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* Lectures (3 credits)
— Mon: 15:30 - 16:15
* Lecture Room: 38-323
* Instructor and Teaching Assistant

— Ki-Bok Min,  Room:38-303, kbmin@snu.ac.kr
— Hwajung Yoo, Room:135, yhj0313@snu.ac.kr
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Objectives of the course
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* Obijective;

— Be familiar with essential concepts of various numerical methods
applied in rock engineering or other related subsurface
engineering.

— Understand the basic principles of numerical methods FEM, (FDM,
BEM) and DEM

— Be able to apply numerical methods in rock
mechanics/geomechanics problems.

— Emphasis on hands-on experience of applying numerical methods
to actual problem of interest
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Schedule

(717 Zouig
- Introduction of the course
week 1, 3/8 ) S .
- Numerical approach in rock engineering/Geomechanics
week 2, 3/15 |- Finite Element Method (Gallerkin FEM) - Home assignment #1: Summary of Paper by numerical method
week 3, 3/22 |- Finite Element Method (1D )
week 4, 3/29 |- Finite Element Method (1D & 2D )
week 5, 4/5 |- Finite Element Method (2D)
week 6, 4/12 |- Finite Element Method (2D elastic problem) - Home assignment #2: Coding of FEM program
week 7, 4/19 |- Finite Element Method (Exercise, COMSOL )
- Discrete Element Method (Introduction)
week 8, 4/26
- Explicit Discrete Element Method (Particulate system) - Home assignment #3: FEM exercise
week 9, 5/3 |- Explicit Discrete Element Method (Blocky system)

week 10, 5/10

- Explicit Discrete Element Method (Blocky system) - Home assignment #4: DEM paper reading

week 11, 5/17

- DEM Exercise (PFC, UDEC)

week 12, 5/24

- DEM (implicit method: Discontinuous Deformation Analysis and Numerical Manifold Method) by invited

speaker (Prof Tomofumi Koyama (Kansai University, Japan, tentative) - Home assignment #5: DEM exercise

week 13, 5/31

- Presentation of progress of term paper & Consultation with instructor

week 14, 6/7

- Outstanding issues in numerical methods for geomechanics

week 15, 6/14

- Presentation of Term Papers

- Final Exam - Home Assignment #5: Submission and Presentation of Term paper

SEOUL NATIONAL UNIVERSITY
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* References (FEM & DEM)

— Qverview

] Jing L, 2003, A review of techniques, advances and outstanding issues in numerical modelling for rock
mechanics and rock engineering. Int J Rock Mech Min Sci, 40(3): p. 283-353.

- FEM

| Burnett DS, 1987, Finite Element Analysis - from concepts to applications, Addison-Wesley Publishing
Company, 844p (or other numerous FEM textbook)

— DEM

3§ Jing, L., Stephansson O, 2007, Fundamentals of Discrete Element Methods for Rock Engineering: Theory
and Applications. Elsevier Science

] Cundall PA, 1979, Discrete Numerical-model for granular assemblies, Geotechnique, 29(1): p.47-65

¥ Potyondy DO, Cundall PA, 2004, A bonded-particle model for rock, Int J rock Mech Min Sci, 41(8): p.1329-
1364

¥ Cundall PA, 1988, Formulation of a 3-dimensional distinct element model. 1. A Scheme to detect and
represent contacts in a system composed of many polyhedral blocks, Int J Rock Mech Min Sci & Geomech
Abstr, 25(3):p.107-116

| Hart R, Cundall PA, 1988, Formulation of a 3-dimensional distinct element model. 2. Mechanical calculations
for motion and interaction of a system composed of many polyhedral blocks, Int J Rock Mech Min Sci &
Geomech Abstr, 25(3):p.117-125
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* Assessment
— Home Assignment
— Final Exam
— Term paper

— Participation

: 50 % ~5 home assignments
: 20 %
120 %
10 %
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Home Assignments (40%)
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#1
#2
#3
#4
#3

1 page summary of selected papers on numerical analysis

1D(or 2D) coding of FEM/FDM (use excel, matlab, or other codes)
Exercise with FEM code (comsol multiphysics)

Paper reading (DEM) - classical paper of your choice

Exercise with UDEC/PFC

Body force l 10m
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Term Project (20%) O

— Select a subsurface engineering problem of your interest and conduct a
numerical analysis using any available codes.

