EnFEM 2019 — User Manual

A Finite Element Analysis Program

by

Daging Xu
Luis G. Vasquez
Shin-Tower Wang
Matthew D. Price

for

ENSOFT, INC.
3003 W. Howard Lane
Austin, Texas 78728
United States of America

(Release Date: May 2019)



COPYRIGHT

Copyright 1987-2019 by ENSOFT, INC.
All rights reserved.
Printed in the Unites States of America. Except as permitted under
the United States Copyright Act of 1976, no part of this publication
may be reproduced, translated, or distributed without the prior
written approval of ENSOFT, INC.

SOFTWARE LICENSE AGREEMENT & DISCLAIMER

IMPORTANT NOTICE: Please carefully read the terms of the license
agreement and disclaimer at the end of this book. You signify
acceptance with those terms by usage of the software.

User’s Manual (Rel. May/2019) EnFEM for Windows



Table of Contents

CHAPTER 1. INTRODUCTION

11 GENERAL DESCRIPTION ..uvtteutteetteesuteetteestteestaeesueesssaeesseessaeesseessaeenseesnseesnseesnseesnseesnsessnsessnseesnseesses

1.2 FEATURES OF THE PROGRAM .....eettieitieetteesiteessteesseeeseeessesesssensessnsesasessnsessnsessnsesssessnsessssessnsessnsessns

1.3 DOCUMENTATION .t etteetteesuteestteesuteetaeesueessbeeesseesbaesnseesabeeenseesabeeenseesssaesnsaesssaesseesbaesseesseessseesns

14 CONTENTS OF THE ENFEM PACKAGE

1.5 HARDWARE REQUIREMENTS ....veiutttetieetteesutesstteesutesssteesseesseeesseesseesseessssesnsesssseesnsesssseessseesssessssessns

1.6 TECHNICAL SUPPORT ...ttttteeeeeeittttte e e e e e aatteteeeeeesaauae e teeeee s e annbe et eeaeseaunsbeeeeeeeeaaanbebaeeeeeesaanssnaeeeeeenan
1.6.1 Preferred Methods Of SOftWaAre SUPPOIt.............eeeeecueeeeeeiiseeecieeesceeeeeseaeeseaaesiaaaeessenaenans 14
1.6.2 Upgrade Verification and Internet Site

1.6.3  Renewal of Program MOINTENGNCE...........cccuuuuveeeeeeeeeciiieeeeeeeeesceieeaaaeeeesteaasaaaseeesssssssesaaaeeaas

1.6.4  ChaANQGes Of SUPPOIE POLICY .....oooueeeeeeeeieeeeee e et tee e ettt ettt e ettt e e s teaaesssaaesssnaeesssesannans
CHAPTER 2. INSTALLATION & GETTING STARTED ....cccceuueciiieirreennnecceeenreecnnssnseseseennnsssssssssseennnnnns 2-1

2.1 INSTALLATION PROCEDURES ....ceeerutteeesutreeeesureeessnreeesansteesssseeesanseeesanseeessnsseesannseeesanneeesssseessnnsneessnnees 2-2
2.1.1 Installation of Single-USEr VEISION...............ccccccueeeeeeeeeesiiiieieeeeeestciieeeaaeeesetiareaaaeeessssssaeaaas 2-2
2.1.2  Introduction Of NETWOIK VEISION ............eeeecueeeeeeiieesiieeeeeieeeeetee e cteaeesteaeeestaaeseseaeesnaeaans 2-7

2.1.21 INstallation Of NETWOIrK VEISION ...cc..iivieiriiiieiriieeieesit ettt ettt et st s esbaesaeees 2-8

2.1.2.2 Silent Installations on ClieNt COMPUEETS ......cccuuiiiiiiieiiiie ettt eeare e e stae e saaee s 2-8
2.1.3  Backup Of OriginGl SOftWGAIE ...........coeeeueeeeeeieeeecieeeecee et e eeee e e e etaa e e staeeeesstaaesaseaeessaeaens 2-8
2.1.4  Software Updates 0N the INTEINEt .............ocoeeeecueeeeeeee e eeeecttee e e e e carea e e e e e sesasaeaaas 2-8
2.1.5  DemONSLIALION MOGE..........coccueieieeeieieiieeiee ettt ett ettt s e st s bt e st e st e s bt e saeesbeessee s

2.2 GETTING STARTED .. uuttttteeeeaauutttteeeesaaauutteteeeeaeaaaseeaeeeeeesaaasesaeeaeeesaasnseteeeeesaaaanseeeeeeeaaaaunseaaeeeesasaanse
D R U LYl [ 1 (=T (o (ol -2 SR
2.2.2 Working Modes in EnFEM
2.2.3  MENU BAL TEEIMS ...ttt ettt e e e e e e e e e e e s
P2 N FoYo] | Yo [N Lo T a {1V 1 g [ole ) ¢ LTS

2.2.4.1 “CAD-mode” Toolbar Icons
2.2.4.2 “Mesh-mode” Toolbar Icons

2243 “Result-mode” Toolbar Icons

2.2.5  ICONS ettt et e e e et e e e e st e e e e e e eeee s

2.2.6  FilE SYSEOIM ..ottt ettt e ettt a e e e et e e e e e e et —aaeeeaae i —aaaeeaanrararaaas
2.2.7 General Workflow for FE-ANGIYSiS iN ENFEM ..............uoeeeceeeeeeiieeeeiieeesiieeeesieaeesiseaaesisenaans 2-14
CHAPTER 3. CREATING & EDITING GEOMETRIC ENTITIES ...ccceeveerererrrnnnennennnnnnneeeeneeeeeeeeeneemsmeeeneen 3-1
3.1 GLOBAL COORDINATE SYSTEM..uuuuuuuuuuuuunnunennnananananennnnnanasananansnnnssannnsnsnsnnnnsnnnnnnsnnnnnsnnnnnsnnnnnnsnnnnnnnnnnnns 3-2
3.2 CREATING GEOMETRIC ENTITIES ..eeiiitiiiiiiiieiiitee ettt e e s sira e e sna e s s inn e e senne e e s snaeesnans 3-2
I R V- T (-5 TSP 3-3
3.2.1.1 Creation With IMOUSE........ciciiiiiiiiicr et st sb s nesre e 3-3
3.2.1.2 Creation with Coordinate INPUL BOX ......ccceerierieeniieciee e st eseeese e e eveeseeesee e e sseeesaeesnneenneennes 3-4
302,22 LIN@ ettt ettt e e e e ettt e et e e ettt e e e e e aaarnneeeeas 3-4
3.2.21 Creation WIth IMIOUSE. ....cc.eiiiieeiet ettt et sttt st sbe e st e besae et e sbeenbeebeenneseeens 3-4
3.2.2.2 Creation with Coordinate INPUL BOX ....cccuiiiiiiieiiiiieeiiiecsreeesiteeesieeeeiveeesvaeessanee e sbaeesstaeesnsneees 3-5
I B V4 ol OO SO S PP PUUPTPO PRI 3-6
3.2.3.1 Creation WIth IMIOUSE. ....cc.eiiiieiteteee ettt sttt ettt b e s it e st st e b e sae et e sbeebesbeenneseeens 3-6

User’s Manual (Rel. May/2019) EnFEM for Windows



3.2.3.2 Creation with Coordinate Input Box
I B 10 Tor o 4T |2
3.24.1 Creation With IMIOUSE.......coiiiieerteeee ettt et st b e st et e st e beesbaesabeesaeeeaees
3.2.4.2 Creation with Coordinate Input Box
3.2.5  SIMPIE POIYGON...c...eeeeeeeeeeeeeeeeee ettt e e e e et e e e e et a e ettt e e araaeearaaaans
3.2.5.1 Creation With IMIOUSE.......coiiiiieeee ettt sttt et e sab e e beesabesbeesaeeeaees
3.2.5.2 Creation with Coordinate Input Box
I I €= o T= o |l e Vo Lo RO SR
2 A Y o | 1Y =T g o T S
33 SELECTING GEOMETRIC ENTITIES . ..cetiiiiiiittiteeeeeeett ettt e e e ettt e e e e e e sttt e e e e e e s sanbeeeeeeesessnbeeaeeeeeesaannes
G Y B Y1 =Ty o o] I Y oY= RS
I A Y-1 [-Tot i (o] Mo 1 1 [0 ¢ K 30U USSP
3.3.21 (08 Tl S e T =1 =T o O
3.3.2.2 R 1=Yt AT T TV T Vo [0 1Y

3.4 EDITING GEOMETRIC ENTITIES 1.ttt teee e e ettt e e e ettt e e e e ettt ee e e e e e s eabeb e e e e e e e senbaneeeeeeeseannreeeeas
Bu4.T COPY TO ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e e ee e e e e e e e e e e e e e e e e e s e e s e e e sesesasasasasasasasaaasasasasasasaeasasasaraeaaasasaeasanarens
342 IMIIFTOL TO ettt ettt e ettt e e e e ettt e e e e e e e aas bt e e e e e eaaannreeae s
3.4.3  Edit Vertex COOMAINGLE..........ccuvevueesiieeieesieeeeese et se sttt s sttt ste s ae e ste e s seenass
I U o T4 ) o £ -SSP PP PP
R 0 -1 -1 -SSP
RN I U [ o (oY 4 =T Lo JO U U
3.5 IMIODIFYING OPERATIONS .....vtteeeuireeeesurteessunteessuteesssuseeessuseeessnseeesanseeesanseesssnsseessnnneessanseessnsesessnnes
3.5.1 Divide Line/Arc by Intersection
3.5.2  MEIGE LIN@S/AICS c.veeseeeeeeeteeeeeetee ettt s e et e et e e sse e s te e s be e s e e s asseebasesaesaseesssesaseanaseenases
3.5.3  PAIEItION EQQE ...ttt ettt e e e e ettt e e e e e e ettt a e e e e e s st b e naaeeeesarnranaas
3.5.4  Partition REGION DY LIiNE..........oceecuueeeeeiieeeeeeeeeeeeeeteeeeteaeesteaaestteaessaaaasssseaessssssasssenaaas

3. 5.5 MEIGE REGUONS .ottt ettt ettt e et e e e e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aa e e e e aaaaaaeaaaaaeas

RN I 0 LYo KXY =T0 ] o] (= 4 =T | Lo KRS
3.6 VALID AND INVALID GEOMETRIC CONFIGURATIONS «...uuuetittteeeeeaunreeteeeeeesanseeteeeesessannneseeeesesaannnseeeeaesas 3-25
3.7 SIMULATION OF VOIDS....vteeutteetteeteestteesseessteessseesbaesseesateessseessseessseesbaesnsessnseesseessesssseessseesaseesas 3-26
3.8 INDEPENDENT GEOMETRY=SETS ... uuuuttttteeeeeeaieeteeeeeesaaunreeteeeesasaunbebaeeeesasanbaeteeeeeesaansnraeaeeeeseannneeeeas 3-27

CHAPTER 4. CONTROL DATA, STAGES, MATERIAL PROPERTIES, & BOUNDARY CONDITIONS ...... 4-1

4.1 INTRODUCTION ... ettt ettt e ettt e e e tte e e et eee ettt eeetaaeeesaaaeaaesaasasasanaessnnassnnnasssnnasssnnaessnnnsessnneeessnneesnnnnees
4.2 CoONTROL DATA
4.3 STAGE MANAGEMENT
43,1 NEW SEAGE....eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeesseessseseseessasssesasssssesssasssssasssesesssesssssesssasssssssessssseses
43.1.1 INItIAl SOIl STrESS STAZE ..iiivvieeiiiie ittt ctee ettt e st e e et e e e e ta e e e stbee e s baeeeataeesssseeesnbeeessseaanans
43.1.2 GENEIAl STATIC STAZE c.vvevuveeiieeiie e steetee e et te ettt e et e et esteesteesaseeseesaee e eeesnseenseesseeenseanneeenees
4.3.1.3 EXCAVATION SEAZE .uviviiiiii ittt ettt e sttt e e e e s et e e e e e s st bae e e e s sssbataeeeesansrbaaaeeesensnrrees
43.1.4 "Use field variable" Option
4.3.1.5 Control of Load Increments
3 B A o |1 4R (o o =SS SUUS
N B D =] 1= 2 e o 1= SRR

4.4 IMIATERIAL PROPERTIES ..etuunititueeettieeetttaeeettteesttnaeestneesasunasstaaessnnasesnnesssnasssnnsesssnnsesssneesssnneessnnns

. R N [ Y=o | g ] [o Ky o 5V

0 B N U =XYoo I o [0 Y (o] 15RO UUUUUT

User’s Manual (Rel. May/2019) EnFEM for Windows



B BV o T I 1V [ Y =X 3 o [0 K 4 ol | OO U USU 4-12
4.4.4  MORNI-COUIOMDB PIGSEICILY ....c..veeeeeeeeeis et e ettt ee e et a et e e st e e et aeessnaasansanaaas 4-13
4.4.5  Drucker-Prager PIASTICILY ..........uuueeeeeeceeeeeeeeeeeeeettee e ettt e e e ettt a e e e e s ssasaaaaaaeeesssssanaes 4-14
4.4.6  Duncan-Chang Hyperbolic EIQSTICItY .........ccuuueeeiueeeeeeiieeeiieeeesieeeseteeescteaeesteaeesraaaesreeaens 4-16
4.4.7  MOAIfied CAM-CIAY ....coooeeeeeeeeee ettt e ettt a e e e ettt a e e e e e s s ssaaaaeeeessasasanaas 4-18
W S U K ol o T=d Lo IRV o T o o) =X TS 4-20
4.5 ASSIGNING IMATERIAL PROPERTIES 1..uvveeuteeseteessteesereesseessseesseessseesseessseessseessssesssessssessssessseesssessssees 4-21
4.5.1  ASSIGNMENT “BY REGION” ..ot ettt e et a e e e e et e e e s ate e e s tseasassseaesssssaaeansenaaas 4-21
4.5.2  ASSIGNMENT “BY SO ..ooeeeeeeeeeeeee ettt ettt e e e ettt a e e e et e e e e e st e e e e e e e rararaaas 4-22
N B O 1o T-Tall D=1 o || PSPPSR 4-22
4.6 BOUNDARY CONDITIONS ...tttteeeeeeutetteeeeeesaauureeeeeessaaaunseteeeaesaaaunseeaeeeeaasaansesseeeeeesaannsseaeeeesasannseeees 4-23
W S N 2o [ L D] K ) o ol =3 =3 1 S 4-24
4.6.2 Edge Displacement (OrthOGONQL) .............cccueeeecueeeeeieeeeeeeeeeee et eeteeeeeteaeeetaaeeenaan 4-25
4.6.3  Edge Displacement (iNCHNE)...........ccccuuueeeeueeeeeeiieeeeee et eeete e et a st e e et a e e staaaesneeaeas 4-25
4.6.4  CONCENEIALEA FOICE......ueeieeieeeieeeeee ettt e st e st e e st e e s stte e s aatte e e s steaessaseeesanseeeans 4-26
N YV T o Lol Ko Yo Lo LSS 4-26
4.6.6  BOAY FOICE/GIOAVILY ....veeeeeeereeeeeeeeeeteeeiaeeeieeeeseeeeaeesiseesiseesssessssesissssissesisssssssssissssssesases 4-27
4.6.7 Limitations to Modify Existing Boundary CONGItioNS ..............ccceeeeeevuveeeceeeeesiiiseesiieaesirenann, 4-28
4.7 APPLYING BOUNDARY CONDITIONS TO GEOMETRY ...uuitiiteeeeeeeuuttrteeeeeesanieeteeeesesaanssseeeeesesannnnnneeeeessas 4-28
CHAPTER 5. SELECTION SET & DISPLAY CONTROL ...cccotiiiiiinnnneneniinissssssnnnesssssssssssnssssssssssssnsssssssas 5-1
5.1 INTRODUGCTION ...t teteeeeuutttteeeeesaeuuebeeeeee s e uabat et eeeseaauaseeteeeeeeaunbeeaeeeeeaaaanbebbeeaeeesanssbaeeaeeesaannnnaeeaanean 5-2
5.2 SET TOOL 1ttteutteetteetteestte e sttt ettt e bt e e bt e e atesba e e bt e sabte e bt e eabae e beesabeeenbeeeabaeebeesabeeeabeesabaeebeesabaeenseesabes 5-2
5.2.1  DEfiNE@ @ INEW SCL ...ttt e e ettt e e e e e ettt e e e e e e ssassbaaaaaeesassssenaaas 5-2
5.2.2  Delete an EXIStING SEL: ......oueeeueeeeeeeeeeeeeeeeeeeeeeeetee e s ttee e ettt e e e tte e e e aeaeesataeeessssaaesansnaeeaneeaens 5-3
5.2.3  UPAALE QN EXISEING SEL: ..ottt e ettt a e e e ettt e e e e e e s essasaaaaeessaasssenaaas 5-3
5.3 DISPLAY TOOL c.teeutteeeueeesiteenieeesiteesueeesseeesstessseeesssessseessseesbeeenseesseeeseesssaesnsessssaesnseesnsaesnseesssesssseesns 5-4
CHAPTER 6. INTERACTION DEFINITION ..ccuuiiiiiniiiiieniiiieniiiieniiiiessiiiiessissmssssssssssssssssssssssssssssansans 6-1
6.1 INTRODUCTION ...ceutttesuteetteesueeestteesseeebeeesueessbaeesaeesbaessseesabeeeseesabeesnseesabaesnsaesabaesnseesbaesseesseesseesas 6-2
6.2 INTERACTION DEFINITION IMANAGEMENT ..eitttttee e e ettt e e e s e saiabeeteeeeeesaabeeteeeeeesanneeaeeeeeesaannnnneeaeeanan 6-2
6.2.1  NeW INteraction DEfiNitiON............cccueeeeecueseeeiieeesieeeeeeteeeesteeeesttaeeesteeessseaaesseaeeesssesesannees 6-3
6.2.1.1 INTEITACE OPTIONS ..eiiiiiiiiiiiee ettt ettt e e et e e e s b e e e e bbe e e s ataeeestbeeesabaeesstaeeasseeesasbaeaansseaannn 6-3
6.2.1.2 (0o Y] 1ol 1T a Yo Yl o T T 1S 6-4
6.2.1.3 Master and SIAVe SUIMACES ..c.uiiiiiriieieeee ettt sttt et e st ebeesaee s 6-4
6.2.1.3.1 For the “contact” and “tie” OPLIONS: .......ccveceeeveeeeeeeeeiesieseeseeseeeseseesreesseesasene s 6-4
6.2.1.3.2 FOr the “free-face” OPEION:.......c..ceeeeeeieseeseee ettt 6-5
6.3 EDIT INTERACTION DEFINITION ..eeuvtteuteetteenitessiteesuteenteeesueessseeesseessseesnseessseessessseesnsessnseesssessssessssessas 6-5
6.4 DELETE INTERACTION DEFINITION ...uutittteesiaeiitieteeeeeeeaatteteeeeeesaatebteeeesesaasenteeeeeesaannnnaeeeeaesaannnnneeaaeennn 6-6
CHAPTER 7. DEACTIVATION OF GEOMETRIC ENTITIES......cccooeiinnnnnreriinnissssnneensssssssssnsesssssssssssnnens 7-1
7.1 INTRODUGCTION ...t ettteeeeuutttteeeeeeaeuueteeeeee s e uabaeteeeeseaauaseeteeaeseaaunbe e et eeeeaaaanbebteeaeeesansnbaeeeeeesaansnnneeaeaenan 7-2
7.2 DEFINE NEW DEACTIVATION CONDITION ..vteuvteetreesutessttessueesteeesseessseeesseessssesssesssessssessssesssseessseessseesas 7-2
7.2.1  Prerequisite MO SELUD: ...........eueeeeeeeeeeeee et e ettt e e e e e e ettt a e e e e s e e e e e e e essasssenaaas 7-2
A0 BN V1) i Y= DT ol 11 14 Lo SR 7-2
CHAPTER 8. FINITE ELEMENTS & MESH GENERATION ......ccoiiiiieeeiciirerreecnnsecseeeeneennnsssssssseeennnnnes 8-1

User’s Manual (Rel. May/2019) EnFEM for Windows



Vi

8.1 INTRODUCTION .. .tteetsitttee sttt ettt e sttt e st s ebae e e st e e s b et e s e abb e e e s bb e e e s s b e e e s s abb e e e ssbeeessabaeessnnaeesannaes
8.1.1 Finite Element Types in EnFEM............
8.1.1.1 Linear Quadrilateral Element - Q4
8.1.1.2 Quadratic Quadrilateral EIement - Q8 .........coeiuereeiieninierieeeee ettt st 8-3
8.1.1.3 Linear Triangular EI@MENT - T3 . .ooo ittt ee e e e s e et e sne e e teesneeenseenneesneean
8.1.1.4 Quadratic TrianguIar EIEMENT = TH ......iiiciiieiiiieiiee ettt ettt e et ire e e svae e s abe e s sbaeesstaeesntaee s
8.1.2  Structured/UNStrUCTUIEA MESHR.......cocceeeeeeeieieeeeeeieieeeeeeeeeiiiteeeeeeeseaeteessessssaasteessessssrassreesss
8.1.3 General Mesh Generation Guidelines
8.2 DEFINING THE IMIESH iiiiiiiiiiiiiieicceceeeeee ettt ettt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eaeeeeaeaaneaeeas
8.2.1  MESH CONLIOIS ..eeeeneieeeieeeeee ettt e e et e ettt e e e stte e e ssta e e s abeaessabteassssaaesansenaans
8.2.2  GIODAI SEEA CONLIOI ..ottt sttt sttt st s e st e st s s beesaee s
8.2.3 Local Seed Control
8.2.3.1 Seed Control and Sizing Options
8.2.3.2 Seed DIiStriDULION STYIE ....viiiiiiiiciiee ettt e e e ate e e e tbeeesabaeesbaeaesnreas

8.2.3.3 B ettt et e b bt e e e s b e s et b e e e ab e e e s baeeeanreee e
8.2.34 0T 1 Yo USRS
8.2.3.5 Seed Information
8.2.4  OtREI MESH TOOIS.c....oosuieeieesiteeeeseeet ettt st s st s e s be st e s e e sateesseenases
8.2.4.1 SHOW EAZE DiIVISION ..veiiiiiieiiiiieeiieeeiite sttt site e et e e e e sbae e sbbeeesabeeesabaeesstaeesssseesesbeeesnsaaesnsses
8.2.4.2 Show Seeds ........ccocvernneene
8.2.4.3 Show Mesh Assignment
8.3 SPECIAL CASES. .. tittteee e e e ettt et e e e s e ettt e e e e e b b et e eeeeeaunbb e e e eee s e unbbeaeeeeeeaaunbbeteeaeeeaanbeeaeeeeeeaannee
8.3.1 Mesh Control 0N CONTACE SUIFOCES.........uueecueeeeeeiiieeeeeeeeceeeeete e e et e e s ttaessteaeessaaassseeaeas
8.4 IMIESH GENERATION. .. ttttteeeeeeeitetteeeeesetseeeeeeee s e unbateeeeeeeaanbeeaeeeeeasaanbaebeeaeeesaannnnaeaeeeesaannneaeeas
8.4.1  Unsuccessful Mesh GENEIQLION............c..ueeecveeeeeiieeeeeieeeeceeeesteeeseteeesiaeaeessesessssaaesseeaens
8.4.1.1 Edge Division Numbers for Structured Mesh .........ccccuvieiiiiiiiiieiciiee e 8-18
8.4.1.2 OVETIaPPING EAZES .vviiiiiiiieiiie ettt ettt e et e et e e e eabe e e s ba e e e sabe e e sabbeeeasbaeesssbeeesataeesnsrens 8-18
8.5 IMIESH-IMIODE ....ci i i e e e e e e e e e e e e e e e e e e e eeeas 8-18

CHAPTER 9. ANALYSIS

9.1 INTRODUCTION ...eeutttetteestteesseeestteesueeebaeesueesabeeesseesbeessseesabeeeseesabaesnseesasaesnsaessbaesseesbaesseesseesseesas
9.2 ANALYSIS SETTINGS .. tttteeeeeeeatttteeeeeesaatteteeeeeesaaaneeteeeee s e aanseteeeeesaaanbebeeeeeeeaaanbebaeeaeeesaanssnaeaeeeesan
LI B Yo V=Tl 0] 1o 1o L3N
9.2.2 Convergence Options
9.2.3  INEEIACLION CONLIOIS ...ttt sttt st s e st s e st e st e sbeessee s
9.2.8  OULPUL OPTIONS oottt ettt e e e et e e e e e et e e e e e e e e e e e e e e et e e e e e e e e e e e e e e e e e eeeeeeseeesaeaeaeaeasasaseeaees
9.3 RUN ANALYSIS. .t etteesuteestteesseeestteesuteestaeesutesasaeesseesbaessseessbeeenseesabeeenseesssaesnsaesssaesseesnsaesseessseesnseesas
9.3.1  GENEIALE ANQIYSIS Fil@..cccccnnneeeeeeeeeeeeeeeeee ettt ettt e e e e ettt a e e e e e s st ab e e e e s e snsasssenaaas 9-4
9.3.2  VIBW ANGIYSIS FilE.....oooeneeeeeeee ettt e ettt e ettt e e ettt e e e tte e e et a e e sataaeesssaaeeasseaassnseeaens 9-4
L T S {1« DO RS 9-4
9.3.3.1 (0o 49T o TU L =T To g TN Y=Y U] P 9-5

CHAPTER 10.  POST-PROCESSING OF RESULTS ......ccivvtiriutirseenieeisneisnnssssnsssseessssessssesssesssseessnees 10-1

L10.1  INTRODUCTION . .ceutteruteesuteensteesuseesuseessseessseessseessseessseessseessseessseessseesssesssseessseessseessseesssesssseesssesssees
10.1.1 Result-Mode............
10.1.2 R 1o [0 L= Y= [=Lor o Lo T S

10.2 POST-PROCESSING OPTIONS
10.2.1 CONEOUE PIOT ..ottt sttt ettt st s e st e st e s baesteesbaessee s

User’s Manual (Rel. May/2019) EnFEM for Windows



vii

10.2.1.1  DefOrmMation ...couiiiieiieeieceeste ettt ettt st et sat e et saaesabe e bt e e teenane s 10-4

10.2.1.2 L T TP PRP PP 10-4

10.2.1.3 L =1L PRSPPI 10-4

10.2.1.4  SOIl VAIiAbIES c.eoueiiiieeiieeeeee ettt sttt ettt et et sat e et saaesabe e bt e et e naee s 10-5

10.2.2 PlOt DiSPIACEMENT VECLON ...ttt e e e sttt e e e ea e e e ttaaesnaaaeesssananaans 10-6
10.2.3 D G = o] SRR 10-7
0 e Tt R o 11 o T Tol 2 =T ] A = e 10-8

10.2.3.2  Field RESUIE X=Y PlOt cueiiiiiiiieiieeiteeie ettt ettt st sbe e sttt ebe e sateebeesatesbeesane s 10-9

10.2.3.3  Other PIOt OPtiONS coouveieciiie ittt ettt et e st e et e e sta e e e tbee e eabaeesbteeessbaeesabeeesabaeassseaens 10-13

10.2.3.4  Available Categories and Variables for PIOttiNG .......c.eecvevierieeeie et 10-13

10.2.4 CULIINE PIOT ...ttt ettt et e et e st e e st e e e st e e saataeesaasenaens 10-14
CHAPTER 11. MISCELLANEOUS TOOLS & OPTIONS......cccccerirrnerisssnnenssssnsesssssnesssssansssssnssssssanassns 11-1
11.1 “CAD-IMODE” OPTIONS IMENU ..etiiiuuiieeiiteeeenireeesiteeesstteeessseeesssseeesssseesssssssesssseeesssseesssssseesssseeens 11-2
11.1.1 LG [ IR e ol =SS 11-2
11.1.2 DIQWING SPACE......c.ccccc oot e e e 11-2
11.1.3 20 Tol (e To 1V 1 1o I 6o ] (o ol SR 11-2

11.2 ZOOM OPERATIONS. ...etteeeeeaauuttrteeeeeeaauuetteeeessaauareeeeeeesaaaunreeteeaesaaaunseeeeeesaaaannsseaeeeeseaaansenaeeeesasannnes 11-3
11.2.1 PON VIBW ...ttt e e e et e e e st e e e s 11-3
11.2.2 Ve Yo Yoo I 10740V 11-3
11.2.3 Z00M 10 WINAOW ....c..eveiiiieiieseeeiteet ettt ettt ettt sateesiteesateessseenaneenes 11-3
11.2.4 ZOOM T0 EXTONES......ceeeeeeeeee ettt et e e e et e e e e e sesnneeee s 11-3
11.2.5 RESEE VIBW ...ttt e et e e e n et e e e e s e 11-3

11.3  “RESULT-MODE"” OPTIONS IMENU ....uuvteeiirieeeniteeesiteeessiteeessseeessaseeessseeesssnsaeesanseeesssseesssssseessnsseeens 11-4
11.3.1 FONE QNA COION ..ottt ettt ettt ettt s e s e st s saaeesee s 11-4

