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Abstract

Presto is a Lagrangian, three-dimensional explicit, transient dynamics code
for the analysis of solids subjected to large, suddenly applied loads. Presto is
designed for problems with large deformations, nonlinear material behavior,
and contact. There is a versatile element library incorporating both
continuum and structural elements. The code is designed for a parallel
computing environment. This document describes the input for the code that
gives users access to all of the current functionality in the code. Presto is
built in an environment that allows it to be coupled with other engineering
analysis codes. The input structure for the code, which uses a concept called
scope, reflects the fact that Presto can be used in a coupled environment.
This guide describes the scope concept and the input from the outermost to
the innermost input scopes. Within a given scope, the descriptions of input
commands are grouped based on code functionality. For example, all
material input command lines are described in a section of the user’s guide
for all of the material models in the code.
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Presto User’s Guide Version 1.05

1 Introduction

Presto is athree-dimensional transient dynamics code with a versatile element library,
nonlinear material models, large deformation capabilities, and contact. It is built on the
SIERRA Framework [1]. SIERRA provides a data management framework in a parallel
computing environment that allows the addition of capabilitiesin a modular fashion.
Contact capabilities are parallel and scalable; these capabilities are provided by ACME

2.

This document describes how to create an input file for Presto. Highlights of the document
contents are as follows:

» Section 1 describesthe overall structure of the input file, including conventions for the
command descriptions, style guidelines for file preparation, and naming conventions
for input files that reference the Exodus Il database [3]. The section concludes with an
example of the general structure of an input file employing the concept of scope.

» Section 2 provides detailed descriptions of the commands that can be used in a Presto
input file. These command descriptions are grouped in sections based on their
functionality. For example, the commands for kinematic boundary conditions are
described in one section; the commands for contact definition are described in another
section.

» Section 3 provides a sample input file from an analysis of 16 lead spheres being
crushed together inside a steel box.

» Referenceslists the sources cited in this document.
» Appendix A gives all of the permissible Presto input linesin their proper scope.

* Appendix B contains the registered variables that can be selected for output in the
resultsfile.
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1.1 Overall Input Structure

Presto isonly one of the codes built on the SIERRA Framework. The SIERRA Framework
provides the capability to perform multiphysics analyses using a number of codes built on
the SIERRA Framework. Input files may be constructed for analyses using only Presto, or
input files may be constructed for analyses using Presto and some other analysis code built
on the SIERRA Framework. For example, you might run Adagio [4], the quasti-static
structural response code, to compute a stress state, and then passthe results of thisanalysis
to Presto as initial conditions for the Presto analysis. For a multiphysics analysis using
Presto and Adagio, the input commands for the analysis will appear in asingle input file.
The time-step control, the mesh-related definitions, and the boundary conditions for both
Presto and Adagio will all be in the same input file. Therefore, the input for Presto reflects
the fact that a Presto analysis could be part of a multiphysics analysis.

To create files defining multiphysics analyses, the input files use a concept called scope.
Scopeis used to group similar commands; a scope can be nested inside another scope. The
broadest scope in the input file is the domain scope. The domain scope contains
information that is physicsindependent. Examples of physics-independent information are
definitions of functionsand materials. Thus, in our above example of a Presto/Adagio
multiphysics analysis, both Adagio and Presto could reference functions to define such
things as time histories for boundary conditions or stress-strain curves. Some of the
functions could even be shared by these two applications. Both Presto and Adagio would
share information about materials. These codes would reference the same definitions of
material models.

Within the domain scope are two other important scopes—the procedure scope and the
region scope. For a multiphysics analysis, the domain scope could contain several
different procedures and several different regions. For Presto, the procedure scope controls
the overall analysis from the start time to the end time. The region scope controls asingle
time step. The region is nested inside the procedure, and the procedure is nested inside the
domain. In addition to the region scope, the procedure scope aso contains a scope for
controlling the time steps. This time-step control scope sets the start and end times for the
analysis, and is nested inside the procedure scope but outside the region scope.

Inside the region scope for Presto are such things as definitions for boundary conditions
and contact. The mesh is also specified in the region. In amultiphysics analysis, there
would be more than one region. In our Presto/Adagio example, there would be both a
Presto region and an Adagio region. The definitions for boundary conditions and contact
and the mesh specification for Presto would appear in the Presto region; the definitions for
boundary conditions and contact and the mesh specification for Adagio would appear in
the Adagio region.

The input for Presto consists of command blocks and command lines. The command
blocks define a scope. These command blocks group command lines or other command
blocks that share a similar functionality. A command block will begin with an input line
that has the word “begin”; the command block will end with an input line that has the
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word “end”. The domain scope, for example, is defined by a command block that begins
with an input line of the form

BEG N SI ERRA ny_probl em .
The two character strings BEG N and SI ERRA are the key words for this command block.
An input line defining a command block or command line will have one or more key

words. The string my_pr obl emis a user-specified name for this domain scope. The
domain scope is terminated by an input line of the form

END S| ERRA ny_probl em,
where END and SI ERRA are the key words to end this command block. If all of the scopes
are properly nested, the domain scope can also be terminated ssmply by using

END .
This abbreviated command line will be discussed in more detail in later sections. There are
similar input lines used to define the procedure and region scopes. Boundary conditions
are another example where a scope is defined. A particular instance of a boundary
condition for a prescribed displacement boundary condition is defined with a command

block. The command block for the boundary condition begins with an input line of the
form

BEG N PRESCRI BED DI SPLACEMENT

and ends with an input line of the form
END PRESCRI BED DI SPLACEMENT

or just simply
END .

Command lines appear within the command blocks. The command linestypically have the
formkeyword = val ue, whereval ue can be areal, an integer, or astring. In the
previous example of the prescribed displacement boundary condition, there would be
command linesinside the command block that are used to set various values. For example,
the boundary condition might apply to all nodes in node set 10, in which case there would
be acommand line of the form

NODE SET = nodel i st _10 .
If the prescribed displacement were to be applied along a given component direction, there
would be acommand line of the form

COVPONENT = X ,
which would specify that the prescribed displacement would be in the x-direction. Finally,

if the displacement magnitude is described by a time history function with the name
cosi ne_cur ve, there would acommand line of the form

FUNCTI ON = cosi ne_curve .

13



The command block for the boundary condition with the appropriate command lines
would appear as follows:

BEA N PRESCRI BED DI SPLACEMENT
NCODE SET = nodelist_10
COVPONENT = X
FUNCTI ON = cosi ne_curve

END PRESCRI BED DI SPLACEMENT .

It is possible to have a command line with the same key words appearing in different
scopes. For example, we might have a command line identified by the word TYPE in two
or more different scopes. The command line would perform different functions based on
the scope in which it appeared, and the associated value could be different in the two
locations.

Theinput lines are read by a parser that searches for recognizable key words. If the key
wordsin aninput line are not in the list of key words used by Presto to describe command
blocks and command lines, the parser will generate an error. A set of key words defining a
command line or command block for Presto that is not in the correct scope will also cause
the parser to generate an error. For example, the key words STEP | NTERVAL define a
valid command line in the scope of the TI ME CONTROL command block. However, if this
command line were to appear in the scope of one of the boundary conditions, it would not
bein the proper scope and the parser would generate an error. Once the parser has an input
line with any recognizable key words in the proper scope, a method can be called that will
handle the input line.

14



1.2 Conventions for Command Descriptions

The conventions below are used to describe the input commands for Presto. NOTE: In this
document, all of the sentences containing input lines are punctuated correctly. For
example, the function command line in a sentence such as this one would appear as

FUNCTI ON = <string>function_nane .

The space after f unct i on_nane indicates that the period following this spaceis not a
part of the command line but is the correct punctuation in the text. The above command
linein the input file would NOT have a period.

A number of the individual command lines discussed in the text appear on several text
lines. In the text of this user’s guide, the continuation symbols that are used to continue
linesin an actua input file (/ # and / $, Section 1.3.2) are not used for those instances
where the description of the command line appears on several text lines. The description
of command lineswill clearly indicate all of the key words, delimiters, and values that
constitute a complete command line. As an example, the DEFI NE PO NT command line
(Section 2.1.5) is presented in the text as

DEFI NE PO NT <string>poi nt_nanme W TH COORDI NATES
<real >val ue_1 <real >val ue_2 <real >val ue_3 .

If the DEFI NE PO NT command line were used as acommand line in an input file and
spread over two input lines, it would appear, with actual values, as

DEFI NE PO NT center W TH COORDI NATES / #
10.0 144.0 296.0 ,

wherethe/ # symbol implies thefirst line is continued onto the second line.

1.2.1 Key Words

The key word or key words for acommand are shown in uppercase letters. For actual
input, you can use all uppercase letters for the key words, all lowercase letters for the key
words, or some combination of uppercase and lowercase letters for the key words.

1.2.2 User-Specified Input

The input that you supply is shown in lowercase letters. The user-supplied input may be a
real number, an integer, or astring. For the command descriptions, atype appears before
the user input. The type (real, integer, string) description is enclosed by angle brackets,
<>, and precedes the user-supplied input. For example,

<r eal >val ue

indicates that the quantity val ue isareal. For the description of an input command, you
would see

FUNCTI ON = <string>functi on_nane

15



Your input would be
FUNCTI ON = ny_nane

if you have specified afunction name called ny_nane.

Valid user input consists of the following:
<i nt eger > Integer datais a single integer number.

<real > Real dataisasingle real number. It may be formatted with the
usual conventions, such as1234. 56 or 1. 23456e+03.

<string> String datais a single string.

<string list> A string list consists of multiple strings separated by white space, a
comma, or white space combined with a comma.

1.2.3 Optional Input

Anything enclosed by square brackets, [ ], in the input line descriptions represents
optional input.

1.2.4 Default Values
A value enclosed by parentheses, (), appearing after the user input denotes the default
value. For example,

SCALE FACTOR = <real >scal e_factor(1.0)

impliesthe default value for scal e_f act or is1.0. Any value you specify will overwrite
the default.

1.2.5 Multiple Options for Values
Quantities separated by the] symbol indicate that one and only one of the possible choices
must be selected. For example,
EXPANSI ON RADI US = <stri ng>SPHERI CAL| CYLI NDRI CAL
implies that expansion radius must be defined as SPHERI CAL or CYLI NDRI CAL. At |east

one value must appear. This convention also applies to some of the command options
within abegin/end block. For example,

SURFACE = <string>surface_nane
NODE SET = <string>nodel i st_nane

in acommand block specifies that either a surface or node set must be specified.
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Quantities separated by the/ symbol can appear in any combination, but any one quantity
in the sequence can appear only once. For example,

COVPONENTS = <string>X/'Y/ Z
implies that components can equal any combination of X, Y, and Z. Any value (X or Y or

Z) can appear at most once, and at least one value of X, Y, or Z must appear. Some
examples of valid expressionsin this case are

COVMPONENTS = Z

COMPONENTS = Z X

COMPONENTS = Y X Z ,
and

COVPONENTS = Z Y X .

An example of an invalid expression would be
COVPONENTS = Y Y Z .

17



1.3 Style Guidelines

This section gives information that will affect the overall organization and appearance of
your input file. It aso contains recommendations that will help you construct input files
that are readable and easy to proof.

1.3.1 Comments

A comment is anything between the # symbol or the $ symbol and the end-of-line. If the
first nonblank character inalineisa# or $, the entire lineisacomment line. You can also
place a# or $ (preceded by ablank space) after the last character in an input line used to

define a command block or command line.

1.3.2 Continuation Lines

Aninput line can be continued by placing a\ # pair of charactersor by the\ $ at the end of
theline. Thefollowing line isthen taken to be a continuation of the preceding line that was
terminated by the\ # or \ $. Note that everything after the line-continuation pair of
charactersis discarded, including the end-of-line.

1.3.3 Case

Almost all of the character stringsin the input lines are case insensitive. For example, the
BEG N S| ERRA key words could appear as

BEG N SI ERRA

or

begin sierra

or

Begin Sierra .

You could specify aSI ERRA command block with
BEA N SI ERRA BEAM

and terminate the command block with
END SI ERRA beam .

There are afew exceptions where case is important. For example, in the specification of
variable names for results output there are some variable names with a mixture of
lowercase and uppercase |etters. Check the appendices on registered variables. Also,
specifications of file names are case senditive. If you have defined arestart file with
uppercase and lowercase letters and want to use thisfile for arestart, the file name you use
to request this restart file must exactly match the original definition you chose.

18



1.3.4 Commas

Commas in input lines are ignored.

1.3.5 Blank Spaces

We highly recommend that everything be separated by blank spaces. For example, a
command line of the form

node set = nodelist_10

is recommended over

node set= nodelist_10

or

node set =nodelist_ 10 .

Both of the above two lines are correct, but it is easier to check the first form (the equal
sign surrounded by blank space) in alarge input file.
The parser will accept the line

BEA N SI ERRABEAM |,

but it is harder to check thisline for the correct spelling of the key words and the intended
domain name than the line

BEG N S| ERRA BEAM .

