bentuk kegagalan lereng. Hasilnya menunjukkan bahwa analisis metode
Material Point konsisten terhadap hasil analisis metode elemen hingga pada saat deformasi kecil.
Sedangkan pada deformasi besar, metode Material Point dapat menunjukkan bentuk kegagalan
sekaligus properti mekanis dari material yang dimodelkan. Akan tetapi, terdapat kesalahan numerik
yang menyebabkan hasil pada beberapa area dalam model tidak akurat. Dalam beberapa kasus, kesalan
ini bahkan menyebabkan simulasi gagal dilakukan.

Kata Kunci: deformasi besar, metode material point, simulasi numerik, kestabilan lereng
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CHAPTER 1
INTRODUCTION

1.1 Background

Soil is a complex substance which properties are known for being very challenging to
model numerically. These complexities could be addressed to soil heterogenous
nature, its anisotropic characteristics, and its behavior variation across particle sizes
and water contents. Moreover, when studied using constitutive models, soil behavior
is highly non-linear. Meanwhile, the necessity to learn and to explore its potential is
never higher as human civilization kept growing and developing.

The numerical approach to soil mechanics has been studied since Terzaghi in
early 1900s. The assumptions to soil failure mechanism Terzaghi made (Terzaghi,
1943) could be acknowledged as the foundation of current geo-engineering practices
along with the earliest numerical approach, the Limit Equilibrim Method (LEM).
This approach is based on breaking down soil geometry and solving force equilibrium
equations to evaluate its factor of safety. Current state-of-the-art method of
geotechnical analyses are using a much more developed method known as the Finite
Element Method (FEM). Unlike LEM, FEM solves the strain-stress equation and the
continuum description of momentum balance equation. The difference of equations
solved by FEM create the possibility of capturing soil deformations and applying
time-history loads such as earthquakes and machines loads.

Though very successful, the standard Lagrangian FEM (UL-FEM) is known
to suffer from severe mesh distortions if used to analyze large deformation problems
with large strain which are common in soil failures. These inaccuracies lead to
inaccurate results and on some occasions even lead to impossibility to simulate a
complete failure phenomenon. To combat this problem, a relatively new method
introduced by Sulsky et al. (1994) known as Material Point Method (MPM) is

formulated and introduced.
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MPM is a hybrid Eularian-Lagrangian method which can be seen as an
extension of FEM. The differences are, in MPM, the body is dicretized into a set of
material points (MP) and the mesh is only used to calculate the mechanics between
these MPs on a fixed space domain. This method has been successful in various large
deformation topics and its implementation have been done and developed by several
research groups in various problems such as: landslides (Wang, B., 2017; Bhandari,
T., et al., 2016; Yerro, A., 2015), penetrations (Beuth, L., 2013; Ceccato, F., et al.,
2016), soil flow (Numada, M., et al., 2003; Kumar, K., 2015; Fern, J., 2016, 2017),
and dam failures (Zabala, F. & Alonso, E. E., 2011; Martinelli, M., et al., 2017).

Because MPM is still relatively in its early development, MPM capabilities is
still considered novel to the geotechnical engineering community. Thus, the main
objective of this thesis is to investigate MPM capabilities to model failure
mechanism. To achieve this purpose, a hypothetical slope is chosen to be modeled
and analyzed. To discover MPM’s accuracy, the slope will be subjected to
incremental loadings until it fails. Then, the resulting simulation will be compared to
the corresponding analysis done with current state-of-the-art method, The Finite

Element Method. The same slope will also be subjected to an extreme load in order to

investigate the failure process.

Figure 1.1 Holbeck Hall Landslide.
Source: BGS © UKRI
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Slope stability problems are common geotechnical phenomena which includes
the movement of soil mass due to the weight it holds exceeding its bearing capacity.
These events could be very dramatic as a large mass of soil suddenly moves.
Moreover, due to its hilly if not mountainous landscape, Indonesia is one of the
countries which has the highest risk from these events. Therefore, the insights come

from Material Point Method simulation might prove to be invaluable.

1.2 Problem Statements

The limitations of Finite Element Method in modelling large deformation drives a
need to explore more advanced numerical techniques. One of the cases which involve
large deformation is the slope stability problems. Thus, this thesis will try to utilize
the capabilities of Material Point Method to simulate large strain deformation
problems to simulate slope failure due to extreme loads and investigate its results in

compared to the current common practice analysis results.

1.3 Research Objectives

The objectives of this research include:

1. Understanding the mechanism of failure in landslides due to extreme loads
using MPM explicit formulation.

2. Comparing the results of MPM simulation to the FEM simulation results.

3. Investigating the role of time increments and damping ratio in the attempts to

reach numerical convergent state.

1.4 Research Scopes

The scope of this research consists of:

1. 2D MPM model constructions of a hypothetical slope case along with its
respective FEM model using PLAXIS 2D
2. MPM analysis using the code provided by CB-Geo Computational

Geomechanics Research Group (Kumar et. al., 2019)
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1.5 Methodology

The methods used to execute this research consist of these steps:

1.

Literature Study

On this step, information is collected from books, scientific journals,
proceedings, theses, and dissertations written by previous researchers on the
topic. This information is used to guide the whole process of the thesis
including modeling, analysis, and interpretation.

Algorithm Writing for Model Generation and Discretization

Here, an in-house Python code is developed to create model geometries,
discretization schemes, and produce CB-Geo MPM input JSON and ASCII
files.

Data Collection

The data collected in the data collection method is secondary data. This
includes but not limited to soil parameters, correlation charts, etc.

Numerical Simulation

In the numerical simulation step, the soil parameter obtained from previous
steps is inputted and the simulation is executed with both FEM and MPM.
Interpretation and Analysis

Simulation results from MPM analysis is aggregated to its FEM counterparts
and analyze to provide a better understanding and to create communicative

graphs and figures.
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1.6 Layout of The Thesis

This thesis is divided into 5 chapters as follows:

1.

INTRODUCTION

This chapter discuss the background of the problem presented and the
statement of the problems. This chapter also includes the objective of the
research, its scope, methodology, thesis layout, and research flow diagram.
LITERATURE STUDY

In this chapter, a comprehensive literature study on the topics in this thesis is
discussed. The topics will cover especially MPM formulation for single point
one phase approach, theory of constitutive models, and time-history loading.
RESEARCH METHODOLOGY

In the methodology chapter, an in-depth procedure of each numerical
simulations is explained in detail. Here also provided the method used to
interpret and analyze the data obtained from the simulations.

DATA ANALYSIS

This chapter will discuss the simulation results and its interpretation including
the tunings needed for the parameters, the differences of the results from
different soil constitutive models, error magnitude, and calculation results.
CONCLUDING REMARKS

Finally, all works will be summarized in this final chapter along with some

remarks such as problems revealed in the research and future developments.
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1.7 Research Flow Diagram
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Figure 1.2 Research flow Diagram
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