LIST OF TECHNICAL REFERENCES .......cccuuuuuueummmsmnssnsmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 1
LICENSE AGREEMENT & DISCLAIMER ........ccuuuuuuuunuunnnnnnnnnnnnnnnnnnninssnnssssmmsssssssssssssssssssssssssssssssssssssssssssssssssns 1

User’s Manual (Rel. May/2019) EnFEM for Windows



viii

List of Figures

Figure 2-1:
Figure 2-2:
Figure 2-3:
Figure 2-4:
Figure 2-5:
Figure 2-6:
Figure 2-7:
Figure 2-8:
Figure 2-9:
Figure 2-10
Figure 2-11
Figure 3-1:
Figure 3-2:
Figure 3-3:
Figure 3-4:
Figure 3-5:
Figure 3-6:
Figure 3-7:
Figure 3-8:
Figure 3-9:

Figure 3-10:
Figure 3-11:
Figure 3-12:
Figure 3-13:
Figure 3-14:
Figure 3-15:
Figure 3-16:
Figure 3-17:
Figure 3-18:
Figure 3-19:
Figure 3-20:
Figure 3-21:
Figure 3-22:
Figure 3-23:
Figure 3-24:
Figure 3-25:
Figure 3-26:
Figure 3-27:
Figure 3-28:

User’s Ma

Main installation screen for ENSOFT software (may change with time) ................... 2-4
Installation screen with License Agreement (may change with time)....................... 2-5
Selection of Single-User License (may change with time) .........ccccoceeeeeiieeeecciee e, 2-5
Default Installation Directory for Program Files (may change with time) ................. 2-6
File Extension Association for EnFEM 2019 Data Files (may change with time)........ 2-6
Default Shortcut Folder in Windows Start Menu (may change with time) ............... 2-7
User interface of ENFEM .......ooiiiiiiiiiiiieiiie ettt ettt et sate e s s s 2-9
Menu bar system in ENFEM ......c..ooiiiiiiiiicieec ettt 2-10
0710 B0 4 To o [ o] - | USRS 2-11
1 "MeSh-MOode” tOO0IDAN .....cc.uiiiiieie e 2-11
1 “RESUIt-MOAE” t00IDAN ...ccuiiiiiieiiee e 2-11
Global coordinate system in ENFEM .......ooooiiiiiiiiiiee e 3-2
AXi-symmetric axis diSPlay ...ccuueee i e s 3-2
Using coordinate input box to create a VerteX .......occccvveeeeeee e 3-4
Using absolute coordinates to create start vertex of a new line........cccccecvveeeennnnnn. 3-5
Using relative coordinates to create line end-verteX.......ccovveeeeiieeicciieeecciiee e, 3-5
LEFT-CLICK three times to create an arc with the mouse ......ccccceevvvciiiiiniciieeniien, 3-6
Key-in absolute coordinates of an arc CeNter .......ccoccveeeeeciiei e 3-7
Key in relative coordinates to create the arc start vertex .....ccccocceeevcvveeiccieeeeccneenn. 3-7
Key in arc angle to create arc €Nd VEIrtEX.....oocvevveeerceeiceeecie e sieeesteesreesvee e e svee s 3-7
Create a rectangle with the mouse (white background) .........ccccoiieiiiiniiincennen. 3-8
Create a polygon wWith the MOUSE .......c.eeiiiiiiiii e 3-9
Examples of general PoIYZONS.......coviii i 3-10
Convert arcs and lines to a general polygoN..........coovciiieieciiie e 3-11
Invalid geometries for a general POIYZON .....coccvveiicciiiieccee e 3-12
Snap to the corner of a rectangle when create a new line......cccccceeeviiieeeeeeeennes 3-12
Selection of geometry entities: vertex, line/arc, and region ......c..cccceeeeveeeevveennen. 3-13
Definition of auxiliary line as the copy reference ........cccocvveeeeeceeecccee e, 3-15
Edit verteX CoOrdinates .......cuiviiiiiiiiiie e 3-16
Cases to avoid when editing vertex coordinates ......cccccoeeccviiiieeeececccciiieeee e, 3-17
Translate ODJECES ..ociueiiii e e e e e re e e e 3-18
Warning message for deleting operation ..........cccccoueeeeiiiiec e e, 3-19
Divide independent lines/arcs by intersection .........c.cceeeeeeveeeecreeeceeeeree e 3-20
MErZE liN@ SEEMENTS....ciiiiiiii ettt et e e s e e e e sbre e e s e e s s eabaee s eeabaeeeenneees 3-21
Partition EAZe Of REGION......ccci ittt e 3-22
Partition one region by an auxiliary lin€ .........ccceeeeiieiiccee e 3-23
Examples of Common Edges for Merge Region........ccceeeecveeeivciieeeccviee e 3-24
A typical problem in geotechnical engineering-retaining wall analysis................. 3-25
Invalid geometric configurations .........coecuiiiiiiiiiee e 3-26
nual (Rel. May/2019) EnFEM for Windows



Figure 3-29: Valid regions for retaining wall example........cccovviiiiiiiiciiee e, 3-26
Figure 3-30: Culvert analysis @XamPle..... et e e e e e e e aae s 3-27
Figure 4-1: Input dialog box of Control Data.........cccueeeeeeiiicciiiieeee e 4-2
Figure 4-2: Axis layout for axi-symmetric analysis tyPe .....ccoccvveeieiiieeicciiee e 4-3
Figure 4-3: Dialog of Stage Group ManagemeNt..........ccccueeeeiiuieeeeiiiieeeecieeeeeeieee e eetee e e e reee e e 4-3
FIgUre 4-4: SEtUP OF @ STAZE ... uiiiie ettt et e e e e e et e e e e abae e e e ataee e e nnes 4-4
Figure 4-5: Initial soil stress stage definition.......ccccuvei i e 4-6
Figure 4-6: Initial SOil Stress OPLIONS.......uiiiiiiiiiiccceie e e e e e e e e e e e e e e nrraeees 4-6
Figure 4-7: Ko method input OPtioNS ........eeeiiiiiiiceee e et e e e e e e 4-6
Figure 4-8: EXternal file OptioN .....oiiii i e e e e e e e e 4-7
Figure 4-9: Automatic control of General Static Stage.......cccvveeeeeii e, 4-7
Figure 4-10: Fixed load increment CONtIrol.........coociiiiiiiiiiee e 4-8
Figure 4-11: Material Group Management dialog ........cccceevevieiiiciiee e 4-10
Figure 4-12: Material property dialog for linear elasticity model.........ccccooeeieiiicieeieccieeeeee, 4-11
Figure 4-13: Material property dialog for Tresca plasticity model........ccccceeeveieicieeiicciee e, 4-12
Figure 4-14: Material property dialog for von Mises plasticity model.........ccccccoeevveiiicinneennnen. 4-13
Figure 4-15: Material property dialog for Mohr-Coulomb plasticity model ............c.cccuueeen....e. 4-14
Figure 4-16: Material property dialog for Druker-Prager plasticity ........cccceevveeiiciieeiiciiee e, 4-15
Figure 4-17: Material property dialog for Duncan-Chang hyperbolic elasticity model.............. 4-17
Figure 4-18: Material property dialog for modified cam-clay plasticity model ......................... 4-19
Figure 4-19: Definition of field variable...........cueeiiiiii e 4-20
Figure 4-20: Window to assign material property to region objects.........ccccecvveeiiicieeeiicieeeens 4-21
Figure 4-21: Material assignment shown with representative colors ........cccccoevecviiieeeeeiiccnns 4-23
Figure 4-22: Boundary Condition Group Management dialog........ccccevviveeiiiiieee e 4-23
Figure 4-23: Boundary Condition dialog........cceieiiciiieiiiiiee e 4-24
Figure 4-24: Point displacement B.C OPLiONS ........uuiiiiieiiiiciiiieiie et eeerree e e e e e 4-24
Figure 4-25: Edge displacement (orthogonal) B.C. Options......ccccccceeeiiciiieeccieee e 4-25
Figure 4-26: Edge displacement (inclined) B.C. OptioNS......cccceeeiicieeeiccieee e 4-25
Figure 4-27: Concentrated force B.C. OPLiONS .......cuviiieiiee ettt 4-26
Figure 4-28: Surface stress B.C. ON @A ....ccccuveiiiiiiiie ittt e et 4-26
Figure 4-29: Positive directions of surface 0ad B.C.........ccccecieveieiieei e 4-27
Figure 4-30: Body force/gravity B.C. definition .......c..coovvviiiieiieieiceee e 4-27
Figure 4-31: Boundary condition assignment dialog........ccccccvueveiviieii e 4-29
Figure 4-32: “Show all” B.C. for a visual ChecK...........coocviiiiiiiiieecee e 4-30
Figure 4-33: Example applied Body FOrce/Gravity B.C.......c.coovureereeeieeeeeeeeeree e eereeeeveeeenee s 4-31
Figure 5-1: Define sets in ENFEM........oooiiii ittt e et e e e e e 5-2
Figure 5-2: Display control by SEt Broup .....ceeee i e 5-4
Figure 6-1: Dialog of Interaction Group Management.........cccoueeeeeiiieeeeciiiee et e e e e 6-2
Figure 6-2: Create @ NeW iNteraction SrOUP ...... . s 6-3
Figure 6-3: Define master interaction SUIfaCeS.........cviiiiiii e e 6-5
Figure 6-4: Define slave interaction SUMaCeS .........ccueviiiiiiieeciiee e et 6-5
Figure 7-1: Region deactivation dialog — During (left) and After (right) .....cccoeevvieivieeecieeeieeee, 7-2
User’s Manual (Rel. May/2019) EnFEM for Windows



Figure 8-1: Types of finite elements used in ENFEM ..........coooiiiiiiiiiii e 8-2
Figure 8-2: Gaussian integration rules for Q4 element.........cccevveiiiiicciiiiee e, 8-3
Figure 8-3: Gaussian integration rules for Q8 element..........ccceeveiii i, 8-4
Figure 8-4: Gaussian integration rule for T3 element .........coocveiieiieeiccciee e 8-4
Figure 8-5: Gaussian integration rule for T6 element ..........cccooveiieeiieiieciiee e 8-4
Figure 8-6: Structured and unstructured MEShES .........ccoovcciiiiiii e 8-5
Figure 8-7: Sub-divide a multi-edge polygon into four-sided rectangles........ccccceecveeeecciieeeennnen. 8-6
Figure 8-8: Mesh control dialog ...ccccoeeeeiiiiiieeie e e 8-7
Figure 8-9: Global seed CONLIOl ....cccc i e et e e e e e e raee s 8-9
Figure 8-10: Individual seed control dialog .........cccvveeieiiieiiciiiee e 8-10
Figure 8-11: Seed distribution style in ENFEM ........cooviiiiiiiiiiiieeee et 8-11
Figure 8-12: Local mesh refinements around Vertex B.........ccccceeciieeieciieeesciiee e 8-12
Figure 8-13: Division numbers displayed .........ccoovcuiiieiiiieeiiciee e e 8-12
Figure 8-14: Incompatible division number for a structured mesh .........ccccccoeieeecieeiecciiee e, 8-13
Figure 8-15: Seed distribution displayed..........ccoovuiiieieiiie i 8-13
Figure 8-16: Display mesh assignment in ColOr........oiiiiiiiiiiiii i 8-14
Figure 8-17: Non-matched mesh on curved interface ........ccoeeeeecieeiccciee e, 8-15
Figure 8-18: Matched mesh on curved interface ........ocoeveieieiiicciee e 8-16
Figure 8-19: Matched mesh on vertical dges ......cuviiiiiee i 8-17
Figure 8-20: Mesh-mode interface (with nodal display on).......ccccoeeeeciiiicciiii e, 8-17
Figure 8-21: Edge-division error message for structured mesh.........cccoccvveeiieiiieiicciees e 8-18
Figure 8-22: INvalid €dgE ErTOr MESSAEE . .vviiiiiiieiieiieeeicitee e erttee e eeire e e s stae e e ssbaeeesstaeeeseasaeeesnes 8-18
FIgUre 8-22: IMESN PrOPEITIES ....ueeiiciieeeeeitee ettt e ettt e et e e ee bt e e e ee e e e e eeabaeeeeeabaeeeeentaeeesearaeaesanes 8-19
Figure 9-1: ANAlYSiS SETEING.....cuiiiiiiiiiee e e et e et e e s rte e e s e atee e e anreas 9-2
Figure 9-2: Job submission and OptioNS ........ccueiiiiiiii i 9-4
Figure 9-3: Analysis file @rror MESSAZE. .....cccccuiiie ettt e et e e et e e e e ae e e e e aneas 9-4
Figure 10-1: Initial “Result-mode” display........ccceccuieeieiiiieceee e 10-2
Figure 10-2: Select stages for OULPUL ......ueiiieieee e e e 10-3
Figure 10-3: Dialog Of CONTOUN PIOT ..cccceeiiie e ettt e e e e e e 10-3
Figure 10-4: PIOt CONtOUN @S lINE ...vviiiiiiiiee ettt e e e saae e e e 10-5
Figure 10-5: Plot contour to show both shade and lin€.........ccccooecieeiiiiiie e, 10-6
Figure 10-6: Displacement vector of soil due to settlement of foundation...............ccccuoe........ 10-7
Figure 10-7: X-Y Plot for Historic RESUIL .......ccuveeiiiiiiee et e 10-8
Figure 10-8: X-Y Plot for Field RESUIt.........cccocuiiiiieiie et 10-9
Figure 10-9: Select an ‘edge-set’ for Field Result X-Y PlOt .........cccouieeeiiiieeiecieee e 10-11
Figure 10-10: Moment of culvert along given node path .........cccecvieeiiciiiiicciiee e, 10-12
Figure 10-11: Normal interaction pressure versus depth .........ccccceveeeciiiiieeee e 10-13
Figure 10-12: X-Y CULHNE PlOt....eeeee ittt e e e et e e e e e s e e snnbae e e e e e e e enannes 10-15
Figure 11-1: Grid Size dialog .....eeiieiieeeieiiiee et e e e e e eare e e e e eaba e e e nres 11-2
Figure 11-2: Drawing space extent didlog .......ccccuriiiiie i e e 11-2
Figure 11-3: Change background COION .......c.uiiiiiiiie e e 11-3
Figure 11-4: Change color and font for result Window ..........cccceiviciiiiiiciiii e 11-4

User’s Manual (Rel. May/2019) EnFEM for Windows



CHAPTER 1. Introduction



CHAPTER 1 - Introduction — 1-2

1.1 General Description

EnFEM is a general-purpose finite element analysis software for simulating 2D mechanical
behaviors of solid materials subjected to various loads. EnFEM is able to perform plane-strain,
plane-stress, and axi-symmetric analyses with an emphasis on solving problems in geotechnical
engineering. EnFEM is equipped with a variety of linear and non-linear material models, boundary
conditions, and element types, to provide users a full array of analysis options necessary for
solving both simple and complex geotechnical analyses.

1.2 Features of the Program

Program EnFEM has the following features that are designed to enhance the ability of the
engineer to obtain usable results.

1. CAD-like interface for geometry creation/modification, assighment of analysis
parameters, and post-processing.

2. Abundant material library with the following material models included; linear
elasticity, Tresca plasticity, Von Mises plasticity, Mohr-Coulomb plasticity,
Druker-Prager plasticity, Duncan-Chang hyperbolic elasticity, and Modified Cam-
Clay.

3. Multi-stage analysis for simulating sequentially applied loads, as well as
geostatic (initial) soil stresses, and excavations.

4. Soil-structure interaction with computational contact analysis, capable of
simulating material separations and sliding.

5. Powerful mesh generator to generate first or second-order, quadrilateral or
triangular finite elements, in either structured, unstructured, or combined
meshes.

6. Nonlinear direct solver based on parallel processing optimization.

7. OpenGL based graphics technology to plot contours accurately and quickly.

8. Multiple output options including; contour plots, vector plots, XY-plots, and
cutline plots, for a wide array of categories and variables - including integrations
(moments) and interactions, along a user-defined node path.

9. Completed examples files and accompanying manual to help users quickly learn
the program, through common geotechnical engineering problems.

1.3 Documentation

The documentation provided with the computer program EnFEM consists of three volumes. The
User’s Manual contains full documentation about the operation of the program on personal
computers. The User’s Manual covers the areas of installation, general usage, as well as
capabilities and various features. The distribution of the User’s Manual is made via standard
Adobe© PDF file format.

The Technical Manual provides information about the theory and constitutive models
incorporated in EnFEM, along with other technical aspects. The Technical Manual includes
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other helpful references related to concepts utilized in program EnFEM. ENSOFT holds a
copyright of the Technical Manual so it is distributed in protected form that can only be opened
by licensed users of the EnFEM program.

The Example Manual provides step by step guidance through a number of example problems
common to geotechnical engineering. Examples detailed in the Example Manual are included
with the program installation for reference. The distribution of the Example Manual is made via
standard Adobe© PDF file format.

Manuals are installed with the EnFEM program and accessible via any one of the following three
methods: i) from the Windows Start Menu, ii) from the Ensoft tile in Windows 8 and 10, or iii)
from the “Help” menu within the EnFEM program.

1.4 Contents of the EnFEM Package

The standard package sent with EnFEM consists of the following items:

One USB Key (sometimes known as hardware key or dongle),

One USB Memory Stick with installation programs for all Ensoft software
products (this may be missing in future releases, since the full program is
available for downloading from the www.ensoftinc.com website).

The user-selected installation directory (default directory is Program Files
(x86)\Ensoft\EnFEM2019) contains the main Windows-program module (EnFEM2019.exe), the
program engine for direct computations (EnFEM2019_DLL.dll), and other support files. The
User’s, Technical, and Example Manuals are also included in the installation directory. Several
modeling examples with input files (files with name/extension of the type filename.sep) are
installed on a separate (Root Drive)\Ensoft\EnFEM2019-Examples subdirectory in the root
Windows drive (usually c:\). The installation directory for Example files can be changed by the
user if desired.

1.5 Hardware Requirements

To use EnFEM, the user needs the following minimum hardware configuration:

1. Any personal computer with multi-core processor.

2. Ahard disk with at least 5 GB of free space (large meshes may require more).

3. Microsoft Windows 7, Windows 8, Windows 8.1, or Windows 10 in either 32-bit
or 64-bit releases.

4, Minimum of 4 GB of free RAM memory (8 GB recommended).

5. Open (available) USB port (v2 or newer).

6. Graphics card compatible to the Microsoft Windows™ operating system that is
being used and also compatible with OpenGL.

7. A mouse or similar pointing device.

8. Optional: Any windows-compatible printer.
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1.6 Technical Support

Although computer program EnFEM was designed to be distinguished by its ease of use and by
its helpful User’s and Example Manuals, some users may still have questions. The technical staff
at ENSOFT strongly supports all registered users with questions related to the installation or use
of EnFEM, according to the stipulations presented below. The software is provided with free
maintenance service for the first year. After the first year the user is encouraged to purchase
the yearly maintenance services. The yearly maintenance services include free download of the
latest version and free technical support as described below.

1.6.1 Preferred Methods of Software Support
Software support is given, in order of preference, by the following methods:
1. Electronic mail to: support@ensoftinc.com

2. Faxto:(512) 244-6067
3. Telephone call to: (512) 244-6464, extension 2

Users are strongly encouraged to utilize electronic means of support via email. In all technical
support requests via email, please include the following information:

1. Full software version/release/update (obtained from the “Help->About” dialog),

2. Description of the user’s problem or concern,
Attach a copy of the input-data file that is associated with the issue/concern
(files with name/extension of the type filename.sep), and

4. Name and telephone number of the contact person and of the licensed user (or
name and office location of the licensed company site and/or serial number of
the USB Key).

Although immediate answers are offered on most technical support requests, please allow up to
two business days for a resolution in case of difficulties or schedule conflicts.

Technical help by means of direct calls to our local telephone number, (512) 244-6464, is
available, but is limited to the business hours of 9 a.m. to 5 p.m. (US central time zone, UTC
-6:00). The current policy of Ensoft is that all telephone calls for software support will be
answered free of charge if the user has a valid maintenance contract.

1.6.2 Upgrade Verification and Internet Site

EnFEM v2019 provides options for the user to check the most recent maintenance release
through an internet connection by selecting “Help->Check for Updates” from within the
software. This command starts the default internet browser and will display the user’s
maintenance expiration date, the user’s software release number and the most recent release
number that is available for downloading.
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If the user’s version is not the latest version and the maintenance has not been expired, the user
can download the latest version from our web server directly (www.ensoftinc.com). Users may
also consult our internet site for additional information on software updates, demos, and new

applications; technical news; and company information.

1.6.3 Renewal of Program Maintenance

The cost to renew program maintenance will depend on the length of time for which the
program maintenance has been expired. There are small price increases with time after
expiration. The pricing policy for renewing a program maintenance that has not expired can be
found on the Ensoft website at http://www.ensoftinc.com

1.6.4 Changes of Support Policy

The software support policy and associated expenses are subject to change at ENSOFT’s
discretion and without specific mailed notices to the users. However, any change of rules will be
verbally provided during telephone calls for software support.
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2.1 Installation Procedures

Program EnFEM is distributed with an associated USB Key (hardware key or dongle). The USB Key
consists of a device that is attached to a working USB port (or USB hub) of the computer in use
(or in the designated software server in the case of local network licenses). This method of
software protection has been found to provide compatibility with existing operating systems,
better stability than other alternatives, and allows users to obtain software updates or
replacements via downloads from the internet.

Users with standard single-user licenses can check the following link to a PDF with Installation
notes: https://www.ensoftinc.com/doc/Ensoft Single-User License Installation Booklet.pdf

Users with local network licenses can check the following link to a PDF with Network Installation
Notes: https://www.ensoftinc.com/doc/Ensoft Network License Installation Booklet.pdf

2.1.1 Installation of Single-User Version

This version of ENFEM has been tested to be compatible with the following versions of the
Microsoft Windows® operating systems: Windows 7, 8, 8.1, and 10 in 32 and 64-bit releases.

The following guidelines are recommended during the installation process of EnFEM for single-
user licenses.

1. Plug the supplied USB Key into one of the available USB ports in your computer.
The USB Key is plug-and-play compatible so the operating system will recognize
the USB Key automatically and a small but solid green light should appear at the
end of the USB Key (a flickering green light or no light indicate problems with the
standard windows driver or with the USB Key).

2. Ifthe userinstalls from a distribution USB Memory Stick and the main installation
program does not start automatically upon insertion of the Memory Stick then
click on the “Windows Start Menu” button and select “Run”. On the command
line, type d:\setup.exe or e:\setup.exe, where d: or e: represents the drive that
contains the distribution Memory Stick. Click “OK” to execute the command and
start the main installation program for ENSOFT’s software. A screen similar to
the one in Figure 2-1 should appear.

3. If the user installs from a downloaded file then please run the downloaded file
(double click) and go to instruction #5.

4. Click anywhere on the “EnFEM 2019” icon and then click on the “Install
Standard” button to start the installation of EnFEM.

5. The user should read the license agreement shown in Figure 2-2. Users can
review the License Agreement online in the following link:

https://www.ensoftinc.com/doc/Ensoft%20License%20and%20Disclaimer.pdf
The installer will place the same file (Ensoft License and Disclaimer.pdf) in the

installation directory. Please click “Yes” if you agree and would like to proceed.
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6. Select “Single-User License” in Figure 2-3 then click “Next”. For network
installations please contact Ensoft support (support@ensoftinc.com).

7. The user will be provided with an option to select a drive and directory for the
installation of ENnFEM (see Figure 2-4); the default is c:\Program Files
(x86)\Ensoft\EnFEM2019. If the desired directory does not exist, the installation
program will automatically create a new directory in the chosen hard drive. Most
distribution files will be copied to the installation directory (either the default or
the one selected by the user). Example files are copied to the following
subdirectory under the root Windows drive (unless selected differently by the
user during installation):

(Root Drive)\Ensoft\EnFEM2019-Examples

8. During the installation the user will be asked to set the file extension association
for opening EnFEM 2019 input data files (see Figure 2-5). If the user agrees
(leaves the default check mark) then double clicking (or running) any input data
file with extensions of the type filename.sep will start the installed EnFEM 2019
software.

9. The user will be prompted to confirm the shortcut directory name that will be
created in the “Windows Start Menu” (See Figure 2-6). The default is Start
Menu/Programs/Ensoft/EnFEM2019. Windows 8 and 10 will automatically
create an Ensoft tile with the same shortcuts.
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Figure 2-1: Main installation screen for ENSOFT software (may change with time)

After the installation is finished, it is not necessary to reboot Windows for the program to run.
The user may run the program by selecting “EnFEM v2019” from the standard links installed in
the Microsoft Windows® Start Menu: "Start Menu->All Programs->Ensoft->EnFEM2019”
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License Agreement

License Agreement

Please read the following license agreement carefully.
Press the PAGE DOWM key to see the rest of the agreement.

PROGRAM LICEMSE AGREEMENT & DISCLAIMER

IMPORTANT NOTICE: The software you are about to install or previously
have installed from Ensoft Incorporated ("ENSOFT™) is licensed only on the
condition that you agree to the terms and conditions set forth below.

Please read the terms of this License Agreement & Disdaimer ("LICEMNSE™)
carefully.

If you agree to be bound by the terms of this LICEMSE, please check mark
the box labeled “YES - I Accept the terms of this License Agreement!”™ during
software installation so it can be installed on your computer,

(®) YES - I Accept the terms of the License Agreement!
(CINO -1 DO NOT Accept the terms of the License Agreement!

www, ensoftinc, com < Back Next = Cancel

Figure 2-2: Installation screen with License Agreement (may change with time)

Type of License

Please select the type of license purchased from Ensoft:

® Single-User License
) Metwork License
() DEMO (No Key)

wyww, ensofting, com < Back Cancel

pod

Figure 2-3: Selection of Single-User License (may change with time)

EnFEM for Windows




CHAPTER 2 - Installation & Getting Started — 2-6

Choose Destination Location ot

Choose Destination Location

Setup will install ERFEM w2019 in the following directory.
To install to this directory, did: Next.

To install to a different directory, dick Browse and select another directory,

Destination Directory

Browse...

|C:\Prngram Files (x56)\Ensoft\EnFEM2019

Space reguired on drive: 351.8 MB
Space available on drive: 1463114. 1 MB

www, ensoftine, com < Back Cancel

Figure 2-4: Default Installation Directory for Program Files (may change with time)

Set File Association ot

Set File Association

Setup will assodate some file types with EnFEM w2019,
Select the file types you want to assocdate, dear the file types you do not want
to assodiate.

File Types:
.SEp EnFEM v 2019 Data File

www,ensoftinc, com = Back Cancel

Figure 2-5: File Extension Association for EnFEM 2019 Data Files (may change with time)
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Set Program Shortouts >
Set Program Shortcuts

Setup will add Shortcut to the Start/Program menu,

Start/Program Menu
|Ensnf‘t‘n,EnFEI'~"IlEl 19

Shortcuts are available for - All Users w

www, ensoftine, com < Back Cancel

Figure 2-6: Default Shortcut Folder in Windows Start Menu (may change with time)

2.1.2 Introduction of Network Version

Special network licenses and USB hardware keys (network keys) are available for users who desire
to operate EnFEM on a Windows network. The network version is limited to users with two or
more licenses at the same physical site. Discounted rates apply for users purchasing multiple
licenses for the same site.

Network versions of EnFEM have special subroutines written for installations in “software
servers” and for installations of “individual clients”. The “software server” or “license server” is
the computer that will be carrying the Net USB Key provided by ENSOFT, INC. The software server
is not necessarily the same as the existing network server. Any computer in the existing Windows
network may be designated software server for EnFEM as long as the network key is attached to
an available USB port (or through an USB hub) and the “server” version of the software is installed
on its local drive. Software “clients” may be all computers of the licensed site that have the
program installed as client. Software clients do not need any hardware key attached to their local
ports. The program installed in software clients will be allowed to run if their IP are within the
allowable (licensed) IP ranges and if the computer designated as software server is accessible on
the network with the proper operating system and with its network key secured in place.

Users of the network version of EnFEM are allowed to have the software installed in as many
computers as desired within the licensed IP ranges of their local Windows network. However,
only a number of users equal to the total number of purchased licenses will be able to operate
the program at the same time.
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2.1.2.1 Installation of Network Version

Installers of network licenses should refer to a separate booklet with installation instructions for

the Network version of this product. The document can be downloaded from the Ensoft web site:
https://www.ensoftinc.com/doc/Ensoft Network License Installation Booklet.pdf

Alternatively, the document can be requested via email to support@ensoftinc.com

2.1.2.2 Silent Installations on Client Computers

For installation of network licenses on local client computers there is an option for command-

based installations that are completely silent (performed without other user input). Instructions

for silent installations on client computers can be downloaded from the Ensoft web site using the

following link:
https://www.ensoftinc.com/doc/Silent%20Install%200n%20Client%20Computers.pdf

Alternatively, the document can be requested via email to support@ensoftinc.com

2.1.3 Backup of Original Software

The distributed software may be copied for backup purposes. The program may be installed in
several computers at the same time. However, unless network licenses are purchased, the
program will only operate in the computer that carries the appropriate USB Key.