It is possible to introduce hard-to-detect errors because of the way in which the blank
spaces are handled by the command parser. Suppose you type

begin definition for functions ny_func

rather than the correct form, which is

begin definition for function my_func

For the incorrect form of this command line (in which f unct i ons is used rather than
f uncti on), the parser will generate a string name of

s my_func

for the function name rather than the expected name of
ny_func.

If you attempt to use afunction named ny_f unc, the parser will generate an error because
thelist of function nameswill includes ny_f unc but not ny_f unc.

1.3.6 General Format of the Command Lines

In general, command lines have the form

19



keyword = val ue .

This pattern is not always followed, but it describes the vast majority of the command
lines.

1.3.7 Delimiters

We recommend that you use only the = sign when a delimiter is required. For most
command lines, you can actually use =, i s, or ar e interchangeably as a delimiter. For
command lines with a delimiter, you could specify

components = X ,

or

components is X,

or

conponents are X .

The = sign is strongly recommended as the delimiter of choice. It provides a strong visual
cue for separating key words from values. By relying on the = sign asadelimiter, it will be
much easier to proof your input file. It will also make it easier to do “cut and paste”
operations. If you accidently delete an = sign, it is much easier to detect than accidently
removing part of ani s or ar e delimiter.

1.3.8 Order of Commands
There are no requirements for ordering the commands. Both the input sequence

BEA N PRESCRI BED DI SPLACEMENT
NCDE SET = nodelist_10
COVPONENT = X
FUNCTI ON = cosi ne_curve

END PRESCRI BED DI SPLACEMENT

and the input sequence

BEG N PRESCRI BED DI SPLACEMENT
FUNCTI ON = cosi ne_curve
COVPONENT = X
NODE SET = nodelist 10

END PRESCRI BED DI SPLACEMENT

are valid, and they produce the same result. REMEMBER, however, that command lines
and command blocks must appear in the proper scope.

1.3.9 Abbreviated END Specifications

It is possible to terminate a command block without including the key word or key words
that identify the block. For example, you could define a specific instance of the prescribed
displacement boundary condition with
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BEG N PRESCRI BED DI SPLACEMENT

and terminate it ssimply with
END

as opposed to
END PRESCRI BED DI SPLACEMENT .

Both the short termination (END only) and the long termination (END followed by
identification, or name, of the command block) are valid. It is recommended that the long
termination be used for any command block that becomes large. For example, the
RESULTS QUTPUT command block described in later sections can become fairly lengthy,
so thisis probably agood place to use the long termination. For most boundary conditions,
the command block will typically consist of five lines. In such cases, the short termination
can be used. Using the long termination for the larger command blocks will make it easier
to proof your input files.

1.3.10 Indentation

When constructing an input file, it is useful to indent a scope that is nested inside another
scope. Command lines within a command block should also be indented in relation to the
lines defining the command block. Thiswill make it easier to construct the input file with
everything in the correct scope and with all of the command blocks in the correct
structure.
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1.4 Naming Conventions Associated with the
Exodus Il Database

When the mesh file has an Exodus |1 format, there are three basic conventions that apply
to user input for various command lines. First, for amesh file with the Exodus 11 format,
the Exodus |1 side set isreferenced as a surface. In SIERRA, a surface consists of faces on
the surface of an element block plus all of the nodes and edges associated with these faces.
A surface definition can be used not only to select a group of faces but also to select a
group of edges or a group of nodes that are associated with those faces. In the case of
boundary conditions, a surface definition can be used not only to apply boundary
conditions that typically use surface specifications (pressure) but also to apply boundary
conditions for what are referred to as nodal boundary conditions (fixed displacement
components). For nodal boundary conditions that use the surface specification, all of the
nodes associated with the faces on a specific surface will have this boundary condition
applied to them. The specification for a surface identifier in the following sectionsis
surface_nane. It typically hastheform sur f ace_i nt egeri d, wherei nt egeri dis
the integer identifier for the surface. If the side set is 125, the value of sur f ace_nane
would besur f ace_125. Itisalso possibleto generate an aliasfor the side set and use this
for surface_nane. If surface_125isaliasedtoout er _ski n,thensurface_nane
becomes out er _ski n in the actual input line.

Second, for amesh file with the Exodus |1 format, the Exodus |1 node set is till referenced
as anode set. A node set can be used only for cases where a group of nodes needs to be
defined. The specification for a node set identifier in the following sectionsis

nodel i st _nane. It typically hasthe form nodel i st _i nt egeri d, wherei nt egeri d
isthe integer identifier for the node set. If the node set is 225, the value of

nodel i st _name would benodel i st _225. Itisalso possibleto generate an aliasfor the
node set and usethisfor nodel i st _nane. If nodel i st _225isaliasedtoi nner _ski n,
then nodel i st _nane becomesi nner _ski n in the actual input line.

Third, an element block remains a block. The specification for an element block identifier
in the following sectionsisbl ock _nane. It typicaly hasthe form bl ock_i nt egeri d,
wherei nt eger i d istheinteger identifier for the block. If the element block is 300, the
valueof bl ock_nane would bebl ock_300. It isalso possibleto generate an aliasfor the
block and use thisfor bl ock_nane. If bl ock_300 isaliased to bi g_chunk, then

bl ock_name becomesbi g_chunk inthe actual input line.
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1.5 Major Scope Definitions for a Presto Input
File

Thetypical Presto input file will have the structure shown below. The major scopes—

domain, procedure, and region—are delineated with input lines for command blocks.

Comment lines are included that indicate some of the key scopes that will appear within
the major scopes. Note the indentation used for this example.

BEG N Sl ERRA <string>sonme_nane

#
# Al command bl ocks and conmand |ines in the domain
# scope appear here. The PROCEDURE PRESTO conmand
# block is the beginning of the next scope.
#
# function definitions
# material descriptions
# description of nesh file
#
BEG N PROCEDURE PRESTO <stri ng>pr ocedur e_nane
#
# time step control
#

BEG N REA ON PRESTO <stri ng>regi on_namne

Al'l command bl ocks and conmmand lines in the
regi on scope appear here.

speci fication for output of result
specification for restart

boundary conditi ons

definition of contact

UO#fHHEHHFHHFHH

m
Z

REG ON PRESTO <string>regi on_nane]
END [ PROCEDURE PRESTO <st ri ng>procedur e_nane]
END [ SI ERRA <stri ng>sone_nane]

23



2 Command Descriptions

This section describes the commands recognized by the parser in Presto. The commands
are grouped by functionality, as follows:

2.1 Utility/General Commands. These general command blocks and command lines
appear only in the domain scope. They will define such things as material models,
functions, and special geometric entities.

2.2 Materials. These command blocks and command lines appear only in the domain
scope. PROPERTY SPECI FI CATI ON FOR MATERI AL command blocks define all of
the parameters for one or more material models.

2.3 Finite Element Model. These command blocks and command lines appear only in
the domain scope. A FI NI TE ELEMENT MODEL command block provides the
description of amesh that will be associated with the analysis. Embedded in this
command block are descriptions for each of the element blocks.

2.4 Presto Region and Procedure. These command blocks specify the region and the
procedure. The region scope is nested inside the procedure scope, and the procedure
scope is nested inside the domain scope. The TI ME CONTROL command block is
nested inside the procedure scope (but outside the region scope).

2.5 Use Finite Element Model. This command specifies the model (described in
Section 2.3) to be used in the region.

2.6 Kinematic Boundary Conditions. These command blocks and command lines
appear only in the region scope. They define a variety of kinematic boundary
conditions.

2.7 Initial Conditions. These command blocks and command lines appear only in the
region scope. They define severa initial conditions.

2.8 Force Boundary Conditions. These command blocks and command lines appear
only in the region scope. They define a variety of force boundary conditions.

2.9 Specialized Boundary Conditions. These command blocks and command lines
appear only in the region scope. They define a number of specialized boundary
conditions such as those for nonreflecting surfaces, periodic structures, and cavity
expansion.

2.10 Constraints. These command blocks and command lines appear only in the
region scope. They define constraint relations.

2.11 MassProperty Calculations. A command block for this functionality appears
only in the region scope. The command lines associated with this block specify mass
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property calculations for a single element block or a structure defined by a group of
element blocks.

2.12 Contact. These command blocks and command lines appear only in the region
scope. They define various input parameters for controlling the contact algorithm
(ACME).

2.13 Results Output. These command blocks and command lines appear only in the
region scope. They control the type of information written to results files and the
frequency at which thisinformation is written.

2.14 History Output. These command blocks and command lines appear only in the
region scope. They control the type of information written to history files and the
frequency at which thisinformation is written.

2.15 Restart Data. These command blocks and command lines appear only in the
region scope. They control the frequency at which restarts are written.

A complete list of commands within their proper scopeis given in Appendix A.
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2.1 Utility/General Commands

These commands are used to set up some of the fundamentals of the Presto input. The
commands are physics independent, or at |east can be shared between physics. The
commands lie in the domain scope, not in the procedure or region scope.

2.1.1 SIERRA Command Block
BEG N Sl ERRA <stri ng>nane

#
# Al other command bl ocks and command |ines
# appear within the domain scope defined by
# begin/end sierra.
#

END [ SI ERRA <stri ng>nane]

All input commands for Presto must occur within a SI ERRA command block. The syntax
for beginning the command block is

BEG N S| ERRA <stri ng>nane

and for terminating the command block is
END [ SI ERRA <string>nane] |,

where nane isaname for the S| ERRA command block. All other commands for the
analysis must be within this command block structure. The name for the SI ERRA
command block is often a descriptive name that identifies the analysis. The nameis not
currently used anywhere elsein the file and is completely arbitrary.

2.1.2 Title
TITLE <string list>title

To permit afuller description of the analysis, the Presto input hasa Tl TLE command line
for the analysis, wheret i t | e isatext description of the analysis.

Thistitleis not currently used in the analysis. It simply appearsin the input file for added
information about the analysis.

2.1.3 Restart Control

The restart capability in Presto alows a user to run an analysis up to a certain time, stop
the analysis at that time, and then restart the analysis at this stop time. The use of the
restart capability involves commandsin both the domain scope and the region scope.
One of two restart command lines (RESTART or RESTART TI ME) in the domain scopeis
used to select atime at which arestart isto begin. A command block in the region scope
(RESTART DATA) specifies restart file names and the frequency at which the restart files
will be written. The RESTART DATA command block is described in Section 2.15. This
section discusses the command lines that appear in the domain scope.
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When using the restart capability, you can reset a number of the parametersin the input
file. Not al parameters, however, can be reset. Users should exercise care in resetting
parametersin the input file for arestart.

There are two methods to initiate arestart with Presto. First, you can specify atime from a
specific restart file for the restart. This method usesthe RESTART TI ME command line
described in Section 2.1.3.1. Second, you can specify an automatic restart feature. This
method uses the RESTART command line described in Section 2.1.3.2. The command lines
for both of these methods are in the domain scope. All other commands for restart arein
the region scope in the RESTART DATA command block.

For restarts specified with arestart time from a specific restart file, the user will have to be
concerned about overwriting information in existing files. The issue of overwriting
information is discussed in Section 2.1.3.1.

Restart can be used to break along-running analysis into several smaller runs so that the
user can examine intermediate results before proceeding with the next step. The examples
in the Section 2.1.3.1 describe this use of restart. Restart can also be used in case of
abnormal termination. If arestart file has been written at various intervals throughout the
analysis up to the point where the termination has occurred, you can pick some restart
time before the termination and restart the problem from there. Thus, users do not have to
go back to the beginning of the analysis, but can continue the analysis at some time well
into the analysis.

The amount of data written at arestart timeis quite large. The restart datawritten at a
given time is a complete description of the state for the problem at that time. The restart
data includes not only information such as displacement, velocity, and acceleration, but
also information such as elements stresses and and al of the state variables for the
material model associated with each element.

2.1.3.1 Restart Time
RESTART TIME = <real >restart _tine

The RESTART Tl ME command lineis used to specify atime from a specific restart file for
the restart run.

To understand how the RESTART Tl ME command line is used, assume that an initial run
(with no restart time specified) is made with termination time T ,. For thisinitial run, a

restart fileiswritten at time T, (and possibly at other times). The restart file can be usedin
asecond run. In the second run with restart, the user specifies anew terminationtime T,
with T, >T,. Theinput file for the restart run will include the RESTART TI ME command

line with atime less than or equal to T,. This process may be repeated any number of
times to do a sequence of restarts.
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Thisrestart option will pick the restart time on the restart file that is closest to the user-
specified time on the RESTART Tl ME command line. If the user specifies arestart time
greater than the last time written to arestart file, then the last time written to the restart file
is picked as the restart time.

For thisfirst run, assume that therestart fileis called beam r. If the name of therestart file
has not been changed in the input for the run from T, to T, the second run will

automatically generate anew restart filebeam r - s0002. Now suppose that a new restart
isinitiatedtoruntotime T,, with T, > T . If, as before, the name of the restart file has not
been changed in the input for the runfrom T, to T,, the third run will use the same restart
filenamed beam r - s0002. Therestart information fromtime T, to T, will overwritethe

restart information fromtime T, to T, . By using the automatic restart feature described in

the next section, however, you can force the restart files to be incremented automatically
so that the restart file from T, to T, would be beam r - s0003. A similar pattern for file

suffixes also occurs for the results output files and the history filesif the names for these
files are not changed in the input file for the various runsup to time T, .

