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What's in this Manual?

Welcome

We cometothe Poly3D Tutorial-Based Users Manud. If 3D modding and numerical
modding iscompletely new toyou, fear not. Thismanual waswritten soeven the
beginner can understand and use Poly3D. For those of you who are numerical model-
ing gurus, thismanua will bean easy jump-gartintousing Poly3D.

Thismanud indudes
Comparison of different numerical models
Bascsof Poly3D (with tutorials)
Viewing Poly3D input and output fileswith IRISExplorer*

For More Information
Thisisnot thefirst users manua written for thisprogram. 1nJune1993, Andrew Lyle
Thomaswrote hisMagter of Sciencethessasausers manua and explanation of his
program Poly3D. Inhisthess, hedescribesall the mathematical assumptions, equa-
tions, and cal culationsthat heused towritethe code. Themanual you arereading now
isagmplified verson of hisusers manual with tutorialsadded throughout for easein
learning thepprogram. Itisnot asubstitutefor histhesis, but only astarting point for
learning Poly3D. Detailed mathematical explanationsareleft to Thomas. Oncea
general understanding isgained, themore complicated concepts can be understood by
reading histhess

Thomas, A.L., 1993, Poly3D: A Three-Dimensional, Polygonal Element,

Displacement Discontinuity Boundary Element Computer Program

with Applications to Fractures, Faults, and Cavitiesin the Earth’s
Crust: M.S. Thesis, Stanford University, CA.

Citing Your Work

In histhes's, Thomasasksthat you cite histhes sas shown aboveif you use Poly3D to
produceresultsfor areport or publication. Healso asksthat you send onereprint of
each report or publication to Prof. David D. Pollard at:

Rock Fracture Project

ATTN: Poly3D

Department of Geologica & Environmental Sciences
Stanford Univergty

Stanford, CA 94305-2115 USA

* Whilethisintroductory manual wasbeing written, Juliet Crider (Rock Fracture Project, Stanford
University) completed amanual for viewing Poly3D input and output fileswith IRIS Explorer.
For the convenience of the user, her manual has been included as Chapter 4 of thismanual.
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Whom Should | Call?

Thismanua containsalot of information. 1f you should have aproblem, makesureyou
arecontacting the correct person to prevent getting the“run-around”:

Problems with this Manual:

Thismanua waswritten by Kate Griffin, an undergraduate at the University of Wiscon-
gn, asan internship project for her technical communicationscertificate. The computer
copy isnow maintained and distributed by theRock Fracture Project at Stanford
Univergity. For problemswith thismanual, contact:

Rock Fracture Project

ATTN: Poly3D Tutoria-Based Users Manual
Department of Geologica & Environmental Sciences
Stanford Univergty

Stanford, CA 94305-2115 USA

or contact Prof. David D. Pollard at:

dpol | ar d@angea. st anf ord. edu

Problems with Poly3D:

Poly3D isaC language computer program written by Andrew L. Thomasaspart of an
M.S. thessin the Department of Geology at Stanford University. The programwill be
updated and maintained by theRock Fracture Project at Stanford University.

Rock Fracture Project

ATTN: Poly3D

Department of Geologica & Environmental Sciences
Stanford Univergty

Stanford, CA 94305-2115 USA

or contact Prof. David D. Pollard at:

dpol | ar d@angea. st anf ord. edu

Problems with IRIS Explorer:

IRISExplorer wasoriginally devel oped by Silicon Graphics, Inc. and waslicensed to
Numerical AlgorithimsGroup (NAG) in 1992. For questionsor concernsregarding this
program, contact:

IRISExplorer Center (North America)
1400 Opus Place, Suite 200
DownersGrove, IL 60515-5702 USA
Tel: (630) 971-2367

Fax: (630) 971-2346

E-mail: expl or er @hag. com
Internet: http://ww. nag. com | EC
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What Are Numerical Modeling Tools?

Generdly, anaytical solutionstoengineering or geology problemsarelimitedtosample
geometries. For example, analytical solutionsareavailableto solvefor stressesaround
aholeinaplate. For 3-D non-planar faults, however, thereisnoanalytical aoution
avallable. Tosolvethesemorecomplex problems, mathematiciansand engineershave
devel oped computer-aided numerical methodsthat aremorepowerful. Thesemethods
allow usto solve problemswith complicated initial conditions, such asthe 3-Dimen-
sional deformation that occurs between two offset faults. Numerical methods can take
theseinitia conditionsand usethemto predict ditortionsand derivethestressand
strain experienced by abody or itsparts. It can aso beused to determinenatural
frequency, mode shapes of components, and buckling loads of structures.

Therearetwo main typesof numerical methods: differentia methodsand integral
methods. TheFinite Element Method (FEM) isadifferential method that wasdeve -
oped in the 1950'sand isone of themast common numerical methodsin usetoday.
Sinceitsdevd opment, other differential methods, including the Boundary Element
Method (BEM), have been devel oped to sol ve different types of problems.

Themost important concept to understand when cons dering numerical methodsisthat
of discretization. Discretization referstothe breaking-up of afied into afinite number
of dements. Drawing afreebody diagram to solveaproblem allowsusto determine
thestressand strain along the outsi de edges of the body by summing theforcesin each
direction (SF =0, SF=0, SF =0) and the moment about any point (SM =0). Tofind
theforcesing dethebody, you haveto break-up that body into smaller free body
diagrams. When you discretizeabody for usein amodding program, you create many
smaller freebody diagramsthat areall adjacent. By breaking the body intothese
smaller parts, thenumerical code can determine stressesand strainsthroughout the

entirebody.

A Tutorial-Based Users’ Manual for Poly3D 5




1 [ CHAPTER 1: So You've Got Questions

Why Should | Use Poly3D?

