
i 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

 

December 2018 

 

A Finite Element Analysis Program 
 

 

 

by 

Daqing Xu 

Shin-Tower Wang 

Luis G. Vasquez 

Matthew D. Price 
 

 

 

 

for 

ENSOFT, INC. 

3003 W. Howard Lane 

Austin, Texas 78728 

United States of America 
 

 

(Release Date:  March 2026) 

  

EnFEM 2026 ï Example Manual 



ii 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

 

 

 

 

 

COPYRIGHT 

Copyright 1987-2026 by ENSOFT, INC. 

All rights reserved. 

Printed in the Unites States of America. Except as permitted under 

the United States Copyright Act of 1976, no part of this publication 

may be reproduced, translated, or distributed without the prior 

written approval of ENSOFT, INC. 

 

 

 

SOFTWARE LICENSE AGREEMENT & DISCLAIMER 

IMPORTANT NOTICE: Please carefully read the terms of the license 

agreement and disclaimer at the end of this book.  You signify 

acceptance with those terms by usage of the software. 

 

  



iii 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

Table of Contents  
CHAPTER 1. INTRODUCTION ........................................................................................................ 1 

1.1 PROGRAM DESCRIPTION ...................................................................................................................... 2 
1.2 MANUAL DESCRIPTION ....................................................................................................................... 2 
1.3 FONT CONVENTION ............................................................................................................................ 2 

CHAPTER 2. EXAMPLES ................................................................................................................ 3 

2.1 EXAMPLE 1: PLASTICITY OF THICK CYLINDER SUBJECTED TO INTERNAL PRESSURE ............................................ 4 
Material Properties: ............................................................................................................................... 4 
Boundary Conditions: ............................................................................................................................ 4 
Model development and analysis steps: ............................................................................................... 5 

Step 1: Create geometric entities ....................................................................................................................... 5 
Step 2: Define stage data ................................................................................................................................. 12 
Step 3: Define material properties ................................................................................................................... 13 
Step 4: Define boundary conditions ................................................................................................................. 15 
Step 5: Mesh generation .................................................................................................................................. 17 
Step 6: Analysis ................................................................................................................................................. 21 
Step 7: Post-processing of result ...................................................................................................................... 22 

2.2 EXAMPLE 2: ANALYSIS OF SHALLOW FOUNDATION SUBJECTED TO VERTICAL SETTLEMENT ................................ 28 
Material Properties: ............................................................................................................................. 28 
Boundary Conditions: .......................................................................................................................... 29 
Model development and analysis steps: ............................................................................................. 29 

Step1: Create geometric entities ...................................................................................................................... 29 
Step 2: Define stage data ................................................................................................................................. 30 
Step 3: Define material properties ................................................................................................................... 32 
Step 4: Define boundary conditions ................................................................................................................. 34 
Step 5: Mesh generation .................................................................................................................................. 38 
Step 6: Run Analysis ......................................................................................................................................... 42 
Step 7: Post-processing of result ...................................................................................................................... 43 

2.3 EXAMPLE 3: STABILITY ANALYSIS OF SLOPE USING STRENGTH REDUCTION METHOD (SRM) ............................. 48 
Material Properties: ............................................................................................................................. 48 
Boundary Conditions: .......................................................................................................................... 49 
Model development and analysis steps: ............................................................................................. 49 

Step 1: Create geometric entities ..................................................................................................................... 49 
Step 2: Define stage data ................................................................................................................................. 50 
Step 3: Define materials ................................................................................................................................... 51 
Step 4: Define boundary conditions ................................................................................................................. 53 
Step 5: Mesh generation .................................................................................................................................. 56 
Step 6: Run Analysis ......................................................................................................................................... 57 
Step 7: Post-processing of result ...................................................................................................................... 58 

2.4 EXAMPLE 4: SOIL-STRUCTURE-INTERACTION (CONTACT) ANALYSIS OF BURIED CULVERT ................................. 63 
Material Properties: ............................................................................................................................. 63 
Boundary Conditions: .......................................................................................................................... 64 
Model development and analysis steps: ............................................................................................. 64 

Step 1: Create geometric entities ..................................................................................................................... 64 
Step 2: Define region sets ................................................................................................................................. 69 



iv 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

Step 3: Define stage data ................................................................................................................................. 71 
Step 4: Define material properties ................................................................................................................... 73 
Step 5: Define boundary conditions ................................................................................................................. 75 
Step 6: Define contact property of soil-culvert interaction .............................................................................. 77 
Step 7: Mesh generation .................................................................................................................................. 78 
Step 8: Analysis ................................................................................................................................................. 85 
Step 9: Post-processing of result ...................................................................................................................... 86 

2.5 EXAMPLE 5: STABILITY ANALYSIS OF SLOPE, STRENGTHENED WITH SECANT-PILE WALL .................................... 90 
Material Properties: ............................................................................................................................. 90 
Boundary Conditions: .......................................................................................................................... 91 
Model development and analysis steps: ............................................................................................. 91 

Step 1: Create geometric entities ..................................................................................................................... 91 
Step 2: Define region sets ................................................................................................................................. 94 
Step 3: Define stage data ................................................................................................................................. 95 
Step 4: Define material properties ................................................................................................................... 96 
Step 5: Define boundary conditions ................................................................................................................. 97 
Step 6: Define soil-wall interaction property.................................................................................................... 99 
Step 7: Mesh generation ................................................................................................................................ 100 
Step 8: Analysis ............................................................................................................................................... 105 
Step 9: Post-processing of result .................................................................................................................... 105 

2.6 EXAMPLE 6: SIMULATION OF CD TRI-AXIAL TEST USING DUNCAN-CHANG HYPERBOLIC ELASTIC MODEL FOR LOOSE 

SAND 110 
Material Properties: ........................................................................................................................... 110 
Boundary Conditions: ........................................................................................................................ 110 
Model development steps: ................................................................................................................ 111 

Step 1: Create geometric entity ..................................................................................................................... 111 
Step 2: Define stage data ............................................................................................................................... 112 
Step 3: Define material properties ................................................................................................................. 113 
Step 4: Define boundary conditions ............................................................................................................... 114 
Step 5: Mesh generation ................................................................................................................................ 118 
Step 6: Analysis ............................................................................................................................................... 119 
Step 7: Post-processing of result .................................................................................................................... 119 

2.7 EXAMPLE 7: SIMULATION OF CD TRI-AXIAL TEST USING DUNCAN-CHANG HYPERBOLIC ELASTIC MODEL FOR DENSE 

SAND 121 
Material Properties ............................................................................................................................ 121 
Boundary Conditions: ........................................................................................................................ 121 

2.8 EXAMPLE 8: SIMULATION OF CD TEST USING MODIFIED CAM-CLAY MODEL (OCR=1.2) ............................... 123 
Material Properties: ........................................................................................................................... 123 
Boundary Conditions: ........................................................................................................................ 123 
Model development steps: ................................................................................................................ 123 

Step 1: Create geometric entity ..................................................................................................................... 123 
Step 2: Define stage data, material properties, and boundary conditions ..................................................... 124 
Step 3: Mesh generation ................................................................................................................................ 128 
Step 4: Analysis ............................................................................................................................................... 129 
Step 5: Post-processing of result .................................................................................................................... 129 

2.9 EXAMPLE 9: ANALYSIS OF AXI-SYMMETRIC PILE SUBJECTED TO POINT LOAD ................................................ 134 
Material Properties: ........................................................................................................................... 134 
Boundary Conditions: ........................................................................................................................ 135 
Model development steps: ................................................................................................................ 135 



v 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

Step 1: Create geometric entities ................................................................................................................... 135 
Step 2: Define stage data, material properties, and boundary conditions ..................................................... 137 
Step 3: Define region sets ............................................................................................................................... 142 
Step 4: Define contact property ..................................................................................................................... 142 
Step 5: Mesh generation ................................................................................................................................ 144 
Step 6: Analysis ............................................................................................................................................... 147 
Step 7: Post-processing of result .................................................................................................................... 147 

2.10 EXAMPLE 10: ANALYSIS OF EXCAVATION WITH CANTILEVER RETAINING WALL ............................................. 149 
Material property: ............................................................................................................................. 149 
Boundary conditions: ......................................................................................................................... 150 
Model development and analysis steps: ........................................................................................... 150 

Step 1: Create geometric entities ................................................................................................................... 150 
Step 2: Define region sets ............................................................................................................................... 152 
Step 3: Define stage data, material properties, and boundary conditions ..................................................... 153 
Step 4: Define material properties ................................................................................................................. 155 
Step 5: Define boundary conditions ............................................................................................................... 157 
Step 6: Define excavation ............................................................................................................................... 158 
Step 7: Define soil-wall interaction property.................................................................................................. 159 
Step 8: Mesh generation ................................................................................................................................ 160 
Step 9: Analysis ............................................................................................................................................... 161 
Step 10: Post-processing of result .................................................................................................................. 162 

2.11 EXAMPLE 11: EXCAVATION ON INCLINED SOIL ...................................................................................... 167 
Step 1: Modify geometry, stage data, and regenerate mesh ......................................................................... 167 
Step 2: Modify material properties for generating initial stress, and regenerate mesh ................................ 168 
Step 3: Analysis of initial stress file ................................................................................................................. 169 
Step 4: Post-processing of initial stress file .................................................................................................... 169 
Step 5: Use external file to generate initial stress .......................................................................................... 171 
Step 6: Mesh generation and analysis ............................................................................................................ 171 
Step 7: Post-processing of result .................................................................................................................... 172 

2.12 EXAMPLE 12: INVESTIGATION OF DESIGN LOADS ON A BOX CULVERT ........................................................ 174 
Material property: ............................................................................................................................. 174 
Boundary Conditions: ........................................................................................................................ 175 
Model development and analysis steps: ........................................................................................... 175 

Step 1: Create geometric entities ................................................................................................................... 175 
Step 2: Define region sets ............................................................................................................................... 177 
Step 3: Define control data, stage data, material properties, and boundary conditions ............................... 178 
Step 4: Define soil-culvert interaction property ............................................................................................. 181 
Step 5: Mesh generation ................................................................................................................................ 182 
Step 6: Analysis ............................................................................................................................................... 185 
Step 7: Post-processing of result .................................................................................................................... 186 

2.13 EXAMPLE 13: STRUCTURAL ANALYSIS OF T SHAPE FRAME ...................................................................... 188 
Entity creation, control data, stage data and set definition .............................................................. 188 
Definition and assignment of structural section ................................................................................ 190 
Definition and assignment of boundary conditions .......................................................................... 191 
Mesh generation ................................................................................................................................ 193 
Analysis and result output ................................................................................................................. 194 

2.14 EXAMPLE 14: STRUCTURAL ANALYSIS OF A QUARTER-RING BEAM SUBJECTED TO CONCENTRATED LOAD ........... 196 
Entity creation, control data, stage data and set definition .............................................................. 196 
Generation and assignment of boundary conditions ........................................................................ 198 



vi 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

Mesh generation ................................................................................................................................ 199 
Analysis and result output ................................................................................................................. 199 

2.15 EXAMPLE 15: EXCAVATION AND ANALYSIS OF CANTILEVERED RETAINING WALL USING BEAM ELEMENTS ........... 201 
Material property: ............................................................................................................................. 201 
Boundary conditions: ......................................................................................................................... 202 
Zero-thickness interface for soil-structure-interaction: .................................................................... 202 
Model development and analysis steps: ........................................................................................... 202 

Step 1: Create geometric entities ................................................................................................................... 202 
Step 2: define region set and beam set .......................................................................................................... 204 
Step 3: Define stage data ............................................................................................................................... 205 
Step 4: define soil material and beam section ............................................................................................... 205 
Step 5: define and assign boundary conditions .............................................................................................. 207 
Step 6: Define soil-structure-interaction interface ......................................................................................... 208 
Step 7: Define deactivation/activation for excavation construction .............................................................. 208 
Step 8: Mesh generation ................................................................................................................................ 209 
Step 9: Analysis and result output .................................................................................................................. 211 

2.16 EXAMPLE 16: EXCAVATION AND STRUTS SUPPORTED RETAINING WALL SUBJECTED TO UNSYMMETRIC SURCHARGE 

LOAD 215 
Material property: ............................................................................................................................. 215 
Boundary conditions: ......................................................................................................................... 216 
Zero-thickness interface for soil-structure-interaction: .................................................................... 216 
Model development and analysis steps: ........................................................................................... 216 

Step 1: Create geometric entities ................................................................................................................... 216 
Step 2: define region set and beam set .......................................................................................................... 218 
Step 3: define soil material and beam section ............................................................................................... 219 
Step 4: define soil material and beam section ............................................................................................... 220 
Step 5: define and assign boundary conditions .............................................................................................. 222 
Step 6: Define soil-structure-interaction interface ......................................................................................... 223 
Step 7: Define deactivation/activation for excavation construction .............................................................. 224 
Step 8: Mesh generation ................................................................................................................................ 225 
Step 9: Analysis and result output .................................................................................................................. 226 

2.17 EXAMPLE 17: ANALYSIS OF BURIED CULVERT USING BEAM ELEMENTS ....................................................... 230 
Material property: ............................................................................................................................. 230 
Boundary Conditions: ........................................................................................................................ 231 
Zero-thickness interface for soil-structure-interaction: .................................................................... 231 
Model development and analysis steps: ........................................................................................... 231 

Step 1: Create geometric entities ................................................................................................................... 231 
Step 2: Define region set and beam set.......................................................................................................... 233 
Step 3: Define stage data ............................................................................................................................... 234 
Step 4: Define soil material and beam section ............................................................................................... 234 
Step 5: Define and assign boundary conditions ............................................................................................. 236 
Step 6: Define soil-structure-interaction interface ......................................................................................... 237 
Step 7: Define deactivation/activation for excavation construction .............................................................. 238 
Step 8: Mesh generation ................................................................................................................................ 238 
Step 9: Analysis and result output .................................................................................................................. 240 

2.18 EXAMPLE 18: EXCAVATION AND TIE-BACKS SUPPORTED RETAINING WALL .................................................. 243 
Material property: ............................................................................................................................. 243 
Boundary conditions: ......................................................................................................................... 244 



vii 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

Zero-thickness interface for soil-structure-interaction: .................................................................... 244 
Model development and analysis steps: ........................................................................................... 244 

Step 1: Create geometric entities ................................................................................................................... 244 
Step 2: Define region set and beam set.......................................................................................................... 246 
Step 3: Define stage data ............................................................................................................................... 248 
Step 4: Define soil material and beam section ............................................................................................... 248 
Step 5: Define boundary conditions ............................................................................................................... 250 
Step 6: Define soil-structure-interaction interface ......................................................................................... 251 
Step 7: Define deactivation/activation for excavation construction .............................................................. 252 
Step 8: Mesh generation ................................................................................................................................ 253 
Step 9: Analysis and result output .................................................................................................................. 253 

2.19 EXAMPLE 19: IMPORT A MODEL FROM ENSLOPE .................................................................................. 257 
Import EnSlope model: ...................................................................................................................... 257 

2.20 EXAMPLE 20: IMPORT A MODEL FROM PYWALL .................................................................................. 260 
Import PYWall model: ........................................................................................................................ 260 

LIST OF TECHNICAL REFERENCES ........................................................................................................ 264 

LICENSE AGREEMENT & DISCLAIMER ..................................................................................................... 1 

 

  



viii 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

List of Figures  
Figure 2.1-1 Configuration of thick cylinder subject to internal pressure ...................................... 4 

Figure 2.1-2: Define fundamental data in example 1 ...................................................................... 5 

Figure 2.1-3: Change background color for the CAD and Mesh mode............................................ 6 

Figure 2.1-4: Setup drawing space .................................................................................................. 6 

Figure 2.1-5: Set up grid space ........................................................................................................ 6 

Figure 2.1-6: Create an arc in EnFEM .............................................................................................. 7 

Figure 2.1-7: Create arc center by keying in coordinate ................................................................. 7 

Figure 2.1-8: Dashed line of arc creation ........................................................................................ 8 

Figure 2.1-9: Create the internal arc by using the coordinate input box ........................................ 8 

Figure 2.1-10: ļSnapĽ to existing center point to create a new arc ........................................... 9 

Figure 2.1-11: Create the external arc ............................................................................................ 9 

Figure 2.1-12: Snap to arc start to create a new line ...................................................................... 9 

Figure 2.1-13: Independent lines and arcs of the fan region ........................................................ 10 

Figure 2.1-14: Selected lines/arcs by a selecting window ............................................................. 11 

Figure 2.1-15: Convert lines/arcs to the fan region ...................................................................... 11 

Figure 2.1-16: Stage group management ...................................................................................... 12 

Figure 2.1-17: Define stage data for Example 1 ............................................................................ 12 

Figure 2.1-18: Dialog of material group management .................................................................. 13 

Figure 2.1-19: Define von-Mises plasticity in Example 1 ............................................................... 13 

Figure 2.1-20: Assign material property to region object ............................................................. 14 

Figure 2.1-21: Dialog for boundary condition management ......................................................... 15 

Figure 2.1-22: Define displacement constraint on inclined edges ................................................ 15 

Figure 2.1-23: Define boundary condition of pressure ................................................................. 16 

Figure 2.1-24: Normal displacement constraint applied to inclined edges .................................. 16 

Figure 2.1-25: Applied pressure to the internal arc ...................................................................... 17 

Figure 2.1-26: Dialog for global mesh control ............................................................................... 18 

Figure 2.1-27: Global mesh size control ........................................................................................ 18 

Figure 2.1-28: Show division number on edges ............................................................................ 19 

Figure 2.1-29: Dialog for local mesh refinement ........................................................................... 20 

Figure 2.1-30: Generated quadrilateral quadratic mesh in Example 1 ......................................... 20 

Figure 2.1-31: Dialog of analysis setting ........................................................................................ 21 

Figure 2.1-32: Run analysis dialog ................................................................................................. 22 

Figure 2.1-33: Initial mesh is displayed after switching to result mode ....................................... 22 

Figure 2.1-34: Contour plot in Example 1 ...................................................................................... 23 

Figure 2.1-35: Contour of Equivalent Shear stress at increment=0.8 ........................................... 24 

Figure 2.1-36: Plot displacement vector of Example 1 .................................................................. 25 

Figure 2.1-37: X-Y plot of the vertical displacement on the internal boundary ............................ 26 

Figure 2.1-38: X-Y plot of circumferential stress of Example 1 ..................................................... 26 

Figure 2.2-1: Configuration of shallow foundation analysis .......................................................... 28 



ix 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

Figure 2.2-2: Initial data for shallow foundation example ............................................................ 29 

Figure 2.2-3: Setup drawing space for shallow foundation example ............................................ 29 

Figure 2.2-4: Setup grid space for shallow foundation example ................................................... 30 

Figure 2.2-5: Create polygon region for shallow foundation example ......................................... 30 

Figure 2.2-6: Define initial stress stage for shallow foundation example ..................................... 31 

Figure 2.2-7: Define initial stress options for Example 2 ............................................................... 31 

Figure 2.2-8: Define initial soil stress at controlling point ............................................................. 32 

Figure 2.2-9: Define loading stage for shallow foundation example ............................................ 32 

Figure 2.2-10: Define Mohr-Coulomb material for shallow foundation example ........................ 33 

Figure 2.2-11: Assign material to soil region for shallow foundation example............................. 33 

Figure 2.2-12: Define displacement boundary in x direction ........................................................ 34 

Figure 2.2-13: Define displacement boundary in both x and z-directions .................................... 34 

Figure 2.2-14: Define gravity load B.C in Example 2 ..................................................................... 35 

Figure 2.2-15: Define displacement load of the rigid foundation ................................................. 35 

Figure 2.2-16: Assign boundary condition to soil region ............................................................... 36 

Figure 2.2-17: Roller displacement B.C. of the soil region ............................................................ 36 

Figure 2.2-18: Assign pinned B.C. to the bottom of soil region .................................................... 37 

Figure 2.2-19: Assign gravity B.C. to soil region ............................................................................ 37 

Figure 2.2-20: Assign displacement load to edge of soil region .................................................... 38 

Figure 2.2-21: Show all assigned B.C. for assignment verification ................................................ 38 

Figure 2.2-22: Advanced mesh control for shallow foundation example ..................................... 39 

Figure 2.2-23: Apply global discretization seeds uniformly .......................................................... 39 

Figure 2.2-24: Mesh refinement around foundation edge ........................................................... 40 

Figure 2.2-25: Local mesh control on edge below foundation ..................................................... 41 

Figure 2.2-26: Show seeds and division number to check local refinement ................................. 41 

Figure 2.2-27: Unstructured quadrilateral mesh for shallow foundation example ...................... 42 

Figure 2.2-28: Setup analysis parameters for shallow foundation example ................................. 43 

Figure 2.2-29: Run Analysis parameters for shallow foundation example ................................... 43 

Figure 2.2-30: Contour of initial soil stress for shallow foundation example ............................... 44 

Figure 2.2-31: Sliding zone of shallow foundation example ......................................................... 44 

Figure 2.2-32: Vertical displacement along cutline 1, 1-inch below ground ................................. 45 

Figure 2.2-33: Define set for reaction output ............................................................................... 45 

Figure 2.2-34: X-Y curve plot of Reactions VS Settlement ............................................................ 46 

Figure 2.3-1: Configuration of slope stability analysis example .................................................... 48 

Figure 2.3-2: Define control data for slope stability analysis ........................................................ 49 

Figure 2.3-3: Set up drawing space for slope stability example .................................................... 49 

Figure 2.3-4: Create two soil regions for slope stability example ................................................. 50 

Figure 2.3-5: Stage definition for slope stability analysis .............................................................. 51 

Figure 2.3-6: Initial stress option ................................................................................................... 51 

Figure 2.3-7: Material property of top soil layer ........................................................................... 52 

Figure 2.3-8: Material property for bottom soil layer ................................................................... 52 

Figure 2.3-9: Assign material property to regions for example of slope stability analysis ........... 53 



x 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

Figure 2.3-10: Define displacement BC for vertical edges in Example 3 ....................................... 53 

Figure 2.3-11: Define displacement BC for bottom edge in Example 3 ........................................ 54 

Figure 2.3-12: Define force BC in Example 3 ................................................................................. 54 

Figure 2.3-13: B.C. groups for slope stability analysis ................................................................... 54 

