EnFEM 2026 1 Example Manual

A Finite Element AnalysisProgram

by

Daging Xu
ShinTower 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)



COPYRIGHT

Copyright 19872026 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 bereproduced, translated, or distributed without the prior
written approval of ENSOFT, INC.

SOFTWARE LICENSE AGREEMENT & DISCLAIMER

IMPORTANT NOTICHeasecarefullyread the terms of the license
agreementand disclaimer at the end of this baokvou signify
acceptanceavith thoseterms byusage othe software

ExampleManual (Rel.March/2026) EnFEMor Windows



Table of Contents

CHAPTER 1. INTRODUGCTION. ....cuuttuttutttttttitreesieitssebeasbebbessssssseesesenssseebssssessssssseeeeeeeeeesemsrnnnes 1
1.1 PROGRANDESCRIPTION. ..ttt ttt et et eeeeetetetetteteeaettsbsbasaa e s e e e aeaaaaaateteeeeeaeessssbebnbsan e e aaeaeaaaeeas 2
1.2 IMANUALDESCRIPTIQN. ....ttttteetteeteeeesssatebbese ettt e aeeeesasaaanbanseseeeeeeaaeeesaaannnnebsseeeeeeeaeeessssansnnen 2
1.3 FONTOONVENTION. 1.1 ettttttttttttttitteaa s s e e e e e e e e e e e e e e eeeeeeeeeeeeessbasbsa e o e e e e e e e eeeeaaaeeeenaeeeennsnbnbnnnnns 2

CHAPTER 2. EXAMPLES ... e 3
21 EXAMPLA: PLASTICITY GRICKCYLINDERUBJECTED TRTERNAPRESSURE. .....cuvviiiiiiaaieeeee e e e ee e 4

LT = U o o] o= 1T SR 4
BOUNAArY CONAITIONS:.....eiiiiitiiie ettt e e e s et e e et e e e e e anbb e e e e e anbreeeeenees 4
Model development and analySiS SEEPS ... uuiiiieeeeii i ittt e e e e e s e s e e e e e e e e s s s eee e 5
Step 1: Create geOMELIIC ENTILIES. ... .eiiiiiie ittt e st e e st e e e s s e e e aebeeenae 5
Step 2: DefiNe StAgE AALA........cocuiiiiiiiee et 12
Step 3: Define Material PrOPEITIES.......cci it e e e e e e e e et e e e e e e e e anraeeeas 13
Step 4: Define boundary CONAILIONS..........ooiiiiiiiie e 15
SteP 5: MESH GENEIALIAN.......ceiiiiiiiiiiiiie et e e e ettt e e e e e s aab b e e e e e e e s antbeeeeaeeeanenen 17

) =T ST AN g o1 VT = T PRSP PPRPR 21
Step 7: POSProCESSING OF FESUIL.........eiiiiiiiieie e e s 22
2.2 EXAMPLR: ANALYSIS OF SHALLOW FOUNDATION SUBJECTED TO VERTICAL.SETILEMENT.......... 28
MALETTAL PrOPEITIESE ... . eei ettt ettt e e ettt e e e st e e e e s st b b et e e s e abbe e e e e s abreeeeeaanes 28
[2T0T0 oo F= T YA O o] g To [ 1o | 1= SRR 29
Model development and analySiS STEPRS:.....ccciiuiiiieeiiiiee ettt e e e 29
Stepl: Create gEOMELNC ENIILIES. ... .i it iiiiieei ettt e e e e e e e e e e e s aabbreeeeeaesasnnneeeeeas 29
Step 2: DefiNe StAgE TALIA.......coiiuiiiiiiiie e 30
Step 3: Define Material PrOPEITIES........ociiieie ittt e e s 32
Step 4: Define boundary CONAItIONS. .........coiii i ea e e 34
StEP 5: MESH GENEIALION .......tiiiiiiie ittt e e st r e e sbb e e sbr e e e bb e e e nanee 38
SEEP 6: RUN ANGIYSIS. ...ttt e e s e e e s e e e st e e e e e st e e e e ne e nanes 42
Step 7: POSProCeSSING Of TESUIL........coiiiiiiiiiii et e s snnree e 43
2.3 EXAMPLE3: STABILITY ANALYSIS OF SLOPE USING STRENGTH REDUCT(@RMETHOD........cccevneee 48
e LT = L o o] 0= 1T P EEEUPRR 48
Boundary CONAItIONS:.......ccoiuuiiiieiiiiiiee ittt e s siiree e e ssirre e e s ssnneeeessnnneeeesennnneeee e A9
Model development and analySiS StEPS:......uuuiiiiieee i e e e e e e s e eannees 49
Step 1: Create gEOMELIIC ENTILIES. .....eiiiiiie ittt e st e e st e e sneeeesnree e 49
Step 2: DefiNe SAZE ALA. .......ouii it e e e e st r e e e e e s anbe e e e e e e e e aena 50
StEP 3: DEfINE MALETIAIS . ....outiieieiiee ettt e s be e e st e e sbbeeeanbneeesnnee 51
Step 4: Define boundary CONAILIONS..........coiiiiiiiiii e 53
Step 5: MESH GENEIALIOM ... ..eeiiiie ettt e et e e e ettt e e e e e s et bt et e e e e e sntbeeeaaeeanan 56
STEP 6: RUN ANGIYSIS. ...eeiiiiiiie ittt et e e e et e e st e e sa bt e e e aab et e e e ste e e e bbeeeanbbeeesnbeeeennbeeas 57
Step 7: POSProCESSING OF FESUIL.........viiiiiiiieie e e 58
2.4 EXAMPLE: SOII-STRUCTURINTERACTIOQ)CONTAQANALYSIS OF BURIED CULVERT.....vvvviiereeeennnn. 63
MALEITAL PrOPEITIES: ... e eei ettt e e et e e e st e e e et b e e e e e s abbe e e e e s abbeeeeeaees 63
(27010 oo F= T YA O o] g To [ 0 4 1= SRR 64
Model development and analySiS STEPRS:.....cccuiiuiiiiiiiiiie ettt e e 64
Step 1: Create geOMETNC ENTILIES. . ... i ettt e e et e e e e e e e b r e e e e e e e s eannneeeeeas 64
Step 2: DEfiNE MEQION SIS .. uuiiiiiii it ecct e e e e e e e e st e e e e e e s sbaareeeeeesssnnnreaeessnnsned 69

ExampleManual (Rel.March/2026) EnFEMor Windows



Step 3: DefiNe SAQE ALA. ......coei ittt e e e ettt e e e e e et e e e e e e e e nbeeeeaeeeaanneae 71
Step 4: Define Material PrOPEITIES........o i it e e e e e e e nneee s 73
Step 5: Define boundary CONAILIONS..........coiiiiiiiiie e 75
Step 6: Define contact property of solllvert iNteraction...........c..cccvevevve e L 1
StEP 7: MESH GENEIALIAN.......eiiii ittt e e e e e e e e e e s e e e e e e s ratb e e e eeeeesatbaaeeaeesaannees 78
SEEP 8 ANAIYSIS. ..ttt e e e b e s e e e nr e s 85
Step 9: POSProCeSSING Of FESUIL.......oooii et e e e e e s e nnaeeee e 86
2.5 EXAMPLES: STABILITY ANALYSIS OF SISTRENGTHENED WITH SEGANETWALL.......cuvvvriiiieireeeeeennnn 90
[ LT g F= L o o] o =T 1T PP PP PPPTPPTTRN 20
BOUNAArY CONITIONS:.....ciiiiiiiiieei ittt e st e et e e e sttt e e e s sbbe e e e e s sabbeeeeeaa 91
Model development and analYSIS StEPS:.......uiiiiiiiii ittt e e 91
Step 1: Create geOMELNC ENEILIES. .....cciuvviieie e iciieieet e e s e e e e e e e e e s ss b e e e e e s setbrreeeaeessasareeeaeeaias 91
SteP 2: DEfINE FEYION SEIS.....eiiiiiii ittt ee ettt e e s e e et e e s e e e s e e e e anreeenanreeeennnes 94
Step 3: DEfiNe STAQJE TALA. ......coi it e ettt e e e e e e et e e e e e e s e nneneeeas 95
Step 4: Define Material PrOPEITIES.......ccii i e e s e et eeaa e e e e aaraeeeas 96
Step 5: Define boundary CONAILIONS..........coiuiiiiiie e 97
Step 6: Define seiall iNtEraction PrOPEITY..........oiuuiieie ettt e e e e e e e e e abbeeeaaens 99
StEP 7: MESH GBNEIALION .......eiiiiiiiie ittt ettt a bt e st e e e s s b e e e sbne e e sbreeesbreeeaaee 100
SEEP 8 ANAIYSIS. .ttt e e an 105
Step 9: POSProCeSSING Of FESUIL......c.iiiiiiiiiiice e e e s e e e e e s e eanraeeeas 105

2.6 EXAMPL®B: SMULATION OEDTRIAXIAL TEST USINGNCANCHANG HYPERBOLIC ELASTIC MODEDGSR
SAND 110

MALEITAl PrOPEITIES: .. . eeeei ittt e e ettt e e et e e e s bbb et e e s e abbre e e e s snnreeeeeaas 110
(2 ToT0 g F= T YA O o] g To [ 10 T 1= PEEPRRR 110
MOl EVEIOPIMENT SEEPS:. ... eeiiiiiiiiee ettt e ettt e e s st e e e s st e e e e s abbe e e e e s sanneeeeeeaas 111
Step 1: Create geOMELNC ENTILY.........iiii et eee ettt e et e e e e e e bbb e e e e e e aabbee e e e e s e s snbbeeeeaeeeannenes 111
Step 2: DefiNe StAGE AALIA.......coiiiieiiiiie ettt 112
Step 3: Define material PrOPEITIES........ocoiiiiiiiee ettt e e e e e e e 113
Step 4: Define boundary CONAItIONS. ..........coiiiiiiiiiiee e 114
StEP 5: MESH GENEIALION .......tiiiiiiiie ittt et e e e st e e e s bt e e e snreeesbreeeaaee 118
SEEP B: ANAIYSIS. ..e ettt an 119
Step 7: POSProCeSSING Of TESUIL........oiiiiiiiiiiiiie et e e aeeas 119

2.7 EXAMPLE : SMULATION OEDTRtAXIAL TEST USINGNCANCHANG HYPERBOLIC ELASTIC MODEL FOR DENSE
SAND 121

MALETTAl PrOPEITIES ...ttt ettt ettt e sttt e e s et et e e s nbb e e e e s anneeeas 121
(27010 g Yo F= 1Y, 0] oo [1 1 o] o =3P PEPPRRR 121
2.8 EXAMPLEB: SMULATION OEDTEST USING MODIFIED @AMY MODEOCR=1.2)........cevvverrirnnnnn. 123
LT = U o o] o= 1T SRR 123
BOUNAArY CONAITIONS:.....ceiiiiiiiiiie ittt e e sttt ettt e e s b et e e s st e e e e e snnneeee s 123

[ [oTe [ M oAV =] (o o] =T g S (=Y o F SRR 123
Step 1: Create geOMELIIC ENTILY. .....ccitiii it ee ettt e e et e e st e e sbbe e e sssneeeesabreenaes 123

Step 2: Define stage data, material properties, and boundary conditians............ccccceeeeriiiiiiennenn. 124

51 (] oIS M1V XS] g I [T 1= = oV PP 128

SEEP 41 ANAIYSIS. ..ttt e e n 129

Step 5: POSProCeSSING Of FESUIL .......eiiiie ittt e e et e e e e et bee e e e e e e aneaee 129

2.9 EXAMPLE: ANALYSIS OF AXYMMETRIC PILE SUBJECTED TO POINT.LOAD. ....uuuuiaiaaaaaeeaeaaaaaaann 134
LT = U o o] o= 1T SRR 134
BOUNAArY CONITIONS:.....ciiiiiiiiiiee ittt e e sttt e e abb et a e s bbb e e e e s aneeeee s 135
[0 [ M oAV =] (o o] =T g A=Y (=Y o F PSR 135

ExampleManual (Rel.March/2026) EnFEMor Windows



Step 1: Create geOMELNC ENTILIES. . ..o i ettt e e et e e e e e e e nbe e e e e e e e eennneeeeas 135
Step 2: Define stage data, material properties, and boundary conditians............cccccoevieiiiieneennnns 137
Step 3: DEfINE FEYION SEIS.....ciiiiiie ittt e e et e e e e e s bt e e e e nanes 142
Step 4: DefiNe CONLACE PIrOPEILY. ... ettt ettt e e e e e ettt e e e e e s s anbbeeeeaaeesaannnreeeaeeaann 142
StEP 5: MESH GENEIALIAN.......ciii ittt e e e e e s et e e e e e s et aae e e e e e e s ensbaaaeaeeesannees 144
SEEP B: ANAIYSIS. ..eeiiiiieiitee ettt b e e et nnne e e nnree s 147
Step 7: POSProCeSSING Of FESUIL.......ooo it e e e e 147
2.10 EXAMPLELO:ANALYSIS OF EXCAVATION WITH CANTILEVER RETAINING WALL ...cveeerriiiiinnnnnee 149
LT g r= Tl o] o] 1= 4 YA PP PPPPPPPTT

Step 1: Create geometric entities
Step 2: Define region sets

Step 3: Define stage data, material properties, and boundary conditians............cccccooiieiiiieeeinnnns 153

Step 4: Define material PrOPEITIES.......c.cii ittt e e e e e e e e e e e e e e rrbre e e e e e e e aaanees 155

Step 5: Define boundary CONAILIONS.........cooviiiiiiiiiie e 157

Step 6: DEfiNE EXCAVALIOIL. ......oiieiiiii ettt e ettt e e e e et e e e e e e e e e snbbe e e e e e e e nnnrneeeas 158

Step 7: Define seWall iINteraction ProPertY.........cooiieiiiiiiie et 159

StEP 8: MESH GENEIALIAN ... .viiiiiieee ittt e e e e e s e e e s sne e e snreeeanre e e e 160

3 =T IR Y AN g 1 VT = T PRSPPI 161

Step 10: POSProCeSSING Of FESUIL .....couviiiiiiieiiii et s enee s 162
2.11 EXAMPLELL:EXCAVATION ON INCLINED.SQLL. . .eiieeeeeeeeeeieieeeeeeeeeenenntnnnnasaasseaesasaeaseseseeeees 167
Step 1: Modify geometry, stage data, and regenerate mesh............cccccevviciiiiee i, 167

Step 2: Modify material properties for generating initial stress, and regenerate mesh..................... 168

Step 3: Analysis of initial STrESS fIlE.......ooi e 169

Step 4: Posprocessing Of initial StreSS filB.........cvvviiiii i 169

Step 5: Use external file to generate initial StreSS........ocoiiiiiiiiiie e 171

Step 6: Mesh generation and ANAIYSIS..........uoiiuiiie it e e 171

Step 7: POSProCeSSING Of FESUIL........viiiiiiiie e 172
2.12 EXAMPLHE2:INVESTIGATION OF DESIGN LOADS ON A BOX CULVERT.....cceeieiiieieeeieniinennnnninnnnnas 174
[ =TT T o o] o 1= o PSR PTPPRR 174
27010 g F= T YA O o] g To [ 10 o 1= PEPPRRR 175
Model development and analySiS STEPRS:.....ccciituriiiiiiiiie et 175
Step 1: Create gEOMELNC ENTILIES. . ... i ittt et e e e s abbe e e e e e e s e anneneeeas 175

StEP 2: DEFINE TEGION SEIS...cciiiiiieiiiii ettt ettt e s et e e bt e e et bt e e sttt e e sanbeeeeanbeeesanteeeennnes 177

Step 3: Define control data, stage data, material properties, and boundary conditions.................... 178

Step 4: Define sedulvert iNtEraction PrOPEILY..........cui i it eeiiii et e e ee e e e e e snreeeeae s 181

STEP 5: MESH GENEIATION ... .eiiiiiiie ittt ettt e e et e et e e eb et e e sbbee e s sabeeeesrbeeeeantneeennneas 182

SEEP B: ANAIYSIS. .ttt e e n 185

Step 7: POSProCeSSING OF FESUIL.......uiiiieiiiiii ettt e ettt e e e e et bee e e e e e e sneeee 186
2.13 EXAMPLE3:STRUCTURAANALYSIS AFSHAPERAME ......tututuiiaaaaaeeaeeeaaaaaaeeeeeeeeeeeeesssennnnnnaannns 188
Entity creation, control data, stage data and definition.................ccccviiiiiee e, 188
Definition and assignment of Structural SECON. ...........cooiiiiiiiiiiiiiiee e 190
Definition and assignment of boundary conditiQns.............ccccveveiiiieeee e 191
MESN GENETALION......eiiiiiiiit ettt e e et e e s et e e e e e b b e e e e aneeas 193
ANalysis and reSUIt OULPUL.........ccoiiiiiiieeiee e e e e e s s e e e e e e e e s e e eneeannrenaeees 194
2.14 EXAMPLH4:STRUCTURAL ANALYSIS OF A QURRIGBEAM SUBJECTED TO CONCENTRATED LOADI6
Entity creation, control data, stage data and set definitian..............ccccocveeeee e, 196
Generation and assignment of boundary conditiQnS.............ooeeiiiiiiereiiiiiee e 198

ExampleManual (Rel.March/2026) EnFEMor Windows



Vi

LT a0 =T o= =Y o o PP 199
ANAlYSIS AN FrESUI OULPUL......oeiiiiiiiee ittt e e e e e s s sebreeeeeaas 199
2.15 EXAMPLHE5:EXCAVATION AND ANALYSIS OF CANTILEVERED RETAINING WALL USING BEAM.ELRAGENTS
= =TT Tl ol o] o 1= AP TSP PR PTPPPPP 201
BOUNAArY CONAITIONS:. ... ittt e e e e e et e e e e e e e e e s e e s abn e aeeeaaaaeeas 202
Zerothickness interface for seftructure-interaction:..........ccocvveevi i 202
Model development and analySiS STEPS ... ..uuiii ittt 202
Step 1: Create geOMELIC ENEILIES. ......c.vveieeeeiiieiieeee e e e e e e e e e e st e e e e e s etbrr e e e e e e seatanreeeeeeaan 202
Step 2: define region set and DEAM SEL..........ciii i 204
Step 3: DefiNe STAQJE AALA. .......oi ittt e e e e e et e e e e e neaeeeas 205
Step 4: define soil material and beam SECHON...........cocciiiiiiieee e 205
Step 5: define and assign boundary CONAItIONS...........cvviiiiiiiiiiie e 207
Step 6: Define seftructure-interaction INtErfacCe..............eiii i 208
Step 7: Define deactivation/activation for excavation CONStrUCHON...........c.eevriiiiiiniieeeiiee e 208
StEP 8: MBS GENEIALIAN .......viieiiieee ittt s et s e e e e s e e e s sne e e snneeeanreeenae 209
Step 9: Analysis and reSUIL OULPUL.........eiiiiiiiiii e e e s e et e e e e e s st arr e e e e e 211

2.16 EXAMPLEL6:EXCAVATION AND STRUTS SUPPORTED RETAINING WALL SUBJECTED TO UNSYMMETRIC SURCHARGE
LOAD 215

LT gLl o o] o 1= A T TP PP PPPPR PP 215
(27010 g F= T YA o7 oo 111 o] o =3 216
Zerothickness interface for seftructure-interaction:..............eeeevvieeei i 216
Model development and analySiS StEPS:. ... uuriiiieeee et e e e e e e e e e e e e e 216
Step 1: Create geOMELIC ENTILIES. .....ciiiiiii ittt e e e e snbe e nnees 216
Step 2: define region set and DEAM SEL..........couii i 218
Step 3: define soil material and beam SECHON............ccooiiiiiiiiier e 219
Step 4: define soil material and beam SECHON............occiii i 220
Step 5: define and assign boundary CONAITIONS. .........ccooiiiiiiiiierie e 222
Step 6: Define segtructure-interaction INtErfACE. ...........oouiii it e 223
Step 7: Define deactivation/activation for excavation CONStrUCHON. ..........coiiiiiiiiieieiriiiiieee e 224
Step 8: MESH GENEIALIOM ... ..eteiiiee ittt e ettt e e e e e e e e e e e bt e e e e e e e anneaeeaeeeaan 225
Step 9: Analysis and reSUIL OULIPLIL ........eiiiiiiieiiiee et e et s s e e nneee s 226
2.17 EXAMPLEL7:ANALYSIS OF BURIED CULVERT USING BEAM ELEMENTS.......cceetiiirieeiininnennnnnnnnnns 230
[ =TT T o o] o 1= PSR PTPPRT 230
BoUNAry CONAILIONS:. ... ...ttt e e e e e e e e e s bbb b reeeeeaaaaeeseaannnne 231
Zerothickness interface for sefitructure-interaction:...........oouveeiiiiiieiii i 231
Model development and analySiS STERS ... .uiiiiii ittt 231
Step 1: Create gEOMELTIC ENEILIES. .. cciitiieiiiiie it ee ettt et e e et e sibe e e e sbb e e e snbe e e s eneeeesbreeean 231
Step 2: Define region Set and DEAM.SEL.........ceiiiiiiii e 233
Step 3: DefiNe SAGE ALA........ooii ittt e e e e et ae e e e e e s e nbaeeeaa e e e aneee 234
Step 4: Define soil material and beam SECHAN............ccciiiiiiieiii e 234
Step 5: Define and assign boundary CONAItIONS............coiiiiiiireee it 236
Step 6: Define sefitructure-interaction INtErface..........ooouviiiii e 237
Step 7: Define deactivation/activation for excavation CONStrUCHON...........c.eevviiiiiiiiieeeiiee e 238
StEP 8: MESH GENEIALIAN ... vii ittt e e s e e s e e e s s et e s nree e s nre e e e 238
Step 9: ANalysis aNd rESUIL OULPLIL .......ooiiiiie ittt e et sete e e s ane e e e antreeeanee 240
2.18 EXAMPLE8:EXCAVATION AND BECKS SUPPORTED RETAININGWALL .....uvuuuieiaaiaieeeeeeaeeaeaenn 243
L CT g F= U o] o] o<1 o YRR 243
BOUNAArY CONAILIONS:. ... .eiiiiiiiiiiii ettt e s e e e e nbbe e e e e aneeee 244

ExampleManual (Rel.March/2026) EnFEMor Windows



Vii

Zerothickness interface for sedtructure-iNteraction:..........ccocvveeveiiiiieeie e 244
Model development and analySiS STEPRS:.....ccciiuriiiii e 244

Step 1: Create geOMELNC ENTILIES. . ..o i et e e e e e e e e e e anae e e e e e e s eannneeeeas 244

Step 2: Define region Set and DEAMLSEL.........coi i 246

Step 3: DEfiNe StAGE AALIA. ......coiueiiiiiiii et 248

Step 4: Define soil material and beam SECHAN............ccciiiiiiiei e 248

Step 5: Define boundary CONAITIONS. .........coiiiiiiiiie e e e e e e e s eaara e aaeeaan 250

Step 6: Define sefitructure-interaction INtErfacCe..........ooociviiiie i 251

Step 7: Define deactivation/activation for excavation CONSIIUCHON. ..........coiiuiiiiiieieeiiiiiiiee e 252

StEP 8: MESH GENEIALIAN.......ciiii ittt e e e e e s e e e e e e s et aaa b e e e e e e s ensbanaeaeeesanneen 253

Step 9: ANalySis and reSUIL OULIPLIL ........eiiiiiiieiiiiee et e e s s e e nneee s 253

2.19 EXAMPLEL9:IMPORT A MODEL FRENS L OPE.......uuuiiiiiiiiiieeieeiiaiiiiieeiee et e e e e e e s e sibnnnreneeeeeeae s 257
IMPOrt ENSIOPE MOEL......ccoiiiiiiiiiie e 257
2.20 EXAMPLE20:IMPORT A MODEL FREMWMALL .....eiiiiiiiiieiiiee ettt e e e e 260
IMPOrt PYWall MOUELL ...t e e nnbreee e 260
LIST OF TECHNICAL REFERENGCES........cciiiiiiiiiiiiit et 264
LICENSE AGREEMENT & DISCLAIMER........ccoiiit et 1

ExampleManual (Rel.March/2026) EnFEMor Windows



viii

List of Figures

Figure 2.11 Configuration of thick cylinder subject to internal pressure...........ccccvvvvvvveeneee. 4
Figure 2.12: Define fundamental data in example. L. 5
Figure 2.13: Change background color for the CAD and Mesh mode............cccccovvviiinnnnen. 6
Figure 2.34: Setup AraWing SPACE. .....uviiiiiiiiiiiiiee it e et e e ee e 6
Figure 2.35: Set UP Grid SPACE.......cueiiiieiee ettt e e e e e e e e e e e eeaeeeas 6
Figure 2.16: Create an arc in ENFEM.........coooiiiii e 7
Figure 2.17: Create arc center by keying in COOrdiNaLe............ccuuvveeeieieieiiieiiiiiieeceeeeeeeeeeen, 7
Figure 2.18: Dashed line Of arc Creation..............ccuvueiiiiiiiiiiiieee e 8
Figure 2.19: Create the internal arc by using the coordinate input.bax...........cccoccuvvieenenn. 8
Figure 2.110:] Snap’ to existing center point to create a NEW arc..........ccceeeevrivverreeeennnnns 9
Figure 2.111: Create the eXternal @rC............eiiiiiiiiiiiiiee e 9
Figure 2.112: Snap to arc start to create a NewW liNe...........c.uvvveiiiiiiiiiiiieee e 9
Figure 2.113: Independent lines and arcs of the fan region..........cccccoooeeeiriiiiiiicien e, 10
Figure 2.114: Selected lines/arcs by a selecting Window..............cccoociiiieiieeininiiiieeee e 11
Figure 2.115: Convert lines/arcs to the fan regian............cccccviiiiieeiee e 11
Figure 2.116:; Stage group ManagemMENL.........cieeiieeeeiiieeeeiiiesee e e e e eeeeeeeeerennaereeeeeeeeeeesennnn 12
Figure 2.117: Define stage data for EXample.L...........ooooiiiiiiiiiiiieeiiiecee e 12
Figure 2.118: Dialog of material group management............cccvvuvreeieererrieeiieeieeeeeeeeeeeeeeeen 13
Figure 2.119: Define vorMises plasticity in Example.l.........ccccrriiiiiiinie e 13
Figure 2.120: Assign material property to region object...........ccccoviiiiiiiiii e 14
Figure 2.121: Dialog for boundary condition management............ccccccccivnnniviniienneeneeeeen. 15
Figure 2.122: Define displacement constraint on inclined edges..........ccccceeevvvvieivvvinennnn. 15
Figure 2.123: Define boundary condition Of PreSSUIe..........ccuuvviieeiiiiiiiiiieee e 16
Figure 2.124: Normal displacement constraint applied to inclined edges........................ 16
Figure 2.125:; Applied pressure to the internal arC...........ccoovvvviiiiiiiiei e e 17
Figure 2.126: Dialog for global mesh control..............ooooiiiiiiiiiie e 18
Figure 2.127: Global mesh size contral..............ccoooiiiiiie e 18
Figure 2.128: Show divisSion NUMDEr 0N €AQES.........ccuvuiiiiiiiiiieeee e 19
Figure 2.129: Dialog for local mesh refinement............ccoocuiiiiiiiiiiiiii e 20
Figure 2.130: Generated quadrilateral quadratic mesh in Example.l.............................. 20
Figure 2.131: Dialog of analysis SEetting...........covviuiiiiiiiii e e 21
Figure 2.132: RUN @NalYSIS AIAlOG ... ..ccoiiiiiiiiiiiei it 22
Figure 2.133: Initial mesh is displayed after switching to result made...............cccvvvveeeeee. 22
Figure 2.134: Contour plot in EXamMpPle.L........ciiiiii i e e e e e e eeeenaees 23
Figure 2.135: Contour of Equivalent Shear stress at increment=0.8.............ccccceeeevrinnnee. 24
Figure 2.136: Plot displacement vector of Example.L........ccccoovviveiiiiieiiieeiiiiiiceiceeeeeeeeee, 25
Figure 2.137: XY plot of the vertical displacement on the internal boundary.................... 26
Figure 2.138: XY plot of circumferential stress of Example.d.........cccccceveiiiiiiiiiiieeennnee, 26
Figure 2.21: Configuration of shallow foundation analysis...........cccccvvviiiienii e, 28