To prevent the overwriting of existing restart files, you can specify both an input restart file
and an output restart file and rename the results output and history files for the various
restarts. The use of the RESTART TI ME command line requires the user to be more active
in the management of the file names to prevent the overwriting of information. The
automatic restart feature prevents the overwrite of restart, results output, and history files.

2.1.3.2 Automatic Restart
RESTART = AUTOVATI C

The RESTART command line automatically selects for restart the last restart time written
to the last restart file.

To understand how the RESTART command line is used, assume an initial run (with no
restart time specified) is made with termination time T ,. For thisfirst run, arestart fileis

written with at least one requested restart time equal to T ,. For thisfirst run, assume that

therestart file has been called beam r. In the second run with restart, the user will specify
anew terminationtime T, with T, > T ,. The restart run will include the RESTART

command line. The second run will start at time T, even if there are restart times less than
T, written to the restart file. If the name of the restart file has not been changed in the

input for the run from T, to T, the second run will automatically generate a new restart

file named beam r - s0002. Suppose the last restart written to beam r - s0002 isat time
T,. If anew restart isinitiated torunto time T,, with T, > T, and the automatic restart

option is used, the new restart begins at time T, . If, as before, the name of the restart file
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has not been changed in the input for the run from T, to T,, the third run will

automatically generate a new restart file named beam r - s0003. This process may be
repeated any number of times.

The automatic increment feature applied to the restart file names is also applied to the
results output files and the history files. If our first results output fileisbeam e and the
name of the results output file is not changed in the input files for the restarts, the
subsequent results output fileswill be beam e- s0002, beam e- s0003, etc. A similar
pattern will hold for history files. If our first history fileisbeam h, the subsequent history
fileswill be beam h- s0002, beam h- s0003, etc. if the name of the history fileis not
changed in the input files for the restarts.

The automatic restart feature lets the user restart runs with minimal changes to the input
file. The only quantity that must be changed to move from one restart to another isthe
termination time.

2.1.4 Functions

BEG N DEFI NI TI ON FOR FUNCTI ON <st ri ng>functi on_nane
TYPE = <string>CONSTANT | PI ECEW SE LI NEAR
[ ABSCI SSA = <string>absci ssa_| abel ]
[ ORDI NATE = <string>ordinate_| abel ]
BEG N VALUES
<real >val ue_1 [ <real >val ue_2
<real >val ue_3 <real >val ue 4
- <r eal >val ue_n]
END [ VALUES]
END [ DEFI NI TI ON FOR FUNCTI ON <stri ng>functi on_nane]

A number of Presto features are driven by a user-defined description of the dependence of
one variable on another. For instance, the prescribed displacement boundary condition
requires the definition of atime-versus-displacement relation, and the thermal strain
computations require the definition of athermal-strain-versus-temperature relation.
SIERRA provides a general method of defining these relations as functions using the
DEFI NI TI ON FOR FUNCTI ON command block, as shown above.

The values in the above input lines of this command block are as follows:

- Thestring f uncti on_nane isaname for the function that is unique to the
function definitions within the input file. This nameis used to refer to this function
in other locations in the input file.

- Thestring f uncti on_t ype definesthe type of the function. The value of
functi on_t ype can be CONSTANT or Pl ECEW SE LI NEAR.

- Thestring absci ssa_| abel isan optional label that describes the independent
variable (x-axis).

- The stringor di nat e_| abel isan optional label that describes the dependent
variable (y-axis).
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- Thereal valuesval ue_1 through val ue_n describe the function. For a constant
function, only one value is needed. For a piecewise linear function, the values are
(x,y) pairs of datathat describe the function. The values are nested inside a VALUES
command block.

For any value greater than the last abscissa value in the function, the last ordinate value is
used for the function value. For example, suppose we have a piecewise linear function that
indicates afunction ny_f unc describes atime history for a pressure load where the

pressure increases from 0 to 50,000 psi from time 0.0 sec to time 1.0 x 10~ sec. The last
time specified in the function is 1.0 x 107, Now, suppose our final analysistimeis

2.0x107 sec. Then, from thetime 1.0 x 10~ tothetime 2.0 x 10_3, the value for this
function (ny_f unc) will be 50,000 psi.

Thereis no limit to the number of functions that can be defined. All function definitions
must appear within the domain scope.

2.1.5 Axes, Directions, and Points

DEFI NE PO NT <string>poi nt_name W TH COORDI NATES
<real >val ue_1 <real >val ue_2 <real >val ue_3

DEFI NE DI RECTI ON <string>direction_name WTH VECTOR
<real >val ue_1 <real >val ue_2 <real >val ue_3

DEFI NE AXI S <string>axis_name WTH PO NT
<string>point_1 PO NT <string>point_ 2

DEFI NE AXI S <string>axis_name WTH PO NT
<string>point DI RECTI ON <string>direction

A number of Presto features require the definition of geometric entities. For instance, the
prescribed displacement boundary condition requires a direction definition, and the
cylindrical velocity initial condition requires an axis definition. Currently, Presto input
permits the definition of points, directions, and axes. Definition of these geometric entities
occursin the domain scope.

The DEFI NE PO NT command lineis used to define a point:

DEFI NE PO NT <string>poi nt_nanme W TH COORDI NATES
<real >val ue_1 <real >val ue_2 <real >value_3 ,

where

- Thestring poi nt _nane isaname for this point. This name must be unique to all
other points defined in the input file.

- Thereal valuesval ue_1,val ue_2,andval ue_3 arethex, y, and z coordinates of
the point.
The DEFI NE DI RECTI ON command lineis used to define a direction:

DEFI NE DI RECTI ON <string>directi on_name WTH VECTOR
<real >val ue_1 <real >val ue_2 <real >value_3
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where

- Thestring di recti on_nane isaname for this direction. This name must be
unique to all other directions defined in the input file.

- Thereal valuesval ue_1,val ue_2, andval ue_3 arethex, y, and zmagnitudes of
the direction vector.
There are two command lines that can be used to define an axis. The first DEFINE AXIS
command line uses two points:

DEFI NE AXI S <string>axis_nane WTH PO NT
<string>point_1 PONT <string>point_2

where

- Thestring axi s_nane isaname for this axis. This name must be unique to all
other axes defined in the input file.

- Thestrings poi nt _1 and poi nt _2 arethe namesfor two poi nt s defined in the
input file.
The second DEFINE AXIS command line uses a point and a direction:

DEFI NE AXI' S <string>axis_name WTH PO NT
<string>poi nt DI RECTI ON <string>direction

where

- Thestring axi s_nane isaname for this axis. This name must be uniqueto all
other axes defined in the input file.

- Thestring poi nt isthe name of apoint defined in the input file.
- Thestring di r ect i on isthe name of adirection defined in the input file.
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2.2 Materials

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _namne
#
# Command bl ocks and command |ines for nateri al
# nodel s appear in this scope.
#
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>nat _nane]

PROPERTY SPECI FI CATI ON FOR MATERI AL command blocks appear in the domain
scope in the general form shown above. These command blocks are physics independent
in the sense that the information in them can be shared by more than one application. For
example, the PROPERTY SPECI FI CATI ON FOR MATERI AL command blocks contain
density information that can be shared among several applications.

The command block begins with the input line
BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _namne

and is terminated with the input line
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <string>mat _nane] ,

where the string mat _nane is a user-specified name for the command block.

Within aPROPERTY SPECI FI CATI ON FOR MATERI AL command block, there will be
other command blocks and command lines that describe particular material models. These
material models are described by a set of material-model command blocks that follow the
naming convention of PARAMETERS FOR MODEL nodel _nane, where nodel _nane
identifies the particular material model. Each such command block contains all of the
parameters needed to describe a particular material model. NOTE: More than one
material-model command block can appear within a PROPERTY SPECI FI CATI ON FOR
MATERI AL command block. Suppose we have a PROPERTY SPECI FI CATI ON FOR
MATERI AL command block called st eel . It would be possible to have two material-
model command blocks within this command block. One of the material-model command
blocks would provide an elastic model for st eel ; the other material-mode command
block would provide an elastic-plastic model for st eel .

Both PROPERTY SPECI FI CATI ON FOR MATERI AL command blocks and material-
model command blocks are referenced by the element-block command block (also known
asthe FI NIl TE ELEMENT MODEL command block), which is described in Section 2.3.

For information about the elastic, elastic-plastic, and elastic-plastic power-law hardening
material models, consult Reference 5. For information about the orthotropic crush model,
consult Reference 6. For information about the energy-dependent models (Mie-Gruneisen,
Mie-Gruneisen power series, WL, ideal gas), consult Reference 7.

For information about the soil and crushable foam model, consult with the Pronto3d
document listed as Reference 8. The soil and crushable foam model in Presto is the same
as the soil and crushable foam model in Pronto3d. The Pronto3d model is based on a
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material model developed by Krieg [9]. The Krieg version of the soil and crushable foam
model was later modified by Swenson and Taylor [10]. The soil and crushable foam model
developed by Swenson and Taylor isthe model in both Pronto3d and Presto.

For information about the foam plasticity model and orthotropic rate model, contact
William Scherzinger at Sandia National Laboratoriesin Albuguerque, NM. His phone
number is 505-284-4866, and his email address is wmscher@sandia.gov.

The material models that are most useful in Presto are described in Section 2.2.1 through
Section 2.2.11. These models do not constitute the entire set of material models that are
implemented in the SIERRA Framework. There are material models implemented in the
SIERRA Framework that are useful for other solid mechanics codes, but not for Presto.

You should also be aware that not all of the material models available are applicable to all
of the element types. As one example, there is a one-dimensional elastic material model
that isused for atruss element but is not applicable to solid elements such as hexahedra or
tetrahedra. For this particular example, the specific material-model usage is hidden from
the user. If the user specifies alinear-elastic material model for atruss, the one-
dimensional elastic material model is used. If the user specifies alinear-elastic material
model for a hexahedron, afull three-dimensional elastic material model isused. As
another example, the energy-dependent material models cannot be used for a one-
dimensional element such as atruss. The energy-dependent material models can only be
used for solid elements such as hexahedra and tetrahedra.

For each material model, the parameters needed to describe that model are listed in the
section pertinent to that particular model. Solid models with elastic constants require only
two elastic constants. These two constants are then used to generate all of the elastic
constants for the model. For example, if the user specifies Young's modulus and Poisson’s
ratio, then the shear modulus, bulk modulus, and lambda are calculated. If the shear
modulus and lambda are specified, then Young's modulus, Poisson’s ratio, and the bulk
modulus are cal cul ated.

2.2.1 Elastic Model

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane
DENSI TY = <real >density_val ue
BEA N PARAMETERS FOR MODEL ELASTI C
YOUNGS MODULUS = <real >youngs_nodul us
PO SSONS RATI O = <real >poi ssons_ratio
SHEAR MODULUS = <real >shear _nodul us
BULK MODULUS = <real >bul k_nodul us
LAMBDA = <real >l anbda
END [ PARAMETERS FOR MODEL ELASTI C]
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>nmat _nane]

An elastic material model is used to describe simple linear-elastic behavior of materials.
This model is generaly valid for small deformations.

For an elastic material, an elastic command block starts with the input line
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BEG N PARAMETERS FOR MODEL ELASTIC

and terminates with the input line
END [ PARAMETERS FOR MODEL ELASTI C]

In the above command blocks:
- Density is defined with the DENSI TY command line.
- Young's modulusis defined with the YOUNGS MODULUS command line.
- Poisson’sratio is defined with the PO SSONS RATI O command line.
- The bulk modulus is defined with the BULK MODULUS command line.
- The shear modulus is defined with the SHEAR MODULUS command line.
- Lambdais defined with the LAMBDA command line.

Only two of the elastic constants are required.

2.2.2 Elastic-Plastic Model

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _namne
DENSI TY = <real >density_val ue
BEG N PARAMETERS FOR MODEL ELASTI C_PLASTIC
YOUNGS MODULUS = <real >youngs_nodul us
PO SSONS RATI O = <real >poi ssons_ratio
SHEAR MODULUS = <real >shear _nodul us
BULK MODULUS = <real >bul k_nodul us
LAMBDA = <real >l anbda
Yl ELD STRESS = <real >yield stress
HARDENI NG MODULUS = <r eal >har deni ng_nodul us
BETA = <real >beta_paraneter(1.0)
END [ PARAMETERS FOR MODEL ELASTI C_PLASTI C]
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>nat _nane]

The elastic-plastic linear hardening models are used to model materials, generally metals,
undergoing plastic deformation at finite strains. Linear hardening generally refersto the
shape of auniaxia stress-strain curve where the stress increases linearly with the plastic,
or permanent, strain. In athree-dimensional framework, hardening is the law that governs
how the yield surface grows in stress space. If the yield surface grows uniformly in stress
space, the hardening isreferred to asisotropic hardening. When BETAis 1.0, we have only
isotropic hardening.

Because the linear hardening model isrelatively simpleto integrate, thereis also the
ability to define ayield surface that not only grows, or hardens, but also movesin stress
gpace. Thisis known as kinematic hardening. When BETA is 0.0, we have only kinematic
hardening. The elastic-plastic linear hardening model allows for isotropic hardening,
kinematic hardening, or a combination of the two.