Figure 2.3-14: Assigned disp. B.C. for vertical edges in slope stability analysis ............................ 55 

Figure 2.3-15: Assigned disp. B.C. for bottom edge in example of slope stability analysis .......... 55 

Figure 2.3-16: Assigned gravity B.C. for all soil layers in example of slope stability analysis ....... 56 

Figure 2.3-17: Assign unstructured quadrilateral mesh to top soil layer ...................................... 57 

Figure 2.3-18: Generated quadrilateral, quadratic-Q8 mesh in slope stability analysis example 57 

Figure 2.3-19: Window to Run Analysis in Example 3 ................................................................... 58 

Figure 2.3-20: Contour of horizontal displacement in Example 3 ................................................. 58 

Figure 2.3-21: Contour of equivalent plastic strain in Example 3 ................................................. 59 

Figure 2.3-22: Incremental Contour of displacement u1 in Example 3 ......................................... 59 

Figure 2.3-23: X-Y plot of horizontal Displacement  VS Load Increment ...................................... 61 

Figure 2.4-1: Configuration of buried culvert example ................................................................. 63 

Figure 2.4-2: Control data for buried culvert ................................................................................ 64 

Figure 2.4-3: Setup drawing space for soil-culvert interaction analysis ........................................ 65 

Figure 2.4-4: Input coordinate of center of culvert ....................................................................... 66 

Figure 2.4-5: Create external arcs in Example 4 ............................................................................ 66 

Figure 2.4-6: Create internal arcs of culvert .................................................................................. 67 

Figure 2.4-7: Select lines and arcs and convert to a general polygon ........................................... 67 

Figure 2.4-8: Completed three fan-regions of culvert ................................................................... 68 

Figure 2.4-9: Use dividing lines method to create vertex with accurate coordinates .................. 68 

Figure 2.4-10: Generate bottom soil region from independent lines and arcs segment .............. 69 

Figure 2.4-11: Generate the top soil region to finish creation of geometric entities ................... 69 

Figure 2.4-12: Define region-sets for Example 4 ........................................................................... 70 

Figure 2.4-13: Use sets to control display/hide of regions ........................................................... 70 

Figure 2.4-14: Define edge-set for Example 4 ............................................................................... 71 

Figure 2.4-15: Define two stages in the example of soil-culvert interaction analysis ................... 71 

Figure 2.4-16: Set up options for initial soil stress in Example 4 ................................................... 72 

Figure 2.4-17: Input parameters for interpolation of initial soil stress ......................................... 72 

Figure 2.4-18: Define linear elastic type material for culvert ....................................................... 73 

Figure 2.4-19: Define two Mohr-Coulomb type materials for soil layers...................................... 74 

Figure 2.4-20: Assign material definitions using "By Set" option .................................................. 75 

Figure 2.4-21: Define boundary conditions in culvert analysis ..................................................... 76 

Figure 2.4-22: Assign boundary conditions in Example 4 .............................................................. 76 

Figure 2.4-23: Show all assigned B.C. in Example 4 ....................................................................... 77 

Figure 2.4-24: Use the display tool to hide soil layers .................................................................. 77 

Figure 2.4-25: Define interaction property, and master/slave surfaces ....................................... 78 

Figure 2.4-26: Advanced mesh control for culvert regions ........................................................... 79 

Figure 2.4-27: Advanced mesh control on soil layers ................................................................... 80 

Figure 2.4-28: Show mesh assignment on regions ........................................................................ 80 



xi 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

Figure 2.4-29: Assign global mesh size to control mesh on external boundaries of soil .............. 81 

Figure 2.4-30: Define seed divisions on culvert cross-section ...................................................... 81 

Figure 2.4-31: Local seed control on upper fan regions ................................................................ 82 

Figure 2.4-32: Local seed control on lower fan region .................................................................. 83 

Figure 2.4-33: Local seed control on the left common edge between soil layers ........................ 83 

Figure 2.4-34: Final seed distribution around culvert ................................................................... 84 

Figure 2.4-35: Mesh generated for buried culvert analysis .......................................................... 84 

Figure 2.4-36: Warning message for reduced integration on Q4 ................................................. 84 

Figure 2.4-37: Analysis setting for buried culvert ......................................................................... 85 

Figure 2.4-38: Run analysis in Example 4 ...................................................................................... 85 

Figure 2.4-39: Displacement contour for soil-culvert interaction analysis ................................... 86 

Figure 2.4-40: Mises stress inside culvert ..................................................................................... 86 

Figure 2.4-41: Moment of culvert subject to self-weight and surcharge ...................................... 87 

Figure 2.4-42: Normal contact pressure on soil side after surcharge ........................................... 88 

Figure 2.4-43: Comparison of moment of culvert between example 4 and 17 ............................ 88 

Figure 2.4-44: Comparison of shear of culvert between example 4 and 17 ................................. 89 

Figure 2.4-45: Comparison of normal pressure on culvert between example 4 and 17............... 89 

Figure 2.5-1: Configuration of stability analysis of slope, strengthened with pile ........................ 90 

Figure 2.5-2: Control data for Example5 ....................................................................................... 92 

Figure 2.5-3: Setup drawing space and grid size for Example 5 .................................................... 92 

Figure 2.5-4: Create rectangle by keying in coordinates ............................................................... 92 

Figure 2.5-5: Create polygon of the top soil layer ......................................................................... 93 

Figure 2.5-6: Create triangular region for upper soil layer ........................................................... 93 

Figure 2.5-7: Create bottom soil layer as a general polygon ........................................................ 94 

Figure 2.5-8: Define region sets in Example 5 ............................................................................... 94 

Figure 2.5-9: Create four edge sets on contact interfaces ............................................................ 95 

Figure 2.5-10: Define initial stress stage and options ................................................................... 95 

Figure 2.5-11: Create the second stage for strength reduction calculation ................................. 96 

Figure 2.5-12: Linear elastic material for concrete of pile-wall .................................................... 96 

Figure 2.5-13: Mohr-Coulomb model and SRM parameters for top soil layer ............................. 97 

Figure 2.5-14: Mohr-Coulomb plasticity for bottom soil layer ..................................................... 97 

Figure 2.5-15: Define boundary condition of gravity load ............................................................ 98 

Figure 2.5-16: Assign boundary conditions in example 5 ............................................................. 98 

Figure 2.5-17: Assigned boundary conditions ............................................................................... 99 

Figure 2.5-18: Define interaction property and master surfaces ................................................ 100 

Figure 2.5-19: Define slave surfaces on soil layers ...................................................................... 100 

Figure 2.5-20: Set up global mesh control for rectangle regions of wall .................................... 101 

Figure 2.5-21: Set up global mesh control for soil layers and the pile-wall tip ........................... 102 

Figure 2.5-22: Assign seed divisions across pile-wall section ...................................................... 103 

Figure 2.5-23: Apply biased seed distribution to obtain smooth transition ............................... 103 

Figure 2.5-24: Local mesh control on common edge between soil layers .................................. 104 

Figure 2.5-25: Quadrilateral mesh for Example 5 ....................................................................... 105 



xii 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

Figure 2.5-26: Contour of horizontal displacement at last increment ........................................ 106 

Figure 2.5-27: Contour of equivalent plastic strain at last increment ........................................ 106 

Figure 2.5-28: Horizontal displacement VS Load increment at node 2566 ................................. 107 

Figure 2.5-29: Moment of pile VS depth ..................................................................................... 108 

Figure 2.5-30: Shear distribution VS depth ................................................................................. 108 

Figure 2.5-31: Distribution of contact pressure on right interface ............................................. 109 

Figure 2.5-32: Distribution of normal contact pressure along the left interface ........................ 109 

Figure 2.6-1: Simulation of CD tri-axial test using Duncan-Chang model ................................... 110 

Figure 2.6-2: Define control data for Example 6 ......................................................................... 111 

Figure 2.6-3: Modify the drawing space and grid spacing in Example 6 ..................................... 112 

Figure 2.6-4: Created rectangular region of sand sample in Example 6 ..................................... 112 

Figure 2.6-5: Eight stages defined in Example 6 to simulate CD test .......................................... 112 

Figure 2.6-6: Setting of initial soil stress for Example 6 .............................................................. 113 

Figure 2.6-7: Define Stage2 through Stage8 in Example 6 .......................................................... 113 

Figure 2.6-8: Define material properties for Duncan-Chang hyperbolic elasticity ..................... 114 

Figure 2.6-9: Define twelve B.C. groups in Example 6 ................................................................. 114 

Figure 2.6-10: Boundary conditions in Example 6 ....................................................................... 116 

Figure 2.6-11: Assignment of boundary conditions in Example 6 ............................................... 116 

Figure 2.6-12: Assignment of boundary conditions .................................................................... 117 

Figure 2.6-13: Global mesh control for Example 6 ...................................................................... 118 

Figure 2.6-14: Global mesh size control in Example 6 ................................................................. 118 

Figure 2.6-15: X-Y plot of E22 VS Load Increments in Example 6 ................................................ 119 

Figure 2.6-16: X-Y curve plot of equivalent shear q VS increments in Example 6 ....................... 120 

Figure 2.6-17: Combined plot of Shear Stress, q VS E22 for loose sand in Example 6 ................ 120 

Figure 2.7-1: Curve of Equivalent Shear Stress, q VS E22 ............................................................ 122 

Figure 2.8-1: Configuration of conventional tri-axial test for modified cam-clay model ............ 123 

Figure 2.8-2: Control data for example 8 .................................................................................... 124 

Figure 2.8-3: Drawing space for Example 8 ................................................................................. 124 

Figure 2.8-4: Define initial stress for modified cam-clay material in Example 8 ......................... 125 

Figure 2.8-5: Define modified Cam-Clay material in Example 8 .................................................. 125 

Figure 2.8-6: Define horizontal displacement constraint on symmetric axis .............................. 126 

Figure 2.8-7: Apply displacement constraint to symmetric axis ................................................. 127 

Figure 2.8-8: Apply vertical displacement constraint .................................................................. 127 

Figure 2.8-9: Apply B.C. to build initial soil stresses .................................................................... 127 

Figure 2.8-10: Apply loading pressure on top of sample cylinder ............................................... 128 

Figure 2.8-11: Global mesh control in Example 8 ....................................................................... 128 

Figure 2.8-12: Select stage for result output in Example 8 ......................................................... 129 

Figure 2.8-13: X-Y plot E22 VS Increment of Node 2 ................................................................... 130 

Figure 2.8-14: X-Y plot of Equivalent Shear, q VS Increments of Node 2 .................................... 130 

Figure 2.8-15: Combined plot of Shear, q VS E22 in Example 8 .................................................. 131 

Figure 2.8-16: Combined plot of Shear Stress, q VS Mean Stress, P' .......................................... 131 

Figure 2.8-17: Combined plot of Void Ratio VS Axial Strain, E22 in Example 8 .......................... 132 



xiii 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

Figure 2.9-1: Configuration of analysis of axi-symmetric pile ..................................................... 134 

Figure 2.9-2: Control data for Example 9 .................................................................................... 135 

Figure 2.9-3: Setup drawing space for Example 9 ....................................................................... 136 

Figure 2.9-4: Pile-tip geometric entities in Example 9 ................................................................ 136 

Figure 2.9-5: Created geometric entities of the soil region in Example 9 ................................... 137 

Figure 2.9-6: Geometric entities of the pile and soil in Example 9 ............................................. 137 

Figure 2.9-7: Initial Stress Stage definition in Example 9 ............................................................ 138 

Figure 2.9-8: Loading Stage definition in Example 9 ................................................................... 138 

Figure 2.9-9: Define materials for pile and soil in Example 9 ...................................................... 139 

Figure 2.9-10: Define displacement B.C. for vertical soil/pile edges in Example 9 ..................... 139 

Figure 2.9-11: Define displacement B.C. for bottom soil edges in Example 9 ............................ 139 

Figure 2.9-12: Define gravity load B.C. in Example 9 .................................................................. 140 

Figure 2.9-13: Define point load on top of pile in Example 9 ...................................................... 140 

Figure 2.9-14: Assign displacement constraint to vertical soil/pile edges .................................. 140 

Figure 2.9-15: Assign displacement constraint to bottom edge of soil....................................... 141 

Figure 2.9-16: Assign gravity B.C. to pile and soil regions ........................................................... 141 

Figure 2.9-17: Assign point load to pile top along symmetric axis .............................................. 142 

Figure 2.9-18: Define region-sets in Example 9 ........................................................................... 142 

Figure 2.9-19: Define master surface on pile edges .................................................................... 143 

Figure 2.9-20: Define slave surface on soil edges ....................................................................... 143 

Figure 2.9-21: Setup global mesh control on rectangular pile region ......................................... 144 

Figure 2.9-22: Setup global mesh control on quarter-circle pile region ..................................... 144 

Figure 2.9-23: Setup mesh control on soil region ....................................................................... 145 

Figure 2.9-24: Define division number for the pile cross-section ............................................... 145 

Figure 2.9-25: Set up local seed control to top edge of soil ........................................................ 146 

Figure 2.9-26: Setup local seed control on lower left edge of soil .............................................. 146 

Figure 2.9-27: Quadrilateral mesh in Example 9 ......................................................................... 147 

Figure 2.9-28: Vertical Displacement VS Increments of Stage 2 ................................................. 148 

Figure 2.9-29: Tangent status on the vertical interface .............................................................. 148 

Figure 2.10-1: Configuration of excavation analysis example ..................................................... 149 

Figure 2.10-2: Region division and vertex label in Example 10 ................................................... 150 

Figure 2.10-3: Control data in example 10 .................................................................................. 151 

Figure 2.10-4: Setup drawing space for Example 10 ................................................................... 151 

Figure 2.10-5: Region creation in Example 10 ............................................................................. 152 

Figure 2.10-6: Define region sets in Example 10 ......................................................................... 152 

Figure 2.10-7: Define stage type as "Initial Soil Stress ................................................................ 153 

Figure 2.10-8: Options of initial soil stress .................................................................................. 154 

Figure 2.10-9: Input vertical soil stresses at controlling points and coefficient of lateral stress 154 

Figure 2.10-10: Typical ļExcavationĽ stage ............................................................................ 154 

Figure 2.10-11: Stage groups in Example 10 ............................................................................... 155 

Figure 2.10-12: Define modified cam-clay material .................................................................... 155 

Figure 2.10-13: Define linear elastic concrete material .............................................................. 156 



xiv 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

Figure 2.10-14: Assign material to previously defined set .......................................................... 156 

Figure 2.10-15: Define displacement constraint on vertical soil boundaries .............................. 157 

Figure 2.10-16: Define displacement constraint on bottom soil boundary ................................ 157 

Figure 2.10-17: Define gravity load ............................................................................................. 157 

Figure 2.10-18: Define surcharge on excavation base ................................................................ 157 

Figure 2.10-19: Boundary condition assignments ....................................................................... 158 

Figure 2.10-20: Define deactivated regions to simulate excavation ........................................... 159 

Figure 2.10-21: Final deactivated regions definitions ................................................................. 159 

Figure 2.10-22: Define master and slave contact surfaces ......................................................... 160 

Figure 2.10-23: Mesh control for regions next to wall ................................................................ 160 

Figure 2.10-24: Mesh control for region below wall ................................................................... 161 

Figure 2.10-25: Fully generated mesh ......................................................................................... 161 

Figure 2.10-26: Analysis settings ................................................................................................. 162 

Figure 2.10-27: Run analysis dialog ............................................................................................. 162 

Figure 2.10-28: Contour of vertical initial soil stresses ............................................................... 163 

Figure 2.10-29: Plot distribution of initial void ratio with depth ................................................ 163 

Figure 2.10-30: Define set of final excavation surface ................................................................ 164 

Figure 2.10-31: Define set of contact interface........................................................................... 164 

Figure 2.10-32: Soil heave on excavation surface ....................................................................... 165 

Figure 2.10-33: Active soil pressure on retaining wall VS depth ................................................. 165 

Figure 2.10-34: Moment along retaining wall after excavation .................................................. 166 

Figure 2.11-1: Excavation on inclined soil ground ....................................................................... 167 

Figure 2.11-2: Edit vertex coordinate to raise right-hand soil vertex elevation ......................... 167 

Figure 2.11-3: Modified soil layers .............................................................................................. 168 

Figure 2.11-4: Modify type of first stage in example 11 to generate initial soil stress ............... 168 

Figure 2.11-5: Regenerated mesh for the inclined soil layers ..................................................... 169 

Figure 2.11-6: Select/Analyze the first stage only ....................................................................... 169 

Figure 2.11-7: Use report output to write stresses to an external file ....................................... 170 

Figure 2.11-8: File of Initial soil stress ......................................................................................... 170 

Figure 2.11-9: Define an external file as the source of initial soil stress ..................................... 171 

Figure 2.11-10: Check all stages and run analysis ....................................................................... 172 

Figure 2.11-11: Initial stress of inclined soil model ..................................................................... 172 

Figure 2.12-1: Geometry of the box culvert ................................................................................ 174 

Figure 2.12-2: Control data in example 12 .................................................................................. 175 

Figure 2.12-3: Create bottom section of box culvert .................................................................. 176 

Figure 2.12-4: Use "Copy to" to create top section of the box-culvert ....................................... 176 

Figure 2.12-5: Completed section of the box-culvert ................................................................. 177 

Figure 2.12-6: Create the polygon region for soil fill ................................................................... 177 

Figure 2.12-7: Create the polygon region for bed soil layer ....................................................... 177 

Figure 2.12-8: Create region and edge-sets ................................................................................ 178 

Figure 2.12-9: Create four edge sets on soil regions for contact output .................................... 178 

Figure 2.12-10: Material properties for the box-culvert analysis ............................................... 180 



xv 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

Figure 2.12-11: Create displacement and gravity load boundary conditions ............................. 181 

Figure 2.12-12: Assign displacement and gravity load boundary conditions .............................. 181 

Figure 2.12-13: Define master surfaces on culvert(blue) and slave surfaces on soil (green) ..... 182 

Figure 2.12-14: Mesh control for soil layers in Example 12 ........................................................ 182 

Figure 2.12-15: Mesh control for culvert regions in Example 12 ................................................ 183 

Figure 2.12-16: Use coarse mesh for external edges .................................................................. 183 

Figure 2.12-17: Local seed control on top/bottom of the culvert .............................................. 184 

Figure 2.12-18: Define four element layers on regions of culvert .............................................. 184 

Figure 2.12-19: Define division on remaining edges of culvert ................................................... 184 

Figure 2.12-20: Control mesh size to transition smoothly from coarse to fine areas ................. 185 

Figure 2.12-21: Q4 mesh for box culvert analysis ....................................................................... 185 

Figure 2.12-22: Plot contact pressure on top of the culvert by XY plot tool ............................... 186 

Figure 2.12-23: Comparison of contact pressure on the right and left vertical sides ................. 187 

Figure 2.13-1: Analysis of a frame with straight segments ......................................................... 188 

Figure 2.13-2: Control data in example 13 .................................................................................. 189 

Figure 2.13-3: Define beam sets .................................................................................................. 189 

Figure 2.13-4: Stage definition for plane frame analysis ............................................................ 190 

Figure 2.13-5: Section group management and section definition for plane frame ................... 190 

Figure 2.13-6: Assign structural section to beam set .................................................................. 191 

Figure 2.13-7: Displacement and load boundary conditions for plane frame ............................ 192 

Figure 2.13-8: Assign boundary conditions to plane frame ........................................................ 193 

Figure 2.13-9: Show all boundary conditions to plane frame ..................................................... 193 

Figure 2.13-10: Run analysis for plane frame analysis ................................................................ 194 

Figure 2.13-11: Plot result curves for plane frame ...................................................................... 194 

Figure 2.14-1: Cantilevered quarter-ring beam subjected to point load .................................... 196 

Figure 2.14-2: Create arc beam entity ......................................................................................... 197 

Figure 2.14-3: Define section for quarter-ring beam .................................................................. 197 

Figure 2.14-4: Assign section to quarter-ring beam .................................................................... 198 

Figure 2.14-5: Define embedded BC and load BC for quarter-ring beam analysis ..................... 198 

Figure 2.14-6: Assigned boundary conditions for quarter-ring beam analysis ........................... 198 

Figure 2.14-7: Moment plot for quarter-ring beam analysis ...................................................... 199 

Figure 2.14-8: Moment data table .............................................................................................. 200 

Figure 2.15-1: Excavation simulation and analysis of cantilevered retaining wall ...................... 201 

Figure 2.15-2: Control data in example 15 .................................................................................. 202 

Figure 2.15-3: Setup drawing space for Example 15 ................................................................... 203 

Figure 2.15-4: Create eight rectangles for soil part ..................................................................... 203 

Figure 2.15-5: Create region sets ................................................................................................ 204 

Figure 2.15-6: Definition of positive beam direction .................................................................. 204 

Figure 2.15-7: Define initial soil stress for example 15 ............................................................... 205 

Figure 2.15-8: Define and assign modified CAM-Clay to soil ...................................................... 206 

Figure 2.15-9: Define and assign beam section ........................................................................... 206 

Figure 2.15-10: Define displacement and load boundary conditions ......................................... 207 



xvi 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

Figure 2.15-11: Assign lateral displacement boundary ............................................................... 207 

Figure 2.15-12: Define zero-thickness interface in example 15 .................................................. 208 

Figure 2.15-13: Set deactivated region and activated beams ..................................................... 209 

Figure 2.15-14: Mesh control for regions in example 15 ............................................................ 210 

Figure 2.15-15: local seed control and Show edge division and seeds in example 15 ................ 210 

Figure 2.15-16: Probe element connection on overlapped edges .............................................. 211 

Figure 2.15-17: Dialog of ľRun analysisĿ for example 15 ....................................................... 211 

Figure 2.15-18: Horizontal displacement of retaining wall ......................................................... 212 

Figure 2.15-19: Moment diagram of retaining wall .................................................................... 213 

Figure 2.15-20: Distribution of soil pressure along the back of retaining wall ........................... 213 

Figure 2.16-1: Geometry of excavation and strut supported retaining wall ............................... 215 

Figure 2.16-2: Control data in Example 16 .................................................................................. 217 

Figure 2.16-3: Setup drawing space for Example 16 ................................................................... 217 

Figure 2.16-4: Create rectangles and polygon for example 16 ................................................... 218 