ExampleManual (Rel.March/2026)

EnFEMor Windows



Figure 2.22:
Figure 2.23:
Figure 2.24:
Figure 2.25:
Figure 2.26:
Figure 2.27:
Figure 2.28:
Figure 2.29:

Figure 2.210:
Figure 2.211:
Figure 2.212:
Figure 2.213:
Figure 2.214:
Figure 2.215:
Figure 2.216:
Figure 2.217:
Figure 2.218:
Figure 2.219:
Figure 2.220:
Figure 2.221:
Figure 2.222:
Figure 2.223:
Figure 2.224:
Figure 2.225:
Figure 2.226:
Figure 2.227:
Figure 2.228:
Figure 2.229:
Figure 2.230:
Figure 2.231:
Figure 2.232:
Figure 2.233:
Figure 2.234:

Figure 2.31:
Figure 2.22:
Figure 2.33:
Figure 2.34:
Figure 2.2b:
Figure 2.36:
Figure 2.37:
Figure 2.38:
Figure 2.20:

ExampleManual (Rel.March/2026)

Initial data for shallow foundation example
Setup drawing space for shallow foundation example
Setup grid space for shallow foundation example..............ccccvvvvveviiireeeeeennen. 30
Create polygon region for shallow foundation example
Define initial stress stage for shallow foundation example
Define initial stress options for Example.2...............coo oo, 31

Define initial soil stress at controlling paint............ccccviiiien e, 32
Define loading stage for shallow foundation example.........ccccccccvvvvviinnnnn... 32
Define MohCoulomb material for shallow foundation example................... 33
Assign material to soil region for shallow foundation example.................... 33
Define displacement boundary in X direCtion...........ccoocvvvieiieniiiiiiieeeee e 34
Define displacement boundary in both x anpdirections.................ccccccniinees 34
Define gravity load B.C in Example.2.......cccooeeeiiiiiiiiii e, 35
Define displacement load of the rigid foundation...............cccccoovviiiiiiiennnnns 35
Assign boundary condition to SOIl region...........ccccccviviiiiiiiiiiieier e 36
Roller displacement B.C. of the soil region.........cccccceevviiiiiiriieeiiccinn e, 36
Assign pinned B.C. to the bottom of soil regiQn..........cccvvvvveeviieiiiiiiineeeen... 37
Assign gravity B.C. t0 SOIl FEQION..........ccccuviiiiiiiiiiiiiiriireeeer e aa e e 37
Assign displacement load to edge of soil region............ccccooviiiieeeeniiinnee, 38
Show all assigned B.C. for assignment verification............c.ccccooevvvvveeeennnne 38
Advanced mesh control for shallow foundation example........................... 39
Apply global discretization seeds uniformly............ccccceeeiiiiiiiiie i, 39
Mesh refinement around foundation edge............cccoecvvvveeeiriiiiiiieeneeennnnn . 40
Local mesh control on edge below foundation...............cccccocciiniiiiininnnee. 41
Show seeds and division number to check local refinement....................... 41
Unstructured quadrilateral mesh for shallow foundation example............... 42
Setup analysis parameters for shallow foundation example....................... 43
Run Analysis parameters for shallow foundation example......................... 43
Contour of initial soil stress for shallow foundation example....................... 44
Sliding zone of shallow foundation example.............oiiiiiiiiincce 44
Vertical displacement along cutline 3inth below ground............................. 45
Define set for reaction OULPUL..........ccoovriiiiiiiieiiniiiiiieeee e . 4D
XY curve plot of Reactions VS Settlement..........ccccviviiieei e, 46
Configuration of slope stability analysis example.............cccceeeiiiiiiiiieeeennnns 48
Define control data for slope stability analysis............coooouviiiiieniiiiiiiiee s 49
Set up drawing space for slope stability example..........cccccccovcieieeiiiiiininnnnn, 49
Create two soil regions for slope stability example...........cccccceiiiiiiiiiinenns 50
Stage definition for slope stability analysis................cooeeeiicicciiiiie, 51
INitial SIrESS OPLION. .. .iiiiiceiiieeeeceeeeeeeeeeeerrrreeeee e e e e e e e eeeeees 51
Material property of top SOIl aYer........coiiiiiiiiii e 52

Material property for bottom soil layer.........c..oviiiiiii e 52
Assign material property to regions for example of slope stability analysis..53

EnFEMor Windows



Figure 2.310:
Figure 2.311:
Figure 2.312:
Figure 2.313:
Figure 2.314:
Figure 2.315:
Figure 2.316:
Figure 2.317:
Figure 2.318:
Figure 2.319:
Figure 2.220:
Figure 2.221.:
Figure 2.22:
Figure 2.223:

Figure 2.41.:
Figure 2.42:
Figure 2.43:
Figure 2.44:
Figure 2.45:
Figure 2.46:
Figure 2.47:
Figure 2.48:
Figure 2.49:

Figure 2.410:
Figure 2.411:
Figure 2.412:
Figure 2.413:
Figure 2.414:
Figure 2.415:
Figure 2.416:
Figure 2.417:
Figure 2.418:
Figure 2.419:
Figure 2.420:
Figure 2.421:
Figure 2.422:
Figure 2.423:
Figure 2.424:
Figure 2.425:
Figure 2.426:
Figure 2.427:
Figure 2.428:

ExampleManual (Rel.March/2026)

Define displacement BC for vertical edges in Example.3..........ccccoeeeeeeeee. 53
Define displacement BC for bottom edge in Example 3.....................oe. 54
Define force BC in EXamMPIe.3.......cooovviiiiiiiie e 54
B.C. groups for slope stability analysis...........cccccvvviiiiiiie e, 54
Assigned disp. B.C. for vertical edges in slope stability analysis................ 55

Assigned disp. B.C. for bottom edge in example of slope stability analysiss5
Assigned gravity B.C. for all soil layers in example of slope stability analy$ié
Assign unstructured quadrilateral mesh to top soil layer...........cccceeeeeennnn. 57
Generated quadrilateral, quadra#@8 mesh in slope stability analysis examble
Window to Run Analysis in Example.3........coooiiiiieie e 58
Contour of horizontal displacement in Example.3.........cccoooiiiiiiieeniiiiinenn. 58
Contour of equivalent plastic strain in Example.3............cccccccc, 59
Incremental Contour of displacement ul in Example.3............ccccevvvvvvnnnnnn. 59
XY plot of horizontal Displacement VS Load Increment...............cccuvveeen.. 61
Configuration of buried culvert example.............cooooeiciiiiiciieee e 63

Control data for BUFEd CUIVEIL..... ... 64

Setup drawing space for soillvert interaction analysis...........ccccvvvveeveerieennnnn. 65
Input coordinate of center of CUIVEIL.........oovviiiiiii e, 66
Create external arcs in EXample ..o 66
Create internal arcs of CUIVELL.........cccci e 67
Select lines and arcs and convert to a general polygon..........cccccvvveeeeeeee.n. 67
Completed three famnegions of CUIVEIL............ooviiiiiiiiii e, 68
Use dividing lines method to create vertex with accurate coordinates......... 68

Generate bottom soil region from independent lines and arcs segment.....69

Generate the top soil region to finish creation of geometric entities........... 69
Define regiorsets for EXample 4 ... 70
Use sets to control display/hide of regians...................c oo eeeeveecccciivinnnnnnnn 0
Define edgeset for EXample 4.........ooo oo 71
Define two stages in the example of smilvert interaction analysis............... 71
Set up options for initial soil stress in Example.4..........cccccvvvvivviiiiicinnnneeeenn, 72
Input parameters for interpolation of initial SOil Stress...........cccccveeiennnns 72
Define linear elastic type material for CUVEIL.........cvvvvveeiiiiiiiiiiie, 73
Define two MohCoulomb type materials for soil layers........c.ccccceeeeeeenennen. 74
Assign material definitions using "By Set" OpLON............cccvvieeeeriiiiiiiieeeenn. 75
Define boundary conditions in culvert analysis............ccccvvviieiiniiiiiieeeeenns 76
Assign boundary conditions in Example4........ccccviiiiie e, 76
Show all assigned B.C. in Example.4............cccoooiiiiiiiiiiee e 77
Use the display tool to hide soil layers...............ooo oo 77
Define interaction property, and master/slave surfaces...........ccccceeevveeenn.n. 78
Advanced mesh control for culvert regions............ooccvvevveeeenisiinneeeeennsiennnn 9
Advanced mesh control on soil layers...........coovveiiieii e, 80
Show mesh assignment 0N rEGIONS.........coiiiiiiiiiieeee e 80

EnFEMor Windows



Xi

Figure 2.429:
Figure 2.430:
Figure 2.431.:
Figure 2.432:
Figure 2.433:
Figure 2.434:
Figure 2.435:
Figure 2.436:
Figure 2.437:
Figure 2.438:
Figure 2.439:
Figure 2.440:
Figure 2.441.:
Figure 2.442:
Figure 2.443:
Figure 2.444:
Figure 2.445:

Figure 2.51:
Figure 2.82:
Figure 2.53:
Figure 2.%4:
Figure 2.55:
Figure 2.56:
Figure 2.57:
Figure 2.58:
Figure 2.50:

Figure 2.510:
Figure 2.511:
Figure 2.512:
Figure 2.513:
Figure 2.514:
Figure 2.515:
Figure 2.516:
Figure 2.517:
Figure 2.518:
Figure 2.519:
Figure 2.820:
Figure 2.221.:
Figure 2.222:
Figure 2.823:
Figure 2.224:

Figure 2.825

ExampleManual (Rel.March/2026)

Assign global mesh size to control mesh on external boundaries of.soil...81
Define seed divisions on culvert CFREEELON. .........covvvviiiiiieeieei s 81
Local seed control on upper fan regions.........ccceeeeeeeeee e 82
Local seed control on lower fan region...........cocovvivveeiiiiiiin e 83
Local seed control on the left common edge between soil layers............... 83
Final seed distribution around CUIVEIL.............cccuiiiiieiiiiiiiiiieee e 84
Mesh generated for buried culvert analysis..........ccccvveviiiiceen e, 84
Warning message for reduced integration on.Q4...........ccocceivivinnininnnnnnen. 84
Analysis setting for buried CUIVerL............cccciiiiiiie e, 85
Run analysis in EXamMpPle.d.......ccoooiiiiiiiiieiii e e e ee e 85
Displacement contour for saillvert interaction analysis..........c.cccccvvveeeenn. 86
Mises Stress INSIAe CUIVEIL..........cooiiiiiiiiiiii e 86
Moment of culvert subject to selfeight and surcharge.........ccccccccceeeeeeneneen. 87
Normal contact pressure on soil side after surcharge............ccccccovvuvvnenen. 88
Comparison of moment of culvert between example 4 and.17.................. 88
Comparison of shear of culvert between example 4 and.17.........cccc.......... 89

Comparison of normal pressure on culvert between example 4 and .17.....89
Configuration of stability analysis of slope, strengthened with.pile................ 90
Control data for EXampleb..........coooiiiiiiiie e 92

Setup drawing space and grid size for Example.5.................coceeei s 92

Create rectangle by keying in COOrdinates.........ccccvvvvviieiieeeeieeeee, 92
Create polygon of the top SOil [ayer...........ccooiiiiiiiii e 93
Create triangular region for upper Soil [aYer............ccovviiiiiiieeiiiiiiieeeeee 93
Create bottom soil layer as a general polygan...............cccooooieeiiii i 94
Define region sets in Example.5.........coooiiin e 94
Create four edge sets on contact iINterfaCces.......ccvvvvvvveeiieiieeiiiiiiiieieeeeeeeeee, 95
Define initial stress stage and OptionNS............cccoeeeiii e, 95
Create the second stage for strength reduction calculatian........................ 96
Linear elastic material for concrete of pi@ll ............ccooooiiiiiiiiinniiiie 96
MohrCoulomb model and SRM parameters for top soil layer..................... 97
MohrCoulomb plasticity for bottom soil layer.............cccoceieeiiiiiiiiiiiieee, 97
Define boundary condition of gravity 10ad.............cccccooiiiiieiiiiiiiiiee 98
Assign boundary conditions in eXxample.b.......cccooooveiiiiiiiiiiii e 98
Assigned boundary CoONditions.............occuuiiiiiiiiiii e 99
Define interaction property and master Surfaces.........cccoccvvveeeeieeniinnennnn. 100
Define slave surfaces on Soil l[ayers...........cceceiiiiiiiee e, 100
Set up global mesh control for rectangle regions of wall.......................... 101
Set up global mesh control for soil layers and thevgd# tip......................... 102
Assign seed divisions across-pildl section...........ccccccceeeiii e 103
Apply biased seed distribution to obtain smooth transition....................... 103
Local mesh control on common edge between soil layers....................... 104

: Quadrilateral mesh for EXample.5........ccccociiiiiiiiiiiiiiiiiiieieeeeeeeee e 105
EnFEMor Windows



Xii

Figure 2.226:
Figure 2.8227:
Figure 2.228:
Figure 2.229:
Figure 2.830:
Figure 2.831.:
Figure 2.832:

Figure 2.61:
Figure 2.€2:
Figure 2.63:
Figure 2.64:
Figure 2.€b:
Figure 2.66:
Figure 2.67:
Figure 2.6€8:
Figure 2.€0:

Figure 2.6€10:
Figure 2.611:
Figure 2.612:
Figure 2.613:
Figure 2.614:
Figure 2.6€15:
Figure 2.616:
Figure 2.617:

Figure 2.71:
Figure 2.81:
Figure 2.&:
Figure 2.83:
Figure 2.84:
Figure 2.85:
Figure 2.86:
Figure 2.87:
Figure 2.88:
Figure 2.80:

Figure 2.810:
Figure 2.811:
Figure 2.812:
Figure 2.813:
Figure 2.814:
Figure 2.815:
Figure 2.816:
Figure 2.817:

ExampleManual (Rel.March/2026)

Contour of horizontal displacement at last increment.................cccevvvvenen. 106
Contour of equivalent plastic strain at last increment.......................oo. 106
Horizontal displacement VS Load increment at node 2566....................... 107
Moment of pile VS depth.........cooorrrre s 108
Shear distribution VS depthl.........coooiiiiiiii 108
Distribution of contact pressure on right interface...........................oooe. 109
Distribution of normal contact pressure along the left interface................. 109
Simulation of CD taxial test using Dunca@hang model............ccccccceeiinnee 110
Define control data for EXample.B...........ccvvviieiiiiiiieiiiiiiciicciceeeeeeeeeeeeeeeee e, 111
Modify the drawing space and grid spacing in Example.6...............ccccceee. 112
Created rectangular region of sand sample in Example.6..............c.ccuueee. 112
Eight stages defined in Example 6 to simulate CD.teSt...........cccoeeeeeeeeein. 112
Setting of initial soil stress for Example.B..........ccoovvviiiiiie e, 113
Define Stage2 through Stage8 in Example.6..........ccccoviviiiveieiiiiiiiiiieeeenns 113
Define material properties for Dunc&hang hyperbolic elasticity.................. 114
Define twelve B.C. groups in Example.G.........ccccoooviiieiiiiiiiiiiciin e 114
Boundary conditions in EXample.6.........coooviiiiiiiiiniiiee e 116
Assignment of boundary conditions in Example.G.............ccccccvvvvviiinnnneee. 116
Assignment of boundary CONAItIONS...........cccuuiiiiieeiiiiiie e 117
Global mesh control for EXample.6..........cooiiiiiiiiiiniiiiieee e 118
Global mesh size control in EXample.6............vvvivveviiiieeiieeiiiiiiieieeeeeeeee, 118
XY plot of E22 VS Load Increments in Example.6...........cccccoovviiineeeennne 119
XY curve plot of equivalent shear g VS increments in Example.6............. 120
Combined plot of Shear Stress, q VS E22 for loose sand in Example.6..120
Curve of Equivalent Shear Stress,  VS.E22..........coooiiiiiiiviiiiiieeee 122
Configuration of conventional taixial test for modified carslay model........... 123
Control data for eXample.8..........cooi i 124
Drawing space for Example.8...........ooovooiiiiiiie e 124
Define initial stress for modified caohy material in Example 8.................... 125
Define modified Car@lay material in Example.8.......cccoveveveiiiviiiiiiiiinineeeenn, 125
Define horizontal displacement constraint on symmetric.axis..................... 126
Apply displacement constraint to0 Symmetric axiS........ccccvvvvvveeeeeeriiiiivnennnn. 127
Apply vertical displacement CONSIraINL............uveeeiiiii e i e 127
Apply B.C. to build initial SOil StreSSeS.........cvvviiiieiii e 127
Apply loading pressure on top of sample cylinder............cccccoovivvieeeennne 128
Global mesh control in EXample.8..........cooovriiiiii e 128
Select stage for result output in Example.8..........ccccceiiiiiiiiiiee 129
XY plot E22 VS Increment of NOAE 2.......vvvveeiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeee, 130
XY plot of Equivalent Shear, g VS Increments of Node.2...........ccc......... 130
Combined plot of Shear, g VS E22 in Example 8.............cccoivevieiiiiiinnnn. 131
Combined plot of Shear Stress, g VS Mean Stress, P.......cccieiieeeenen, 131
Combined plot of Void Ratio VS Axial Strain, E22 in Example.8.............. 132
EnFEMor Windows



Figure 2.91: Configuration of analysis of ssymmetric pile.........ccccccviiiiiii v, 134
Figure 2.92: Control data for EXample. 9. 135
Figure 2.93: Setup drawing space for EXample.Q.......cccccvvvveviiiiiiii, 136
Figure 2.9 Piletip geometric entities in EXample.9.............cccvrviviiiiiiin e, 136
Figure 2.9%5: Created geometric entities of the soil region in Example.9......................... 137
Figure 2.96: Geometric entities of the pile and soil in Example.9..............ccccccvvvvvnnnnee. 137
Figure 2.97: Initial Stress Stage definition in Example.Q..........cccciiiiiii e, 138
Figure 2.98: Loading Stage definition in Example.O..........ccooiiiiiiiiii e 138
Figure 2.99: Define materials for pile and soil in ExXample.9.........cccccvevieiiieeeeeiieiiieeeeeenn. 139
Figure 2.910: Define displacement B.C. for vertical soil/pile edges in Example.9........... 139
Figure 2.911: Define displacement B.C. for bottom soil edges in Example 9................. 139
Figure 2.912: Define gravity load B.C. in Example.Q.................. oo 140
Figure 2.913: Define point load on top of pile in Example.Q.........cccccoeeiiiiiiiricicenennn. 140
Figure 2.914: Assign displacement constraint to vertical soil/pile edges..............ccc.o..... 140
Figure 2.915: Assign displacement constraint to bottom edge of soil........................... 141
Figure 2.916: Assign gravity B.C. to pile and Soil regionsS.......ccccooeeevvvieveviiiiiiniieeeeeeeeeeenns 141
Figure 2.917: Assign point load to pile top along Symmetric axiS..........cccccceeevviviivveneeennn. 142
Figure 2.918: Define regiorsets in EXample.9..........ccccciiiiiiiiiiiiiiiieeieeeeereee e eee e, 142
Figure 2.919: Define master surface on pile €dges.........cccceeriiiiiiieeiie e 143
Figure 2.920: Define slave surface on Soil €dgEeS...........cceviiviiiiiiiiic i 143
Figure 2.921: Setup global mesh control on rectangular pile regian............ccccvvveeveeeneen.. 144
Figure 2.922: Setup global mesh control on quarrcle pile region............c..cccvvvveeernnne 144
Figure 2.923: Setup mesh control 0N SOil reGION............eeiviiiiiiiiiiiiiee e 145
Figure 2.924: Define division number for the pile cressction..........ccveevvevevviiiiiiiniinnenee... 145
Figure 2.925: Set up local seed control to top edge of SOil..........ccooiiiiiiiiieiiiiiiiiiieee 146
Figure 2.926: Setup local seed control on lower left edge of.SQil.........cccevveeeeiiiiiiiiinnnenn. 146
Figure 2.927: Quadrilateral mesh in Example.Q...............ooo i 147
Figure 2.928: Vertical Displacement VS Increments of Stage.2.........cccccvveeeiiiiiiiieeeennnns 148
Figure 2.929: Tangent status on the vertical interface...........ccccooviviieeeeeiiiiiieee e 148
Figure 2.16L: Configuration of excavation analysis example..........cccccoevviiieeirieiiiiciennn. 149
Figure 2.1: Region division and vertex label in Example.10..........cccccooiiiiiiieieniniinne. 150
Figure 2.168: Control data in eXample LO0............ooiiiiiiiiiiiiieee e 151
Figure 2.104: Setup drawing space for Example.lQ.......ccccooooiiiiiiiiiiiiii e, 151
Figure 2.16b: Region creation in EXample.L10...........oveiiiiiiiiiiieeeeieee e 152
Figure 2.166: Define region sets in EXample.10..........c.ooiiiiiiiiiniiiiiieeeeiiiieee e 152
Figure 2.107: Define stage type as "Initial SOil StreSS......c.oooovvvviiiiiiciii e, 153
Figure 2.168: Options of initial SOil STTESS..........uiiiiieiiiiiiiieie e 154
Figure 2.160: Input vertical soil stresses at controlling points and coefficient of lateral stfss
Figure 2.1610: Typical EXcavatiofl Stage...........ccccoeeiiiiiiiiiiiieeiiiiiiiieee e 154
Figure 2.1611: Stage groups in EXample.10........cooviiiiiiiiieiee e 155
Figure 2.1612: Define modified camlay material..............cccevvviiiiiiei e, 155
Figure 2.1613: Define linear elastic concrete material.................cooooiiiiiciciiiiieee, 156
ExampleManual (Rel.March/2026) EnFEMor Windows



Xiv

Figure 2.1614:
Figure 2.1615:
Figure 2.1616:
Figure 2.1617:
Figure 2.1a18:
Figure 2.1619:
Figure 2.1€0:
Figure 2.1R1:
Figure 2.12:
Figure 2.123:
Figure 2.1@4:
Figure 2.125:
Figure 2.126:
Figure 2.17:
Figure 2.128:
Figure 2.1e29:
Figure 2.1680:
Figure 2.1681:
Figure 2.1682:
Figure 2.1683:
Figure 2.1684:

Figure 2.111:
Figure 2.112:
Figure 2.113:
Figure 2.134:
Figure 2.135:
Figure 2.136:
Figure 2.117:
Figure 2.118:
Figure 2.119:
Figure 2.1110
Figure 2.1111
Figure 2.121.:
Figure 2.122:
Figure 2.123:
Figure 2.124:
Figure 2.15:
Figure 2.12%6:
Figure 2.1Z7:
Figure 2.18:
Figure 2.129:
Figure 2.1210

ExampleManual (Rel.March/2026)

Assign material to previously defined Set.........cccoooveviiiiiieiiiciii e, 156
Define displacement constraint on vertical soil boundaries..................... 157
Define displacement constraint on bottom soil boundary....................... 157
Define gravity [0ad...........oooviiiiiii e 157
Define surcharge on excavation Dase..........ccccoeviiriieeeiiiiiiiieeeee e 157
Boundary condition assSignmeNtS.........cceeevieiiiiiiieeiiiiieeeeeeeeee e 158
Define deactivated regions to simulate excavation...........cccooeeeeeeeveveninnns 159
Final deactivated regions definitions...........c..ueeeiiiiiiiiiieeiee e 159
Define master and slave contact SUIfaces..........occvvveeeeeiiiiiiiiieie e 160
Mesh control for regions next to wall............cccceeeiiiiiiiiiiiiiiii e, 160
Mesh control for region below wall..............ccccooiiiiei e, 161
Fully generated MEShL.............uuuiiiiiiiiiiiiiieeeeee e 161
ANAIYSIS SELINGS.....cceiiiieieiiiiir e e e e e e e e e eaeee 162
RUN analysis dialag..........coueiiiiiiiiiiiee e 162
Contour of vertical initial SOil SIrESSES.........uvvviieeiiiiiiieee e 163
Plot distribution of initial void ratio with depth.............c.coooooiiiiiin. 163
Define set of final excavation surface.........cccccvvevieeviieiiiiieeeeeeeee, 164
Define set of contact interface...........cccoovviiiiiiiiiiiiiiie e 164
Soil heave on excavation SUrface...........cccccceiiiiiiiiiiiiiee e 165
Active soil pressure on retaining wall VS depth...........ccccccoiviiiiiiienns 165
Moment along retaining wall after excavation...........cccccccoveeeeeeeen. 166
Excavation on inclined soil ground..............cceeeeiiiiiiiieeeeee e 167
Edit vertex coordinate to raise rightand soil vertex elevation...................... 167
Modified SOIl [AYEIS.......eeieeiiiiiiiiiiee e 168
Modify type of first stage in example 11 to generate initial soil stress......168
Regenerated mesh for the inclined soil layers...........ccccooviiiieeeiiiiiiennn. 169
Select/Analyze the first stage only.........cccccoiiiviiiiiiiiiiee e, 169
Use report output to write stresses to an external file.....................c.cc. 170
File of Initial SOl SIrESS........cooi i e e e e e 170
Define an external file as the source of initial soil Stress.............eeeeeeeeeeee. 171
: Check all stages and run analySiS............cccoviiiiiieiieeininiieeeee e 172
: Initial stress of inclined soil Model............cccciiiiiiiiiii e, 172
Geometry of the boX CUIVELL..........ccooviii i, 174
Control data in example 12 ... 175
Create bottom section of DOX CUVELL........covvviiiiiiii 176
Use "Copy to" to create top section of the brxdvert............ccccoooeeiieiiininnnn, 176
Completed section of the bauIVert ... 177
Create the polygon region for SOilfill..........ccccvvveiiiiiiieii, 177
Create the polygon region for bed soil layerl............oooevviiiiiiiciiie e 177
Create region and 0ERRLS. .........uiiiii e 178
Create four edge sets on soil regions for contact output.............c.covveeeee. 178
: Material properties for the begulvert analysis..........ccccccceveiviiiiieeennnneenn. 180
EnFEMor Windows



XV

Figure 2.1211:
Figure 2.1212:
Figure 2.1213:
Figure 2.1214:
Figure 2.1215:
Figure 2.1216:
Figure 2.1217:
Figure 2.1218:
Figure 2.1219:
Figure 2.120:
Figure 2.1221:
Figure 2.122:

Figure 2.123
Figure 2.13L:
Figure 2.12:
Figure 2.133:
Figure 2.134:
Figure 2.13%5:
Figure 2.13%:
Figure 2.137:
Figure 2.138:
Figure 2.138:
Figure 2.1310
Figure 2.13L1
Figure 2.141:
Figure 2.14:
Figure 2.143:
Figure 2.144:
Figure 2.14:
Figure 2.146:
Figure 2.147:
Figure 2.148:
Figure 2.151:
Figure 2.182:
Figure 2.183:
Figure 2.154:
Figure 2.1%5:
Figure 2.155:
Figure 2.15/:
Figure 2.188:
Figure 2.15:
Figure 2.15810

ExampleManual (Rel.March/2026)

Create displacement and gravity load boundary conditions.................... 181

Assign displacement and gravity load boundary conditions.................... 181
Define master surfaces on culvert(blue) and slave surfaces on soil (gre&82
Mesh control for soil layers in Example.12........cccccoovviiiiiiieeeeiiiciiin e, 182
Mesh control for culvert regions in Example.12..........ccccccceiiiiiiiineeennne 183
Use coarse mesh for external edges............cooooiieiiicccciiinvivieiireeee e 183
Local seed control on top/bottom of the culvert...........cccccocveceeeeirinnnnes 184
Define four element layers on regions of CUIVErL..........cccccviiviiieniiiiinnne. 184
Define division on remaining edges of culMert...........ccccvvvvviviiiinninen. 184
Control mesh size to transition smoothly from coarse to fine areas........ 185
Q4 mesh for box culvert analysiS.........ccccouiiiiiiiiien e 185
Plot contact pressure on top of the culvert by XY plot.tool...................... 186