2.1.4 Software Updates on the Internet

Occasionally, ENSOFT will produce software improvements and/or fixes and place the latest
software programs on ENSOFT’s internet site. Users can check for available updates by selecting
“Help->Check for Updates” from the EnFEM menu. Software users may freely download the
latest program update from the “PRODUCTS->Downloads” link in the following site:
http://www.ensoftinc.com

2.1.5 Demonstration Mode

If the USB hardware lock is not plugged into the computer when the program is opened, then
EnFEM will operate in “Demonstration Mode”. This mode is generally used for prospective users
to perform simple testing in order to evaluate the program, as well as view the included
example files (containing both input and output data). Demonstration mode has several
limitations as noted below:

Model files cannot be saved.

Existing model files can be opened in demonstration mode, but the file is “read-
only”. Input data, mesh details, and results are visible, but changes cannot be
saved.

3. Analysis is limited to 500-nodes.

4. Only the User and Example Manuals are accessible.
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2.2 Getting Started

2.2.1 User Interface

The overall user interface of EnNFEM is shown in Figure 2-7, and is described in the following
sections.

mMenu bar——fi ¥

[ .

‘,D = 3 r.

toolbar .~
icons

working —— =
zone

T i .
‘ coordinate input box selection information
command information command prompt P coordinate of culsor

Figure 2-7: User interface of EnFEM

The user interface includes a “Menu Bar” with drop-down menus, as well as “Toolbar” with a
number of shortcut icons. The command associated with each shortcut icon can also be found
within the appropriate drop-down menu. Below the toolbar, is the “Working Zone”, in which users
will create geometric entities, make selections, view the mesh, as well as plot various results.
Below the working zone, is the “Information Panel”, that contains various interactive information
and prompts. When a command is being executed, the user will view and enter information in
the various areas of this information panel. This panel contains:

1. Command information — shown when mouse is held over a shortcut icon.
Command prompt — message display for execution of command operation
Coordinate input box — for user input during specific commands
Cursor coordinates — coordinate display changes with cursor movement

LA ol

Selection information - displays the number of selected geometry entities or FE
elements

In general, commands in EnFEM are executed in the following fashion:
1. Select command operation (either from drop down menu or shortcut icon).
2. Follow command prompt to make the appropriate selections, or input the desired
numerical data in the coordinate input box.
3. RIGHT-CLICK on the mouse, to follow additional prompts for finishing the
command operation.
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2.2.2 Working Modes in EnFEM

EnFEM has three fundamental modes: “CAD-mode”, “Mesh-mode”, and “Result-mode”. Working
in “CAD-mode” users will create/modify geometric entities, define analysis input parameters
(stages, boundary conditions, material properties, interactions, solver settings, etc.), define mesh
parameters, and generate the mesh. “Mesh-mode” lets users check, evaluate, or interact with the
generated finite element mesh. After the analysis is completed, “Result-mode” is used to perform
post-processing operations, and visualization of various results. In EnFEM, each mode will have
its own menu bar and toolbar icons.

2.2.3 Menu Bar Items

Primary menu items used in EnFEM are displayed in Figure 2-8. Note, that these options may
change slightly, based on which working mode is active.

File Edit View Create
New Ctri+M Undo Pan Vertex
Open... Redo Zoom Dynamic Line
Save Zoom Window Ctrl+w Arc
Copy
Save As... N i Zoom Extents Cirl+E v | Rectangle Region
1 EAEnFEM\model_3.5ep Edit Vertex Coordinate Ctrl+D [ Polygaon Region
2 EAEnFEM\model_2.sep Translate Ctrl+T ¥ | Global Axes Polygon from Lines/Arcs
3 EAEnFEM\madel_l.sep Delete v Grid
4 ENENFEM\..\cam_axial_CD2.sep Switch to Mesh Shift+M
Exit Switch to Result sShift+a
v - Show Vertex
v - Show LinefArc
¥ | - Shade Regian
Modify Tool Data Mesh
Divide Line/Arc by Intersection Set Tool ... Control Data ... Mesh Cantral ...
Merge Lines/Arcs Display Tool .. Stage Management .. Global Seed Control ...
Partition Edge of Region Material Properties ... Local Seed Control ... Ctri+L
Partition One Region by Line Material Assignment ... Run Mesh Generation
ME"QE Regions . Boundary Conditions ... Show Edge Division
Disassemble Region Boundary Assignment .. Show Seeds
Show Mesh Assignment
Interaction ..
Deactivate ...
Analysis Option Result
Analysis Setting ... Grid Space Stage Selection
Run Analysis Drawing Space Contour Plot ...
View Output File (.out) BER gt Calar Displacement Vector...
View Message File {.log) v Snap to Vertex XY Plot ...
v Snap to Midline Cutline ...
v Snap to Center Report Output
v Snap to Grid
Figure 2-8: Menu bar system in EnFEM
) .
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2.2.4 Toolbar Shortcut Icons

2.2.4.1 “CAD-mode” Toolbar Icons
Figure 2-9 shows the “CAD-mode” toolbar icons.

File Operation "CAD-Mode" Entity Selection  Switch to "Result-Mode" Hide/Show Control
D@l o¢lzoe]x4arx MR+ 2020 & 8EF
L | L J
| | |

Entity Creation Control Display of Entities  Switch to "Mesh-Mode"  740m control Snap Control

Figure 2-9: “CAD-mode” toolbar

2.2.4.2 “Mesh-mode” Toolbar Icons
Figure 2-10 shows the “Mesh-mode” toolbar icons. Note that these icons are different than those
seen in “CAD-mode”, and that some icons are disabled.

File O ti Control Display of FEEI t . " "
ile Operation Switch 1 "CAD-Mode” ontrol Display o emen Switch to "Result-Mode

0@ || ||Ti;;>mg>gﬂ| b R EE |

- T

FE Selection Zoom Control

"Mesh-Mode"

Figure 2-10: “Mesh-mode” toolbar

2.2.4.3 “Result-mode” Toolbar Icons
Figure 2-11 shows the “Result-mode” toolbar icons. Note that these icons are different than those
seen in “CAD-mode” and “Mesh-mode”, and that some icons are disabled.

File Operation Switch to "CAD-Mode”  "Result-Mode" Hide/Show Control

’ ‘ |
N& || MR = A B[#e 0E B b N
| |

Switch to "Mesh-Mode" ‘
Results Plot Zoom Control

Figure 2-11: “Result-mode” toolbar
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2.2.5 lcons

All icons used in EnFEM are listed as follows, along with their action. Note the differences
between “inactive”, and “active” icons.

O Create a vertex . Create a vertex (operation active)

Create a straight line (operation

v Create a straight line /s !
active)
I Create an arc f' Create an arc (operation active)
| Create a rectangle [T | Create a rectangle (operation active)
& Create a polygon ';} Create a polygon (operation active)
Switch to “CAD-mode” V4 “CAD-mode” activated
. “Show” vertices
a “Show” region edges

“Show” shading of regions

Select vertices Select vertices (selection active)

Select lines/arcs Select lines/arcs (selection active)

Gl B 21

Select regions Select regions (selection active)

Delete

EIEEAE- A

Switch to “Mesh-mode” M “Mesh-mode” activated

“Show” FE nodes

A “Show” FE edges

A “Show” shading of FE elements

pe Select FE nodes Select FE nodes (selection active)

Select FE edges Select FE edges (selection active)

Select FE elements Select FE elements (selection active)

Delete mesh

Switch to “Result-mode” R “Result-mode” activated

1= ® | *|¥

Contour plots

Vector plots

|

X-Y plots
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X-Y cutline-plot

+ |8

Pan-view | Pan-view (operation active)
% Zoom in/out 5”_ Zoom in/out (operation active)
Zoom-window i 1 | Zoom-window (operation active)

4

Zoom to extents

)
W

[ Reset view

.\ Display control

.k. “Show all” 2D objects

B Snap to vertex B | Snap to vertex (selection active)

’ Snap to midpoint # | Snap to midpoint (selection active)
® (Scr;?g;;)pjgsl:/rectangle) i+3 Snap to center (selection active)
k- Snap to grid BE Snap to grid (selection active)

New project

O
= Open existing project

Save project

User’s Manual (Rel. May/2019) EnFEM for Windows



CHAPTER 2 - Installation & Getting Started — 2-14

2.2.6 File System

A number of different files are generated when an analysis is created and performed in EnFEM.
These files are listed below, by their file extensions, and accompanied by a brief description:

1. *sep: model file including geometry definitions, materials, boundary conditions,
mesh and analysis controls, as well as other data.

*.fem: neutral mesh file.

*.gsp: results at Gaussian integration points in binary format.

*.log: log file to record information during an analysis.

*.dat: input file to nonlinear solver.

*.out: results output file in ASCIl format.

*.inr: history of load increments.

*.ctb: output of contact analysis in binary format.

® N s wN

2.2.7 General Workflow for FE-Analysis in EnFEM

In general, the following list outlines the workflow for creating and performing a FE-analysis using
EnFEM:

1. In “CAD-Mode”...
a. Set up working zone preferences (drawing space extents, grid size,
background color, etc.)
Create/modify geometric entities
Define set-groups (selection sets for assignments or display)
Define control data
Define stage data
Define and assign material properties
Define and assign boundary conditions

Sm 0 oo o

Define and assign interaction properties (if necessary)
Define mesh controls
i. General controls (element shape, element type, mesh type)

ii. Assign global seed control
iii. Assign local seed control (if necessary)
j.  Generate mesh
k. Setup solver controls (optional)
I.  Submit analysis to the solver
2. In “Result-mode”...
a. Use post-processing tools to visualize desired output (contours, X-Y Plots,
etc.)
3. If necessary, modify model and repeat analysis as needed.
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3.1 Global Coordinate System

EnFEM uses a Cartesian coordinate system. The horizontal direction is parallel to the X-axis and
the vertical direction is parallel to the Z-axis as shown in Figure 3-1. The positive Y-direction points
‘into’ the screen.

Figure 3-1: Global coordinate system in EnFEM

If the analysis type selected is “axi-symmetric”, then an orange, dashed vertical line will also be
displayed on screen at the symmetric axis, as shown in Figure 3-2.

axi-symmetric axis

Figure 3-2: Axi-symmetric axis display

Selecting "View->Global Axes", from the menu bar, will turn on/turn off the display of both the
global axis, and the axi-symmetric axis (if this analysis type is selected).

3.2 Creating Geometric Entities

Since EnFEM is a 2D finite element analysis software, geometric entities in EnFEM are limited to
two-dimensional objects (region), one-dimensional objects (line/arc), and zero-dimensional
objects (vertex). Simple 2D objects including rectangles and straight-edge polygons can be created
directly. Polygons containing curved edges can be created indirectly by converting from a series
of independent closed lines/arcs.

When creating geometry, it is important to understand that EnFEM contains independent or
dependent geometric entities — vertices/lines/arcs. What defines these entities as independent
or dependent is their associativity to a geometric region. Commands “create a vertex", "create a
line", and "create an arc" create independent entities, with no direct associativity to a region. In

general, the purpose of creating independent lines/arcs is to build a general polygon indirectly, or
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to create an auxiliary line for editing/modifying operations. Independent lines/arcs are always
displayed in blue so that they are easily identified. Commands "create a rectangle"” and "create a
polygon" directly create regions which contain dependent entities. A general polygon converted
from series of lines and arcs is also considered to contain dependent entities. Vertices, lines, and
arcs of a region are dependent when they are part (“children”) of a region entity (“parent”).
Dependent lines, and arcs will be shown as grey in color. Boundary conditions and mesh controls
can only be applied to dependent entities in EnFEM.

In general, it is good practice for the user to think about in advance; what type of boundary
conditions are present and where/how they will be applied, any specific mesh refinement
requirements, and what type of results are necessary, as these may all affect how the geometry
is created. For example, perhaps an extra vertex is necessary along a region edge in order to apply
point displacements at a specific location, or modelling the centerline of region is necessary to
easily define results at that location. Material properties and boundary conditions are assigned to
regions or region edges/vertices, respectively. Finite element meshes are generated on region
objects only.

Therefore, a valid model should contain only 2D regions and should have no independent vertices,
lines, and/or arcs.

3.2.1 Vertex

Vertices are fundamental entities with zero dimensions. They are the endpoints of a line/arc, or
the corner of a region. In EnFEM, creation of 1D and 2D objects always creates vertices
automatically. Therefore, an independent vertex is seldom used. Sometimes, they can be used as
geometry reference points to build a complicated polygon, but in this case, should be deleted
before mesh generation. If an independent vertex occupies the same position as a dependent
vertex of a region, errors may occur when applying boundary conditions, as they may be
inadvertently applied to the independent vertex.

In EnFEM, vertices are distinguished from finite element nodes.
There are two methods to create a vertex in EnFEM:

3.2.1.1 Creation with Mouse

With EnFEM open, click / to switch to “CAD-mode” if necessary. Click the * icon on the
toolbar to activate the vertex creation tool. In the information panel, the command prompt “Input
new vertex” will be displayed. Move the mouse cursor to a desired location in the working zone
and LEFT-CLICK. An independent vertex will be created and displayed in yellow color.

To create a vertex with the mouse, in a more precise fashion, a “snap” technique can be used. In
this case the user can press and hold the CTRL key, in order to “snap” to a specific point (controlled
by toolbar icons), and then LEFT-CLICK to create the vertex. More on this “snap” technique is
discussed in Section 3.2.7 of this manual, as well as in the Example Manual.
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NOTE: Caution should be used when using the “snap” technique to create vertices, as not to
create redundant vertices as mentioned in Section 3.2.1. In general, it is not recommended to
create independent vertices unless necessary, and care is used to remove them before analysis.

3.2.1.2 Creation with Coordinate Input Box
Alternately a vertex can be created by defining its coordinates directly. With EnFEM open, click

! to switch to “CAD-mode” if necessary. Click the * icon on the toolbar to activate the vertex

creation tool, and note that the command prompt displays the message “Input new vertex”. Click
the coordinate input box under the working zone and key in X and Z-coordinates as shown in
Figure 3-3. Note, that there is a “comma” used to separate the X and Z-coordinates. Press ENTER
to create this vertex at the specified position.

Input new vertex : [25.4,12 ]

Figure 3-3: Using coordinate input box to create a vertex

3.2.2 Line

Lines are one-dimensional geometric entities with two end vertices, and are always straight in
EnFEM. Independent lines are displayed in a blue color. Dependent lines are displayed in a grey
color, slightly lighter than that of their parent region entities.

Two methods are available in EnFEM to create a line:

3.2.2.1 Creation with Mouse

With EnFEM open, click / to switch to “CAD-mode” if necessary. Click the 4 icon on the
toolbar to activate the line-creation tool. In the information panel, the command prompt “Input
start vertex of line” will be displayed. Move the mouse cursor to the desired location in the
working zone and LEFT-CLICK to create the line-start vertex. A dashed line in cyan color (for the
default black background of the working zone), or in red color (if working zone has white
background) is displayed and follows the mouse as a preview of the line creation. Notice in the
information panel, the command prompt “Input end vertex of line” is now displayed. Move the
mouse cursor to the desired location of the line endpoint and LEFT-CLICK. A newly created line
will be displayed on screen in blue color. Click the right mouse button and select "End Line
Creation" to terminate the line creation command.

NOTE: Line creation in EnFEM is continuous, so unless the line creation operation is terminated
as described above, additional lines can be continuously created from the endpoint of the
previous line.
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To create a line with the mouse in a more precise fashion, a “snap” technique can be used. In this
case the user can press and hold the CTRL key, in order to “snap” to a specific point (controlled
by toolbar icons), and then LEFT-CLICK to create the vertex of the line. More on this “snap”
technique is discussed in Section 3.2.7 of this manual, as well as in the Example Manual.

3.2.2.2 Creation with Coordinate Input Box

With EnFEM open, click ! to switch to “CAD-mode” if necessary. Click the 4 icon on the
toolbar to activate the line creation tool, and note that the command prompt displays the
message “Input start vertex of line”. Click the coordinate input box under the working zone and
key in the X and Z-coordinates as shown in Figure 3-4. Press ENTER to create the line start vertex.

If the mouse cursor is moved outside of the coordinate input box, after this entry, a dashed cyan
line will be displayed on screen just as in the first method. Notice the command prompt now
displays the message “Input end vertex of line”. Key in the desired coordinate of the end vertex
and press ENTER. Click the right mouse button and select "End Line Creation" to terminate the
line creation command.

Input start vertex of line : (0,0 ]

Figure 3-4: Using absolute coordinates to create start vertex of a new line

NOTE: When keying in coordinates of the end vertex, there are two options: input as an absolute
coordinate, or input as a relative coordinate. The format of absolute X and Z-coordinates is the

desired coordinate numbers separated by a “comma”, as seen in Figure 3-4. The format of a
relative coordinate input is displayed in Figure 3-5, where the X and Z-coordinates are wrapped

by a pair of square brackets [ x,z ]. This input specifies that the line endpoint will be placed at a
location ‘relative’ to the line start. In this example (Figure 3-5), the line endpoint is created at a
position “100-units’ away from the line start vertex in both the positive-X and positive-Z directions.

Input end vertex of line: ([100,100] ]

Figure 3-5: Using relative coordinates to create line end-vertex

Both methods of line creation can be combined freely. Each time users create a new line-vertex;
a prompt message will be displayed in front of the coordinate input box to remind users whether
the line-start or line-end is currently being created.
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Users may press ESC to terminate the current line creation operation. However, the line creation
icon will still be active, until manually deactivated.

3.2.3 Arc

An arc is a one-dimensional geometric entity which has three vertices - the center, the arc-start,
and the arc-end — and always created in that sequence in EnFEM. Additionally, in EnFEM, arcs are
always created in the counterclockwise direction. The color scheme for arcs is similar to that for

lines: the blue color represents an independent arc, and the grey color represents a dependent
arc which is part of a 2D region.

Two methods are available to create an arc in EnFEM:

3.2.3.1 Creation with Mouse

With EnFEM open, click / to switch to “CAD-mode” if necessary. Click the ' icon on the
toolbar to activate the arc-creation tool. In the information panel, the command prompt “Input
center vertex of arc” will be displayed. Move the mouse cursor to the desired location in the
working zone and LEFT-CLICK to create the arc center-vertex. A dashed line in cyan color (for the
default black background of the working zone), or in red color (if working zone has white
background) is displayed to preview the position of the arc start-vertex. Notice in the information
panel, the command prompt “Input start vertex of arc” is now displayed. Next, move the mouse
cursor to the desired location and LEFT-CLICK to create the arc start-vertex. A dashed arc is now
visible as seen in the middle image of Figure 3-6. Finally, notice in the information panel, the
command prompt “Input end vertex of arc” is displayed. Move the mouse again, in the
counterclockwise direction, and LEFT-CLICK for a third time to create the arc end-vertex and finish
the arc creation.

To create an arc with the mouse, in a more precise fashion, a “snap” technique can be used. In
this case the user can press and hold the CTRL key, in order to “snap” to a specific point (controlled
by toolbar icons), and then LEFT-CLICK to create the vertex of the line. More on this “snap”
technique is discussed in Section 3.2.7 of this manual, as well as in the Example Manual.

NS 4
Ds‘ - 4
. .
]
.
.
.
.

Figure 3-6: LEFT-CLICK three times to create an arc with the mouse

3.2.3.2 Creation with Coordinate Input Box

With EnFEM open, click / to switch to “CAD-mode” if necessary. Click the ' icon on the
toolbar to activate the arc-creation tool and note the command prompt displays the message
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“Input center vertex of arc”. Click the coordinate input box under the working zone and key in
the X and Z-coordinates as shown in Figure 3-7.

Input center vertex of arc: [250,300 ]

Figure 3-7: Key-in absolute coordinates of an arc center

Press ENTER to create this point as the arc center-vertex. Notice that the command prompt now
displays the message, “Input start vertex of arc”. Next, key in the desired absolute coordinates
of the arc start-vertex and press ENTER. Notice that the command prompt now displays the
message, “Input end vertex of arc”. Finally, key in the desired absolute coordinates of the arc
end-vertex and press ENTER to finish drawing the arc.

Alternatively, relative coordinates can be used for creating the arc start-vertex, as seen in Figure
3-8.

Input start vertex of arc: [[200,0] ]

Figure 3-8: Key in relative coordinates to create the arc start vertex

Here [200, 0] represents that the arc start-vertex will be created 200-units’ away from the arc

center-vertex in the positive X-Direction.

The arc end-vertex can also be created using relative coordinates as shown in Figure 3-9. Note
that the relative coordinate input for the arc end-vertex has a different definition from that of the
arc start-vertex. Here, [200,45] represents the arc radius of 200-units’, and the arc-angle of
‘45-degrees’ (counterclockwise).

Input end vertex of arc: [[200,45] ]

Figure 3-9: Key in arc angle to create arc end vertex

Both methods of arc-creation can be combined freely. Some useful tips are as follows:

1. Arcs are always created in the counterclockwise direction.
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2. Using the ‘snap-method’ to create the arc-end vertex at an existing vertex of
another entity is applicable. However, if the existing vertex does not locate
exactly on the arc path, the arc end-vertex may not be created at the expected
location (will be created on arc-path).

3. Pressing the ESC key after the first click will cancel the current arc-creation
operation. Pressing the ESC key after the second click will cancel the arc start-
vertex and wait for a new input for the arc start-vertex.

4. A closed circle should be created by combing two or more arcs.

3.2.4 Rectangle

A rectangle is a type of two-dimensional object, and is determined by two diagonal vertices, as
modeled in EnFEM. Two methods are available to create a rectangle:

3.2.4.1 Creation with Mouse

With EnFEM open, click ! to switch to “CAD-mode” if necessary. Click the = icon on the
toolbar to activate the rectangle-creation tool. In the information panel, the command prompt
“Input start vertex of rect.” will be displayed. Move the mouse cursor to the desired location in
the working zone and LEFT-CLICK to create the first rectangle-vertex. A dashed line in cyan color
(for the default black background of the working zone), or in red color (if working zone has white
background) is displayed to preview the rectangle creation, as seen in Figure 3-10. Notice in the
information panel, the command prompt “Input end vertex of rect.” is now displayed. Next, move
the mouse cursor to the desired location of the opposite corner of the rectangle and LEFT-CLICK
to finish the rectangle creation.

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

Figure 3-10: Create a rectangle with the mouse (white background)

3.2.4.2 Creation with Coordinate Input Box

With EnFEM open, click / to switch to “CAD-mode” if necessary. Click the = icon on the
toolbar to activate the rectangle-creation tool, and note that the command prompt displays the
message “Input start vertex of rect.”. Click the coordinate input box under the working zone and
key in the desired X and Z-coordinates — ““0,0” for example. Press ENTER to create the first
diagonal vertex. Notice the command prompt now displays the message “Input end vertex of
rect.”. Next, key in as second set of X and Z-coordinates — “200, 100" for example — and press
ENTER. The rectangle has now been created using absolute coordinate input.

NOTE: Alternatively, relative coordinates may be used for the second vertex, wrapping the input
coordinates in a pair of square brackets [ x,z ]. This input specifies that the second vertex will be
placed at a location ‘relative’ to the first — therefore using the width, and height of the rectangle.
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Both methods of line creation can be combined freely. Pressing the ESC key before the second
vertex will cancel the current rectangle creation operation.

3.2.5 Simple Polygon

A simple polygon is a type of two-dimensional object, and is created by connecting a series of
vertices sequentially with straight lines. The minimum number of edges for a simple polygon is
three (a triangle). There is no limitation on the maximum number of edges.

Two methods are available to create a simple polygon in EnFEM:

3.2.5.1 Creation with Mouse

With EnFEM open, click ! to switch to “CAD-mode” if necessary. Click the & icon on the
toolbar to activate the polygon-creation tool. In the information panel, the command prompt
“Input start vertex of polygon” will be displayed. Move the mouse cursor to a desired location in
the working zone and LEFT-CLICK to create the first polygon-vertex. A dashed line in cyan color
(for the default black background of the working zone), or in red color (if working zone has white
background) is displayed to preview the polygon creation, as seen in Figure 3-11. Notice in the
information panel, the command prompt “Input next vertex of polygon” is now displayed. Repeat
this step and LEFT-CLICK to pick as many additional vertices as desired for the polygon (greater
than 3). RIGHT-CLICK and select "Close Polygon" when finished, to terminate the polygon
creation command.

To create a polygon with the mouse in a more precise fashion, a “snap” technique can be used.
In this case the user can press and hold the CTRL key, in order to “snap” to a specific point
(controlled by toolbar icons), and then LEFT-CLICK to create the vertex of the polygon. More on
this “snap” technique is discussed in Section 3.2.7 of this manual, as well as in the Example
Manual.

NOTE: If the first vertex is created by “snapping” to an existing vertex or a grid point, users may
close the current polygon by “snapping” to the first vertex again.

Figure 3-11: Create a polygon with the mouse

If the ESC is pressed before creating the second vertex, the current polygon creation operation
will be terminated. Otherwise, the latest vertex creation will be canceled.
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3.2.5.2 Creation with Coordinate Input Box

With EnFEM open, click / to switch to “CAD-mode” if necessary. Click the Q icon on the
toolbar to activate the polygon-creation tool, and note that the command prompt displays the
message “Input start vertex of polygon”. Click the coordinate input box under the working zone
and key in the desired X and Z-coordinates — ““0, 0" for example. Press ENTER to create the first
polygon vertex. Notice the command prompt now displays the message “Input next vertex of
polygon”. Next, key in a second set of X and Z-coordinates, using either absolute or relative ([ x,z
1) coordinates, and press ENTER to create a second vertex. Repeat this process until the desired
number of vertices has been created. When all polygon vertices are created, users may close the
polygon by inputting the exact coordinates of the first vertex again, or by clicking the right mouse
button and selecting “Close Polygon”.

Both methods can be freely combined to create polygon vertices.

3.2.6 General Polygon

General polygons are different from simple polygons because they can include curved edges
(arcs). Some examples of general polygons are shown in Figure 3-12.

Figure 3-12: Examples of general polygons

Unlike previous procedures to create a simple polygon, a general polygon is generated indirectly.
General polygons are created from a series of closed, ‘head-toe’ connected lines and arcs, and
then converted into a region with a simple operation. A general polygon with fan shape is used
here as an example to illustrate the procedures. This fan object has two arcs and two straight lines
as shown in Figure 3-13.

The basic procedures are shown below using object creations previously described. More detail
can be found in the context of a full tutorial example in Example 1 - Thick cylinder subject to
internal pressure, of the Example Manual.

1. Create two-arcs —an inner and outer — with the same center. The arc lengths are
arbitrary.

2. ‘Close’ the arcs by creating two lines connecting the endpoints of the arcs, as seen
in Figure 3-13.

3. From the menu bar, select "Create->Polygon from Lines/Arcs"

a. Notice that the line selection icon, ® kS , is automatically
activated.

User’s Manual (Rel. May/2019) EnFEM for Windows



CHAPTER 3 - Creating & Editing Geometric Entities — 3-11

Holding the SHIFT key, LEFT-CLICK to select all four lines/arcs, and release the
SHIFT key when complete. RIGHT-CLICK and select “End Selection” from the
popup menu.

Once complete a closed region will have been created as shown in Figure 3-13.

Figure 3-13: Convert arcs and lines to a general polygon

Some useful tips for creating general polygons, are as follows:

1.

If selected arcs/lines do not form a closed region, an error message dialog box
will appear when the command is executed. If this occurs, check line/arc
intersections carefully, and delete and recreate lines/arcs as necessary.
Independent lines/arcs are shown in blue. After being converted to a new general
polygon, these lines/arcs become parts of the new general polygon and are no
longer independent. Their colors are changed to grey to indicate dependence.
Dependent lines/arcs cannot be used to create another general polygon. If two
general polygons share one edge, these two general polygons should be created
by the following procedures:

a. create edge segments of the first polygon

b. select them and convert to the first general polygon

c. create ALL edges for the second polygon, even if one or more edges
overlap with edges from the first polygon.

d. select newly created lines/arcs and convert them to the second general
polygon (only independent line/arcs will be recognized in the conversion
operation).

The minimum number of edges for common general polygon shapes is as follows:

a. Triangular region —three lines,

b. Pie-shaped region - one arc and two lines,

c. Circular region — two arcs

By default, a region entity will render its edges and shaded internal area. For a
curved region, arcs are rendered as short line segments on screen. If viewed in
great detail, gaps may be visible between a shaded area and a curved boundary.
This is a normal occurrence.

Lines/arcs should be ‘head-toe’ connected. Line/arc segments cannot be
intersected, otherwise an invalid, entangled geometry is created. Some examples
of invalid geometries are shown in Figure 3-14.
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Figure 3-14: Invalid geometries for a general polygon

3.2.7 Snap-Methods

“Object snap” is a built-in feature of ENFEM to aid with geometry creation. This feature will allow
users to place a vertex of the geometry at an exact point, while the geometry is being created.