Figure 2.16-5: Create region sets ................................................................................................ 219 

Figure 2.16-6: Define initial soil stress for example 16 ............................................................... 220 

Figure 2.16-7: Define struts installation and excavation stages in example 16 .......................... 220 

Figure 2.16-8: Define two modified CAM-Clay materials ............................................................ 221 

Figure 2.16-9: Define wall and strut sections .............................................................................. 222 

Figure 2.16-10: Define displacement and load boundary conditions ......................................... 222 

Figure 2.16-11: Assign surcharge BC in example 16 .................................................................... 223 

Figure 2.16-12: Define zero-thickness interface group for right wall ......................................... 224 

Figure 2.16-13: Define zero-thickness interface group for left wall ........................................... 224 

Figure 2.16-14: Set deactivation and activation in example 16 .................................................. 225 

Figure 2.16-15: Mesh property on excavated soil region ........................................................... 226 

Figure 2.16-16: Final discretization on Example 16 ..................................................................... 226 

Figure 2.16-17: Dialog of ľRun analysisĿ for example 16 ....................................................... 227 

Figure 2.16-18: Shear forces on right retaining wall after excavation ........................................ 227 

Figure 2.16-19: tangential status on back of right retaining wall ............................................... 228 

Figure 2.16-20: tangential status on back of right retaining wall ............................................... 228 

Figure 2.17-1: Geometry of buried culvert using beam elements .............................................. 230 

Figure 2.17-2: Control data in Example 17 .................................................................................. 232 

Figure 2.17-3: Setup drawing space for Example 17 ................................................................... 232 

Figure 2.17-4: Set management in example 17 .......................................................................... 233 

Figure 2.17-5: Define initial soil stress for example 15 ............................................................... 234 

Figure 2.17-6: Define and assign Mohr-Coulomb in Example 17 ................................................ 235 

Figure 2.17-7: Define and assign beam section to culvert .......................................................... 236 

Figure 2.17-8: Define displacement and load boundary conditions ........................................... 236 

Figure 2.17-9: View all boundary conditions in Example 17 ....................................................... 237 

Figure 2.17-10: Define zero-thickness interface in example 17 .................................................. 238 

Figure 2.17-11: Set activated beams in Example 17 ................................................................... 238 



xvii 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

Figure 2.17-12: Mesh control for regions in example 17 ............................................................ 239 

Figure 2.17-13: Local mesh refinement for culvert segment ...................................................... 239 

Figure 2.17-14: Local mesh refinement for culvert segment ...................................................... 240 

Figure 2.17-15: Run analysis in example 17 ................................................................................ 240 

Figure 2.17-16: Moment plot for culvert .................................................................................... 241 

Figure 2.17-17: Normal pressure on interface ............................................................................ 242 

Figure 2.18-1: Geometry of tie-back supported retaining wall ................................................... 243 

Figure 2.18-2: Control data in Example 18 .................................................................................. 245 

Figure 2.18-3: Setup drawing space for Example 18 ................................................................... 245 

Figure 2.18-4: Regions and coordinates of control points .......................................................... 246 

Figure 2.18-5: Create region sets ................................................................................................ 247 

Figure 2.18-6: Consistent beam directions in EnFEM ................................................................. 247 

Figure 2.18-7: Create data table for initial soils stress interpolation .......................................... 248 

Figure 2.18-8: Material definition for example 18 ...................................................................... 249 

Figure 2.18-9: Define structural sections for tie back and retaining wall ................................... 250 

Figure 2.18-10: Define displacement and load boundary conditions ......................................... 250 

Figure 2.18-11: Assign boundary condition in example 18 ......................................................... 251 

Figure 2.18-12: Define zero-thickness interface group for retaining wall .................................. 252 

Figure 2.18-13: Set deactivation and activation in example 18 .................................................. 252 

Figure 2.18-14: Dialog of ľRun analysisĿ for example 18 ....................................................... 253 

Figure 2.18-15: Displacement history at lower tieback-wall connection in Example 18 ............ 254 

Figure 2.18-16: Axial force of retaining wall after all excavation ................................................ 255 

Figure 2.18-17: Axial force of bottom tie-back ........................................................................... 255 

Figure 2.18-18: Axial force of upper geogrid ............................................................................... 256 

Figure 2.19-1: Setup units before importing ............................................................................... 257 

Figure 2.19-2: Dialog to import an EnSlope model ..................................................................... 257 

Figure 2.19-3: Imported model shown in EnFEM ........................................................................ 258 

Figure 2.19-4: Stage parameters for the stability stage .............................................................. 258 

Figure 2.19-5: Boundary conditions in imported model ............................................................. 259 

Figure 2.19-6: Contour of horizontal displacement u1 ............................................................... 259 

Figure 2.20-1: Model of a retaining wall supported by two tie-backs in PYWall 2025 ............... 260 

Figure 2.20-2: Parameter window for importing a PYWall model .............................................. 260 

Figure 2.20-3: Information about model importing from PYWall ............................................... 261 

Figure 2.20-4: model of retaining wall analysis imported from PYWall ...................................... 261 

Figure 2.20-5: Non-uniform mesh generated for imported PYWall model ................................ 262 

Figure 2.20-6: Moment of wall for imported PYWall model ....................................................... 262 

Figure 2.20-7: Shear force of wall for imported PYWall model .................................................. 263 

 

  



xviii 

 

Example Manual (Rel. March/2026)  EnFEM for Windows 

List of Tables  
Table 2.1-1: Coordinates of controlling vertices in example 1 ........................................................ 5 

Table 2.4-1: Vertices for buried culvert analysis ........................................................................... 65 

Table 2.5-1: Coordinates of controlling vertices of Example 5 ..................................................... 90 

Table 2.6-1: Stress B.C. for conventional drained tri-axial test ................................................... 111 

Table 2.7-1: Pressure boundary conditions for dense sand test ................................................. 121 

Table 2.10-1: Coordinates of controlling vertexes ...................................................................... 151 

 

 

  



Page 1 
 

Example Manual (Rel. March/2026)  EnFEM for Windows 

 

 

CHAPTER 1. Introduction  
  



Page 2 
 

Example Manual (Rel. March/2026)  EnFEM for Windows 

1.1 Program Description 

EnFEM is a versatile finite element analysis software designed to simulate the 2D mechanical 

behavior of solid materials under various loading conditions. It supports plane-strain, plane-stress, 

and axi-symmetric analyses, with a primary focus on addressing geotechnical engineering 

challenges. Equipped with an extensive range of linear and non-linear material models, boundary 

conditions, and element types, EnFEM offers users a comprehensive set of analytical tools to 

tackle both simple and complex geotechnical problems. 

1.2 Manual Description 

This manual is designed to help users familiarize themselves with the features of EnFEM through 

a series of step-by-step tutorial examples focused on common geotechnical problems. Each 

example introduces different model development skills, making it highly recommended to begin 

with the first example and progress sequentially through the entire series. Users will build and 

analyze models from scratch; however, all example problems, including input, mesh, and results 

data, are provided with the EnFEM installation and can be used as reference materials. The 

filenames referenced in the manual correspond to those files included with the installation and 

can be found in the following subdirectory under the root Windows drive (unless a different 

location was selected during installation): 

¶ (Root Drive)\Ensoft\EnFEM2025-Examples 

Users are advised to create a new working folder or directory for saving files while following the 

tutorial examples to avoid overwriting the original example files.  

Additional supporting information on EnFEM, including program features and options, is available 

in the User Manual. 

1.3 Font Convention 

Different fonts are employed to distinguish specific operations as follows: 

¶ setWall    : Courier font , used for  key-in name, coordinate, numbers etc. 

¶ Run Mesh  : Bold Calibri, used for menu command or button 
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2.1 Example 1: Plasticity of Thick Cylinder Subjected to Internal 

Pressure 

The physical configuration of the thick cylinder is shown in Figure 2.1-1. The internal radius is 100-

mm and the external radius is 200-mm. Due to symmetry, a quarter-cylinder model is sufficient 

for analysis, as shown in the right image of Figure 2.1-1. Two radial boundaries are set at 45 

degrees from the vertical axis. The units used in this example are "N, mm, secondέ. 

 

Figure 2.1-1 Configuration of thick cylinder subject to internal pressure 

Material Properties: 

¶ ¸ƻǳƴƎΩǎ aƻŘǳƭǳǎΥ Ὁ ςȢρϽρπ ὓὖὥ ὔȾάά  

¶ tƻƛǎǎƻƴΩǎ ǊŀǘƛƻΥ  ’ πȢσ 

¶ Yielding stress:  „ ςτπ ὓὖὥ ὔȾάά  

¶ Material model:  Von Mises plasticity 

Boundary Conditions: 

¶ displacement constraints: normal to edge in the local direction 

¶ internal pressure: 200 MPa 

  

R=100mm

R=200mm

90°
A

BD

C
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Model development and analysis steps: 

Step 1: Create geometric entities  

The coordinates of four corners (seen in Figure 2.1-1) of the fan region are listed in Table 2.1-1: 

 A B C D 

x 70.71 141.42 -70.71 -141.42 

z 70.71 141.42 70.71 141.42 

Table 2.1-1: Coordinates of controlling vertices in example 1 

To begin using EnFEM, start the application from the Windows Start Menu or by double-clicking 

ά9ƴC9aΦŜȄŜέ in the installation directory. Upon launching, a dialog will appear to define control 

data for the new project. 

In this dialog, update the project title to ñThick cylinder subjected to internal pressureò.  

For the analysis type, select άtƭŀƴŜ {ǘǊŀƛƴέ. Set the units to άbΣ ƳƳΣ ǎŜŎƻƴŘέ to define the system 

of measurement. With these settings, the corresponding stress unit will be N/mm² or MPa. This 

ensures the project's units are consistent and appropriate for the analysis. 

 

 

Figure 2.1-2: Define fundamental data in example 1  

The default background color for the working zone is black, but users can customize it to their 

preferred color. To change the background color, go to the menu bar, click on "Options" and then 

select "Background Color." From the drop-down list, choose the desired color (see Figure 2.1-3). 

This background color will apply to both άCAD MODEέ ŀƴŘ άMESH MODEέΦ 
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Figure 2.1-3: Change background color for the CAD and Mesh mode 

The coordinates of the current cursor are displayed at the bottom of the EnFEM program window, 

allowing users to conveniently view vertex coordinates. By pressing and holding the CTRL key, the 

mouse cursor snaps to grid intersections or region vertices if the current position is near a snap 

point. 

To check the left and right dimension extents, move the mouse. If the default drawing space is 

too large or small, users can adjust it via άhǇǘƛƻƴǎ Ҧ 5ǊŀǿƛƴƎ {ǇŀŎŜέ. It is recommended to set 

the drawing space slightly larger than the model's dimension extents. In this example, the drawing 

space is configured as shown in Figure 2.1-4: 

 

Figure 2.1-4: Setup drawing space 

The default grid spacing is ά100έ which is too large in this example. From the menu bar, click 

άOption->Grid Spacingέ to open the grid size dialog and change the grid spacing in both the X and 

Z directions to ñ10ò (Figure 2.1-5). 

 

Figure 2.1-5: Set up grid space 
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Click the toolbar icon  to activate the arc-creation tool, or select ά/ǊŜŀǘŜ Ҧ !ǊŎέ from the 

menu bar to start the command.  

Note: Most toolbar shortcut icons correspond to menu commands, and both methods achieve the same 

result.  

To create an arc in EnFEM, follow these steps:  

1. create the vertex of the arc center,  

2. create the vertex of the arc start,  

3. create the vertex of the arc end.  

Arcs are always created in a counter-clockwise direction (Figure 2.1-6).  

 

Figure 2.1-6: Create an arc in EnFEM 

To input vertex coordinates, use the coordinate input box located below the working zone. Click 

ǘƘŜ ƛƴǇǳǘ ōƻȄΣ ŜƴǘŜǊ ά0,0 έ (Figure 2.1-7), and press RETURN to create the arc center. 

 

Figure 2.1-7: Create arc center by keying in coordinate 

A dashed line from the arc center to the arc start will appear on the screen.  

Note: The dashed line color depends on the working zone background: 

¶ Black background (default): Dashed line appears cyan. 

¶ White background: Dashed line appears red (Figure 2.1-8). 

arc center

arc start

arc end arc direction
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Figure 2.1-8: Dashed line of arc creation  

The prompt in the coordinate input box now reads "Input start vertex of arc." Enter 

ñ[70.71,70.71]ò and press RETURNΦ {ǉǳŀǊŜ ōǊŀŎƪŜǘǎ άώ ϐέ ŘŜƴƻǘŜ ǊŜƭŀǘƛǾŜ ŎƻƻǊŘƛƴŀǘŜǎ όǊŜƭŀǘƛǾŜ 

to the arc center), while absolute coordinates are entered without brackets (Figure 2.1-8).  

A temporary dashed arc appears, waiting for the arc end vertex. Enter ñ[100,90]ò and press 

RETURN to complete the arc creation (Figure 2.1-9). Here, the relative coordinate for the arc end 

is specified as [radius, arc angle], differing from the start vertex format. 

The first arc of the cylinder's internal edge is now complete and displayed in blue. 

 

 

Figure 2.1-9: Create the internal arc by using the coordinate input box 

To create the external arc, use the snapping method to place its center vertex, which shares the 

same center as the internal arc. By default, snap options are enabled in EnFEM. 

1. Ensure the arc creation tool is activated . 

2. Hold the CTRL key and move the mouse cursor near the center of the internal arc. 

3. When the cursor changes to a small circle with a cross (the snap icon, Figure 2.1-10), LEFT-

CLICK to create the arc center. 

Note: This technique, referred to as the "snap method," will be used throughout this document. 

Alternatively, the instructions may say "snap to..." followed by a geometric reference, such as "snap to the 

bottom-right vertex." Use the same method: hold the CTRL key and move the cursor until the snap icon 

appears. 
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Figure 2.1-10: ΨSnapΩ to existing center point to create a new arc 

Enter the relative coordinate ñ[141.42,141.42]ò in the coordinate input box and press RETURN. 

Then, enter ñ[200,90]ò and press RETURN to complete the external arc (Figure 2.1-11). 

 

Figure 2.1-11: Create the external arc 

Next, create two lines to close the fan shape: 

1. Click the line creation tool from the toolbar . 

2. Use the snap method (hold the CTRL key, move the cursor until it changes to a small 

crossed-circle, and then LEFT-CLICK) to create the start vertex of the new line (Figure 

2.1-12) 

 

Figure 2.1-12: Snap to arc start to create a new line 
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While holding the CTRL key, move the cursor to the start vertex of the external arc. A dynamically 

displayed dashed line helps identify the pending line endpoint. When the snap icon (crossed circle 

) appears, LEFT-CLICK creates the end vertex. 

Since line creation in EnFEM is continuous, RIGHT-CLICK and select άEnd Creationέ to terminate 

the line command. Repeat these steps to create the line on the left side of the fan shape (Figure 

2.1-13) 

 

Figure 2.1-13: Independent lines and arcs of the fan region 

The fan-shaped region, composed of arcs and lines, is classified as a general region. To convert 

these components into a region object: 

1. From the menu bar, click ά/ǊŜŀǘŜ Ҧ tƻƭȅƎƻƴ ŦǊƻƳ [ƛƴŜǎκ!ǊŎǎέ. 
2. The coordinate input box prompt changes to "Select independent lines/arcs." 
3. Select the lines and arcs shown in Figure 2.1-13. 
4. RIGHT-CLICK and select άEnd Selectionέ to complete the fan region creation 

 
EnFEM provides seven selection filters. By default, the "Select All" filter is active 

, allowing selection of multiple entity types with priority given to vertex > 

line/arc > region. For instance, if the cursor is near a vertex, line, and region, only the vertex is 

selected. Other filters allow selection of specific entity types, such as regions or lines. 

EnFEM offers two main methods for selecting geometric objects: 

1. SHIFT-Click Selection: Hold the SHIFT key to select multiple entities individually. 

2. SHIFT-Selection Window: use a selection window 

 

The selection window is more convenient, which is available in two modes: 

¶ Contained Window: LEFT-CLICK any point and drag the cursor to the top-right. The 

contained window, shown with solid edges (green if the background is black), selects 

entities fully inside the window. 
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¶ Crossing Window: LEFT-CLICK any point, hold the button, and drag the cursor to the 

bottom-left. The crossing window, displayed with dashed edges (yellow if the background 

is black), selects entities both fully inside and intersecting the window. 

For more details on selection techniques, refer to the user manual. 

EnFEM can automatically determine the appropriate filter for many operations, such as assigning 

materials to regions or applying displacement boundary conditions to edges. Selected entities are 

highlighted for clarity. In Figure 2.1-14, selected lines/arcs are shown in red. 

 

Figure 2.1-14: Selected lines/arcs by a selecting window 

Independent lines/arcs are displayed in blue. Once they become part of a region, they lose 

independence and appear in gray, matching the color of their parent region (Figure 2.1-15).  

NOTE: Only independent lines/arcs can be converted into a general polygon. 

 

Figure 2.1-15: Convert lines/arcs to the fan region 

Click  to save the model file as " Cylinder.sep ". 

 



Page 12 
 

Example Manual (Rel. March/2026)  EnFEM for Windows 

Step 2: Define stage data 

From the menu bar, click άData->Stage Managementέ to open the stage groups window (Figure 

2.1-16). 

 

Figure 2.1-16: Stage group management 

 

Figure 2.1-17: Define stage data for Example 1 

Click άNewέ to define a new stage (Figure 2.1-17): 

¶ Enter the stage name as "stage1 ". 

¶ Select "General Static"  as the stage type. 

¶ Keep the increment option set to "Automatic", but update: 

o Initial increment size to "0.05" 

o Maximum increment size to "0.05"  

Click άSave & Exitέ to return to the stage group management dialog. 

Click άCloseέ to exit. 
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Step 3: Define material properties  

From the menu bar, click άData->Material Propertiesέ to open the material group management 

window (Figure 2.1-18). 

 

Figure 2.1-18: Dialog of material group management 

 

  

Figure 2.1-19: Define von-Mises plasticity in Example 1 

 

Define new material: 

1. Click άNewέ in the material group management window (Figure 2.1-19). 

o Enter the material name: "Mises ". 
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o Select "Mises Plasticity" from the mechanical behavior options. 

o LƴǇǳǘ ǾŀƭǳŜǎ ŦƻǊ ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎΣ tƻƛǎǎƻƴΩǎ ǊŀǘƛƻΣ ŀƴŘ ȅƛŜƭŘƛƴƎ ǎǘǊŜǎǎΦ 

o Leave unit weight undefined, as it is not required for this example. 

2. Click άSave & Exitέ to return to the material group management dialog. 

3. Click άCloseέ to exit 

 

 

Figure 2.1-20: Assign material property to region object 

 

Assign the material to a region: 

1. From the menu bar, click ά5ŀǘŀ Ҧ aŀǘŜǊƛŀƭ !ǎǎƛƎƴƳŜƴǘέ to open the material assignment 

dialog. 

o The Region List window displays regions automatically named as "Region + 

number" by EnFEM. 

o Available materials are listed in the Material Group drop-down list. 

2. Select the option άBy Individual Regionέ, as this example contains only one region. 

3. Click άRegion 1έ in the region list. The region will be highlighted in the cyan color. 

4. Choose the material "Mises" from the material group drop-down list. 

5. Click άAssignέ ǘƻ ŎƻƳǇƭŜǘŜ ǘƘŜ ƳŀǘŜǊƛŀƭ ŀǎǎƛƎƴƳŜƴǘΦ ¢ƘŜ ǊŜƎƛƻƴΩǎ ŎƻƭƻǊ ǿƛƭƭ ŎƘŀƴƎŜ ǘƻ 

purple (Figure 2.1-20). 

6. Click άCloseέ to exit the dialog 
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Step 4: Define boundary conditions 

From the menu bar, click άData->Boundary conditionsέ to open the dialog for boundary condition 

management (Figure 2.1-21).  

 

Figure 2.1-21: Dialog for boundary condition management 

This example includes two boundary conditions: displacement constraints applied normal to the 

two straight edges and a uniform pressure of 200 MPa applied to the internal curved edge. 

To define the displacement constraint, click άNewέ to open the BC definition dialog. Enter the 

name "disp_normal"  and select "Edge Displacement" as the boundary condition type from the 

drop-down list, as shown in Figure 2.1-22. Choose "In Local Direction" and check the option 

"Normal to Edge". Keep the value set to zero, representing no movement in the normal direction. 

Click άSave & Exitέ to return to the group management dialog. 

 

Figure 2.1-22: Define displacement constraint on inclined edges 

To define the second boundary condition for the applied pressure, click άNewέ in the BC group 

management dialog (Figure 2.1-23). Enter the name "pressure"  and select "Surface Load" as the 

boundary condition type. Keep the option set to "In Local Direction" and enable the "pres Start"  

checkbox. Since the pressure is uniform, input "200"  for both "pres start" and "pres end". 

Click άSave & Exitέ to return to the BC group management dialog, then click άCloseέ to exit. 
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Figure 2.1-23: Define boundary condition of pressure 

To assign boundary conditions, click ά5ŀǘŀ Ҧ .ƻǳƴŘŀǊȅ !ǎǎƛƎƴƳŜƴǘέ from the menu bar to open 

the boundary assignment window. Available boundary conditions are listed in the B.C. Group box. 

By default, the start stage is set to the first stage. 

To assign the displacement constraint "disp_normal", select it from the list and click άAssignέ. The 

selection filter will automatically switch to the line/arc filter . If the filter is 

disabled, click to enable it again. Hold the SHIFT key and click to select both straight edges of the 

fan region. Once selected, RIGHT-CLICK and choose άEnd Selectionέ to complete the assignment. 

Green roller icons will appear next to these edges (Figure 2.1-24). 

 

 

Figure 2.1-24: Normal displacement constraint applied to inclined edges 

Next, assign the boundary condition "pressure". Select it from the group list and click άAssignέ. 

Select the internal arc, RIGHT-CLICK, and choose άEnd Selectionέ. Pressure symbols will be 

displayed outside this arc (Figure 2.1-25). The yellow and blue circles represent the start and end 

points of the applied pressure. These circles are particularly helpful when the pressure is non-

uniform. 
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Figure 2.1-25: Applied pressure to the internal arc 

NOTE: If a boundary condition is assigned to the wrong geometric entities, select the boundary from the 

B.C. Group box and click άDel. Assignέ to remove the assignment. Once deleted, the άAssignέ button will 

be re-enabled, allowing users to reselect the correct geometric entities for the boundary.  