For an elastic-plastic material, an elastic-plastic command block starts with the input line
BEG N PARAMETERS FOR MODEL ELASTI C PLASTI C
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and terminates with the input line
END [ PARAMETERS FOR MODEL ELASTI C_PLASTI C]

In the above command blocks:
- Density is defined with the DENSI TY command line.
- Young's modulus is defined with the YOUNGS MODULUS command line.
- Poisson’sratio is defined with the PO SSONS RATI O command line.
- The bulk modulusis defined with the BULK MODULUS command line.
- The shear modulus is defined with the SHEAR MODULUS command line.
- Lambdais defined with the LAMBDA command line.
- Theyield stressis defined with the YI ELD STRESS command line.
- The hardening modulus is defined with the HARDENI NG MODUL US command line.
- The beta parameter is defined with the BETA command line.

Only two of the elastic constants are required.

2.2.3 Elastic-Plastic Power-Law Hardening Model

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _namne
DENSI TY = <real >density_val ue
BEG N PARAMETERS FOR MODEL EP_POWNER_HARD
YOUNGS MODULUS = <real >youngs_nodul us
PO SSONS RATI O = <real >poi ssons_ratio
SHEAR MODULUS = <real >shear _nodul us
BULK MODULUS = <real >bul k_nodul us
LAMBDA = <real >l anbda
YI ELD STRESS = <real >yi el d_stress
HARDENI NG CONSTANT = <r eal >har deni ng_const ant
HARDENI NG EXPONENT = <r eal >har deni ng_exponent
LUDERS STRAIN = <real >l uders_strain
END [ PARAMETERS FOR MODEL EP_POWNER HARD]
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>nat _nane]

A power-law hardening model for elastic-plastic materialsis used for modeling metal
plasticity up to finite strains. The power-law hardening model, as opposed to the linear
hardening model, has a power law fit for the uniaxial stress-strain curve that has the stress
increase as the plastic strain raised to a power. The power-law hardening model also has
the ability to model materials that exhibit Luder’s strains after yield. Due to the more
complicated yield behavior, the power-law hardening model can only be used with
isotropic hardening.

For an elastic-plastic power-law hardening material, an elastic-plastic power-law
hardening command block starts with the input line

BEG N PARAMETERS FOR MODEL EP_POWNER_HARD
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and terminates with the input line

END [ PARAMETERS FOR MODEL EP_POWER_HARD]

In the above command blocks:

Density is defined with the DENSI TY command line.

Young's modulus is defined with the YOUNGS MODULUS command line.
Poisson’sratio is defined with the PO SSONS RATI O command line.

The bulk modulus is defined with the BULK MODULUS command line.

The shear modulus is defined with the SHEAR MODULUS command line.

Lambda is defined with the LAMBDA command line.

Theyield stressis defined with the YI ELD STRESS command line.

The hardening constant is defined with the HARDENI NG CONSTANT command line.

The hardening exponent is defined with the HARDENI NG EXPONENT command
line.

The Luder’s strain is defined with the LUDERS STRAI N command line.

Only two of the elastic constants are required.

2.2.4 Soil and Crushable Foam Model

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>nmat _namne
DENSI TY = <real >density_val ue
BEG N PARAMETERS FOR MODEL SO L_FOAM
YOUNGS MODULUS = <real >youngs_nodul us
PO SSONS RATI O = <real >poi ssons_ratio
SHEAR MODULUS = <real >shear nodul us
BULK MODULUS = <real >bul k_nodul us
LAMBDA = <real >l anbda
A0 <real >const _coeff _yieldsurf
Al <real >l in_coeff _yieldsurf
A2 = <real >quad_coeff _yiel dsurf
PRESSURE CUTCOFF = <real >pressure_cutof f
PRESSURE FUNCTI ON = <string>function_press_volstrain
END [ PARAMETERS FOR MODEL SO L_FOAM
END [ PROPERTY SPECI FI Cl ATI ON FOR MATERI AL <stri ng>mat _nane]

The soil and crushable foam model isaplasticity model that can be used for modeling soil
or crushable foam. Given the right input, the model is a Drucker-Prager model.

For the soil and crushable foam model, the yield surface is a surface of revolution about
the hydrostat in principal stress space. A planar end cap isassumed for the yield surface so

that the yield surfaceis closed. Theyield stress, o

yd» 1S specified as a polynomial in

pressure, p. Theyield stressis given as

Oyg = 8*ta,p+ap, (1)
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where p is positive in compression. The determination of the yield stress from Equation
(1) places severe restrictions on the admissible values of a,,, a,, and a,. There are three

valid cases for the yield surface. In the first case, there is an elastic-perfectly plastic
deviatoric response, and the yield surface is a cylinder oriented along the hydrostat in

principal stress space. In this case, a,, is positive, and a; and a, are zero. In the second
case, the yield surfaceis conical. A conical yield surface is obtained by setting a, to zero

and using appropriate values for a, and a, . In the third case, the yield surface has a

parabolic shape. For the parabolic yield surface, all three of the coefficientsin Equation
(1) are nonzero. The coefficients are checked to determine that a valid negative tensile-
failure pressure can be derived based on the specified coefficients.

For the case of the cylindrical yield surface (e.g. a, >0 and a, = a, = 0), thereisno

tensile-failure pressure. For the other two cases, the computed tensile-failure pressure may
be too low. To handle the situations where there is no tensile-failure pressure or the tensile-
failure pressureistoo low, a pressure cutoff can be defined. If a pressure cutoff is defined,
the tensile-failure pressureis the larger of the computed tensile-failure pressure and the
defined cutoff pressure.

The plasticity theories for the volumetric and deviatoric parts of the material response are
completely uncoupled. The volumetric response is computed first. The mean pressure p is
assumed to be positive in compression, and ayield function ?, iswritten for the
volumetric response as

:pp = p - fp(SV:’ (2)

where f p(svj defines the volumetric stress-strain curve for the pressure. Theyield
function ?, determines the motion of the end cap along the hydrostat.

For a soil and crushable foam material, a soil and crushable foam command block starts
with the input line

BEG N PARAMETERS FOR MCDEL SO L_FOAM

and terminates with the input line
END [ PARAMETERS FOR MODEL SO L_FOAM

In the above command blocks:
- Densgity is defined with the DENSI TY command line.
- Young's modulus is defined with the YOUNGS MODULUS command line.
- Poisson’sratio is defined with the PO SSONS RATI O command line.
- The bulk modulusis defined with the BULK MODULUS command line.
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- The shear modulus is defined with the SHEAR MODULUS command line.
- Lambdais defined with the LAMBDA command line.

- The constant in the equation for the yield surface is defined with the AO command
line.

- The coefficient for the linear term in the equation for the yield surface is defined
with the A1 command line.

- The coefficient for the quadratic term in the equation for the yield surface is defined
with the A2 command line.

- The user-defined tensile-failure pressure is defined with the PRESSURE CUTOFF
command line.

- The pressure as afunction of volumetric strain is defined with the function named
on the PRESSURE FUNCTI ON command line.

Only two of the elastic constants are required.

2.2.5 Foam Plasticity Model

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane

DENSI TY = <real >density_val ue

BEG N PARAMETERS FOR MODEL FOAM PLASTI CI TY
YOUNGS MODULUS = <real >youngs_nodul us
PO SSONS RATI O = <real >poi ssons_ratio
SHEAR MODULUS = <real >shear _nodul us
BULK MODULUS = <real >bul k_nodul us
LAMBDA = <real >l anbda
PH = <real >phi
SHEAR STRENGTH
SHEAR HARDENI NG
SHEAR EXPONENT
HYDRO STRENGTH
HYDRO HARDENI NG

<r eal >shear_strength
<r eal >shear _har deni ng
<r eal >shear _exponent
<real >hydro_strength
<r eal >hydr o_har deni ng
<r eal >hydr o_exponent

BETA = <real >beta
END [ PARAMETERS FOR MODEL FOAM PLASTI CI TY]
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>nat _nane]

Thefoam plasticity model was devel oped to describe the response of porous el astic-plastic
materials like closed-cell polyurethane foam to large deformation. Like solid metals, these
foams can exhibit significant plastic deviatoric strains (permanent shape changes). Unlike
metal's, these foams can al so exhibit significant plastic volume strains (permanent volume
changes). The foam plasticity model is characterized by aninitial yield surface that is an
ellipsoid about the hydrostat.

When foams are compressed, they typically exhibit an initial elastic regime followed by a
plateau regime in which the stress needed to compress the foam remains nearly constant.
At some point in the compression process the densification regime is reached, and the
stress needed to compress the foam further begins to rapidly increase.
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The foam plasticity model can be used to describe the response of metal foams and many
closed-cell, polymeric foams to large deformation (including polyurethane, polystyrene
bead, etc.). Thismodel isnot appropriate for flexible foamsthat return to their undeformed
shape after loads are removed.

For afoam plasticity material, afoam plasticity command block starts with the input line

BEG N PARAMETERS FOR MODEL FOAM PLASTICI TY

and terminates with the input line

END [ PARAVETERS FOR MODEL FOAM PLASTI Cl TY]

In the above command blocks:

Density is defined with the DENSI TY command line.

Young's modulus is defined with the YOUNGS MODULUS command line.
Poisson’sratio is defined with the PO SSONS RATI O command line.
The bulk modulus is defined with the BULK MODULUS command line.
The shear modulus is defined with the SHEAR MODULUS command line.
Lambda is defined with the LAVMBDA command line.

Theinitial volume fraction of solid material in the foam, ¢, isdefined with the PHI
command line. For example, solid polyurethane weighs 75 pounds per cubic foot
(pcf); uncompressed 10 pcf polyurethane foam would havea ¢ of 0.133 = 10/75.

The shear (deviatoric) strength of uncompressed foam is defined with the SHEAR
STRENGTH command line.

The shear hardening modulus for the foam is defined with the SHEAR HARDENI NG
command line.

The shear hardening exponent is defined with the SHEAR EXPONENT command
line. The deviatoric strength is given by SHEAR_STRENGTH +
SHEAR HARDENI NG * PHI ** SHEAR EXPONENT.

The hydrostatic (volumetric) strength of the uncompressed foam is defined with the
HYDRO STRENGTH command line.

The hydrodynamic hardening modulus for the foam is defined with the HYDRO
HARDENI NG command line.

The hydrodynamic hardening exponent for the foam is defined with the HYDRO
EXPONENT command line. The hydrostatic strength is given by HYDRO_STRENGTH
+ HYDRO HARDENI NG * PHI ** HYDRO_ EXPONENT.

The prescription for nonassociated flow, 3, is defined with the BETA command line.
When 3 = 0.0, the flow direction is given by the normal to the yield surface
(associated flow). When 3 = 1.0, the flow direction is given by the stress tensor.
Values of [3 between 0.0 and 0.95 are recommended.
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Only two of the elastic constants are required.

2.2.6 Orthotropic Crush Model

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane
DENSI TY = <real >density_val ue
BEG N PARAMETERS FOR MODEL ORTHOTROPI C_CRUSH
YOUNGS MODULUS = <real >youngs_nodul us
PO SSONS RATI O = <real >poi ssons_ratio
SHEAR MODULUS = <real >shear _nodul us
BULK MODULUS = <real >bul k_nodul us
LAMBDA = <real >l anbda
Yl ELD STRESS = <real >yi el d_stress

EX = <real >nodul us_x
EY = <real >nodul us_y
EZ = <real >nodul us_z

GXY = <real >shear _nodul us_xy
GYZ = <real >shear _nodul us_yz
&ZX = <real >shear _nodul us_zx
VM N = <real >m n_crush_vol une

CRUSH XX = <string>stress_vol ume_xx_function_nane
CRUSH YY = <string>stress_vol une_yy_function_nane
CRUSH ZZ = <string>stress_volume_zz function_name
CRUSH XY = <string>shear_stress_vol une_xy_function_nane
CRUSH YZ = <string>shear_stress_vol unme_yz function_nane
CRUSH ZX = <string>shear_stress_vol ume_zx_function_nane

END [ PARAVETERS FOR MODEL ORTHOTROPI C_CRUSH
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane]

The orthotropic crush model is an empirically based constitutive relation that is useful for
modeling materials like metallic honeycomb and wood. This particular implementation
follows the formulation of the metallic honeycomb model in DYNA3D [6]. The
orthotropic crush model divides material behavior into three phases:

 orthotropic elastic,
» volumetric crush (partially compacted), and
» ¢elastic-perfectly plastic (fully compacted).
For an orthotropic crush material, an orthotropic crush command block starts with the
input line
BEG N PARAMETERS FOR MODEL ORTHOTROPI C_CRUSH

and terminates with the input line
END [ PARAMETERS FOR MODEL ORTHOTROPI C_CRUSH|

In the above command blocks:
- The uncompacted density is defined with the DENSI TY command line.

- Young's modulus for the fully compacted state is defined with the YOUNGS
MODULUS command line. Thisis the elastic-perfectly plastic value of Young's
modulus.
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- Poisson’sratio for the fully compacted state is defined with the PO SSONS RATI O
command line. Thisisthe elastic-perfectly plastic value of Poisson’sratio.