“Snap-to” options in ENFEM are as follows, and controlled by icons () on the
toolbar.

1. An existing vertex
2. End/midpoint/Center-point of a line or arc
3. Grid intersections

In order to activate the “Snap” capability, the appropriate icon should first be active (see Section
2.2.5). While holding down the CTRL key, move the mouse cursor to the appropriate location,
until the snap-icon appears. With the snap-icon visible click the left mouse button to create the
vertex at that exact location.

Figure 3-15 shows the “vertex” snap-icon visible during the creation of a new line. In this case the
start-vertex of the new line is “snapped” to the corner vertex of an existing rectangle.

A
pal
Figure 3-15: Snap to the corner of a rectangle when create a new line

This manual, as well as the EnFEM Example Manual will go on to refer to this technique
throughout this document, as the ‘snap method’. Alternatively, it also may mention ‘snap to ...’
with some geometric reference, as in ‘snap to the bottom-right vertex'.

3.3 Selecting Geometric Entities

3.3.1 Selection Types

Many operations involve selection of geometric entities. Since three entity types are available in
EnFEM, selection operations have three corresponding types: selection of vertices, selection of
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lines/arcs, and selection of regions. Selection icons m are placed on the toolbar and
control the selection of each specific entity. Before using the mouse to select any geometric
entity, the corresponding selection icon should be activated. For example, in order to select a

region edge, click to activate the line/arc selection icon and make sure the others are deactivated

- as shown here, ® 12, Otherwise, if an unwanted entity is selected (in this case a vertex)
when it should not be, errors may result. Many editing/modifying commands in EnFEM will
activate correct selection icons automatically. Occasionally however, the user may need to
activate/deactivate one or more selection icons manually.

The following details the selection graphics (as seen in Figure 3-16):
1. Vertex - Red circle will be displayed around the selected vertex.
2. Line/arc — Selected lines/arc with be highlighted in red.
3. Region - Selected regions with be highlighted in cyan.

NOTE: To clear the current selection set, make sure the corresponding selection icon is activated
and LEFT-CLICK the mouse on a blank area of the screen.

/

Figure 3-16: Selection of geometry entities: vertex, line/arc, and region

3.3.2 Selection options

There are two options for selecting operations — “click to select”, or using a selection window —
both of which will be discussed in the following sections.

3.3.2.1 Click to Select

The first selection option simply requires the user to Left-Click on the desired entity (vertex, line,
etc.), to select it. If multiple objects are to be selected, then the user may hold the SHIFT key and
select by LEFT-CLICK, the desired geometric entities one by one in succession. If an erroneous
selection is made, while holding the SHIFT key, simply reselect the undesired object to remove it
from the selection set.

This approach is useful if only a small number of selections is necessary.
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3.3.2.2 Selection Windows

The second, and perhaps more convenient method, is to use a selection window. Two options are
available for selection windows — “contained”, and “crossing”. Consider the “fan shaped”
geometry in Figure 3-16 for the following sections.

3.3.2.2.1 Contained Selection Window

For “contained” selection, first move the cursor towards the bottom left corner of the geometry
(a point at which all segments will be contained in a selection box). With the desired selection
icon active, now click and hold the left mouse button, and move the cursor towards the top
righthand corner of the display. A green selection window with solid edges is displayed on screen
during this operation. When the selection window contains all four line/arc entities, release the
mouse button to finish the operation.

3.3.2.2.2 Crossing Selection Window

Alternately, for a “crossing” selection, move the cursor to the upper right corner of the geometry.
With the desired selection icon active, next, click and hold the left mouse button and drag the
mouse cursor to the lower left direction. This will generate a crossing selection window, shown
with yellow, dashed edges. All entities that intersect with the crossing window, and those that are
inside it, are selected upon releasing the mouse button.

3.4 Editing Geometric Entities

The following editing operations are contained in EnFEM: "Copy to", "Mirror to", "Edit Vertex
Coordinate", and "Translation", and are described below. More detail can be found for these
operations in the context of full tutorial examples, in the included Example Manual.

3.4.1 CopyTo

The “copy to” function is used to generate identical geometric entities at a different position.
Source objects should be independent entities such as independent vertices, independent
lines/arcs, or regions. Dependent geometric entities cannot be copied. If the source object is a
region to which a material type has been assigned, then this material assignment will also be
copied. However, boundary conditions and contact/interaction definitions are not copied to the
new region entity.

Procedures to perform the operation are as follows:

1. Click / to switch to “CAD-mode” if necessary.
2. Onthe menu bar, click "Edit->Copy to",

a. All selectionicons [ .@] ’&I IS will be activated automatically.
b. On the bottom toolbar, below the working zone, the following command
prompt is displayed - "Select geometry entities to copy".
3. Select the desired independent entities to copy.
4. RIGHT-CLICK and select "End Selection" from the popup menu.
a. NOTE: Clicking "Cancel" will terminate the current “copy to” operation.
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5. A dialog box will open for defining an auxiliary line as the copy reference (Figure
3-17). Key in the start and end coordinates of the auxiliary line.

a. Since only the difference of the X and Z-coordinates is of interest, inputs
can be arbitrary values. For example, enter in a start point of “0,0”” and
an ending point of ““0,100”". This copies the object, 100-units in the
positive Z-direction

Input auxiliary line @

Start point of auxiliary line

x= z=
End point of auxiliary line

X= =

[ OK H Cancel I

Figure 3-17: Definition of auxiliary line as the copy reference

6. Click "OK" to close the dialog and complete the copy operation. The location of
copied objects is the position of the source objects plus the shift of the auxiliary
line.

a. If "Cancel" is clicked instead of “Ok”, current copy operation will be
terminated.

NOTE: This operation will activate all three selection icons automatically. The user may turn off
unnecessary selection icons manually.

3.4.2 Mirror To

The “mirror to” function is used to copy geometric entities ‘mirrored’ about a reference line.
Source objects should be independent entities such as independent vertices, independent
lines/arcs, or regions. Dependent geometric entities cannot be mirrored. If the source object is a
region to which a material type has been assigned, then this material assignment will also be
copied. However, boundary conditions and contact/interaction definitions are not copied to the
new region entity.

Procedures to perform the operation are as follows:

1. Click / to switch to “CAD-mode” if necessary
2. Onthe menu bar, click "Edit->Mirror to".

a. All selectionicons [ .@] ’&I 5 will be activated automatically.
b. On the bottom toolbar, below the working zone, the following command
prompt is displayed - "Select geometry entities to mirror".
3. Select the desired independent entities to mirror.
4. RIGHT-CLICK and select "End Selection" from the popup menu.
a. NOTE: Clicking "Cancel" will terminate the current “mirror to” operation.
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A dialog box will open for defining an auxiliary line as the mirror axis (Figure 3-17).
Key in the start and end coordinates of the auxiliary line.
Click "OK" to close the dialog and complete the mirror operation. Source and
mirrored objects are symmetrical about the auxiliary line.
a. If "Cancel" is clicked instead of “Ok”, current mirror operation will be
terminated.

NOTE: This operation will activate all three selection icons automatically. The user may turn off

unnecessary selection icons manually.

3.4.3 Edit Vertex Coordinate

This operation is used to relocate one or more independent or dependent vertices to new

positions. If the selected vertices belong to a region, only the selected vertices are relocated. This

operation does not change the material assighment, boundary conditions, or contact interface

definitions assigned to the region.

Procedures to perform the operation are as follows:

1
2
3.
4

Click / to switch to “CAD-mode” if necessary
On the menu bar, click "Edit->Edit Vertex Coordinate".

Make sure that only the vertex selection icon E 4~ R is activated.
On the bottom toolbar, below the working zone, the following command prompt
is displayed - "Select vertex entities to edit coordinates".
Select the desired vertices to edit.
RIGHT-CLICK and select "End Selection" from the popup menu.

a. NOTE: Clicking "Cancel” will terminate the current “mirror to” operation.
A dialog window will open, as shown in Figure 3-18. Check the appropriate option
"Apply to X" and/or "Apply to 2", and input the desired new coordinates in the
input box(es).
Click “OK” to close the dialog and complete vertex relocation.

a. If "Cancel" is clicked instead of “Ok”, current mirror operation will be

terminated.

e ~
Edit Vertex Coordinate @

[ apply to X [ apply to Z

Figure 3-18: Edit vertex coordinates
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NOTE: This operation relocates selected vertices and changes the region topology. Sometimes this
operation may result in an inverted region direction or entangled topology. In EnFEM, all region
objects use a counterclockwise direction for boundary condition assignment and mesh-seed
control. If the direction of a region is inverted, switching to clockwise, issues will be encountered
during boundary condition assignment and mesh generation. Users should be aware of the
possibility of inverted region direction when editing vertices. Figure 3-19, show two instances
which should be avoided — crossing geometry and clockwise directions — when editing vertices.

Additionally, relocating more than one selected vertex may generate redundant vertices and zero-
length line segments if both of the options "Apply to X" and "Apply to Z" are checked, and also
should be avoided.

vertex edit creates
crossing geometry

vertex edit creates
'clockwise" direction

Figure 3-19: Cases to avoid when editing vertex coordinates

3.4.4 Translate

This operation is used to move geometric entities (independent vertices, independent lines/arcs,
and/or regions) by the distance provided by the user. The operation does not change the material
assignment, boundary conditions, or contact interface definitions assigned to the region.

Procedures to perform the operation are as follows:

1. Click ! to switch to “CAD-mode” if necessary
2. On the menu bar, click "Edit->Translate to".

a. All selectionicons .Rl ’&l 5 will be activated automatically.
b. On the bottom toolbar, below the working zone, the following command
prompt is displayed - "Select geometry entities to translate"
3. Select the desired independent entities to copy.
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4. RIGHT-CLICK and select "End Selection" from the popup menu.
a. NOTE: Clicking "Cancel" will terminate the current “translate to”
operation.
5. Adialog window will open, as shown in Figure 3-20. Key in the desired translation
values for the X and Z-directions.
6. Click “OK” to close the dialog and complete the translation operation.
a. If"Cancel"is clicked instead of “Ok”, current translation operation will be

terminated.

Translate Objects Iﬁ

x translation

z translation

| Cancel
o

Figure 3-20: Translate objects

NOTE: This operation will activate all three selection icons automatically. The user may turn off
unnecessary selection icons manually.

3.4.5 Delete

This operation is used to delete independent vertices, independent lines/arcs, regions, or one
dependent vertex of a region. Vertices of independent lines/arcs, and dependent lines/arcs of a
region cannot be deleted.

If one or more regions are deleted, this operation may have an influence on material assignments,
boundary condition assighnments, contact interface definitions, and mesh generation, among
other input data. Users should check all relevant assignments and definitions carefully to maintain
data integrity before running the analysis.

If one dependent vertex of a region is deleted, its parent region will be updated based on two
different situations:

1. If two arcs intersect at the deleted vertex and these two arcs belong to the same
circle, a new arc will replace these two arcs. Following the counterclockwise
direction, the new arc begins from the start vertex of the front arc and ends at
the end vertex of the back arc.

2. Lines/arcs intersecting at the deleted vertex will be replaced by a new line. This
line will connect the ends of the deleted lines/arcs directly.

If there are two vertices at a common corner of two adjacent regions, it is recommended to hide
one region before performing the delete operation on the desired vertex. In this scenario it is
also recommended to reference Section 3.6 for valid geometric configurations.
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Procedures to perform the operation are as follows:

1. Click / to switch to “CAD-mode” if necessary
2. On the menu bar, click "Edit->Delete".

a. All selectionicons [ .R] ﬁl 5 will be activated automatically.
On the bottom toolbar, below the working zone, the following command
prompt is displayed - "Select geometry entities to delete".
c. Additionally, a warning message window will appear, as shown in Figure
3-21. User’s may check the “Do not display...” option if desired. Click
"Close" to close the warning message window.
3. Select the desired entities to delete.
4. RIGHT-CLICK and select "End Selection" from the popup menu to complete the
operation.

a. NOTE: Clicking "Cancel"” will terminate the current “delete” operation.

Warning Message ﬁ

Warning:

Deleting geometry entities may change region topology. Corresponding
boundary condition, contact interface and finite element mesh may
be deleted.

["] Do not display this message again

Figure 3-21: Warning message for deleting operation
3.4.6 Undo/Redo

The "Undo" operation provides users with a convenient way to cancel the /atest editing/modifying
operation, which includes those operations located on the menu bar under "Edit" and "Modify"

drop-down menus. The "Redo" operation can recover an editing/modifying operation canceled
by the "Undo" command.

Note that the following limitations exist:
1. Creation operations do not have undo/redo options.

2. Operations under the "Data”, "Mesh" and "Analysis" drop-down menus do not
have undo/redo options.

3. Undo/redo will only occur for the last operation completed.

Procedures to perform the operation are as follows:

1. Click / to switch to “CAD-mode” if necessary
2. On the menu bar, click "Edit->Undo".
a. Forthe “Redo” command, select "Edit->Redo".

User’s Manual (Rel. May/2019) EnFEM for Windows



CHAPTER 3 - Creating & Editing Geometric Entities — 3-20

3.5 Modifying Operations

V4 ”

Modifying operations are available in EnFEM to “divide”, “merge”, “partition”, and/or
“disassemble” existing independent geometric entities. The following sections details these
operations.

3.5.1 Divide Line/Arc by Intersection

This operation is used to divide: two intersecting lines, two arcs, or one line and one arc. Note
that these lines/arcs must be independent entities.

Procedures to perform the operation are as follows:

Click ! to switch to “CAD-mode” if necessary.
On the menu bar, click "Modify->Divide Line/Arc by Intersection".
Select the desired geometric entities.
RIGHT-CLICK and select "End Selection" from the popup menu to complete the
operation.
a. NOTE: Clicking "Cancel” will terminate the current “divide” operation.

el S .

The procedure is illustrated in Figure 3-22. The left image shows the two ‘source’ lines before
being divided. The middle image shows the selected lines. The right image shows the verification
of the division operation. In this example, two independent lines are divided into four
independent lines, at their intersection point.

< L L

Figure 3-22: Divide independent lines/arcs by intersection

3.5.2 Merge Lines/Arcs

This operation is used to merge two-line segments, or two-arc segments into one. These line or
arc segments can be independent or dependent entities. If two lines are merged, a new line will
be created connecting the outer vertices of the source lines. If two arcs are selected to be merged,
these arcs must belong to the same circle.

The procedure to perform the line/arc merging operation is detailed as follows:

Click ! to switch to “CAD-mode” if necessary

On the menu bar, click "Modify->Merge Lines/Arcs".

Select the desired geometric entities.

RIGHT-CLICK and select "End Selection" from the popup menu to complete the

il L

operation.
a. NOTE: Clicking "Cancel" will terminate the current “merge” operation
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The procedure is illustrated in Figure 3-23. The left image shows three-line segments, of which
the left two will be merged. The merged line segment is shown in the right image in Figure 3-23.

" "
" " //

Figure 3-23: Merge line segments

NOTE: This operation will merge two lines or two arcs only and is valid for both independent and
dependent entities. Lines/arcs to be merged should be ‘head-toe’ connected.

3.5.3 Partition Edge

This operation is used to partition (divide) one or more region-edges with an auxiliary line. Extra
vertices will be inserted at intersections between region edges and the auxiliary line. Users first
need to create an independent line entity that will be used as the auxiliary line. After the partition
operation, the auxiliary line is automatically deleted.

Procedures to perform the operation are as follows:

1. Click / to switch to “CAD-mode” if necessary.
2. Create an aukxiliary line which intersects with the desired region edge.
On the menu bar, click "Modify->Partition Edge of Region".

a. Make sure the line selection icon, ® % is activated.
4. Select the auxiliary line and region-edge.
5. RIGHT-CLICK and select "End Selection" from the popup menu to complete the
operation.
a. NOTE: Clicking "Cancel” will terminate the current “partition” operation.
b. NOTE: If the auxiliary line is not provided, a window will open to allow the
user to key-in the coordinates of the auxiliary line, as shown in Figure
3-17.
6. Verify that source edges are partitioned appropriately.
a. NOTE: The auxiliary line will be deleted automatically.

This procedure is illustrated in Figure 3-24.
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1: determine source edges 2:create an auxiliary line
3:select auxiliary line and edges 4: edges partitioned

Figure 3-24: Partition Edge of Region
3.5.4 Partition Region by Line

This operation is used to partition (divide) one region into two separate regions with an auxiliary
line. This operation requires that vertices of the auxiliary line be located on an edge of the source
region. If there are no appropriate vertices available, the user may need partition the edges of the
region using previously described methods. Additionally, after the partition, the newly generated
regions must have at least three edges (triangle).

Procedures to perform the operation are as follows:

Click / to switch to “CAD-mode” if necessary.
Create an auxiliary line using two vertices on the region.
3. Onthe menu bar, click "Modify->Partition One Region by Line".

a. Make sure that both the line and region selection icons, ® , are
activated.
4. Select the auxiliary line and region.
5. RIGHT-CLICK and select "End Selection" from the popup menu to complete the
operation.

a. NOTE: Clicking "Cancel” will terminate the current “partition” operation.
6. Verify that the source region is partitioned.

a. NOTE: The auxiliary line will be deleted automatically.

These steps are illustrated in Figure 3-25.
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notice existing vertices

A

1. choose region to be partitioned 2. create an auxiliary line

—

3. select the auxiliary line and region 4. sourceregion is partitioned

Figure 3-25: Partition one region by an auxiliary line

3.5.5 Merge Regions

This operation is used to merge two or more neighboring regions. This operation requires that
source regions have at least one common edge (matching dependent line and vertices — see Figure
3-26). After the merging operation, original material assignments are not inherited by the new
region, but boundary conditions and contact interfaces assigned to edges other than the common
edge will be copied to the new region.

Procedures to perform the operation are as follows:

Click / to switch to “CAD-mode” if necessary.
On the menu bar, click "Modify->Merge Regions".

a. Make sure that the region selection icon, R A& , is activated.
3. Select the desired regions
4. RIGHT-CLICK and select "End Selection" from the popup menu to complete the
operation.
a. NOTE: Clicking "Cancel" will terminate the current “merge” operation.
5. Verify that the source regions are merged appropriately.

User’s Manual (Rel. May/2019) EnFEM for Windows



CHAPTER 3 - Creating & Editing Geometric Entities — 3-24

Non-Commaon Edges (note the vertices)

B~ NGB
A< SNA

Common Edges (note the vertices)

Figure 3-26: Examples of Common Edges for Merge Region

3.5.6 Disassemble regions

This operation disassembles one or more regions into a series of lines and arcs. Therefore, it is the
reverse operation of generating a general polygon from lines/arcs. This operation provides users
the maximum flexibility to modify geometric entities based on existing analysis models. However,
after disassembly, all originally assigned material properties, boundary conditions, and contact
interface definitions, etc., associated with the disassembled region will be lost. Local mesh control
data on each individual line/arc segment may be preserved.

NOTE: For two neighboring regions with one common edge, the common edge between the
regions includes two dependent line/arc segments. Each of these belongs to its own parent
region. Disassembling one region, will create one dependent (intact region) and one independent
(for the disassembled region) line/arc on the common edge.

Procedures to perform the operation are as follows:

1. Click / to switch to “CAD-mode” if necessary.
2. Onthe menu bar, click "Modify->Disassemble Region".

a. Make sure that the region selection icon, R A& , is activated.
3. Select the desired regions.
4. RIGHT-CLICK and select "End Selection" from the popup menu to complete the
operation
a. NOTE: Clicking "Cancel" will terminate the current “disassemble”
operation.
5. Source regions are disassembled into series of independent lines and arcs.
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3.6 Valid and Invalid Geometric Configurations

Finite element analyses in geotechnical engineering typically studies the strength and
deformation of soil materials, soil-structure interactions, and the strength of structural elements.
Figure 3-27 illustrates a typical problem in this field — a retaining wall. In this example, three
different materials are involved: the concrete of the retaining wall, and two different soil materials
for each respective layer. For simplicity, the contact interface is not discussed in this section (refer
to Section 3.8), and the retaining wall is assumed to be perfectly bonded with the soil materials.

soil layer 1

retaining wall

soil layer 2

Figure 3-27: A typical problem in geotechnical engineering-retaining wall analysis

In EnFEM, the physical bodies of the soil and the retaining wall are simulated by three-2D regions.
‘Soil layer 1’ is the only rectangular region, while the ‘retaining wall’ and ‘soil layer 2’ regions are
both general polygons. Since there is no contact interface, and the regions are perfectly bound
together via the mesh, there is only one ‘geometry-set’ (a general term discussed more in Section
3.8 below) existing in this model.

Some general rules should be followed in developing geometric entities in EnFEM:

1. Each region object must be assigned one and only one material property.

a. Therefore, for the geometric configuration of Figure 3-27, with three
distinct material properties — three regions must be defined.

2. On common (adjacent) edges, neighboring regions should share line/arc
segments, AND line/arc vertices - see Figure 3-26, and Figure 3-29 for this specific
retaining wall reference.

3. Regions cannot be overlapping, or connected by only one vertex - as shown in
Figure 3-28. In the case of the latter scenario, mesh generation will result in
errors.

4. Ifregionsare separated with gaps, they will be considered an independent region,
and should have appropriate boundary conditions applied to create stability.
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Figure 3-28: Invalid geometric configurations

Considering these basic guidelines, reconsider the geometry of the retaining wall again. Figure
3-29, shows this geometry-set broken down into the basic geometric entities. Red crosses
represent the vertices of each region object. Although the retaining wall has a simple rectangular
shape, it should be created as a six-edge polygon to maintain compatibility with the other two
region entities. Violation of this region compatibility may result in failure during mesh generation
or unpredictable results during analysis.
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SOIL LAYER 1 K
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Figure 3-29: Valid regions for retaining wall example

Figure 3-29 depicts the minimum number of region entities to simulate the retaining wall problem
in EnFEM, as three different materials are involved. Experienced users often simulate retaining
walls with several rectangular sub-regions. Splitting a polygon into several quadrilateral regions
makes it possible to generate a structured mesh - considered to achieve the greatest accuracy
and efficiency. One may also consider taking the time to model a defined ‘centerline’ on the
retaining wall in order to easily select certain results. The details of mesh generation are
introduced in later chapters of this manual.

3.7 Simulation of Voids

Voids (holes) in soil are frequently found in geotechnical engineering problems when modeling
tunnels or culverts. EnFEM uses an indirect method to generate voids in a geometric model. Figure
3-30 shows a typical culvert example in geotechnical engineering. The green ring represents a
concrete culvert. There is a horizontal line to separate the different soil layers that intersect with
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the culvert. The upper and lower soil layers are represented by general polygons. If both soil layers
are identical, users still should split the soil around the culvert with a horizontal line to create two
general polygons to wrap an internal hole. The concrete culvert, and void, is modeled by two
connected rings. More detail, can be found on this technique in Example 4 - Interaction (contact)
analysis of buried culvert, of the Example Manual.

Figure 3-30: Culvert analysis example

3.8 Independent Geometry-Sets

Since no interaction (contact) definitions are discussed in the previous examples shown in Figure
3-27 and Figure 3-30, the common edges for adjoining regions are considered to be perfectly
bound (via the mesh) to one another. On the perfectly bonded interfaces (edges), the finite
element nodes are shared by elements of adjacent regions which may also have different material
properties. In these cases, only one independent ‘geometry-set’ is present — the whole adjoined
geometry group.

NOTE: This perfectly bonded condition, in which nodes are shared between bodies on the
adjacent edge, is the default status of mesh creation. Only with an interaction boundary condition
(discussed later) can adjoining bodies be made to act independently.

However, modelling a more ‘real-life’ scenario, and applying some interaction (contact)
definitions can have a significant influence on the behavior of the model. Thus, the concept of
independent ‘geometry-sets’ becomes important. To model the soil-structure interaction
behaviors more accurately, a ‘contact interface’ should be defined between the structural
element and soils. When this interaction is modeled in the context of these examples (Figure 3-27
and Figure 3-30), the models then contain two independent ‘geometry-sets”: the structure
configuration and the soil configuration. The interaction between the two sets, being controlled
by the ‘contact’ boundary condition. A model in EnFEM may have more independent
configurations if necessary, and each independent ‘geometry-set’ may contain one or more
regions as necessary. In this case, due to this applied boundary condition, finite elements on either
side of the contact interface (common edges) will no longer share finite element nodes. Closure
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or separation in the normal direction, and sticking or sliding in the tangential direction along the
contact interface, can be simulated when an interaction boundary condition is applied.

More detail regarding Interaction (contact) definitions is introduced in CHAPTER 6 of this manual,
and detailed examples can be found in the Example Manual.
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4.1 Introduction

This chapter introduces operations to define analysis input parameters and controls including
stage controls, material properties, and boundary conditions — all found under the “CAD-mode”,
“"Data" drop down menu on the toolbar.

Interaction (contact) definitions will be introduced in a later chapter.

The sequence of sub-sections in this chapter follows typical workflow procedures to develop a
model in EnFEM. It is recommended to follow this workflow to develop a new model.

4.2 Control Data

Control data contains the project title, selection of analysis type, and the thickness definition (if
applicable).Figure 4-1 shows the Control Data Dialog window and can be opened by selecting
“Data->Control Data” from the menu bar.

Control Data X

Project Title:

| Title

Analysis Type

(®) Plane Strain (O Plane Stress () Axi-Symmetric

Thickness

Cancel

Figure 4-1: Input dialog box of Control Data

This dialog allows users to define the following:

1. ProjectTitle:
a. Project descriptions (optional)

2. Analysis Type:
a. Plane strain, plane stress, or axi-symmetric.
i. If plane stress is selected, thickness should be input.

/7

NOTE: If the analysis type is set to "axi-symmetric", the horizontal coordinate becomes ‘radius, r
and the vertical coordinate is ‘depth, z’. An orange dashed line will be displayed on screen to
indicate the location of the axi-symmetric axis as shown in Figure 4-2. Additionally, from the menu
bar, users can click "View->Global Axes" while in “CAD-mode” to display or hide the global axis
and the axi-symmetric axis.
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axisymmetric axis

Figure 4-2: Axis layout for axi-symmetric analysis type

4.3 Stage Management

Problems in geotechnical engineering frequently involve various loads applied at different time
periods, or have construction stages (i.e. excavations). EnFEM has the capability to perform multi-
stage simulations.

On the menu bar, click "Data->Stage Management" to open the “Stage Group Management
dialog” as shown in Figure 4-3.

Stage Group Management X

Stage Group

Edit

Delete

Close

Figure 4-3: Dialog of Stage Group Management

Completed stages are listed in the Stage Group window to the left. Analyses follow the stage
sequence as listed in this Stage Group window. Stages follow a sequential order, and newly
defined stages are added to the bottom of the list.

Click "New" to create a new stage definition. Select an existing stage from the Stage Group list
and click "Edit" to modify it. Select an existing stage from the Stage Group list and click "Delete"
to remove the unwanted stage from the model.

NOTE: Since the assignment of boundary conditions is related with stage definitions, it is
recommended to finish stage definitions before assigning boundary conditions.
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4.3.1 New Stage

When a new stage is created the “Stage Definition dialog” window will open to let users define
the new stage (Figure 4-4). A new stage has no default stage name, so it should be provided by
users. Select the stage type from the drop-down list under the label "Type". If the "Initial Soil
Stress" option is selected, there is no need for the user to define increment data. “Increment
Controls” may be altered if desired, however, the default settings are sufficient for most cases.
More detail on increment controls is described in a later section.

Click "Save & Exit" to close the stage definition window. Click "Cancel" to cancel stage definition.

- ~
Stage Definition [é]

MName:

stage 1

Type

! [l
Initial Soil Stress

General Static

Excavation

Maximum number of increments 10

Initial Increment Size 0.1
Minimum Increment Size 18-005
Maximum Increment Size 0.1
Save & Exit

Figure 4-4: Setup of a stage

4.3.1.1 Initial Soil Stress Stage

"Initial soil stress" is a special condition in geotechnical engineering. Many analyses start from
such a condition, in which soil particles have non-zero stresses which keep equilibrium with self-
weight but are free of deformation. Additionally, some constitutive models, such as Modified
Cam-Clay, requires correctly defined initial stresses. Stresses in the initial state have three
components: a vertical stress, and two lateral stresses — which are the principal soil stresses.
EnFEM is able to estimate the initial stress status for normally consolidated soil or lightly
consolidated soil. At this time, it is not applicable for heavily consolidated soil.

There are two situations where it is necessary to define "Inijtial Soil Stress" in EnFEM:

1. CASE 1: The model simulates actual geometric dimensions and working
conditions, such as: a shallow foundation on soil, a retaining wall in soil, or the
stability analysis of a slope. The “Initial Soil Stress" stage should be the first stage
and only the gravity load is applied in this stage. EnNFEM estimates the initial soil
stress automatically. At the end of the "Initial Soil Stress" stage, all three stress
components in the soil are non-zero and they keep equilibrium with self-weight.