After completing the assignments, click άCloseέ to exit the dialog and click the άSaveέ icon to 

save the file. 

The άShow All Assignmentέ button Figure 2.1-25 displays all applied boundaries. Alternatively, users can 

click ά±ƛŜǿ Ҧ {Ƙƻǿ .ƻǳƴŘŀǊȅ !ǎǎƛƎƴέ. to achieve the same result. 

 

Step 5: Mesh generation 

EnFEM provides two methods for mesh generation: 

¶ Automatic Mesh Generation: By clicking άPre-aŜǎƘ Ҧ !ǳǘƻ aŜǎƘ DŜƴŜǊŀǘƛƻƴέ, EnFEM 

determines the mesh type, element shape, and density automatically. While this method 

is user-friendly, it may not produce an optimized mesh. 

¶ Manual Mesh Generation: This method gives users complete control over the mesh 

creation process and involves four steps: 

o Define Mesh Parameters for Solid Regions: 

Á Element shape (quadrilateral or triangle) 

Á Mesh type (structured or unstructured for solid elements) 

Á Element type (Q4, Q8, T3, T6). Beam and geogrid elements always have 

three nodes, while strut elements have two nodes. 

Á Integration rule for quadrilateral solid elements (reduced or full) 

o Define Global Element Size 

o Define Local Mesh Refinement (optional) 

o Run Mesh Generation 

 

This example demonstrates the manual method to generate a structured Q8 mesh: 
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1. In άCAD-MODEέ, click άPre-aŜǎƘ Ҧ !ŘǾŀƴŎŜŘ aŜǎƘ /ƻƴǘǊƻƭέ from the menu bar. The 

region selection icon will activate automatically . 

2. Select the fan region, then RIGHT-CLICK and choose άEnd Selectionέ. The mesh control 

dialog opens (Figure 2.1-26). 

3. In the dialog: 

o Set άQuadrilateralέ as the element shape. 

o Choose άStructuredέ as the mesh type. 

o Select άQuadratic Q8έ as the element option. 

o Check the άReducedέ integration rule (Figure 2.1-26). 

4. Click άSave & Exitέ to complete the setup. 

 

 

Figure 2.1-26: Dialog for global mesh control 

From the menu bar, click άpre-Mesh->Global Seed CƻƴǘǊƻƭέ to open the global element size 

dialog. Change the default size to ñ5ò and click ά!ǎǎƛƎƴέ. Red circles will appear along the region 

edges, with each circle indicating the position of a finite element node (Figure 2.1-27). Click 

άCloseέ to exit the dialog. 

 

Figure 2.1-27: Global mesh size control 
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A structured mesh requires equal divisions on opposite edges. To verify and adjust edge divisions 

in EnFEM: 

¶ Check Division Numbers 

1. From the menu bar, click άPre-aŜǎƘ Ҧ {Ƙƻǿ 9ŘƎŜ 5ƛǾƛǎƛƻƴέ to display division 

numbers. 

2. Division numbers are shown in green for solid elements and yellow for structural 

elements (e.g., beams, geogrids, struts). Numbers for internal edges are displayed 

inside the parent region, while shared edges show numbers for both adjoining 

regions. 

¶ Resolve Unequal Divisions 
In Figure 2.1-28, the two arcs have unequal division numbers due to differing arc 
lengths, violating the structured mesh requirement. 

1. From the menu bar, click άPre-aŜǎƘ Ҧ [ƻŎŀƭ {ŜŜŘ /ƻƴǘǊƻƭέ. 

2. The line selection icon will activate automatically . Select 
the external arc, then RIGHT-CLICK and select άEnd Selectionέ. 

3. In the local mesh refinement dialog (Figure 2.1-29), keep all settings at their 
default but update the division number to 36. 

4. Click άAssignέ and then άCloseέ to finalize the adjustment. 
 

 

Figure 2.1-28: Show division number on edges 
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Figure 2.1-29: Dialog for local mesh refinement 

To adjust the division numbers, first select the external arc in the άLocal Seed Controlέ dialog and 

set its division number to 36. Click άAssignέ to confirm the changes and verify the discretization 

details displayed at the bottom of the dialog. Afterward, repeat the same steps for the internal 

arc edge, ensuring its division number is also set to 36. Once completed, click άCloseέ to exit the 

dialog. 

EnFEM offers several tools to verify the mesh setup. Using άPre-aŜǎƘ Ҧ {Ƙƻǿ 9ŘƎŜ 5ƛǾƛǎƛƻƴέ will 

display division numbers for each edge. Selecting άPre-aŜǎƘ Ҧ {Ƙƻǿ {ŜŜŘǎέ will visualize the 

seed distribution across the edges. Finally, άPre-aŜǎƘ Ҧ {Ƙƻǿ aŜǎƘ !ǎǎƛƎƴƳŜƴǘέ allows 

inspection of the assigned element types, such as tetrahedrons or quadrilaterals. 

When satisfied with the setup, proceed to generate the mesh by clicking άPre-aŜǎƘ Ҧ wǳƴ aŜǎƘ 

Generationέ. After the process is completed, the mesh will load automatically into the working 

zone for review, as shown in Figure 2.1-30. 

 

 

Figure 2.1-30: Generated quadrilateral quadratic mesh in Example 1 
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NOTE: Once the mesh is generated, EnFEM automatically switches into the άMESH-MODEέ.  Uses may click 

 ǘƻ Ǝƻ ōŀŎƪ ǘƻ ά/!5 ah59έ ŀƴŘ click   to go back to άMESH MODEέ again. 

 

For quadrilateral element shapes, achieving square-like elements is critical for optimal 

performance. Square elements provide better numerical accuracy and stability during 

simulations. A well-designed mesh should strive to maximize the proportion of square-like 

elements while minimizing distortion or irregularity in element shapes. 

This principle ensures better convergence and more reliable results in finite element analyses. 

Adjusting edge divisions, element types, and refining local mesh parameters can help achieve this 

objective in EnFEM. 

Click  to save the file. 

 

Step 6: Analysis 

To configure the analysis settings for the model, click "Analysis -> Analysis Setting" in the menu 

bar. This action opens the analysis setting dialog, as shown in Figure 2.1-31. 

For this example, the default settings are appropriate and do not require any modification. Simply 

click "OK" to accept the default configuration and close the dialog. This completes the analysis 

setup step. 

 

Figure 2.1-31: Dialog of analysis setting 

To run the analysis, click "Analysis -> Run Analysis" from the menu bar. This opens the job control 

window, as shown in Figure 2.1-32. Initially, no stages are selected for a new project. 
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Select "stage1" by marking the checkbox next to it and then click "Run" to submit the analysis 

job. A command window will open, displaying convergence details for each load increment. 

Once the analysis is completed or terminated due to errors, the log file (e.g., "Example1-

cylinder.log") will open automatically. Reviewing the log file is strongly recommended to assess 

the convergence history. In the event of errors, the log file often contains valuable insights for 

troubleshooting and resolving issues. 

 

Figure 2.1-32: Run analysis dialog 

 

Step 7: Post-processing of result  

To visualize the analysis results, click the άRESULT-MODEέ icon , represented by a specific icon 

(Figure 2.1-33). By default, the finite element mesh is displayed in a grey color. 

 

Figure 2.1-33: Initial mesh is displayed after switching to result mode 

Visualization Tools in EnFEM: 

¶ Contour plot: Displays distribution of variables across the model. 

¶ Displacement vector image: Highlights displacements in solid elements. 

¶ X-Y curve plot: Shows data for a specific node or along a node path (solid elements only). 

¶ Cutline plot: Provides a sectional view of results for solid elements. 

¶ Beam, geogrid, and strut results: Summarizes results for these structural components. 
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Click the contour plot icon  to open the contour plot dialog, as shown in Figure 2.1-34. 

 

 

Figure 2.1-34: Contour plot in Example 1 

EnFEM provides four main categories of output: displacement, stress, strain, and soil variables. 

Each category contains several variables with detailed explanations available in the user manual. 

The άincrementέ displays all successfully completed increments, and the contour plot in the 

working zone updates automatically when a variable is selected or the increment is changed. 

Key Features in the Contour Plot Dialog: 

¶ Deformed Body Display: Setting the checkmark for "Show Contour on Deformed Body" 

overlays the contour on the deformed mesh. Users can adjust scale factors to emphasize 

deformations. 

¶ Undeformed Mesh: Enabling the "Show Undeformed Mesh" option overlays the original 

undeformed mesh in dark green. 

¶ Contour Types: Choose between "Shading," "Lines," or "Shading and Lines" for contour 

visualization. The default setting is shading. 

¶ Customizable Contour Limits: Users can manually set contour limits to highlight specific 

ranges. Changes are applied by clicking "Apply." 

For this example, the Mises stress contour is selected for investigation. Navigate to the "Stress" 

group and select άEquivalent Shear qέ. At increment 0.8, the contour plot shows that the plastic 

ȊƻƴŜ ŜȄǘŜƴŘǎ ǘƻ ǊƻǳƎƘƭȅ пл҈ ƻŦ ǘƘŜ ŎȅƭƛƴŘŜǊΩǎ ǘƘƛŎƪƴŜǎǎ όFigure 2.1-35). 

Animation Feature: Enable the άShow Animationέ checkbox and click the animation button to play 

the contour animation. Users can refine animation by setting custom contour limits using 

"Minimum/Maximum" values. 
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Click άCloseέ to exit the contour plot dialog when the visualization is complete. 

 

Figure 2.1-35: Contour of Equivalent Shear stress at increment=0.8 

To visualize the animation of the contour plot, set the checkmark for άShow Animationέ and then 

click the animation button  to play it. Contour limits for the animation can be customized 

by specifying values in the άMinimum/Maximumέ fields. After reviewing the animation, click 

άCloseέ to exit the contour plot dialog. 

Next, click the displacement vector plot icon  to open its dialog (Figure 2.1-36). The 

displacement field is displayed as small red arrows, where the size of each arrow is proportional 

to the displacement magnitude. 

Options for Displacement Vector Plot: 

¶ Users can select to plot displacement vectors for the overall magnitude, or for the X or Z 
component individually. 

¶ Adjusting the multiplier value changes the overall scale of the displayed vectors, making 
it easier to observe small or large displacements. 

This tool provides a clear visualization of the displacement field and its components, offering 

valuable insights into the model's deformation behavior. 
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Figure 2.1-36: Plot displacement vector of Example 1 

To create an X-Y plot, click the X-Y Plot icon   to open the dialog. X-Y plots in EnFEM operate 

in two modes: Historic Result or Field Results. Historic Result is used to plot the curve of one 

element node over time or increments, such as displacement versus increments. Field Results are 

used to plot the curve along a user-defined path, such as stress distribution along a segment of 

the model. 

To create a Historic Result plot, first enable node numbers by clicking άaŜǎƘ Ҧ {Ƙƻǿ bƻŘŜ 

Numbersέ from the menu bar. Finite element node numbers will be displayed in yellow on the 

model. Use the zoom tool to focus on the midpoint of the inner arc and identify the node number 

of the lowest point on the symmetric axis, which is labeled as 399 in this example. 

In the X-Y plot dialog, ensure that Historic Result is selected. Enter 399 in the άLabel of Single 

Nodeέ field. From the Category list, select άPrimary Variableέ, then choose άu2έ (Vertical 

Displacement) from the Variables list. Click άPlotέ to display the curve of Vertical Displacement 

(u2) versus Load Increments in the graph region of the dialog, as shown in Figure 2.1-37. 

This method allows tracking the performance of specific nodes through the simulation stages and 

increments effectively. 
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Figure 2.1-37: X-Y plot of the vertical displacement on the internal boundary 

Now switch the plot type selection to άField Resultέ. Change the content of ƧLabel of node seriesέ 

to ñ399: 379: - 1ò and select άS11έ as the plot variable. Select άincrement=0.9έ from the list of 

incrementΦ /ƭƛŎƪ άPlotέ ǘƻ ŘƛǎǇƭŀȅ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ŎƛǊŎǳƳŦŜǊŜƴǘƛŀƭ ǎǘǊŜǎǎ ŀƭƻƴƎ ǘƘŜ ǎȅƳƳŜǘǊƛŎ 

axis (Figure 2.1-38). 

 

Figure 2.1-38: X-Y plot of circumferential stress of Example 1 

The άSave to Fileέ button allows users to save X-Y plot data in ASCII format for further analysis or 

ŘƻŎǳƳŜƴǘŀǘƛƻƴΦ .ȅ ŘŜŦŀǳƭǘΣ ǘƘŜ ǎŀǾŜŘ ŦƛƭŜ ƛǎ ƴŀƳŜŘ άϝϝϝψȄȅΦŘŀǘΣέ ǿƘŜǊŜ ϝϝϝ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ 

project file's name. For this example, the default filename for the X-Y plot is "Example 1 

cylinder_xy.dat", and it is stored in the same directory as the project file. 
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The filename and save location can be manually adjusted if needed. Additionally, enabling the 

άAppend to Fileέ option ensures that new data is appended to the end of the existing file, 

preserving earlier results. If this option is unchecked, clicking άSave to Fileέ will overwrite the file's 

contents with the new plot data. This functionality provides flexibility for managing and recording 

analysis results efficiently. 
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2.2 Example 2: Analysis of shallow foundation subjected to 

vertical settlement 

The configuration of this example is illustrated in Figure 2.2-1. Because of the symmetry about 

the Z-axis, only the right-half of the foundation region is modeled and simulated to reduce 

computational effort while maintaining accuracy. 

For this example, English units are used: 
¶ Force: lbf 
¶ Length: inches (in) 
¶ Time: seconds (s) 

 
These units ensure that derived quantities, such as stress, are expressed in lbf/in² (psi). 

The modeled region includes the soil and the foundation structure, with appropriate boundary 

conditions and material properties assigned. Symmetry conditions along the Z-axis are 

incorporated by fixing displacement in the X-direction along this boundary. 

 

Figure 2.2-1: Configuration of shallow foundation analysis 

Material Properties: 

¶ Unit weight:                               ‎ πȢπψω ὴὧὭ 

¶ ¸ƻǳƴƎΩǎ Modulus:                              Ὁ ςππππ ὴίὭ 

¶ tƻƛǎǎƻƴΩǎ Ǌŀǘƛƻ:                              ’ πȢσ 

¶ Cohesive strength:                            ὧ ρ ὴίὭ  

¶ Friction angle:                            ‰ σπЈ 

¶ Dilation angle:                            ‪ ςπЈ 

¶ Material model:                            Mohr-Coulomb plasticity 

2
0

0
in

400in

50in

foundation

sand



Page 29 
 

Example Manual (Rel. March/2026)  EnFEM for Windows 

Boundary Conditions: 

¶ Displacement constraints in X-direction 

¶ Displacement constraints in X and Z-directions 

¶ Gravity force on soil 

¶ 2-inch settlement of rigid foundation 

In this example, the foundation (not simulated) is assumed to be rigid. No contact interface is 

simulated. The interface between soil and foundation is frictionless.   

Model development and analysis steps: 

Step1: Create geometr ic entities  

Start EnFEM, click άCƛƭŜ-ҔbŜǿέ to start a new project. Input project title ŀǎ άAnalysis  of  Shallow 

foundation subject to vertical displacement έΣ keep ŀƴŀƭȅǎƛǎ ǘȅǇŜ ŀǎ άPlane-StrainέΣ ŀƴŘ 

ǎŜƭŜŎǘ άlbf, in, secondέ ŦǊƻƳ ǘƘŜ ǳƴƛǘ ƻǇǘƛƻƴ (Figure 2.2-2). 

 

Figure 2.2-2: Initial data for shallow foundation example 

Click άhǇǘƛƻƴǎ->Drawing Spaceέ to update the drawing space extents (Figure 2.2-3). Click άhYέ 

to exit. 

  

Figure 2.2-3: Setup drawing space for shallow foundation example 
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Click άhǇǘƛƻƴǎ->Grid Spacingέ to open the grid spacing dialog. Change the grid space to ñ10ò for 

both the X and Z-directions (Figure 2.2-4). 

  

Figure 2.2-4: Setup grid space for shallow foundation example 

To define the foundation region, start by clicking the polygon creation icon  from the toolbar. 

In the drawing space, use the snap-method for precise placement. Begin at the working zone 

origin with coordinates (x=0, z=0). Hold the CTRL key and create the next point at (x=0, z=200). 

Continue adding points at (x=50, z=200), (x=400, z=200), and (x=400, z=0). Once all vertices are 

placed, right-click and select "Close Polygon" to finalize the shape. The polygon representing the 

foundation region is now complete, as depicted in Figure 2.2-5. 

 

Figure 2.2-5: Create polygon region for shallow foundation example 

Click  to save the model file as "Shallow  foundation.sep ". 

 

Step 2: Define stage data 

Lƴ άCAD MODEέ, click "Data->Stage Management" to open the stage group management 

window. Click "New" to add one new stage. Input " Initial Stress "  as the stage name. Select 

"Initial Soil Stress" as the stage type (Figure 2.2-6).  
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Figure 2.2-6: Define initial stress stage for shallow foundation example 

To define the initial stress, click άInitial Stress Optionέ to open the initial stress dialog. Choose the 

άK0 Methodέ option. Click άAddέ, then select the soil region in the display window. Once the 

region is selected, right-click and select άEnd Selectionέ to add it to the Region List, as shown in 

Figure 2.2-7. 

Next, click άInput Dataέ to open a new dialog, as shown in Figure 2.2-8. Click άAdd Rowέ to begin 

entering data. Specify the z-coordinates for the layer's top and bottom, and input the vertical 

stresses at these positions. When finished, click άSave & Exitέ to close the input data dialog. 

Return to the main window by clicking άOKέ, followed by άSave & Exitέ. You will then be back in 

the stage group management dialog. 

 

Figure 2.2-7: Define initial stress options for Example 2 
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Figure 2.2-8: Define initial soil stress at controlling point 

Back at the stage group management window, click "New" to define the second stage. Input 

" displacement "  as the stage name. Select "General Static"  as the stage type. Keep the increment 

control as "Automatic". Change the initial increment size and the maximum increment size to 

ñ0. 05ò (Figure 2.2-9). Click "Save & Exit" to go back to the stage group management dialog. Click 

"Close" to exit. 

  

Figure 2.2-9: Define loading stage for shallow foundation example 

 

Step 3: Define material properties  

To define the material properties, navigate to the menu bar and click άData -> Material 

Propertiesέ to open the material group management window. Click άNewέ to create a new 

material. Select the άMohr-Coulombέ material type and input the material properties as 

illustrated in Figure 2.2-10. Note that the dilation angle differs from the friction angle, reflecting 

the application of a non-associated flow rule to control soil expansion. 

After entering the necessary values, click άSave & Exitέ to return to the material group 

management dialog. Finally, click άCloseέ to exit the material properties window. 
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Figure 2.2-10: Define Mohr-Coulomb material for shallow foundation example 

From the menu bar, click ά5ŀǘŀ-ҔaŀǘŜǊƛŀƭ !ǎǎƛƎƴƳŜƴǘέ. Pick the region name "Region 1" from 

region list, select άMCέ from the drop down list for the material group, then click ά!ǎǎƛƎƴέ (Figure 

2.2-11).  

  

Figure 2.2-11: Assign material to soil region for shallow foundation example 
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Step 4: Define boundary conditions  

From the menu bar, click ά5ŀǘŀ-Ҕ.ƻǳƴŘŀǊȅ /ƻƴŘƛǘƛƻƴǎέ to open the dialog for the boundary 

condition group management. Click "New" to define a new displacement boundary condition 

άdisp_x έ (Figure 2.2-12).  Select "Edge Displacement " as the BC type. Keep άIn Global DirectionέΣ 

then set the check mark before άx directionέΦ YŜŜǇ ǘƘŜ ŘŜŦŀǳƭǘ ŘƛǎǇƭŀŎŜƳŜƴǘ ǾŀƭǳŜ ŀǎ ȊŜǊƻΦ This 

boundary condition will be applied to the vertical edges to prevent motion in the X-direction. Click 

"Save & Exit" to return to the BC group management dialog. 

   

Figure 2.2-12: Define displacement boundary in x direction 

Similarly, create the second boundary condition for the soil bottom edge as shown in Figure 

2.2-13. This ōƻǳƴŘŀǊȅ ŎƻƴŘƛǘƛƻƴ ƛǎ ΨǇƛƴΩ ǘȅǇŜ ǘƻ ǇǊŜǾŜƴǘ ǎoil movement in both X and Z-directions. 

Click "Save & Exit". 

   

Figure 2.2-13: Define displacement boundary in both x and z-directions 

Usually, Mohr-Coulomb model needs the initial soil stress to be estimated in the first stage. The 

gravity load should be defined to keep equilibrium with these initial soil stresses. Click "New" to 

add the third BC like that seen in Figure 2.2-14. The value for the gravity load is " - 1"  because the 

unit weight has been defined in the material property. A negative quantity represents the 

direction in which the load will be applied in the negative direction of the Z-axis. Click "Save & 

Exit" to return to the BC group management dialog.  
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Figure 2.2-14: Define gravity load B.C in Example 2 

The last boundary condition is the 2-inch downward displacement of the rigid foundation. Click 

άbŜǿέ and define this BC as shown in Figure 2.2-15. Click "Save & Exit" to exit to the BC group 

management dialog. Click "Close" to exit. 

   

Figure 2.2-15: Define displacement load of the rigid foundation 

From the menu bar, click ά5ŀǘŀ-Ҕ.ƻǳƴŘŀǊȅ !ǎǎƛƎƴƳŜƴǘέ to open the BC assignment dialog. By 

ŘŜŦŀǳƭǘΣ ŀƭƭ ōƻǳƴŘŀǊȅ ŎƻƴŘƛǘƛƻƴǎ ǎǘŀǊǘ ŦǊƻƳ ǘƘŜ ŦƛǊǎǘ ǎǘŀƎŜ άinitial stressέ(Figure 2.2-16). Select the 

boundary condition "disp_x", click ά!ǎǎƛƎƴέ, then select both vertical edges of the soil region. 

