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Abstract
The Kolb model describes an entire learning cycle where 
students are provided four learning experiences as is shown 
in Figure 1

Finite Element (FE) method is a numerical procedure used 
to analyze engineering problems

The Kolb model of learning has been used for the past three 
years at Pacific to instruct undergraduates in an introductory 
course of FE





Introduction and Background

Teaching of FE historically resided in Graduate Programs
Today FE method is widely used in Industry
The FE method has been used to reduce product design 
time and costs

We currently teach FE as an elective in ME/CE
Future Plans are to offer FE modules for required courses in 
all engineering curricula



Goals and Objectives

Course Learning objectives 
•Instruct students in mathematical theory of FE
•Formulation and solving engineering problems using Analytical formulation 
of FE method

•Instruction of various finite element topologies
•Instruction in using MSC.Nastran to model and analyze structures and 
thermal problems

•Instruction in error analysis of FE models using experimental test data





Teaching FE using the Kolb Learning Cycle

Introduction of Basic Direct Stiffness-Analysis Method for 
Trusses

( Abstract Hypothesis - Conceptualization)

Build a  Truss Problem using MSC.Nastran Tutorial
(Concrete Experience with software model)



Teaching FE using the Kolb Learning Cycle

Run the Truss Example Problem in the computer
(Active Experimentation-simulations)

Respond to Questions at the end of Tutorial Exercise
(Reflective Observation)



Teaching FE using the Kolb Learning 
Cycle (Abstract Conceptual Topics)

•Review of matrix math, solution of linear simultaneous 
equations

•Stiffness Matrices, Springs and Bar Elements
•Truss Structures: The Direct Stiffness Method
•Mathematic Basics of FE (Min Pot Energy, Nodal Loads, 
Singularity, Weighted Residual Method, Shape Functions)

•Topology of FE ( 1D, 2D, 3D Elements and their uses )



MSC.Nastran FE Tutorials

MSC Tutorial       Concepts    Engr. Problem
1. 1-D Element    Spar Theory        Bar
2. 1-D Element    Truss Theory      Truss
3. 2-D Element     2D Spar Theory  Frame
4. 3-D Element     3D Solid            Bearing Fix
5. 3-D Element     3D Solid with HT Cooling fin





























Student Assessment of  the MSC.Nastran Tutorials

1. What was most helpful about Tutorials?
Student responses: tutorials provided procedure for analysis 
step by step process 

2. What can be done to improve Tutorials?
Student responses: covered what we needed to learn, clean 
up inconsistent directions, explain in detail why decisions 
were made in tutorials



Student Assessment of  the MSC.Nastran Tutorials

3. Were tutorials easy or hard to use?
Student responses: details were good, fairly easy, took 
about 2 hours per tutorial, moderately difficult

4. Was level of detail in the TEXT appropriate?
Student responses: yes, tutorials told you exactly what to 
do, details excellent



Student Assessment of  the MSC.Nastran Tutorials
5. Were the GRAPHICS in the tutorials helpful?
Student responses: yes clearly illustrated, easy to follow, 
they were helpful most of the time, needed some color for 
pictures

6. Did answering the questions at the end help you 
understand FE?

Student responses: yes, sometimes needless work, made 
you think about what was accomplished in the tutorial



Student Assessment of  the MSC.Nastran Tutorials

7. What do you see as the advantages/disadvantages to 
learning to use commercial FE software?

Student responses: prepare you to enter the competitive job 
market with computer engineering experience, advantage 
fast results to complex problems, disadvantage you could 
rely on it too much if unsure of analytical FE knowledge.



Teaching FE using the Kolb Learning Cycle
Students are required to complete a project during this course

Learning Objectives of Project:
• Develop engineering designs for “Real-World Problem”
• Model the problem using MSC.Nastran FE and  perform  

computer analysis of  the “best” engineering design
• Verify computer FE analysis using hand FE calculations
• Create prototype model (metal or plastic ) of  the problem
• Authenticate FE computer predictions for prototype model’s 

performance with experimental measurements of the model’s 
performance under similar constraints and loadings



Student Project MECH 178



Student Project MECH 178



Student Project for MECH 178 



Student Project MECH 178



Student Project MECH 178
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