2. CASE 2: The model is used to simulate a laboratory soil test. The soil sample is
assumed to have uniform initial stresses and these stresses maintain equilibrium
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with applied external pressure on the sample surface. Note that a gravity load
should not be applied in this case. The "Initial Soil Stress" stage should be the first
stage.

If a stage is defined as an "Initial Soil Stress" type (Figure 4-5), the button for “Initial Stress Option”
will be active. Clicking this will open the “Initial Stress Option dialog” as seen in Figure 4-6. Options
are available for the calculation method, and for adding, updating, and deleting region-entities
for which these definitions will be applied to. For new models, the user will click “Add”, then
select the appropriate geometry, and then RIGHT-CLICK and select “End Selection”, in order to
add the desired regions into the “region list” and therefore associate with these controls. If an
existing model is being updated, those regions defined under this control, will be highlighted in
cyan and shown in the “region list”, and for which users may edit as desired. “Update”, will allow
the user to replace all items in the “region list” at once with the selected geometry (follow similar
procedure as the “Add” button). “Delete” will allow the user to clear all items in the “region list”
at once.

Three methods are available to estimate initial soil stresses and are described as follows. More
technical information on these topics can be found in the EnFEM Technical Manual.

43.1.1.1 K, Method

This method is valid for flat ground and horizontally distributed soil layers only. Click the button
"Input Data" to key in soil layer information and the coefficient of lateral stress (Figure 4-7). “Add
line” adds a data line to the end of the list. “Insert line” adds a data line below the row in which
the cursor is placed. “Delete Line”, removes the row in which the cursor is placed.

4.3.1.1.2 External File Method

If the ground is not flat, or soil layers incline, the K, method is not recommended. The second
option can be selected wherein the initial stresses are read from an external stress file (Figure
4-8). In order to generate the stress file in EnFEM, generally a separate ‘initial stress-only analysis’
is executed first, in which, materials are assumed to be elastic, and only the gravity load is applied.
After this initial calculation, a stress report can be generated which can be used as the source of
the external stress file. A second analysis is then performed referencing this file for the “Initial
Stress Option”. This technique is detailed further in Example 11 — Excavation on Inclined Soil, of
the Example Manual.

4.3.1.1.3 ‘By-System’ Method

In this method, initial soil stresses will be estimated from actual material models and actual
contact interfaces. Deformation data generated by the gravity load will be ignored for subsequent
stages (only stresses will be used). This option should be selected if the computation has
convergence issues, especially during the initial stress stage. This situation may happen if soil-
structure interactions are simulated in the model.
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Stage Definition u

Mame:

stage 1

Type

Initial Stress Option

Increment Contral
(@) Automatic Fixed

Maximurn nurnber of increments | 1pp

Initial Increment Size 0
Iinimum Increment Size i}
IMaximum Increment Size i}
w oy

Figure 4-5: Initial soil stress stage definition

' ™y
Initial Stress Option M

Option

(@) KO method () External File ™) By System

Input Data

Region List

Region 12 &
Region 14 T
Region 15
Region 16
Region 17
Region 18 Delete
Region 2

Region 21

Region 3 -

Update

n

[ ok || cancel |

Figure 4-6: Initial soil stress options

F
Edit Initial Stress

Data Input
Coord. Top sigma_z Top  Coord. Btm sigma_z Btm ke ky =
1 4 i i <720 0.538 0.538

Delete Line

[ Save & Exit ] ’ Cancel

Figure 4-7: Ko method input options
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- ~
Initial Stress Option I@
Option
) K0 method @ External File ™) By System
External stress file
E:\EnFEM'new example\excavation_indined_ground'
Region List
-
Region 12 ¢
Region 14
Regon 15 -
Region 16 1
Region 13 =
Region 2
Region 3 -
[ oK ] [ Cancel ]

Figure 4-8: External file option

4.3.1.2 General Static Stage

This option is applicable to most situations except for those that are predetermined to be “Initial
Soil Stress” or "Excavation” types. In this stage type, increment control is available to users. Users
will need to enter in the “stage name” and then select the increment control from two options:
"Automatic"” or "Fixed". The “Automatic” option is shown in Figure 4-9, and in most cases is the
recommended option. Default parameters are provided by the program, but may be changed by
the user if desired. The "Fixed" option requires only the maximum increment number to be
provided. A default value is provided by the program, but may be changed by the user if desired.
The “use field variable” option is described in a later section, as well as more specific detail on
increment control.

P N
Stage Definition ﬁ

MName:

|stageZ

Type

|General Static ﬂ [ use field variable

Increment Control
(v Automatic " Fixed

Maximum number of increments [ 1pp

Initial Increment Size 0.1
Minimum Increment Size 1e-005
Maximum Increment Size ol

Close | Cancel |

" A

Figure 4-9: Automatic control of General Static Stage

4.3.1.3 Excavation Stage
This stage is used exclusively for soil excavations. The same basic options are available as those
in the “General Static” stage — “Automatic” or “Fixed” increment, and their specific input
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parameters. Default parameters are provided by the program and may be changed by the user if
desired. The “use field variable” option is not available for the excavation stage definition.

4.3.1.4 '"Use field variable" Option

The "use field variable" option (checkbox to the right of the stage type in Figure 4-9) allows users
to control the change of material parameters according to a specific pattern. In EnFEM this option
can be used to estimate the Factor of Safety of a slope by using the strength reduction method,
where material strength is reduced according to a pattern defined on field variables. This option
should be paired with a corresponding material definition, and is applicable to the Tresca, von
Mises, Mohr-Coulomb, and Drucker-Prager material models. The process of how to change the
pattern of parameters in the material property is described further in Section 4.4.8. Detailed
procedures of how to use field variables can be found in, Example 3 — Analysis of Slope Stability
Using Strength Reduction Factor, of the Example Manual.

4.3.1.5 Control of Load Increments

EnFEM is used for nonlinear analyses in geotechnical engineering. In general, loads are applied
incrementally and convergence of each increment is obtained through iterations. EnFEM provides
two increment control options: automatic or fixed. The "Automatic” option allows the program
to determine the increment size (Figure 4-9). Users provide general control of the maximum and
minimum increment sizes, and the maximum number of increments. In the "Fixed" option, the
increment size is fixed as shown in Figure 4-10. All increments have the same size. If convergence
cannot be reached during one increment, the calculation will be terminated. The only input for
fixed increment control is the number of increments. The analysis uses uniformly sized load
increments, in which each increment is equal to 1 divided by the number of increments (in this
case 0.01). If the computation cannot reach convergence within the maximum number of
iterations, or if it bifurcates in the current increment, the computation will be terminated
automatically.

p ~
Stage Definition [é]
MName:
|stagez
Type
|General Static ﬂ [ use field variable
Increment Control
(" Automatic (+ Fixed
Mumber of increments 100
Close | Cancel |
J

Figure 4-10: Fixed load increment control
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In EnFEM, the total load factor for each stage is set to “1”. Each loading increment will apply a
fraction of the total loads which are applied in the current stage. Loads applied in the previous
stages will remain until the end of the calculation. Assume a model has three stages named
“gravity", "surcharge", and "backfill". The range of load increments for each stage will be assigned
as follows: 0 — 1 for "gravity”, 1 — 2 for "surcharge”, and 2 — 3 for "backfill". When the
increment is equal to 1, this indicates the end of the first stage and the start of the second stage.

The following explains the parameters for the "Automatic" option:

4.3.1.5.1 Maximum number of increments:

This parameter sets the maximum allowable load increments for one stage. The default value is
100. When the computation has difficulty to convere within a given load increment, the load
increment is reduced and the solution will be attempted again. This may result in the total number
of load increments greater than the default value of 100, as the total increment number is
influenced by the size of a load increment. Users may define a new increment limit larger than
100 if necessary.

4.3.1.5.2 Initial increment size:

The initial increment size is the first increment size used by the current stage. A value of 5% to
10% is appropriate for most calculations. Occasionally a smaller initial size is necessary when the
problem is highly nonlinear.

4.3.1.5.3 Maximum increment size and minimum increment size:

EnFEM uses a smart algorithm to control the increment size automatically. If convergence is easily
reached, the size for the next increment may be increased. However, the increased increment
size will not exceed the maximum size defined here. If the computation cannot reach
convergence, or if the result bifurcates, the program will redo the computation using continuously
smaller increment sizes until the minimum increment size is reached, or convergences occurs. If
convergence still cannot be attained once reaching the minimum increment size, the computation
will be terminated automatically.

4.3.2 Edit Stage

This option allows the user to modify an existing stage definition. Select an existing stage from
the Stage Group window (Figure 4-3) and click "Edit" to open the “Stage Definition dialog”. Users
can then modify the stage as desired. Note, that if stage ‘type’ is changed, other parameters
(boundary conditions) may also be affected. Click "Save & Exit" to save changes to the model and
close the “Stage Definition dialog”. Clicking "Cancel" will exit without saving changes.

4.3.3 Delete Stage

This option allows the user to remove existing stage definitions from the model. Select an existing
stage from the Stage Group window (Figure 4-3), and click "Delete" to remove it from the model.
There is no "undo" option to recover deleted stages, so caution should be used.
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NOTE: If existing boundary conditions are related with a deleted stage, users should update the
stage data for these boundary conditions.

4.4 Material Properties

EnFEM provides seven material models: linear elasticity, Tresca plasticity, von Mises plasticity,
Mohr-Coulomb plasticity, Druker-Prager plasticity, Duncan-Chang hyperbolic elasticity, and
Modified Cam-Clay. For more technical details on each material model, users may refer to the
EnFEM Technical Manual.

From the menu bar, click “Data->Material Properties” to open the “Material Group Management
dialog”, where users can create, edit, or delete material property definitions (Figure 4-11).

-
Material Group Management &J
Material group
MC2

Figure 4-11: Material Group Management dialog

Clicking "New" will open the “Material Property dialog” (Figure 4-12), and allow users to create a
new material definition. Selecting a material from the “Material group list” and then clicking
"Edit", will open the “Material Property dialog”, and allow users to edit an existing definition.
Selecting a material from the “Material group list” and then clicking "Delete", will remove an
existing definition from the model.

NOTE: Input parameters will change based on the selected material. Additionally, users should
define a unique name for each material definition in a model. Once the material parameters are
defined in the “Material Property dialog”, the user should select “Save & Exit” to store the new
material property to the model.
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Material Property é
Mame:
Mechanical Behavior H
Linear Elastic

Tresca Plasticity

Mises Plasticity

Mohr-Coulomb Plasticity

Drucker-Prager Plasticity

Duncan-Chang Monlingarly Elasticity!
Material Parameter Madified Cam-Clay

Unity Weight 0

Young's Modulus 0 Poisson Ratio 0

Use field variable | Edit

Figure 4-12: Material property dialog for linear elasticity model

4.4.1 Linear Elasticity

Material parameters for the linear elasticity model include unit weight, Young's Modulus, and
Poisson's Ratio (as shown in Figure 4-12). Young's Modulus and Poisson’s Ratio should be defined
appropriately. If gravity load is not considered, the unit weight can be input as zero.

The behavior of soil materials is rarely close to that of linear materials except when the load is
very small. However, structural elements such as retaining walls, culverts, or piles are typically
made up of concrete or steel, and exhibit linear elastic behavior to a certain degree. In most cases
these structural elements can be modeled using the linear elastic material.

4.4.2 Tresca Plasticity

Tresca plasticity assumes that yielding occurs when the maximum shear stress reaches a critical
value. This yielding function is defined in the equation below:

1
P = Ty — E (Omax — Omin)

(4.4-1)
Where, 0,45 and 0y are the maximum and minimum principal stresses.

Figure 4-13 shows the input parameters required for the Tresca plasticity model. Young's
Modulus, Poisson’s Ratio, and yielding stress should be defined appropriately. If gravity loading is
not considered, the unit weight can be zero.

The Tresca yielding criterion is pressure insensitive which means that hydrostatic pressure does
not change the yielding stress. Therefore, Tresca plasticity is applicable for studying behavior of
metal materials. It is seldom used to simulate soil behavior in geotechnical engineering.
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The option "use field variable" is available with the Tresca plasticity model.

Material Property X

Mame:

Mecharical BEhavior  Trasca lastidty =

Material Parameter

Unity Weight |0

Young's Modulus | g Poisson Ratio I:I

Yielding Stress | g

[use Field Variable | =it

Save & Exit Cancel

Figure 4-13: Material property dialog for Tresca plasticity model

4.4.3 von Mises Plasticity

The von Mises plasticity model assumes that yielding occurs when the equivalent tensile stress,
or equivalent von Mises stress, d;,, reaches the yield stress, g,,. This yielding function is defined in
the equation below:

3
P =0,—- E[(‘H —02)% + (0, — 03)* + (03 — 01)?]

(4.4-2)

Where, g1, g, and g3 are principal stresses. The material parameters are displayed in Figure 4-14.
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Material Property X

Name:

Mechanical BEhavior | piges Plastidty -

Material Parameter

Unity Weight | 0

Young's Modulus | g Poisson Ratio I:I

Yielding Stress | g

[Juse Field variable =4

Save & Exit Cancel

Figure 4-14: Material property dialog for von Mises plasticity model

Young's Modulus, Poisson’s Ratio, and yielding stress should be defined appropriately. If gravity
loading is not considered, the unit weight can be zero.

Similar to the Tresca plasticity model, the von Mises yielding criterion is also pressure insensitive.
Consequently, it is recommended that this plasticity model should only be used for metal
materials. Occasionally, the behavior of undrained saturated clay can be properly simulated by
the von Mises plasticity model.

The option "use field variable" is available with the von Mises plasticity model.

4.4.4 Mohr-Coulomb Plasticity

The Mohr-Coulomb plasticity model assumes that yielding is the result of frictional sliding
between material particles. The yielding criterion of Mohr-Coulomb plasticity is as follows:

D = (amax - amin) + (amax + amin) sin¢g — 2ccos ¢
(4.4-3)

Where, 0,45 aNd 0in are the maximum and minimum principal stresses, ¢ is the friction angle
and c is the cohesive strength.

Material parameters for the Mohr-Coulomb model are shown in Figure 4-15 .
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Material Property X

Name:
Mechanical Behavior | mohrCoulomb Plasticity v

Material Parameter

Unity Weight
Young's Modulus

Poisson Ratio l:l
Dilation Angle Cl

Cohesion

ole|ea]e

Friction Angle

[Juse Field variable =4

Save & Exit Cancel

Figure 4-15: Material property dialog for Mohr-Coulomb plasticity model

Young's modulus, Poisson’s Ratio, cohesion, friction angle, and dilation angle are required for this
model. Both angles have units of degrees. If gravity loading is not considered, the unit weight can
be zero.

The dilation angle can be equal to or different from the friction angle. If both angles are equal, an
associated flow rule is applied. Otherwise, a non-associated flow rule will be used.

The option "use field variable" is available with the Mohr-Coulomb plasticity model.

Since the Mohr-Coulomb model is pressure sensitive and parameters are easy to obtain from the
laboratory tests, this model is suitable to soil materials and is widely used in geotechnical
engineering.

4.45 Drucker-Prager Plasticity

The Drucker-Prager plasticity model is proposed to smooth the flow rule and can be regarded as
a smoothed approximation of the Mohr-Coulomb model. The yield criterion is defined as:

(4.4-4)

where I is the first invariant of the stress tensor, and J, is the second invariant of the deviatoric
stress tensor. Parameters a and k are determined from criterion matching with the Mohr-
Coulomb plasticity model.
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Material Property X

Mechanical Behavior | prycker-prager Plasticity ~

Mame:

Option 1 puter edge fits MC aite;
Outer edge fits MC iteria

Inner edge fits MC ariteria
Plane strain fits MC criteria

Material Parameter

Unity Weight

]

Young's Modulus | g Poisson Ratio I:I
Cohesion | g

) Dilation Angle Cl

Friction Angle

[use Field Variable | =it

Save & Exit Cancel

Figure 4-16: Material property dialog for Druker-Prager plasticity

Parameters for the Druker-Prager plasticity model are shown in Figure 4-16. These parameters
are similar with those used by the Mohr-Coulomb plasticity model (Young's modulus, Poisson’s
Ratio, cohesion, friction angle, and dilation angle). The Druker-Prager plasticity model should
match the Mohr-Coulomb model criteria based on how the following parameters a and k are
determined:

e Match the outer apex of the yielding surface on the m plane of the Mohr-Coulomb criteria

- 2sin¢
“= 3G —sing)

(4.4-5)
6ccos P
k=———
V3(3 — sin @)
(4.4-6)
e Match the inner apex of the yielding surface of the Mohr-Coulomb criteria:
2sin¢
a=—
V3(3 + sin ¢)
(4.4-7)
6ccos ¢
k=———"
V3(3 + sin ¢)
(4.4-8)
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e Plane strain matching:

tan¢

J9+12tan? ¢’

a =

(4.4-9)

3c

J9+12tan?¢

k=

(4.4-10)
Where, ¢ is the friction angle and c is the cohesive strength.
The option "use field variable" is available with the Drucker-Prager plasticity model.

4.4.6 Duncan-Chang Hyperbolic Elasticity

This model assumes that the stress-strain relationship is nonlinear. This nonlinear curve can be
accurately approximated by a hyperbola. Figure 4-17 shows the parameter input window for the
Duncan-Chang hyperbolic elastic model. Users have an option to choose "E-v model" (control
Poisson ratio) or "E-B model" (control bulk modulus). The tangent modulus E; is calculated from
following equation:

n
E, = [1-R,S]'KP, (ﬁ>

P,
(4.4-11)
where S is the stress level given by:
_(1—sing)(o, —03)
2ccos ¢ + 203 sing’
(4.4-12)

And,

K = modulus number

n = modulus exponent number

R = failure ratio

¢ = cohesive strength

¢ = friction angle

04,03 = major and minor principal stresses
P, = atmosphere pressure
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When defining parameters for the Duncan-Chang model, o; and o5 should be compressive and
input as positive numbers. If nonlinearity of the friction angle is considered, it can be determined
from the following equation:

¢ = bo — dgp-log 5!

(4.4-13)
The failure ratio is given by the following relationship:
0,—0
R, = (01 3)f
(01— 03)y
(4.4-14)
Where,
(01 — 03)f = stress difference at failure
(01 — g3), = asymptotic value of stress difference.

Material Property *

Neme: \

Mechanical Behavior Duncan-Chang Monlinearly Elast ~

Optian 2 E-v Model

Material Parameter

Unity Weight
Modulus Number K

Modulus Exponent n

Cohesian
dip
Parameter G

Failure Ratio

Friction Angle $0
Unloading Modulus Kur

olalalale

Parameter F

Atmosphere Pressure _

Parameter D

[JUse Field Variable | Edit

Save & Exit Cancel

Figure 4-17: Material property dialog for Duncan-Chang hyperbolic elasticity model
In the case of unloading, the tangent modulus is replaced by the unloading modulus:

a3

n
Eyr = Ky Py <P_>
a

(4.4-15)
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If "E-u model" is selected, the tangent Poisson ratio is determined from the following:

G — Flg (g—i)
B D(01n— g3)
KP, (g—z) (1-R;S)

V=

1

(4.4-16)

Otherwise if "E-B model" is selected, tangent bulk modulus is computed as:

0'3 m
Ki=KyPq (?)
(4.4-17)

Where, Kj, is the modulus number for the bulk modulus and m is the modulus exponent of
K, (used to define the initial modulus).

The parameter gz represents the minor pre-consolidation stress in the stress history. This
parameter must be bigger than 0.0 to start computation.

4.4.7 Modified Cam-Clay

The modified cam-clay model is a plastic strain-hardening model based on critical state theory.
The mean pressure has a logarithmic relationship with the void ratio. Figure 4-18 shows
parameters required by the modified cam-clay plasticity model in EnFEM. This model allows users
to select "Constant Poisson Ratio u" or "Constant Shear Modulus G" from Option 1, and to select
"Drained" or "Undrained" from Option 2. Other parameters are defined as follows:

1. Unit Weight, v
2. Llambda, A = slope of normal consolidation line
3. Kappa, K = slope of swelling line
4. CSLSlope, M = slope of critical state line (p-q line)
5. Specific Vol, N = specific volume at unit consolidation stress.
6. v =Poisson ratio
7. OCR = over consolidation ratio.
a. NOTE: Normally consolidated or lightly over-consolidated soil is
supported in EnFEM.

In Figure 4-18, additional options are shown for the initial soil stress. The user may use the “Use
Default” setting or set the two extra parameters required: Initial Young's Modulus and Initial
Poisson’s Ratio. These two parameters are only used for setting the initial soil stress. Based on
the assumed mean pressure, p, and the over-consolidation ratio, the Initial Young's Modulus can
be estimated with the following steps:
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1. Calculate the specific volume corresponding with the assumed mean pressure p

I = N — Alog(p,) — xlog (3)
Pe

2. Calculate the bulk modulus

3. Calculate the Young's modulus

E =3K(1-2v)

(4.4-18)

(4.4-19)

(4.4-20)

The Initial Poisson’s Ratio has another function to control lateral stresses for normally
consolidated or lightly over-consolidated soil. The lateral stress factor K, has the following
relationship with the initial Poisson’s ratio:

Material Property X
- \
Mechanical Behaviar | modified Cam-Clay ~
Option 1 Constant Poisson Ratio \ «
Material Parameter
Unity Weight |0
Lambda h | g Kappa k _
CsLSlope M |1 Spedific Val. N
Paisson Ratio v [
ocr [
Parameters for Initial Seil Stress
@ Use Default () User Defined
Initial Young's Medulus | sopoonn
Initial Poisson Ratio g, 3
Use Field Variable | Edit
Save & Exit Cancel
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(4.4-21)

Figure 4-18: Material property dialog for modified cam-clay plasticity model
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4.4.8 Using Field Variables

The option "Use Field Variable" is available for use with the Tresca, von Mises, Mohr-Coulomb,
and Druker-Prager models. This option lets users control and apply a pattern of change for
specified material properties. This option is typically used for slope stability analysis using the
strength reduction method. In the “Material Property dialog”, “check” the box next to the label,
to activate the "Edit" button. Then, click "Edit" to open the “Input Field Variable dialog” to define
the pattern of change in the material properties - like that as seen in Figure 4-19.

Input Field Variable Input Field Variable
Data Input Data Input
Add Line
Field Variable  Cohesion Friction angle  Dilation angle aiklnc Field Variable ~ Cohesion Friction angle  Dilation angle

Insert Line 1 0.5 70000 43.003 1

i 2 0.75 46667 31871 1 Delete Line
3 1 35000 25 1
4 11 31820 22.973 1
5 1.2 29170 21.236 1
6 1.3 26920 19.733 1
7 1.4 25000 18.422 1
8 15 23330 17.289 1
9 16 21880 16.248 1

ave X ancel

Figure 4-19: Definition of field variable

“Add line” adds a data line to the end of the list. “Insert line” adds a data line below the row in
which the cursor is placed. “Delete Line”, removes the row in which the cursor is placed.

Figure 4-19 shows an example of a material strength reduction pattern used in a slope stability
analysis. This data is taken from Example 3 — Analysis of Slope Stability Using Strength Reduction
Factor, of the Example Manual. Data in the column "Field Variable" represents different Factor’s
of Safety. Data in the “cohesion”, “friction angle”, and “dilation angle” columns represent
corresponding "reduced" values. The original value of cohesion in this example is equal to
35000Pa. If the safety factor is assumed to be 1.4, the reduced cohesion at this point will be
calculated as:

35000 Pa

=2.5%x10*P
14 5 0*Pa

(4.4-22)

Similarly, the original friction angle is equal to 25°. When the factor of safety is 1.4, the
reduced friction angle is calculated as:

t tan(25%9) _ 18.4217°
atan 14 = 18.

(4.4-23)
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If either the “Tresca” or “von Mises” plasticity models are used, only the column "Cohesion”
in Figure 4-19 will be available.

4.5 Assigning Material Properties

After material properties have been defined, the next procedure is to associate the created
materials with region-objects in the model. From the menu bar, click “Data->Material
Assignment” to open the “Material Assignment dialog” as shown in Figure 4-20.

7 ™
Material Assignment lé]
Assignment Option
() By Region (@ By Set
Set List Material Group : concrete

Mechnical Behavior : Linear Elasticity

culvert
soil_all

Material Group

Shaw All Assign. Show Region Name

Assign [ Update ” Close ]

w 4

Figure 4-20: Window to assign material property to region objects

Two options are available to assign materials to corresponding region entities: "By Region" and
“By Set”. Note that if using the “By Set” option, a region selection-set must be previously defined.
More information on defining selection-sets can be found CHAPTER 5, of this manual.

4.5.1 Assignment “By Region”

If “By Region” is selected, a list of all available regions within the model are shown in the “Region
List” window. The regions are listed with a numerical identity (“Region#”). The following

procedures outline this assignment process:

1. Select the desired region from the “Region List”

a. Once selected the region will be highlighted in Cyan color
2. Select a previously defined material from the “Material Group” drop down list.
3. Click “Assign”.

a. Once assigned the region will be highlighted in Purple color.
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b. Note that details about the current assignment for the selected region,
are displayed next to the “Region List”.
4.5.2 Assignment “By Set”

If “By Set” is selected, a list of all available region-sets within the model are shown in the “Set List”
window. Note that a region selection-set must be previously defined. The following procedures
outline this assignment process:

1. Select the desired region from the “Set List”
a. Once selected the whole set will be highlighted in Cyan color
2. Select a previously defined material from the “Material Group” drop down list.
3. Click “Assign”.
a. Once assigned the whole set will be highlighted in Purple color.
b. Note that details about the current assignment for the selected set, are
displayed next to the “Set List”.

45.3 Other Details

If a region is already associated with a material, the "Assign" button will be not active. In this case
the user will click “Update” to override the existing assignment.

The button "Show All Assign." is used to display all material assignments in a representative color
(Figure 4-21). The following colors are used to represent their respective materials:

. _ von Mises plasticity model

. : Mohr-Coulomb plasticity model
. ] Drucker-Prager plasticity model

. I:l Duncan-Chang hyperbolic elasticity model
° : Modified Cam-Clay model

. S no material property assigned

If the option "Show Region Name" is checked, the name of each region (i.e. Region 1) will be
displayed on screen.
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-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 ™y
Material Assignment ﬂ

Assignment Option

(7) By Region @ By Set

SetList Material Group

aulvert Mechnical Behavior :
soil_all
soil_interface
soil_upper
soil_lower

Material Group

Show All Assign. | (] Show Region Name
Assign Update

£

Figure 4-21: Material assignment shown with representative colors
4.6 Boundary Conditions

Boundary conditions in EnFEM include both, displacement conditions and stress/force conditions
A specialty interaction (contact) condition is also included for modeling soil-structure interaction,
but is discussed separately in CHAPTER 6. From the menu bar, click “Data->Boundary Condition”
to open the “Boundary Condition Group Management dialog” as shown in Figure 4-22.

~
Boundary Condition Group Management M
B.C. group
disp_x
disp_xz -
surcharge Edit
Delete

Close

o

Figure 4-22: Boundary Condition Group Management dialog
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Click "New" to create a new boundary condition definition. Select an existing definition from the
B.C Group list and click "Edit" to modify it. Select a definition from the B.C Group list and click
"Delete" to remove the unwanted boundary condition from the model.

Clicking "New" will open the specific “Boundary Condition dialog”, as seen in Figure 4-23. Define
a unique name for the B.C, select the specific “B.C Type”, and enter in the associated input
parameters. Clicking “Save & Exit” will finish the definition.

Boundary Condition x

Define Boundary Condition

Name: |

B.C. Type dge Displacement(orthogonall] (92
[ % direction =
Edge Displacement{indined)
7 direction = Concentrated Force
L] Surface Load

Body Force/Gravity

| Save & Exit | Cancel

Figure 4-23: Boundary Condition dialog.

For a FE analysis in geotechnical engineering, various boundary conditions are essential, such as
gravity loads, external loading along geometry edges, and/or displacement constraints on edges
or vertices. Only a 2D geometric object (region) and its dependent entities (vertices, lines, arcs)
are available for boundary condition assignments. The drop box with the label “B.C. Type”
includes six predefined boundary conditions, which will be covered in the following sections.

4.6.1 Point Displacement

The point displacement condition, is a displacement constraint applied to a dependent vertex, in
the X and/or Z-directions.

Boundary Condition *
Define Boundary Condition
MName: | disp_pt
B.C. Type | Point Displacement w
x direction =
[z direction = 0
Cancel

Figure 4-24: Point displacement B.C options

The constraint is activated when the box associated with either direction is checked - as shown in
Figure 4-24. Once active, the user may enter in the desired numerical value for the constraint.
Positive X-values are to the right, and positive Z-values are upward.
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4.6.2 Edge Displacement (orthogonal)

The edge displacement (orthogonal) condition, is a displacement constraint applied to a
dependent edge in the X and/or Z-directions. In this case, the edge of the geometry must be
parallel to the vertical or horizontal axis (aligned in an orthogonal direction).