- The bulk modulusis defined with the BULK MODULUS command line.
- The shear modulus is defined with the SHEAR MODULUS command line.
- Lambdais defined with the LAMBDA command line.

- Theyield stress for the fully compacted state is defined with the YI ELD STRESS
command line. Thisisthe elastic-perfectly plastic value of the yield stress.

- Theinitial directional modulus E,, is defined with the EX command line.
- Theinitial directional modulus E, is defined with the EY command line.
- Theinitial directional modulus E, is defined with the EZ command line.
- Theinitial directional shear modulus G, is defined with the EXY command line.
- Theinitial directional shear modulus G, is defined with the EYZ command line.

- Theinitial directional shear modulus G,, is defined with the EZX command line.

- The minimum crush volume as afraction of the original volume is defined with the
VM N command line.

- Thedirectional stress g, asafunction of the volume crush is defined by the
function referenced in the CRUSH XX command line.

- Thedirectional stress Oy 8s afunction of the volume crush is defined by the

function referenced in the CRUSH YY command line.

- Thedirectiond stress 0, asafunction of the volume crush is defined by the
function referenced in the CRUSH ZZ command line.

- Thedirectional stress o, asafunction of the volume crush is defined by the

function referenced in the CRUSH XY command line.

- Thedirectional stress o, asafunction of the volume crush is defined by the

function referenced in the CRUSH YZ command line.
- Thedirectiond stress o,, asafunction of the volume crush is defined by the
function referenced in the CRUSH zX command line.

Only two of the elastic constants are required. Note that several of the command linesin
this command block (those beginning with CRUSH) reference functions. These functions
must be defined in the domain scope.
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2.2.7 Orthotropic Rate Model

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _name
DENSI TY = <real >density_val ue
BEG N PARAMETERS FOR MODEL ORTHOTROPI C_RATE
YOUNGS MODULUS = <real >youngs_nodul us
PO SSONS RATI O = <real >poi ssons_ratio
SHEAR MODULUS = <real >shear _nodul us
BULK MODULUS = <real >bul k_nodul us
LAMBDA = <real >l anbda
Yl ELD STRESS = <real >yield stress

MODULUS TTTT = <real >nodul us_tttt
MODULUS TTLL = <real >nodul us_ttl|
MODULUS TTWWV = <r eal >nodul us_ttww
MODULUS LLLL = <real >nodul us_I 111

MODULUS LLWWN = <real >nodul us_I | ww
MODULUS WAV = <r eal >nmodul us_ www
MODULUS TLTL <real >nodul us_tltl
MODULUS LW.W = <real >nodul us_IwW w
MODULUS WIWI = <r eal >nodul us_wt wt

TX = <real >t x
TY = <real >ty
TZ = <real >tz
LX = <real >l x
LY = <real >ly
LZ = <real >l z

MODULUS FUNCTI ON = <string>nmodul us_functi on_namne
RATE FUNCTI ON = <string>rate_function_nane
T FUNCTION = <string>t function_nane

L FUNCTION = <string>l function_nane
W FUNCTI ON = <string>w_function_nane
TL FUNCTION = <string>tl_function_nane

LW FUNCTI ON = <string>l w_function_nane
W' FUNCTI ON = <string>w _functi on_nane
END [ PARAMETERS FOR MODEL ORTHOTROPI C_RATE]
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane]

Orthotropic rate is a new and improved version of the orthotropic crush constitutive
model. This model has been devel oped to describe the behavior of an aluminum
honeycomb subjected to large deformation. The new orthotropic rate model, like the
original orthotropic crush model, has six independent yield functions that evolve with
volume strain. Unlike the original model, this new model hasyield functions that also
depend on strain rate. The new model also uses an orthotropic elasticity tensor with nine
elastic moduli in place of the orthotropic elasticity tensor with six elastic moduli used in
the original orthotropic crush model. A new honeycomb orientation capability has also
been added that allows users to prescribe initial honeycomb orientations that are not
aligned with the original global coordinate system.

For an orthotropic rate material, an orthotropic rate command block starts with the input
line

BEG N PARAMETERS FOR MODEL ORTHOTROPI C_RATE

and terminates with the input line
END [ PARAMETERS FOR MODEL ORTHOTROPI C_RATE]
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In the above command blocks:

Density is defined with the DENSI TY command line.

Young's modulus for the fully compacted honeycomb is defined with the YOUNGS
MODUL US command line.

Theyield stress for the fully compacted honeycomb is defined with the YI ELD
STRESS command line.

The nine elastic moduli for the orthotropic uncompacted honeycomb are defined
with the MODULUS TTT, MODULUS TTLL, MODULUS TTWYMODULUS LLLL,
MODULUS LLWVYMODULUS WAANYMODULUS TLTL, MODULUS LW.Wand
MODULUS WIWI' command lines. The T-direction is usually associated with the
generator axis for the honeycomb. The L-direction isin the ribbon plane (plane
defined by flat sheets used in reinforced honeycomb) and orthogonal to the
generator axis. The W-direction is perpendicular to the ribbon plane.

The components of a vector defining the T-direction of the honeycomb are defined
by the TX, TY, and TZ command lines. Thevaluest x, t y, and t z are components of
avector in the global coordinate system that define the orientation of the
honeycomb’s T-direction (generator axis).

The components of a vector defining the L-direction of the honeycomb are defined
by the LX, LY, and LZ command lines. Thevalues| x, | y, and | z are components
of avector in the global coordinate system that define the orientation of the
honeycomb’s L-direction. Caution: The vectors T and L must be orthogonal.

The function describing the variation in moduli with compaction is given by the
MODULUS FUNCTI ON command line. The moduli vary continuously from their
initial orthotropic values to isotropic values when full compaction is obtained.

The function describing the change in strength with strain rate is given by the RATE
FUNCTI ON command line. Note that all strengths are scaled with the multiplier
obtained from this function.

The function describing the T-normal strength of the honeycomb as a function of
compaction is given by the T FUNCTI ON command line.

The function describing the L-normal strength of the honeycomb as a function of
compaction is given by the L FUNCTI ON command line.

The function describing the W-normal strength of the honeycomb as a function of
compaction is given by the W FUNCTI ON command line.

The function describing the TL-normal strength of the honeycomb as a function of
compaction is given by the TL  FUNCTI ON command line.

The function describing the LW-normal strength of the honeycomb as a function of
compaction is given by the LW FUNCTI ON command line.

The function describing the WT-normal strength of the honeycomb as a function of
compaction is given by the W FUNCTI ON command line.
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Only the elastic modulus (Young's modulus) is required for this model. If two elastic
constants are supplied, the elastic constants will be completed. However, only the elastic
modulusis used in this model. Note that several of the command linesin this command
block reference functions. These functions must be defined in the domain scope.

2.2.8 Mie-Gruneisen Model

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane
BEG N PARAMETERS FOR MODEL M E_GRUNEI SEN
RHO 0 = <real >density
C 0 = <real >sound_speed
SHUG = <real >const _shock_vel ocity
GAMVA 0 = <real >anbi ent _grunei sen_param
PO SSR = <real >poi ssons_ratio
Y 0 = <real >yield strength
PM N = <real >nean_stress( REAL_MAX)
END [ PARAMETERS FOR MODEL M E_GRUNEI SEN|
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>nat _nane]

The Mie-Gruneisen material model describes the nonlinear pressure-volume (or
equivalently pressure-density) response of solids or fluidsin terms of areference pressure-
volume curve and deviations from the reference curve in energy space. The reference
curve is taken to be the experimentally determined principal Hugoniot, which is the locus
of end states that can be reached by a shock transition from the ambient state. For details
about this model, see Reference 7.

For Mie-Grunei sen energy-dependent materials, the Mie-Gruneisen command block
begins with the input line
BEG N PARAMETERS FOR MODEL M E_GRUNEI SEN

and is terminated with the input line
END [ PARAMETERS FOR MODEL M E_GRUNEI SEN|

In the above command blocks:

- The ambient density, p,, is defined with the RHO_0 command line. The ambient
density isthe density at which the mean pressure is zero, not necessarily the initial
density.

- The ambient bulk sound speed, ¢, is defined by the C_0 command line. The

ambient bulk sound speed is aso thefirst constant in the shock-vel ocity-versus-
particle-velocity relation D = ¢, + Su. (See the following description of the SHUG

command line for the definition of S)

- The second constant in the shock-vel ocity-versus-particle-velocity equation, S, is
defined by the in the SHUG command line. The shock-vel ocity-versus-particle-

velocity relationis D = ¢, + Su. (Seethe previous description of the C_0
command line for the definition of c.)
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- The ambient gruneisen parameter, I, is defined by the GAMVA_0 command line.

- Poisson’sratio, v, is defined by the POl SSR command line. Poisson’sratio is
assumed constant.

- Theyield strength, y,, is defined by the Y_0 command line. Theyield strength is
zero for the hydrodynamic case.

- Thefracture stressis defined by the PM N command line. The fracture stressisa
mean stress or pressure, so it must be negative or zero. Thisis an optional
parameter; if not specified, the parameter defaults to REAL_MAX (no fracture).

2.2.9 Mie-Gruneisen Power-Series Model

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane
BEG N PARAMETERS FOR MODEL M E_CGRUNEI SEN_PONER_SERI ES
RHO 0 = <real >density
C 0 = <real >sound_speed

K1 = <real >power _series_coeffl
K2 = <real >power _series_coeff2
K3 = <real >power _series_coeff3
K4 = <real >power _series_coeff4
K5 = <real >power _series_coeffb

GAMVA 0 = <real >anbi ent _grunei sen_param
PO SSR = <real >poi ssons_ratio
Y 0 = <real >yield strength
PM N = <real >nean_stress( REAL_MAX)
END [ PARAMETERS FOR MODEL M E_GRUNEI SEN_POWNER_SERI ES]
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane]

The Mie-Gruneisen power-series model describes the nonlinear pressure-volume (or
equivalently pressure-density) response of solids or fluids in terms of areference pressure-
volume curve and deviations from the reference curve in energy space. The reference
curve istaken to be the experimentally determined principal Hugoniot, which is the locus
of end states that can be reached by a shock transition from the ambient state. The Mie-
Gruneisen power-series model isvery similar to the Mie-Gruneisen model, except that the
Mie-Gruneisen model bases the Hugoniot pressure-volume response on the assumption of
alinear shock-velocity-versus-particle-velocity relation, while the Mie-Gruneisen power-
series model uses a power-series expression. For details about thismodel, see Reference 7.

For Mie-Gruneisen power-series energy-dependent materials, the Mie-Gruneisen power-
series command block begins with the input line

BEG N PARAMETERS FOR MODEL M E_CGRUNEI SEN_POANER_SERI ES

and is terminated with the input line
END [ PARAMETERS FOR MODEL M E_GRUNEI SEN_POMER_SERI ES]

In the above command blocks:
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- The ambient density, p,, is defined with the RHO_0 command line. The ambient

density isthe density at which the mean pressure is zero, not necessarily the initial
density.

- The ambient bulk sound speed, ¢, is defined by the C_0 command line.

- The power-series coefficients k;, K,, Ky, k,, and ks are defined by the command

linesK1, K2, K3, K4, and K5, respectively. Only the nonzero power-series
coefficients need be input, since coefficients not specified will default to zero.

- The ambient gruneisen parameter, I, is defined by the GAMVA_0 command line.

- Poisson’sratio, v, is defined by the PO SSR command line. Poisson’sratio is
assumed constant.

- Theyield strength, y,,, is defined by the Y_0 command line. The yield strength is
zero for the hydrodynamic case.

- Thefracture stressis defined by the PM N command line. The fracture stressisa
mean stress or pressure, so it must be negative or zero. Thisis an optional
parameter; if not specified, the parameter defaults to REAL_MAX (no fracture).

2.2.10 JWL (Jones-Wilkins-Lee) Model

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane
BEG N PARAMETERS FOR MODEL JW.
RHO 0 = <real >initial _density
D = <real >detonation_velocity
E 0 = <real > nit_chem energy
<real > W _const_pressurel
<real > W _const _pressure2
Rl = <real >jwW _const _nondi mlL
R2 = <real >jwW _const _nondi n2
OVEGA = <real >} W _const _nondi n8

UJJ>

XDET = <real >x_det onati on_poi nt
YDET = <real >y_det onati on_poi nt
ZDET = <real >z_det onati on_poi nt
TDET = <real >ti ne_of detonation

B5 = <real >burn_wi dth_const (2. 5)
END [PARAI\/EI'ERS FOR MODEL JW.]
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>nat _nane]

The JWL model describes the pressure-volume-energy response of the gaseous detonation
products of HE (High Explosive). For details about this model, see Reference 7.

For JWL energy-dependent materials, the WL command block begins with the input line
BEG N PARAMETERS FOR MODEL JW.

and is terminated with the input line
END [ PARAMETERS FOR MODEL JW.]
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In the above command blocks:
- Theinitial density of the unburned explosive, p,,, is given by the RHO 0 command
line.
- The detonation velocity, D, is given by the D command line.
- Theinitial chemical energy per unit massin the explosive, E,,, isgiven by theE_0
command line. Most compilations of WL parameters give E,, in units of energy

per unit volume, rather than energy per unit mass. Thus, the tabulated value must be
divided by p,, theinitial density of the unburned explosive.