: Comparison of contact pressure on the right and left vertical sides........ 187
Analysis of a frame with straight segments.............cccccv i 188
Control data in example L3..........ooooiiiiiiiiiii e 189
Define Deam SetS........uvei e 189
Stage definition for plane frame analysSiS.........ccccoocvviiiiiiiniiiiiiiie 190
Section group management and section definition for plane frame.......... 190
Assign structural section to beam Set...........cccvvvvieiiiiiiiiiii e 191
Displacement and load boundary conditions for plane frame................... 192
Assign boundary conditions to plane frame..............ccccccciiiiiiiiiieeeeee, 193
Show all boundary conditions to plane frame............cccccceiiiiiiiieice e 193
: Run analysis for plane frame analySiS............cccouveieeiiiiiiiiieeeeeeiieeeeen 194
. Plot result curves for plane frame................ooo oo 194
Cantilevered quartering beam subjected to point load..............ccccceeeeeinee 196
Create arc beam ENILY..........evvii it 197
Define section for quarteing beam....................oo oo 197
Assign section to quartemg beam...........ccccceeiiiiiii 198
Define embedded BC and load BC for quatiteg beam analysis.................. 198
Assigned boundary conditions for quartérg beam analysis....................... 198
Moment plot for quartesring beam analysis.............cccviieiiiiiiiiiieec e 199
Moment data table...........covvvviiiiiiii e 200
Excavation simulation and analysis of cantilevered retaining.wall............ 201
Control data in example L5 ... 202
Setup drawing space for Example.18.........ccccovveiiiiiiieiiiiiiiiieieeeeeeeeeeee e, 203
Create eight rectangles for soil part.........ccccoveiiiien e, 203
Create regION SIS . ..o it ieeeiiiie e et e et e e e e e s e e e e e e e 204
Definition of positive beam directian....................ccoeeeecciiiciiieee 204
Define initial soil stress for example.15.........ccccccceiiiiiiieeircceicccn e 205
Define and assign modified CABIRY t0 SOIl...........coooiiiiiiiiiiiiiiiiece e 206
Define and assign beam Section...............iiiiiiii e 206
: Define displacement and load boundary conditions..............cccccceveeeeen.. 207
EnFEMor Windows



XVi

Figure 2.1511:
Figure 2.1812:
Figure 2.1513:
Figure 2.1514:
Figure 2.1815:
Figure 2.1516:
Figure 2.1817:
Figure 2.1518:
Figure 2.1519:
Figure 2.1820:

Figure 2.16L:
Figure 2.1e2:
Figure 2.163:
Figure 2.164:
Figure 2.165:
Figure 2.165:
Figure 2.167:
Figure 2.168:
Figure 2.160:

Figure 2.1610:
Figure 2.1611:
Figure 2.1612:
Figure 2.1613:
Figure 2.1614:
Figure 2.1615:
Figure 2.1616:
Figure 2.1617:
Figure 2.1618:
Figure 2.1619:
Figure 2.1&20:

Figure 2.171:
Figure 2.172:
Figure 2.173:
Figure 2.174:
Figure 2.175:
Figure 2.176:
Figure 2.177:
Figure 2.178:
Figure 2.17:
Figure 2.1710
Figure 2.1711

ExampleManual (Rel.March/2026)

Assign lateral displacement boundary.............cccevvviviiiiiiiin e, 207

Define zerdhickness interface in example 15........cccccoviiiii, 208
Set deactivated region and activated beams..........ccccvveeveeeeeeiiieiiieeeeeenn. 209
Mesh control for regions in example . 15........cccccccoiiiiiii e, 210
local seed control and Show edge division and seeds in example.15....210
Probe element connection on overlapped edges...............ccoeeeeeeeeiinnes 211
Dialog of Run analysls for example 15..........cccccciiiiiiiiiinniiiiiiieee e 211
Horizontal displacement of retaining Wall..............cccccccviiiiiiiiiiinee 212
Moment diagram of retaining wall.............ccccvvviiiiiiiiiiii, 213
Distribution of soil pressure along the back of retaining wall.................. 213
Geometry of excavation and strut supported retaining wall...................... 215
Control data in EXample L68............cooooiiiiiiiiiieii i 217
Setup drawing space for Example.l6.........cccccooeeviiiiiiiiiiii e, 217
Create rectangles and polygon for example.16............ccccccvvvvvvviniiieeeeennen. 218
Create region SEIS.....iiiiiiii e 219
Define initial soil stress for example.1G.........ccooocuviiieeiiiniiiiceee 220
Define struts installation and excavation stages in example.16................ 220
Define two modified CANTlay materials...........ccccceeeveeii e, 221
Define wall and Strut SECHONS...........uuuiiiiiiiiiiiiiiiiieiiieeeeeeee e e 222
Define displacement and load boundary conditions..............ccccccvvveenen.n. 222
Assign surcharge BC in example.16..........ccccccoeeiiii e, 223
Define zerdhickness interface group for right wall..............ccccoooiiiieenen. 224
Define zerdhickness interface group for leftwall............ccccciieieinnniinee. 224
Set deactivation and activation in example.16.............cccccvvvvvvvererereeeenenn. 225
Mesh property on excavated SOil FEQION...........uvvvveeeiiiiiiiiieeee e 226
Final discretization on EXample 16...........cccvviiiiiiiiniiiiiiice e 226
Dialog of Run analysls for example 16...........cccccoiiiiiiiiienniiiiiiieeeeees 227
Shear forces on right retaining wall after excavation................ccccvveeeenn. 227
tangential status on back of right retaining wall...............cccoiiiiinninen. 228
tangential status on back of right retaining wall.............cccccccvviieennn 228
Geometry of buried culvert using beam elements.............cccoccivieeeeennne 230
Control data in EXample L7.......coooiiiiiiiiiiieeee e 232
Setup drawing space for Example.Ll7......ccccooiiiiiiiiiiiiii e, 232
Set management in eXample L7, ... 233
Define initial soil stress for example.15..............cccoiiiiiin e, 234
Define and assign Mol@oulomb in Example 17........ccccoeovvvieiiiiiiiiiiiccennnnn. 235
Define and assign beam section t0 CUIVEIL............ccevvviiiivieeiiieiieiieeeeeeeee. 236
Define displacement and load boundary conditions............cccccceeeeeeeel. 236
View all boundary conditions in Example.17..........ccccccccveiiiie e, 237
: Define zerdhickness interface in example 17.........ccccccoviiiiiiieneeeniiiinee, 238
. Set activated beams in Example.L7...........ooooiiiii i 238
EnFEMor Windows



XVii

Figure 2.1712:
Figure 2.1713:
Figure 2.1714:
Figure 2.1715:
Figure 2.1716:
Figure 2.1717:

Figure 2.18L:
Figure 2.1&:
Figure 2.183:
Figure 2.184:
Figure 2.1&:
Figure 2.185:
Figure 2.187:
Figure 2.188:
Figure 2.180:

Figure 2.1810:
Figure 2.1811:
Figure 2.18L2:
Figure 2.1813:
Figure 2.1814:
Figure 2.18L5:
Figure 2.1816:
Figure 2.1817:
Figure 2.1818:

Figure 2.191:
Figure 2.12:
Figure 2.1%8B:
Figure 2.19%:
Figure 2.1%:
Figure 2.1%:
Figure 2.2a1:
Figure 2.2e:
Figure 2.268:
Figure 2.264:
Figure 2.26b:
Figure 2.266:
Figure 2.207:

ExampleManual (Rel.March/2026)

Mesh control for regions in example . L7..........ccocvceeiiiiiieeeeceeecce e 239

Local mesh refinement for culvert segment.............ccceeeeviieieiiiiiniinneenen.n. 239
Local mesh refinement for culvert segment..........ccccvvvevvvvieeevieieeneeeeeeeenn. 240
Run analysis in example.L7..........oooiiiiiii e 240
Moment Plot fOr CUIVEIT............oiiiiiiiieee e 241
Normal pressure On INLEIacCEe...........ccooecicci e 242
Geometry of tieback supported retaining wall...........c.oooooovririiiiiiiiinee, 243
Control data in EXample L18.........oouiiiiiiiiiiiiieieee e 245
Setup drawing space for Example.18.........cccccvveviiiiiiieiiiiiiiiiieeeeeeeeeeeee, 245
Regions and coordinates of control Points...........c.ccvvveeeiiieee e e, 246
Create regION SIS ...cciiiiiiiiiiiie ettt e et e e e e e e e e e e e aane 247
Consistent beam directions in ENFEM...........ccccvviiiiiiiiiiiii e 247
Create data table for initial soils stress interpolatian.............ccc.ooeeeevevinnnns 248
Material definition for example 18.........ccccoviiiiiiiiiie e 249
Define structural sections for tie back and retaining wall......................... 250
Define displacement and load boundary conditions.............ccceevvvevvvnnnnnn. 250
Assign boundary condition in example.18................cccceecciiiiniiiiine, 251
Define zerdhickness interface group for retaining wall.............ccvvevveeeee. 252
Set deactivation and activation in example.18............cccoceeeeiiiiiiiiieneenn 252
Dialog of Run analysls for example 18..........cccccociiiiiiiiriieriiiiieeeeeeeeeeee, 253
Displacement history at lower tiebaalall connection in Example 18......... 254
Axial force of retaining wall after all excavation................ccccoecvvvveeeennns 255
Axial force of bottom tHACK..........cevvviiieiiiii, 255
Axial force of Upper geOGIId.......uuuviieiiiiiiiiiiieieeeee e, 256
Setup units before IMPOrtiNg..........ccvvviiiie e 257
Dialog to import an EnSIope Model..........coooiiiiiiiiiiiniiiiiieeieeee e 257
Imported model shown in ENFEM............cccccooiiiiiiiiirecc e, 258
Stage parameters for the stability Stage............cccoeveeiiiniiii 258
Boundary conditions in imported model..........cccccoviiiiiiiiriiii 259
Contour of horizontal displacement Ul.........cccooooiiiiiiiiiiiiiiiine e, 259
Model of a retaining wall supported by twobacks in PYWall 2025.......... 260
Parameter window for importing a PYWall madel.............occvviiiieennnnnnen. 260
Information about model importing from PYWall...........ccccceeeeiiiiiininininnnn, 261
model of retaining wall analysis imported from PYWall...............cccvveeeee. 261
Nonuniform mesh generated for imported PYWall model......................... 262
Moment of wall for imported PYWall model..........ccccooeeiiiiiiiiciien e, 262
Shear force of wall for imported PYWall model.............ccccoovviiiiiieinnnnns 263
EnFEMor Windows



XVili

List of Tables

Table 2.11: Coordinates of controlling vertices in example.L.........cccccoiiviiiiiiiiininnieeeeeeeee. 5
Table 2.41: Vertices for buried culvert analysis............ccovvviiiiiiiiiiiie e 65
Table 2.51: Coordinates of controlling vertices of Example.S.........cccccoiiiieeeiiiiineenn. 90
Table 2.61: Stress B.C. for conventional draineebtxial test...........cccccvvviiiiieiiiniiiiiiieennn. 111
Table 2.71: Pressure boundary conditions for dense sand.test...........cccccvvvevvereeeeeennennn. 121
Table 2.161: Coordinates of cONtrolling VEMeXEeS..........ocvvvviiieiiiiiiiiiiee e 151

ExampleManual (Rel.March/2026) EnFEMor Windows



Pagel

CHAPTER 1. Introduction

ExampleManual (Rel.March/2026) EnFEMor Windows



Page2

1.1 Program Description

EnFEM is aersatile finite element analysis software designed to simulate the 2D mechanical
behavior of solid materials under various loading conditions. It supports e, planestress,

and axisymmetric analyses, with a primary focus on addressing geotezhm®ingineering
challenges. Equipped with an extensive range of linear andinear material models, boundary
conditions, and element types, EnNFEM offers users a comprehensive set of analytical tools to
tackle both simple and complex geotechnical probdéem

1.2 Manual Description

This manual is designed to help users familiarize themselves with the features of EnFEM through
a series of stefoy-step tutorial examples focused on common geotechnical problems. Each
example introduces different modelevelopment 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 drivde@ma different
location was selected during installation):

1 (Root DriveEnsoft EnFEN025-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

1 setwall : Courier font , used fokeyin name, coordinate, numberstc.
1 Run Mesh: BoldCalibri, used for menu commaurd 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 showirigure2.1-1. The nternal radius is 100
mm andthe external radiudgs 200-mm. Due to symmetrya quartercylinder model is sufficient
for analysisas shown inthe right imageof Figure2.1-1. Two radial boundaries are set at 45
degrees from the vertical axis. The units used in this example are "N, mm, second

Figure2.1-1 Configurationof thick cylinder subject to internal pressure

Material Properties:

., 2dzy3Qa _a 2 Rdzdpdranyd @i a

CTHO MOTG &

Von Mises plastiity

Boundary Conditions:

1 displacement constraints: normal &xdge in the local direction
9 internal pressure: 2001Pa
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Model development and analysis steps:

Step 1:Create geometric entities

Pageb

The coordinates of four cornefseenin Figure2.1-1) of the fan region ardistedin Table2.1-1.

A B C D
X 70.71 141.42 -70.71 -141.42
z 70.71 141.42 70.71 141.42

Table2.1-1: Coordinatesof controlling vertices in example 1

To begin using EnFEM, start the application from the Windows Start Menu or by ddicklag

& 9 ¥y C9 aimtBebrStallation directory. Upon launching, a dialog will appear to define control

data for the new project.

In this dialog, update the projecttitte T hi ¢ k
For the analysis type, selaxtt f | y S. Sétthélunifs @b = Y Y I todlSie2hg $ystem

of measurement. With these settings, the corresponding stress unit will be N/mmz2or MPa. This
ensures the project's units are consistent and appropriate for the analysis.

cylinder

subjected to.

Control Data

Project Title:

‘Thick cylinder subject to internal pressure

Analysis Type

(®) Plane Strain (O Plane Stress () Axi-Symmetric
Thickness
0
Unit
(®) Pre-Selected () Customized
v

Figure2.1-2: Definefundamental datain example 1

internal

The default background color for the working zone is black, but usersusiomize it to their

preferred color. To change the background color, go to the menu bar, clicRmtiohs' and then

select 'Background Colot From the dropdown list, choose the desired col(geeFigure2.1-3).

Thisbackgroundcolorwill apply to bothdCADMODE
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Background Color

Background Color oK

Cancel

Figure2.1-3: 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 holdiad Rikey, 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 daLJi A 2y & T 5 &Nt igrecgrimefded tasst

the drawing space slightly larger than the model's dimension extents. In this example, the drawing
space is configured as shownFigure2.1-4:

Drawing Space Extent X

Drawing Space
Minimum Maximum
(unit: mm)

|

Default

Figure2.1-4: Setup drawing space

The default grid spaeg is d0CE which is too large in this examplerom themenu bar click
0Option->Grid Spainge to openthe grid sizedialogand dange the grid spaegin boththe Xand
Zdirectionsto fi100 (Figure2.1-5).

Grid Size X

Grid Space

(unit: mm)

X Space
Z Space

Default

Figure2.1-5: Set up grid space
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Click the toolbar icol! - to activate the arecreation tool, or selecti NB b { ¢ frolm theNJO

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. createthe vertex of the arcenter,
2. createthe vertex of thearc start
3. createthe vertex of thearc end.

Arcs are always created in a countdockwise directiorfFigure2.1-6).

arc end Ndwectlon

arc center

arc start

Figure2.1-6: Create an ac in EnFEM

To input vertex coordinates, use the coordinate input box located below the working zone. Click
i KS Ay Lzl 0,0@ EFigure2. 57y, @an& pdadsRETURND create the arc center

Input center vertex of arc: [0.0 ]

anti...

Figure2.1-7: Qreate arc center bkeying in coordinate

A dashed line from the arc center tioe arc start will appear on the screen
Note: The dashed line color depends on the working zone background:

91 Black background (defaultPashed line appears cyan.
1 White backgroundDashed line appears rdfigure2.1-8).
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Figure2.1-8: Dashedline of arccreation

The prompt in the coordinate input box now read#nput start vertex of art Enter
A[70.71, 7a@andargssRETURM { lj dz2r NE o NJ} O1Sia dw 6¢ RSYy203S NI
to the arc center), while absolute coordinates are entered without bracigtgure2.1-8).

A temporary dashed arc appears, waiting for the arc end vertex. Brter 0 0, %and press
RETURNb complete the arc creatiofFigure2.1-9). 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.

SEaRERRRRRES N

>

Figure2.1-9: Create the internal arc by usinghe coordinate input box

To create the external arc, use the snapping method to place its center vertex, which shares the
same center as thimternal arc. By default, snap options are enabled in EnFEM.

1. Ensure the arc creation tool is activatlf'.

2. Hold theCTRIkey 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 snagrigome2.1-10), LEFT

CLICKo 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 t@¥'Rlkey and move the cursor until the snap icon
appears
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v

Figure2.1-10: BapClo existingcenter pointto create a new arc

Enter the relative coordinate [ 1 4 1. 4 2, 1 4inthecoprdinate input box and preRETURN
Then, enteri [ 2 0 0, @&nd presKRETURND complete the external ar@Figure2.1-11).

R

AT

g

Figure2.1-11: Create theexternal arc

Next, create two lines talose the fan shape:

1. Click the line creation tool from the toolb.-{.\' )

2. Use the snap method (hold thé TRLkey, move the cursor until it changes to a small
crossedcircle, and thenLEFICLICKto create the start vertex of the new lingigure
2.1-12)

Figure2.1-12: Shap to arc start to create a new line

ExampleManual (Rel.March/2026) EnFEMor Windows



Pagel0

While holding theCTRIkey, 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

E) appears| EFTCLICKreatesthe end vertex.

Since line creation in ENFEM is continudRIKGHTCLICKand selectEnd Creatioa to terminate
the line command. Repeat these steps to create the line on the left side of the fan drigpes(
2.1-13)

AT

Figure2.1-13: Independentlines and arc®f the fan region

The fanshaped region, composed of arcs and lines, is classified as a general region. To convert
these components into eegion object:

1. Fromthe menubar,clidti NS S M t 2t @3y FTNRY [AySak! NOa
2. The coordinate input box prompt changes"®elect independent lines/arc's

3. Select the lines and arcs showrFigure2.1-13.

4. RIGHTCLICKand selectEnd Selectiofto complete the fan region creation

EnFEM provides seven selection filters. By default, ttgzlect Al filter is active

ALL .

=& ® k&= B alowing selection of multiple entity types with priority givenvertex >
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. SHIFTClick SelectionHold theSHIFkey to select multiple entities individually.
2. SHIFTSelectionWindow: use a selection window

The selection window isiore convenientwhich isavailable in two modes:

1 Contained Window:LEFICLICKany point and drag the cursor to the temght. The
contained window, shown with solid edges (green if the background is black), selects
entities fully inside the window.
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1 Crossing WindowLEFICLICKany 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 clarityln Figure2.1-14, selected lines/arcs are shown in red

Figure2.1-14: Selecedlines/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 réfigare2.1-15).

NOTE Only independent lina/arcs can be converd into a general polygon.

Figure2.1-15: Convert lines/arcs to the fan region

Click E to savethe modelfile as" Oylinder.sep

ExampleManual (Rel.March/2026) EnFEMor Windows



Pagel2

Step 2:Define stage data

From themenu bar clickéData>Stage Managemeitto openthe stagegroups window (Figure
2.1-16).

Stage Group Management X
Stage Group %
New
Copy
Edit

Delete

Insert

Close

Figure2.1-16: Stage group management

Stage Definition X

Name:

‘stagel

Type

‘ General Static ~

Increment Control
(®) Automatic (O Fixed

Maximum number of increments 100

Initial Increment Size 0.05

Minimum Increment Size 1e-005
Maximum Increment Size m

Cancel

Figure2.1-17: Define stage data foExample 1

ClickéNewe to define a new stageF{gure2.1-17):

1 Enter the stage hame &stagel
1 Select'General Statitas the stage type.
1 Keep the increment option set ttAutomatic', but update:
o Initial increment size t60.05'
o Maximum increment size t0.05'
ClickéSave & Ex#to return to the stage group management dialog.

ClickéClose to exit.
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Step 3: Definematerial properties

From the menu bar, clicéData>Material Propertieg to openthe material group management
window (Figure2.1-18).

Material Group X
Material List Color
New
Copy
Edit
Delete
Close

Figure2.1-18: Dialog of material group management

Material Property X
Name: ‘MiSE‘S ‘
Mechanical Behavior  Mises Plasticity ~ Color ‘ j

Material Parameter
Unity Weight 0 N/mm~3
Young's Modulus £ 210000 MPa

Poisson Ratio v |0.3

Yielding Stress 240 MPa

Additional Parameter Control

Linearly Changed Young's Modulus Linearly Changed Yielding
Z Coord. of Ref. Point |0 mm Z Coord. of Ref. Point |0 mm
Change Rate of Young's Modulus 0 MPa/mr Change Rate of Yielding |0 MPa/mn

Save & Exit Cancel

Figure2.1-19: Define vonMises plasticityin Example 1

Definenew material:
1. ClickéNews in the material group management windowigure2.1-19).

o Enter the material namé& Mmises ".
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o Select'Mises Plasticityfrom the mechanical behavior options.
o LyLlzi @I fdzSa FT2NJ , 2dzy3IQa Y2Rdzf dza>X t2Aaaz2y
o Leave unit weight undefined, as it is not required for this example.

2. ClickéSave & Exito return to the material group management dialog.

3. ClickeClose to exit

Material Assignment X
Assignment Option
(®) By Region (OBy set

Region List Material Group : Mises

Mechnical Behavior : Mises Plasticity

Material Group

Show All Assign. D Show Region Name
Update Mat. Cancel oK

Figure2.1-20: Assign material property to region object

Assigrithe material to aregion
1. Fromthemenubar,clidsé I G T al (i S NZ#td dpenthé rskedHaya¥siyyimient
dialog.

o The Region List window displays regions automatically named as "Region +
number" by EnFEM.

o Available materials are listed in the Material Group dogwn list.
Select the optiordBy Individual Regi@nas this example contains only one region.
ClickéRegion £ in the region list. The region will be highlightedle cyancolor.

Choose the materidlMises' from the material group drogown list.

o~ w DN

ClickéAssigi G2 O2YLJX SGS GKS YIFGSNRIf FaaA3adyyYSyidao ¢
purple Figure2.1-20).

6. ClickéClose to exit the dialog

ExampleManual (Rel.March/2026) EnFEMor Windows



Pagel5

Step 4: Define boundary conditions
From themenu bar clickdData->Boundary conditionéto openthe dialog for boundary condition
managemeniFigure2.1-21).

Boundary Condition Group Management X

B.C. Group

disp_normal Ne%
pressure

Copy
Edit

Delete

Close

Figure2.1-21: 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, clidiewe to open the BC definition dialog. Enter the
namedisp_normal"  and select'Edge Displacemehtas the boundary condition type from the
drop-down list, as shown ifrigure2.1-22. Choose"In Local Directichand check the option
"Normal to Edgé Keep the value set tero, representing no movement in the normal direction.
ClickéSave & Ex#to return to the group management dialog.

Boundary Condition

Define Boundary Condition
Name: disp_normal

B.C. Type ‘Edge Displacement v

(O 1n Glocal Direction (®)1n Local Direction

[“]normal to edge = l:l mm

Dtangenl toedge= O mm

Displacements are defined in local directions. Positive normal disp. points toward inside of the

region. Positive tangent disp. has counter clockwise direction
Save & Exit Cancel

Figure2.1-22: Define displacement constraint on inclined edges

To define the second boundary condition for the applied pressure, @iek& in the BC group
management dialogHigure2.1-23). Enter the namepressure®  and select Surface Loddas the
boundary condition type. Keep the option set'tm Local Directiohand enable thé'pres Start
checkbox. Since the pressure is uniform, inpaov" for both"pres start and"pres end.

ClickéSave & Exito return to the BC group management dialog, then diClosé to exit.
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Boundary Condition X
Define Boundary Condition
Name: ‘pressure |
B.C. Type Surface Load ~
(O1In Global Direction (® In Local Direction
[ pres start = MPa pres end = MPa
[ shear start = 0 MPa shear end = 0 MPa

Surface loads are defined in local direction. Positive values have directions toward inside of the

region. Positive tangent disp. has counter clockwise direction
Save & Exit Cancel

Figure2.1-23: Define boundary condition gbressure

To assign boundary conditions, clig&l G I T . 2 dzy R l¢RKdmn thHe &nénd Eaytoropen i
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 constrdidtsp_normal, select it from the list and clicissigri. The

selection filter will automatically switch to the line/arc filt.s & 48 s & = B i the filter is
disabled, click to enable it again. Hold tBElIFkey and click to select both straight edges of the
fan region. Once selected, RIGBIICK and chooéEnd Selectio&to complete the assignment.
Green roller icons will appear next to these eddagire2.1-24).

11 Boundary Condition Assignment X

B.C. Group
Name stagel

pressure Created

Boundary Condition Information
Type : Edge Displacement in local direction
Prescribed displacement normal to edge = 0.000

Show All B.C. Assignment A Del Assign

Figure2.1-24: Normal displacement constrainappliedto inclined edges

Next, assign the boundary conditidpressuré. Select it from the group list and clidkssigr.
Select the internal arc, RIGKLICK, and choos&nd Selectiod. Pressure symbols will be
displayed outside this ar€&igure2.1-25). 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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8 | Boundary Condition Assignment X

B.C. Group

Name stagel
disp_normal  Created

Boundary Condition Information
Type : Surface Stress defined in local direction

Yellow: start point, blue: end point r 11t

> ~
. << °
Show All B.C. Assignment A Del Assign Close x/ ¥

Figure2.1-25: Appied pressure tathe internal arc

NOTEIf a boundary condition is assigned to the wrong geometric entities, select the boundary from the
B.C. Group box and clié®el. Assigh to remove the assignment. Once deleted, tessigrE button will
be reenabled, allowing users to reselect the correct geometric entities for the boundary

After completing the assignments, cli@Rlosé to exit the dialog and click thé&Save icon Hto
save the file.

ThedShow AllAssignmeng button Figure2.1-25 displays all applied boundaries. Alternatively, users can
cickie A S b { K2g . &tdzsCReveNtBe sam@ sedul y

Step5: Mesh generation

EnFEM provides two methods for mesh generation:

1 Automatic Mesh GenerationBy clickingPrea Sa K TIh ! dzi2 a $,EMFEMSY SNI A
determines the mesh type, element shape, and density automatically. While this method
isuserfriendly, it may not produce an optimized mesh.

1 Manual Mesh GenerationThis method gives users complete control over the mesh
creation process and involves four steps:

o Define Mesh Parameters for Solid Regions:
A Element shapéquadrilateral or triangle)
A Mesh type (structured or unstructured for solid elements)
A Element type (Q4, Q8, T3, T6). Beam and geogrid elements always have
three nodes, while strut elements have two nodes.
A 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 CCABDMODE, clickédPrea Sa K Ih ! RGI y O SHrom tBainienu/baryTheNP f

. . . . . . AL .
region selection icon will activate automatice.ts & % LG

2. Select the fan region, then RIGEBLICK and choos&nd Selectiof. The mesh control
dialog opensKigure2.1-26).
3. Inthe dialog:
o SetdQuadrilaterat as the element shape.
o ChoosédStructured as the mesh type.
o SelecttQuadratic Q8as the element option.
o Check theéReduced integration rule Figure2.1-26).
4. ClickéSave & Ex#to complete the setup.