Boundary Condition it

Define Boundary Condition

Name: | disp_edge|

B.C. Type | Edge Displacement(orthogonal) ~

Save & Exit Cancel

Figure 4-25: Edge displacement (orthogonal) B.C. options

The constraint is activated when the box associated with either direction is checked - as shown in
asin Figure 4-25. Once active, the user may enter in the desired numerical value for the constraint.
Positive X-values are to the right, and positive Z-values are upward.

Orthogonal displacement boundary conditions do not perform local-coordinate transitions, which
improves solver performance, and are highly recommended if possible.

4.6.3 Edge Displacement (inclined)

The edge displacement (inclined) condition, is a displacement constraint applied to a dependent
edge in the “normal” and/or “tangent” directions of an inclined edge (not aligned in an orthogonal
direction). This definition is shown in Figure 4-26.

Boundary Condition *
Define Boundary Condition
MName: | disp_indlin
B.C. Type | Edge Displacement{inclined) - |

Save & Exit Cancel

Figure 4-26: Edge displacement (inclined) B.C. options

The constraint is activated when the box associated with either direction is checked. If only
“normal to edge” is checked, this B.C. is equivalent to a roller, constraining displacement in the
direction normal to the edge. If both “normal” and “tangent” are checked, this B.C. will constrain
the edge in both directions. Displacements pointing toward the inside of the region represent
positive values for the normal direction. While displacements in a counterclockwise direction,
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with respect to the region center, represent positive values for the tangent direction. While
available for use, the latter constraint (tangent) is rare in engineering practice

4.6.4 Concentrated Force

The concentrated force condition, is a force constraint (loading) applied to a dependent vertex of
aregion.

Boundary Condition it
Define Boundary Condition
MName: | Conc_Force
B.C. Type | Concentrated Force w
Cancel

Figure 4-27: Concentrated force B.C. options

The constraint is activated when the box associated with either direction is checked - as shown in
Figure 4-27. Once active, the user may enter in the desired numerical value for the constraint.
Positive X-values are to the right, and positive Z-values are upward.

This constraint cannot be assigned to finite element nodes.

4.6.5 Surface Load

The surface load condition, is a force constraint (loading) applied to a dependent external edge of
a region. Surface load boundary conditions have two options: normal (pressure) and tangent
(shear) as shown in Figure 4-28. Units for the surface load should be “Force/Sq. Unit Length”.

Boundary Condition x
Define Boundary Condition
MName: | Surf_Load |
B.C. Type | Surface Load e |
Pres Start = Pres End = l:l
Shear Start = l:l Shear End = l:l
Cancel

Figure 4-28: Surface stress B.C. on edge

The constraint is activated when the box associated with either direction is checked - as shown in
Figure 4-28. Once active, the user may enter in the desired numerical value for the constraint. In
EnFEM, edges of a region have counterclockwise directional path associated with them, about the
region center, from “start” to “end”.
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Figure 4-29: Positive directions of surface load B.C.

A positive pressure is defined in the direction towards the inside of the region (Figure 4-29).
Positive or negative values represent compressive or tensile forces on the surface respectively. A
positive shear is defined in the counterclockwise direction, about the region center.

Both pressure and shear options have two inputs: “start” and “end”. The “start” of the constraint
is displayed visually, by a yellow circle at the starting vertex, while the “end” of the constraint is
displayed visually with a blue circle at the ending vertex (Figure 4-29). If different values are
entered for the “start” and “end” inputs, the force will vary linearly from “start” to “end”.

NOTE: Pressure or shear inputs in Figure 4-28 may vary from zero (start) to a positive or negative
value (end), or vice-versa. However, variations from a positive value (start) to a negative value
(end), or a negative value (start) to a positive value (end), are not supported.

4.6.6 Body Force/Gravity

The body force/gravity condition, is a force constraint (loading) applied to a region object in the
X and/or Z-directions.

Boundary Condition =
Define Boundary Condition
Mame: | grav
B.C. Type | Body Force/Gravity -
[ direction = 0

Save & Exit Cancel

Figure 4-30: Body force/gravity B.C. definition

The constraint is activated when the box associated with either direction is checked - as shown in
as in Figure 4-30. Once active, the user may enter in the desired numerical value for the
constraint. Positive X-values are to the right, and positive Z-values are upward.
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A common use of this condition is to apply gravity, or self-weight, to the region. In this case, to
define the gravity load, the value input for the Z-direction (Figure 4-30) should be **-1"". This
assumes, that the unit weight of the material is defined as a positive value (in material property

definition). Here the symbol represents that force is in the negative Z-direction (downward).

4.6.7 Limitations to Modify Existing Boundary Conditions

As mentioned previously users can modify previously defined boundary conditions from the
“Boundary Condition Group Management dialog”, as shown in Figure 4-22. Select an existing
definition from the B.C Group list and click "Edit" to modify it. It should be noted however, that
only the name, values, and active directions (i.e. X or Z) can be modified. Switching to another
boundary condition type is not currently allowed and will produce and error message if
performed. If it is necessary to define a new type of boundary condition, the user should create
an entirely new boundary condition definition and delete the unused existing condition.

4.7 Applying Boundary Conditions to Geometry

After boundary conditions are created, then next step in building the analysis model is to associate
the created conditions with the appropriate geometric objects. The previous sections defined the
applicable geometry for each specific boundary condition definition. In general, all boundary
condition conditions, except for the “body force/gravity” condition, are applied to external edges,
or vertices on external edges of a region. This includes the edges of an internal void (hole), which
is also regarded as an external edge. Boundary conditions cannot be applied to an edge shared by
an adjacent region of the same geometry-set.

From the menu bar, click “Data->Boundary Assignment” to open the “Boundary Condition
Assignment dialog” as shown in Figure 4-31. All available boundary condition definitions are
displayed in the “B.C. Group” window on the left-hand side of this dialog. The following outlines
the procedure to assign a boundary condition to the geometry:

1. Select a boundary condition from the “B.C. Group” window.
2. Select the starting stage from the “BC Starts from Stage” drop down list.
a. All available stages (previously defined) will be listed here for selection.
b. NOTE: The life of a boundary condition starts from the beginning of the
selected stage and persists to the final stage.
3. Click “Assign”.
a. Depending on the B.C selected, the appropriate selection icon will be

automatically activated (, , or ).

4. Following the command prompt (below the working zone), select the appropriate
geometry (vertex, edge, or region), on which the condition shall be applied to.
a. Hold SHIFT while LEFT-CLICKING to select multiple geometries if
necessary.
i. NOTE: If multiple selections are made, the whole BC is applied to
each selection. For example, assume a surface load condition of
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35-psi. If 2-edges are selected to apply this BC to, each edge will
have a load of 35-psi.

5. RIGHT-CLICK and select "End Selection" from the popup menu.

a. After the assignment is made, “Boundary Condition Information” will be
displayed at the right of the “Boundary Condition Assignment dialog”. In
addition, a visual icon will be displayed, representing the condition, at the
specific location on the geometry.

r ~
Boundary Condition Assignment ﬁ
B.C. Group
ravi B.C. Starts from Stage:
disp
disp_xz load -

Boundary Condition Information

Name : disp_x
Type : Edge Displacement{Orthogonal)

Prescribed edge displacement in X direction = 0,000

Assign [ Del Assign ][ Close ]

L 4

Figure 4-31: Boundary condition assignment dialog

”

If users are not satisfied with a previously defined assignment, select it from the “B.C. Group
window, and click "Del Assign" to clear corresponding stage and geometric objects assignment.
The condition can then be re-assigned as needed following the previously mentioned steps.

If the boundary condition has been applied to any geometric entities, when selecting from the
“B.C. Group” list, a corresponding B.C. symbol will be displayed and the geometry highlighted in
orange. EnFEM has following boundary condition symbols:

j{} ‘roller’ on orthogonal edge
e ‘pin’ on orthogonal edge
Y ‘pin’ on vertex

T concentrated force on vertex
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ﬁf} ‘roller’ on inclined edge

¥ ‘pin’ on inclined edge

surface load on edge

— 7 shear load on edge

Clicking “Show All”, in the bottom left corner of the “Boundary Condition Assignment dialog”, will
display all applied boundary conditions simultaneously. This display provides a convenient visual
check for the user, to confirm that boundary conditions have been correctly defined and assigned
(Figure 4-32).

Figure 4-32: “Show all” B.C. for a visual check

After applying a “body force/gravity” to a selected region, the corresponding region will be
highlighted in a beige color and orange arrows will be marked at each vertex to indicate the force
direction - as shown in Figure 4-33.
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Figure 4-33: Example applied Body Force/Gravity B.C.

It is possible to apply the “body force/gravity” B.C. in incremental fashion if desired, by using
multiple Stage and B.C definitions. However, the sum of the increments should be equal to 1.
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5.1 Introduction

A selection-set in EnFEM provides users a convenient way to group geometric entities for various
uses. These groups can be collections of regions, edges, or vertices. Defined sets can then be used
to display and hide specific regions, to assign materials, and for post processing - such as plotting
result curves along a defined edge-set. Additionally, soil-structure interaction analysis often
involves different materials with properties that may be drastically different, usually soil and
concrete. Resulting stresses in concrete are much higher than those in soil, making it difficult to
visually identify the soil stresses in a contour plot clearly. Using an individual “selection-set” for
the soil and concrete regions, allows the user to hide this concrete region and plot the contour on
the soil independently, and providing a clearer picture of the desired result. These techniques are
shown in detail with practical use cases in the EnFEM Example Manual.

The following sections detail the use of the “Set Tool” and the “Display Tool” used for “selection-
sets”.

5.2 Set Tool

Operations to create a selection-set are only available in “CAD-mode”. Click / to switch to
“CAD-mode” if necessary. From the menu bar, click "Tools->Set Tool" to open the “Set Definition
dialog” window (Figure 5-1).

- ~
Set Definition [
Set Group Set Option
culvert
soil_all @ @ Reai ® ®
sainterface @ ALL “JRegion () Edge ) Vertex
soil_upper
soil_lower Set Mame
Set Description
Add Set Delete Set Update Set

Figure 5-1: Define sets in EnFEM

5.2.1 Define a New Set:

Procedures to define a new selection-set are as follows:

1. Select the appropriate “Set Option”
2. Input a unique “Set Name”.
a. The “Set Description” is optional.
3. Click "Add Set".
a. Depending on the “Set Option” the appropriate selection icon will be

automatically activated (, , or ).
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b. NOTE: If the “Set Option” is set to "ALL", users will need to manually
activate the necessary selection icons.
4, Select the desired entities to add to the selection-set, based on the “Set Option”.
a. Hold SHIFT while LEFT-CLICKING to select multiple geometries if
necessary.
5. RIGHT-CLICK and select "End Selection" from the popup menu to finish the set
creation.

After definitions are made, each new selection-set will be listed in the “Set Group window” at the
left of the dialog. Clicking through the “Set Option” choices, will change the “Set Group window”
to display each defined set for a specific “Set Option”.

5.2.2 Delete an Existing Set:

Procedures to delete an existing selection-set are as follows:

1. Select a set from the “Set Group window”.

a. Notice that the set-information (name, description) are displayed.
2. Click "Delete Set".
3. Click “Yes” at the warning message to continue the operation.

The selection-set will then be removed from the model database.

5.2.3 Update an Existing Set:

Procedures to update an existing selection-set are as follows:

1. Select a set from the “Set Group window”.

a. Notice that the current set-information (name, description) is displayed.
Change the “Set Name” and “Set Description”, if desired
Click "Update Set".
Reselect geometric entities, if necessary.
RIGHT-CLICK and select "End Selection" from the popup menu to finish the
update.

“os W

If users wish to only update the “Set Name” and “Set Description”, without any geometry updates,
the previous steps should still be taken, but Step 4 (geometry selection) can be skipped.

NOTE: Clicking on the “Set Name” will highlight the corresponding geometry objects associated
with the selected “Set”. However, if a “Set” has no object associated with it, then a warning
message will appear.
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5.3 Display Tool

After creating region-sets, users are able to control whether those sets are displayed or hidden

using the “Display Tool”. From the menu bar, click "Tools->Display Tool", or click the B jcon

from the toolbar, to open the “Display Control dialog” window as seen in Figure 5-2.

r N
Display Control @
Set Group
I
culvert
Display ALL

" 4

Figure 5-2: Display control by set group

Note that only region sets are displayed in the set group. Select a set from "Set Group" and click
"Display" to display region objects defined in this selected set and hide all other region objects.
Clicking "Hide" will hide region objects defined in the selected set and display all other region

%
objects. The "Display All" button, or E# icon, is used to display all region objects in the model
simultaneously. Display control by set group is available in both “CAD-mode” and “Result-mode”.
It is not available in “Mesh-mode”.
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6.1 Introduction

The “interaction” boundary condition defines how two adjacent regions behave with one another.
By default, when the mesh of two adjacent regions is created, the two bodies automatically act
as a perfectly bonded pair (through shared nodes on the common edge). Interactions between
structures and soil materials are commonplace in geotechnical engineering. Some well-known
examples of those interactions are between soil-culvert, soil-retaining wall, and soil-pile
configurations. Also referred to as ‘contact analysis’, generally, an interaction analysis in
geotechnical engineering involves two materials with significant differences in their material
properties. The object of softer material is defined as the "slave body". The second object, of a
stiffer material, is defined as the "master body". In general, interactions occur between the "slave
surface" and the "master surface". The interaction algorithm in EnFEM employs the well-known
"Node-to-Segment" method. In other words, slave surfaces are represented by a series of “slave-
nodes” and master surfaces are represented by a series of “master-segments” after discretization
(mesh creation). In EnFEM, linear finite elements, Q4 or T3, should be used when interaction
conditions are defined.

EnFEM does not allow the existence of gaps along the interface surface (edge), so there should
be exact overlap (one dependent edge on top of the other) between master and slave surfaces.

6.2 Interaction Definition Management

Interactions should be defined after creating all region objects and necessary region selection-
sets. In “CAD-mode”, from the menu bar, click "Data->Interaction" to open the “Interaction Group
Management dialog” window as shown in Figure 6-1.

-
Interaction Group Management

Interaction group

Interaction group 1

“ 4

Figure 6-1: Dialog of Interaction Group Management

Click "New" to create a new interaction definition. Select an existing definition from the
“Interaction Group” list and click "Edit" to modify it. Select an existing interaction definition from
the “Interaction Group” list and click "Delete" to remove the unwanted definition from the model.
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6.2.1 New Interaction Definition

When a new interaction definition is created, the “Interaction dialog” window will open to let
users define the new condition (Figure 6-2). Users should perform the following procedures to
define the condition:

1. Enter in the name of the condition.

2. Select the desired “Interface Option.”

3. Enter the appropriate “Coefficient of Friction” (if necessary).

4. Click “Add Master Surf.” and “Add Slave Surf.” to define the interaction

geometry.

a. Click “Add Master/Slave Surf.” (note that the line selection icon, is
automatically activated), make the appropriate geometry selections, and
then RIGHT-CLICK and select “End Selection” from the popup menu.

b. It is recommended to use the “Display Tool” and “Zoom-In/Out”
operations to hide/display appropriate regions in order to make selection
of the interface geometry easier.

5. Click "Save & Exit" to exit from the “Interaction dialog” window.

Interaction *

Name

| Interaction group 1

Interface Option

(® Contact O Tie (O Free face
Coeffident of Friction
Surface
Master Surface Add Master Surf | | Del Master Surf
Slave Surface Add Slave Surf Del Slave Surf

Save & Exit Cancel

Figure 6-2: Create a new interaction group

6.2.1.1 Interface Options
There are three options to define the behavior of the interaction surfaces: “contact”, “tie”, or

“free-face”.

6.2.1.1.1 Contact Option

The "contact" option can simulate real mechanical behaviors on the interface like sliding, normal
pressure (without penetration), and separations. The condition consists of a Normal and Tangent
“contact status”. The Normal contact status will be either a “separation” (gap) or “in-contact”.
The Tangent contact status will be either “sticking” or “sliding”.
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6.2.1.1.2 Tie Option

The "tie" option is used to perfectly bond two bodies together along the common interface
surface. Finite element nodes on the tied interface will have exactly the same displacements in
both the X and Z-directions. This behavior is similar to a perfectly bonded condition of the mesh
(if no interaction condition were applied). However, with a “tie” interaction condition applied, the
user will be able to see the various output options of the interaction condition. In addition, a
“tied” connection will not have convergence issues that a “contact” connection may face.
Therefore the “tie” option may be used temporarily on the interaction interface in order to help
quickly troubleshoot any convergence issues in the model, before easily switching back to the
“contact” option for the real case.

6.2.1.1.3 Free-Face Option

The "free-face" option is used to create independent edges, and is generally used in addition to
the “contact” option. If the "free-face" option is used, adjacent regions on both sides of the free
face will have their own independent meshes. Edges defined as a "free-face" provide no
deformation restraint to one another — allowing both separations and penetrations. This option
is used generally used to simplify contact interfaces and improve convergence when small edges
appear in the model, such as the tip of a very long retaining wall or pile, or the tip of a long
concrete soil nail. This issue, is more noticeable if the geometry at these ‘tip’ edges is a sharp right
angle rather than using a half-circle for a smoother transition. Using this option, and setting the
‘tip-edge’ as the free face, may improve convergence performance, if a sharp right angle is used.

6.2.1.2 Coefficient of Friction
The coefficient of friction is used only if the “contact” analysis option is selected. It is not used if
the "tie", or “free-face” options are selected.

The value of the coefficient of friction varies from 0.0 to 1.0. A coefficient of 0.0 is used for a
perfectly smooth interface (frictionless). While a coefficient of 1.0 is the allowable maximum
factor. In geotechnical engineering, the coefficient of friction is often in the range of 0.3 to 0.5.

6.2.1.3 Master and Slave Surfaces

As mentioned previously, the interaction algorithm in EnFEM employs is the "Node-to-Segment"
method. The assignment of the “master” and “slave” surface, are defined here, in the “Interaction
dialog” window. Click “Add Master Surf”, select the desired geometry (edges), and RIGHT-CLICK
and select “End Selection” to complete the assignment — follow the same steps for the “slave”
surfaces. “Master” surfaces are highlighted in blue (Figure 6-3), while “slave” surfaces are
highlighted in green (Figure 6-4). If a “master” or “slave” surface has been previously or
mistakenly defined, clicking “Del. Master (or Slave) Surface” will clear the assignment. Some

recommendations for the assignment of the “Master-Slave” surfaces are as follows:

6.2.1.3.1 For the “contact” and “tie” options:

If the "contact"” or “tie” option is used, it is typical for the “master” body (and corresponding
surface) to be defined as that with the stiffer material of the two interacting bodies, while the
“slave” should be defined as the body with less stiffness. For example, if a concrete pile is
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interacting with soil, the concrete should be defined as the “master” body, and the soil the “slave”
body. A second reference may be used based on mesh refinement, whereby the “master” body
(and corresponding surface) is defined as that with less refinement (larger element size), while
the “slave” should be defined as the body with more refinement (smaller element size).

6.2.1.3.2 For the “free-face” option:
In general, either body each side of the adjacent edge, can be defined and the “master” or “slave”
body if the “free-face” option is selected.

r 3
Interaction &J

Mame

Interface Option
(@ Contact @ Tie () Free face

Coeffident of friction
0.6

Surface

Master surface Add Master surf | | Del Master Surf
Slave surface Add Slave surf Del Slave Surf

Figure 6-3: Define master interaction surfaces

Interaction ﬂ

Mame

Interface Option
@ Contact ) Tie (") Free face

Coeffident of friction

0.6

Surface

Master surface Add Master Surf | | Del Master Surf
Slave surface Add Slave Surf Del Slave Surf

Figure 6-4: Define slave interaction surfaces

6.3 Edit Interaction Definition

This option allows the user to modify an existing interaction definition. Select the desired
interaction definition from the “Interaction Group Management dialog” window (Figure 6-1) and
click “Edit” to open the “Interaction dialog” window. Users can then modify the condition as
desired, including changing the “interface option”, “coefficient of friction”, and reassignment of
“master” and “slave” surfaces. After editing, click "Save & Exit" to save the changes and return

back to the “Interaction Group Management dialog” window.
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6.4 Delete Interaction Definition

This option allows the user to delete an existing interaction definition. Select the desired
interaction definition from the “Interaction Group Management dialog” window (Figure 6-1) and
click “Delete” to remove the definition from the model database. Click "OK" to exit from the
“Interaction Group Management dialog” window when finished.
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7.1 Introduction

Soil excavation is commonly found in many geotechnical engineering projects, such as the
construction of high-rising building foundations, subway tunnels, slope strengthening, and buried
culverts. To simulate this construction process in Finite Element Analysis, finite elements need to
be partially removed to simulate effects of excavation. EnFEM provides the option of element
deactivation for this type of excavation analysis.

7.2 Define New Deactivation Condition

7.2.1 Prerequisite model setup:

In general, excavation analysis is highly nonlinear and the excavated area should be divided into
several, thinner sub-regions, to be excavated incrementally. In EnFEM, the following steps are
necessary before a deactivation condition can be created:

1. Create geometric sub-regions to divide the excavated area in several smaller
layers.
2. Create region “selection-sets” for each excavated sub-region.
a. NOTE: It is recommended to name each set according to its excavation
order (i.e. “excv_set_layer _1”, etc.).
3. Inaddition to any other stages in the analysis, define a stage (excavation type) for
each excavated sub-region.
a. The excavation stages should be after any “initial-stress” stage
b. NOTE: It is recommended to name each stage according to its excavation
order (i.e. “excv_layer_1”, etc.).
4. Continue to finish defining any other model parameters (material assignments,
boundary conditions, etc.).

7.2.2 Define Deactivation

With necessary prerequisite conditions met, click "Data->Deactivate” to open the “Deactivation
dialog” window as shown in Figure 7-1. The following procedures outline the steps to complete
the excavation definition in the “Deactivation dialog” window:

Deactivate X |Deactivate >

Region Region

Stage Set Deactivate Stage Set Deactivate
ints ints None

excava_1 excava_l Excava_1

excava_2 excava_2 Excava_2

mon oW R e
|

[T TR
|

excava_3 excava_3 Excava_3

excava_4 excava_4 Excava_4

Animation Cancel Animatior Cancel

Figure 7-1: Region deactivation dialog — During (left) and After (right)
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1. Click the first cell in the “Stage” column, and select the first stage in the analysis
from the drop-down menu — typically an “Initial-Stress” stage.

a. Repeat this step incrementally, until all stages of the analysis are listed in
order, from start to finish.

2. Click each cell in the “Set Deactivate” column, and select the corresponding
region “selection-set” (previously defined) from the drop-down menu, that will
be deactivated in the selected “Stage”.

a. NOTE: If the stage is not of the type, “excavation”, then “None” should
be selected in the “Set Deactivation” column.

In reference to Figure 7-1, the first stage, “ints” is an initial-stress stage, and therefore no
deactivated selection-set is associated with this stage. Notice that the previously defined
excavation stages and their corresponding deactivated regions, are defined incrementally until
the end of the analysis.

When one region-set is deactivated, its contribution will be removed from total gravity load. Finite
elements from deactivated regions also have no contribution to the global system stiffness.
Deactivation of a region will also deactivate related boundary conditions, including contact
interfaces, automatically.

Users may preview the defined process by clicking the “Animation” button. This will cycle
through the defined deactivation procedure once, and then stop automatically. Repeat as
necessary to provide visual confirmation of the deactivation definitions. Click “OK” to finish the
definition and exit the “Deactivation dialog” window.

This technique is detailed further in Example 10 — Analysis of Excavation with Cantilever Retaining
Wall, of the Example Manual
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8.1 Introduction

The mesh plays one of the most important roles in finite element analyses. The mesh has a
significant influence on both the computing efficiency, and the accuracy of results. Too much
refinement and a large number of elements, yields slower computation times and larger data files
that may be difficult to manage. Too few refinements and a smaller number of elements, may
produce faster results, but those results may lack accuracy. The key to a quality mesh is to strike
a balance between these two positions, in which it is generally recommended to create the final
mesh based on several iterative trials/comparisons to study the effects of the mesh on the actual
results.

In EnFEM, the typical workflow involves users determining the mesh type, the element shape, the
element type and integration rule, global element sizes, and applying any local refinements,
before generating the finite element mesh.

8.1.1 Finite Element Types in EnFEM

Many finite element types have been proposed throughout the history of Finite Element Analysis
to solve various problems in solid mechanics, fluid dynamics, acoustics, and electronics and
magnetics. In the field of solid mechanics, stresses and deformations are the primary results of
interest. Figure 8-1 shows four widely used finite elements in this field, and which are available in
EnFEM.

3 ; 3 3 3
4 4
6 6 5
8
2 2 2 2
1 1 > 1 1 4
Q4 Q8 T3 T6

Figure 8-1: Types of finite elements used in EnFEM

The shape of elements in Figure 8-1 can be grouped into two categories: quadrilateral and
triangular. For each element shape category, there is also one linear, and one quadratic, element
type. The quadratic types, include additional nodes at the midpoints of each element edge, rather
than just those at each endpoint. Elements of the quadrilateral shape are Q4, and Q8 elements.
Elements of the triangular shape are T3, and T6 elements. The following sections detail these
different element types. In addition, more technical detail may be found in the EnFEM Technical
Manual.

8.1.1.1 Linear Quadrilateral Element - Q4
The linear quadrilateral element, or Q4, has four nodes and four straight edges. Nodes are
counted in the counterclockwise direction. The Gaussian integration rules are illustrated in Figure
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8-2. The red crosses indicate the Gaussian integration points. The left image represents the full
Gaussian integration rule, in which four integration points are used. A reduced Gaussian
integration is shown in the right image, in which the only integration point is located at the center
of the element. Displacements are interpolated linearly inside the element. Field variables like
stresses or strains vary linearly (full integration) or are constant (reduced integration), depending
on the selected integration rule. In general, this element has good performance for most analysis
types in solid mechanics. If bending behavior is significant, as is the case when simulating beams,
this element suffers from shear locking when the full integration rule is used. Thus, additional
refinement of the mesh should be used to reduce the influence of shear locking.

Figure 8-2: Gaussian integration rules for Q4 element

8.1.1.2 Quadratic Quadrilateral Element - Q8

The quadratic quadrilateral element, or Q8, has eight nodes and four edges. Nodes are counted
in the counterclockwise direction, and start with the endpoint nodes before moving to the
midpoint nodes. The model geometry edges can be straight or curved initially. In EnFEM, the FE
edges of Q8 elements are always straight, initially. Gaussian integration rules for the Q8 element
are displayed in Figure 8-3. The left image represents the full integration rule, with nine
integration points. The right image shows the reduced rule with four integration points.
Displacements are interpolated quadratically inside the element. Field variables like stresses and
strains are interpolated by quadratic functions (full integration) or linear functions (reduced
integration), depending on the selected integration rule. In general, the reduced rule may be
considered to have better performance over the full integration rule for most cases in solid
mechanics. It is accurate, efficient, and does not suffer from shear locking. In EnFEM, if contact
interfaces are not involved in the analysis, Q8 elements are preferred.

Ui Ui
4 7 3 4 7 3
X X x x
8¢ X 5 S 8e 5 S
X X X x x
1 5 2 1 5 2
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Figure 8-3: Gaussian integration rules for Q8 element

8.1.1.3 Linear Triangular Element - T3

The linear triangular element, or T3, has three nodes and three straight edges. Nodes are counted
in the counterclockwise direction. The Gaussian integration rule is shown in Figure 8-4. This
element has one integration point. Strains and stresses are constant inside the element domain,
so this type of element is also known as the “constant strain element”. In general, T3 elements
also suffer from shear locking and therefore are commonly not considered suitable for flexure
dominated analyses. Reliable results for this type of stress-analysis often requires a very fine mesh
if T3 elements are used.

Figure 8-4: Gaussian integration rule for T3 element

8.1.1.4 Quadratic Triangular Element - T6

The quadratic triangular element, or T6, has six nodes and three straight edges. Nodes are
counted in the counterclockwise direction, and start with the endpoint nodes before moving to
the midpoint nodes. The model geometry edges can be straight or curved initially. In EnFEM, the
FE edges of T6 elements are always straight, initially. Displacements are interpolated
quadratically. The Gaussian integration rule is shown in Figure 8-5. These elements use the three-
point integration rule, and generally have much better performance than T3 elements. Stresses
and strains vary linearly inside the element.