Make sure to press and hold the SHIFT for multiple selections. RIGHT-CLICK and select ά9ƴŘ 

{ŜƭŜŎǘƛƻƴέ. The assigned boundary condition looks like that shown in Figure 2.2-17. The green 

roller icons adjacent to these edges represent displacement constraints of "disp_x". 
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Figure 2.2-16: Assign boundary condition to soil region 

   

Figure 2.2-17: Roller displacement B.C. of the soil region 

{ƛƳƛƭŀǊƭȅΣ ŀǎǎƛƎƴ ǘƘŜ ǎŜŎƻƴŘ ōƻǳƴŘŀǊȅ ŎƻƴŘƛǘƛƻƴ άdisp_xzέ ǘƻ the bottom edge of the soil region 

(Figure 2.2-18).   
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Figure 2.2-18: Assign pinned B.C. to the bottom of soil region 

Now assign the gravity load to the ǎƻƛƭ ǊŜƎƛƻƴǎ {ŜƭŜŎǘ άgravityέ ŦǊƻƳ ǘƘŜ ƎǊƻǳǇ ƭƛǎǘΣ ǘƘŜƴ ŎƭƛŎƪ 

άAssignέΦ 9ƴC9a ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŀŎǘƛǾŀǘŜǎ ǘƘŜ ǊŜƎƛƻƴ ŦƛƭǘŜǊ . Click to select 

the soil region. RIGHT-CLICK and select ά9ƴŘ {ŜƭŜŎǘƛƻƴέ. The region is now shaded with vertical 

lines (Figure 2.2-19).  

 

Figure 2.2-19: Assign gravity B.C. to soil region 

Next, select ǘƘŜ ǎŜŎƻƴŘ ŎƻƭǳƳƴ άcreatedέ of the last boundary condition άdisp_loadέ. CƭƛŎƪ άMove 

Rightέ ǘƻ ŎƘŀƴƎŜ ǘƘŜ ǎǘŀǊǘ ǎǘŀƎŜ ǘƻ άdisplacementέΦ Click ά!ǎǎƛƎƴέ and then select the upper-left 

edge representing the contact zone with the rigid foundation. RIGHT-CLICK and select ά9ƴŘ 

{ŜƭŜŎǘƛƻƴέ. The assigned BC looks like that in Figure 2.2-20.  
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Figure 2.2-20: Assign displacement load to edge of soil region 

Click ά{Ƙƻǿ !ƭƭ Assignmentέ to verify all boundary conditions were assigned correctly, as seen in 

Figure 2.2-21. 

 

Figure 2.2-21: Show all assigned B.C. for assignment verification 

Click άCloseέ to exit from the dialog and save the file. 

 

Step 5: Mesh generation 

In this example, the point at the edge of the rigid foundation (x=50,z=200) is a singular point where 

finite elements suffer from significant deformation and stress. Refining the mesh locally around 

the foundation edge can capture stress peak more accurately. For this purpose, an unstructured 

mesh is applied to the soil region. 
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From the menu bar, click άpre-Mesh->Advanced aŜǎƘ /ƻƴǘǊƻƭέ. EnFEM will activate the region 

selection icon   automatically. Click to select the soil region, then RIGHT-

CLICK and select "End Selection". The global mesh control dialog will open, as shown in Figure 

2.2-22. In general, if contact (contact constraint method) is not simulated in the models, quadratic 

quadrilateral Q8 elements with reduced integration rule are highly recommended. Make the 

appropriate selections for "Quadrilateral", "Unstructured" and "Quadratic Q8", and check the 

box in front of άReducedέ (Figure 2.2-22). Click "Save & Exit" to close the dialog. 

  

Figure 2.2-22: Advanced mesh control for shallow foundation example 

From the menu bar, click άpre-Mesh->Global Seed CƻƴǘǊƻƭέ to open the global element size 

control dialog. Change the default size to ñ12ò and click ά!ǎǎƛƎƴέ. Red circles are marked at each 

seed position on the region edges, as seen in Figure 2.2-23.  

  

Figure 2.2-23: Apply global discretization seeds uniformly 

Click άCloseέ to exit from this dialog.  

To refine the mesh around the foundation edge and capture the stress peak, apply local seed 

control near the singular point. Begin by selecting άpre-Mesh -> Local Seed Controlέ from the 

menu bar. This action automatically activates the line selection icon . 
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Click to select the long, top-right edge of the foundation. Once selected, RIGHT-CLICK and choose 

άEnd Selectionέ to open the local mesh control dialog. The selected edge will be highlighted in 

red. Change the άSeed Control Typeέ to άBy Sizeέ and select άOne Wayέ from the άSeed 

Distribution Styleέ options. A red arrow will appear along the edge to indicate the direction of 

refinement (coarse to fine). If needed, check άReverse Bias Directionέ to reverse the refinement 

direction. 

Set the minimum size to 1 and the maximum size to 12, as shown in Figure 2.2-24. Click άAssignέ 

to apply these settings to the edge. Seed icons, represented by red circles, will appear along the 

edge, reflecting the refinement. The recalculated maximum and minimum element sizes will be 

displayed at the bottom of the dialog, which may slightly vary from the original input values. 

  

Figure 2.2-24: Mesh refinement around foundation edge 

After clicking άCloseέ to exit the local mesh control dialog, note that the local mesh control 

command remains active. Proceed to assign local seed control to the top-left (short) edge. 

Select the top-left edge by clicking on it. Once selected, RIGHT-CLICK and choose άEnd Selectionέ 

to open the local mesh control dialog for this edge. Follow a similar process as before to apply the 

local seed control. Adjust the parameters as needed and ensure proper refinement settings are 

applied to this edge, as illustrated in Figure 2.2-25. Finally, click άAssignέ to confirm the settings 

and observe the displayed seed icons for verification. 
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Figure 2.2-25: Local mesh control on edge below foundation 

From the menu bar, click άpre-Mesh->Show Edge Divisionέ and άpre-Mesh->Show Seedsέ to 

visualize the applied local seed distribution patterns and edge divisions, as demonstrated in Figure 

2.2-26. This will display green division numbers along edges and red seed icons, making it easy to 

review the applied settings. Once the review is complete, click them again to turn off the display. 

This ensures a clutter-free view in the working zone for further operations. 

  

Figure 2.2-26: Show seeds and division number to check local refinement 

After assigning the global mesh size and applying local mesh control, the seed distribution satisfies 

these general rules: 

¶ It addresses the requirements for capturing local stress concentration effectively. 

¶ Larger element sizes on external edges help reduce the total number of elements, 

optimizing computational efficiency. 

¶ A smooth transition from refined mesh areas to coarser mesh areas ensures a balanced 

and accurate representation. 

From the menu bar, click άpre-Mesh->Run Mesh Generationέ to generate the mesh. Upon 

successful completion, the generated mesh will load automatically, as illustrated in Figure 2.2-27. 
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Figure 2.2-27: Unstructured quadrilateral mesh for shallow foundation example 

After the mesh is generated, the working mode switches from the άCAD-MODEέ to άMESH-MODEέ  

automatically. If desired, the user can show/hide the yellow FE-node symbols on the mesh by 

clicking the   icon. 

Click   to save file. 

 

Step 6: Run Analysis 

From the menu bar, click άAnalysis->Analysis Settingέ to open the dialog for analysis options 

(Figure 2.2-28). 

Note: The convergence group includes two key default settings: 

¶ Relative Tolerance: This parameter represents the ratio of the residual force to the total applied 

external loads. Residual force is the difference between internal nodal forces and equivalent nodal 

forces generated by external loads. Smaller relative tolerance values improve accuracy but may 

require more iterations and longer computation time. 

¶ Maximum Iteration Number: This parameter limits the number of iterations per increment. If the 

iteration count exceeds this limit without achieving convergence, the increment size is 

automatically reduced. 

In most cases, these default settings are sufficient, and adjustments are unnecessary. 

The άOutput Frequencyέ parameter controls how often solver results are saved to the hard drive. 

The default setting is "1," meaning results are written for each successfully completed increment. 

However, small increment sizes may lead to large result files. Increasing the output frequency 

(e.g., to "5") can reduce file size. Regardless of the frequency setting, results for the first and last 

increment of each stage are always saved. 

EnFEM also provides options to write displacements, reactions, stresses, or contact results into a 

.out file. However, these can produce very large files. Using the post-processor described in this 

manual is generally more efficient for analyzing results than directly examining the text output. 
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For this example, set the output frequency to "5" and proceed with the default settings for other 

parameters. 

 

Figure 2.2-28: Setup analysis parameters for shallow foundation example 

From the menu bar, select "Analysis-> Run Analysis." Click "Run" in the dialog to submit the job 

to the solver. A command window will display convergence data for each load increment. Once 

the analysis completes or terminates due to errors, the log file will open automatically. Review 

the convergence history and check the ".log file" for error details if any are detected by EnFEM. 

 

Figure 2.2-29: Run Analysis parameters for shallow foundation example 

 

Step 7: Post-processing  of result  

Click  to switch to "RESULT MODE," then click  to open the contour plot dialog. The default 

contour shows displacement in the X-direction (u1) at the last load increment. From the Group 

drop-down list, select "Stress," then choose "S22" from the Variables list. Select the increment 

"Initial Stress Incr=1.000." The contour of vertical stresses (S22, representing initial soil stress) will 

be plotted, as shown in Figure 2.2-30. 
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Figure 2.2-30: Contour of initial soil stress for shallow foundation example 

Initial soil stresses result from the soil's self-weight. Since the ground is flat and the model 

simulates only one soil layer, vertical stress increases uniformly with depth. The minimum stress 

(S22) at a depth of 200 inches is -17.8 psi, which matches the unit weight (0.089 pci) multiplied by 

the depth. Next, select "Strain" from the Group drop-down list and "PEEQ" from the Variables list. 

Click the last increment to display the contour of equivalent plastic strain after the 2-inch 

settlement of the rigid foundation is applied. 

 

Figure 2.2-31: Sliding zone of shallow foundation example 
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Figure 2.2-31 shows the equivalent plastic strain contour, where the sliding zone can be clearly 

identified. Reduce the maximum άContour Limitέ if necessary (to approximately 2.0), to make the 

contour result clearer. Click "Close" to close contour plot dialog.  

Next click  to open up the cutline plot dialog. Input start point of cutline at ( x=- 1, z=1 99)  

and end point at ( x=401 ,  z=199 ) . Click "Add" to add it to the άcutline listέ window. A red cutline 

will be displayed on screen. Select "u2" from the Field Variables drop-down list, and select the last 

increment from increment history list. Click "Plot"  to plot the vertical displacement on άcutline 1έ 

ς 1-inch below the ground surface, as shown in Figure 2.2-32. 

  

Figure 2.2-32: Vertical displacement along cutline 1, 1-inch below ground 

Looking at the plot, two ΨpeaksΩ can be found around x=50-in which indicate the singular point 

around the foundation edge. Another finding is significant soil dilation at range x=50-in to x=120-

in. Dilation of sand is inevitable when sand is disturbed. The dilation angle can be used to control 

excessive volume change. Ordinarily the dilation angle used in the simulation is determined by 

lab tests where the same volume expansion is obtained from numerical simulation and the lab 

test. 

 

Figure 2.2-33: Define set for reaction output 
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Reactions VS Settlement is another interesting plot for this type of analysis. Click  to go back 

ǘƻ ǘƘŜ /!5 ƳƻŘŜΦ /ƭƛŎƪ ƳŜƴǳ άTool->Set Managementέ ǘƻ ƻǇŜƴ ǘƘŜ ǎŜǘ ƎǊƻǳǇ ǿƛƴŘƻǿΣ ŘŜŦƛƴŜ ŀ 

άRegion Edgeέ ǎŜǘ ŦƻǊ ǘƘŜ н ƛƴ ŘƛǎǇƭŀŎŜƳŜƴǘ ōƻǳƴŘŀǊȅ ŀǎ ǎƘƻǿƴ ƛƴ Figure 2.2-33. 

Click  to open the X-Y plot dialog as seen in Figure 2.2-34. Keep the source data type as 

"Historic Result". /ƭƛŎƪ άSelect by Setέ ŀƴŘ ǎŜƭŜŎǘ ǇǊŜǾƛƻǳǎƭȅ ŘŜŦƛƴŜŘ ŜŘƎŜ ǎŜǘ άreactionέΦ {Ŝǘ 

άReaction Forceέ as in the category and άZ Reactionέ ŀǎ ǘƘŜ ǾŀǊƛŀōƭŜΦ /ƭƛŎƪ άPlotέ ǘƻ ǎƘƻǿ ǘƘŜ ŎǳǊǾŜ 

between the total reaction force and settlements (Figure 2.2-34). 

 

Figure 2.2-34: X-Y curve plot of Reactions VS Settlement 

The reaction from increment=0 to increment=1, is zero because it is the initial soil stress stage. 

After that, reactions will increase nonlinearly until 3,924-lbf. The soil reaches the ultimate capacity 

and starts to slide at settlement=0.67-inch (increment=1.32). 
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2.3 Example 3: Stability analysis of slope using strength 

reduction method (SRM) 

This example presents procedures to do a slope stability analysis using strength reduction method 

(SRM). The physical configuration of the slope is shown in Figure 2.3-1. ¦ƴƛǘǎ ŀǊŜ ǎŜƭŜŎǘŜŘ ŀǎ άkN, 

m, secondέΦ 

 

Figure 2.3-1: Configuration of slope stability analysis example 

Material Properties: 

Top soil layer:     

¶ Unit weight:                                ‎ ςπ ὯὔȾά  

¶ ¸ƻǳƴƎΩǎ aƻŘǳƭǳǎ:                               Ὁ ψϽρπ Ὧὖὥ 

¶ tƻƛǎǎƻƴΩǎ Ǌŀǘƛƻ:                                ’ πȢτ 

¶ Cohesive strength:                               ὧ συ Ὧὖὥ  

¶ Friction angle:                              ‰ ςυЈ 

¶ Dilation angle:                              ‪ ρЈ 

Bottom soil layer: 

¶ Unit weight                              ‎ ςπ ὯὔȾά  

¶ ¸ƻǳƴƎΩǎ aƻŘǳƭǳǎ:                             Ὁ ρȢπϽρπ Ὧὖὥ 

¶ tƻƛǎǎƻƴΩǎ Ǌŀǘƛƻ:                             ’ πȢσ 

¶ Cohesive strength:                            ὧ τπ Ὧὖὥ 

¶ Friction angle:                            ‰ συЈ 

¶ Dilation angle:                            ‪ ρЈ 

The Mohr-Coulomb plasticity model will be used in this example. 

4
5
°

30m 20m 40m

2
0
m

2
0
m



Page 49 
 

Example Manual (Rel. March/2026)  EnFEM for Windows 

Boundary Conditions: 

¶ Displacement constraints on vertical soil edges 

¶ Displacement constraint on bottom edge of bottom soil layer 

¶ Gravity load 

¶ Strength reduction factor applied through material property field variable  

 

Model development and analysis steps: 

Step 1: Create geometric entities  

Launch EnFEM, or from the menu barΣ ŎƭƛŎƪ άFile->Newέ ǘƻ create a new project. Update the title 

to ñslope stability using strength reduction method ò and keep the problem type as 

άPlane strainέ (see Figure 2.3-2)Error! Reference source not found.. Choose άkN, m, secondέ ǳƴƛǘ 

option. Click "OK" to confirm. 

 

Figure 2.3-2: Define control data for slope stability analysis 

Click "Options->Drawing Space" to open the drawing space dialog. Change the default settings to 

those seen in Figure 2.3-3. Click "OK" to exit. 

 

Figure 2.3-3: Set up drawing space for slope stability example 
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Navigate to άhǇǘƛƻƴǎ Ҧ DǊƛŘ {ǇŀŎƛƴƎέ ǘƻ ƻǇŜƴ ǘƘŜ ƎǊƛŘ ǎǇŀŎƛƴƎ ŘƛŀƭƻƎΦ {Ŝǘ ǘƘŜ ƎǊƛŘ ǎǇŀŎƛƴƎ ǘƻ ϦмлϦ 

for both the X and Z directions, then click άOKέ. 

From the toolbar, select the Rectangle Creation Tool . Hold CTRL, snap the cursor to the origin 

(x=0, z=0), and LEFT-CLICK to define the first point. Continue holding CTRL and use snapping to 

set the diagonal vertex at (x=90, z=20). 

Next, activate the Polygon Creation Tool . Hold CTRL, snap to (x=30, z=20), and LEFT-CLICK to 

set the first vertex. Similarly, create vertices at (x=50, z=40), (x=90, z=40), and (x=90, z=20). RIGHT-

CLICK and select άClose Polygonέ to complete the shape. Two soil layers should now appear, as 

shown in Figure 2.3-4. 

 

Figure 2.3-4: Create two soil regions for slope stability example 

Click the save icon  to save the model as "Slope Stability Using SRM.sep ". Upon creating 

the top polygon, EnFEM will automatically ensure geometric compatibility by adding a vertex at 

(x=30, y=20) along the bottom layer's top edge. 

 

Step 2: Define stage data  

From the menu bar, click "Data->Stage Management" to open the stage group management 

window. Click "New" to create a new stage.  Name the stage " Ints "  and set the type to " Initial 

Soil Stress". Click άLƴƛǘƛŀƭ {ǘǊŜǎǎ hǇǘƛƻƴέ and select the άBy Systemέ option. Then, click ά!ŘŘέ to 

select both soil regions. RIGHT-/[L/Y ŀƴŘ ŎƭƛŎƪ άEnd Selectionέ ǘƻ ŀŘŘ them to the ΨRegion ListΩ 

(Figure 2.3-6). Click "Save & Exit" to return to the stage group management window.  

Next, click άbŜǿέ to create the second stage with the name " SRM"  with the type "Stability 

(Strength Reduction Method)". Retain "Automatic"  increment control but adjust the maximum 

increments to ñ200ò. Set the initial and the maximum increment size to ñ0. 02ò. /ƭƛŎƪ άDefine 

SRMέ and adjust the safety factor range from 0.5 ~ 2.0 to 0.5 ~ 1.6Φ /ƭƛŎƪ άOKέ ǘƻ ŜȄƛǘ ǘƘŜ {wa 

dialog. Click ά{ŀǾŜ ŀƴŘ 9Ȅƛǘέ and then ά/ƭƻǎŜέ. The two stages are ready as shown in Figure 2.3-5. 
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Figure 2.3-5: Stage definition for slope stability analysis 

 

Figure 2.3-6: Initial stress option 

Step 3: Define materials 

From the menu bar, click ά5ŀǘŀ-ҔaŀǘŜǊƛŀƭ tǊƻǇŜǊǘƛŜǎέ to define two Mohr-Coulomb type soils 

" MC_t op"  and " MC_bot " . The soil is assumed to have minimum volume expansion. Since the 

dilation angle in EnFEM cannot be zero, 1 ° is input as shown in Figure 2.3-7 and Figure 2.3-8. 
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Figure 2.3-7: Material property of top soil layer 

  

Similarly, create the second material "MC_bot " for the bottom soil layer as shown in Figure 2.3-8.  

  

Figure 2.3-8: Material property for bottom soil layer 
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Click ά5ŀǘŀ-ҔaŀǘŜǊƛŀƭ !ǎǎƛƎƴƳŜƴǘέ, and assign material άMC_topέ to the top soil layer, and 

άMC_botέ to the bottom soil layer (Figure 2.3-9). 

 

Figure 2.3-9: Assign material property to regions for example of slope stability analysis 

 

Step 4: Define boundary conditions 

From the menu bar, click ά5ŀǘŀ-Ҕ.ƻǳƴŘŀǊȅ /ƻƴŘƛǘƛƻƴǎέ to open the boundary condition 

management window. Click "New" to create a new displacement boundary άdisp_x έ ŀǎ ǎƘƻǿƴ in 

Figure 2.3-10. Ensure to the option άIn Global Directionέ is selected. Click "Save & Exit"  to return 

to the BC group management window. This boundary condition will be applied to the vertical soil 

edges. 

   

Figure 2.3-10: Define displacement BC for vertical edges in Example 3 

Next, create the second displacement boundary, άdisp_xz έ, as shown in Figure 2.3-11. This 

boundary condition will be applied to the soil bottom to prevent soil movement. 
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Figure 2.3-11: Define displacement BC for bottom edge in Example 3 

Click ά{ŀǾŜ ϧ 9Ȅƛǘέ to return to the boundary management window. Then click "New" to create 

the third boundary condition, άƎǊŀǾƛǘȅέ, as seen in Figure 2.3-12. This boundary condition will be 

used to apply gravity load to the soil layers.  

   

Figure 2.3-12: Define force BC in Example 3 

Click ά{ŀǾŜ ϧ 9Ȅƛǘέ to return. 

 

Figure 2.3-13: B.C. groups for slope stability analysis 
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From the menu bar, click ά5ŀǘŀ-Ҕ.ƻǳƴŘŀǊȅ !ǎǎƛƎƴƳŜƴǘέ to open the BC assignment window. All 

boundary conditions are listed in the B.C. group window (Figure 2.3-13). By default, boundary 

conditions start from the first stage. Select the first boundary condition, άdisp_xέ, and click 

ά!ǎǎƛƎƴέ. The line selection icon will be automatically activated . Press 

and hold the SHIFT key, then select the vertical edges of the soil region (three in total). RIGHT-

CLICK and select ά9ƴŘ {ŜƭŜŎǘƛƻƴέ. If the assignment is successful, green ΨrollerΩ icons will be 

displayed along the vertical edges, as shown in Figure 2.3-14.  

 

 

Figure 2.3-14: Assigned disp. B.C. for vertical edges in slope stability analysis 

Next, select the boundary condition "disp_xz". Click ά!ǎǎƛƎƴέ and then select the bottom edge of 

the lower soil layer.  RIGHT-CLICK and select ά9ƴŘ {ŜƭŜŎǘƛƻƴέ. Green ΨpinΩ ƛŎƻƴǎ will appear along 

the bottom edge, as seen in Figure 2.3-15. 

  

Figure 2.3-15: Assigned disp. B.C. for bottom edge in example of slope stability analysis 
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Finally, select the boundary condition "gravity".  Click ά!ǎǎƛƎƴέ. Since gravity is applied to region 

objects only, the region filter will be activated automatically . Select both 

soil regions. RIGHT-CLICK and select ά9ƴŘ {ŜƭŜŎǘƛƻƴέ. The selected regions are shaded in vertical 

lines, and directional arrows will be plotted at each region vertex, as shown in Figure 2.3-16. 

