
 iv

Table of Contents 
 

 

ABSTRACT…………………….……………………...…………..........ii 

ACKNOWLEDGEMENTS.….……………………………….………iii 

LIST OF TABLES..……….….……………………………….…........vii 

LIST OF FIGURES………….…………………………………….....viii 
 

1. Chapter 1 Introduction..………………………………………………..1  

1.1 Problem Statement………………………………………………………….........2  

1.2 Overview of Chapters..…………………………………………………………..4 

 

2. Chapter 2 Literature Review..…………………………...……….…....6 

2.1 Structured Mesh Generation………………………………………………...…...7 

2.2 Unstructured Mesh Generation……………………………………………..........9 

2.2.1 Triangular Meshing………………………………………………………11 

2.2.2 Quadrilateral Meshing…………………………………………………...14 

2.3 Node Spacing Function…………………………………………………............18  

2.4 Mesh Generation Algorithms……………………………………………...……19 

2.5 Mesh Generator Requirements…………………………………………………21 

 

3. Chapter 3 Modeling Method.....……………………………………...23 
3.1 Current Practices…...…………………………………………………………...25 

3.2 Modeling Requirements………………………………………………………...26 

3.3 Analysis…………………………………………………………………………26 

3.3.1    Geometry and SAP Models………………………………………........29 

3.4 Results and Discussion……………………………………………………........30 

 

 



 v

4. Chapter 4 Algorithms Implemented….……………………………..41 
4.1 Triangular Mesh Generation-Advancing Front Technique……………………..41 

4.1.1    Initial Generation Front………………………………………………...42 

4.1.2    Definitions……………………………………………………………...43 

4.1.3    The Triangular Element Generation Process-Pseudo Code..…………..50 

4.1.4    Example Domain Meshed Using AFT Algorithm……………………..53 

4.2 Algorithms Inside AFT…………………………………………………………57 

4.2.1    Finding Point Inside the Domain...…………………………………….57 

4.2.2    Checking Intersection of two Line Segments………………………….61 

4.2.3    Orienting Line Segments………………………………………………62 

4.2.4    Finding Distance of Line Segment from a Point………………………62 

4.3 Quadrilateral Mesh Generation………………..………………………………..63 

 

5. Chapter 5 WoodFrameMesh Program Architecture………………68 
5.1 Object Oriented Concepts…...…………………………………………….........69 

5.2 Object Oriented C++ Programming for FE Mesh Generation…….………..…..71 

5.3 Program Architecture and Modeling Classes…………………………………..73 

5.3.1 Input Model……………………………………………………………...74 

5.3.2 Domain Builder and Text File Reader…………………………………...75 

5.3.3 Domain and Echo Filter………………………………………………….76 

5.3.4 FE Model Builder………………………………………………………..78 

5.3.5 FE Mesh Generator………………………………………………………78 

5.3.6 Advancing Front Triangulation…………………………………………..79 

5.3.7 FE Model and .S2K Writer………...…………………………………… 80 

5.4 Other Classes…………………………………………………………………...81 

5.4.1  Geometric Object………………………………………………………..81 

5.4.2  Surface Object…………………………………………………………...82 

5.4.3  Line Object……………………………………………………………....83 

5.4.4  Space Vector and Node………………………………………………….85 

5.4.5  Line Segment……………………………………………………………86 

 



 vi

5.4.6  Restraint, Spring, Non-Linear Link and Nodal Load…………………...88 

5.4.7  Material and Sections……………………………………………………90 

 

6. Chapter 6 WoodFrameSolver Program Architecture ……………...94 
6.1 Architecture Overview…...……………………………………………………..94 

6.1.1 Modeling…………………………………………………………………97 

6.1.2 Analysis…………………………………………………………………100 

6.1.3 Response………………………………………………………………101 

6.2 Architecture Extensibility…………………………………..…………………102 

6.2.1 Adding New Elements………………………………………………….102 

6.2.2 Adding New Constraints…………………………………………..……103 

6.2.3 Adding New Sections…………………………………………………..104 

6.2.4 Adding New Equation Solver……………….………………………….105 

6.2.5 Adding New Equation Numberer………………………………………106 

6.3 Analysis Results………………………………………………………………108 

 

7. Chapter 7 Summary and Future Development…..……………….110 
7.1 Summary………………………………………………………………………110 

7.2 Future Development……………………………………………………….…..112 

7.2.1 WoodFrameMesh…………...…………………………………….…..112 

7.2.2 WoodFrameSolver……...………………………………………….…112 

 

References……...…………………………………………………..…...114 

Appendix-A (WoodFrameMesh Users Manual)……………………..118 

  Appendix-B (WoodFrameSolver Analysis Results and Comparison  

     with SAP 2000)……………..…………………………...162 