Figure 8-5: Gaussian integration rule for T6 element

User’s Manual (Rel. May/2019) EnFEM for Windows



CHAPTER 8 — Finite Elements & Mesh Generation — 8-5

8.1.2 Structured/Unstructured Mesh

After defining an element type, users must decide on the structure of the mesh. Both “structured”
and “unstructured” meshes are available in EnFEM, and users will define either type for each
region in the model. Both mesh types can be combined freely in a model with multiple regions,
but only one mesh type may be defined per region. Figure 8-6 shows a sample of structured (at
left) and unstructured (at right) meshes. The structured mesh is such that each internal node has
fixed number of neighboring nodes. The unstructured mesh is such that the number of
neighboring nodes around an internal node is undetermined.
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Figure 8-6: Structured and unstructured meshes

In general, finite elements in a structured mesh have less distortion and are considered to be of
better quality. In Figure 8-6, two identical rectangles are assigned with the same global FE size.
The number of elements in the structured mesh is clearly less than that of the unstructured mesh.
A smaller number of elements is one benefit of using a structured mesh, as computation times
typically will decrease with less elements. However, a structured mesh is only applicable to region

objects with four sides only, where the number of discretized elements on opposite sides of the

region must be equal. Users may split a larger polygon, with more than four sides, into several
smaller four-sided regions which are then allowed to use a structured mesh.

In mechanical analysis in geotechnical engineering, structural members like retaining walls, piles,
and/or culverts are frequently found. Although these structural members may have regular
rectangular, or ring shapes, they are difficult to represent with a single four-sided rectangle or
ring in EnFEM due to geometric compatibility issues with other regions in the model — like soil
layers for example. However, members can easily be divided into several smaller four-side region
objects. A simple example of this is shown in Figure 8-7. The retaining wall, made from polygon
GFEKLMH (at left), has more than four sides to due to the adjacent regions (not shown)
representing soil layers. This polygon is divided into three, four-sided sub-regions - rectangles
GFEH, EKNH, KLMN (at right). The structured mesh can then be applied to each of these sub-
regions. Additionally, in post processing, a structured mesh is required to plot results of integrated
forces, like moments or shear forces.
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Figure 8-7: Sub-divide a multi-edge polygon into four-sided rectangles

8.1.3 General Mesh Generation Guidelines

To generate high quality meshes in EnFEM, users should use following recommendations:

1.

Use quadrilateral elements (Q4, Q8) as much as possible. If complex geometries
are present, they can be divided it into smaller regions with more regular shapes.
This is helpful to improve mesh quality.

If contact analysis is not present in the model, it is recommended to use Q8
elements (reduced integration rule) exclusively

If contact analysis is_present, it is recommended to use Q4 elements (full
integration rule) exclusively. Adjust mesh refinement if necessary.

For a structural member in the model, like a retaining wall, a culvert, or a pile,
divide the geometry into several four-sided subregions, if possible, and set the
mesh type for this member as a structured mesh.

Refine the mesh at locations suffering from steep stress gradients (stress
concentrations). Use a coarse mesh at locations far away from the area of
interest.

Mesh operations are only available in “CAD-mode” and can be found in the “Mesh” drop-down

menu on the menu bar. Click ! to switch to “CAD-mode” if necessary. To generate a finite

element mesh in EnFEM has following general steps:

1.

2.

3.

Define mesh controls:
a. Select element shape, mesh type, element type, and integration rules
Define global seed control
a. Assign a global element size if a uniform mesh is expected
Define local seed controls (if necessary)
a. Local seed controls can be used to adjust element size, refine bias
direction, and refine bias pattern.
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b. Local seed control is a powerful and essential tool to aide in generating a
high-quality mesh with the optimal number of nodes.
c. Iflocal seed control is applied to all region edges, global seed control can
be ignored.
4. Verify mesh settings
a. View edge divisions, seed assignments, and element type assignments
5. Generate mesh

8.2 Defining the Mesh

8.2.1 Mesh Controls

The mesh control operation is used to determine the element shape and mesh type, and to select
the element type and integration rules. In “CAD-Mode, from the menu bar, select “Mesh->Mesh
Control”. Select the desired region(s) and then RIGHT-CLICK and select “End Selection” from the
popup menu. This will open the “Interaction dialog” window (Figure 8-8).

Mesh Control X
Region List Element Shape
r (®) Quadrilateral (O Triangle
Mesh Type
@SEI'ucthed Othn'uch.lred
Element Option

OLlnear Q4 @Quad‘atic Q8 Linear T3 Quadratic T6

IntegrationRule  []Reduced

Cancel

Figure 8-8: Mesh control dialog

In the left of this dialog, a “Region List” of the selected regions is displayed. Region names are
automatically generated by the program following the rule “Region + number”. If selected regions
do not have mesh properties previously defined, the default assignment is a "Quadrilateral”,
“Quadratic Q8" element. Either “Structured” or “Unstructured” mesh types may be defaulted to,
depending on the shape of the selected geometry. If selected regions have previously assigned
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mesh properties, those assigned settings will displayed. Select the desired option for the element
shape. Next, select the desired options for the element shape, mesh type, element option, and
integration rule, with the following references:

1. If the source region does not have four edges, only the "Unstructured" option is
applicable.

2. If the option "Linear Q4" is selected and contact interfaces are involved in the
model, it is recommended to use the full integration rule (“reduced” remains
unchecked).

3. For the "Quadratic Q8" option, in general it is recommended to use the reduced
integration rule.

4. There is no integration option for the triangle element shape.

The mesh generator in EnFEM supports hybrids of structured, and unstructured meshes in the
same model, however there are several limitations on mesh generation in EnFEM:

1. Quadratic elements (Q8, T6) cannot be combined with linear elements (Q4, T3)
2. If a structured mesh is desired, the region of interest should be a four-sided
region. Division numbers on opposite sides must be equal.
a. NOTE: There is no edge number limitation for an unstructured mesh.
3. A mixture of quadrilateral and triangular elements is not supported in EnFEM.

8.2.2 Global Seed Control

After defining the global mesh control settings, more work is necessary to determine the element
size on each region edge. In EnFEM, element size is controlled by setting the “seed spacing” on
region edges. There is no control of seed spacing inside a region. During discretization, one FE
node is placed at the seed position.

The “global seed control” operation applies a universal element size to all regions in the model so
that the generated mesh will be uniform. From the menu bar, click “Mesh->Global Seed Control”
to open the “Global Seed Control dialog” window as shown in Figure 8-9.
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Global Seed Control Dialog ==

Global mesh size 22.95

Close

Figure 8-9: Global seed control

The default global mesh size is the smaller of the two following calculations:

1. Default mesh size is equal to the longest edge divided by 20,
OR,
2. Default mesh size is equal to the shortest edge divided by 4.

The user may change the default global mesh size by manually entering in a specified value as
desired. Click “Assign” to apply the element size to all regions. After clicking "Assign”, red circles
are displayed on each edge to indicate the location of each seed (Figure 8-9). Click “Close” to exit
from this dialog.

8.2.3 Local Seed Control

Practical geotechnical problems are often complicated by highly nonlinear mechanical behaviors,
local stress concentration, and/or significant dimensional differences, among others. In these
problems, a uniform mesh may not provide enough resolution in an area of stress concentration.
However, an overly-fine mesh greatly increases the calculation time. Local mesh control is
essential to striking a balance between these issues. By using appropriate local seed controls, a
locally refined mesh may be created with smooth transitions from the finely meshed area to the
coarsely meshed area.

From the menu bar, click “Mesh->Local Seed Control”, select the desired edge(s), and RIGHT-
CLICK and select "End Selection" from the popup menu to open the “Individual Seed Control
dialog” window (Figure 8-10). Options for “Seed Controls”, “Number of Divisions”, “Bias
Direction”, and “Seed Distribution Style” are defined here, as well as viewing existing “Seed
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Information”, if the selected edge has been previously defined. Input parameters in this dialog
vary based on specific selections of the “Seed Controls” and “Seed Distribution Style”. Notice when
the “Seed Control” is set to “By Number”, and by making different selections of the “Seed
Distribution Style” option, the input parameter for the “Number of Divisions” changes based on
the selection. This is also similar if the “Seed control” is set to “By Size”, and “Seed Distribution
Style” option changes. Once, the appropriate selections and input are made, click “Assign” to
apply those to the model. Click “Close” when complete and repeat the process for any other
desired edges. The following sections discuss these settings in more detail.

Individual Seed Control *
Seed Control
Mumber of Divisions

(®) By Number

O By Size
Reverse Bias Direction

Seeds Distribution Style

(®) Uniform () One-Way ) Two-Way

Seed Information

Length of this edge = 200.00

Mumber of division =10

Minimum size = 20.00

Maximum size = 20.00

Ratio of max/min of division = 1.00

Figure 8-10: Individual seed control dialog

8.2.3.1 Seed Control and Sizing Options

Two main options are available for the seed control — “By Number” or “By Size”. Sizing controls
are also available in the form of “Number of Divisions”, “Uniform Size”, “Ratio of Max/Min”,
“Minimum Size”, and “Maximum Size”. As mentioned previously the sizing controls may vary
based on the selected “Seed Control” and “Seed Distribution Style”.

8.2.3.2 Seed Distribution Style

Three options are available for the seed distribution style — “Uniform”, “One-Way”, and “Two-
Way” (Figure 8-11). The “Uniform” distribution style makes the seed spacing equal along the
selected edges. The “One-Way” distribution style reduces seed spacing along the provided
direction. The “Two-Way” distribution style reduces seed intervals towards the middle of the edge
or towards both ends of the edge, depending on the “bias direction”.

NOTE: If multiple edges are selected at once, for the local seed controls, only the “Uniform” style
will be available for selection. The keyboard shortcut “CTRL+L” can be used to start the “Local
Seed Control” operation again, for repeated definitions.
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Figure 8-11: Seed distribution style in EnFEM

8.2.3.3 Bias

Both the “One-Way” and “Two-Way” distribution styles use a directional bias, meaning that seed
spacing is reduced in a defined direction along the edge. The “One-Way” distribution style reduces
seed spacing along the provided direction. The “Two-Way” distribution style reduces seed
intervals towards the middle of the edge or towards both ends of the edge, depending on the
“bias direction”. When either one of these styles are selected, arrows highlighted in red, are
displayed on the selected edge to clearly show the refining direction(s). If this arrow display shows
in the opposite direction as desired, the user may “check” the box for “Reverse Bias Direction”.
This arrow display will then change in the opposite direction as previous.

8.2.3.4 Example

A simple example seen in Figure 8-12, highlights using local mesh controls to refine the mesh
about one vertex — in this case Vertex B (left image). The right image shows the final seed
distributions, refined around Vertex B, and transitioning outward to a less refined distribution.
Note that the seed-spacing around the specified vertex of interest is equal. It is important to keep
similar spacing around a shared vertex to obtain high-quality meshes. In cases of local stress
concentrations, local refinement is essential to reduce the stress gradient.
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Figure 8-12: Local mesh refinements around Vertex B

8.2.3.5 Seed Information

Once local seeds are assigned to an edge, or if selecting an edge that has a previous definition,
calculated “Seed Information” is shown at the bottom of the “Individual Seed Control dialog”
window (Figure 8-10). Note that the calculated minimum and maximum element sizes may not

be exactly equal to the user’s input.

8.2.4 Other Mesh Tools

EnFEM provides some convenient tools to let users verify seed distributions and predict mesh
quality before generating the mesh. To avoid any unexpected errors, it is recommended to review
mesh definitions and properties using the following tools, before trying to generate the mesh.

8.2.4.1 Show Edge Division
From the menu bar, click "Mesh->Show Edge Division" to show division numbers on all edges as

seen in Figure 8-13. Following the same command, will turn the edge divisions off.

This is an especially useful feature if a structured mesh is defined, as opposing edges must have a
matching number of edge divisions for a structured mesh.

Figure 8-13: Division numbers displayed
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After setting the global seed control, each edge has a division number calculated by program. In
general, longer edges will have larger division numbers than short edges, as shown in Figure 8-14.
However, there is a conflict with the structured mesh requirements if this is the case. Showing
the edge division, and using the local seed controls should be used to correct this violation.

Figure 8-14: Incompatible division number for a structured mesh

8.2.4.2 Show Seeds

From the menu bar, click "Mesh->Show Seeds" to show all specified seed distributions, as seen
in Figure 8-15. Following the same command, will turn the seed visual off. This provides a useful
visual to verify that seed distributions are defined as expected.

Figure 8-15: Seed distribution displayed

8.2.4.3 Show Mesh Assignment
From the menu bar, click "Mesh->Show Mesh Assignment" to show all specified mesh property
assignments. Following the same command, will turn the assignment visual off. This command
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shades regions in specific colors according to the assigned mesh properties, as seen in Figure 8-16.
This provides another visual verification tool to confirm mesh properties are defined as expected,
before the mesh is generated.

Figure 8-16: Display mesh assignment in color

Four colors are used to shade regions according to their mesh assignment:

N quadrilateral and structured

. triangle and structured

. quadrilateral and unstructured
. triangle and unstructured

e [ nomesh property defined

8.3 Special Cases

8.3.1 Mesh Control on Contact Surfaces

Contact surfaces require special attention when defining local seed control. The following is a
general rule:

1. Ifthe interface is curved, matched meshes should be used.

2. If the interface is straight, matched meshes are highly recommended.

a. NOTE: In this case a matched mesh refers to nodes from adjacent edges,
that are at the same location (Figure 8-18).
3. The element size on the slave surface cannot be larger than the paired element
size on the master surface.

Figure 8-17 depicts a curved interface with unmatched meshes, for a retaining wall and soil
interface. Since linear elements (Q4, T3) were used to discretize the interface, gaps are
unavoidable in the initial undeformed configuration. Initial contact detection fails to find active
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contact pairs due to the existence of gaps, and thus the retaining wall will miss contact constraints.
Because of this failure, some elements may suffer from rigid body motions and the computation
may fail to converge no matter how small the load increment size.

rwall

ﬁ‘
AN | gap

soil

Figure 8-17: Non-matched mesh on curved interface

Figure 8-18 shows a matched mesh on the same retaining wall-soil interface. Initial contact
detection will not fail with this interface.
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Figure 8-18: Matched mesh on curved interface

As mentioned in earlier sections, the algorithm to solve interaction problems in EnFEM is based
on the "Node-to-Segment" approach. Here the "node"” belongs to the slave body, and the
"segment" belongs to the master body. Penetration of the "slave node" into the "master segment”
will be checked frequently to ensure impenetrability between contacting bodies. However,
penetration of a “master node” is never checked against the “slave body” in this algorithm.
Therefore, if the element size on the “master body” is smaller than that of the “slave body”,
penetration of the “master body” into the “slave body” may occur and cannot be detected by the
program. It is recommended to use matched meshes on the contact interfaces whether the
interface is curved or not. The benefits of using matched initial meshes are:

1. easy to adjust mesh
2. easily satisfy mesh requirement for "master - slave" contact pair
3. combined with uniform seed distribution, contact stress has less oscillation

Figure 8-19 shows another matched mesh on retaining wall-soil interfaces on the vertical edges.
This meshing strategy is highly recommended in EnFEM.
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matched mesh

Figure 8-19: Matched mesh on vertical edges

8.4 Mesh Generation

Once all parameters are defined for the mesh, click “Mesh->Run Mesh Generation” from the
menu bar to start the men generator. If this mesh is successfully generated, it will be displayed
automatically, and the program will switch to “Mesh-Mode” (Figure 8-20).

B cybrdersep - ERFEM = o X
file fdd View Teok Mesh Arahos  Optons

P
0@Fd Ol v R AlA s  ER] R RO @

Figure 8-20: Mesh-mode interface (with nodal display on)

8.4.1 Unsuccessful Mesh Generation

If the mesh generation is unsuccessful, warning/error messages may appear with some
description of the issue. Make any necessary adjustments, and then re-generate the mesh.
Common issues during mesh generation are listed in the following sections.
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8.4.1.1 Edge Division Numbers for Structured Mesh
If a region is assigned to be a structured mesh, and opposite sides of the region have different
edge-divisions, an error message will appear like that seen in Figure 8-21.

En FE% X

Error:
Oppaosite sides should have same divisions for structured
mesh assignment,

Figure 8-21: Edge-division error message for structured mesh

8.4.1.2 Overlapping Edges

Another common issue for new users is geometry created with invalid overlapping edges. Refer
to Section 3.6 for reference on valid and invalid geometries, and best practices. If overlapping
edges are present, this will generate a non-conforming mesh, which in turn may produce
undesired analysis results. Before mesh generation is complete, the program will check for these
kinds of invalid edges and an error message will appear (like that seen in Figure 8-22) if present.
EnFEM also will mark these invalid overlapped edges in red color for easy identification.

EnFEM *

[
Error:

Geometry edges are not compatible, Do you want to
continue?

Figure 8-22: Invalid edge error message

8.5 Mesh-Mode

Once the mesh is successfully generated, EnFEM automatically switches from “CAD-Mode” to
“Mesh-Mode”. “Mesh-Mode” is a transition before running the analysis but still has some useful
features for the user. From the menu bar, under the “Mesh” menu the following features are
available.

1. “Mesh->Delete Mesh” to directly delete the generated mesh.
2. “Mesh->Mesh Properties” displays the current number of elements and nodes
(Figure 8-22).
3. “Mesh->Show Node Numbers” displays node number assignments.
a. Select again to turn off display.
4. “Mesh->Show Element Numbers” displays element number assignments.
a. Select again to turn off display.
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EnFEM *
Finite Element Mesh Properties:
Modes= 6094, Elements= 5835

Figure 8-23: Mesh properties

In addition, in “Mesh mode” (or in “CAD-mode”) the analysis settings can be defined and the
analysis started, as noted in CHAPTER 9.
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9.1 Introduction

Nonlinear analysis using finite elements in geotechnical engineering is quite complicated.
Sometimes calculations cannot converge and end in early termination, or sometimes calculations
take considerable amounts of time. EnFEM provides default solver settings that are appropriate
for most use cases, however some experienced users may desire to change these settings for
more complex analysis options. Therefore, EnFEM provides users the option to adjust solver
settings as desired, to improve convergence rates.

9.2 Analysis Settings

From the menu bar, click “Analysis->Analysis Setting” to open the “Analysis Setting dialog”
window, as shown in Figure 9-1. Default settings are automatically entered in each field, and may
be changed as desired. The specific setting options are as described in the following sections.

Analysis Setting *
Solver Option
(®) Direct Solver Iterative Solver
Convergence
Relative Tolerance = 1e-005
Max. Iter. Number = 15

Interaction

Mormal Penalty Factor =
1

Tangent Penalty Factor =

Max, Iter, Mumber = 12
Qutput
[ Displacement [ Reaction
[Cstress [Jcontact
Cancel

Figure 9-1: Analysis setting

9.2.1 Solver Options

EnFEM uses the direct solver for the solution of the system of equations. The solver is based on
multithreading and parallelization techniques that usually reduce the computational time in
multicore systems. EnFEM will detect and use available CPU cores automatically.

9.2.2 Convergence Options

The convergence setting has two controls — “relative tolerance” and “maximum iteration
number”. “Relative tolerance” is the ratio of force residual to all applied external loads. A force
residual is collected from each finite element, which is the difference between internal nodal
forces and external loads. The default value, 1e-5, is a balance of accuracy and efficiency and is
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appropriate for most calculations. Users may enlarge or reduce this value if desired. If a smaller
value is selected, more iterations are expected.

“Maximum iteration number” controls the maximum allowable number of iterations for each load
increment. If the counted iteration number exceeds this limitation, the program will mark a failure
of convergence and retry by using a smaller load increment. The default iteration limit, 12, works
well for most situations.

9.2.3 Interaction Controls

The interaction setting is used for contact analysis only. It has three parameters: “normal penalty
factor”, “tangent penalty factor”, and “maximum iteration number” for the interaction check. The
penalty approach is used in EnFEM for contact analyses. This method requires estimation of a
penalty value before computation. The default penalty value automatically determined by the
program is generally appropriate for most cases. EnFEM provides users the option to adjust the

“normal” and “tangent” penalty values by multiplying the default penalty value by a factor.

The “maximum iteration number” for the interaction is used to limit iterations to determine
contact status. Change of contact status will trigger a new iteration until the force residual is
smaller than the tolerance and no change of contact status occurs. The default maximum iteration
number for interaction check is 12. For example, if an interaction interface contains a large
number of FE nodes and change of contact status involving many nodes, the default iteration
setting will likely not reach convergence. In this scenario the increment size will be reduced, and
then check will be retried with the smaller increment size. Sometimes only the first one or two
increments need more iterations to reach convergence of contact status. In this case using a
number larger than 12 rather than allowing the program to automatically reduce increment size,
often saves CPU time.

9.2.4 Output Options

EnFEM uses a smart output control to save time and storage space of results. “Output frequency”
controls how often to write calculated results to the file on the hard drive. This option is effective
if a small increment size is being used, thus creating a large total number of increments. Results
of the first and the last increments are always output.

”

Four output contents are available in EnFEM: “displacements”, “boundary reactions”, “element
stresses” at Gaussian points, and “contact stresses”. Users may “check” the content of interest
desired for output.

9.3 Run Analysis

In “CAD-Mode” or “Mesh-Mode”, click “Analysis->Run Analysis” from the menu bar to open the
“Run Analysis dialog” window, as shown in Figure 9-2.
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Run Analysis =
Run Stage Description Generate Analysis File
ints Initial Soil Stress View Analysis File
excava_1l Excavation
excave2  Excavation
excava_3 Excavation Cancel
excava_4 Excavation
< >

Figure 9-2: Job submission and options

All available stages of the analysis model will be displayed in this dialog window. Only stages with
a “check mark” next to the name will be submitted to the solver, while those without the “check
mark” will not be run.

9.3.1 Generate Analysis File

The button "Generate Analysis File" can be used to generate the solver input file (.dat) in ASCII
format. This is a readable file primarily used for technical support purposes. Experienced users
may use this file to track possible issues easily.

9.3.2 View Analysis File

The button "View Analysis File" will open this analysis file (.dat) automatically using the Windows
Notepad program, for user review.

9.3.3 Run

The button "Run” will submit the job to the nonlinear solver, and generate an analysis input file.
A command window will open up to display convergence information of each load increment. All
information displayed in the command window, shall be saved to the “log-file” (.log). If the user
wishes to terminate the analysis early, the keyboard shortcut “CTRL+C” may be used within the
command window, or the command window can be closed directly by clicking the 3 button.
When solver finishes the analysis, or terminates the analysis because of an error, the “log-file”
(.log) will be opened automatically. It is recommended to review the history of convergence in
this log-file. If any errors have occurred and EnFEM fails to generate the analysis input file, an
error message will be produced, like that seen in Figure 9-3. Related information can be found in
the “log file”.

EnFEM s

s

Errar:
! Fail to generate analysis file, Check error details in message
file [log)

Figure 9-3: Analysis file error message
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The output file (.out) and the log file (.log) are both available for users’ review. They can be
reached from the menu bar, by clicking "Analysis->View Output File", or "Analysis->View
Message File", respectively.

9.3.3.1 Computation Result
In general, the computation will end in two ways — either a successful completion of the analysis,
or an early termination.

9.3.3.1.1 Successful Computation
In this case, the analysis successfully ends without issue, or any error messages. Thus, users can
go into post-processor directly to view the desired results.

9.3.3.1.2 Early Termination

In this case, the analysis aborts due to errors. This case is common in nonlinear FE simulation.
There are many reasons that may cause an abnormal abort, such as: large load-increment size,
local failure of material, non-convergence of a contact interface, or the model itself has some
implicit errors. In this case, users need to carefully check the completed output, including the “./og
file”. If any partial results are available, judgement of the results based on engineering experience
is necessary to find errors, and make any needed corrections.
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10.1Introduction

Visualization of results is generally known as post-processing in finite element analysis. Post-
processing in EnFEM has four types of data visualization: “contour plots”, “displacement vectors”,
“X-Y curve plots”, and “cutline plots”. These options are described in more detail in the following
sections.

10.1.1 Result-Mode

Post-processing in EnFEM takes place in the “Result-mode”. With an analysis previously

completed, users will click the IE icon to switch into “Result-mode”. If results are available, the

initial mesh will be plotted on screen (Figure 10-1). Users may click or @ to go back to
“CAD-mode” or “Mesh-mode”, at any time.

Figure 10-1: Initial “Result-mode” display

10.1.2 Stage Selection

Before plotting any results, users may select a specific stage(s) for output. From the menu bar,
click "Results->Stage Selection". The “Stage Selection dialog” window will open up as shown in
Figure 10-2. “Checked” stages will be available for output operations, and those left “unchecked”
are left out. This is often a useful feature for XY-Plots, for example, when there is a desire to plot
only the loading stages, and leave the initial stress stage unplotted. All stages are selected for

output by default. Columns after the stage name detail the “start increment”, “end increment”,
and “stage type”.
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Stage Selection *
Stage Start Increment End Increment Description
Initial Stress 0.0000 1.0000 Initial Soil Stress
Displacement 1.0125 20000 General Static
< >
Cancel

Figure 10-2: Select stages for output

10.2Post-Processing Options

10.2.1 Contour Plot

The contour plotin EnFEM is based on Open-GL graphics technology which provides fast, accurate
rendering of contour outputs on screen. Contour plots of field variables give users a visible color-
based image to easily identify trends in displacement, local stress/strain concentrations, local

[ |
failure of material, among others. From the toolbar, click the contour plot icon, , and the
“Contour Plot dialog” window will open, as shown in Figure 10-3.

Cantowr Plot Option =

L]  Eshow contowr
Deformaton w [ shew Contow on Deformed Body
Variabies

[ sherm Undbeformed Mesh
Increments Cantour Tipe

Desplace. incrs 131633 ) Shasing

O

(i shading and Lines

Figure 10-3: Dialog of contour plot

Variables available for display in the contour plot are divided into four groups: "Deformation”,
"Stress", "Strain", and "Soil variables". Contents of each group are listed as follows:
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10.2.1.1 Deformation

1.
2.
3.

ul: displacement component in X-direction (horizontal)
u2: displacement component in Z-direction (vertical)
u_mag: displacement magnitude

_ 2 2
umag - u11 + u22

(10.2-1)

10.2.1.2 Stress

1.

ukwnN

7.
8.

011,0r S11: stress component in X-direction (horizontal)

045,01 S22: stress component in Z-direction (vertical)

015, 0r S12: shear stress component

033,0r S33: stress component in Y-direction (perpendicular to screen)
mean stress, P:

p 011 1033+ 033
3

(10.2-2)

equivalent shear stress, g

(011 — 022)% + (022 — 033)% + (033 — 011)% + 60213
q=+3]2= >

(10.2-3)

major principal stress, P;, or PS1
minor principal stress, P,, or PS2

10.2.1.3 Strain

1.

ukwnN

€11,0r E11: component of total strain in X-direction (horizontal)

€55,0r E22: component of total strain in Z-direction (vertical)

€12,0r E12: component of shear strain

€33, 0r E33: component of total strain in Y-direction (perpendicular to screen)
EEQ: equivalent magnitude of total strain

V3
Eeq = 7\/(311 — £22)% + (&322 — £33)% + (£33 — £11)% + 3¢5,
(10.2-4)

slfl, or PE11: component of plastic strain in X-direction, (horizontal)

852, or PE22: component of plastic strain in Z-direction (vertical)
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8. sfz, or PE12: component of shear plastic strain
537,’3, or PE33: component of plastic strain in Y-direction (perpendicular to
screen)

10. sgq, or PEEQ: equivalent magnitude of plastic strain

p V3

3 2 2 2 2
2 =22 (2, — ) (e — o) + (68, — 2,) 4 3(<2,)

&

(10.2-5)

10.2.1.4 Soil variables
1. Pore pressure
2. Consolidation stress, P,
3. Void ratio:
4, Active yielding

Clicking on any of the “Variable” selections will automatically refresh the contour plot. The list
under the label “Increments” shows the available increments for selected stages. Selecting any of
the increments will also refresh the contour plot. There are several display options in the top-right
part of the window. Options for displaying the contour, the deformed shape with scaling factor
and the undeformed mesh, as well as various contour types and editing numerical limits are
available to the user.

Figure 10-4: Plot contour as line
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b4

2 how Contour

[ stom Contour on Deformed Body

[l sherm Undeformed Mesh

Figure 10-5: Plot contour to show both shade and line

Three different options of “contour type” are available: “shading” (default), “lines”, or both
“shading and lines”. Figure 10-4 shows an example of line contours, while Figure 10-5 is an
example of the combined option.

Users can change the “contour limits” as desired by entering new minimum or maximum values,
as well as the number of contour divisions. Click “Apply” to set the new limits, and notice that the
contour scaling reflects these changes. The button “Default Limits” is used to restore the original
default contour limits, if necessary. Below the “Increment List”, checking the box “Show
Animation”, enables controls for an animated display of the contour results. Click the button

Pay | to play the contour animation. The animation will play once, from start to finish. If

desired, contour limits for the animation may be changed using the “Minimum/Maximum” fields
This can be repeated as necessary.

Click “Close” to exit the “Contour Plot dialog” window. After exiting, the contour image will be
cleared from the screen.