 

Figure 2.3-16: Assigned gravity B.C. for all soil layers in example of slope stability analysis 

Users can click "Show All BD Assignment" to verify that all boundary conditions have been 

assigned correctly. Click άCloseέ to exit the dialog and save the model. 

 

Step 5: Mesh generation 

Quadrilateral quadratic Q8 elements are used to discretize the soil layer. The bottom layer, which 

is a rectangle, will be assigned the structured mesh type. The top layer, a quadrilateral, can be 

assigned a structured or unstructured mesh. Here the unstructured mesh is selected.  

/ƭƛŎƪ ƻƴ ǘƘŜ ƳŜƴǳ άpre-Mesh->Advanced Mesh ControlέΣ ǎŜƭŜŎǘ ǘƘŜ ǘƻǇ ƭŀȅŜǊΣ wLDI¢ /[L/Y ŀƴŘ 

ǎŜƭŜŎǘ άEnd Selectionέ (Figure 2.3-17). Similarly, assign quadrilateral shape and structured mesh 

type to the bottom layer. Next, cƭƛŎƪ άpre-Mesh->Global Seedέ ŀƴŘ ŘŜŦƛƴŜ ǎŜŜŘ ǎƛȊŜ of 2 on both 

soil layers. Finally, cƭƛŎƪ άpre-Mesh->Run Mesh Generationέ ǘƻ ƎŜƴŜǊŀǘŜ ǘƘŜ ƳŜǎƘ, as shown in 

Figure 2.3-18. For more information about mesh generation, refer to chapter 8: Finite Elements & 

Mesh Generation in the user manual. 
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Figure 2.3-17: Assign unstructured quadrilateral mesh to top soil layer  

 

In general, slope stability is represented by the overall safety factor. Local failure of finite elements 

near the base of the slope may cause calculation to be terminated (numerical failure), potentially 

occurring before slide of significant amount of soil mass. Therefore, using an excessively fine mesh 

may not be beneficial for the analysis.  

  

Figure 2.3-18: Generated quadrilateral, quadratic-Q8 mesh in slope stability analysis example  

  

Step 6: Run Analysis 

From the menu bar, click "Analysis->Analysis Setting" to open the analysis option dialog. For this 

example, there is no need to change default settings. Click "OK" to exit. 

Next, from the menu bar, click ά!ƴŀƭȅǎƛǎ-Ҕwǳƴ !ƴŀƭȅǎƛǎέ. Click άwǳƴέ to submit the job to the 

solver. EnFEM will first check the model first and generate an input file. Once the calculation is 



Page 58 
 

Example Manual (Rel. March/2026)  EnFEM for Windows 

finished or if EnFEM encounters a model error, the log-file will be opened automatically. Users 

can review the log file to trace any errors.   

 

Figure 2.3-19: Window to Run Analysis in Example 3 

 

Step 7: Post-processing of result  

Click   to switch to the άRESULT-MODEέΣ then click  to open the contour plot dialog. The 

default contour shows the horizontal displacement u1 at the last loading increment, as seen in 

Figure 2.3-20. A significant amount of soil mass is sliding to the left, which indicates slope failure. 

The calculation fails to converge at increment = 1.74232, which corresponds to a safety factor of 

1.317. 

 

Figure 2.3-20: Contour of horizontal displacement in Example 3  

Select "Strain" from the drop down ǳƴŘŜǊ άGroupέ, then select άPEEQέ from the Variables drop-

down. The contour of the equivalent plastic strain is plotted in Figure 2.3-21. The sliding zone 

extends almost to the top of the slope. 
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Figure 2.3-21: Contour of equivalent plastic strain in Example 3  

The sliding soil body can be easily identified using the incremental contour of displacement. Click 

the icon  to open an incremental contour plot, as shown in Figure 2.3-22. Select the 

displacement magnitude as the plot variable. Since the sliding soil mass experiences significant 

displacement, the sliding surface is clearly visible in Figure 2.3-22.   

 

Figure 2.3-22: Incremental Contour of displacement u1 in Example 3  

 

The overall safety factor is determined through interpolation (2.3-1): 

 ╢╕ ◐╪
◐╫ ◐╪

●╫ ●╪
Ͻ●╬ ●╪   

(2.3-1) 
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where, 

ώ  = First defined factor (field variable) of analysis 

ώ  = Last defined factor (field variable) of analysis 

ὼ  = First increment of strength reduction stage (in this example 1) 

ὼ  = Last increment of strength reduction stage (in this example 2) 

ὼ  = Last converged increment of the analysis result 

ὛὊ  = Calculated Factor of Safety 

 

For this example and result this equation yields: 

ὛὊḊπȢυ
ρȢφ πȢυ

ς ρ
ᶻρȢχτχρ ρȢσς 

(2.3-2) 

To verify the failure of soil, you can analyze the curve of displacement in the X-direction versus 

load increments. Start by enabling the display of node numbers by clicking "Mesh -> Show Node 

Numbers" from the menu bar. This will allow you to identify specific nodes. The maximum lateral 

translation at the slope toe occurs at node "74". For better visibility, zoom into  the area 

around the slope toe. 

Next, navigate to "Results -> X-Y Plot" from the menu bar. Set the plot type to "Historic result" 

and input "74" as the node set to focus on. From the Category list, select "Primary Variable," and 

then choose "u1" from the Variables list, which corresponds to the horizontal displacement. Click 

"Plot" to generate the graph of horizontal displacement (u1) versus load increments. 

Observe the curve (Figure 2.3-23) for any abrupt and significant increase in displacement. Such 

behavior signifies slope failure, as soil particles near the slope toe undergo very large movements 

during this phase. This method provides a clear visual representation of soil failure under 

increasing loads. 
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Figure 2.3-23: X-Y plot of horizontal Displacement  VS Load Increment 
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2.4 Example 4: Soil-Structure-Interaction (contact) analysis of 

buried culvert 

Buried culverts are common in geotechnical engineering, with their soil-structure interaction 

challenging to analyze due to high nonlinearity. Figure 2.4-1 illustrates a concrete culvert buried 

in soil, subjected to soil weight and ground surcharge. This example demonstrates solving such 

interactions in EnFEM using a computational contact algorithm. The culvert and soil are 

discretized into solid elements, with units set as "lbf, in, secondέ. 

 

Figure 2.4-1: Configuration of buried culvert example 

The concrete culvert has an external radius of 50-inches and its thickness is 8-inches. Material 

properties and boundary conditions are listed below. 

Material Properties: 

Concrete (Culvert):  

¶ Unit weight:                          ‎ πȢπω ὰὦὪȾὭὲ 

¶ ¸ƻǳƴƎΩǎ aƻŘǳƭǳǎ:                          Ὁ τπσρπππ ὴίὭ 

¶ tƻƛǎǎƻƴΩǎ Ǌŀǘƛƻ:                           ’ πȢσ 

Top soil layer: 

¶ Unit weight:                          ‎ πȢπχτ ὰὦὪȾὭὲ 

¶ ¸ƻǳƴƎΩǎ aƻŘǳƭǳǎ:                         Ὁ ςπππ ὴίὭ 

¶ tƻƛǎǎƻƴΩǎ Ǌŀǘƛƻ:                          ’ πȢτυ 

¶ Cohesive strength:                        ὧ υ ὴίὭ  
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¶ Friction angle:                        ‰ σπЈ 

¶ Dilation angle:                        ‪ σπЈ 

Bottom soil layer: 

¶ Unit weight:                          ‎ πȢπχτ ὰὦὪȾὭὲ 

¶ ¸ƻǳƴƎΩǎ aƻŘǳƭǳs:                        Ὁ ςπππ ὴίὭ  

¶ tƻƛǎǎƻƴΩǎ Ǌŀǘƛƻ:                        ’ πȢσυ 

¶ Cohesive strength:                       ὧ ςπ ὴίὭ  

¶ Friction angle:                         ‰ συЈ 

¶ Dilation angle:                        ‪ συЈ 

Boundary Conditions: 

¶ Displacement constraints on vertical external soil edges 

¶ Displacement constraints on bottom edge of lower soil layer 

¶ Gravity load 

¶ Ground surcharge of 35 psi 

¶ Contact interface between soil and culvert.  

o The culvert is the master object and the soil is the slave object 

o Coefficient of friction on the contact interface is 0.36 

 

Model development and analysis steps: 

Step 1: Create geometric entities  

{ǘŀǊǘ 9ƴC9aΣ ƻǊ ŦǊƻƳ ǘƘŜ ƳŜƴǳ ōŀǊΣ ŎƭƛŎƪ άFile->Newέ ǘƻ ǎǘŀǊǘ ŀ ƴŜǿ ǇǊƻƧŜŎǘΦ ¦ǇŘŀǘŜ ǘƘŜ ǘƛǘƭŜ ǘƻ 

ñI nteraction analysis of buried culvert ò. Keep the problem type as άPlane strainέ as seen 

in Figure 2.4-2. Set the unit to be άlbf, in, secondέΦ /ƭƛŎƪ "OK" to exit. 

 

Figure 2.4-2: Control data for buried culvert 
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The culvert has a ring shape, constructed in EnFEM using three "fan-shaped" regions. While two 

regions are sufficient, three are used to include an extra vertex at the culvert's top, simplifying 

result extraction. Each fan-shaped region has four sides to enable a structured mesh 

Controlling vertexes, A through T (as seen in Figure 2.4-1) have coordinates listed in Table 2.4-1: 

 A B C D F G H N 

x 0.0 0 490 610 800 800 800 0 

z 0.0 590 590 590 590 214.645 0 214.645 

 O M P T Q    

x 250 214 250 284.7 250    

z 250 214.645 300 214.645 292    

Table 2.4-1: Vertices for buried culvert analysis 

Lƴ άCAD MODEέΣ Ŏlick "Options->Drawing Space" and setup the drawing space as shown in Figure 

2.4-3: 

  

Figure 2.4-3: Setup drawing space for soil-culvert interaction analysis 

In this example, the culvert will be created first. Afterwards, use the snapping-method to create 

the soil layers. 

The three external arcs of the culvert are created in the following sequence:  

1. arc O-P-M  

2. arc O-M-T  

3. arc O-T-P  

To create the arc, click  to activate the arc creation tool. In the coordinate input box (located 

beneath the working zone), enter the culvert center coordinate ñ250, 250ò (point O in Table 2.4-1 

and Figure 2.4-4) and press RETURN. Then, key in coordinates for the start vertex of arc O-P-M as 

ñ[0, 50] ò, and press RETURN. 

NOTE: Square brackets indicate relative coordinates, where dx = 0 and dz = 50 specify the vertex's shift 

from the arc center. 

Next, enter ñ[50,135] ò and press RETURN to finish arc O-P-M (shown in Figure 2.4-5).  
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NOTE: The relative coordinate of the arc end vertex has a different meaning than the arc-start. Here Ψ50Ω 

represents the arc radius, and Ψ135Ω is the desired arc angle. 

 

Figure 2.4-4: Input coordinate of center of culvert 

 

 

Figure 2.4-5: Create external arcs in Example 4 

Hold the CTRL key and move the mouse cursor to the culvert center (vertex O). When the snapping 

mark  appears, LEFT-CLICK to create the center of arc O-M-T. Press CTRL again, move the 

cursor to snap to vertex M, and LEFT-CLICK to create the arc start. Enter the relative coordinate 

ñ[50,90] ò, and press RETURN to define vertex L. Here,  Ψ50Ω refers to the culvert radius and ΨфлΩ 

the desired arc angle. The second arc O-M-T should now be visible (image (b) of Figure 2.4-5).  

For the third arc, use the snap method entirely. Hold the CTRL key, snap to vertex O, and LEFT-

CLICK to create the arc center. Then snap to vertex T, and finally to vertex P to complete the 

external circle of the culvert (image (c) in Figure 2.4-5). 

To create the internal circle of the culvert, repeat the process. Hold the CTRL key, snap to Vertex 

O to create the arc center. Key in ñ[0, 42] ò to create the arc start, and key in ñ[42,135] ò to 

finish the first internal arc. Next, snap to vertex O and the previous arc end-point (below the 

center), then enter ñ[42,90] ò for the second arc. Finally, snap to the center point O again and to 

vertices on existing arcs to complete the last internal arc (Figure 2.4-6). 

This completes the construction of the culvert's full circular geometry. 
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Figure 2.4-6: Create internal arcs of culvert 

To create the radial lines of each fan region, click  to activate the line creation tool. CTRL+ LEFT-

CLICK to ΨsnapΩ and create points at Vertex P (line start), then Vertex Q (line end), and then RIGHT-

CLICK and select "End Creation" to terminate the line command. Similarly, create the second and 

third lines starting at vertex P and vertex T, and ending with their corresponding points on the 

internal arcs.  

 

Figure 2.4-7: Select lines and arcs and convert to a general polygon 

Next, three general polygons will be created from these lines/arcs. From the toolbar, click 

"Create->Polygon from Lines/Arcs". ¦ǎŜ ŀ ΨŎƻƴǘŀƛƴŜŘΩ ǿƛƴŘƻǿ ǘƻ ǎelect lines and arcs of the 

upper-ƭŜŦǘ ΨŦŀƴ ǊŜƎƛƻƴΩ ŀǎ ǎŜŜƴ ƛƴ ǘƘŜ ƭŜŦǘ ƛƳŀƎŜ ƻŦ Figure 2.4-7. RIGHT-CLICK and select "End 

Selection". A new general polygon is created from selected lines and arcs (right image in Figure 

2.4-7).  

NOTE: Lines/arcs of a region are grey in color as they are no longer independent entities (blue color). If an 

independent line has been used to create a general polygon, the line must be re-created for use in the new 

polygon. Such line/arc recreation can be found on adjoining regions (as seen in Figure 2.4-7), 

In this case, recreate line P-Q, and then create the upper-ǊƛƎƘǘ ΨŦŀƴ-ǊŜƎƛƻƴΩΦ  Next, recreate radial 

lines at points P and T before generating the bottom fan-region. After generation of all three fans, 

the culvert should look like those seen in Figure 2.4-8. 
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Figure 2.4-8: Completed three fan-regions of culvert 

Next, create the top and bottom soil layers. These soil layers are created as general polygons 

because both regions have arc edges. The following procedures highlight some useful tools to 

create edges preciously. First click  to activate the line creation tool.  Next, press and hold the 

CTRL key, move the mouse to vertex M, and LEFT-CLICK once ΨǎƴŀǇpedΩ ǘƻ ǘƘƛǎ Ǉƻƛƴǘ. Then key in 

the relative coordinate, ñ[- 350,0] ò, RIGHT-CLICK and select "End Creation". Now create a new 

vertical line from vertex A (x=0, z=0) to (x=0, z=400). The new vertical should intersect with the 

horizontal line (shown in the left image of Figure 2.4-9). From the toolbar, click "Modify ->Divide 

Line/Arc by Intersection" and select both lines. Then RIGHT-CLICK and select "End Selection". 

Selected lines will be divided at their intersection point, vertex N. From the toolbar, click "Edit-

>Delete", and then select the leftover line segments - above, and to the left, of vertex N. RIGHT-

CLICK and select "End Selection" to finish this deleting operation. The final geometry will look like 

the right image in Figure 2.4-9, where the line segment N-M has been precisely created. 

Still using the line creation tool ( ), create a horizontal line A-H. Then create a vertical line from 

vertex H (x=800, z=0) to vertex F (x=800, z=590). RIGHT-CLICK and select "End Creation". Start a 

ƴŜǿ ƭƛƴŜ ŦǊƻƳ ǾŜǊǘŜȄ ¢Σ ǳǎƛƴƎ ΨǎƴŀǇΩ ƳŜǘƘƻŘΣ enter the relative coordinate ñ[60 0,0 ] ò as the next 

line vertex. Repeat the steps above to divide the last two lines and delete the leftover line segment 

outside of the lower soil boundary. Finally, recreate the arc O-M-T ōȅ ǳǎƛƴƎ ǘƘŜ ΨǎƴŀǇǇƛƴƎ ƳŜǘƘƻŘΩΦ 

Now all lines/arcs of the lower soil layer are ready to be converted into a general polygon.  

 

Figure 2.4-9: Use dividing lines method to create vertex with accurate coordinates 

From the toolbar, click "Create->Polygon from Lines/Arcs", and use a ΨŎƻƴǘŀƛƴŜŘΩ ǿƛƴŘƻǿ ǘƻ 

select all line segments of the bottom soil layer, as well as the arc O-M-T. RIGHT-CLICK and select 

"End Selection" to finish generating the bottom soil region as seen in Figure 2.4-10. 
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Figure 2.4-10: Generate bottom soil region from independent lines and arcs segment 

NOTE: Edges of the existing culvert (in grey color) may be inadvertently selected.  EnFEM will ignore these 

dependent lines/arcs.   

The top soil layer can be created using the same procedure as to create the bottom soil layer. 

Note that independent line/arc segments N-M, T-G, O-P-M and O-T-P should be created again. 

Finally, convert all of the new lines/arcs to a general polygon. The final configuration looks like 

that in Figure 2.4-11. 

 

Figure 2.4-11: Generate the top soil region to finish creation of geometric entities 

Click  to save the model ŦƛƭŜ ŀǎ άAnalysi s of  buried  culvert.sep ". 

 

Step 2: Define region sets 

This example has two independent configurations: one is the soil regions around the culvert; 

another one is the culvert composed of the three ΨfanΩ regions. Contact definition and post-

processing of results often require to operate on the overlapped edges. Model development can 

benefit from region sets. 

Lƴ άCAD MODEέΣ click "Tools->Set Tool" from the menu. In the set group management window, 

select άwŜƎƛƻƴέΦ /ƭƛŎƪ άNewέ ǘƻ ƎŜƴŜǊŀǘŜ ŀ ƴŜǿ ǊŜƎƛƻƴ ǎŜǘΦ LƴǇǳǘ ǘƘŜ ǎŜǘ ƴŀƳŜ άsetCulvert έΦ 
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/ƭƛŎƪ άAdd Obj.έ, select three fan regions. Here tƘŜ ǳǎŜǊ Ŏŀƴ ǳǎŜ ŘŜŦŀǳƭǘ ά{ŜƭŜŎǘ !ƭƭέ ŦƛƭǘŜǊ  or 

the region filter . RIGHT-/[L/Y ŀƴŘ ǎŜƭŜŎǘ άEnd Selectionέ όFigure 2.4-12). The color of three 

fan regions changes to purple. /ƭƛŎƪ άSave & Exitέ ǘƻ ǊŜǘǳǊƴ ǘƘŜ ǎŜǘ ƳŀƴŀƎŜƳŜƴǘ ǿƛƴŘƻǿΦ  

Similarly, define another region set ñsetSoil_all ò which includes the top and bottom soil 

layers. 

 

Figure 2.4-12: Define region-sets for Example 4 

From the menu bar, click "Tools->Display Tool" to open the window for display control. 

Geometric entities can be shown or hidden conveniently by means of sets. Check the box before 

άsetCulvertέΣ ŎƭƛŎƪ άShow Selectedέ όFigure 2.4-13). See that all soil regions have been hidden and 

the display shows culvert regions only. Now, ǳƴŎƘŜŎƪ άsetCulvertέΣ select "setSoil_all", and click 

"Display". This time, all soil regions are displayed and culvert set is hidden. Leave the culvert 

regions hidden, and keep the display control dialog open. 

 

Figure 2.4-13: Use sets to control display/hide of regions 

Back to the ΨSet Definitionέ dialog, change the Ψ{Ŝǘ hǇǘƛƻƴΩ to άEdgeέ. Click άbŜǿέ to create a new 

edge-set. Input the set name ñset Soil_Interface ò (seen in Figure 2.4-14). Clicking ά!ŘŘ Obj.έ 

and then ǎŜƭŜŎǘ ǘƘŜ ƛƴǘŜǊƴŀƭ ǘƘǊŜŜ ŀǊŎǎ ǳǎƛƴƎ ŀ ΨŎƻƴǘŀƛƴŜŘΩ selection window. RIGHT-CLICK and 

select "End Selection" to complete the new set definition. Click άSave & Exitέ to exit the άSet 

Managementέ dialog. The new edge set will be used to output contact results in the post 

processor. 
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Back to the άDisplay Controlέ dialog, click ά5ƛǎǇƭŀȅ !ƭƭέ, and then ά/ƭƻǎŜέ. Users may also click  

from the tool bar to uncover hidden geometry entities. 

  

Figure 2.4-14: Define edge-set for Example 4 

 

Step 3: Define stage data 

From the menu bar, click "Data->Stage Management", and create two new stages as shown in 

Figure 2.4-15. Input " ints "   as the name of the first stage. Select "Initial Soil Stress" as the type. 

The self-weight of the soil and the culvert will be applied in this stage. 

  

Figure 2.4-15: Define two stages in the example of soil-culvert interaction analysis 
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Figure 2.4-16: Set up options for initial  soil stress in Example 4 

Click άLƴƛǘƛŀƭ {ǘǊŜǎǎ hǇǘƛƻƴέ to define initial soil stresses (Figure 2.4-16). Keep the άK0 Methodέ 

option. Click ά!ŘŘέ, and then select both soil regions in the display window.  Next, RIGHT-CLICK 

and select ά9ƴŘ {ŜƭŜŎǘƛƻƴέ. Both soil layers are added to the άRegion Listέ in this dialog. Next click 

άLƴǇǳǘ 5ŀǘŀέ to input vertical soil stresses at controlling vertices (Figure 2.4-17). The Poisson's 

ratio of the top soil is 0.45. Lateral stress factor Ὧ  can be estimated:  

Ὧ
πȢτυ

ρ πȢτυ
πȢψρψ 

Click ά!ŘŘ Rowέ and enter the z coordinate and vertical stress of each soil layer at top/bottom 

position as seen in Figure 2.4-17. Click ά{ŀǾŜ ϧ 9Ȅƛǘέ from the input dialog (Figure 2.4-17) and 

then άhYέ option dialog (Figure 2.4-16), and then ά{ŀǾŜ ϧ 9Ȅƛǘέ again (Figure 2.4-15). 