- The JWL constants with units of pressure, A and B, are given by the A and B
command lines, respectively.

- Thedimensionless WL congtants, R;, R,, and w, are given by the R1, R2, and
OVEGA command lines, respectively.

- The x-coordinate of the detonation point, Xy, is given by the XDET command line.
- They-coordinate of the detonation point, yp, is given by the YDET command line.
- The z-coordinate of the detonation point, z,, is given by the ZDET command line.
- Thetime of detonation, t, isgiven by the TDET command line.

- The burn-width constant, B, is given by the B5 command line. The burn-width
constant has a default value of 2.5.

2.2.11 Ideal Gas Model

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <string>mat _name
BEG N PARAMETERS FOR MODEL | DEAL_GAS
RHO 0 = <real >initial _density
C O = <real>nitial_sound_speed
GAMVA = <real >ratio_specific_heats
END [ PARAVMETERS FOR MODEL | DEAL_GAS]
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane]

Theideal gas model providesamateria description based on theideal gas law. For details
about this model, see Reference 7.

For ideal gas materials, the ideal gas command block begins with the input line
BEA N PARAMETERS FOR MODEL | DEAL_GAS

and is terminated with the input line
END [ PARAMETERS FOR MODEL | DEAL_GAS]

In the above command blocks:
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- Theinitial density, p,, is given by the RHO_0 command line.
- Theinitial sound speed, ¢, is given by the C_0 command line.

- Theratio of specific heats, v, is given by the GAMVA command line.
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2.3 Finite Element Model

BEG N FI NI TE ELEMENT MODEL <string>nesh_descri ptor
DATABASE NAME = <string>mesh_fil e_nane
DATABASE TYPE = <stri ng>dat abase_t ype( exodusl|)
ALI AS <string>nmesh_identifier AS <string>user_nane .
BEG N PARAMETERS FOR BLOCK <stri ng>bl ock_nane
#
# Command lines that define attributes for
# a particular elenment block appear in this
# command bl ock.
#
END [ PARAMETERS FOR BLOCK <st ri ng>bl ock_nane]
END [ FI NI TE ELEMENT MODEL <string>nesh_descri ptor]

The Presto input file must contain a description of the mesh file that isto be used for an
analysis. The mesh fileis described by aFI Nl TE ELEMENT MODEL command block that
appears in the domain scope.

The command block to describe a mesh file begins with
BEG N FI Nl TE ELEMENT MODEL <string>mesh_descri ptor

and is terminated with
END FI NI TE ELEMENT MODEL <string>nmesh_descriptor ,

wherenesh_descri pt or isauser-selected name for the mesh.

Nested within the command block are two command lines (DATABASE NAME and
DATABASE TYPE) that give the mesh name and define the type for the mesh file,
respectively. The command line

DATABASE NAME = <string>nmesh _fil e _name ,
gives the name of the mesh file with the string mesh_fi | e_nane. If the current mesh file

isin the default directory with the input file and is named j ob. g, then this command line
would appear as

DATABASE NAME = job.g .
If the mesh fileisin some other directory, the command line would have to show the path
to that directory. For parallel runs, the stringmesh_f i | e_nane isthe base name for the
spread of parallel mesh files. For example, for a four-processor run, the actual mesh files

associated with abase name of j ob. g would bej ob. g. 4. 0,j ob. g. 4.1, ob. g. 4. 2,
andj ob. g. 4. 3. The database name on the command line would bej ob. g.

If the mesh file does not use the Exodus |1 format, you must specify the format for the
mesh file using the command line

DATABASE TYPE = <stri ng>dat abase_t ype( exodusl|)

Currently, only the Exodus |1 database is supported by the SIERRA Framework. Other
options will be added in the future.
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It is possible to associate a user-defined name with some mesh entity. The mesh entity for
Exodus 11 relies on some type of integer identification. You can relate the integer
identification to some name that is more descriptive by using the ALI AS command line:

ALI AS <string>nmesh_identifier AS <string>user_nane .

Examples of this association are as follows:

Alias block 1 as Case

Alias block 10 as Fin

Alias block 12 as Nose

Alias surface 1 as Nose Case Interface
Alias surface_2 as CQuterBoundary

The above examples use the Exodus |1 naming convention described in Section 1.4.

Within the FI NI TE ELEMENT MODEL command block, there will be one or more
PARAMETERS FOR BLOCK command blocks, which are also referred to in this document
as element-block command blocks. The finite element model consists of one or more
element blocks. The basic information about the element blocks (number of elements,
topology, connectivity, etc.) is read from a mesh file. The specific element type to be used
by Presto is not in the mesh file. For example, the mesh file may specify atopology such
as afour-node quadrilateral for an element block. If acommand line appearsin the
command block for this element block that specifies a membrane thickness, then the
element type will be afour-node membrane element. If, on the other hand, a command
line appears in the command block for this element block that specifies a shell thickness,
then the element type will be afour-node shell element. Line commands in the element-
block command block establish the specific element type as opposed to the basic element
topol ogy.

All of the elements within an e ement-block command block will have the same
mechanics properties. The mechanics properties are set by use of the various command
lines. For example, thereisacommand line that will let you define the material properties
for the elementsin the block. Thereis acommand line that will let you specify hourglass
control parameters for the elements in the block (if these elements use hourglass control).
This command line will overwrite the default hourglass control parameters, and they will
apply only to the elements of this particular element block. All of the command lines that
can be used for the element-block command block are described in Section 2.3.1 through
Section 2.3.11.

The element-block command block begins with the input line
BEG N PARAMETERS FOR BLOCK <string>bl ock_nane

and is terminated with the input line
END [ PARAMETERS FOR BLOCK <stri ng>bl ock_nane] ,

where bl ock_nane isthe name assigned to the element block. If the format for the mesh
fileis Exodus 1, the typical form of bl ock_nane isbl ock_i nt egeri d, where
i nt egeri d istheinteger identifier for the block. If the element block is 280, the value of
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bl ock_name would be bl ock_280. It isalso possible to generate an alias identifier for
the element block and use thisfor the bl ock_nane. If bl ock 280 isaliased to AL6061,
then bl ock_nane becomes AL6061.

Currently, the elements supported in Presto are as follows:

- Eight-node, uniform-gradient hexahedron: Both a midpoint-increment formulation
[8] and a strongly objective formulation are implemented [11].

- Four-node tetrahedron: Only a strongly objective formulation is implemented.

- Eight-node tetrahedron: Thistetrahedral element has nodes at the four vertices and
nodes on the four faces. The eight-node tetrahedron has only a strongly objective
formulation [12].

- Ten-node tetrahedron: Only a strongly objective formulation is implemented.

- Four-node quadrilateral membrane: Both a midpoint-increment formulation and a
strongly objective formulation are implemented. This element is derived from the
Key-Hoff shell formulation [13].

- Four-node quadrilateral shell: This shell usesthe Key-Hoff formulation [13]. Both a
midpoint-increment formulation and a strongly objective formulation are
implemented.

- Two-node truss. The two-node truss element carries only a uniform axial stress at
present. This element uses only alinear-elastic material model at present.

- Two-node damper: The two-node damping el ement computes a damping force
based on the relative velocity of the two nodes along the axis of the element.

2.3.1 Definition of Material Model

MATERI AL <string>material _nane
SOLI D MECHANI CS USE MODEL <stri ng>nodel _name

The property specification for an element block is done by using the above two command
lines. The property specification references both a PROPERTY SPECI FI CATI ON FOR
MATERI AL command block and a material-model command block, which has the general
form PARAMETERS FOR MODEL nodel _nane . These command blocks are described in
Section 2.2. The PROPERTY SPECI FI CATI ON FOR MATERI AL command block
contains all of the parameters needed to define a material, and is associated with an
element block (PARAMETERS FOR BLOCK command block) by use of the MATERI AL
command line. Some of the material parameters inside the property specification are
grouped on the basis of material models. A material-model command block is associated
with an element block by use of the SOLI D MECHANI CS USE MODEL command line.

Consider the following example. Suppose there is a PROPERTY SPECI FI CATI ON FOR
MATERI AL command block withamat eri al _nane of st eel . Embedded within this
command block for st eel isamaterial-model command block for an elastic model of
st eel and an elastic-plastic model of st eel . Suppose that for the current element block
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we would like to use the material st eel with the elastic model. Then the element-block
command block would contain the input lines

MATERI AL st eel
SOLI D MECHANI CS USE MODEL el astic .

If, on the other hand, we would like to use the material st eel with the elastic-plastic
model, the element-block command block would contain the input lines

MATERI AL st eel
SCLI D MECHANI CS USE MCDEL el astic_plastic .

The user should remember that not all material types can be used with all element types.

2.3.2 Element Strain Formulation

ELEMENT STRAI N FORMULATI ON = <stri ng>m dpoi nt |
strongl y- obj ecti ve(ni dpoi nt)

Using the ELEMENT STRAI N FORMULATI ON command line, you can specify either a
midpoint-increment strain formulation (m dpoi nt ) or astrongly objective strain
formulation (st r ongl y- obj ect i ve) for some of the el ements. See the general element
description to determine which elements offer both formulations. Consult the element
documentation [11,14] for a description of these two strain formulations.

2.3.3 Linear and Quadratic Bulk Viscosity

LI NEAR BULK VI SCCSI TY =

<real >l i near _bul k_vi scosity_val ue(0. 06)
QUADRATI C BULK VI SCCSI TY =

<real >quad_bul k_vi scosity_val ue(1. 20)

The linear and quadratic bulk viscosity are set with these two command lines. Consult the
documentation for the elements [14] for a description of the bulk viscosity parameters.

2.3.4 Hourglass Control

HEX HOURGLASS STl FFNESS
HEX HOURGLASS VI SCCSI TY

<real >hour gl ass_stiff_val ue(0.05)
<r eal >hour gl ass_vi sc_val ue(0. 0)

The hourglass control for uniform-gradient, eight-node hexahedral elementsis set with
these two command lines. Consult the element documentation [14] for adescription of the
hourgl ass parameters.

The hourglass stiffness is the same as the dilatational hourglass parameter, and the
hourglass viscosity is the same as the deviatoric hourglass parameter.

2.3.5 Membrane Scale Thickness
MEMBRANE SCALE THI CKNESS = <real >nem scal e_t hi ck_val ue
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This command line scal es the thickness associated with each membrane element in the
mesh file. Currently, the SIERRA Framework input-output (10) routines specify a
thickness of 1.0 for all elements with afour-node quadrilateral topology. If the value for
mem scal e_t hi ck_val ue isset to 0.25, the thickness of the membrane elementsin the
element block will be 0.25. Future enhancements to the SIERRA Framework 1O routines
will let the user read in a unique thickness for each four-node quadrilateral element in a
block of four-node quadrilateral elements.

If the MEMBRANE SCALE THI CKNESS command line appears in an element-block
command block, then the elementsin the block must have a four-node quadrilateral
topol ogy.

2.3.6 Control Parameters for Shell Elements

SHELL SCALE THI CKNESS = <real >shel |l scal e_t hi ck_val ue
SHELL | NTEGRATI ON PO NTS =
<i nt eger >nunber _i ntegrati on_poi nts(5)
SHELL | NTEGRATI ON" SCHEME = <stri ng>GAUSS| LOBATTO
TRAPEZO D( TRAPEZQO D)

The above three command lines al set parameters for shell elements. The command line
SHELL SCALE THI CKNESS = <real >shel | _scal e_t hi ck_val ue

scal es the thickness associated with each shell element in the mesh file. Currently, the
SIERRA Framework O routines specify athickness of 1.0 for all elements with afour-
node quadrilateral topology. If thevaluefor shel | _scal e_t hi ck_val ue isset to 0.25,
the thickness of the shell elementsin the element block will be 0.25. Future enhancements
to the SIERRA Framework 10 routines will let the user read in a unique thickness for each
four-node quadrilateral element in a block of four-node quadrilateral elements.

The command line
SHELL | NTEGRATI ON PO NTS =
<i nt eger >nunber _i ntegrati on_poi nts(5)
specifies the number of integration points to be used through the thickness of the shell.
The actual integration scheme is selected by using the command line

SHELL | NTEGRATI ON SCHEME = <stri ng>GAUSS| LOBATTQ
TRAPEZO D( TRAPEZOI D)

Currently, only the trapezoid integration scheme with five integration pointsis
implemented. Consult the element documentation [14] for a description of different
integration schemes for shell elements.

If the command lines for shell elements appear in an element-block command block, then
the elementsin the block must have a four-node quadrilateral topology.
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2.3.7 Truss Area

TRUSS AREA = <real >truss_cross_sectional area

The cross-sectional areafor truss elementsis specified by the TRUSS AREA command
line. Thevaluetruss_cross_sectional _area isthecross-sectional areaof thetruss
members in the element block. If this command lineis used for ablock of three-
dimensional, two-node elements, the elements in the block are treated as truss elements.