Mesh Contral X

Region List

Region 1

Element Shape
(®) Quadriateral

Mesh Type
(@) structured

Element Option

() Triangle

() Unstructured

Linear T3

Quadratic T6

(Cilinear Q4 (@) Quadratic Q3

Integration Rule Reduced

Save & Exit

Cancel

Figure2.1-26: Dialog forglobal mesh control

From themenu bar click dpre-Mesh->GlobalSeed G y (i N@®dpén the global element size
dialog Change the default size 30 and clickti ! a a. Redl fircles will appear along the region
edges, with each circle indicating the position of a finite element n(figure2.1-27). Click
¢Closé to exitthe dialog.

e iDe i DD By
o .0

o ® ®0

=] o
(=] =]
(=] =]
=} Global Seed Control X o
o =]
(=) (=]
=] D
o =]
o o
o Global Mesh Size o
(=] =]
o o
(=] (=]
o La]
=] o
=] D
o La]
=} La]
=] La]
=] o
o poOD 000D pDg o o
o - Poq o
o o 3 o =] o o - o (s]
o 0% %o o
o =] o D
o DD DD o
o o o D
=] o

Figure2.1-27: 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:

1 Check Division Numbers

1. From the menu bar, cliclPrea Sa K M { K2 ¢ OtRdbsflay Biisidih a A 2 Y
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.

1 Resolve Unequal Divisions

In Figure2.1-28, the two arcs have unequal division numbers due to differing arc
lengths, violating the structured mesh requirement.

From the menu bar, cliddPrea Sa K Th [ 201 6. { SSR / 2y (i NP f

The line selection icon will activate automatice.s & & & & & & gelect
the external arc, then RIGHOLICK and seledEnd Selectioé.

3. In the local mesh refinement dialodrigure2.1-29), keep all settings at their
default but update the division number &s.

4. ClickdAssigrE and thendClosé to finalize the adjustment.

Figure2.1-28: Show division number on edges
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Local Mesh Control X

Seed Control

Number of Divisions
(®) By Number

(O By Size
Reverse Bias Direction
Seeds Distribution Style
(®) uniform (O One-Way O Two-Way
Seed Information

Length of this edge = 314.16

Number of division =36

Minimum size =8.73

Maximum size =8.73

Ratio of max/min of division = 1.00

Assign Close Cancel

Figure2.1-29: Dialog for local mesh refinement

To adjust the division numbers, first select the external arc intloeal Seed Controtlialog and

set its division number ta@6. ClickdAssigrE 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 sestadOnce completed, clidClosé to exit the
dialog.

EnFEM offers several tools to verify the mesh setup. Utrga Sa K ™ { K2g @OvR3S 5A JA a
display division numbers for each edge. Selectifgea S a8 Ky { Kéwdl vi§udlife Rhae

seed distribution across the edges. Finaliprea SAaK Ih { K2¢ aSédows 3aA3ITyYS)
inspection of the assigned element types, such as tetrahedrons or quadrilaterals.

When satisfied with the setup, proceed to generate the mesh by clicknga Sa K Iy wdzy a Sak
Generatior€. After the process is completed, the mesh will load automatically into the working
zone for review, as shown Figure2.1-30.

Figure2.1-30: Generatal quadrilateral quadratic mesh irfexample 1
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NOTEOnce the mesh is generatdehFEM automatically switches into tidESHMODE. Uses may click
=y . . . .
G2 32 ol O ¢ 2I-CWR-R.'| 6 gosback tAMESH MODEagain

For quadrilateral element shapes, achieving sqdée elements is critical for optimal
performance. Square elements provide better numeriadcuracy and stability during
simulations. A weltlesigned mesh should strive to maximize the proportion of scliaee
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.

CIickE to save the file

Step6: Analysis

To configure the analysis settings for the model, ¢lokalysis-> Analysis Settinglh the menu
bar. This action opens the analysis setting dialog, as shotigume2.1-31.

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.

Analysis Setting X

Solver Option k

(®) Direct Solver Tterative Solver
Parallelization

Number of CPU cores v
Convergence

Relative Tolerance =

Max. Tter. Number =
Interaction

Normal Penalty Factor = 1

Tangent Penalty Factor = 1

Max. Iter. Number = 12
Output

Qutput Frequency =

[ Displacement ["JReaction

[ stress [] Contact

Figure2.1-31: Dialog of analysis setting

To run the analysis, cli€Rnalysis-> Run Analysisfrom the menu bar. This opens the job control
window, as shown ifrigure2.1-32. Initially, no stages are selected for a new project.
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Select'stagel by marking the checkbox next to it and then cli&lun” 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., "Examplel
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 oftentains valuable insights for
troubleshooting and resolving issues.

Run Analysis *
Run Stage Description Generate Analysis File
stagel General Static View Analysis File

Run

Cancel

Figure2.1-32: Runanalysisdialog

Step7: Post-processing of result

-
To visualize the analysis results, clickdRESUL-MODE icon R, represented by a specific icon
(Figure2.1-33). By default, the finite element mesh is displayed in a grey color.

Figure2.1-33: Initial mesh is displayed after switching to result mode

Visualization Tools in EnFEM:

il

= =2 =/ =

Contour plot: Displays distribution of variables across the model.

Displacement vector image: Highlights displacements in solid elements.

XY 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 ico..

Contour Plot Option

Group

Variables

‘ul

~

Increments

stagel. incr= 0.70000
stagel. incr= 0.75000
stagel. incr= 0.80000
stagel. incr= 0.85000
stagel. incr= 0.90000
stagel. incr= 0.95000
stagel. incr= 0.95313
stagel. incr= 0.95719
stagel. incr= 0.95820
stagel. incr= 0.95952
stagel. incr= 0.95985
stagel. incr= 0.96028
stagel. incr= 0.96039
stagel. incr= 0.96042
stagel. incr= 0.96043

gel. incr= 0.96045

~

[]show Animation
Animation

Minimum
Maximum

Play

1.298

1.318

Default Limits

Show Contour

1.0

["]5how Undefermed Mesh

Contour Type
(®) Shading

(OLines

() Shading and Lines

Contour Limits

Minimum -1.298

Maximum 1318

Division 10

Apply

> D Show Contour on Deformed Body

vl arar

Default Limits

Figure2.1-34: Contour plot inExample 1
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to open the contour plot dialog, as shownhkigure2.1-34.

1.3180E+00
1.0864E+00
7.9420E-01
4.3320E-01
2.7160E-01
1.0000E-02

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 dincrement 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 PlBtalog:

1 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 th&how Undeformed Meshoption overlays the original
undeformed mesh in dark green.

1 Contour Types: Choose betweeBHading' "Lines" or "Shading and Lin&gor contour
visualization. The default setting is shading.

1 Customizable Contour Limits: Users can manually set contour limits to highlight specific
ranges. Changes are applied by clickidgply.”

For this example, the Mises stress contour is selected for investigation. Navigate to the "Stress"
group and selecfEquivalent Shearég At increment 0.8, the contour plot shows that the plastic

T2yS SEGSYRA

02

N2 dz3 K f & Figurez1-38).F

iKS Oét AyRSNRa

Animation FeatureEnable tha&Show AnimatioAcheckbox 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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ClickoClosé to exit the contour plot dialog when the visualization is complete.

Contour Plot Option X

Equivalent Shear itPa)
Group Show Contour 2.4150E+02
‘S"ESS h ‘ [ show Contour on Deformed Body 2.2878E+02
Variables 1.0 z ;gg:z:gz

ivalent Shear q v ‘
‘Equlva ["]5how Undefermed Mesh 1.9067E+02
1.7T9EE 02

Increments Contour Type o
stagel. incr= 0.10000 ~ (®) Shading
stagel. incr= 0.15000
stagel. incr= 0.20000 (OLines
stagel. incr= 0.25000 " .
stagel. incr= 0.30000 () shading and Lines
stagel. incr= 0.35000
stagel. incr= 0.40000 Contour Limits

stagel. incr= 0.45000
stagel. incr= 0.50000
stagel. incr= 0.55000 Maxi 241.5
stagel. incr= 0.60000 aximum

stagel. incr= 0.65000 Division 10
stagel. incr= 0.70000
stagel. incr= 0.75000 ) At
stage. incr— 080000 M Defoutt Limits

stagel. incr= 0.85000 v

Minimum 114.42

a4

[]show Animation
Animation

Minimum L2
Maximum 24165
Play Default Limits

Figure2.1-35: Contour ofEquivalent Sheastress at increment=0.8

To visualize the animation of the contour plot, set the checkmark@tiow Animatioaand then

click the animation buttor. ™ to play it. Contour limits for the animation can be customized
by specifying values in théMinimum/Maximure fields. After reviewing the animation, click
oClosé to exit the contour plot dialog.

Next, click thedisplacementvector plot icon “ 1o open its dialog Kigure 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:

1 Users can select to plot displacement vectors for the overall magnitude, or fof doh&
component individually.

1 Adjusting themultiplier 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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Displacement Vector X

Increment History Vector Variables

stagal. Incr= 0.90000 ~ | total Displacement v
stagel. incr= 0.95000

stagel. incr= 0.95313 i

stagel. incr= 0.95719 Multiplier

stagel. incr= 0.95820 4 -
stagel. incr
stage. incr

Figure2.1-36: Plot displacement vector dixample 1

To create an X plot, click the<-Y Ploticon]l' to open the dialog. X plots in EnNFEM 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 tle curve along a usatefined path, such as stress distribution along a segment of
the model.

To create a Historic Result plot, first enable node numbers by clickif§a K h { K246 b2RS
Numberg 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 labeled3ki8 this example.

In the XY plot dialog, ensure that Historic Result is selected. Easeiin the dLabel of Single
Node field. From the Category list, seledPrimary Variablgé then chooseau2¢ (Vertical
Displacement) from the Variables list. Cléédote to display the curve of Vertical Displacement
(u2) versus Load Increments in the graph region of the dialog, as shdwguire2.1-37.

This method allows tracking the performance of specific nodes through the simulation stages and
increments effectively.
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X-Y Plot X
Type of Source Data
1853
(®) Historic Result (OField Result
Label of single node Select By Set 1668
[399 |
Y Axis X Axis 1.482
Category
‘Primary variable ~ ‘ Increment v | 1297
Variables
u2 b 1112
Increment Histor
stagel. incr= 0.000 Curve Option =
stagel. inar= 0.050 p E 0926
stagel. incr= 0.100 )( Grid =
stagel. incr= 0.150 i o
gel. incr= MY Grid S o7
stagel. inar= 0.200 ;
stagel. iner= 0.250 [ switch X
stagel. incr= 0.300 O
stagel. incr=0.350 0.556
stagel. inar= 0.400 D Y
stagel. incr= 0.450 [~] Linemarker
stagel. incr= 0.500 0371
stagel. incr= 0.550 ye
stagel. incr= 0.600 A //
File Save Option 0185 e
| g
Save to: [JAppend to File . Ly e ———
000
I:g}:\EnFEM V2025\Example V3.4\Example 1\cylinder_xy.d: 0.000 0.096 019 029 038 048 058 067 077 0.86 0.96
View Data | Save to File Close Load Inorement

Figure2.1-37: XY plot of the vertical displacement on the internal boundary

Now switch theplot type selection taiField Resuft Change the content @_abel of node seriés

to f399: 379: - 10 and selectdS1E as the plot variableSelectéincrement0.% from the list of

incrementd / Plagd 1 H RAALI & GKS RAAGNAOdziAZ2Y 2F OANDdz
axis Figure2.1-38).

X-Y Plot X
Type of Source Data
226.04
(O Historic Result (®)Field Result
Label of node series Select By Set 21315 A \
[399:379:-1 /u
Y Axis X Axis 200.25 \\
Category .\1
Variables
sit Gl .
~
= 174.47 /
Increment Histol -
Curve Option ® 16157 2
X Grid §
e 7 1460
[ switch XY 2
]
X
D UIEJ 13579
0
LineMarker
. 122.90
File Save lﬁgicn 11000
Save to: [JAppend to File
9711
‘G:\EHFEM V2025\Example V3.4\Example 1\cylinder_xy.d: 0.000 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00
View Data | Save to File Close Distance to first node (mm)

Figure2.1-38: XY plot of circumferential stress dixample 1
ThedSave to Filébutton allows users to saveXplot data in ASCII format for further analysis or
R20dzyYSy il GdA2yd . & RSTFrLdA G GKS alF @SR FAES Aa yI)
project file's name. For this example, the default filename for th¥ Jlot is"Example 1
cylinder_xy.dat", and it is stored in the same directory as the project file.

ExampleManual (Rel.March/2026) EnFEMor Windows



Page27

The filename and save location can be manually adjusted if needed. Additionally, enabling the
0Append to Filé option ensures that new data is appended to the end of the existing file,
preserving earlier results. If this option is unchecked, clicd®aye to Filéwill 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 illustratedFigure2.2-1. Because of the symmetry about
the Zaxis, only the righhalf of the foundation region is modeled and simulated to reduce
computational effort while maintaining accuracy.

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

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

The modeled region includes the soil and the foundation structure, with appropriate boundary
conditions and material properties assigned. Symmetry conditions along thrisZare
incorporated by fixing displacement in thedKection along this boundary.

¢ foundation

i

P <_J 50in of

P of
.‘C=;
&

10 sand OE
e o ‘

AN AN AN AN AN A AN AN
| 400in |

Figure2.2-1: Configuration of shallow foundation analysis

Material Properties:

T Unitweight [ QUL MANo)

i 2 dzyvodles O ¢mmigint'Q

1T t2Aaaz2yQa NI UAZ2 T

1 Cdesivestrength ® pniQ

1 Frictionangle: . % O TtJ

9 Dilationangle; ] ¢md

i1 Material model; .~~~ Mohr-Coulomb plastity
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Boundary Conditions:

91 Displacement constraints idirection

9 Displacement constraints Mand Z-directions
1 Gravity force on soll

1 2-inch settlement of rigid foundation

In this example, the foundatiofnot simulated)is assumed to be rigidNo contact interface is
simulated. Te interface between soil and foundationfigctionless

Model development and analysis steps:

Stepl: Create geometric entities

StartEnFEMclickad CHth & i &tart a new projectinput projecttitle I &Analiisis  of Shallow
foundation subject to vertical displacement ¢ Beepl VI f @32 A RlanéSrdils = | By R
a St Bfdih, sedond FNRBY (K Figaspr2) 2LI0A2Y

Control Data X
Project Title:
‘analysis of shallow foundation subject to vertical settlement
Analysis Type
(®) Plane Strain (O Plane Stress (O) Axi-Symmetric
Thickness
0
Unit
(®) Pre-Selected () Customized
v

Figure2.2-2: Initial data for shallow foundation example

Clickd h LJG-%#XafvingSpace to updatethe drawing space extest(Figure2.2-3). Clicka h Y ¢
to exit.

Drawing Space Extent X
Drawing Space

Minimum Maximum
(unit: in)

Default

Cancel

X
z

Figure2.2-3: Setup drawing space for shallow foundation example
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Clickd h LJG-2@igShadingé to openthe gridspacingdialog. Changhe grid space tdi100 for
both the Xand Zdirections Figure2.2-4).

Grid Size *

Grid Space

X Space
Z Space

Default

Cancel

Figure2.2-4: Setup grid space for shallow foundation example

To define the foundation region, start by clicking fhaygoncreation icon@ from the toolbar.

In the drawing space, use the snapethod for precise placement. Begin at the working zone
origin with coordinates (x=0, z=0). Hold 8@ RLkey 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, righiclick and selectClose Polygohto finalize the shape. The polygon representing the
foundation region is now complete, as depicted-igure2.2-5.

o

[

Figure2.2-5: Create polygon region for shallow foundation example

CIickE to save the modediile as"shallow foundation.sep  ".

Step 2:Define stage data

L yCAD MOD# click "Data->Stage Management'to open the stage group management
window. Click"New" to add onenew stage. Input' Initial Stress " as the stage namexlect
"Initial Soil Stressasthe stagetype (Figure2.2-6).
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Stage Definition X
MName:
[ Initial stress |
Type
[ Tnitial Sl Stress | [initil Stress Option
Increment Control
(%) Automatic () Fixced
Maximum nurmber of increments | 3p0
Initial Increment Size 0
Minirurm Increment Size V]
Maximum Increment Size V]
ET

Figure2.2-6: Define initial stress stage for shallow foundation example

To define the initial stress, clidkitial Stress Optios to open the initial stress dialog. Choose the
0oKO Method option. ClickéAddé, then select the soil region in the display window. Once the
region is selected, rightlick and selecdEnd Selectioato add it to the Region List, as shown in
Figure2.2-7.

Next, clickiinput Date to open a new dialog, as shownFkigure2.2-8. ClickdAdd Rové to begin
entering data. Specify the-aordinates for the layer's top and bottom, and input the vertical
stresses at these positions. When finished, cfiSkve & Exé to close the input data dialog.
Return to the main window by clicki@ke, followed bydSave & Exi. You will then be back in
the stage group management dialog.

Stage Definition Initial Stress Option

Option
| (®) K0 method (Oexternal File () By System

Name:

‘initial stress

Input Data
Type
[Initial Soil Stress ~| | Initial Stress Option |
Region List

Increment Control
( ) Automatic ( ) Fixed Region 1
Maximum number of increments | 500 Update
Initial Increment Size 0
Minimum Increment Size 0
Maximum Increment Size 0

Figure2.2-7: Define initial stres®ptionsfor Example2
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Edit Initial Stress

Data Input
Coord. Top sigma_z Top  Coord. Btm sigma_z Btm kx ky Add Row
1 200 0 0 -17.8 0.429 |0.429

Insert Row

Delete Row

Save & Exit Cancel

Figure2.2-8: Define initialsoil stressat controlling point

Back at thestage group managementindow, dick "New" to define the second stagdnput

" displacement " as the stage name. Selé&eneral Statitas the stage type&keep the increment
control as"Automatic'. Change the initial increment size and the maximum increment size to
fi0. 050 (Figure2.2-9). Click'Save & Exit'to go back to the stage group management dialog. Click

"Close"to exit.

Stage Definition X

Name:

|bisplacemenl

Type
|Genera| Static ~

Increment Control
(®) Automatic () Fixed

Maximum number of increments | 100

Initial Increment Size 0.05

Minimum Increment Size 1e-005
Maximum Increment Size l,}

Cancel

Figure2.2-9: Define loading stage for shallow foundation example

Step 3: Define material properties

To define the material properties, navigate to the menu bar and digkta -> Material
Propertie€ to open the material group management window. Clidewe to create a new
material. Select thedMohr-Coulomig material type and input the material properties as
illustrated inFigure2.2-10. Note that the dilation angle differs from the friction angle, reflecting
the application of a nomassociated flow rule to control soil expansion.

After entering the necessary values, cli®Bave & Exi to return to the material group
management dialog. Finally, cliGklosé to exit the material properties window.
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Material Property .
Name: ‘MC ‘
Mechanical Behavior | Mohr-Coulomb Plasticity v coor |+

Material Parameter
Unity Weight 0.089 Ibf/in~3
Young's Modulus £ /20000 psi

Poisson Ratio v |0.3

Cohesion 1 psi

Friction Angle ¢ |30 deg Dilation Angle ¥ deg

Additional Parameter Control

Linearly Changed Young's Modulus Linearly Changed Cohesion
Z Coord. of Ref. Point|0 in Z Coord. of Ref. Point |0 in
Change Rate of Young's Modulus |0 psifin Change Rate of Cohesion |0 psifin

Save & Exit Cancel

Figure2.2-10: Define MohrCoulomb material for shallow foundation example

From themenu bar clicka 5 I-Rid I § SNA | £ . IPi&kither8gioNrfauyial Region 1 from
region list selectoMCE from the dropdown list for the material groupthenclickd ! a a (Figuyeé¢
2.2-11).

s

Material Assignment

Assignment Option

(®) By Region (O By Set

Region List Material Group : MC
Mechnical Behavior : Mohr-Coulomb Plasticity

Material Group

Show All Assign. |:| Show Region Name

Update Mat. Cancel oK

Figure2.2-11: Assign material to soil region for shallow foundation example
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Step4: Define boundary conditions

From themenu bar clicka 5 [-Ri.I 2 dzy R NE

condition groupmanagement.Click"New" to define a newdisplacementboundary condition
adisp_x € (Figure2.2-12). Select"Edge Displacementds the BC typéKeepdn Global Directioh X
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to dpeRrtheldilagyfér ¢heboundary

then set thecheckmark beforeéx directio @ YSSLJ GKS RSTFl dzA G TRida a L) | OSYS

boundary conditiorwill beappliedto the verticaledgesto preventmotion in theX-direction.Click

"Save & Exit'to return to the BC group managemedilog

Boundary Condition

Define Boundary Condition

axises

Name: disp_x
B.C. Type Edge Displacement v
(®)1n Glocal Direction (O1n Local Direction
x direction = IC' in

[z direction = 0 in

Displacements are defined in global direction. Positive values have the same directions as global

Save & Exit Cancel

Figure2.2-12: Definedisplacement boundary in x direction

Similarly create the second boundary conditiofor the soil bottom edgeas shownin Figure
2.2-13. Thisd 2 dzy Rl NB O2 Y RA (i A 2 y oiliméventightlh o X aindzidi@ctiong.

Click'Save & Exit"

Boundary Condition

Define Boundary Condition

Name: disp|_xz

B.C. Type Edge Displacement

(®)1n Glocal Direction () 1In Local Direction
[v]x direction = 0 in

[z direction = 0 in

axises

Displacements are defined in global direction. Positive values have the same directions as global

Save & Exit Cancel

Figure2.2-13: Define displacement boundary in both x andlirections

LINS @Sy i

Usually, Moh#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 stre€dE&'New" to
addthe third BClike thatseenin Figure2.2-14. The value for the gravity load"is1* because the
unit weight has been defined in the material propert. negative quantity represents the
directionin which the load will be applieth the negative direction of th&-axis. ClickSave &

Exit" to return to the BC group maaganent dialog
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Boundary Condition
Define Boundary Condition
Name: gravity
B.C. Type Body Force/Gravity ~
(®)In Global Direction
[ Jx direction = 0

Save & Exit Cancel

Figure2.2-14: Define gravity loadB.Cin Example 2

The last boundary conditiois the 2inch downward displacement of the rigid foundatio@lick
& b S and cefine this BC ashown inFigure2.2-15. Click'Save & Exit'to exit tothe BC group

managementialog Click'Close"to exit.

Boundary Condition

Define Boundary Condition

Name: disp_load

B.C. Type Edge Displacement ~
(®)1n Glocal Direction (O)1In Local Direction

[ Ix direction = 0 in

[z direction = in

axises

Displacements are defined in global direction. Positive values have the same directions as global

Save & Exit Cancel

Figure2.2-15: Define displacement load of the rigid foundation

From themenu bar clicka 5 I-Ri.l 2 dzy R I N2
RSTFI dzA G I f ¢

ltaiopeh Thy BCSagsigamedtalog. By

0 2dzy RI NBE O 2 ifitRI stiesE(Figlige2. 2351 6). IS&IdttheF N2 Y
boundary condition"disp_X, click & ! a a, zhénysélect bothvertical edges of the soil region.
Make sure to press and hold the SHIFT for multiple selectRI@HICLICKand selectd 9 y R

{ St S OTh& &sigded boundary condition looks like threitownin Figure2.2-17. The green
rollericons adjacent to these edgespresentdisplacement constraintsf "disp x".
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B | Boundary Condition Assignment X
B.C. Group
Name ints displace... Move Right
gravity Created Kept
disp_x Created Kept (e Lzl
disp_xz Created Kept
disp_load Created Kept

Boundary Condition Information

Name : disp_load
Type : Edge Displacement in global direction

Prescribed displacement in z direction = -2.000

Show All BD Assignment Assign Del Assign Close

Figure2.2-16: Assign boundary condition to soil region

1ol B ' Boundary Condition Assignment X 3
B.C. Group
10 Name ints displace... Move Right E
gravity Created Kept
Hoveler
disp_xz Created Kept
1o disp_load Created [
i £
1 " ! f
Boundary Condition Information
Type : Edge Displacement in global direction
Prescribed displacement in x direction = 0.000
fie f
3z ¢
Show All B.C. Assignment Assign Del Assign

Figure2.2-17: Roller displacement B.C. of the soil region

{AYAT I NI &z aairdy K 8ispaxd OdetiRttom eddeyiRie Bl redbd Y RA (1 A 2 v
(Figure2.2-18).
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B ' Boundary Condition Assignment X
B.C. Group

Name ints displace... Move Right
gravity Created Kept -
disp_x Created  Kept Move Left
disp_load Created

Boundary Condition Information
Type : Edge Displacement in global direction

Prescribed displacement in x direction = 0.000
Prescribed displacement in z direction = 0.000

Show All B.C. Assignment Assign Del Assign

K e Ean e e Ean Eae Ee Ee Ean e e e Eae Ee
Figure2.2-18: Assign pinned B.C. to the bottom of soil region

Now assign the gravity load the a 2 A f NB I pAwHhEd FBR BFOGKS 3INRdzLI f A&l
GAssigi ® 9y CO9a Fdzi2YFGAONE ™ 5 6 Bk &% Choktdaedt NBIA2Y
the soil regionRIGHTCLICHKind selectt 9 y{ IS £ S OThé& rRgiogis now shadedwith vertical
lines(Figure2.2-19).

B | Boundary Condition Assignment X
B.C. Group

Name ints displace... Move Right

;
disp_x Created  Kept Move Left
disp_xz Created Kept

disp_load Created

Boundary Condition Information
Type: Body force [Gravity force
Z direction = -1.000

Show All B.C. Assignment Assign Del Assign

A

Figure2.2-19: Assign gravity B.C. to soil region

Next,selecti KS & S O 2 \tiRate@ pfthda¥syboundanconditionddisp_load. & A Mdve &
Right (2 OKIy3S {dcBacetnant Pidka 14413 aBdBledisdectthe upperleft
edge representing thecontact zone with the rigid foundation.RIGHICLICKand selectd 9 ¥ R
{ St S Otha @sigried BC looks like thatFigure2.2-20.
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B.C. Group

B ' Boundary Condition Assignment

Name ints

gravity Created
disp_x Created
disp_xz Created

disp_load

displace...

Kept
Kept
Kept
Created

Name : disp_load

Show All BD Assignment

Boundary Condition Information

Type : Edge Displacement in global direction

Prescribed displacement in z direction = -2.000

Move Right

Move Left

Close

Figure2.2-20: Assign displacement load to edge of soil region
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Clicka { K 2 d\ssigriming to verify all boundary conditionsere assigned correctlyasseenin

Figure2.2-21.
o
o
1o
AE
]
riy R riy

Figure2.2-21: Show all assigned B.C. fassignmentverification

ClickéClosé to exit fromthe dialog andsavethe file.

Step5: Mesh generation

In this examplethe point at theedge of the rigid foundatiofk=50z=20Q is a singular point where
finite elements suffer from significant deformation and streRefiningthe mesh locally around
the foundation edgecan capturestresspeak more accuratelj-or this purpose, munstructured

mesh isapplied to the soil region
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From themenu bar clickdpre-Mesh->Advanceda SakKk
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| 2BARBENARIfaétivate theregion

selectionicon % & &% k ® ® automatically Clickto select the soil regionthen RIGHT
CLICKand select’End Selection! The global mesh control dialogill open, asshownin Figure
2.2-22. In generaljf contact(contact constraint method) is not simulatédthe modek,quadratic
quadrilateral Q8 elemens$ with reduced integration ruleare highly recommended Make the
appropriate selections fotQuadrilateral, "Unstructured and "Quadratic Q8, and checkhe
boxin front of dReduced (Figure2.2-22). Click" Save & Exit'to close thedialog

Mesh Control *
Region List Element Shape
Region 1 (@ Quadrilateral () Triangle
Mesh Type
() structured @ Unstructured
Element Option
O Linear Q4 @ Quadratic Q8 Linear T3 Quadratic T6
Integration Rule Reduced
Save & Exit
Cancel

Figure2.2-22: Advancedmesh control for shallow foundation example

From themenu bar click dpre-Mesh->GlobalSeed @ y (i N®dpen the global element size
control dialog. Change the default sizefteo and clickx ! & a. Refl girélesare marked at each
seedpositionon the region edges, as seanFigure2.2-23,

Global Seed Control X

Global Mesh Size

Close

Assign Cancel

Figure2.2-23: Apply global discretization seeds uniformly

ClickoClosé to exit fromthis dialog.