10.2.2 Plot Displacement Vector

The displacement vector plot is a way to clearly illustrate displacement direction and magnitude
¢

of material parcels. From the toolbar, click the “\ icon to open the “Displacement Vector
dialog”, as shown in Figure 10-6. This figure shows the displacement vectors on a foundation
settlement example from Example 2 - Analysis of shallow foundation subject to vertical
settlement, of the EnFEM Example Manual.
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Displacement Vector

Increment History Vector Variables

Displace. inor= 143132 A total Displacement
Displace. incr= 1.48777

Displace. inor= 156117 -

Displace. iner= 1.50255 Multiplier

Displace. incr= 1.65265
Displace. inor= 1.70265
Displace. incr= 1.75255
Displace. inor= 1.80265
Displace. incr= 1.85255
Displace. incor= 1.90265

Digplace. incr= 1.95265
Displace. ina = 2.00000 hd

Figure 10-6: Displacement vector of soil due to settlement of foundation

User may select any available increment from the “Increment History” list, select the appropriate
“Vector Variable” (“total displacement”, is default), and select the “multiplier” value to increase
or decrease of the size of the displacement vectors. Users can plot displacement vectors for
components in the X-direction, Z-direction, or the combined magnitude and direction.

10.2.3 X-Y Plot

The X-Y plot is an important output option that illustrates the internal relationship between two
parameters. The X-Y plot in EnFEM has two distinct categories:

1. Historic Result X-Y plot
a. Plots results of a single node versus increment history.
b. Only “Primary Variables” (deformation, stress, strain, etc.) or “Reaction
Forces” are available “Categories” for plotting.
2. Field Result X-Y Plot
a. Plots results at selected increments only.
b. For plotting results along a defend node-path.
c. All result “Categories” are available for plotting (including interaction
interfaces).

The following sections detail options for X-Y Plots. Additional step-by-step detail using practical
examples, can be found in the EnFEM Example Manual.
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10.2.3.1 Historic Result X-Y Plot

Historic X-Y Plot is used to plot results of a single specified node versus the increment history.
Available “Categories” for historic X-Y Plots are “Primary Variables” (deformation, stress, strain,
etc.) and “Reaction Forces”.

Click the Il’ icon on the toolbar to open the “X-Y plot dialog” as seen in Figure 10-7. This figure
shows an example plot of displacement in the X-direction versus the increment history of the
selected stages (in this case the initial stress stage is turned off in the result).

X-Y Plot X

Type of Source Data
(@) Historic Result (O Field Result 0.000e+000

Node List By Set -2.658e-003

[36 | 5.3162-003

Cotegory 7 9746-003

‘ Primary variable ~ ‘

Variables -1.063e-002

ul -

Increment History % -1.329e-002

pRr— .

e oo - C;ve Option o 15982002

SRM. inr= 1 X Grid o
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Figure 10-7: X-Y Plot for Historic Result

With the “X-Y plot dialog” open, the following procedures should be followed:

Select “Historic Result” as the data source.
Input the desired node number into the “Node List” entry.
a. NOTE: Users many need to turn on the node numbers (“Mesh->Show
Node Numbers”) and use zoom operations to determine the exact node
of interest.
3. Select the desired option from the “Category” drop-down list.
a. NOTE: Only “Primary Variables” (deformation, stress, strain, etc.) or
“Reaction Forces” are available for “Historic Plots”.
4. Select the desired option from the “Variables” drop-down list.
5. Note that the content of increment history becomes grey because the historic
option is selected.
6. Click "Plot" to plot the desired curve.
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10.2.3.2 Field Result X-Y Plot

The Field Result X-Y Plot is used to plot results of specified variable along a path defined by a node
list. Data in this plot are extracted from a selected load increment, and all result “Categories” are
available for plotting (including interaction interfaces).

Click the Il’ icon on the toolbar to open the “X-Y plot dialog” as seen in Figure 10-8. This figure
shows an example plot of stresses along a selected node path at the selected load increment.
Notice the node path that is entered in the “Node List” rather than just a single node. When a

node path is used, the X-axis of the plot is the real distance of each node, in relation to the first
node in the list.

X-¥ Plot

Type of Source Data

(O Historic Result

(®) Field Result

File Save Option

2.261e+002
Node List By Set 2.132e+002
[370:308:1 2 003e+002
Category 1 87484002
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Variables ;O 174504002
,
Increment History g 1.616e+002
::g:i :Eg: gggggg * | curve Option - 1.487e+002
stagel. incr= 0.70000 X Grid w
stagel. incr=0.75000 @ 1.358e+002
stage L. inc=0.30000 ¥ Grid =
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e g
stagel. incr=0.95000 3 -
stagel. incr=0.95313 O E 1.100+002 ! : T S e e S s R A
tage 1. incr=0.95719 £ H i H [ H | 1 i H I H | ' | ' I H
:ESEL ::g=ﬂ.9582[| v U 9.711e+001 oo 1 I T [ A E T | i1 A N T I
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30.0 40.0 50.0 60.0 70.0 100

Output to: | C:\EnFEM\exampIa\cylinder_M\sas\;l

[ Append to File

Save to File

Distance to first node

Close

Figure 10-8: X-Y Plot for Field Result

With the “X-Y plot dialog” open, the following procedures should be followed:

b

Select “Field Result” as the data source.
Input the desired node-path into the “Node List” entry.

a. NOTE: Users many need to turn on the node numbers (“Mesh->Show
Node Numbers”) and use zoom operations to determine the exact node
of interest.

b. NOTE: See the following sections for options of node-path entry.

Select the desired option from the “Category” drop-down list.

a. NOTE: All result “Categories” are available for plotting (including
interaction interfaces).

Select the desired option from the “Variables” drop-down list.
Select the desired load increment.
Click "Plot" to plot the desired curve.

The following sections detail node-path entry options and formats.
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10.2.3.2.1 Manual Entry of Node-Path
When specifying a Field Result X-Y Plot, a desired series of nodes must be input. The first option
is to input this series manually, for which there are several options detailed below.

10.2.3.2.1.1 Individual Entry

The first option is a simple input of nodes, each separated by a comma - “1,3,5,6,10...X”. The user
may choose to use this option if the nodes along the desired path are not in any fixed nhumerical
order. This method can be used in combination with the “fixed interval” input described below,
by simply using a comma for separation.

10.2.3.2.1.2 Fixed Interval
The second option provides more structured input, if the series of nodes has a fixed interval. In
this case, the input can be written as:

13:45:2 or, 117:112:-1

The first number is in reference to the “start” node, while the second is the “end” node. The third
number is in reference to the “interval”. Therefore, the first input will extract a node series from
13 to 45, using every other node - “13, 15, 17, 19, ..., 45”. Whereas the second input is equal to
a node series of “117, 116, 115, 114, ..., 112”. This method can be used in combination with the
“random entry” input as described above, by simply using a comma for separation.

10.2.3.2.2 Node-Path Entry Using Predefined ‘Edge-Sets’
The alternative option to manual entry for specifying a node-path is using a predefined ‘edge-set’.

This is the most convenient way to define the path, but does require that an “edge selection-set
(see CHAPTER 5) be previously defined, for the desired path.

With the “X-Y plot dialog” open, the following procedures should be followed:

1. Select the “Field Result” option
2. Click the button "By Set", above the “Node List” entry, to open the “Set Selection
dialog” window, as seen in Figure 10-9.
a. All of the previously defined selection-sets of the model are displayed in
this window, detailed by their “Set-Name” and “Set-Type” (description).
3. Select one edge-set and click "OK".
a. NOTE: The “Node List” entry will now display "User Defined Set".
4, Select the desired “Category”, “Variable”, and “Load increment”, and click “Plot”
when finished.
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Set Selection

Set Group

Set Description oK

pile Region Cancel

uppersoil Region
lowersoil Region
soil_all Region
pile_right Line fArc
pile_left LinefArc
soil_right LinefArc -
4 1 b

| g

m

Figure 10-9: Select an ‘edge-set’ for Field Result X-Y Plot

10.2.3.2.3 Plotting Integrated Variables (moment, shear, or thrust)
The category of “Integrated Forces” for Field Result X-Y Plots is specifically designed to show

integrated force output for structural elements in geotechnical engineering. For example, an

engineer may be interested in moments and shears of a wall structure in a retaining wall-soil

interaction analysis, or thrust forces inside a culvert while evaluating the design of the structure.

Creating an integrated force plot comes with some additional steps that supplement the normal

process for producing a Field Result X-Y Plot. They are as follows:

1.

Integration forces can only be plotted from the single object of interest — typically
a structural member. This structural member may be represented by more than
one region. Use the “Set Tool” and “Display Tool” to define a selection-set, and
display only the member of interest - such as a culvert or wall region.
a. NOTE: |If there is more than one structural member that requires
integrated force output, only display one structural member at a time.
When inputting the node-path of interest, using nodes along the centerline of the
structural object is required. Therefore, a structured mesh should be used on
such structural objects, while specifying the edge division such that nodes are
present along the centerline. In this case, the node-path along the centerline is
then manually entered. This may tedious, and difficult depending on the mesh
refinement. Taking some extra steps while creating the geometry of the
structural object, by using sub-regions - in which a geometric edge is defined
along the centerline - will allow the user to create a selection-set for these desired
nodes and simplify plotting procedures in post-processing.
a. NOTE: Using nodes on an external boundary of the structural object is not
recommended

Figure 10-10 shows the moment distribution along a culvert at the last load increment, using a

manually entered node-set. Additional step-by-step detail using practical examples, can be found

in the EnFEM Example Manual.
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Figure 10-10: Moment of culvert along given node path

10.2.3.2.4 Plotting Interaction Variables

Plotting interaction variables is another useful feature in EnFEM that gives valuable information
to the user in soil-structure interaction problems. For example, plotting pressure on the retaining
wall interface, or plotting the contact status along the interface to determine if gaps are present.
Creating an interaction variable plot comes with some additional steps that supplement the
normal process for producing a Field Result X-Y Plot. They are as follows:

1. Usethe “Set Tool” to define edge selection-sets for each of the desired interfaces.
For example, one edge-set for the active side of a retaining wall, and a second for
the passive side.

a. NOTE: These edges should be continuous, and only nodes on the ‘slave
interaction-surface’ are available to plot contact stresses in EnFEM, so
make sure to define edge-sets appropriately.

Figure 10-11 shows an example of normal pressure VS depth along an interaction interface. The
start node is determined by EnFEM implicitly. If users want to check where the XY plot starts,
users may compare the node list to the nodal location in the model, from an externally saved file
(process detailed in following sections).
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Figure 10-11: Normal interaction pressure versus depth

10.2.3.3 Other Plot Options
Additional options for X-Y Plots are available to give user’s added flexibility. They are as follows:

10.2.3.3.1 Curve Options

A number of options exist to manipulate the plot, at right of the “Increment History”, under the
name “Curve Options”. “Checking” these options will enact various changes in the visual
representation or direction of the plot.

10.2.3.3.2 ‘Save to File’ Options
A second option available is to export the X-Y Plot data to an external file, in order to save for
further processing.

The default save directory is the same as the model file, and the output file name is that of,
“current analysis filename_xy.dat". Under the “File Save Option” users may change this to point
to a specificfile directory, or specify another filename as desired. Clicking "Save to File" will export
the file, and a message window will appear to confirm the export was completed successfully.

If the option "Append to File" is checked, new data exported will be appended to the end of the
file, provided the path and filename are the same as already exists.

Additional step-by-step detail using practical examples, can be found in the EnFEM Example
Manual.

10.2.3.4 Available Categories and Variables for Plotting
In addition to those output variables available for Contour Plots, the following are also available
for X-Y Plots.
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10.2.3.4.1 Integrated Force Category
1. Moment: Integration of normal stresses to calculate the moment on defined
sections along a node-path.

a. It hasthe unit: “Force*length”

2. Shear: Integration of stresses tangent to sections.
a. It has the unit: “Force”

3. Thrust: Integration of stresses normal to sections.
a. It has the unit: “Force”

NOTE: These “sections” are perpendicular to the node path and located at each nodal
position in the path. For example, at each node along the node-path, an integration
is performed for the nodes at the specific cross-section of the object of interest. Only
one object of interest, subject to the X-Y Plot, should be displayed. Additionally, a
structured mesh is recommended for producing this type of result.

10.2.3.4.2 Interaction Category
1. Normal Pressure: Calculated stress components which are in the normal

direction to the contact interface. It has the unit: “Force/sq.unit length”.

2. Tangent Shear: Calculated tangent (frictional) stress components which are in
the tangent direction to the contact interface. It has the unit: “Force/sq.unit
length”.

3. Normal Status: Numerical values are plotted corresponding to the status of the
contact condition: 1=interface is open (gap), 2=interface is closed (no gap)

4, Tangent Status: Numerical values are plotted corresponding to the status of the
contact condition: O=not in contact, 1=in contact and “sticking condition”, 2=in
contact and “sliding condition”.

10.2.3.4.3 Reaction Force Category
5. xReaction: Calculated reaction forces in the direction of the X-axis. It
summarizes all forces from the provided node-path.
a. It hasthe unit: “Force”.
6. zReaction: Calculated reaction forces in the direction of the Z-axis.
a. It hasthe unit: “Force”.

10.2.4 Cutline Plot

If the mesh is unstructured, it is almost impossible to find a straight-line node-path set inside the
FE mesh, to produce a typical X-Y Plot. In this case, the “Cutline Plot” option is a convenient and

useful tool. From the menu bar, click "Result->Cutline", or use the toolbaricon, IHEI, to open the
“X-Y Plot on Cutline” window as seen in Figure 10-12. This figure shows an example plot of
displacement in the Z-direction at the selected load increment.
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Figure 10-12: X-Y Cutline Plot

With the “X-Y Plot on Cutline window” open, the following procedures should be followed:

1. Input the X and Z-coordinates of two ends of the desired cutline.
2. Click "Add" to add this new cutline into the “Cutline List” window.
a. Aredstraight line is then displayed on screen to show the cutline location
in reference to the model.
3. Select the field variable, and load increment of interest
a. NOTE: Only “Primary Variables” (deformation, stress, strain, etc.) are
available for Cutline Plots.
4. Click "Plot".

Note that the X-axis refers to the distance along the cutline. The “start point” of the cutline refers
to zero on the X-axis, and “end point” will refer to the maximum value (distance) of the axis.

If a cutline line passes through an internal void (hole), the plot connects the two points on the
inner faces of the void by a straight line.

Similar to typical X-Y Plots, the option is available to export the Cutline Plot data to an external
file, in order to save for further processing. The default save directory is the same as the model
file, and the output file name is that of, “current analysis filename_cut.dat". Under the “File Save
Option” users may change this to point to a specific file directory, and specify another filename
as desired. Clicking "Save to File" will export the file, and a message window will appear to confirm
the export was completed successfully.

If the option "Append to File" is checked, new data exported will be appended to the end of the
file, provided the path and filename are the same as already exists.
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11.1* CAD-Mode” Options Menu

11.1.1 Grid Space

This tool is used to change the spacing of the background gird-lines in “CAD-mode”. From the
menu bar, click “Options->Grid Size” to open the “Grid Size dialog” window as seen in Figure 11-1.

' ™
Grid Size =5
Grid Space
X Space 100
Z Space 100
Default
J

Figure 11-1: Grid size dialog

Input new values to change the spacing of background grid-lines in the X and Z-directions. Click
“OK” to exit. Clicking “Default” will reset to the default grid size. The default grid size is 100x100.
This can be a useful tool for model creation, as users can “Snap” to the grid when creating various
geometric entities.

11.1.2 Drawing Space

This tool is used to change the default distance of the model extents on screen. From the menu
bar, click “Options->Drawing Space” to open the “Drawing Space Extents dialog” window as seen
in Figure 11-2. Input new extents and click “OK” to exit. Clicking “Default” will reset to the default
space extents.

-
Drawing Space Extents . M

Drawing Space
Minimum Maximum

¥ -303.86 1645.39

Z -98.00 1078.00

Figure 11-2: Drawing space extent dialog

11.1.3 Background Color

The background color for the “CAD-mode” and “Mesh-mode” display windows is set to black by
default. Users can change this as desired to improve visualization. From the menu bar, click
"Options->Background Color" to open the “Background Color dialog” window, as seen in Figure
11-3. Use the drop-down menu to pick the desired color and click "OK". This information is saved
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into the model database, so that when the model is closed and re-opened, this setting will be
preserved. Clicking “Use Default” will reset these options.

-

Background Color

-~

Background color

i g
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_ & Cancel H N
L N
Use Default H N

Other
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Figure 11-3: Change background color

11.2Zoom Operations

The following zoom operations are employed in EnFEM:

11.2.1 Pan View

Click to activate the & icon. Hold the left mouse button while moving the mouse. View will
translate with the motion of mouse.

11.2.2 Zoom In/Out

Click to activate the +{i}‘ icon. Hold the left mouse button and move the mouse. When the mouse
moves from the top of the screen to the bottom of the screen, the view zooms out (minimizes).
When the mouse moves from the bottom of the screen to the top of the screen, the view zooms
in (maximizes). The mouse scroll wheel can also be used to perform the zoom in/out operations.

11.2.3 Zoom to Window

Click to activate the ‘= icon, move the mouse cursor to an appropriate location on screen. LEFT-
CLICK and hold, and drag the mouse creating a rectangular zoom-window. Release the mouse
button when the desired geometry is within the rectangle. The view inside the zoom window will
be enlarged to fill the whole EnFEM window.

11.2.4 Zoom to Extents

Click the =% icon to zoom to the model extents. This operation is used to show the whole model

and scale as large as possible.

11.2.5 Reset View

Click the [ icon to reset the whole EnFEM window to the default view.
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11.3*Result-Mode” Options Menu

11.3.1 Font and Color
In “Result-mode”, users can change the background color, and also the font color, size, and type.

From the menu bar, click "Options->Font and Color" to open the “Font and Color dialog” window
as shown in Figure 11-4.

Font Selection

"] Bold

Color Selection

MNode Mumber

Element Number

Background

Use Default

Figure 11-4: Change color and font for result window

Make the appropriate selections for the various options available and click "Apply" to activate
these changes. Click "Close" to exit. Clicking “Use Default” will reset these options.
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Nonlinear FE analysis involves knowledge of the finite element method, engineering judgment,
and some experience with numerical simulation. Several reference books are listed here as
reading materials:

1. C.S. Desai and John T. Christian, Numerical methods in geotechnical engineering,
McGrawHill, 1977

2. David M. Potts and Lidija Zdravkovié, Finite element analysis in geotechnical engineer:
theory, Thomas Telford,1999

3. EA de Souza Neto, D peri¢ and DRJ Owen, Computational methods for plasticity: theory
and applications, John Wiley and sons, 2008

4. R.D. Cook, D.S. Malkus, M.E. Plesha and R.J. Witt, Concepts and applications of finite
element analysis 4" version, John Willey & sons, 2002
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PROGRAM LICENSE AGREEMENT & DISCLAIMER

IMPORTANT NOTICE: The software you are about to install or previously have installed from Ensoft
Incorporated (“ENSOFT?”) is licensed only on the condition that you agree to the terms and conditions set
forth below. Please read the terms of this License Agreement & Disclaimer ("LICENSE") carefully.

If you agree to be bound by the terms of this LICENSE, please check mark the box labeled “YES - |
Accept the terms of this License Agreement!” during software installation so it can be installed on your
computer.

If you do not agree to the terms of this LICENSE, please check mark the box labeled “NO — | DO NOT
Accept the terms of this License Agreement!” which will terminate the software installation.

If the software is already installed and licensed, you have already agreed to the terms and conditions of this
license, or someone has done so on your behalf.

This LICENSE is a legal agreement between you (“USER”) — either an individual or a single entity— and
ENSOFT for the ENSOFT software product that you are about to install or previously have installed
(“PRODUCT™). The PRODUCT collectively includes computer software and associated media, printed
materials, hardware key (dongle), and electronic documentation. The PRODUCT also includes any
updates and supplements to the original PRODUCT that may have been produced by ENSOFT. By
installing, copying, downloading, accessing or otherwise using the PRODUCT, the USER agrees to be
bound by the terms of this LICENSE. If you (the USER) do not agree to the terms of this LICENSE, do
not install or use the PRODUCT.

SOFTWARE LICENSE & DISCLAIMER

The PRODUCT is protected by copyright laws and international copyright treaties, as well as other
intellectual property laws and treaties. The PRODUCT is licensed, not sold.

1. GRANT OF LICENSE
This LICENSE grants you the following rights:

1.1 INSTALLATION AND USE
1.1.1 Single-User Licenses

This software is licensed only to the USER (company or individual) whose name is registered with
ENSOFT and for one specific physical site (“SITE”) registered with ENSOFT. You may install and use
the PRODUCT on any number of computers at the licensed SITE. However, the PRODUCT is fully
operational only in the SITE computer that carries the appropriate PRODUCT’s hardware key (“KEY™)
that is used as software protection device.

1.1.2 Network Licenses

This software is licensed only to the USER (company or individual) whose name is registered with
ENSOFT and for the specific physical site(s) (“SITE(S)”) and IP range registered with ENSOFT. Each
network seat that is purchased is provided with access for SITE(S) clients located within up to 2 subnets
with unique third octets (“CLIENT SUBNETS”). The minimum two-seat network license can be
associated to a maximum of 4 CLIENT SUBNETS (within up to 4 unique third octets). Purchase of
additional network seats can extend the allowable range of CLIENT SUBNETS.

The USER may install and use the PRODUCT on any computer in the licensed SITE(S) that is within the
allowable CLIENT SUBNETS registered with ENSOFT. Any one computer in the network can be
designated as license server for the PRODUCT by carrying the appropriate PRODUCT’s hardware key
(“KEY™) that is used as software protection device.
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This Network License strictly prohibits the PRODUCT to be used in or from computers located in office
locations that are different than the licensed SITE(S) or outside the registered CLIENT SUBNETS. Users
in physical office locations other than the registered SITE(S) with ENSOFT are required to purchase
additional licenses of the PRODUCT, even if the COMPANY is the same and/or if the additional offices
are located in the same city.

2. OTHER RIGHTS AND LIMITATIONS
2.1 EDUCATIONAL VERSION

If the PRODUCT was licensed with educational discounts, the use of the PRODUCT is strictly limited to
academic or research activities of educators and/or students. Any other usage voids all the rights under this
LICENSE. If in doubt, please contact ENSOFT to determine if you have a PRODUCT version that was
licensed for educational purposes.

2.2 LIMITATIONS ON REVERSE ENGINEERING, DECOMPILATION, AND DISASSEMBLY

You may not reverse engineer, decompile, or disassemble the PRODUCT, except and only to the extent
that such activity is expressly permitted by applicable law notwithstanding this limitation.

2.3 RENTAL
You may not rent, lease or lend the PRODUCT to third parties.

2.4 TRADEMARKS

This LICENSE does not grant you any rights in connection with any trademarks or service marks of
ENSOFT.

2.5 SUPPORT SERVICES

ENSOFT shall provide you with limited support and maintenance services (“SUPPORT?) related to the
PRODUCT during the initial year after purchase and for any additional SUPPORT term that the
COMPANY elects to purchase for PRODUCT after the initial warranty period expires.

Use of SUPPORT is limited to the ENSOFT policies and programs described in the PRODUCT’s User’s
Manual, in documentation on the ENSOFT web site, and/or in other materials provided by ENSOFT.

Any supplemental software code that may be provided to you as part of the SUPPORT or that is
downloaded from the ENSOFT web site shall be considered part of the PRODUCT and subject to the terms
and conditions of this LICENSE. With respect to technical information you provide to ENSOFT as part of
the SUPPORT, ENSOFT may use such information for its business purposes, including for product
support, development or advertisements. However, ENSOFT will not utilize such technical information in
a form that personally identifies the USER.

2.6 SOFTWARE TRANSFER

The initial user of the PRODUCT may make a permanent transfer of this LICENSE and PRODUCT and
only directly to an end user. This transfer must include all of the PRODUCT (including all component
parts, the media and printed materials, any upgrades, this LICENSE, and the PRODUCT’s appropriate
hardware KEY). Such transfer may not be by way of consignment or any other indirect transfer. The
transferee of such one-time transfer must agree to comply with the terms of this LICENSE, including the
obligation not to further transfer this LICENSE and PRODUCT.

2.7 TERMINATION

Without prejudice to any other rights, ENSOFT may terminate this LICENSE immediately if you fail to
comply with the terms and conditions of this LICENSE. In such event, you must destroy all copies of the
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PRODUCT and all of its component parts and provide evidence of such destruction in writing to ENSOFT
within 3 business days.

2.8 INDEMNIFICATION

Within and during the terms of this LICENSE, ENSOFT warrants that the use of the initially provided
PRODUCT does not infringe any patent, copyright, or trademark in the United States, and ENSOFT shall
indemnify and hold USER harmless against any and all losses, damages and expenses, (including
attorney’s fees) which USER may sustain or incur as a result of a breach of this warranty.

2.9 CONFIDENTIAL INFORMATION

ENSOFT and the USER may have access to certain proprietary information and materials of the other that
are confidential and of substantial value to the respective party, which value would be impaired if such
information were disclosed to third parties ("CONFIDENTIAL INFORMATION"). ENSOFT and the
USER agree that neither shall disclose any CONFIDENTIAL INFORMATION to any third party and shall
take every reasonable precaution to protect CONFIDENTIAL INFORMATION.

The provisions of this section shall not apply to any information which (i) is or becomes available to the
public other than by breach of the LICENSE agreement by the receiving party, (ii) is rightfully received by
receiving party from a third party without confidential limitations, (iii) is independently developed by
receiving party's employees without access to CONFIDENTIAL INFORMATION, or (iv) is known to the
receiving party without any restriction on its use or disclosure prior to first receipt of it from the disclosing

party.

3. COPYRIGHT

All title and intellectual property rights in and to the PRODUCT (including but not limited to any images,
photographs, animations, video, audio, music, and text that may be incorporated into the PRODUCT), the
accompanying printed materials, and any copies of the PRODUCT are owned by ENSOFT. All title and
intellectual property rights in and to the content which may be accessed through use of the PRODUCT is
the property of the respective content owner and may be protected by applicable copyright or other
intellectual property laws and treaties. This LICENSE grants you no rights to use such content. All rights
not expressly granted are reserved by ENSOFT. This PRODUCT is protected by the United States
Copyright Law and International Copyright Treaty.

4. SOFTWARE DISCLAIMER

Although the PRODUCT has been used with apparent success in many analyses, new information is
developed continuously and new or updated PRODUCT releases may be written from time to time. All
users are requested to inform ENSOFT immediately if any errors are found in the PRODUCT. As
modifications, updates, or new versions are produced, the latest codes are posted on ENSOFT’s web site
and made available to all visitors for free downloading.

No warranty, expressed or implied, is offered as to the accuracy of results from ENSOFT’s PRODUCT.
The PRODUCT should not be used for design unless caution is exercised in interpreting the results and
independent calculations are available to verify the general correctness of the results. Users are assumed to
be knowledgeable of the information in the printed documentation that is distributed with the digital media.
Users are assumed to recognize that the input parameters, eg., soil properties, increment length, tolerance
on solution convergence, and many others, can have a significant effect on the solution and must be chosen
carefully. Users should have a thorough understanding of the relevant theoretical criteria (appropriate
references are suggested in the software documentation).

5. GOVERNING LAW
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This LICENSE is governed by the laws of the State of Texas and laws and treaties of the United States of
America.

6. CONTACT INFORMATION

Should you have any questions concerning this LICENSE or if you desire to contact ENSOFT for any
reason, please use the following:

Ensoft Incorporated
3003 West Howard Lane
Austin, Texas 78728
United States of America

NO OTHER WARRANTIES

TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE LAW, ENSOFT DISCLAIMS ALL
OTHER WARRANTIES AND CONDITIONS, EITHER EXPRESSED OR IMPLIED, INCLUDING,
BUT NOT LIMITED TO, IMPLIED WARRANTIES OR CONDITIONS OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE, AND TITLE, WITH REGARD TO THE PRODUCT, AND
THE PROVISION OF SUPPORT SERVICES. THIS LIMITED WARRANTY GIVES YOU SPECIFIC
LEGAL RIGHTS. YOU MAY HAVE OTHERS, WHICH VARY FROM STATE/JURISDICTION TO
STATE/JURISDICTION.

LIMITATION OF LIABILITY

TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE LAW, IN NO EVENT SHALL
ENSOFT BE LIABLE FOR ANY SPECIAL, INCIDENTAL, INDIRECT, OR CONSEQUENTIAL
DAMAGES WHATSOEVER (INCLUDING, WITHOUT LIMITATION, DAMAGES FOR LOSS OF
BUSINESS PROFITS, BUSINESS INTERRUPTION, LOSS OF BUSINESS INFORMATION, OR ANY
OTHER PECUNIARY LOSS) ARISING OUT OF THE USE OF OR INABILITY TO USE THE
SOFTWARE PRODUCT OR THE FAILURE TO PROVIDE SUPPORT, EVEN IF ENSOFT HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. IN ANY CASE, ENSOFT’S ENTIRE
LIABILITY UNDER ANY PROVISION OF THIS LICENSE AGREEMENT SHALL BE LIMITED TO
THE GREATER OF THE AMOUNT ACTUALLY PAID BY YOU FOR THE PRODUCT OR U.S.$1.00.
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