Themain difference between FEM and BEM isthat FEM requirestheentire body be
discretized into dements, while BEM, assuggested by itsname, usesonly dementson
theboundary of thebody. Thismeansthat if you haveathree-dimensonal object, FEM
will use3-D dementsand BEM will use2-D eements. If your object isasurface, you
will need to create 2-D dementsfor FEM and 1-D dementsfor BEM. Why isthis
important? Lesscomplex dementsmeansasmaller system of s multaneous equationsto
solve, and ultimatdly, lesscomputation time. Figure 1 showstheway FEM and BEM
discretizesthesame bodly.

Figure 1:

Thebasic difference
between the Finite

Element Method

(FEM) and the

Boundary Element

Method (BEM) isthe
way it discretizesits

dements.
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Finite Element Method (FEM) usesnodal points ~ Boundary Element Method (BEM) uses nu-
and e ementsto approximatedifferential equa-  merical integration over theboundary (surface)
tions. The solution requires continuity and  of the object which is subdivided into small
equilibrium acrossthe dements. segments.

Poly3D isaBEM, solet’slook at someof the other characteristicsof BEMs:

Because BEM reducesevery problem by onedimension, itisnot
appropriatefor one-dimensional problemssuch as1-D water flow.
TheBEM can assumeboundariesat infinity, but the FEM cannat. In
FEM programs, you must crestean artificial boundary. Thismay
requirespecial effortsin order to minimizeerrorsdueto approxima-
tions

Becauseit only discretizesthe boundaries, errorsdueto discretization
and numerical approximationsariseonly on theboundaries.

Because no approximationswere made on interior areas, you can
obtain valuesof variablesat any specificinterior point with very high
resolution.

It isnecessary to specify only thebounding conditions, soit takesless
timeto preparethedatafor input.

With al theseadvantages, BEM iswel| suited for modding fractures(joints, faults,
bedding planes, etc.), which, by their nature, aretwo-dimensional in athree-dimensona

body.
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Numerical Modeling of Fractures

Previoudy, | said that the BEM iswell-suited for modding fractures. Let’slook at an
exampleto seewhy. Supposeyou arelooking at avertical cross-section of theearth
that crossesafault asshownin Figure2. With aBEM program, you can usean infinite
boundary, so you only haveto discretizethefault. 1f you are modeling fault propaga-
tion, you need only to add an dement to thetip of thefauilt.

Figure 2:

Modeling afault with
BEM, you can specify
infinite boundaries
and discretize only the
fault. Asthefault
grows, you only need
to add an element to
the end of the fault.

Initid Fault Growing Fault

With FEM, you have
todefinean artificia
boundary and
discretizetheentire
areainsidethis
boundary. Asthe
fault grows, thearea
will havetobere-
discretized.

If you areworking with the FEM, you haveto definean artificial boundary which could
reducetheaccuracy of your results. You alsoneed todiscretizetheentireareainsde
your artificial boundary, which might betimeconsuming for you or thecomputer. If you
aremodding fault propagation, you need tore-discretizetheentireareaasthefault
grows.
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Thepolygonal dementsin Poly3D are alsowdl-suited for modeling complex surfaces
with curving boundariesbecause:

+ Fault surfaceswhich changein both strike and dip can be meshed without
creating gaps.

+ Polygona dementseasly replicatetheirregular boundary of ahydraulic
fracture.

/  echelon step

¢+ A spherica void can be mode ed by assembling hexagonal and pentagonal
e ementsin themanner of asoccer ball.

Thesekindsof problemswould bedifficult or imposs bleto attempt usng rectangular
eementsaone. For thisreason, Poly3D representsasignificant improvement over
exiting rectangular e ement boundary € ement codessuch as Dis3D.
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What BEM Programs are Available?

Soif BEM issogreat, why wouldn’t you useit al thetime? Finite Element Modding
has been around for much longer than Boundary Element Modeling, so current FEM

codescan incorporate material differencesand non-linear rheologies. Itispossbleto
incorporatethese characterisiticsinto BEM, but noBEM programs have been written

with thiscapahility yet.

The BEM codesthat have been written arevariablein their capabilities. Someof the
2-D and 3-D codesallow you toincorporateinfinite boundariesand frictional e ements,
some can modd fault propagation, and othersvary in the shape of thefaults. A few of
the BEM codesthat have been written arelisted in Table 1 with their current capabili-

ties.
Capabilities of BEM Codes
Infinite Fracture Frictional Fracture
Dimensions Boundaries Propagation Elements Shape
Table 2: |1Frac2D 2D X X — —
BEM codes have
different capabilities | ,— .
includingincorporat- Fric2D 2D - X X -
ing infinite bound-
aries, fault propaga- | *Dis3D 3D X — — Rectangular
tion, friction, and fault
shape. | poly3D 3D X — — Polygonal

Thomas, A.L. & Pollard, D.D. (1993). Thegeometry of echelon fracturesin rock: implicationsfrom
laboratory and numerical experiments. Journal of Sructural Geology 15, 323-334.

2Cooke, M. (1996). Frictional dip and fractures associated with faultsand folds. Unpublished PhD
thesis, Stanford University. (Includes opening-mode fracture propagation and opening-mode
fractureinitiation along frictional interfaces away from thetips).

SErickson, L.L. (1986). A three-dimensional didocation program with application sofaultinginthe
earth. Unpublished M.S. thesis, Stanford University.

What Can’t Poly3D Do?

Currently, Poly3D cannot modd:

« fracture propagation

* frictional dip aonginterfaces
 dlementswith morethan 40 Sdes

» material differencesor layered materias
* non-linear rheologies

* variableremote boundary conditions

Perhapsfuture generationsof BEM will incorporate these capabilities.
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