  

Figure 2.4-17: Input parameters for interpolation of initial soil stress 

The second stage, named " surcharge " , is a "General Static"  type. A ground surcharge of 35-psi 

will be applied in this stage. Keep the default increment settings for the ΨǎǳǊŎƘŀǊƎŜΩ stage, and 

click "Save & Exit" when complete (Figure 2.4-15). 
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Step 4: Define material properties  

From the menu bar, click ά5ŀǘŀ-ҔaŀǘŜǊƛŀƭ tǊƻǇŜǊǘƛŜǎέ to open the window for material group 

management. Click "New" to create the first material named " concrete " , and enter in unit 

weight, the ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎ ŀƴŘ ǘƘŜ tƻƛǎǎƻƴ Ǌŀǘƛƻ as seen in Figure 2.4-18. Click "Save & Exit" 

when complete. 

   

Figure 2.4-18: Define linear elastic type material for culvert 

Repeat this process to create Mohr-Coulomb type materials for the top soil layer (first image of 

Figure 2.4-19), and the bottom soil layer (second image of Figure 2.4-19).  
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Figure 2.4-19: Define two Mohr-Coulomb type materials for soil layers 

Next, click "Data->Material Assignment"  from the menu bar to open the material assignment 

dialog. Select άBy Setέ, and then select the region-set "setCulvert" from the set list. The culvert 

will be highlighted in cyan. Select "concrete" from the Material Group list and click "Assign". The 

culvert will be highlighted in purple after a successful material assignment (Figure 2.4-20). Next, 

select άBy Individual Regionέ, select άRegion 4έ (bottom soil layer), and assign material άbtm_soilέ 

to the bottom soil layer. Similarly, assign material " top_soil" to the top layer.  Click ά/ƭƻǎŜέ when 

complete. 
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Figure 2.4-20: Assign material definitions using "By Set" option 

Click "Close" to exit from this dialog. 

 

Step 5: Define boundary conditions  

From the menu bar, click ά5ŀǘŀ-Ҕ.ƻǳƴŘŀǊȅ /ƻƴŘƛǘƛƻƴǎέ to open the boundary condition group 

management dialog. Define the following boundary conditions άdisp_x έΣ άdisp_xz έΣ άgravity έ 

ŀƴŘ άsurcharge έ as seen in Figure 2.4-21. Displacement boundaries are typically defined in global 

directions for horizontal and vertical edges. For inclined edges, defining them in local directions 

may be more practical. Surface loads should be defined in local directions to accommodate 

various edge inclinations.  
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Figure 2.4-21: Define boundary conditions in culvert analysis 

Next, from the menu bar, select ά5ŀǘŀ Ҧ Boundary Assignmentέ to assign boundary conditions 

to geometric entities: 

¶ Assign άdisp_xέ to the left and right vertical soil edges. 

¶ Assign άdisp_xzέ to the bottom soil edge. 

¶ Assign άgravityέ to the culvert and both soil regions. 

¶ Assign άsurchargeέ to the ground edge (line C-D). 

By default, all boundary conditions start from the first stage. To adjust the άsurchargeέ condition, 

select it, click άCreatedέ, and use άMove Rightέ to set its start stage to the second stage. Figure 

2.4-22 illustrates the stages and their related definitions. 

 

 

Figure 2.4-22: Assign boundary conditions in Example 4 
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When complete, click ά{Ƙƻǿ !ƭƭ BD Assignmentέ to verify assignments (Figure 2.4-23). 

 

Figure 2.4-23: Show all assigned B.C. in Example 4 

 

Step 6: Define contact property of  soil-culvert  interaction  

When defining contact properties, exclusive display of either the soil layers or the culvert is 

necessary due to overlapping soil-culvert interaction surfaces. From the menu bar, select άTools 

Ҧ 5ƛǎǇƭŀȅ ¢ƻƻƭέ to open the display control dialog. In the set list box, choose άsetCulvertέ and 

click άShow Selectedέ to display only the culvert and hide the soil layers (Figure 2.4-24). 

 

Figure 2.4-24: Use the display tool to hide soil layers 

With the display control dialog open, navigate to ƳŜƴǳ άData-> IƴǘŜǊŀŎǘƛƻƴΧ-> Contact 

Constrained Methodέ to access the interaction group management window. Click άNewέ to 
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create a contact group. Keep the default group name and interface option as άcontactέ, then set 

the coefficient of friction to 0.36. 

Click άAdd Master Surf.έ, hold SHIFT and LEFT-CLICK to select all three external arcs of the culvert, 

then RIGHT-CLICK and select άEnd Selectionέ. The selected arcs, now marked in blue, represent 

the master surfaces. 

Switch back to the display control dialog and click άHide Selectedέ to display only the soil regions. 

Return to the interaction definition window, click άAdd Slave Surf.έΣ ŀƴŘ ǳǎŜ ŀ ΨŎƻƴǘŀƛƴŜŘΩ 

selection window to highlight all three arcs of the soil regions. RIGHT-CLICK and select άEnd 

Selectionέ to complete the process. The selected arcs from the soil layers, marked in green, 

represent the slave surfaces (see Figure 2.4-25).  

 

Figure 2.4-25: Define interaction property, and master/ slave surfaces 

Click "Save & Exit"  to return to the interaction group management dialog. Click "Close" to exit. 

Click  to save the file. 

 

Step 7: Mesh generation 

In this example, the culvert is simulated using solid finite elements. Since EnFEM only supports 

only linear elements (Q4/T3) for contact analysis, careful mesh selection is crucial for accuracy. 

Click  to display all soil layers and the culvert, then use the zoom window tool, , to focus on 

the culvert region. From the menu bar, click "pre-Mesh->Advanced Mesh Control", and select 

the three ΨfanΩ regions belonging to the culvert. RIGHT-CLICK and select "End Selection" to open 

the mesh control dialog, as shown in Figure 2.4-26. 
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Figure 2.4-26: Advanced mesh control for culvert regions 

Note: Retaining walls, piles, and culverts are common in geotechnical engineering, where soil-structure 

interactions (SSI) are a key focus when structures are present. Slim rectangles or rings, such as walls or 

culverts, behave more like beams due to dominant flexural deformation. 

EnFEM offers two methods for addressing SSI problems: 

1. Contact Constraint Method for interactions between solid finite elements. 

2. Zero-Thickness Interface Elements, where structures are modeled as beam elements. 

For models with contact interactions, using Structured Quadrilateral (Q4) elements is recommended to 

enhance accuracy. The integration ruleτfull or reducedτshould be chosen based on whether the structure 

is confined by soil: 

¶ Reduced integration minimizes shear locking in Q4 elements and is suitable for confined structures 

(Figure 2.4-26). 

¶ If the structure is not fully confined, reduced integration is not recommended due to potential 

stability issues during computation. 

Structured meshes also enable the post-processing of integrated forces, such as moments and shear forces, 

ensuring accurate analysis results. 

Based on the above considerations, set the mesh control parameters as "Quadrilateral", 

"Structured", and a "Linear Q4" element with reduced integration rule, as seen in Figure 2.4-26. 

Click "Save & Exit"  when complete.  

  

Again, click "pre-Mesh->Advanced Mesh Control", this time select the two soil regions, and then 

RIGHT-CLICK and select "End Selection". In the mesh control dialog change the settings to 

"Quadrilateral", "Unstructured", and "Linear Q4" with full integration, as seen in Figure 2.4-27. 
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Figure 2.4-27: Advanced mesh control on soil layers 

From the menu bar, click "pre-Mesh->Show Mesh Assignment" to display mesh properties on 

each region (Figure 2.4-28). Detailed information about referential colors for mesh assignments 

can be found in the user's manual. 

 

Figure 2.4-28: Show mesh assignment on regions 

Click "pre-Mesh->Show Mesh Assignment" again to turn off the display of the mesh assignments. 

The next step is to define the finite element size. A uniform mesh is unsuitable for this model 

because: 

¶ Coarse meshes poorly discretize contact interfaces. 

¶ Fine meshes significantly increase solving time. 

 

A non-uniform mesh is recommended to balance accuracy and computational efficiency. Fine 

mesh elements should be applied at contact interfaces for smooth results, while larger elements 

can be used near external soil boundaries. 
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In this analysis, integrated forces (moment, shear, thrust) within the culvert are critical. To ensure 

ŀŎŎǳǊŀŎȅΣ ŦƻǳǊ ŜƭŜƳŜƴǘ ƭŀȅŜǊǎ ǿƛƭƭ ōŜ ǳǎŜŘ ŀŎǊƻǎǎ ǘƘŜ ŎǳƭǾŜǊǘΩǎ ŎǊƻǎǎ-sectional thickness (radial 

direction). This multiple element layers are helpful to minimize shear-locking effects. With a 

culvert centerline perimeter of approximately 288 inches and a Q4 element height-to-width ratio 

of 2.5, around 58 divisions along the centerline will be applied. 

From the menu bar, click "pre-Mesh->Global Seed Control" and enter ñ30ò as the global seed 

size. Click "Assign". Then assigned seeds will be displayed as in Figure 2.4-29. Click "Close" to exit 

from this dialog. 

 

Figure 2.4-29: Assign global mesh size to control mesh on external boundaries of soil 

Now to refine the mesh around the culvert. Click  and zoom into the culvert, with the zoom 

window.  

 

Figure 2.4-30: Define seed divisions on culvert cross-section 

From the menu bar, click "pre-Mesh->Local Seed Control", note that the line selection icon is 

automatically turned on, , is actived.  Select the three, radial line-

segments of the culvert, then RIGHT-CLICK and select "End Selection". The local seed control 
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dialog will open. Change the number of divisions to ñ4ò and keep the other settings as default. 

Click "Assign". The new distribution of seeds is shown in Figure 2.4-30. Click "Close"  to exit.  

Next, from the menu bar, click "Mesh->Local Seed Control" and select the four arcs of the two 

larger fans. RIGHT-CLICK and select "End Selection". The local seed control dialog will open again.  

NOTE: When culvert edges overlap with soil layer edges, both are selected simultaneously, but the 

overlapped edges are counted as one in seed control. This ensures a conforming mesh between the culvert 

and soil layer. If multiple non-overlapping edges are selected, only uniform seed distribution is possible. 

In this example, seed control is based on the number of divisions. As the culvert uses a structured mesh, the 

same division number must be assigned to opposite sides. For more details about local seed control, refer 

to Chapter 11 of the user manual. 

In the dialog of local seed control, ƪŜŜǇ ǘƘŜ ƻǇǘƛƻƴ ƻŦ ǎŜŜŘ ŎƻƴǘǊƻƭ ŀǎ άBy NumberέΦ Enter ñ22ò 

as the άNumber of Divisionsέ and click "Assign" to complete. Updated divisions of the selected 

arcs are shown in Figure 2.4-31. 

 

Figure 2.4-31: Local seed control on upper fan regions 

From the menu bar, click "pre-Mesh->Local Seed Control" and select two arc edge of the lower 

fan region. RIGHT-CLICK and select "End Selection" to open the local seed control dialog as before 

(Figure 2.4-32). Keeping the άSeeds Controlέ option as "By Number", change the division number 

to ñ14ò and click "Assign". Click "Close" to exit.  
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Figure 2.4-32: Local seed control on lower fan region 

The mesh refinement on the culvert has been completed. Now adjust the seeds on the horizontal 

edges separating the upper and the lower soil layers to make the mesh change size gradually. This 

will create a smooth transition from the coarse mesh area to the fine mesh area (culvert arcs).  

  

Figure 2.4-33: Local seed control on the left common edge between soil layers 

From the menu bar, click "pre-Mesh->Local Seed Control" and select the left edge shared by the 

top and the bottom soil layers. RIGHT-CLICK and select "End Selection". In the local seed control 

dialog, change the control option to "By Size" . Next, select the seed style as "One Way"  and check 

the option "Reverse Bias Direction", to have refinement go in the direction toward the culvert. 

Change the minimum size to ñ3ò and maximum size to ñ30ò (Figure 2.4-33). Click "Assign". 

Similarly, change the local seed control on the right shared soil edge to "By Size", "One Way", 

minimum size= ò3ò, and maximum size= ñ30ò.  Leave the άReverse Bias Directionέ unchecked, 

to set the refining direction toward the culvert. The final seed distribution around the culvert is 

shown in Figure 2.4-34. It is normal that the final minimum and maximum spacing may be a little 

ōƛǘ ŘƛŦŦŜǊŜƴǘ ŦǊƻƳ ǳǎŜǊΩǎ ƛƴǇǳǘΦ  
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Figure 2.4-34: Final seed distribution around culvert 

NOTE: ²ƘŜƴ ŀǎǎƛƎƴƛƴƎ ΨōƛŀǎΩ ǘƻ ŀ ƳŜǎƘ ǊŜŦƛƴŜƳŜƴǘΣ ŀ ǊŜŘ arrow will appear on the selected line 

to give visual confirmation of the refinement direction. 

From the menu bar, click "Mesh->Generate Mesh". Since the reduced integration rule is used for 

Q4 elements, a warning message will pop up as shown in Figure 2.4-36Φ /ƭƛŎƪ άOKέ to continue. If 

the mesh is successfully generated, it will be loaded automatically (Figure 2.4-35). 

  

Figure 2.4-35: Mesh generated for buried culvert analysis 

 

Figure 2.4-36: Warning message for reduced integration on Q4 
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Click  to save the file. 

NOTE: A high-quality mesh for a complex geometry may often take several trials/iterations to obtain. When 

attempting local mesh refinement, the most important rule is to keep the finite element size around one 

vertex as uniform as possible. More detail about this strategy and other useful information regarding mesh 

generation can be found in the user's manual. 

Step 8: Analysis 

From the menu bar, click "Analysis->Analysis Setting" to open the dialog for analysis options 

(Figure 2.4-37). Keep the default setting for convergence and interactions. Check the option for 

"Contact" in the output group, so that contact stresses will be output to the file "analysis of buried 

culvert.out". Click "OK" to exit. 

  

Figure 2.4-37: Analysis setting for buried culvert 

 

Figure 2.4-38: Run analysis in Example 4 

From the menu bar, click ά!ƴŀƭȅǎƛǎ->Run Analysisέ to open the window for analysis management. 

Set the check mark before each stage, click άwǳƴέ to submit the analysis job to the solver.  A 

command window will open to show information related with each analysis increment. The file, 

"analysis of buried culvert.log", will be opened automatically when the analysis job is done. 

Review this file to check convergence history. 
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Step 9: Post-processing of result   

Click  to switch to the άRESULT-MODEέ and then click  to open the Contour Plot dialog. The 

default contour is contour of the displacement in the X-direction (u1) at the last loading increment 

(Figure 2.4-39). Next, check "Show Contour on Deformed Body", change the scale factor to ñ10ò, 

and click άApplyέ (located below "contour limits"). According to this contour, the maximum lateral 

displacement for the soil is approximately -0.51-inches, and the maximum lateral displacement 

for the culvert is roughly -0.24-inches.  

  

Figure 2.4-39: Displacement contour for soil-culvert interaction analysis 

Leaving the Contour Plot dialog open, from the menu bar, click "Tools->Display Tool". Select the 

άsetCulvertέ from set list and click "Display" to display only the culvert. Zoom-in as needed. Select 

"Stress" from the Group drop-down list and select "Equivalent Shear q" from the Variables drop-

down list. This distribution of the Mises-stress on the culvert is plotted in Figure 2.4-40. 

  

Figure 2.4-40: Mises stress inside culvert 

Click "Close" to exit from the contour dialog. 
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With the soil-set still hidden, click "Mesh->Show Node Numbers" from the menu bar. Next click 

 to open the X-Y plot dialog. Select "Field Result" as the source data type. Input the following 

node list όŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘƘŜ ƴƻŘŜ ƻƴ ǘƘŜ ΨŎŜƴǘŜǊƭƛƴŜΩ ƻŦ ǘƘŜ ŎǳƭǾŜǊǘ ǘƘƛŎƪƴŜǎǎύ: 

47:69:1,144:157:1,248:228: - 1 

Select " Integrated Force" as the Category and "Moment" as the Variable. Next, select the last 

increment, "Surcharge Incr=2.0000", and click άPlotέ to plot the moment along the defined path 

(see Figure 2.4-41). The first node is located at the top of the culvert. 

 

Figure 2.4-41: Moment of culvert subject to self-weight and surcharge 

Keeping "Field Result" as the source data type, select άBy Setέ. From the άSet Selectionέ dialog, 

select the previously defined edge-set, "setSoil_interface", and click άhYέ.  Select "Interaction" 

as the Category and "Normal Pressure" as the Variable. Select the last increment, "Surcharge 

Incr=2.0000", and click "Plot"  to display the normal pressure along the defined node-path (see 

Figure 2.4-42).  

NOTE: When plotting results of an άIntegrated Forceέ, only the region in which the integration shall occur 

should be displayed ς in this case only the culvert is displayed. 



Page 88 
 

Example Manual (Rel. March/2026)  EnFEM for Windows 

 

Figure 2.4-42: Normal contact pressure on soil side after surcharge 

NOTE: Only nodes on the Ψslave interaction-surfaceΩ are available to plot contact stresses in EnFEM. 

Additionally, the start node in Figure 2.4-42 is determined by EnFEM automatically. If users want to control 

the sequence of nodes, they may input the node list - as similarly done for generating the plot in Figure 

2.4-41. 

Example 17 in this manual simulates the same buried culvert by means of beam elements and 

zero-thickness interface. Some results from both models are plotted in Figure 2.4-43~Figure 

2.4-45. LǘΩǎ ŎƭŜŀǊ ǘƘŀǘ ǊŜǎǳƭǘǎ ŦǊƻƳ ōƻǘƘ ƳƻŘŜƭǎ ŀƎǊŜŜ ǿŜƭƭΦ 

  

Figure 2.4-43: Comparison of moment of culvert between example 4 and 17 
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Figure 2.4-44: Comparison of shear of culvert between example 4 and 17 

 

Figure 2.4-45: Comparison of normal pressure on culvert between example 4 and 17  

Since the perimeters of the culvert are different in both models, the normal pressure from 

example 4 is normalized in Figure 2.4-45.  
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2.5 Example 5: Stability analysis of slope, strengthened with 

secant-pile wall 

In this example, stability of pile-wall strengthened slope is analyzed. The physical geometry is 

shown in Figure 2.5-1. Sub-regions of the pile-wall are shown in the right image of Figure 2.5-1. 

The size of the pile-wall is 0.2m x 15.6m. Units in examples are: length (m), stress (kPa) and force 

(kN). 

 

Figure 2.5-1: Configuration of stability analysis of slope, strengthened with pile 

Controlling vertices for this example are listed in Table 2.5-1. The pile-wall configuration consists 

of four rectangle regions. 

 A B C D E F G H I 

x 0 0 30 39.90 39.90 40.10 40.10 50.0 90.0 

z 0 20 20 29.90 15.0 15.0 30.10 40.0 40.0 

 J K L M N P Q R  

x 90.0 90.0 39.90 39.90 40.10 40.10 39.90 40.10  

z 20.0 0.0 30.60 30.10 30.60 29.90 20.0 20.0  

Table 2.5-1: Coordinates of controlling vertices of Example 5 

Material Properties: 

Top soil layer: 

¶ Unit weight:                       ‎ ςπ ὯὔȾά  

¶ ¸ƻǳƴƎΩǎ aƻŘǳƭǳǎΥ                      Ὁ ψȢπϽρπ Ὧὖὥ 

¶ tƻƛǎǎƻƴΩǎ ǊŀǘƛƻΥ                      ’ πȢτ 

¶ Cohesive strength:                     ὧ συ Ὧὖὥ  

¶ Friction angle:                     ‰ ςυЈ 

¶ Dilation angle:                     ‪ ςυ Ј 
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Bottom soil layer: 

¶ Unit weight:                 ‎ ςπ ὯὔȾά   

¶ ¸ƻǳƴƎΩǎ aƻŘǳƭǳǎ:                Ὁ ρȢπϽρπ Ὧὖὥ 

¶ tƻƛǎǎƻƴΩǎ Ǌŀǘƛƻ:                 ’ πȢσ 

¶ Cohesive strength:                ὧ τπ Ὧὖὥ  

¶ Friction angle:               ‰ συЈ 

¶ Dilation angle:               ‪ συЈ 

Concrete (Pile-Wall):  

¶ Unit weight:              ‎ ςυ ὯὔȾά   

¶ ¸ƻǳƴƎΩǎ aƻŘǳƭǳǎΥ             Ὁ ςȢψϽρπ Ὧὖὥ 

¶ tƻƛǎǎƻƴΩǎ ǊŀǘƛƻΥ              ’ πȢσ 

Both soil layers are simulated using the Mohr-Coulomb plasticity model. The pile-wall is made 

from concrete and will be simulated by the linear-elastic constative model. 

Boundary Conditions: 

¶ Displacement constraints on vertical external soil edges  

¶ Displacement constraints on bottom edge of lower soil layer  

¶ Gravity load 

¶ Contact interface between pile-wall and soil. 

o The pile-wall is the master body and the soil is the slave body.  

o Coefficient of friction for the contact interface is 0.3. 

 

Model development and analysis steps: 

Step 1: Create geometric entities  

Start EnFEM to create a new project. Change the title to " Stability analysis of slope 

strengthened by anti - sliding pile - wall " . Keep the problem type as "Plane Strain" (Figure 

2.5-2Error! Reference source not found.). Select preselected unit option άkN, m, secondέ. Click 

"OK" to exit. 
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Figure 2.5-2: Control data for Example5 

Following Figure 2.5-3, set up the drawing space and grid spacing. 

  

Figure 2.5-3: Setup drawing space and grid size for Example 5 

Click   to activate the rectangle creation tool. In the coordinate input box (located beneath the 

working zone), key in the coordinate of the left lower corner of rectangle E-F-R-Q (pile-wall), 

ò39.9,15 ò.  Press RETURN to create the first Vertex άEέ. Next, key in the relative coordinate of 

vertex R, ñ[0.2,5] ò (Figure 2.5-4), and press RETURN. The first rectangle E-F-R-Q (pile-wall) is 

now created. 