2.3.8 Damper Area

DAMPER AREA = <real >danper _cross_secti onal _area

The cross-sectiona areafor damper elementsis specified by the DAMPER AREA command
line. Thevalue danper _cross_secti onal _ar ea isthe cross-sectional area of the
dampersin the element block. If this command line is used for ablock of three-
dimensional, two-node elements, the elementsin the block are treated as damper elements.

The damper areais used only to generate mass associated with the damper element. The
mass is the density for the damper element multiplied by the original volume of the
element (original length multiplied by the damper area).

The force generated by the damper element depends on the relative velocity along the
current direction vector for the damper element. If n isaunit normal pointing in the
direction from node 1 to node 2 and v, and v, are the velocity vectors at nodes 1 and 2,

respectively, then the force generated by the damper element is
Fg = nnlv,—-v), ©)

where n isthe damping parameter. Currently, the damping parameter must be specified by
using an elastic material model for the damper element. The value for Young’s modulusin
the elastic material model is used for the damping parameter n).

2.3.9 Energy Deposition

DEPCSI T SPECI FI C | NTERNAL ENERGY <real >edep [ OVER Tl ME
<real >t dep STARTING AT TIME <real >tinit]

This command line controls the amount of energy deposited from external sources, dQ.
The command line defines the amount, edep, of specific (per unit mass) internal energy to
be deposited in the material. The energy is deposited over time, t dep, beginning at time
tinit.Theoptiona parameterst dep andt i ni t both default to zero, so the energy will
be deposited instantaneously at time zero if they are not specified. The depositionis
uniform in space, so each element in the block has the same amount, edep, added to its
specific internal energy.
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This command is applicable only to the energy-dependent material models (Mie-
Gruneisen, Mie-Gruneisen Power-Series, WL, ldeal Gas), which are described in
Reference 7.

2.3.10 Element Numerical Formulation
ELEMENT NUMERI CAL FORMULATION = ol d | new (ol d)

For calculation of the critical time step, it is necessary to determine a characteristic length
for each element. In one dimension the correct characteristic element length is obviously
the distance between the two nodes of the element. In higher dimensions thisis usually
taken to be the minimum distance between any of the nodes in the element. However,
some finite element codes, primarily those based on Pronto3D [8], use as a characteristic
length an eigenval ue estimate based on work by Flanagan and Belytschko [15]. That
characteristic length provides a stabl e time step, but in many casesisfar more conservative
than the minimum distance between nodes. For a cubic element with side length equal to
1, and thus also surface area of each face and volume equal to 1, the minimum distance

between nodesis 1. However, the eigenvalue estimate is 1/ /3, which is only 58% of the
minimum distance. As the length of the element is increased in one direction while
keeping surfaces in the lateral direction squares of area 1, the eigenvalue estimate

asymptotesto 1/ /2 for very long elements. If the length is decreased, the eigenvalue
estimate asymptotes to the minimum distance between nodes for very thin elements. In
this case, the eigenvalue estimate is always more conservative than the minimum distance
between nodes. However, consider an element whose cross section in onedirectionisnot a
square but atrapezoid with one side length much greater than the other. Assume the large
side length is 1 and the other side length is arbitrarily small, €. In this case, the minimum

distance between nodes becomes €, creating avery small and inefficient time step.
However, the eigenvalue estimate is related to the length across the middle of the
trapezoid, which for the conditions stated is 1/ 2. Since both distances provide stable time
steps, and one or the other can be much larger in various circumstances, the most efficient
calculation is obtained by using the maximum of the two lengths, either the eigenvalue
estimate or the minimum distance between nodes, to determine the time step.

By using the maximum of the lengths, the computed critical time step should be at the
edge of instability, and the TI ME STEP SCALE FACTOR command line should be used to
provide a margin of safety. In this case the scale factor for the time step should not be
greater than 0.9, and in some cases it may have to be reduced further. Thus, although the
maximum of the lengths provides a time step that is closer to the critical value and
provides better accuracy and efficiency, you may need to specify a smaller-than-expected
scale factor for stability. For this reason, the choice of which approach to useis|eft to the
user and is determined by the command line

ELEMENT NUMERI CAL FORMULATION = ol d | new (ol d)
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If the input parameter isol d, only the eigenvalue estimate is used; while new means that
the maximum of the two lengths is used. The default isol d so that users will have to
specifically choose the new approach and be aware of the scale factor for the time step.

The ELEMENT NUMERI CAL FORMULATI ON command lineis applicable to both the
energy-dependent and purely mechanical material models. If thiscommand lineis applied
to blocks using energy-dependent materials, only the determination of the characteristic
length is affected. If this command line is applied to an element block with a purely
mechanical model and the ol d option is used, the Pronto3D-based artificial viscosity, time
step, and elgenval ue estimate will be used in the element calculations. If, however, the new
option is used, the artificial viscosity and time step will be computed from equations
associated with the energy-dependent models. You should consult Reference 7 for further
details about the critical time-step calculations and the use of this command line.

2.3.11 Deactivate All Elements in an Element Block
DEACTI VATE = <string>code_nane

This command line will be implemented in the future.
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2.4 Presto Region and Procedure

The command blocks and command lines described in Section 2.3 are physics
independent, and they reside in the domain scope. There are also command blocks and
command lines that are Presto specific. These will appear in the region scope. The region
scope must rest inside the procedure scope (see Section 1.1 for more information about
scope). To create the scope for the Presto region and Presto procedure, use the following

commands:
BEG N PRESTO PROCEDURE <stri ng>presto_procedure_namne
ﬁ TI ME CONTROL command bl ock
7iB'&EGI N PRESTO REG ON <string>presto_regi on_nane
ﬁ conmand bl ocks and command |ines that appear in the
z regi on scope

END [ PRESTO REG ON <string>presto_regi on_nane]
END [ PRESTO PROCEDURE <stri ng>presto_procedure_nane]

Currently, only the TI ME CONTROL command block appears within the PRESTO
PROCEDURE command block and outside of the PRESTO REG ON command block. These
three command blocks are discussed below. See Section 2.5 through Section 2.15 for
descriptions of the command lines and command blocks that will appear in the PRESTO
REG ON command block.

2.4.1 Presto Procedure

The entire time-stepping process, from the initial time to the termination time, is
controlled within the procedure scope defined by the PRESTO PROCEDURE command
block. The command block begins with

BEG N PRESTO PROCEDURE <stri ng>presto_procedure_nane
and is terminated with

END [ PRESTO PROCEDURE <stri ng>prest o_procedure_nane]

The string pr est o_pr ocedur e_nane isthe name for the Presto procedure.

2.4.2 Time Control

This section describes the input in Presto for time control of an analysis. The time control
sets the begin and end times for the analysis and also controls incrementing the time step.

2.4.2.1 Command Blocks for Time Control and Time Stepping

BEG N TI ME CONTROL
BEG N TI ME STEPPI NG BLOCK <string>tine_bl ock_nanme
START TIME = <real >start _tinme_val ue
BEG N PARAMETERS FOR PRESTO REG ON <stri ng>regi on_nane
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Time control paraneters specific to PRESTO
are set in this command bl ock.

HHHFH

END [ PARAMETERS FOR PRESTO REG ON <string>regi on_narne]
END [ TI ME STEPPI NG BLOCK <string>ti me_bl ock_nane]
TERM NATION TIME = <real >term nation_tine ,
END [ TI ME CONTROL]

Presto time control residesina Tl ME CONTROL command block. The command block
begins with

BEG N TI ME CONTRCL

and terminates with
END [ TI ME CONTROL]

Within the TI ME CONTROL command block, a number of TI ME STEPPI NG BLOCK
command blocks can be defined. Each TI ME STEPPI NG BLOCK command block contains
the time at which the time stepping starts and a number of parameters that set time-related
values for the analysis. Each TI ME STEPPI NG BLOCK command block terminates at the
start time of the following command block. The start times for the TI ME STEPPI NG
BLOCK command blocks must be in increasing order. Otherwise, an error will be generated
by Presto.

In the above input lines, the values are as follows:

- Thestringti me_bl ock_nane isanamefor the TI ME STEPPI NG BLOCK
command block. This name must be unique to the other command blocks of this

type.
- Thered valuestart _tinme_val ue isthe start timefor thisTI ME STEPPI NG

BLOCK command block. Values set by the block apply from the start time for this
block until the next start time or the termination time.

- Thestring r egi on_nane isthe name of the Presto region affected by the
parameters (see Section 2.4).

The final termination time for the analysisis given by the command line
TERM NATION TIME = <real >term nation_tine ,

wheret er mi nati on_t i ne isthetime at which the analysis will be stopped.

The TERM NATI ON TI ME command line occurs after the last TI ME STEPPI NG BLOCK
command block is defined. Note that it is permissible to have TI ME STEPPI NG BLOCK
command blocks with start times after the termination time; in this case, those command
blocks that have start times after the termination time are not executed. Only one

TERM NATI ON TI ME command line can appear. If more than one of these command lines
appears, Presto gives an error.
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Nested inside the TI ME STEPPI NG BLOCK command block isa PARAVETERS FOR
PRESTO REG ON command block containing parameters that control the time stepping:

BEG N PARAMETERS FOR PRESTO REG ON <string>regi on_nane
INITIAL TIME STEP = <real >initial _tine_step_val ue
TI ME STEP SCALE FACTOR = <real >time_step_scal e factor
TI ME STEP | NCREASE FACTOR =<real >tine_step_increase_factor
STEP | NTERVAL = <i nt eger >nst eps

END [ PARAMETERS FOR PRESTO REAQ ON <stri ng>regi on_nane]

These parameters are specific to a Presto analysis.

The command block begins with
BEG N PARAMETERS FOR PRESTO REG ON <stri ng>regi on_nane

and is terminated with
END [ PARAMETERS FOR PRESTO REG ON <string>regi on_nane]

Asnoted previoudly, the string r egi on_nane isthe name of the Presto region affected by
the parameters. The command lines nested inside the PARAMETERS FOR PRESTO
REG ON command block are described next.

2.4.2.2 Initial Time Step
INITIAL TIME STEP = <real >initial _tinme_step_val ue

By default, Presto computes a critical time step for the analysis and uses this as theinitia
time step. To directly specify adifferent initial time step, usethel NI TI AL TI ME STEP
command line, wherei ni tial _time_step_val ue isthesize of theinitial time step.
Thiscommandisonly validif itisinthefirst TI ME STEPPI NG BLOCK command block in
the problem.

The value for theinitial time step will overwrite the calculated critical time step. If the
user specifiesaninitial time step larger than the critical time step, the problem can become
unstable.

2.4.2.3 Time Step Scale Factor

TI ME STEP SCALE FACTOR = <real >tine_step_scal e_factor(1.0)
During the element computations, Presto computes a minimum time step required for
stability of the computation (the critical time step). Usingthe TI ME STEP SCALE
FACTOR command line, you can provide a scale factor to modify the critical time step.
Note that avalue greater than 1.0 fort i ne_st ep_scal e_f act or will cause thetime

step to be greater than the computed critical time step, and thus the problem will likely go
unstable. By default, the scale factor is 1.0.

2.4.2.4 Time Step Increase Factor
TI ME STEP | NCREASE FACTOR =
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<real >tine_step_increase_factor(1.1)

During an analysis, the computed critical time step may change as elements deform, are
killed, etc. By using the TI ME STEP | NCREASE FACTOR command line, you can limit
the amount that the time step can increase between two adjacent time steps. The value

ti me_step_increase_factor isafactor that multiplies the previous time step. The
current time step can be no larger than the product of the previous time step and the scale
factor.

If the computed time step is greater than the critical time step, Presto uses the computed
limit instead. Note that an increase factor less than 1.0 will cause the time step to
continuously decrease. The default value for this factor is 1.1, i.e., atime step cannot be
more than 1.1 times the previous step.

2.4.2.5 Step Interval
STEP | NTERVAL = <i nt eger >nst eps(100)

Presto can output data about the current time step, the current internal and external energy,
and the kinetic energy throughout an analysis. The STEP | NTERVAL command line
controls the frequency of this output, where nst eps isthe number of time steps between
output. The default value for nst eps is 100.
The output at any given step (read from left to right) is

- step number,

- time,

- timeincrement,

- kinetic energy,

- internal energy,

- external energy (work done on boundary),

- error in energy balance,

- cputime, and

- wall clock time.

Thetimeis at the current time, step n, and the time increment is the previous time step
increment from step n—1 to step n.

The error in the energy balance is computed from the relation

energy bal ance error = (kinetic energy + internal energy
- external energy) / external energy * 100 .