To refine the mesh around the foundation edge and capture the stress peak, apply local seed
control near the singular point. Begin by selectipge-Mesh -> Local Seed Controfrom the

ExampleManual (Rel.March/2026) EnFEMor Windows
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Click to select the long, tepght edge of the foundation. Once selected, RIGHTCK and choose
OEnd SelectioAto open the local mesh control dialog. The selected edge will be highlighted in
red. Change the&Seed Control Tygeto 6By Sizé and selectdOne Way from the dSeed
Distribution Stylé options. A red arrow will appear along the edge to indicate the direction of
refinement (coarse to fine). If needed, chekeverse Bias Directioto reverse the refinement
direction.

Set the minimum size to and the maximum size t, as shown ifrigure2.2-24. ClickdAssigri

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 vaoynfthe original input values.

Local Mesh Control X

Seed Control

(O By Number Minimum Size
Maximum Size 11.93
®
By Size

["IReverse Bias Direction

Seeds Distribution Style
(O Uniform (® One-Way (O Two-Way
Seed Information
Length of this edge = 350.00
Number of division =54
Minimum size =1.03
Maximum size =11.93

Ratio of max/min of division = 11.56

Assign Close Cancel

Figure2.2-24: Mesh refinementaround foundation edge

After clickingéClosé to exit the local mesh control dialog, note that the local mesh control
command remains active. Proceed to assign local seed control to tHeftofshort) edge.

Select the togeft edge by clicking on it. Once selected, RKGHICK and chooéEnd Selectioa

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 Figure2.2-25. Finally, clickAssigrE to confirm the settings

and observe the displayed seed icons for verification.
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o—s—o o ooim
Local Mesh Control X
Seed Control
Mini Si.
O By Number inimum Size [1.07
Maximum Size 11.43
@by size

Reverse Bias Direction

Seeds Distribution Style
(O Uniform (®) One-Way (O Two-Way
Seed Information
Length of this edge = 50.00
Number of division =08
Minimum size =1.07
Maximum size =1143

Ratio of max/min of division = 10.63

Assign Close Cancel

Figure2.2-25: Local nesh control on edge below foundation

From the menu bar, clickpre-Mesh->Show Edge Divisiénand ¢pre-Mesh->Show Seedsto
visualize the applied local seed distribution patterns and edge divisions, as demonstraigdra

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, clicknthgain to turn off the display.

This ensures a cluttdree view in the working zone for further operations.

DEDDDWDDDDDDDDDDD@DDDDDDDDDDDDDD L = = T = = =}

OOOOOOOOOOOEOOOOO

OOOOEOOOOOOUOOOOO

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD

Figure2.2-26: Show seesd 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:
7 It addresses the requirements for capturing local stress concentration effectively.
1 Larger element sizes on external edges help reduce the total humber of elements,
optimizing computational efficiency.
1 A smooth transition from refined mesh areas to coarser mesh areas ensures a balanced
and accurate representation.
From the menu bar, clickpre-Mesh->Run Mesh Generatianto generate the mesh. Upon
successful completion, the generated mesh will load automatically, as illustrakeguire2.2-27.
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Figure2.2-27: Unstructured quadrilateral mesh for shallow foundation example

Afterthe mesh is generatethe workingmode switclesfrom the &CCADMODE to GMESHVMIODE
automatically.If desired, the user can show/hide thesllow FEnode symbolson the mesh by

clickngthe % icon,

click E to save file.

Step6: Run Analysis

From the menu bar, clickAnalysis>Analysis Settingto open the dialog for analysis options
(Figure2.2-28).

Note: Theconvergence group includes two key default settings:

1 Relative ToleranceThis 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 valuesympiecuracy but may
require more iterations and longer computation time.

1 Maximum lteration 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

ThedOutput Frequencyparameter 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 thet dngguency

(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 thegrosessor described in this
manual is generally more efficient for analyzing resutemntdirectly 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.

Analysis Setting X

Solver Option
(®) Direct Solver Tterative Solver

Parallelization

Number of CPU cores

Convergence

Relative Tolerance

MG N[e [
o Gl 2
S
=2

<

Max. Iter. Number

Interaction
Normal Penalty Factor =
Tangent Penalty Factor =

Max. Tter. Number =

Output
Output Frequency E

[ pisplacement ["]Rreaction

D Stress D Contact

Figure2.2-28: Setup analysis parameters for shallow foundation example

From the menu bar, selecAhalysis> Run Analysi§ Click Rurl' in the dialog to submit the job

to the solver. A command windowill 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

Run Analysis X
Run Stage Description Generate Analysis File
Initial Stress  Initial Soil Stress View Analysis File

Displacement  General Static

Cancel

-~
W

Figure2.2-29: Run Aalysis parameters for shallow foundation example

Step7: Post-processing of result

CIick-'R to switch to 'RESULT MODHEhen click™ to open the contour plot dialog. The default
contour shows displacement in thedfrection (ul) 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=1.000The contour of vertical stresses (S22, representing initial soil stress) will
be plotted, as shown iRigure2.2-30.
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Contour Plot Option X
522ipsi)
3.1522E-005
Group Show Contour -1.7800E+000
‘Stress v ‘

-38B00E+000

[ "] show Contour on Deformed Body

. -6.3400E+000
| Variables 1.0

-7.1200E+000

"’V o
‘SZZ hd ‘ ["]show Undeformed Mesh ':“’"l -8.8000E+000
’.‘.. -1.0860E+001
| Increments Contour Type ”.’ -1.24B0E+001
] @sShating St et
settleme. incr= 1.00000 .’.“ -1.6020E+001
settleme. incr= 1.01250 O Lines L ‘.‘ -1.7800E+001
settleme. incr= 1.05500 o ; "‘..
settleme. incr= 1.11260 (O shading and Lines

R
ST

.‘ settleme. incr= 1.15144
£ J |settleme. incr= 1.20036 Contour Limits
settleme. incr= 1.24986
settleme. incr= 1.29178
settleme. incr= 1.33370 i 3.152e-005
settleme. incr= 1.37982 Maximum
settleme. inar= 1.43516 Division 10
settleme. incr= 1.52440
settleme. incr= 1.57440 e
settleme. incr= 1.62440 LD
settleme. incr= 1.67440 v

2
<

Minimum -17.8

<
Z5
aul
=‘
)

Al P[]l > 4| p

Default Limits

[]Show Animation
Animation
Minimum -121.483

Maximum 2.6714

Play Default Limits

Figure2.2-30: Contour of initial soil stress for shallow foundation example

Initial soil stresses result from the soil's sekight. 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 inches13.8 psi, which matches ¢hunit weight (0.089 pci) multiplied by

the depth. Next, selectStrairt from the Group dropdown list and PEEQfrom the Variables list.

Click the last increment to display the contour of equivalent plastic strain after thmeh2
settlement of the rigidoundation is applied

Contour Plot Option X

Group Show Contour

hd | [ ]Show Contour on Deformed Body
Variables 1.0
|PEEQ hd | ["Ishow Undeformed Mesh
Increments Contour Type

displace. incr= 1.85327 ~ (® Shading

displace. incr= 1.86577

displace. incr= 1.88202 () Lines

displace. incr= 1.90315 " .
displace. incr= 1.93061 (O shading and Lines
displace. incr= 1.93232

displace. incr= 1.93438 Contour Limits

displace. incr= 1.93706
displace. incr= 1.94054
displace. incr= 1.94507
displace. incr= 1.95095
displace. incr= 1.95860 Division 10
displace. incr= 1.96854
displace. incr= 1.98146
displace. incr= 1.99827
displace. incr= 2.00000

Minimum 0

Maximum 2

A4r4r 4

Apply Default Limits

[]Show Animation

Animation
Minimum 0
Maximum 12.639

Play Default Limits

Figure2.2-31: Sliding zone of shallow foundation example
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Figure2.2-31 shows the equivalent plast&train contour, where the sliding zone can be clbar
identified. Reduce the maximumContour Limit if necessary (to approximately 2,80 make the
contour result clearerClick'Closé to close contour plot dialog.

Next dick i to open up thecutline plot dialog.Input start point of cutline af x=- 1, z=1 99)
and end point at x=401, z=199) . ClicK’Add" to addit to the ¢cutline lis€ window. Ared cutline
will bedisplayedon screenSelect'u2" from the Field Variabledrop-downlist, andselect thelast
increment from increment history list. ClitRlot" to plot the vertical displacement ofcutline £
¢ 1-inch below thegroundsurfaceas shown irFigure2.2-32.

B! X-Y Plot on Cutline X

CutLine

Cutline List Start Point 6949

e |-1.000
7= 199.000 5975
End Point
x= 401.000 5001 -
2= 109.000

4027
Add Update Del
Field Variables 3054 ~

u2 v
Increment History

displace. inor= 1.931 ~ | Curve Option
[#]Show X Grid
[]Show ¥ Grid
[] LineMarker

2080

Uz (in)

1.106 =

displ
displace.
displace. 0133
displace.
displace

0.841 -
v
File Save Option

Save to: ["] Append ta File
G:\EnFEM V2025\Example V3.4\Example 2\Shallow foun

-2788

i L I L 1 i L L i L 1 i L \ i i i
0.000 40.000 80.000 120.000 160.000 200000 240.000 280.000 320.000 360.000 400000

View Data Save to File Close Distance to start intersection point (in)

Figure2.2-32: Vertical displacement along cutling, 1-inchbelow ground

Looking at the plot,wo Peak€<xan be found around »68-in which indicate the singular point
around thefoundation edgeAnotherfinding issignificant soil dilation at range %8-in to x=120-
in. Dilation of sandisinevitable when sand is disturbedhe dlation anglecan be used to control
excessive volumehange Ordinarily the dilation anglesedin the simulation igletermined by
lab tess where the samevolume expansionis obtained from numerical simulation artde lab
test.

Set Group Management %
Set Group
Option -
O Region o
(®) Region Edge
() Region Vertex Edit
O Beam Delete
O GeoGrid Tt
O strut

Figure2.2-33: Define set for reaction output
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Reactions VS Settlement is another interesting plot for this type of analysis.-?. ltokgo back
G2 GKS /!5 Y2TR&eSet ManagdrpertY Siy2dz 20JSy G KS aSid 3INRdAzZI ¢
6RegionEdge &S0 F2NJ 0KS H Ay RAaRgure2@3Y Sy G o62dzy RIF NB |

CIicle-' to openthe XY plot dialog aseenin Figure2.2-34. Keep he source data type as
"HistoricResult. / f AS@fecthy Sét | yR aSf SOU LINSEGihendmd @ RSFAY
6Reaction Foragas in thecategory andiZz Reactioa I @ INR$ o PIStEd 1 2 ADR2 & G KS
between the total reaction force and settlementsigure2.2-34).

R
dz|

O« »

X-Y Plot X
Type of Source Data
000
(®) Historic Result (OField Result
Set name Select By Set 23925
‘User Defined Set "reaction” ‘ \
Y Axis X Axis 7849
Category \
[Reaction Force v Increment | 1186403
Variables
Increment History S \
ints incr= 0.000 A | Curve Option T 1966403
ints. incr=1.000 N g
displace. incr= 1.000 VX Grid B
displace. incr= 1.012 i o
d\sE\ate incr= 1.025 Y o & -235¢+03
displace. incr= 1.040 [ switch xy N
displace. incr= 1.055 D X
displace. incr= 1.073 -2.75e+03
displace. incr= 1.091 D Y
displace. incr= 1.113 [“]LineMarker
displace. incr= 1.134 -314e+03
displace. incr= 1.140
displace. incr= 1.145 v
File Save Option -3.33e+03 \
Save to: []Append to File
-392e+03
‘G:\EnFEM V2025\Example V3.4\Example 2\Shallow foung 0.000 020 0.40 0.60 0.80 1.000 120 140 160 1.80 2.000
View Data | Save to File Close Load Increment

Figure2.2-34: X-Y curve plot oReactions V&ettlement

The reaction from increment=0 to increment=i4 zerobecause it ighe initial soil stress stage.
After that,reactionswill increase nonlinearly until, 824-Ibf. Thesoilreaches the ultimate capacity
andstarts to slide at settlement=0.6inch (increment=1.32)

ExampleManual (Rel.March/2026) EnFEMor Windows



Paged47

ExampleManual (Rel.March/2026) EnFEMor Windows



Page48

2.3 Example 3: Stability analysis of slope using strength
reduction method (SRM)
This exampl@resents procedures to doslope stability analysis usisgength reduction method

(SRM)The physical configuration ahe slope is shown ifFigure2.31.} yA i a I NSkNjSt SOGSR
m, second @

30m 20m 40m

- T T 1

[ o
&
& “ ] o
A ] o
S f o
£ o
o~ o N o~ N ~ o o~

Figure2.3-1: Gonfiguration of slope stability analysisxample
Material Properties:
Topsoillayer:

T

T

T t2A4a2yQa NI GAZ Com
T .
1

1

Cdesive strength © oUQl ®
Frictonangle. ... % C UL J
Dilatonangle. r pld
Bottom soillayer:

¢ Unitweight I ¢ i

q 2dzy 3Q&: a2 Rdzf dzA O p&p nQd &

1T t2Aaa2yQa NFOAZ2 &

1 Caesivestrength o 10O

1 Frictonangle._ % oUJ

9 Dilationangle I pld

TheMohr-Coulomb plasticity model will be usedthis example
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Boundary Conditions:

91 Displacement constraints on vertical seilges

Displacement constraint on bottom edge of bottom soil layer

Gravity load

Strength reduction factor applied through material property field variable

E N I

Model development and analysis steps:

Step 1:.Create geometric entities

LaunchEnFEM, or from thenenu ba& O Fila>Dlgwé & diedtea new projectUpdate the title

to fislope stability using strength reduction method 0 and leep the problem type as
dPlane straié (seeFigure2.3-2)Error! Reference source not foundChoosakN, m, seconél  dzy A (i
option. ClickOK" to confirm.

Control Data X
Project Title:
‘slope stability using strength reduction method
Analysis Type
(®) Plane Strain (O Plane Stress (O Axi-Symmetric
Thickness
0
Unit
(®) Pre-Selected (O Customized
~

Figure2.3-2: Define control data for slope stability analysis

Click Options>Drawing Spackto open thedrawing space dialog. Chantle default settingsto
thoseseenin Figure2.3-3. ClicK'OK"to exit.

Drawing Space Extent *

Drawing Space
Minimum Maximum

X |-10 100
z |- 50

Figure2.3-3: Set up drawing space for slope stabiléxample
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Navigatetath LJG A2y & ™ ONAR FLBYAYAS INAR aL) OAy3I RALFE 23
for both the X and Z directions, then cli®RKE.

From the toolbar, select the Rectangle Creation =l HoldCTRLsnap the cursor to the origin
(x=0, z=0), andEFTCLICKo define the first point. Continue holdinGTRland use snapping to
set the diagonal vertex at (x=90, z=20).

Next, activate the Polygon Creation Tf%” HoldCTRLsnap to (x=30, z=20), ah&FICLICKo

set the first vertex. Similarly, create vertices at (x=50, z=40), (x=90, z=40), and (x=9RIZ+20).
CLICKand selectClose Polygohito complete the shape. Two soil layers should now appear, as
shown inFigure2.3-4.

Figure2.3-4: Create two soil regions for slope stability example

Click thesave iconEd to save the model asslope 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 themenu bar click"Data->Stage Managementto openthe stage group management
window. Click"New" to create anew stage Namethe stage'Ints " andsetthe typeto "Initial
Soil Stress dicka L Y A G A I f  {addBektahaBySystedoption. Then, tickd | R €
selectboth soil regionsRIGHY [ L/ Y | Bhi Se@6tidaO {( 2them ® fhe RegionListQ
(Figure2.3-6). Click'Save & Exit'to return to the stage group managemewindow.

Next click & b S doécreate the second stagewith the name " SRV with the type " Stability

(Strength ReductioMethod)". Retain" Automatic' increment controlbut adjustthe maximum

increments tofi2000. Setthe initial and the maximum increment size fo. 020./ f AD@fine &

SRM and adjust thesafety factorrange from0.5~2.0t0o 05~ 1.6 / DO 264 SEA G G(KS {
dialog.Clicka { @S | ayidkheBdH Af (Rd&Sréo stages are readgsshown inFigure2.3-5.
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Stage Definition X || Stage Definition X
Mame: Name: %
| ints| ‘ |ERM ‘
Type T2 Input of SRM X
[stability(strength Reduction Method) v | | DefinesrM |
Increment Control Increment Control Range of Safety Factor
(#) Automatic (" Fixed (®) Automatic (O Fixed
Maximum number of increments | 190 Maximum number of increments  [100 Start m
Initial Increment Size o Initial Increment Size 0.02 End _
Minimur Increment Size
g Minimum Increment Size 1e-005
IMaximurn Increment Size o
Maximum Increment Size 0.05
e Seven

Pageb1

Figure2.3-5: Stage definition for slope stability analysis

Initial Stress Option

Option

(K0 method () Bxternal File

Set Displacement to Zero

@ By System

Region List
Region 1
Region 3
OK | | Cancel
v

Figure2.3-6: Initial stress option

Step 3: Define materials

From themenu bar clické 5 I[-Ria | G SNX I f ta defidd d8d\MioArSolilémb type soils
"MCtop" and"McCbot". The ®il is assumed to have minimum volume expansion. Since the
dilation angle in EnFEM cannot be zer8,jdinput as shown irFigure2.3-7 and Figure2.3-8.
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Material Property .
Name: ‘MCJUD ‘
Mechanical Behavior | Mohr-Coulomb Plasticity v coor |+
Option 1 Option 2

Material Parameter
Unity Weight 20 kN/m~3
Young's Modulus £ 80000 kPa

Poisson Ratio v |0.4

Cohesion 35 kPa

Friction Angle @ |25 deg Dilation Angle ¥ deg

Additional Parameter Control
Linearly Changed Young's Modulus Linearly Changed Cohesion

Z Coord. of Ref. Point|0 m Z Coord. of Ref. Point |0 m

=)

kPa/m Change Rate of Cohesion |0 kPa/m

Save & Exit Cancel

Change Rate of Young's Modulus

Figure2.3-7: Material property oftop soil layer

Similarly createthe secondnaterial"mMc_bot " for the bottom soil layeas shown irFigure2.3-8.

Material Property X
Name: ‘Mc—b”l ‘
Mechanical Behavior  Mohr-Coulomb Plasticity ~ Color “—lj
Option 1 Option 2

Material Parameter
Unity Weight 20 kN/m~3
Young's Modulus £ 100000 kPa

Poisson Ratio v 0.3

Cohesion 40 kPa

Friction Angle % [35 deg Dilation Angle ¥ dEg

Additional Parameter Control
Linearly Changed Young's Modulus Linearly Changed Cohesion

Z Coord. of Ref. Point|0 m Z Coord. of Ref. Point |0 m

=)

kPa/m Change Rate of Cohesion |0 kPa/m

Save & Exit Cancel

Change Rate of Young's Modulus

Figure2.3-8: Material property forbottom soil layer
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Clickad 5 I-Rid I G SNA | £ laddadsign/myaenyatvic topé to the top soil layer, and
OMC boté to the bottom soillayer Figure2.3-9).

X

Material Assignment

Assignment Option

(®) By Individual Region (O By Set Group

Region List Material Group : MC_top

Mechnical Behavior : Mohr-Coulomb Plasticity

Material Group

O MC_top -

Show Region Name

Update Mat. Cancel
L x

Figure2.3-9: Assign material property to regions for example of slope stability analysis

Step 4: Define boundary conditions

From the menu bar click @ 5 [-Ri.I 2 dzy RI NB  /to2opdR xhé bainbang condition
managementvindow. Click'New" to create a newdisplacemenboundarycdisp x ¢ | & IRK2 gy
Figure2.3-10. Ersure tothe optiondn Global Directiofiis selectedClick'Save &Exit" to return

to the BC group managemewindow. Thisboundary conditiorwill be applied tahe vertical soil

edges.
Boundary Condition X
Define Boundary Condition
Name: disp_x
B.C. Type Edge Displacement ~
(®)1n Glocal Direction (O)1n Local Direction
[+]x direction = l:l m
[z direction = 0 m

Displacements are defined in global direction. Positive values have the same directions as global

axises
Save & Exit Cancel

Figure2.3-10: Define dispacementBC forvertical edgesn Example 3

Next, ceate the second displacemeftoundary, &disp_xz €, as shownin Figure2.3-11. This
boundaryconditionwill be applied to the soil bottom to prevesbilmovement
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Boundary Condition x
Define Boundary Condition
Name: disp_xz
B.C. Type Edge Displacement
(®)1n Glocal Direction (O1n Local Direction
[¥]x direction = m
[¥]z direction = 0 m
Displacements are defined in global direction. Positive values have the same directions as global
axises
Save & Exit Cancel

Pageb4

Figure2.3-11: Define dispacementBCfor bottom edgein Example 3

Clickd { I @S to retdritd the boundary management windowhen dick "New" to create
the third boundary condition 3 NJ-, @skderinéFigure2.3-12. Thisboundary conditiorwill be

used to apply gravity load tihe soillayers

Boundary Condition

Define Boundary Condition
Name: gravity
B.C. Type Body Force/Gravity ~
(®)1n Global Direction
[ Ix direction = 0
[z direction =

Cancel

Save & Exit

Figure2.3-12: Define force B@ Example 3

Clickd { | @S toretQrik A ( ¢

B ! Boundary Condition Assignment X
B.C. Group
Name ints SRM Move Right
.
disp_xz Created Kept Move Le
gravity Created Kept

Name : disp_x

Boundary Condition Information

Type : Edge Displacement in global direction

Show All BD Assignment

Assign

Figure2.3-13: B.Cgroupsfor slope stability analysis
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From themenu bar clicka 5 I-Ri.I 2 dzy’ Rl NB  !tcdofeh fhe/BCRssignimewindow. All
boundary conditions are listed ithe B.C. group windowr{gure2.3-13). By default, boundary
conditions start from the first stageselect the first boundary conditignddisp_x, and click

a ! a a Anha yine selection iconvill be automatically activate(' s & u w k% R pess
and hold the SHIFT kethen selectthe vertical edges of the soil region (three in totd&)GHT
CLICKand selectd 9 Y R { & if §1®dsdighnfent is successfullegn YbollerQicons will be
displayed along theerticaledges asshown inFigure2.3-14.

8 Boundary Condition Assignment *
B.C. Group

Name ints SRM [ Move right |

P o e [ vovereh |

disp_xz Created Kept
aravity Created Kept

Boundary Condition Information

Name : disp_x
Type : Edge Displacement in global direction

Figure2.3-14: Assigred disp. B.Cfor vertical edges in slope stability analysis

Next, lectthe boundary conditioridisp_xZ. dicka ! a a dndithea select the bottom edge of
the lower soillayer. RIGHICLICKINd selecti 9 Y R { S GrSed\HiriQ2 W #ilRayparalong
the bottom edgeasseenin Figure2.3-15.

wi Boundary Condition Assignment

B.C. Group

Mame ints SRM
disp_x Created Kept
isp_xz

II X

Boundary Condition Information
Name : disp_xz
Type : Edge Displacement in global direction

Show All BD Assignment

Figure2.3-15: Assigred disp. B.Cfor bottom edge in example of slope stability analysis
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Finally, selecthe boundary conditiorfgravity'. Clickd ! a a. BiBc¥ gravity is applied to region

objects onlythe regionfilter will be activated automaticaIIfLELﬁ kB & B & ® R glect both
soil regionsRIGHTCLICKind selecti 9 Y R { S Theg@lécie@rafidbnsare shadedin vertical
lines anddirectional arrows will be plotted at each region vertex, svenin Figure2.3-16.

B! Boundary Condition Assignment X
B.C. Group

Name ints SRM Move Right

;
disp_x Created Kept Move Left

disp_xz Created  Kept

Boundary Condition Information
Type: Body force /Gravity force
Z direction = -1.000

Show All B.C. Assignment

Assign Del Assign
[ b\k\\\\\\\\H\\HH\HHHH\H\\HHHHHHHHHHHH\

Figure2.3-16: Assigred gravity B.Cfor all soil layers in example of slope stability analysis

Userscan click "Show AllBD Assignmeritto verify that all boundary conditionshave been
assignectorrectly.ClickéClosé to exitthe dialog and savihe model.

Step5: Mesh generation

Quadrilateral quadratic Q8 elements are used to discretize the soil layer. The bagtenwhich
is a rectanglewill be assigned the structured mesh type. The top lagequadrilateralcan be
assignedh structured or unstructured mesh. Here the unstructured mesh is selected.

I £ A01 2V préMeSh>XdSafickr Mesh Contrélz a4 St SO0 GKS (2L £ &SNE
4 St &rd ®eledtioa (Figure2.3-17). Similarlyassign quadrilaterahapeand structured mesh

type to the bottom layerNext, ¢ A fré&-Medh>Global Seefl | YR RS T bof@bnbatts SR &AT S
soil layersFinally, € A Pr&-Megh->Run Mesh Generatich (2 3ISy S NlsisBowniik S Y S a K
Figure2.3-18. For nore information about mesh generatigrefer to chapter 8: Finite Elements &

Mesh Generatioin the user manual.
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Mesh Control X

Region List Element Shape
Region 1 (®) Quadrilateral (O Triangle

Mesh Type

O Structured (®) Unstructured
Element Option
(Olinear 4 (@) Quadratic Q8 Linear T3 Quadratic T6
Integration Rule Reduced
Cancel

—

Figure2.3-17: Assign unstructured quadrilateral mesh to top soil layer

Ingeneral slope stabilityisrepresented byhe overall safety factotocal failure of finite elemest
nearthe base of the slopenaycausecalculationto be terminated (numerical failurgpotentially

occurring beforeslide ofsignificant amount of soil mass. Therefore, using an excessively fine mesh
may not be beneficial for the analysis.

Figure2.3-18: Generatal quadrilateral, quadratic-Q8 mesh irslope stability analysis example

Step6: Run Analysis

From themenu bar click"Analysis>Analysis Settingto open the analysis optiodialog For this
example, here is noneedto changedefault settings ClicK'OK" to exit.

Next, fom the menu bar clickd ! y I Hévazy a ! yCli€ké & dzah submit the job to the
solver EnFEM wilfirst check the model first and generate an input fi&cethe calculation is
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finishedor if EnFEMencountersa model error the logfile will be opened automaticallyJsers
canreviewthe log file totraceanyerrors.

Run Analysis

Run Stage Description Generate Analysis File

INTS Initial Soil Stress " e
View Analysis File

SRM General Static

e

X

Figure2.3-19: Window to Run Aalysisin Example3

Step7: Post-processing of result

-

Click R to switch to the6RESULMODE then click ™ to open the contour plot dialog. The
default contourshowsthe horizontaldisplacementul at the last loathg increment,asseenin
Figure2.3-20. A significantamount of soil mass sliding to the leftwhich indicateslope failure

The alculation fails to converge at incrementL74232 which corresponds ta safety factorof
1.317.