— Term paper must include;
|y Clear objectives
] One or two verification cases
| Thorough formulation of the chosen numerical method

] Concise presentation and discussion on the results

— Timeline
831 May Proposal (1 page) & 10 minutes presentation
] 7 June Consultation with instructor

] 14 June Presentation and submission of Term Paper
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* Alist of example topics

Reproduction of published landmark papers

Borehole Stability problem in Anisotropic Media (FEM or FDM)

Fracture propagation in petroleum/geothermal reservoir (BEM or DEM)

Calibration of micromechanical parameters for transversely isotropic rock rock (DEM)
Coupled (thermo) hydromechanical analysis in porous medium

CO2 injection in saline formation

Thermomechanical analysis for geological repository of nuclear waste

Slope Stability in fractured or continuum rock

Reinforcement of tunnel

Determination of equivalent properties of fractured rock mass (DEM)
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Term Project

* Presentation

— Presentation is an extremely important part of your professional
life. Therefore, you have a good reason to be serious about this.

— 10 minutes + 5 min (questions)
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Term Project
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* Your term papers will be
published as proceedings.

* Your term papers may be
developed into journal papers
in the future.

2011 SNU Student Conference

- Numerical Analysis in Rock Engineering -

Editor : Ki-Bok Min
Department of Energy Resources Engineering

Seoul National University
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 Demonstration of basic concepts and principles on numerical
method, FEM & DEM.. Or numerical skills

* The details will be announced later.
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SNU and our society
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« A official development project conducted by University of Minnesota on
Seoul National university

— Sponsor: US FOA/ICA*
— Duration: 1954 — 1962
— Budget: ~ 10 million USD (&M7HXI~1200% &)

— Target: 3 Colleges

] Engineering, Medicine & Agriculture

— Type

| Training of faculty members

§ Consulting on university operation

From the left: Yung Mo Hwang- Dean of Engineering,
Baik Hyun Cho- Dean of Agriculture, Dr. A.E.
Schneider- Chief Advisor, Chae Koo Lee- Dean of
Medicine.

] Infrastructure

*FOA: Foreign Operations Administration, ICA: Int Cooperation Administration

Fowler S. Seoul National University, Schneider with Deans.. 1955-01-04. University of Minnesota Libraries, University Archives.,
umedia.lib.umn.edu/item/p16022coll175:20890 (-2 Q- 2021 H 2221<).
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« SNU faculty’s stay in U of Minnesota
— 3-6 months
— 1 year (senior faculty members)

— 2 year (junior faculty members)

« 226 academic members visited U of Minnesota

— 64 (Engineering, 954 Faculty + 10 lecturer + assistants), 57 (Agriculture), 78
(Medicine)

— 15 PhD degrees, 71 MSc degrees
* Following work after visit to US

— Developing new courses

— Adopting new teaching methods
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* Faculty members trained in the US

— Total # of Faulty member (> fulltime lecturer) in Engineering in 1955: 66

— >80 % of full time faculty member were trained through Minnesota Project
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* Faculty members from SNU Mining Engineering
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» Visiting scholars from U of Minnesota
— 97 in total (43 associate professor/professor)

— Advice on education system

Advisors to the College of Engineering (Kim, 2009)

Name start end Duration (month) ok Afiliation
W._R. Weems 1855.2. 1 1856.7. 16 17.5 Owverall MIT
Carl Graffunder 1965.5. 9 1965.12 12 3 Architecture U of Minnesota, kecturer
S.C. Larson 1855.5. 16 1555.12. 18 3 Electrical U of Minnesota, Af professor
1855.5_ 26 1965. 1223 3
C.E Lund Mechanical U of Minnesota, professor
1558.4. 1 1855.3. 18 11.5
C. A Harris 1956.6. 4 1956.5. 1 3 Textile Lowell U, professor
W.W. Staley 1866. 6. 16 1857.5. 27 155 Mining Idaho U, Professor
1856.7 31 1856. 1231 45
Paul Andersen Gl U of Minnesota, professor
18559.6 17 1969. 12 14 6
Harvey Evans 1857.4. 1 1857.7. 12 35 Naval architecture MIT, Profesor
C.E. Schwartz 1968.8. 7 1965.5 3 13 Chemical Virginia U, Afprofessor
]. W_McCarty 1555.5. 10 1960.5. 21 12.5 Textile Georgia Tech, Afprofessor
Harold E. Babbitt 1560. €. 15 15&1.&. 20 12 Civil U llinois, Professor
]. P. Hartnett 1560.10. 17 1560. 1029 a5 Nuclear U of Minnesota, professor
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Schulte PFC. Seoul National University, Aerial Views. 1955-04-14. University of
Minnesota Libraries, University Archives,
umedia.lib.umn.edu/item/n16022coll175:20889
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