 

Figure 2.5-4: Create rectangle by keying in coordinates 

Hold CTRL and then LEFT-CLICK when ΨsnapǇŜŘΩ to Vertex άQέ to set the first vertex of the new 

rectangle. Key in the relative coordinate ñ[0.2,9.9] ò, and press RETURN to complete rectangle 

Q-R-P-D. wŜǇŜŀǘ ǘƘƛǎ Ψsnap-ƳŜǘƘƻŘΩ at Vertex άDέ, for the first vertex of the third rectangle. Now 
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enter in the relative coordinate [0.2,0.2]  and press RETURN to complete the third rectangle (D-

P-G-M). Follow similar steps to create the fourth rectangle of the pile-wall, M-G-N-L.  

All regions of the pile-wall have been created.  

Activate the polygon creation tool, . Ψ{napΩ to Vertex άRέ and then LEFT-CLICK to create the 

first vertex of the new polygon. Continuously create two more polygon vertices using the 

Ψsnapping methodΩ at Vertex άPέ and άGέ. Next, key-in the absolute coordinate of Vertex άHέ, 

ò50,40 ò,  and press RETURN. Now key-in the relative coordinate for vertex I, ñ[40,0] ò, and press 

RETURN. Key-in the relative coordinate of Vertex άJέ, ñ[0, - 20] ò, and press RETURN. Finally, 

RIGHT-CLICK and select "Close Polygon" to complete the first polygon for the top soil layer (Figure 

2.5-5).  

 

Figure 2.5-5: Create polygon of the top soil layer 

The left, triangular region of the top soil layer has three vertices, άCέ, άQέ, and άDέ. Still using the 

polygon creation tool, key in the absolute coordinate of vertex άCέ, ò30,20 ò, and press RETURN. 

Create Vertex άQέ and άDέ by ΨsnappingΩ to existing vertices of the pile-wall (Figure 2.5-6). RIGHT-

CLICK and select "Close Polygon" when complete. 

 

Figure 2.5-6: Create triangular region for upper soil layer 

Click to activate the polygon-creation tool, . Ψ{ƴŀǇΩ ŀƴŘ ǘƘŜƴ LEFT-CLICK on Vertex άCέ of 

triangle C-Q-D as the start of the polygon. Key-in the relative coordinate ñ[- 30,0] ò of Vertex άBέ 

and press RETURN. Key in the absolute coordinate of vertex άAέ, ò0,0 ò and press RETURN. Key in 

the relative coordinate of άKέ, ñ[90,0] ò,  and press RETURN. YŜȅ ƛƴ ǘƘŜ ǊŜƭŀǘƛǾŜ ŎƻƻǊŘƛƴŀǘŜ ƻŦ άJέΣ 
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ñ[0, 20] ò. Create following vertices R,F,E,Q. RIGHT-CLICK and select "Close Polygon" when 

complete (Figure 2.5-7). 

 NOTE: For the vertices near the pile-wall, it may be beneficial to use the "zoom window", , operation. 

Notice that this zoom-function doesn't interrupt the creation of a continuous line. Users may zoom into the 

lower part of the pile-wall to make snapping operations easier.  

Click  to save the model file as "Stability of strengthened slope.sep ".  

 

Figure 2.5-7: Create bottom soil layer as a general polygon 

 

Step 2: Define region sets  

From the menu bar, click "Tools->Set Tool" and create four region-sets as seen in Figure 2.5-8. 

/ƭƛŎƪ άNewέ ǘƻ ŎǊŜŀǘŜ ŦƻǳǊ ǊŜƎƛƻƴ ǎŜǘǎΦ ¢ƘŜ ǎŜǘ " setWall "  includes all pile-wall regions, the set 

" setSoil_all "  includes all soil regions, and the set " set Soil_top "  includes the two soil regions 

(triangular and trapezoidal) above coordinate Z=20-m.  In the set generating dialog, enter in the 

set-ƴŀƳŜΣ ŎƭƛŎƪ άAdd ObjΦέ ǘƻ ǎŜƭŜŎǘ ŀǇǇǊƻǇǊƛŀǘŜ ƎŜƻƳŜǘǊƛŎ ŜƴǘƛǘƛŜǎΦ wLDI¢-CLICK and select ά9ƴŘ 

{ŜƭŜŎǘƛƻƴέ. Click ά{ŀǾŜ ϧ 9Ȅƛǘέ to add new region-sets into model database. 

 

Figure 2.5-8: Define region sets in Example 5 
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Still within the Ψ{Ŝǘ 5ŜŦƛƴƛǘƛƻƴΩ dialog, change the set option to άRegion Edgeέ and create four 

edge-sets as seen in Figure 2.5-9. ΨsetWall_right Ω has all vertical edges on the right side of the 

pile-wall, while ΨsetWall_left ô has similar for the left side of the pile-wall.  ΨsetSoil_right ô 

and ΨsetSoil_left ô have the vertical edges that correspond with those from each of the 

respective sides of the pile-wall. These edges will be used later for plotting results on these faces.   

Note:  The user will need to use the ά5ƛǎǇƭŀȅ ¢ƻƻƭέ όάTools->Display Tool") to hide/display certain regions 

while making these edge-set definitions.  

  

Figure 2.5-9: Create four edge sets on contact interfaces 

Click "Close" to exit from the Ψ{Ŝǘ 5ŜŦƛƴƛǘƛƻƴΩ dialog when complete. 

Step 3: Define stage data 

From the menu bar, click "Data->Stage Management", to create two new stages. The first stage, 

named ñload ò, is an άInitial Soil Stressέ type.  See Figure 2.5-10 for the stage and initial stress 

option definitions. Click ά!ŘŘέ and select all of the soil regions, and then RIGHT-CLICK and select 

ά9ƴŘ {ŜƭŜŎǘƛƻƴέ to add the soil regions to the initial stress definition.  

 

Figure 2.5-10: Define initial stress stage and options 
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The self-weight/gravity load is applied to the soil in the first stage, followed by a stability analysis 

stage.  

Create the second stage, ñStability Analysis ò as seen in Figure 2.5-11. The stage type is set 

ǘƻ άStability (Strength Reduction Method)έΦ /ƭƛŎƪ ǘƘŜ ōǳǘǘƻƴ άDefine SRMέ ǘƻ ŘŜŦƛƴŜ ǎǘŀǊǘ ŀƴŘ 

end safety factor as 1.1  and 1.6  respectively. 

Since a large amount of soil will become yielding, a small increment size is recommended to 

control development of yielding zone.  

   

Figure 2.5-11: Create the second stage for strength reduction calculation 

Step 4: Define material properties  

From the menu bar, click ά5ŀǘŀ-ҔaŀǘŜǊƛŀƭ tǊƻǇŜǊǘƛŜǎέ and define three materials as shown in 

Figure 2.5-12 through Figure 2.5-14.  

  

Figure 2.5-12: Linear elastic material for concrete of pile-wall 
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Figure 2.5-13: Mohr-Coulomb model and SRM parameters for top soil layer 

     

Figure 2.5-14: Mohr-Coulomb plasticity for bottom soil layer 

Next, click "Data->Material Assignment" from the menu bar and assign the "concrete " material 

to the pile-wall regions, the "MC_soft _top " material to the top soil layer (2-regions), and the 

"MC_stiff _btm " material to the bottom soil layer (1-region).  

 

Step 5: Define boundary conditions 

From the menu bar, click ά5ŀǘŀ-Ҕ.ƻǳƴŘŀǊȅ /ƻƴŘƛǘƛƻƴǎέ and define three new B.C.Ωǎ as shown in 

Figure 2.5-15. 
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Figure 2.5-15: Define boundary condition of gravity load 

From the menu bar, click ά5ŀǘŀ-Ҕ.ƻǳƴŘŀǊȅ !ǎǎƛƎƴƳŜƴǘέ ǘƻ ŀǎǎƛƎƴ ./Ωǎ ǘƻ ƎŜƻƳŜǘǊƛŎ entities. All 

boundaries are shown as in Figure 2.5-16 

 

Figure 2.5-16: Assign boundary conditions in example 5 

Assign ñgravityò to all pile-wall and soil regions. Assign άdisp_xò to the vertical soil edges. Assign 

ñdisp_xzò ǘƻ ǎƻƛƭ ōƻǘǘƻƳ ŜŘƎŜΦ /ƭƛŎƪ άShow All BD AssignmentέΦ ¢ƘŜ ŀǎǎƛƎƴŜŘ ./ ǎƘƻǳƭŘ ƭƻƻƪ ƭƛƪŜ 

those in Figure 2.5-17. 
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Figure 2.5-17: Assigned boundary conditions  

Click   to save the file. 

 

Step 6: Define soil-wall  interaction  property   

From the menu bar, click "Tools->Display Tool". Select "setWall" from set list and click "Display" 

to hide all regions except for the pile-wall. Next, click "Data->Interaction", from the menu bar, to 

open the dialog to define an interaction surface. Click άbŜǿέ and keep the default name 

" Contact  Group 1 " . Change the coefficient of friction to ñ0. 3ò.  Click "Add Master Surf." and 

make sure the edge-selection icon,  , is active. Next, select the six vertical 

edges, and the two bottom arcs, of the pile-wall. RIGHT-CLICK and select ά9ƴŘ {ŜƭŜŎǘƛƻƴέ. Do not 

select the top horizontal edge of the pile-wall. The selected pile-wall edges will change from red, 

to blue in color to signify the master surface assignment (Figure 2.5-18).  

NOTE: During this operation, users may need to zoom-in/out frequently to enlarge detail of the pile-wall 

for convenient selection. Each zoom-in/out command will turn off selection icons. Thus, the edge-selection 

icon,  , may need to be re-activated after zoom-in/out operation.  

Next, go back to the ΨŘƛǎǇƭŀȅ ǘƻƻƭΩ dialog (ά¢ƻƻƭǎ->Display Tool"), and display the soil only. Click 

"Add Slave Surf.", and select the four vertical soil edges, and the two arcs around the pile-wall tip 

(activate the edge-selection icon,  , if necessary). RIGHT-CLICK and select 

ά9ƴŘ {ŜƭŜŎǘƛƻƴέ. After being assigned, slave surfaces will be marked in green color, as seen in 

Figure 2.5-19.  

Click "{ŀǾŜ ϧ 9Ȅƛǘέ and then ά/ƭƻǎŜέ, when complete. 
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Figure 2.5-18: Define interaction property and master surfaces 

   

Figure 2.5-19: Define slave surfaces on soil layers 

Click   to save the file. 

Step 7: Mesh generation  

Since the pile-wall shape is slim and flexural deformation is dominant, following mesh properties  

are recommended: 

¶ To reduce the influence of any shear-locking with flexural deformation, define four 

element layers for the cross-section of the pile-wall or more (local seed edge-division of 

4, or greater) in the vertical direction. Use full integration rule because reduced 

integration rule does not work well in this example.  

¶ Define a quadrilateral element with a height-width ratio of 5, or less.  

o This results in a larger number of finite elements on the pile-wall to maintain a 

more acceptable element aspect-ratio, without drastically increasing 

computation time.  
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Á In general, computation time increases more, with an increasing number of 

elements.  

o Additionally, soil around the pile-wall tip may suffer from local stress 

concentrations. Distorted finite elements (from insufficient refinement) can 

easily cause local material failure before overall sliding of the slope is fully 

developed. Therefore, it is difficult to balance the number of elements and 

accuracy of analysis in this example.  

NOTE: It is good practice to perform some comparative studies to determine the effects of the mesh and 

determine optimum refinement. 

Based on the previous references:  

¶ The number of divisions for the horizontal edges of the pile-wall (cross-section) is set to 

4.  

¶ If the height-width ratio is set between 3-5, the height of the finite element for the pile-

wall will be approximately 0.25-meters.  

¶ External edges of soil do not need as much refinement as the mesh surrounding the pile-

wall, so defining an element size=3m on the external soil boundaries will be appropriate.  

EnFEM provides ά[ƛƴŜŀǊ Q4έ όǉǳŀŘǊƛƭŀǘŜǊŀƭύ and ά[ƛƴŜŀǊ T3έ όǘǊƛŀƴƎǳƭŀǊύ elements for 

contact/interaction simulation. Lƴ ǘƘƛǎ ŎŀǎŜΣ ǘƘŜ άQ4έ element is the recommended choice 

because it provides better accuraŎȅ ǘƘŀƴ ǘƘŜ ά¢оέ elements using lesser number of finite 

elements. The pile-wall regions are rectangular and assigned structured meshes. Unstructured 

meshes will be applied to all soil regions. 

Click  to display all regions of soil layers and the pile-wall. From the menu bar, click "pre-Mesh-

>Advanced Mesh Control", and select all pile-wall regions except for the half-circle of the pile-

wall tip. RIGHT-CLICK and select "End Selection" from the popup menu to open the global mesh 

control dialog. Keep the default "Quadrilateral" for the element shape, change the mesh type to 

"Structured", and select "Linear Q4" with άfull integrationέ as the element option (Figure 2.5-20). 

Click "Save & Exit" . 

  

Figure 2.5-20: Set up global mesh control for rectangle regions of wall 
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Again, click "pre-Mesh->Advanced Mesh Control" and select all three soil regions and the half-

circle of the pile-wall tip. RIGHT-CLICK and select "End Selection". In the mesh control dialog, keep 

the default "Quadrilateral" and "Unstructured", and change the element option to "Linear Q4"  

with άfull integrationέ (Figure 2.5-21). Click "Save & Exit" to close the dialog. 

  

Figure 2.5-21: Set up global mesh control for soil layers and the pile-wall tip  

The global mesh size should be defined as the size needed for the majority of the edges in this 

model. In this case, the size along pile-wall-soil interaction is selected as the control parameter 

for the global mesh size. From the menu bar, click "pre-Mesh->Global Seed Control" to open the 

dialog for global mesh size control. Change the default mesh size to ñ0. 2ò, and click "Assign". 

Click "Close" to exit from the dialog.  

From the menu bar, click "pre-Mesh->Local Seed Control" and select all five, horizontal edges of 

the pile-wall regions. RIGHT-CLICK and select ά9ƴŘ {ŜƭŜŎǘƛƻƴέ to open the control dialog. Keep the 

control option as "By Number" and change the άNumber of Divisionsέ to ñ4ò (Figure 2.5-22). Click 

"Assign", and then ά/ƭƻǎŜέ to exit.  

NOTE:   

¶ In EnFEM, biased seed distribution is available only if the selection set includes only a single line or 

arc. If the selection contains multiple lines/arcs, only a uniform distribution of seeds is available. 

For this example, a uniform and matched mesh is highly recommended on the contact interface.  

¶ !ŦǘŜǊ ŎƭƛŎƪ άCloseέ ǘƻ ŜȄƛǘ ŦǊƻƳ ǘƘŜ ƭƻŎŀƭ ǎŜŜŘ ŎƻƴǘǊƻƭ ŘƛŀƭƻƎΣ 9ƴC9a ƛǎ ǎǘƛƭƭ ƛƴ ΨƭƻŎŀƭ ǎŜŜŘ ŎƻƴǘǊƻƭΩ 

mode. Users can select more edges, RIGHT-/[L/Y ŀƴŘ ǎŜƭŜŎǘ έEnd SelectionέΦ ¢ƘŜ  ƭƻŎŀƭ ǎŜŜŘ 

control dialog will pop up the again. Otherwise, RIGHT-/[L/Y ŀƴŘ ǎŜƭŜŎǘ άCancel Commandέ ǿƛƭƭ 

exit from local seed control mode actually. 

¶ Ψ{ŜŜŘ LƴŦƻǊƳŀǘƛƻƴΩ is not displayed if multiple edges are selected (in this case both arcs from the 

soil and pile-wall). 



Page 103 
 

Example Manual (Rel. March/2026)  EnFEM for Windows 

 

Figure 2.5-22: Assign seed divisions across pile-wall section 

NOTE: Since the global mesh size was defined by the size for the vertical edges of the pile-wall, 0.2-m, there 

is no need to redefine seeds on these vertical interaction edges. 

Next click "pre-Mesh->Local Seed Control" from the menu bar and select line segment ΨC-QΩ. 

RIGHT-CLICK and select άEnd Selectionέ to open the control dialog. Change the seed control to 

"By Size"  and Select "One Way"  as the distribution style. If the red arrow doesn't point in the 

direction of the pile-wall, check the option for "Reverse Bias Direction". Input minimize size as 

ñ0. 2ò and maximum size as ñ1ò, and click "Assign" then ά/ƭƻǎŜέ to exit. Since the ratio of the 

maximum/minimum is approximately, final minimum and maximum sizes may differ from the 

user's exact input (Figure 2.5-23).  

  

Figure 2.5-23: Apply biased seed distribution to obtain smooth transition 

Similarly, select line ΨR-JΩ and open the local seed control dialog. Change the seed control to "By 

Size"  and select option "One Way" . Input the minimum size as ñ0. 2ò and the maximum size as 

ñ3ò (Figure 2.5-24). Click button "Assign" than click "Close" to exit.  
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Figure 2.5-24: Local mesh control on common edge between soil layers 

NOTE: Users may want to use the keyboard shortcut ά/¢w[Ҍ[έ, to call the local seed control 

command for repeated definitions. 

 

Use the following local seed controls for the specified lines: 

1. Line C-D: "By Size", "  One Way ". Min. size= ñ0. 2ò, and max. size=1.0. Refine towards 

the wall top. 

2. Line G-H: "By Size", "One Way" towards Vertex άGέ.  Min. size= ñ0. 2ò. Max. size= ñ1ò. 

3. Line C-B: "By Size", "One Way" towards Vertex άCέ.  Min. size= ñ1ò. Max. size= ñ3ò. 

4. Line H-I: "By Size", "One Way" towards Vertex άHέ.  Min. size= ñ1ò. Max.= ñ3ò. 

5. Lines B-A, A-K, K-J, and I-J (Hold SHIFT key and select to define all at once): "By Size", 

άUniformέ. Uniform size= ñ3ò. 

All lines have now been assigned to appropriate local seed definitions. From the menu bar, click 

"Mesh->Show Seeds" to plot all seed definitions and check if any changes are necessary. 

Click   to save the file. 

Finally, click "Mesh->Run Mesh Generation" from the menu bar. The final mesh looks like that 

shown in Figure 2.5-25. 
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Figure 2.5-25: Quadrilateral mesh for Example 5 

Click  to save the file. 

 

Step 8: Analysis 

From the menu bar, click "Analysis->Analysis Setting". Change the default factors for normal and 

tangent penalty to ñ2ò. Click "OK" to exit. 

From the menu bar, click ά!ƴŀƭȅǎƛǎ-Ҕwǳƴ !ƴŀƭȅǎƛǎέ to open the άRun Analysisέ ǿƛƴŘƻǿ. By 

default, each stage is selected to run. Click άwǳƴέ to submit the analysis job to the solver. A 

command window will open to show information related with each analysis increment. Note, that 

due to the significant mesh refinements, and the end goal of finding a slope failure, the analysis 

may take some more time than previous examples. The file, "stability analysis of strengthened 

slope.log", will be opened automatically when the analysis job is done. Review this file to check 

convergence history and any error information, if it exists. 

Step 9: Post-processing of result  

Click , to switch to the result-mode and then click  to open the contour plot dialog. The 

default contour initially displayed is the displacement in the x-direction (u1) at the last loading 

increment (Figure 2.5-26). Since the analysis stopped at increment=1.9385, the safety factor can 

be estimated by linear interpolation following equation (2.3-1), and seen below: 

╢╕Ḋ Ȣ
Ȣ Ȣ

ᶻ Ȣ Ȣ  

(2.5-1) 

From the contour plot, notice that the dark blue zone indicates significant horizontal movement 

to the left side, a sign of slope failure. Select "Strain" from the Group drop-down, and select 

άPEEQέ from the Variables drop-down. The contour of the equivalent plastic strain is plotted, like 
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that seen in Figure 2.5-27. The zone of plastic strain starts from slope-toe and goes through the 

pile-wall towards the top of the slope.  

 

  

Figure 2.5-26: Contour of horizontal displacement at last increment 

 

 

Figure 2.5-27: Contour of equivalent plastic strain at last increment 

From the menu bar, click "Mesh->Show Node Numbers" to find the node number with the 

maximum lateral displacement (hide regions as necessary). This node is number Ψ60 (to the left of 

the pile-wall, where the slope intersects with the pile-wall).  

Click the X-Y plot icon, . Keep source data as "Historic Result", input ñ60ò as the node set. 

Select "Primary Variable"  from the Category list, and select "u1" from the Variables list. Click 

"Plot"  to plot the Displacement in the x-direction VS Load Increment ς seen in Figure 2.5-28. 
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Figure 2.5-28: Horizontal displacement VS Load increment at node 2566 

Turn on the nodal numbers, by clicking "Mesh->Show Node Numbers". Next, click "Tools-

>Display Tool" to show the pile-wall only. Zoom into the pile-wall to find the node path numbers 

along the center axis of the pile-wall, from top to tip. This node path is as follows: 

2927,2928,2917,2918,2793:2832:1 , 2650:2670:1   

While keeping the soil regions hidden, click  to open X-Y plot dialog again. Select "Field Result"  

as the data source. Input the node set previously listed. Select "Integrated Force" as the category 

and "Moment" as the Variable. Select the last increment. Check options for "Switch XY", "-X" and 

"-Y". Click "Plot"  to plot moments along pile-wall, from top to tip, as seen in Figure 2.5-29. Next 

select "Shear" as the Variable and click "Plot"  to plot shear from pile-wall top to-pile-wall tip, as 

seen in Figure 2.5-30. 
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Figure 2.5-29: Moment of pile VS depth 

 

Figure 2.5-30: Shear distribution VS depth 

Keeping "Field Result" as the source data type, select άBy Setέ. From the άSet Selectionέ dialog, 

select the previously defined edge-set, "soil_right", and click άhYέ. Select " Interaction" from 

Category list. Select "Normal Pressure" from Variable list. Click the last increment and keep 

checked the options for "Switch XY", "-X" and "-Y". Click "Plot"  to display the distribution of soil 

pressure on the right side of the soil-pile-wall interface, as seen in Figure 2.5-31. 
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Figure 2.5-31: Distribution of contact pressure on right interface 

Repeat the previous procedures, but use the "setS oil_left " edge-set, to plot the soil pressure 

on pile-wall on the left interface (Figure 2.5-32): 

 

Figure 2.5-32: Distribution of normal contact pressure along the left interface 

  




























































































































































































































































































