Contour Plot Option X
Group Show Contour

["] show Contour on Deformed Body
Variables Scale Factor | 1.0

u ~] [CJShow Undeformed Mesh

Increments Contour Type

SRM. incr= 1.37374(SF=0.911) & @® Shading

SRM. incr= 1.42374(SF=0.966,

SRM. incr= 1.47374(SF=1.021, O Lines

SRM. incr= 1.52374(SF=1.076,
SRM. incr= 1.57374(SF=1.131
SRM. incr= 1.62374(SF=1.186,
SRM. incr= 1.67374(SF=1.241

)
)
)
; (O Shading and Lines
§

SRM. incr= 1.72374(SF=1.296)
)
)
)
)
)
)

Contour Limits
Minimum -0.0295
Maximum 0.00426

SRM. incr= 1.73624(SF=1.310;
SRM. incr= 1.73999(SF=1.314,
SRM. incr= 1.74121(SF=1.315,
SRM. incr= 1.74160(SF=1.316,
SRM. incr= 1.74212(SF=1.316,
SRM. i 1.74225(SF=1.316,

KOKCRD

Division 10

Apply Default Limits

SRM. incr— 1.74232(SF—1.317

[Ishow Animation

Animation
Minimum -0.0265
Maximum 0.00426
Play Default Limits

Figure2.3-20: Contour of horizontal displacement iBxample 3

Select"strain' from the drop down dzy’ R L, dhen selectPEE® from the Variablesdrop-
down. The ontour of the equivalent plastic strain iplotted in Figure2.3-21. The sliding zone
extendsalmostto the top of the slope
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Contour Plot Option X
Group Show Contour

‘Straln ~ ‘ []show Contour on Deformed Body
Variables 1.0

PEEQ ~ ] [[]Show Undeformed Mesh

Increments Contour Type

= 1.37374(SF=0.911) ~ @ Shading
= 1.42374(5F=0.966)
(O Lines

(O Shading and Lines

Contour Limits

— 1.72374(SF=1.296) o

SRM. incr= 1.73624(S5F=1.310) Minmum 0]

SRM. incr= 1.73999(SF=1.314) ) 0.04264
= 1.74121(SF=1.315) Maximum

DIEIRICRIC

Division 10

Appl Default Limits

[CJShow Animation
Animation
Minimum i

Maximum 0.04264

Play Default Limits

Figure2.3-21: Contour of equivalent plastic strain iBExample 3

The $iding soil body can be easily identifiading theincremental contour of displacementlick

the icon T to open an incrementalcontour plot as shown inFigure 2.3-22. Select the
displacement magnitude athe plot variable. Sincéhe dliding soilmassexperiencessignificant
displacementthe sliding surfaces clearly visible ifigure2.3-22.

Contour Plot Option X
Group Show Contour

[ Show Contour on Deformed Body
Variables 1.0

[ show Undeformed Mesh
Increment 1 Increment 2 Contour Type
SRM.incr=1.174(5F=0.69) A | |SRM.incr=1.224(SF=0.75) A (®) Shading
SRM.incr=1.224(SF=0.75) SRM.incr=1.274(SF=

SRM.incr=1.274(5F=0.80) SRM.incr=1.324( (O Lines
SRM.incr=1.324(SF=0.86) SRM.incr=1.374f O Shadi dLi
SRM.incr=1.374(SF=0.91) SRM.incr=1.424 £ E
SRM.iner=1.424(SF=0.97) SRM.incr=1.474(

SRM.incr=1.474(SF=1.02) SRM.incr=1.524( Contour Limits
SRM.incr=1.524(SF=1.08) SRM.incr=1.574( - - .
SRM.incr=1.574(SF=1.13) SRM.incr=1.624( R 80591010
SRM.incr=1.624(SF=1.19) SRM.incr=1.674( Maximum 1.5307e-008
SRM.incr=1.674(SF=1.24) SRM.incr=1.724(

SRM.incr=1.724(SF=1.30) SRM.incr=1.736( Division 10
SRM.incr=1.736(SF=1.31) SRM.incr=1.7401

SRM.incr=1.740(5F=1.31) SRM.incr=1.7411

SRM.incr=1.741(5F=1.32) SRM.incr=1.7421

SRM.incr=1. 742(SF 1.32) SRM.incr=1.7421

SRM.incr=1.742(5F=1.32) v Apply

Figure2.3-22: IncrementalContour ofdisplacement ulin Example 3

The overall afety factoris determined throughnterpolation (2.3-1):

13 o 0%

(2.31)
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where
w =Firstdefinedfactor (field variable) of analysis
w =Lastdefinedfactor (fieldvariable) ofanalysis
@ =Firstincrement ofstrength reduction stage (in this example 1)
w =Lastincrement of strength reduction stage (in this example 2)
w =Lastconvergedncrement ofthe analysis result
"Y"G: Calculated Factor of Safety

For this example and result this equation yields:

o
o PXTXP PEC

“Y“O T[$)

P
C

(2.32)

To verify the failure of soil, you can analyze the curve of displacement in-direction versus
load increments. Start by enabling the display of node numbers by cliddegh-> 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 “adhe area
around the slope toe.

Next, navigate to Results-> XY Plot from the menu bar. Set the plot type tddistoric result

and input ‘74" as the node set to focus on. From the Category list, sektiary Variablg and

then choose 1" from the Variables list, which corresponds to the horizontal displacement. Click
"Plot" to generate the graph of horizontal displacement (ul) versus load increments.

Observe the curvéFigure2.3-23) for any abrupt and significant increasedisplacement. 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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X-Y Plot X
Type of Source Data
000
(®) Historic Result (OField Result P
Label of single node Select By Set 3.466.03
[ \
Y Axis X Axis -4.91e-03
Category \
‘Primary variable ~ ‘ Increment ~ | -7.37e-03 \

Variables \
ul b -3.82e-03

Increment Histor \
R

ints. incr= 0.200 [ Grid =

ints. incr= 0.300 Y Grid >

ints. incr= 0.400 ) 147602

ints. incr= 0.500 [ Switch X

ints. incr= 0.600 O

ints. incr= 0.700 -1.72e-02

ints. incr=0.800 O
ints. incr= 0.900 [~ Linemarker
ints. incr= 1.000 -1.96e-02
SRM. incr= 1.000(SF=0.50)
SRM. inar= 1.020(5F=0.52) ¥

File Save Option 221e-02

Save to: [JAppend to File

P -2.46e-02

‘G:\EHFEM V2025\Example V3.4\Example 3\Slope stability, 0.000 017 035 0.52 070 087 1.045 122 139 1.57 174

- View Data | Save to File Close Load Increment

Figure2.3-23: XY plot ofhorizontal DisplacementVSLoad Increnent
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2.4 Example 4: Soil-Structure-Interaction (contact) analysis of
buried culvert

Buried culverts are common in geotechnical engineering, with theirsswiCture interaction
challenging to analyze due to high nonlinearfjgure2.4-1 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,ith units set as "Ibf, in, secoad

250 240 120 190

B(0,590) C(490,590) D(610,590) F(800,590)

375.355

| =D . @A)

M T
M T \
soil layer 2 \gog/

214.645
250

A(0,0) H(800,0)

Figure2.4-1: Configuration ofburied culvertexample

Theconcrete culvert hasin externalradius of50-inches and its thicknessis 8-inches Material
propertiesand boundary conditions are listed below

Material Properties:

Concreteg(Culvert)
T Unitweight [ T8 W O
f . 2dzy3Qa: az2zRdzZ dza O tmopitio

1 Unitweight . [ T8 @ arQE
f ., 2dzy3Qa: az2Rdzf dzi O ¢nmi Q

T t2A8a2yQa NI GAZ2 > mou

1 Cdesive strength © uRiQ

ExampleManual (Rel.March/2026) EnFEMor Windows



%0 O TUJ

T

= =4 -4 —a A

Boundary Conditions:

) omnJ

O

T® U
¢ mi
[oVIN

%0
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[ T8UXa oy
¢mmr Q

Q

91 Displacementonstraints on vertical external soil edges
9 Displacement constraints on bottogdgeof lower soil layer
1 Gravity load

9 Ground surchargef 35 psi

 Contact interface between soil and culvert.

0 The culvert is the mastexbjectandthe soil is the slavebject
o Coefficient of friction on the contact interfacedss

Model development and analysis steps:

Step 1:Create geometric entities

{GFNI 9yC9ax

fil nteraction analysis of buried culvert

2 NJ T NiBe¥NewK Si 2Y Sayldz Nl NE yOS oA QAPUNR2 SO U @

0. Keep the problem type a@flane straig as seen
in Figure2.4-2. Set the unit to besibf, in, second ®

POK B it.

Control Data

Project Title:

X

‘interaction analysis of buried culvert

Analysis Type

(®) Plane Strain

Thickness

Unit

(®) Pre-Selected

Ibf, in, second

(C)Plane Stress

() Customized

v

() Axi-Symmetric

Cancel

Figure2.4-2: Control data for buried culvert
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The culvert has a ring shape, constructed in EnFEM using threshigmed" regions. While two
regions aresufficient, three are used to include an extra vertex at the culvert's top, simplifying
result extraction. Each fashaped region has four sides to enable a structured mesh

Controling vertexes A throughT (as seenin Figure2.4-1) have coordinates listed ifiable2.4-1:

A B C D F G H N
0.0 0 490 610 800 800 800 0
0.0 590 590 590 590 | 214.645| 0 | 214.645
o M P T Q

250 214 250 284.7 | 250

250 | 214.645| 300 | 214.645| 292

Table2.4-1: Verticesfor buried culvert analysis

L yCAD MODE Jick @ptions->DrawingSpacé andsetupthe drawing spac@s showrin Figure
2.43:

Drawing Space Extent *

Drawing Space
Minimum Maximum

X |-50 500
Z |50 00|

Default

Cancel

Figure2.4-3: Setup drawing space for sedulvert interaction analysis

In this example, the culvewill be created first. Aftewards usethe snappingmethod tocreate
the sol layers

The threeexternalarcsof the culvertare createdn the following sequence

1. arc GP-M
2. arc OM-T
3. arc OT-P

To create the arcx;licksf' to activatethe arc creaitn tool. In the coordinate input boxlocated
beneaththe working zong enter theculvert centercoordinatefi250, 2500 (point O inTable2.4-1

andFigure2.4-4) and pess RETURNhen key in coordinatefor the start vertex of arc @-M as
fi [0, 50] 6, and press RETURN.

NOTESquare brackets indicate relative coordinates, where dx = 0 and dz = 50 speacifyrtthes shift
from the arc center

Next,enter [50,135] o and press RETUR®Mfinish arc GP-M (shownin Figure2.4-5).
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NOTEThe relative coordinate of the arc end vertex lzedifferent meaning than the arstart. Here'80Q
represents the arc radiyand ¥3X1s thedesiredarc angle.

Input center vertex of arc : 250,250 Gl

Figure2.4-5: Createexternal arcan Example4

Holdthe CTRKkey and movéhe mousecursor to the culvert centgivertexO). When the snapping

mark’}g< appears, LEFICLICHKo create thecenter of arc @M-T. PressCTRlagain move the
cursor tosnap tovertex M, andLEFICLICKo createthe arc start. Enterthe relative coordinate

fi [50,90] o, and press RETUR®bIdefine vertexL. Here 80Qefers to the culvert radius and o n Q
the desired arc angl@.he second arc-®1-T should now bevisible(image (b)f Figure2.4-5).

For the third arg use the snap method entirelidold the CTRIkey, snapto vertexO, and LEFT
CLICHKo create the arc center. Hm snap to ‘ertex T, and finally to vertex P to completethe
externalcircleof the culvert(image(c)in Figure2.4-5).

To ceate the internal circle of the culvertrepeat he processHold the CTRLkey, snap toVertex
Oto create the arc centerkey inf [0, 42] 6 to create the arc startand key irfi 42,135] o to
finish the first internal arcNext snap tovertex O and the previous arc engboint (belowthe
center), thenenterd [42,90] o for the second arc. Finallgnapto the centerpoint O againandto
verticeson existing arct completethe last internal ar¢Figure2.4-6).

This completes the construction of the culvert's full circular geometry
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Figure2.4-6: Create internal arcs of culvert

To createthe radial lines okach fan regionclickf‘“ to activate theline creaton tool. CTRELEFT
CLICKo ¥nafand create points avertexP(line star), thenVertexQ (line end, and therRIGHT
CLICHnd selectEnd Creation'to terminate the linecommand Similarly, creatéhe second and
third lines starting atertex P and vertex T, and ending with their corresponding points on the
internal are.

:

. /
N

Figure2.4-7: Select lines and ar@nd convert toa general polygon

Next, three general polygons will be created from these lines/aftem the toolbar, click
"Create>Polygon from Lines/Arcs" a4 S I WO2y (| Age& R@s agdhaycKRe the (2 &
upperf STU WTFYy NB3IA2YQ [|Rgure28B RIGATLICK &8 seleErmiid A Y 3 S
Selection”. A new general polygon is created from selected lines and arcs (right im&ggune

2.47).

NOTELinedarcs of a regiorare grey in color athey are ndongerindependent entitiegbluecolor). If an
independentline has been used to createganeralpolygon the line must be rereated for use in the new
polygon Such line/arc recreation can be found adjoining regios (as seen ifrigure2.4-7),

In this case, recreate lifeQ, and then create thepperNA 3 K-815 @ ANk, (edreataadial
lines atpointsPand T before generating thebottom fanregion.After generaton of all three fans,
the culvert should look like those seanFigure2.4-8.
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Figure2.4-8: Completedthree fan-regions of culvert

Next, create thetop and bottomsoil layes. These soil layers are created as general polygons
becauseboth regions havearc edges. fie following procedures highlight some useful tools to

createedges preciouslyHrst click/™ to activate the line creation tool. Nextress and holdhe

CTRL key, move the mouseviertex M, andLEFTCLICKnceW & yad®J (i 2 { Khkrdey Inj2 A y
the relative coordinated [- 350,0] 6, RIGHICLICHKand select'End Creation' Now create a new
verticalline fromvertex A(x=0,z=0 to (x=0 z=400). The new vertical shoulshtersectwith the
horizontalline (shown inthe left image ofFigure2.4-9). From the toolbar, clickModify ->Divide
Line/Arc by Intersection"and select both lines ThenRIGHICLICKand select’'End Selection:'
Slected lires will be divided at theimtersection point vertex N. From the toolbar, clicKEdit-
>Delete", andthen selectthe leftover line segments above and to the left of vertex N. RIGHT
CLICHKndselect"End Selection'to finish this deleting operatiorilhe fnalgeometrywill look like

the right image irFigure2.4-9, where theline segment NM has beerprecisely created

Still using the line creation tocf‘\“), createa horizontal line AH. Thercreate a vertical line from

vertex H(x=800, z=0fo vertex F (x=800, z=590). RIGELIICK and selet&nd Creation” Start a

ySg tAYyS TNRY @SN &itier therelativgd sogrdinatéléo .0 1 bJAs the Befitk 2 R =

line vertex Repeat the steps above to divide the last two lines and delete the leflioéesegment

outside of the lower soil boundary. Finally, recreate the add @6 & dza Ay 3 (G KS Wayl LILA Y
Now all lines/arcs of the lower soil layer are ready tacbavertedinto ageneral polygon

L— 5

Figure2.4-9: Use dividing lines method to create vertex with accurate coordinates

From the toolbar, clickCreate>Polygon from Lines/Arcs'anduse a¥% 02y i AYSRQ GAYyR2¢
selectall line segments of the bottom soil layexs well aghe arc O-M-T. RIGHICLIClkndselect
"End Selection'to finish generating théottom soil region aseenin Figure2.4-10.
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L

Figure2.4-10: Generatebottom soil region from independent lines and arcs segment

NOTEEdgesf the existing culvertin grey colorynay beinadvertentlyselected EnFEM will ignore these
dependent lines/arcs.

The top soil layer can be createding the same procedure as to create the bottom soil layer.
Note that independent line/arc segmentsM, T-G, OP-M and QT-P should be created again.
Finally,convertall of the new lines/arc$o a general polygon. The final configuration looks like
that in Figure2.4-11.

Figure2.4-11: Generate thaop soil region to finish creation of geometric entities

CIiCkE to save the modeF A f Snalyki & ofdl buried culvert.sep

Step 2: Define region ses

Thisexamplehas twoindependent configurationisone is the soil regions around the culvert
another one isthe culvertcomposed ofthe three ¥anQregions.Contact definition and post
processing of results often require to operate on the overlapped edges. Model development can
benefit from regionsets.

L yCADB MODE dick "Tools->Set Tool'from the menu. In the set group managemenwindow,
selectawS IR 2 Bleéwd| G8 ISYSNI GS LlyLMA s (| KSSduby 348 ¥é
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/ f AAMA] Obj, select three fan regions. Her&tS dza SNJ OF y dza 8 REfor dzf § a{ St
the region filter ® .RIGHT [ L/ Y | yERd S&l&fio& Bigure214-12). The color of three
fan regions changes to purple.f ASae & &x¢ (2 NBGdzNYy (GKS &aSdé YlFyl3sSys

Similarly, defineanother region setiisetSoil_all 0 which includes the top and bottorseoil
layers

Set Group Management x N
P o Set Definition X

Set Group

Option

setCulvert New
(@ Region - Set Name setCulvert
O Region Edge o Set Description
(O)Region Vertex = Set Type REGION
(Beam Deee
(O GeoGrid iz
(O strut Close

Update Obj. || Save & Exit Cancel

Figure2.4-12: Defineregion-sets for Example 4

From the menu bar click "Tools->Display Tool'to open the window for display control
Geometric entities can bghown or hidden convenientlypy means ofsets. Check the box before
GsetCulverf @ f ASBowSedected Figure2.4-13). See that all soil regions have been hidden and
the display shows culvert regions only. Navzy' O K Seiilverf Eelect"setil_all’, and dick
"Display". This time, all soil regions atesplayed ancculvert setis hidden. Leave the culvert
regions hidden, and keep ¢hdisplay controtlialog open.

Display Control X
Set Description Showr Selected
setCulvert Region

; Hide Selected
[ setsoil_all Region

Display All

Close

Figure2.4-13: Use sets to control display/hide of regions

Back to theBetDefinitioré dialog, change the S i h thliEdgZ. Cleka b S tb Ereatea new

edgeset Input the set namdiset Soil_Interface o (seen inFigure2.4-14). dickingd ! FORj£

andthena St SO0 GKS AYyOISNYI t GdHestiBOwindoWRIGHTCZECKayET |+ WwO2 Yy
select"End Selectionto completethe new setdefinition. ClickdSave & Exé to exit the éSet

Managemen¢ dialog. The new edge set will be used to output contaesultsin the post

processor.
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Back tathe éDisplay Contrdldialog clickd 5 A & LJf an@thehdt/ f f é2Use8may also clinl}l
from the tool barto uncover hiddergeometry entities.

Set Definition

Set Name
Set Description

Set Type

Add 0bj. Save & Exit

setSoil_interface

EDGE

Cancel

Figure2.4-14: Defineedgeset for Example 4

Step 3: Define stage data

.

From themenu bar click"Data->Stage Management"and ceate two new stages as shown in
Figure2.4-15. Input"ints " as the name of théirst stage Select'Initial Soil Stressas the type

The elf-weightof the soil andthe culvert will be appliedn this stage

Stage Definition

Name:

Stage Definition

Name:

| ints

‘Eurcharge

Type

| Initial Soil Stress

Initial Stress Option

Increment Control
Automatic

Fixed

100

Cancel

Type

‘ General Static

Increment Control

(®) Automatic () Fixed
Maximum number of increments
Initial Increment Size

Minimum Increment Size

Maximum Increment Size

0.1

1e-005

0.1

Cancel

Figure2.4-15: Define two stages in the example of saililvert interaction analysis
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_____________________________________________________________________________________________________________________________________

Initial Stress Option

Option
(®) K0 method (OExternal Fle  (D)By System

Region List

Region 4
Region 5

Figure2.4-16: Set up optiondor initial soil stress irExample 4

Clicka LY AGALF t {tdideflBetiditial sdibétreBeffgure2.4-16). Keepthe KO Method
option. dicka ! R Bnd then select both soil regions in the display window. NeKEHICLICK
and selectt 9 Y R { S Bah@ail kayzerg draddedto the dRegionListé in this dialog. Next click
& L y LJdziito iBputivértical soil stresses at controlling verticE$g(re2.4-17). The Poisson's
ratio of the top soil i9.45. Lateral stress factof2 can be estimated

o ™ v
5 &L ey

Clicka ! FREBwE and enter the z coordinate and vertical stress of each soil layer at top/bottom
position as seen irFigure2.4-17. Clickd { @S fom Sheikpiitédialog Figure2.4-17) and
then& h Yogtion dialog Figure2.4-16), and thena { | @S  amairdFigure?.a-15).

Edit Initial Stress

Data Input
Coord. Top sigma_zTop  Coord. Btm sigma_z Btm kox ky

1[50 o [214.645 [-27.776 [0.818 [0.818 |
2 [214.645 |-27.776 o |-43.06 o538 o534 |

Figure2.4-17: Input parameters folinterpolation of initial soil stress

The second stage, namédurcharge ", is a"'General Statittype. A ground surcharge of gisi

will be applied in this stage. Keep the default increment settings forithdzNJD KstadeHaBd
click"Save & Exit'when complete igure2.4-15).
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Step 4: Define material properties

From themenu bar clickd 5 I-Bid I G SN&X | f ta ojéh tI&widdow Soirdaterial group
management.Click"New" to create the first material named' concrete ", and enter inunit
weight,the, 2 dzy 3 Q& Y2 Rdzf dza lag/sRen iiFig&e2 ¥ PRACHCK Saye &EXit'( A 2
when complete.

Material Property X
Name: ‘koncrele
Mechanical Behavior || inear Elasticity > Color ‘ j
Material Parameter
Unit Weight 0.09 Ibf/in~3
Young's Modulus £ 4031000 psi
Poisson Ratio rolo.2

Additional Parameter Control
Linearly Changed Young's Modulus

Z Coord. of Ref. Point _ in
Change Rate of Young's Modulus _ psifin

Save & Exit Cancel

Figure2.4-18: Define linear elastic type material for culvert

Repeat this process toreate MohrCoulomb type materialfor the top soil layer(first imageof
Figure2.4-19), andthe bottom soil layer(secondimageof Figure2.4-19).
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Material Property X
Name: ‘l“p—s‘j”
Mechanical Behavior | Mohr-Coulomb Plasticity ha Color | ﬂ
Material Parameter
Unity Weight 0.074 Ibf/in~3
Young's Modulus  E |2000 psi

Poisson Ratio v 10.45

Cohesion 5 psi

Friction Angle ¢ |30 deg Dilation Angle ¥ deg

Additional Parameter Control
Linearly Changed Young's Modulus Linearly Changed Cohesion

Z Coord. of Ref. Puint in Z Coord. of Ref. Point _ in
Change Rate of Young's Modulus _ psi/in Change Rate of Cohesion _ psi/in
Save & Exit Cancel

Material Property x
YA ‘blm,soil ‘
Mechanical Behavior  Mohr-Coulomb Plasticity v oor [ 4]

Material Parameter
Unity Weight 0.074 Ibffin~3
Young's Modulus  E|2000 psi

Poisson Ratio v ]0.35

Cohesion 20 psi

Friction Angle ¢ [35 deg Diiation Angle ¥ [35 | deg

Additional Parameter Control
Linearly Changed Young's Modulus Linearly Changed Cohesion

Z Coord. of Ref. Puint in Z Coord. of Ref. Point _ in
Change Rate of Young's Modulus _ psifin Change Rate of Cohesion _ psi/in
Save & Exit Cancel

Figure2.4-19: Define two MohrCoulomb type materials for sbiayers

Next, dick "Data->Material Assignment from the menu barto open the material assignment
dialog.SelectéBy Sed, and then select the regieset "setQilvert' from the setlist. The culvert
will be highlighédin cyan Select'concreté' from the Material Group list and dick"Assign". Tte
culvertwill be highlighted impurple after a successfuhaterialassignmen{Figure2.4-20). Next,
selectoByIndividualRegiom, selectéRegion 4 (bottom soil layer)and assign materiabtm_soik
to the bottom soil layerSimilarly assignmaterial“top_soil' to the top layer. Click / f 2wvhed ¢
complete
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Material Assignment

Assignment Option
() By Region (®) By Set
Set List Material Group : concrete

Mechnical Behavior : Linear Elasticity

____________

Material Group

EEECTELERPRY. concrete b

Show All Assign, Show Region Name

‘ Assign Close

Figure2.4-20: Assign material definitions using "By Set" option

Click'Close"to exit from this dialog

Step 5: Define boundary conditions

From themenu bar clicka 5 [-Ri. 2 dzy R NB  {o dpéiRthelbaudary éondition group
managementialog Definethe following boundary conditiongdisp_x € Xisp &z € 2gravity €

|y Burctéirge €asseenin Figure2.4-21. 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 ede inclinations.

Boundary Condition X Boundary Condition
Define Boundary Condition

Define Boundary Condition
Name: ‘dispix Name: ‘disp,xz
B.C. Type Edge Displacement v B.C. Type Edge Displacement o
(®1n Glocal Direction (O 1n Local Direction (®In Glocal Direction (O1n Local Direction
[“1x direction = l:l in [ x direction = _ in
[z direction = 0 in [z direction = o |
Displacements are defined in global direction. Positive values have the same directions as global Displacements are defined in global direction. Positive values have the same directions as global
axises axises
Save & Exit Cancel Save & Exit Cancel
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Boundary Condition X Boundary Condition X
Define Boundary Condition Define Boundary Condition

Name: ‘bravity Name: ‘surcharge |

B.C. Type Body Force/Gravity v B.C. Type Surface Load v

(®)1n Global Direction (O In Glocal Direction (®)1n Local Direction

[Ix direction = 0 pres start = bfin  presend= |39 Ibfjin

[z direction = [ shear start = 0 Ibffin shearend= 0 Ibffin
Surface loads are defined in local direction. Positive values have directions toward inside of the
region. Positive tangent disp. has counter clockwise direction

Save & Exit Cancel Save & Exit Cancel
N

Figure2.4-21: Defineboundary conditions in culvert analysis

Next, from the menu bar, seledd I (i Bouftglary Assignmerétto assign boundary conditions

to geometric entities:
f Assigrodisp ¥ to the left and right vertical soil edges.
f Assigrnidisp_XEZ to the bottom soil edge.
1 Assigrogravitye to the culvert and both soil regions.
1 Assigrosurchargé to the ground edge (line-D).

By default, all boundary conditions start from the first stage. To adjustghechargé condition,
select it, clickiCreated, and usedMove Right to set its start stage to the second stagegure
2.4-22illustrates the stages and their related definitions.

B ' Boundary Condition Assignment X
B.C. Group
Name ints surcharge Move Right
disp_x Created Kept
disp_xz Created Kept Move Left
gravity Created Kept
surcharge Created
Boundary Condition Information
Name : surcharge
Type : Surface Stress
Show All BD Assignment Assign Del Assign Close

Figure2.4-22: Assign boundary conditions iBxample 4
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When complete, click { K 2 8D Askignmeritto verify assignmentéFigure2.4-23).

-
fo ok
o o
o o
o &l
o of
b
] o
] o
wi X gl s s s s s s

Figure2.4-23: Show dl assigned B.C. iBxample4

Step6: 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 soilvert interaction surfaces. From the menu bar, set@aiols

M 5 A a LJ€ to ®pent tRedisplaycontrol dialog. In the set list box, choossetCulvert and
clickéShow Selecteéto display only the culvert and hide the soil laydtigy(ire2.4-24).

Display Control X

Set Description Show Selected
| setCulvert Region
X g Hide Selected
[ setsoil_all Region

Display All

Close

Figure2.4-24: Usethe display tool to hide soil layers

With the display control dialog open, navigate tor Sy d2ataée i G S NI & (ChrRagtX
Constrained Method to access the interaction group management window. Cidkwe to

ExampleManual (Rel.March/2026) EnFEMor Windows



create a contact group. Keep the default group name and interface optidnoamcie, then set
the coefficient of friction ta.3e6.

ClickéAdd Master Surg, hold SHIFT and LEELICK to select all three external arcs of the culvert,
then RIGHTCLICK and seledEnd Selectiod. The selected arcs, now marked in blue, represent

the master surfaces.

Switch back to théisplaycontrol dialog and clickiHide Selecteéito display only the soil regions.
I.

Return to the interaction definition window, clickAdd Slave SurX

selection window to highlight all three arcs of the soil regions. RIGHTK and seledEnd

F Y R

Page78

dza S

Yoyl

Selectiort to complete the process. The selected arcs from the soil layers, marked in green,

represent the slave surfacéseeFigure2.4-25).

Interaction

Group MName

|buntact Group 1

Interface Option

(@) Contact OTie

O Free face

Coefficient of Friction

Ea—

Surface
Master Surface Add Master Surf | Del Master Surf

Slave Surface Add Slave Surf Del Slave Surf

Save & Bxit Cancel

Interaction

Group Name

| Contact Group 1

Interface Option
© Contact

OT\E OFrEE face

Coefficient of Friction

ER—

Surface

Master Surface

Slave Surface

Add Master Surf | Del Master Surf

Add Slave Surf | | Del Slave Surf

Save & Exit Cancel

Figure2.4-25: Defineinteraction property, and master slavesurfaces

Click'Save &Exit" to return to the interactiongroup management dialog. Clitklose"to exit.

CIickE to save the file.

Step7: Mesh generation

In this example, the culvert is simulatedingsolid finite elements. Since EnFEM only supports
only linear elements (Q4/T3) for contact analysiareful mesh selection is crucial for accuracy.

N : _ -
Click "# to display alkoillayersand the culvertthenusethe zoom windowool, +,to focus on
the culvert region From themenu bar click"pre-Mesh->AdvancedMesh Control’; and select

the three YanQregions belonopg to the culvert. RIGHICLICKnd select End Selectiohto open
the mesh controtialog, as showim Figure2.4-26.
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Mesh Control X

Region List Element Shape
(® Quadrilateral (O) Triangle

Region 1
Region 2

Region 3 Mesh Type

(®) Structured (O Unstructured

Element Option
(®Linear Q4 () Quadratic Q8 Linear T3 Quadratic T6

Integration Rule Reduced

Save & Exit

Cancel

Figure2.4-26: Advanced mesh control for culvert regions

Note: Retaining walls, piles, and culverts are common in geotechnical engineering, whestusxilre
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 domindexdiral deformation.

EnFEM offers two methods for addressing SSI problems:
1. Contact ConstrainMethod for interactions between solid finite elements.
2. ZeroThickness Interface Elements/here structures are modeled as beam elements.

For models with contact interactions, using Structured Quadrilatépdl) elements is recommended to
enhance accuracy. The integration rulull or reduced should be chosen based on whether the structure
is confined by soil:

1 Reduced integration minimizes shear locking in Q4 elements and is suitable for confined structures
(Figure2.4-26).

9 If the structure is not fully confined, reduced integration is not recommended due to potential
stability issues during computation.

Structured meshes also enable the ppsbcessing of integrated forces, such as moments and shear forces,
ensuring accurate analysis results.

Based on theabove considerations, sethe mesh control parametersas "Quadrilateral,
"Structured, anda"Linear Q4 elementwith reducedintegration rule asseenin Figure2.4-26.
Click'Save &Exit" when complete

Again, click pre-Mesh->AdvancedMesh Control’, this time glectthe two soilregions and then
RIGHICLICKand select"End Selection!' In the mesh control dialogchange thesettings to
"Quadrilateral, "Unstructured', and"Linear Q4 with full integration asseenin Figure2.4-27.
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hes

Mesh Control

Region List Element Shape
Regond ] (®) Quadrilateral () Triangle
Region 5

Mesh Type

() Structured (®) Unstructured

Element Option
(®) Linear 4 () Quadratic Q8 Linear T3 Quadratic T6

Integration Rule [ ] Reduced

Figure2.4-27: Advancedmesh controlon soil layers

From themenu bar click"pre-Mesh->Show Mesh Assignmentb displaymeshproperties on
each regionFigure2.4-28). Detailed information about referential colors for mesh assignments
can be found in the user's manual.

Figure2.4-28: Show mesh assignment on regions

Click'pre-Mesh->Show Mesh Assignmentgain toturn off the displayof the mesh assignmest

The next step is to define the finite element sizeuriform mesh is unsuitable for this model
because:

1 Coarse meshepoorly discretize contact interfaces.
1 Fine meshesignificantly increase solving time.

A nontuniform 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
I OO0dzNIF Oe > F2dzNJ St SYSyd f I &S NEsectioaf thicknesS (radial S R
direction). Thismultiple element layers are helpful tminimize sheatocking effects. With a
culvert centerline perimeter of approximately 288 inches and a Q4 element higighidth ratio

of 2.5, around 58 divisions along the centerline will be applied.

From themenu bar dick "pre-Mesh->Global Seed Controldnd enter fi300 as the global seed
size.Click'Assigri. Thenassigned seedsill be displayed am Figure2.4-29. Click'Close"to exit
from this dialog.

!

Global Seed Control X

Global Mesh Size @
Assign Cancel Close

S |

Figure2.4-29: Assign global mesh size to control mesh on external boundaries of sail

Now to refinethe mesh around the cuIverCIickF_«;} and zoom ino the culvert with the zoom
window.

Local Mesh Control X

Seed Control

(®) By Number
(D) By Size

Seeds Distribution Style

Number of Divisions

Reverse Bias Direction

@ Uniform One-Way Two-Way
Seed Information
Length of this edge = various & »
Number of divisions = various
Minimum size = various
Maximum size = various
Ratio of max/min of divisions = various

Assign Cancel

Figure2.4-30: Defineseeddivisions on culvertrosssection

From the menu bar, clickpore-Mesh->Local Seedontrol”, note that the line selection icon is

automatically turned on,ALELS BiA® ks 'R, is activel. Select the three, radial line
segments of the culvert, then RIGELICK and seledEnd Selection: The local seed control
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dialog will open. Change the number of divisiongi#oé and keep the other settings as default.
Click"Assign”. The new distribution of seeds is showrFigure2.4-30. Click"Closé to exit.

Next, from themenu bar click"Mesh->Local Seed ControBind ®lectthe four arcs of thetwo
larger fansRIGHICLICHKNd selectEnd Selection: The local seed control dialog waiflenagain.

NOTE:When culvert edges overlap with soil layer edges, both are selected simultaneously, but the
overlapped edges are counted as dneseed contral This ensures a conforming mesh between the culvert
and soil layerlf multiplenon-overlapping edgeare selectedonly uniform seed distribution is possible.

In this example, seed control is based onmivenber of divisionsAs 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 contrd,SSLJ G KS 2 LJi A 2 yByNdmbeét 32202 v (i NP €
as thedNumber of Divisiorisand dick "Assign"to complete. Ubdated divisions othe selected
arcs are shown ifigure2.4-31.

Local Mesh Control X

Seed Control

© 8By Number Number of Divisions
(O By Size

Reverse Bias Direction

Seeds Distribution Style

(®) Uniform One-Way Two-Way
Seed Information

Length of this edge = various

Number of divisions = various

Minimum size = various

Maximum size = various

Ratio of max/min of divisions = various

Assign Close Cancel

Figure2.4-31: Local seed control omipper fan regions

From themenu bar click"pre-Mesh->Local Seed Controlind slecttwo arc edge of the lower
fan region RIGHTCLICland selectEnd Selection'to openthe local seed control dialog as before
(Figure2.4-32). Keejing the dSeed<Controk option as"By Numbet, change the division number
to 140 and click'Assign". Click'Close"to exit.
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Local Mesh Control X

Seed Control

Number of Divisions 14

(®) By Number
(O By Size

Reverse Bias Direction

Seeds Distribution Style

(®) Uniform One-Way Two-Way

Seed Information
Length of this edge = various
Number of divisions = various
Minimum size = various W
Maximum size = various W
Ratio of max/min of divisions = various

Assign Close Cancel

Figure2.4-32: Local seed control otower fan region

The mesh refinement on the culvert has been completéolv adjust the seeds ahe horizontal
edges separatinthe upper and the lower soil layets make the mesh change size graduallis
will create asmooth transition fronthe coarse mesh are# the fine mesh aredculvert arcs)

Local Mesh Control X
Seed Control
Minimum Size
(C)By Number p-31
Maximum Size 28.36
(® By Size

Reverse Bias Direction

Seeds Distribution Style

() Uniform (®) One-Way (O Two-Way
N Seed Information
e Length of this edge =214.64

Number of division =14

Minimum size =231

Maximum size = 2836

Ratio of max/min of division = 12.30

Assign Close Cancel

Figure2.4-33: Local seed control on the left common edge between soil layers

From the menu bar, clickore-Mesh->Local Seed Controlind select the left edge shared by the
top and the bottom soil layers. RIGIELICK and seletnd Selection!' In the local seed control
dialog, change the control option t®y Sizé. Next, select the seed style '@®ne Way and check

the option "Reverse Bias Directibnto have refinement go in the direction toward the culvert.
Change the minimum size 8o and maximum size t6300 (Figure2.4-33). Click"Assign"
Similarly, change the local seed control on the right shared soil edfjByt®izé "One Way,
minimum size=30, and maximum sizeA300. Leave th@Reverse BiaBirectiore unchecked,

to set the refining direction toward the culvert. The final seed distribution around the culvert is
shown inFigure2.4-34. It is normal that he final minimum and maximum spacing may be a little
OAG RAFTFSNBY(G FTNRBY dzaSNRA Ay Lzl @
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Local Mesh Control x
Seed Control
() By Number G ITOEES
Maximum Size 2937
@by e 2037 ]
["]Reverse Bias Direction

Seeds Distribution Style
O uniform (®) One-Way (O Two-Way

Seed Information

Length of this edge =514.64
Number of division =32
Minimum size =279
Maximum size =29.37
Ratio of max/min of division = 10.52

[ = T
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Figure2.4-34: Final seed distribution around culvert

NOTE2 KSy FaaA3IyAy3d WoAl aQarrdvewillappdatan khe selBcted & Y Sy i >

to give visual confirmation of the refinemedirection.

From themenu bar click"Mesh->Generate Mesh!'Sincethe reduced integration rule is used for

Q4 elements, a warning message will pop up as showigimre2.4-360

| O O tontimue.If

the mesh is successfully generated, it willlbadedautomatically Figure2.4-35).

Figure2.4-35: Mesh generated foburied culvert analysis

EnFEM X

Warning:
Reduced integration for Q4 element on structured mesh may
cause instability. Do you want to continue?

‘ oK H Cancel ‘

Figure2.4-36: Warning message for reduced integration on Q4
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CIickE to save the file.

NOTEA high-qualitymesh foracomplexgeometrymayoften take severalrialg/iterations to obtain When
attempting local mesh refinement, the most important rule is to kep finite elementsize arouncne
vertexasuniformas possibleMore detail about this strateggnd other useful information regarding mesh

generationcan be found in the user's manual

Step8: Analysis

From themenu bar click"Analysis>Analysis Setting'to open the dialog for analysis options
(Figure2.4-37). Keep the default setting for convergenaad interactions Checkhe option for
"Contact"in the output group so that ontact stresses will be output tihe file "analysis of buried
culvertout'. Click'OK" to exit.

Analysis Setting X

Solver Option
(®) Direct Solver Iterative Solver

Convergence

Relative Tolerance 0.001

Max. Tter. Number

Interaction

25
Normal Penalty Factor =
1

Tangent Penalty Factor =

Max. Iter. Number = 12

Output

[ Displacement ["]Reaction
[stress [ Contact

Figure2.4-37: Analysis setting foburied culvert

Run Analysis *
Run Stage Description Generate Analysis File
ints Initial Soil Stress e e

surcharge General Static

Cancel

Figure2.4-38: Run analysis iftxample4

From themenu bar clickd ! y | &Rua Analysisto openthe window for analysis management
Set the check mark before each stagkcked w dz2yy submit the analysis job to the solveA
command window wilbpento showinformation related with eactanalysisncrement.The fle,
"analysis of buried culvelbg”, will be opened automatically whethe analysigob is done.
Review this file to check convergence history.
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Step9: Post-processing of result

CIick-’R to switch to thedRESUL-MODE and then click ™ to open theContour Plot dialog. The
default contour iscontour ofthe displacement in th&-direction (ul) at the last loading increment
(Figure2.4-39). Next, hieck” Show Contour on Deformed Bddghangethe scale factor t@i100,
and dick GApplye (located below"contour limits'). According to this contourhie maximum lateral

displacement fotthe soil isapproximately-0.51-inches,and the maximum lateradisplacement
for the culvert isoughly-0.24-inches

Contour Plot Option x | o

Group _ [VIshow Contour

~|Show Contour on Deformed Body

Variables Scale Factor |10

i []show Undeformed Mesh %

Incements Contour Type

ints. incr= 1.00000 ®) Shading

00000 >

10000 Lines

inar=1.20000

surcharg. inar= 1.30000 Shading and Lines
surcharg. incr= 1.40000
surcharg. inar= 1.50000 Contour Limits
surcharg. inar= 1.60000 Minimum 0.509 -
surcharg, g :
surcharg. i : 0239 <
surcharg. incr= 1.90000 ) <
Divson |10 :

Default Limits

—IShow Animation
Animation
Minimum

Maximum

Figure2.4-39: Displacement contour for sedulvert interaction analysis

Leaving the Contour Plot dialog open, from thenu bar click"Tools>Display Tool' Selecthe
oset@ilverte from set list and clickDisplay"to display only the culverZoonmin as neededSelect
"Stres$ from the Group dropdown list and select Equivalent Shear"drom the Variables drop
down list Thisdistribution ofthe Misesstresson the culvertis plotted inFigure2.4-40.

Contour Plot Option X
Group [~/] Show Contour

Stress | [/] Show Contour on Deformed Body
Variables

Scale Factor |10
[Equivalent Shear g}
uivalent Shear [_]Show Undeformed Mesh

Increments Contour Type

ints. incr= 1.00000 @) Shading

surcharg. Incr= 1.00000 <

surcharg. incr= 1.10000 Lines

surcharg. incr= 1.20000 N X

surcharg. incr= 1.30000 ) Shading and Lines

surcharg. incr= 1.40000

surcharg. incr= 1.50000 Contour Limits

surcharg. incr= 160000 - =
surcharg, incr= 1.70000 Minmum {9,685 -
surcharg. incr= 1.80000 i 379.603 =
surcharg. incr= 1.90000 eiimon %
Divison |10 z

Default Limits.

["]show Animation
Animation

Minimum

Maximum

Figure2.4-40: Mises stress inside culvert

Click'Close"to exit fromthe contour dialog.
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With the soilset still hidden,click "Mesh->Show Node Numbersfrom the menu bar Next dick
o . . ] .
by to openthe X-Yplot dialog. SelectField Resultasthe source data type. Inpute following
nodelistd O2 NNBaLR2YyRAYy3I (G2 (GKS y2RS 2y: 0KS WOSY(iSNI Ay
47:69:1,144:157:1,248:228: -1
Select"Integrated Force as theCategory and'Moment' as theVariable.Next, selectthe last

increment " Surchargencr=2.0000, and click éPloté to plot the moment alongthe defined path
(seeFigure2.4-41). The firstnodeis located at the top of the culvert.

X-Y Plot X
Type of Source Data
3.16e+03
(O Historic Result (®)Field Result
Label of node series Select By Set
By 2.49e+03 e
‘47:69:1,144:157:1,248:228:-1 \ /
Y Axis X Axis 182e+03
Category \ / \
Integrated Force ~ Increment 1.150+03
Variables / \ f
f
Increment Histor =S / ‘\ f
ints. incr=1.000 TE O & 1Y 7 1 ]
surcharg. incr= 1.000 p 2 1823
surcharg. incr= 1.100 VIX Grid =
surcharg. inar= 1.200 Y Grid £
surcharg. incr= 1.300 . ) g 8508
surcharg. incr= 1.400 [ switch xv =
surcharg. incr= 1.500 D X
surcharg. incr= 1.600 -152e+03
surcharg. incr= 1.700 D Y
surcharg. incr= 1.800 LineMarker
surcharg. incr= 1.900 -2.18e+03
surcharg. incr=2.000 \\
v
W
File Save Option -2:86e+03 g ¥
Save to: [] Append to File
n -3.52e+03
‘G:\EHFEM v2025\Example V3.4\Example 4\Analysis of by| 0.000 2838 56.77 85.15 11354 141.92 17031 19869 227077 25546 28385
View Data | Save to File Close Distance fo first node (in)

Figure2.4-41: Moment of culvert subject to selfveight and surcharge

Keeping'Field Resuttas the source data typeselectéBy Sed. From thedSet Selectiohdialog,
select the previously defined edget, "setDil_interface', and clickd h Y glect"Interactior’
asthe Category and"Normal Pressuré as theVariable. Select the last incrementSurcharge

Incr=2.0000, and click"Plot" to displaythe normal pressure alonghe defined node-path (see
Figure2.4-42).

NOTEWhen plotting results of adlntegrated Forcg, only the region in which the integration shall occur
should be displayed in this case only the culvert is displayed
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X-Y Plot X
Type of Source Data
-19.9
(O) Historic Result (®)Field Result ﬂ
Set name Select By Set 208 /
‘User Defined Set "setSoil_interface” / \ \
Y Axis X Axis 217
Category / \
Inement 21
Variables / \ \
5 20 f
Increment Histor &
ints. incr= 1.000 Curve Option 2
surcharg. incr= 1.000 p E 245
surcharg. incr= 1.100 )( Grid ]
surcharg. incr= 1.200 Y Grid o
surcharg. incr= 1.300 M ) © 254
surcharg. iner= 1.400 [ switch XY £
surcharg. incar= 1.500 O 20
surcharg. inar= 1.600 -26.4
incr=1.700 g /
g 1.800 LineMarker *
213 \
File Save Option 282
Save to: [JAppend to File
-292
‘G:\EHFEM V2025\Example V3.4\Example 4\Analysis of by, 0.000 3084 6168 92.52 12336 154.20 185.039 21588 24672 27756 308.40
View Data | Save to File Close Distance to first node (in)

Figure2.4-42: Normal contact pressure on soil side after surcharge

NOTE:Only nodes on the Wlave interactiorsurface&are available to plot contact stremssin EnFEM
Additionally, the start node iRigure2.4-42is determined by EnFEM automatically. If users want to control
the sequence of nodes, they may input the node dias similarly done for generating the plot kigure
2.441.

Example 17 in this manual simulates the same buried culvert by means of beam edement
zerothickness interfaceSomeresults from both models are plotted iRigure 2.4-43~Figure
2445L 0Qa Of SINJ GKF{d NBadzZ 6a FNRY 020K Y2RSfa F 3aNE

moment of culvert

4.00E+03
3.00E+03
2.00E+03
1.00E+03
0.00E+00
-1.00E+03
-2.00E+03
-3.00E+03
-4.00E+03

0.00 50.00 100.00  150.00  200.00 250.00 300.00  350.00
distance to culvert top (in)

moment (Ibf*in)

solid element, contact zero-thick, interface, beam element

Figure2.4-43: Comparison of moment of culvebdetweenexample4 and17
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shear of culvert
2.00E+02
1.50E+02
1.00E+02
5.00E+01

0.00E+00

shear (Ibf)

-5.00E+01
-1.00E+02
-1.50E+02

-2.00E+02
0.00 50.00 100.00 150.00 200.00 250.00 300.00  350.00

distance to culvert top (in)

= S0lid element, contact == zero-thick, interface, beam element

Figure2.4-44: Comparison of shear of culvert between example 4 and 17

normal presure on culvert
0.00E+00
-5.00E+00
-1.00E+01
-1.50E+01
-2.00E+01
-2.50E+01

-3.00E+01

normal pressure (psi)

-3.50E+01
0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00

distance to culvert top (in)

= 50lid element, contact == zero-thick, interface, beam element

Figure2.4-45. 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 Figure2.4-45.
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2.5 Example 5: Stability analysis of slope, strengthened with
secant-pile wall

In this example, stability of pieall strengthened slope ianalyzed.The physicaeometryis

shown inFigure2.5-1. Subregions of the pilevall are shownin the right imageof Figure2.5-1.

The size of the pitevall is 0.2m x 15.6nUnits in examples are: length (m), stress (kdta) force
(kN)

40 m

£
P LN ~
1 MU G °
H(50,40) 1(90,40) q oHp —
£
o
) £
D(39.9,29.9) #G(40.1,30.1) ) q E
upper soil layer pad
d
Q| R
| B(0,20) C(30,20) 3(90,20)| f oflr '
E"F
P q
£
8 lower soil layer e
o d 0
A o] A0 K(©0.0) |
= = — _— - __ o
E-F —

Figure2.5-1: Configuration of stability analysis of slopstrengthenedwith pile

Controlling vericesfor this example ardistedin Table2.5-1. The pile-wall configuration consists
of four rectangleregions

A C D E F G H |

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
20.0 0.0 30.60 30.10 30.60 29.90 20.0 20.0
Table2.5-1: Coordinates of controllingerticesof Example 5

Material Properties:

Top soilayer.
1 Unitweight | ro¢ Qi
1 ,2dzy3Qa _a2Rdz dza e nQd &
1 t2rAaa2yQa NIOAZYm
1 Cdesivestrength © o U0Q0 &
i Frictionangle: % CUJ
9 Dilationangle: [ cu
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Bottom soil &yer.

1 Unitweight | [ ¢ T

1 2dzy 3Q4a: a2 Rdzf dad psip Q0 &
1 t2A3a2y Q4 NI (x2mw

1 Caesivestrength o T TR0 O

1 Frictionangle; % oUJ

9 Dilationangle; [ ould

Concrete(PileWall):
1 Unitweight [ ¢ UQira
., 2dzy3Qa a2 Rdzf dzac¥p nQd &

T t2A83a2yQa NI (A 2w

Both soil layers are simulatagsingthe Mohr-Coulomb plasticity modellhe ple-wall is made
from corcrete and will be simulated kthe linearelasticconstativemodel.

Boundary Conditions:

1 Displacement constraints orertical external soil edges

1 Displacement constraints on bottom edge of lower soil layer

1 Gravity load

1 Contact interfacdetween pilewall and soil.
o The ple-wallis the master body anthe soil is the slave body.
o Coefficient of frictiorfor the contact interfaces 03.

Model development and analysis steps:

Step 1: Creategeometric entities

Start EnFEMo create a new project.Change the title to' Stability analysis of slope
strengthened by anti - sliding pile -wall ". Keep the problem type d#lane Straih(Figure
2.5-2Error! Reference source not found.Selecipreselected unit optiordkN, m, seconél Click
"OK"to exit.
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Control Data X
Project Title:
‘stability analysis of pile-strengthened slope
Analysis Type
(®) Plane Strain (O Plane Stress () Axi-Symmetric
Thickness
0
Unit
(®) Pre-Selected (O) Customized
v

Figure2.5-2: Control data for Example5

FollowingFigure2.5-3, set up the drawing space and grid sjpagr

Drawing Space Extent X || Grid Size x
Drawing Space Grid Space
Minimum Maximum
Z |-10 60| Z Space
Default Default
Cancel Cancel

Figure2.5-3: Setup drawing space and grid size ferample 5

Click = to activate therectangle creatioriool. In the coordinate input boxlocated beneatlhe
working zong, key in the coordinate of the left lower corner of rectangk~R-Q (pile-wall),
0 ®9,15 o. Press RETURN to credte first Vertex 6. Next, kg inthe relative coordinate of
vertex R [0.2,5] o (Figure2.54), and press RETURN. The first rectangteRE) (pile-wall) is
now created.

...........................................................................

Input start vertex of rect: 39.9,15 Input end vertex of rect: [0.2.5]

Figure2.5-4: Create rectangle by keying in coordinates

Hold CTRL anthen LEFICLICKvhen Wnap.JS B Mertex 6Q¢ to setthe first vertex of thenew
rectangle. Key in the relative coordinatgo.2,9.9] o, and press RETURN to complete rectangle
QRP-D.w S LIS | &naplytSAl &K at WRekex dDE, for the first vertex of the third rectangléNow
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enter inthe relative coordinat¢o.2,0.2] and press RETURN to complete the third recta(igle
P-G-M). Follow similar steps toreate the fourth rectanglef the pile-wall, M-G-N-L.

All regions of thepile-wall have been created.

Activate the polygon creatin tool, é. WrapQo Vertex o and then LEFICLICKo create the
first vertex of the new polygon Continuously create twanore polygon verices using the

WnappingmethodQat Vertex &P¢ and 6Ge. Next, ley-in the absolute coordinate ofertex oHg,

0 9,40 0, and press RETURNbw ley-in the relative coordinatéor vertex | i [40,0] o, and press
RETURN. Key the relative coordinate olertex &k, f [0, - 20] o, and press RETURRinally,
RIGHICLICHknNd selectClose Polygonto complete the first polygon for thep soil layer Figure
2.55).

Figure2.5-5: Create polygon of théop soil layer

The left triangular region of thetop soil layer has threvertices,oCE, 6Q€¢, anddDe. Still using the
polygon creation tool, &y in the absolute coordinate of vert@é&®, o ®,20 o, and press RETURN.
CreateVertex 6Q¢ and dD¢ by Wnappinglo existingverticesof the pile-wall (Figure2.5-6). RIGHT
CLICHknNd select'Close PolygonWhen complete.

Figure2.5-6: Create triangilar region for upper soil layer

Click to ativate the polygoncreation tool, <. WY{ yI LIQ LEFRLIQKK Seytex oG of

triangle GQ-D as the start of theolygon Keyin the relative coordinaté [ 30,0] o of Vertex 0B

and press RETURN. Key in the absolute coordinateriax 6A¢, o 00 0 and press RETURN. Key in

the relative coordinate ofi, i [90,0] o, and press RETURKNS & Ay (GKS NBfEEHA QDS

ExampleManual (Rel.March/2026) EnFEMor Windows

022



Paged4

fi [0,20] 0 . Createfollowing vertices R,F,E,Q. RIGELNICK andelect"Close Polygon'when
complete Figure2.5-7).

NOTEFor the vertices near the pil@all, it may be beneficial to use the "zoom windo@\j , operation.
Notice that this zoorfunction doesn't interrupt the creation of a continuous line. Users may zoom into the

lower part of the pilewall to make snapping operations easier.

C|iCkH to save the model file dsstability of strengthened slope.sep

Figure2.5-7: Createbottom soil layer as a general polygon

Step 2: Define region sets

From the menu bar, clickrools>Set Tool"and create four regiosets as seen iRigure2.5-8.

/[ £ ANBWE Gl 2 ONBI S F2 dzNatwNiIS JincRides adl filévalldegionk, $he setS

"setSoil_all " includes all soil regions, and the $&tt Soil_top " includes the two soil regions

(triangular and trapezoidal) above coordinate Z#20 In the set generating dialog, enter in the

sety I YS T AddfObf¥] 2 a St SOG | LILINE LINICLIGKSandsSlgrtd §IRNA O Sy (
{ St SOdliske i 1€ &S to add tew fegiorsets into model database.

Set Group Management X
Set Group
oo setwall New
@ Region setSoil_to
P—— setSoil_all Copy
Edit
(") Region Vertex
o
O ot
Qs

Figure2.5-8: Defineregionsetsin Example 5
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Still within theW{ S 5 Sli@ldgychahdezhg Set option W@Region Edgeand create four
edgesets as seen iRigure2.59. Yetwall_right ~ Chasall vertical edges on the right side of the
pile-wall, while $etwall_left 6 has similar for the left side of the pi&all. $etSoil_right 0

and $etSoil_left 6 have the vertical edges that correspond with those from each of the
respective sides of the pieall. These edges will be used later for plotting results on these faces.

Note: The user will need to use tiie5 A a LJt 6 €ools>PRigpiay Tool) to hide/display certain regions
while making these edgset definitions

Set Group Management X
Set Group
Option
E setWall_right New
i setwall_left
(O Region setSoil_left —
©Region Edge setSoil_right
Edit
O Region Vertex
O Beam Delete
() GeoGrid i
Do

Figure2.5-9: Create four edge sets on contact interfaces

Click"Close"to exit from theW { S (i

Step3: Define stage data

5 Sidldgyherichraplse.

From themenu bar click"Data->Stage Management'to create two new staged he first stage,
namedifiload 0, is andinitial Soil Stress§type. Sedrigure2.5-10 for the stage and initial stress
option definitions Clickd ! Rahd select all of the soil regions, and thRfGHICLICHKind select

G 9y R { Sto&dthersailyegions to the initial stress definition.

Stage Definition 2 | Initial Stress Option *
Option
MName:
| oad | (O Ko method (O External File (®) By System
Type
| Initial Soil Stress | [Inital Stress option
Increment Control Region List
Automatic Fixed E:g:i:: 'E Add
Region 8
100 Update
0 Delete
0
0
Cancel Cancel
Figure2.5-10: Define initial stresstage and options
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The seHweight/gravity load is applied to the soil in the first stage, followed biahility analysis
stage

Create the second stag@Stability Analysis 0 as seen ifrigure2.5-11. The stage type is set
{ 2Statility (Strength Reduction Method) ® / f A O] DéfifeSSRM dzii 2 2 RS&FA Yy S
end safety factor as.1 and1.6 respectively.

Since a large amount of soil will become yielding, a small increment size is recommended to
control development of yielding zone.

Stage Definition X

Name:

|stabi|ity kinalysis

Type
|Stability(Strength Reduction Method) | Define SRM
Increment Control Input of SRM X
(®) Automatic () Fixed

Maximum number of increments  [spg Range of Safety Factor

Initial Increment Size 0.02 Start
Minimum Increment Size 1e-005 B
Maximum Increment Size
Save & Exit Cancel Cancel

Figure2.5-11: Create the second stage for strength reduction calculation

Step4: Define material properties

From themenu bar clickd 5 -@id I G SNRA | f  andNEHingd$hel mdedials ashown in
Figure2.512throughFigure2.5-14.

Material Property X
Name: concrete ‘
Mechanical Behavior  |Linear Elasticity v Color ‘ j

Material Parameter
Unit Weight 25 kN/m~3
Young's Modulus £ |28000000 kPa
Poisson Ratio vo0.3

Additional Parameter Control
Linearly Changed Young's Modulus

Z Coord. of Ref. Puint m
Change Rate of Young's Modulus _ kPa/m
Save & Exit Cancel

Figure2.5-12: Linear elastienaterial for concrete ofpile-wall
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Name: [MC_soft_tap

Mechanical Behavior | Mohr-Coulomb Plasticity

Material Parameter

Unity Weight 20

Young's Modulus £ |80000

Poisson Ratio v 0.4

Cohesion 35

Friction Angle @ |25

Additional Parameter Control

Linearly Changed Young's Modulus

Z Coord. of Ref. Point _ m
Change Rate of Young's Modulus _ kPa/m

Color ‘ j

kN/m~3
kPa

kPa

deg Dilation Angle v deg

Linearly Changed Cohesion

Z Coord. of Ref. Point _ m
Change Rate of Cohesion _ kPa/m

Save & Exit Cancel

Figure2.5-13: Mohr-Coulombmodel andSRM parametersor top soil layer

Material Property

Name: ‘MC,stithtm

Mechanical Behavior | Mohr-Coulomb Plasticity

Material Parameter

Friction Angle ¢ |35

Additional Parameter Control
Linearly Changed Young's Modulus

Z Coord. of Ref. Point _ m
Change Rate of Young's Modulus _ kPa/m

X
b Color ‘ j
Unity Weight 20 kN/m~3
Young's Modulus £ 1000000 kPa
Poisson Ratio v 0.3
Cohesion 40 kPa

deg Dilation Angle v deg

Linearly Changed Cohesion

Z Coord. of Ref. Point _ m
Change Rate of Cohesion _ kPa/m

Save & Exit Cancel

Figure2.5-14: Mohr-Coulomb plasticity fobottom soil layer

Paged7

Next, click'Data->Material Assignment'from the menu barandassigrthe "concrete " material
to the pile-wall regions the "MC_soft _top " material to the top soil layer(2-regions) and the
"MC_stiff _btm" materialto the bottom soil layer(1-region)

Step 5: Define boundary conditions

From themenu bar clickd 5 I-Ri.I 2 dzy R NB  an8défiRd thrde hgivaBéQ d@s shown in

Figure2.5-15.
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X Boundary Condition

Boundary Condition
Define Boundary Condition

Define Boundary Condition
Name: [pravity Name: |disp_x
Edge Displacement ~

B.C. Type Body Force/Gravity ~ B.C. Type
(®) In Global Direction (®) In Glocal Direction (O1In Local Direction
[ x direction = l:l m

[Ix direction = 0
[z direction = 0 m

Displacements are defined in global direction. Positive values have the same directions as global

axises
Save & Exit Cancel Save & Exit Cancel
Boundary Condition X
Define Boundary Condition
Name: ‘disp,xz
B.C. Type Edge Displacement v
(®1In Glocal Direction (O1n Local Direction

Displacements are defined in global direction. Positive values have the same directions as global

Save & Exit Cancel

axises

Figure2.5-15: Define boundary condition of gravity load

From themenu bar clickd 5 I-Ri.I 2 dzy R NB 1G2& A RYENRIW( & /edites. A2 I S2YSi

boundaries are shown as Fgure2.5-16

B ' Boundary Condition Assignment X
B.C. Group
Name load srm Move Right
gravity Created Kept
disp_x Created Kept Move Left
disp_xz Created Kept

Boundary Condition Information

Name:

Assign Del Assign

Show All BD Assignment

Figure2.5-16: Assignboundary conditiors in example 5

Assigmigravityo to all pilewall and soil regions. Assigdisp 0 to the vertical soiedges. Assign
fidspxp2 az2Af 0208mWAISRASghmehtidA OKSal aaA3y SR
those inFigure2.5-17.
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of
o o
&
s of
E o
AN A A A A A N A A

Figure2.5-17: Assigred boundary conditions

Click | to save the file.

Step6: Define soil-wall interaction property

From themenu bar click"Tools>Display Tool' Select' setWall’ from set list and clickDisplay"
to hide all regions except for thgle-wall. Next, cick "Data->Interaction”, from the menu bar to
open the dialog to definean interaction surface.Clicka b S @rd leep the default name
"Contact Group 1 ". Changéhe coefficient of friction tofio. 30. dick"Add Master Surf."and

make sure theedgeselection icon IR A S , IS active Next, ®lect the sixvertical

edges andthe two bottom arcs of the pile-wall. RIGHICLICKind selectt 9 Y R { SD&Gi A 2 y ¢
select the tophorizontaledgeof the pile-wall. The selectegile-wall edges will change from red,

to blue in color to signify the master surface assignmeéigyre2.5-18).

NOTEDuring this operation, users may need to zeovout frequently to enlarge detail of thpile-wall
for convenient selection. Each zoanlout command wilturn off selection iconsThus, he edgeselection

ALL  «
icon, & R[4 K L 7 may need to bee-activatedafter zoomin/out operation.

Next, go back tthe WR A a LJdialdg @iic2223tii§hlay Tool), and display the soil onlyli€k
"Add SlaveSurf.", andselect the four vertical soil edges, and the two arcs aroungtleewall tip

(activate theedgeselection icon ek kR R if necessary RIGHICLICHKand select
4G9y R { SnfeiCoéingaasgsigneddave surfaces will be marked in green colas seenin
Figure2.5-19.

Click'{ I @S =a@andaherkiii € 2vwhénécomplete.
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Interaction

Group Name

‘Contact Group 1

Interface Option

(®) Contact (O Tie () Free face
Coefficient of Friction
0.3
Surface
Master Surface Add Master Surf Del Master Surf
Slave Surface Add Slave Surf Del Slave Surf
Save & Exit Cancel

Figure2.5-18: Define interaction property and master surfaces

Interaction

Group Name

=

‘Contact Group 1

Interface Option
(®) Contact

O Tie

Coefficient of Friction

0.3

Surface

Master Surface

Slave Surface

() Free face

Add Master Surf | | Del Master Surf

Add Slave Surf Del Slave Surf

Save & Exit Cancel

Figure2.5-19: Define slave surfaces on soil layers

Click = to save the file.

Step7: Mesh generation

Sincethe pile-wall shape islimand flexural deformation is dominasfollowingmesh properties

arerecommenard:

9 To reduce the influence of any shdacking with flexural deformation, definéour
element layers for the crossection of thepile-wall or more (local seed edgélivision of
4, or greatel) in the vertical direction Use full integration rule because reduced

integration rule does not work well in this example.

1 Define aquadrilateral elementvith aheightwidth ratio of5, or less
o Thisresults in a largenumber of finite elements on thepile-wall to maintaina

more acceptable element aspectratio,

computationtime.
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A In general, computatiotime increasesnore, with anmcreasng numberof
elemens.

o Additionally, soil around the pile-wall tip may suffer from local stress
concentratiors. Distorted finite elemerg (from insufficient refinementcan
easily cause local material failure befooeerall sliding of the slopeis fully
developed. Therefore,it is difficult to balancethe number of elementsand
accuracy of analysin this example

NOTEIt is good practice to perform some comparatstedies to determine the effects of the mesh and
determine optimum refinement

Based on the previous references:
1 Thenumber of divisiongor the horizontal edges of thpile-wall (crosssection)is set to
4,
91 If the heightwidth ratio is setbetween3-5, the height of the finite element for thpile-
wall will be approximately 0.3-meters.
1 External éges of soil dmot needas muctrefinementasthe meshsurroundingthe pile-
wall, sodefining an elementsize=3m on the externalsoil boundaieswill be appropriate.

EnFEM provides & [ A Y& NJO |j dzI R Mad €&l GAS/N&EFENI6 § N elgfmardzt far N
contact/interaction simulation.L y 0 KA & Q24 ele®ent isih€ $ecodmendedchoice
becauseit providesbetter accurdd @ (1 K| y elérieSts usifigesgser number of finite
elements.The pile-wall regionsare rectanglar and assignedstructured mesles. Unstructured
mesteswill be applied to all soflegions

Click ot to display all regions of soil layers and gike-wall. From themenu bar click'pre-Mesh-
>AdvancedMesh Control'; and select allpile-wall regions except for the haffircle of the pile-
wall tip. RIGHICLICHand select'End Selection'from the popup menuo open the global mesh
control dialog.Keep the default Quadrilateral for the element shapechange the mesh type to
"Sructured", andselect”Linear Q4 with ¢full integratiorg asthe element option(Figure2.5-20).
Click'Save &Exit".

Mesh Control X

Region List Element Shape
Ep— (® Quadrilateral (O Triangle
Raéic-n [
Region 7
Region 8 [EShne

O structured ®) Unstructured

Element Option

(@ Linear Q4 () Quadratic Q8 Linear T3 Quadratic TG

Integration Rule [ reduced
Save & Exit
Cancel

Figure2.5-20: Set up global mesh control for rectangle regionsvell
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Again, tick "pre-Mesh->AdvancedMesh Control"and ®lect all three soitegionsand the half
circleof the pile-wall tip. RIGHICLICkind selectEnd Selection’'In the mesh control dialog, keep
the default"Quadrilateral and"Unstructured, and tiangethe element option to"Linear Q4
with ¢full integratiorg (Figure2.5-21). Click'Save & Exit'to close the dialog.

Mesh Control X

Region List Element Shape

Region 1 (®) Quadrilateral (O Triangle
Reéic-n 2
Region 3
Region 4 s
@ Structured (O Unstructured
Element Option
(®Linear Q4 () Quadratic Q& Linear T3 Quadratic T6

Integration Rule [ reduced

Save & Bxit

Cancel

Figure2.5-21: Set up global mesh control for soil layers atie pile-wall tip

The global mesh size should be defined as thersseled for the majority of theedgesin this
model In this casethe size alongile-wall-soil interaction is selected as the control parameter
for the global mesh siz&rom themenu bar click” pre-Mesh->Global Seed Controtb openthe
dialog for global mesh size control. Change the default mesh sie tw, and dick "Assign"
dick"Close"to exit from the dialog.

From the menu bar, clickre-Mesh->Local Seed Controbind select all five, horizontal edges of
the pilewall regions. RIGHTLICK and selextd y R { Stb dp&hiihe @wfirél dialog. Keep the
control option as'By Numbet and change théNumber of Divisior&to fi4o (Figure2.5-22). Click
"Assign" and thend / f ZcieSté

NOTE:

1 InEnFEM, biased seed distribution is availalily if the selection set includes ondysingde line or
arc. If the selection contains multiple lines/arasnly a uniform distribution of seeds is available.
For this example, aniform and matchednesh ishighlyrecommendecbn the contact interface

T ! TGSNCIBE A ®2 BEALG FTNRY (GKS 20t aSGRI ORYIRRO2 yRHNE
mode. Users can select more edges, RKGHTL / Y | yHRd SelSdtich @i ¢ &K S t20f as
control dialog will pop up the again. Otherwise, RIGHTL / Y I yCRnceh Gofn@abifi ¢iA f f
exit from local seed control mode actually.

1 YSSR Ly Figndtdisplaged ifrultiple edges are selected (in this case both arcs from the
soil and pilewall).
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Local Mesh Control X
o600
Seed Control
Number of Divisions
(®) By Number
() By Size
Reverse Bias Direction
o-o-8-6-9
Seeds Distribution Style
(®) Uniform One-Way Two-Way .
Seed Information
Length of this edge = various
Number of divisions = various
Minimum size = various
Maximum size = various
Ratio of max/min of divisions = various
Assign Cancel

Figure2.5-22: Assignseeddivisions acrosspile-wall section

NOTESince the global mesh size was defibg the size for the vertical edges of thide-wall, 02-m, there
is noneedto redefine seeds othesevertical interactionredges

Next dick "pre-Mesh->Local Seed Controlffrom the menu barand select line segmentZ-QQ
RIGHTCLICKand selecttEnd Selectioato openthe control dialogChangehe seed control to
"By Size and Select"One Way asthe distribution style. Ifthe red arrow doesn't poinin the
direction of the pile-wall, checkthe option for "Reverse Bias DirectidnInput minimize size as
fi0. 20 and maximum size &%16, and dick "Assign"then & / f 2aieSité Since the ratio of the
maximum/minimum is approximatelyjnfal minimum and maximum sigenay differfrom the
user'sexactinput (Figure2.5-23).

Local Mesh Control X
Seed Control
Minimum Size
(") By Number 0.18
Maximum Size 0.92
(®) By Size

[]Reverse Bias Direction

Seeds Distribution Style
(O Uniform (®) One-Way () Two-Way

Seed Information

Length of this edge =9.90
Number of division =18 <3
Minimum size =0.18
Maximum size =0.92

Ratio of max/min of division = 5.01

Assign Cancel

Figure2.5-23: Apply biased seed distribution to obtain smooth transition

Similarly select linelRXand openthe local seed control dialoghangehe seed control ta'By
Siz& and lect option"One Way. Input the minimum size a%. 26 and the maximum size as
fi30 (Figure2.5-24). Click button’Assign“than click'Close"to exit.
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Local Mesh Control

Seed Control

Minimum Size
() By Number
Maximum Size 2.94
(®)By Size
I:‘ Reverse Bias Direction
Seeds Distribution Style
() uniform (®) One-Way O Two-Way

Seed Information
Length of this edge =49.90

Number of division =32
Minimum size =0.18
Maximum size =294

Ratio of max/min of division = 16.21

Assign Close Cancel

Pagel04

Figure2.5-24: Local mesh control on common edge between soil layers

NOTEUsers may want to use the keyboard shortéut ¢ vé[tddall the local seed control

command for repeatd definitions.

Use the following local seed controls for the specified lines

1. Line GD:"By Siz& " One Way'. Min. size=io. 20, and max. size=1.0. Refitmvards

the wall top.

a e

Line GH: "By Siz& "One Way towardsVertex dGE. Min. size=fi0. 20. Max size=i10.
Line GB:"By Sizg, "One Way towardsVertex 6C. Min. size=110. Max size=i30.
Line HI: "By Siz& "One Way towardsVertex dHe. Min. size=116. Max=i30.
LinesB-A, A-K, KJ and FJ(Hold SHIFT key and select to define all at ori&):Size,
oUniformée. Uniformsize=i30.

All lines havenow been assigned to appropriatecalseed definitios. From themenu bar click
"Mesh->Show Seedstb plot all seed definitioeand check if any changare necessary.

Click = to save the file.

Finally, tick "Mesh->Run Mesh Generationfrom the menu bar The fnal mesh looks like that

shownin Figure2.5-25.
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s
T Swes u
E-"Q":‘:"%:’::i:‘%‘g’ow.«:;:'s"'c:--i%"o‘q';ts‘,'....a
IR R R ST A
A LA A

Figure2.5-25: Quadrilateral mesh foExample 5

CIickB to save the file.

Step8: Analysis

From themenu bar click"Analysis>Analysis Setting"Change the default factors for normal and
tangent penalty tai 2. Click"OK" to exit.

From themenu bar clicka ! y I Havalzaya | yid éperathedun Analyss 6 A yBR2 &
default, each stage is selected to run. Clickv dzy submit the analysis job to the solver. A
command window will open to show information related with each analysis increrhinté, that

due to thesignificantmesh refinementsand the end goal of finding a slope failutke analysis

may take some more time than previous examplElefile, "stability analysisof strengthened
slopelog"”, will be opened automatically when the analysis job is done. Review this file to check
convergence history anany error information, if it exists.

Step9: Post-processing of result

CIick-'R, to switch to the resutmode and then clic.™ to open the contour plot dialog. The
default contour initially displayed is the displacement in thdirection (ul) at the last loading
increment(Figure2.5-26). Since the malysis stopped at increment=21R385, the sfety factor can
be estimatedby linear interpolatiorfollowing equation(2.3-1), and seen below:

. 8 8
{6 8 — 2 8 8

(2.51)

From the contour plot, notice that the datkue zoneindicatessignificant horizontal movaent
to the left side a signof slope failure.Select"Strair' from the Group dropdown, and select
OPEE®from the Variables droglown. The contour of the equivalent plastic strain is plotted, like
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that seen inFigure2.5-27. The one of plastic strain starts from slop®e and gesthrough the
pile-wall towardsthe top of the slope

Contour Plot Option X

Group [v] Show Contour
[Deformation| | ["]show Contour on Deformed Body
Variables
ul [ show Undeformed Mesh
Increments Contour Type

SRM. inar= 1.23575(5F=1.218) A (@ Shading

SRM. incr= 1.28575(S5F=1.243] =
SRM. inar= 1.33575(5F=1.268]
SRM. incr= 1.38575(SF=1.293]
SRM. inar= 1.43575(5F=1.318

)
) () Lines
]

SRM. incr= 1.48575(SF=1.343)
)
)
)

(O shading and Lines
Contour Limits
Minimum  [-0.145
Maximum  |0-00077

SRM. incr= 1.53575(5F=1.368]
SRM. incr= 1.58575(SF=1.393]
SRM. inar= 1.63575(5F=1.418]
SRM. incr= 1.68575(SF=1.443)
SRM. inar= 1.69825(SF=1.449)
SRM. incr= 1110/5(5{» 1.455)
SRM. inar= 1.71505(5F=1.458)
SRM. incr=1.71934 1.460)
SRM. incr=1.72643(SF=1.463,
SRM. ina= 1.73352(SF=1.467

["]show Animation
Animation

Division 10

raran

Default Limits

Minimum
Maximum

Figure2.5-26: Contour of horizontal displacemertt last increment

Contour Plot Option X

Group [v] Show Contour
Strain ["] show Contour on Deformed Body

Variables

ecol ] [ show Undeformed Mesh
Increments Contour Type

SRM. ina= 1.23575(S5F=1.218) ~ (®) Shading

SRM. inar= 1.28575(5F=1.243) =

SRM. inar= 1.33575(5F=1.268) (_) Lines

SRM. incr= 1.38575(5F=1.293) e

SRM. incr= 1.43575(5F=1.318) Suatganc il

SRM. incr= 1.48575(SF=1.343)
SRM. incr= 1.53575(5F=1.3
SRM. incr= 1.58575(SF=1.393)
SRM. incr= 1.63575(5F=1.418)

Contour Limits

Minimum 0

SRM. inar= 1.68575(SF=1.443) " 0.14222 2
SRM. incr= 1.69825(SF=1.449) Mednum 52
SRM. inar= 1.71075(5F=1.455) Division 10 =

SRM. incr= 1.71505(SF=1.458)
SRM. incr= 1.71934(SF=1.460)

SRM. Incr= 1.72643(SF=1.463 Default Limits

SRM. inar=1.73352(S5F=1.467,

["]show Animation
Animation

Minimum

Maximum

Figure2.5-27:. Contour of equivalent plastic strain at last increment

From themenu bar click"Mesh->Show Node Numbersto find the node numbemwith the
maximum lateral displacemeifhide regions as necessaryhisnode isnumber@0 (to the left of
the pile-wall, where the slope inersects with thepile-wall).

Clickthe XY plot icon, Tl’. Keep source data ds#listoric Result input fie0o as the node set.
Select"Primary Variablé from the Category list, and selettil" from the Variables list. Click
"Plot" to plot the Displacement in the xlirection VS.0adIncrementg seen inFigure2.5-28.
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X-Y Plot X
Type of Source Data
0.00
(®) Historic Result (OField Result ]
Label of single node Select By Set 1.696-02 \
@ | \
Y Axis X Axis -3.38e-02
Category \
Primary variable ~ ‘ Increment v | 507602
Variables \
Increment History x
load !ncri 0.000 A | Curve Option ~ 844000 k
load. incr= 0.100 R E
load. incr= 0.200 [ crid =z
load. incr= 0.300 [V]Y Grid =
load. incr= 0.400 . ; -0.101
load. incr= 0.500 [ switch xY
load. incr= 0.600 0 x
load. incr= 0.700 -0.118
load. incr= 0.800 0
load. incr= 0.900 [ LineMarker
load. incr= 1.000 -0135
SRM. incr= 1.000(SF=1.10)
SRM. inar= 1.020(5F=1.11) ¥
File Save Option 0152
Save to: [JAppend to File
-0.169
‘G:\EnFEM V2025\Example V3.4\Example S\stability analy| 0.000 018 035 053 071 088 1.060 124 141 1.59 177
View Data | Save to File Close Load Increment

Figure2.5-28: Horizontal displacement V®ad increment at node 266

Turn on the nodal numbers, by clickitilylesh->Show Node Numbers"Next, click"Tools
>Display Toolto showthe pile-wall only. Zoom ito the pile-wall to find the node patmumbers
along the centelaxisof the pile-wall, from top to tip. This node path is &sllows:

2927,2928,2917,2918,2793:2832:1 , 2650:2670:1

While keeping the soil regions hiddeattick by to open XY plot dialog agin. Select FieldResult'

as thedata source Inputthe node setpreviouslylisted. Selectintegrated Forcéas thecategory
and"Moment' as theVariable. Select thiast increment Check optioa for" SwitchXY", "-X"and
"-Y". Click'Plot" to plot moments alongile-wall, from top to tip, as seernn Figure2.5-29. Next
select"Sheat as theVariable and clickPlot" to plot shear fronpile-wall topto-pile-wall tip, as
seenin Figure2.5-30.
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X-Y Plot X
Type of Source Data
000
(O) Historic Result (®)Field Result
Label of node series Select By Set -1.560
‘2927,2928,29 17,2018,2793:2832:1,2650:2670:1
Y Axis X Axis -3.119 \=\
Category l\‘\\
Integrated Force v Increment 4678 T
Variables
£ oo o
Increment Histol % "/./
. incr= 1.571(5F=1.39) Curve Option S 7708
. incr= 1.621( B _./,o—-/'
inar= 1.671 = B,
h o L
. incr=1.683(’ - 8357 e saaill
. inar=1.696( .45) . o "
. incr=1.713(5F=1.46) Switch XY 5 L e
| incr= 1.730(SF=1.47) X ® -
o 00 -y
incr=1.760(SF= Y e .
. incr=1.762( LineMarker R .
. incr= 1.764 125 e
-.\.\"
File Save Option 140
Save to: [JAppend to File
-15.6
‘G:\EHFEM V2025\Example V3.4\Example 5\stability analy| -230.46 -198.50 -166.53 -134.57 -102.60 -70.64 -38.68 671 2525 5722 89.18
View Data | Save to File Close Moment (kN*m)
X-Y Plot X
Type of Source Data
000
(O Historic Result (®)Field Result
Label of node series Select By Set 1560
\2927,2925,29 17,2918,2793:2832:1,2650:2670:1
Y Axis X Axis 3119 //"
Category /
Integrated Force ~ Increment 4678 r-/'
Variables L.\
" @
Increment Histor - T
H Q —
SRM. incr= 1.574(SF=1.39) & | Curve Option £ 10 B
SRM. inar= 1.621(’ N 2] -~
SRM. incr= 1.671( VX Grid = T—
SRM. incr= 1.683(SF=1.44) Grid - D
SRM. incr= 1.696(5F=1.45) ; o U ——o
SRM. incr=1.713(SF=1.46) Switch XY 5 T
SRM. incr= 1.730(5F=1.47) x b A
SRM. incr= 1.754(SF=1.48) a .09 g
SRM. iner= 1.760( - L e
SRM. incr= 1.762( LineMarker e
. incr=_1.764( -125 o
_incr=1.766| {—"
File Save Option -14.0
Save to: [] Append to File
-15.6 =
‘G:\EHFEM V2025\Example V3.4\Example S\stability analy| -108.004 6581 -23.62 1857 60.76 102.95 14514 18733 22952 271171 313.90
View Data | Save to File Close Shear (kN)

Figure2.5-30: Shear distributiorivSdepth

Keeping'Field Resuttas the source data type, selaiy Sed. From thedSet Selectiohdialog,
select the previously defined edget, "soil_right', and clicka h Y Select"Interactior’ from
Category list. Select"Normal Pressuré from Variable list. Click thdast incrementand keep
checled the options for" Switch XY, "-X" and"-Y". Click"Plot" to display the distribution of soil
pressure on the right side of the sqile-wall interface asseenin Figure2.5-31.
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X-Y Plot X
Type of Source Data
000
(O) Historic Result (®)Field Result
Set name Select By Set 1510
‘User Defined Set "setSoil_right"
i
Y Axis X Axis -3.020
Category .7
Inement s —~ L
T
Variables [
2 som ™2
£ .
Increment Histor % \.‘\‘
i Curve Opti <
urve Option g o0 "
&= \
k] ey
L696(5F=1.45) 8 9080
713(SF=1.46) H
\730(SF=1.47) I} ~———
754(5F=1.48) o 106 g
_760(SF=1.48) P
762(SF=1.48) LineMarker j
8 -121
I ey
e
File Save Option 136
Save to: [JAppend to File
-15.1
‘G:\EHFEM V2025\Example V3.4\Example 5\stability analy| 0.000 2059 4119 6178 82.37 102.96 123.56 14415 164.74 185.33 20593
View Data | Save to File Close Normal Pressure. (kPa)

Figure2.5-31: Distribution of contact pressure on right interface

Repeatthe previousproceduresbut use the"setS oil_left " edgeset, to plot the soil pressure
on pile-wall on the left interface Figure2.5-32):

X-Y Plot X
Type of Source Data
000
(O) Historic Result (®)Field Result
Set name Select By Set 1.490 /}
‘User Defined Set "setSoil_left" //l'
Y Axis X Axis -2.980 |
——
Category |
Inement o T
Variables
—_ I
£ s "
Increment Histor % S’
i L571(SF=1.39) A | curve Option <
621(SF=1.41) i 5 140
671(5F=1.44) =
_683(SF=1.44) 2
696(SF=1.45) 3 8o r'
713(SF=1.46) H
\730(SF=1.47) I}
.754(5F=1.48) o 104
_760(SF=1.48) ‘\
762(SF=1.48) LineMarker k‘,
B 1.9 W
6(SF=1.48;
o
File Save Option 134
Save to: [JAppend to File
-149
‘G:\EHFEM V2025\Example V3.4\Example 5\stability analy| 1.37 4997 98.57 14717 195.77 24437 29296 341.56 390.16 43876 487.36
View Data | Save to File Close Normal Pressure. (kPa)

Figure2.5-32: Distribution of normal contact pressure along the left interface
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