The above expression gives a percent error for the energy balance.
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2.4.2.6 Example
The following isasimple example of aTl ME CONTROL command block:

BEG N Tl ME CONTRCL
BEG N Tl ME STEPPI NG BLOCK p1l
START TIME = 0.0
BEG N PARAMETERS FOR PRESTO REGQ ON presto_region
INITIAL TIME STEP = 1.0e-6
STEP | NTERVAL = 50
END
END
BEG N Tl ME STEPPI NG BLOCK p2
START TIME = 0. 5e-3
BEG N PARAMETERS FOR PRESTO REG ON presto_region
TI ME STEP SCALE FACTOR = 0.9
TI ME STEP | NCREASE FACTOR = 1.5
STEP I NTERVAL = 10
END
END
TERM NATION TI ME = 1. 0e-3
END

2.4.3 Presto Region

Individual time steps are controlled within the region scope. The region scope is defined
by a PRESTO REG ON command block that begins with

BEG N PRESTO REG ON <stri ng>presto_regi on_namne

and is terminated with
END [ PRESTO REGQ ON <string>presto_regi on_nane]

The string pr est o_r egi on_nane isthe name for the Presto region.
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2.5 Use Finite Element Model

The model specification occurs within the region scope. To specify the model (finite
element mesh), use the command line

USE FI Nl TE ELEMENT MODEL <string>nodel nane .
The string nodel _nane must match aname used inaFl NI TE ELEVMENT MODEL
command block described in Section 2.3. If one of these command blocks uses the name

penet r at or inthe command-block line and thisis the model we wish to usein the
region, then we would enter the command line as

USE FI NI TE ELEMENT MODEL penetrator .
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2.6 Kinematic Boundary Conditions

The various kinematic boundary conditions available in Presto are described in this
section. The kinematic boundary conditions are nested inside the region scope.

2.6.1 Fixed Displacement Components

BEG N FI XED DI SPLACEMENT
SURFACE = <string |ist>surface_nanes |
NODE SET = <string |ist>nodelist_nanes
COVPONENTS = <string>X/'Y/ Z
END [ FI XED DI SPLACEMENT]

The FI XED DI SPLACEMENT command block fixes displacement components (X, Y, Z, or
some combination thereof) for a set of nodes for all time. The nodes can be specified with
either a SURFACE or NODE SET command line, but not both. Multiple surfaces or node
sets can be listed within a single SURFACE or NODE SET command line.

The displacement components that are to be fixed are specified with the COVPONENTS
command line.

2.6.2 Prescribed Displacement

BEG N PRESCRI BED DI SPLACEMENT
SURFACE = <string |ist>surface_nanes |
NODE SET = <string |ist>nodelist_nanes
DI RECTI ON = <string>defined _direction |
COVPONENT = <string>X| Y| Z
FUNCTI ON = <string>function_nane
SCALE FACTOR = <real >scal e_factor(1.0)
END [ PRESCRI BED DI SPLACEMENT]

The PRESCRI BED DI SPLACEMENT command block prescribes atime history
displacement (using afunction) for a given set of nodes. The nodes can be specified with
either a SURFACE or NODE SET command line, but not both. Multiple surfaces or node
sets can be listed within a single SURFACE or NODE SET command line.

The time history displacement can be specified either along a component direction (X, Y,
or Z) or in some arbitrary direction, but not both. The COVPONENT command lineis used
to specify that the displacement vector lies along one of the component directions, and the
DI RECTI ON command lineis used to specify that the displacement vector lies along an
arbitrary direction. The direction option usesadef i ned_di r ect i on that has been
defined in the domain scope.

The time history function is specified with the FUNCTI ON command line. This references
afuncti on_name (defined in the domain scope) that specifies the magnitude of the
displacement vector as a function of time.

The displacement values in the function can be scaled by using the SCALE FACTOR
command line. If the magnitude of the displacement in the time history function is given
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as 1.5 from time 1.0 to time 2.0 and the scale factor is 0.5, then the magnitude of the
displacement from time 1.0 to 2.0 is 0.75. The default value for the scale factor is 1.0.

This boundary condition specifies the displacement only in the prescribed direction. It
does not influence the displacement normal to the prescribed direction.

2.6.3 Prescribed Velocity

BEG N PRESCRI BED VELOCI TY
SURFACE = <string |ist>surface_nanes |
NCODE SET = <string |ist>nodelist_names
DI RECTI ON = <string>defined_direction |
COVPONENT = <string>X| Y| Z |
CYLI NDRI CAL AXI'S = <string>defined_axis |
RADI AL AXI S = <string>defined axis
FUNCTI ON = <string>functi on_nane
SCALE FACTOR = <real >scal e_factor(1.0)
END [ PRESCRI BED VELQOCI TY]

The PRESCRI BED VELCQCI TY command block prescribes atime history velocity (using a
function) for a given set of nodes. The nodes can be specified with either a SURFACE or
NODE SET command line, but not both. Multiple surfaces or node sets can be listed within
asingle SURFACE or NODE SET command line.

The time history displacement can be specified either along a component direction (X, Y,
or Z), in some arbitrary direction, along aradia direction (defined in reference to some
axis), or along acylindrical direction (defined in reference to some axis). Only one of
these optionsis allowed. The COMPONENT command lineis used to specify that the
velocity vector lies along one of the component directions, and the DI RECTI ON command
line is used to specify that the velocity vector lies along an arbitrary direction. The
direction option usesadef i ned_di r ect i on that has been defined in the domain scope.
The CYLI NDRI CAL AXI S command line requires an axi s definition that appearsin the
domain scope. For this option, aradial line will be drawn from a node to the cylindrical
axis. The velocity vector will lie along a path that is tangent to acircle that liesin aplane
normal to the cylindrical axis and has a radius defined by the magnitude of the radial line
from the node to the cylindrical axis. The RADI AL AXI S command linerequires an axi s
definition that appears in the domain scope. For thisoption, aradial lineis drawn from a
node to the radial axis. The velocity vector lies along thisradia line from the node to the
radial axis.

The time history function is specified with the FUNCTI ON command line. This references
afuncti on_nane (defined in the domain scope) that specifies the magnitude of the
velocity as afunction of time.

The velocity values in the function can be scaled by using the SCALE FACTOR command
line. If the value of velocity in the time history function is given as 1.5 from time 1.0 to
time 2.0 and the scale factor is 0.5, then the velocity from time 1.0t0 2.0is0.75. The
default value for the scale factor is 1.0.
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This boundary condition specifies the velocity only in the prescribed direction. It does not
influence the velocity normal to the prescribed direction.

2.6.4 Prescribed Acceleration

BEA N PRESCRI BED ACCELERATI ON
SURFACE = <string |ist>surface_nanes |
NODE SET = <string list>nodelist_nanes
DI RECTI ON = <string>defined _direction |
COVMPONENT = <string>X| Y| Z
FUNCTI ON = <string>function_nane
SCALE FACTOR = <real >scal e_factor(1.0)
END [ PRESCRI BED ACCELERATI ON]

The PRESCRI BED ACCELERATI ON command block prescribes atime history
acceleration (using a function) for a given set of nodes. The nodes can be specified with
either a SURFACE or NODE SET command line, but not both. Multiple surfaces or node
sets can be listed within a single SURFACE or NODE SET command line.

Thetime history acceleration can be specified either along a component direction (X, Y, or
Z) or in some arbitrary direction, but not both. The COMPONENT command lineis used to
specify that the acceleration vector lies along one of the component directions, and the

DI RECTI ON command line is used to specify that the acceleration vector lies along an
arbitrary direction. The direction option usesadef i ned_di r ect i on that has been
defined in the domain scope.

The time history function is specified with the FUNCTI ON command line. This references
afuncti on_nane (defined in the domain scope) that specifies the magnitude of the
acceleration vector as a function of time.

The acceleration values in the function can be scaled by using the SCALE FACTOR
command line. If the magnitude of the acceleration in the time history function is given as
1.5 from time 1.0 to time 2.0 and the scale factor is 0.5, then the magnitude of the
acceleration from time 1.0 to 2.0is 0.75. The default value for the scale factor is 1.0.

This boundary condition specifies the accel eration only in the prescribed direction. It does
not influence the acceleration normal to the prescribed direction.

2.6.5 Fixed Rotation

BEG N FI XED ROTATI ON
SURFACE = <string |ist>surface_nanes |
NODE SET = <string list>nodelist_nanes
COMPONENTS = <string>X'VY/ Z
END [ FI XED ROTATI ON|

The FI XED ROTATI ON command block fixes rotation about direction components (X, Y,
Z, or some combination thereof) for a set of nodes for all time. The nodes can be specified
with either a SURFACE or NODE SET command line, but not both. Multiple surfaces or
node sets can be listed within a single SURFACE or NODE SET command line.
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The rotation components that are to be fixed are specified with the COVPONENTS
command line. The rotation components for the nodes in the surface or node set are fixed
for al time.

2.6.6 Prescribed Rotation

BEG N PRESCRI BED ROTATI ON
SURFACE = <string |ist>surface_nanes |
NODE SET = <string |ist>nodelist_names
DI RECTI ON = <string>defined_direction |
COMPONENT = <string>X| Y| Z
FUNCTI ON = <string>functi on_nane
SCALE FACTOR = <real >scal e_factor(1.0)
END [ PRESCRI BED ROTATI QN

The PRESCRI BED ROTATI ON command block prescribes atime history for rotation about
an axisfor agiven set of nodes. The nodes can be specified with either a SURFACE or
NODE SET command line, but not both. Multiple surfaces or node sets can be listed within
asingle SURFACE or NODE SET command line.

The time history rotation can be specified either about a component direction (X, Y, or Z)
or about some arbitrary direction, but not both. The COMPONENT command line is used to
specify that the rotation vector is about one of the component directions, and the

DI RECTI ON command line is used to specify that the rotation vector is about an arbitrary
direction. The direction option usesadef i ned_di r ect i on that has been defined in the
domain scope.

The time history function is specified with the FUNCTI ON command line. This references
afuncti on_nane (defined in the domain scope) that specifies the magnitude of the
rotation vector as a function of time.

The magnitude of the rotation in the function can be scaled by using the SCALE FACTOR
command line. If the magnitude of the rotation in the time history function isgiven as 1.5
from time 1.0 to time 2.0 and the scale factor is 0.5, then the magnitude of the rotation
from time 1.0 to 2.0 is 0.75. The default value for the scale factor is 1.0.

The magnitude of the rotation, as specified by the product of the function and the scale
factor, has units of radians per second.
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2.7 Initial Conditions

Aninitial velocity can be specified for all nodes associated with alist of element blocks.
Thisinitial velocity condition isimposed withan | NI TI AL VELOCI TY command block,
which has the general form

BEG N I NI TI AL VELOCITY
BLOCK = <string |list>bl ock_nanel bl ock_nanme2 ...
# velocity specification command |i nes

END [I NI TI AL VELOCI TY]

Thel NI TI AL VELOCI TY command block begins with
BEG N INITIAL VELOCITY

and is terminated with
END | NI TI AL VELOCI TY .

The element blocks are specified with the BLOCK command line. One or more element
block names can be specified on the BLOCK command line. The velocity specification
appliesto all of the element blocks.

There are two different methods for specifying the initial velocity. These two methods are
described in the following sections.

2.7.1 Initial Velocity Direction

BEG N I NI TI AL VELOCI TY
BLOCK = <string |ist>bl ock_nanes
DI RECTI ON = <string>defined_direction
MAGNI TUDE = <real >magni tude_of _vel ocity
END [I NI TIAL VELOCI TY]

Theinitial velocity can be specified in a given direction. The direction of the velocity
vector is given by the DI RECTI ON command line with a defined direction that appearsin
the domain scope. The magnitude of the initial velocity is given by the MAGNI TUDE
command line with thereal value magni t ude_of vel ocity.

If the direction option is selected for this command block, you must use both the

DI RECTI ON command line and the MAGNI TUDE command line. Neither of the command
lines associated with the angular velocity option (CYLI NDRI CAL AXI S command lineand
ANGULAR VELQCI TY command line) can appear in conjunction with the direction option.

2.7.2 Initial Angular Velocity

BEG N I NI TIAL VELOCI TY
BLOCK = <string |ist>bl ock_nanes
CYLI NDRI CAL AXI'S = <string>defined__axis
ANGULAR VELCOCI TY = <real >angul ar_vel ocity
END [I NI TI AL VELOCI TY]
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Theinitial velocity can be specified as an initial angular velocity about some axis. The
axis about which the body isinitially rotating is given by the CYLI NDRI CAL AXI S
command line with a defined axis that appears in the domain scope. The magnitude of the
angular velocity about this axisis given by the ANGULAR VELOC!I TY command line with
thereal valueangul ar _vel oci ty.

For the angular velocity option, the angular velocity has units of radians per unit time.
Typically, the value for the angular velocity will be radians per second.

If the angular velocity option is selected for this command block, you must use both the
CYLI NDRI CAL AXI S command line and the ANGULAR VELOCI TY command line.
Neither of the command lines associated with the direction option (DI RECTI ON command
line and MAGNI TUDE command line) can appear in conjunction with the angular velocity
option.
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2.8 Force Boundary Conditions

There are avariety of force boundary conditions that are available in Presto. This section
describes these boundary conditions.

2.8.1 Pressure

BEG N PRESSURE
SURFACE = <string |ist>surface_nanes
FUNCTI ON = <string>functi on_nane
SCALE FACTOR = <real >scal e_factor(1.0)
END [ PRESSURE]

The PRESSURE command block applies a pressure over alist of surfaces specified by the
SURFACE command line. The pressure isin the opposite direction to the outward normals
of the facesthat define the surfaces. Currently, the PRESSURE command block can be used
for surfaces that have faces derived from eight-node hexahedrons, four-node tetrahedrons,
eight-node tetrahedrons, four-node membranes, and four-node shells. Only uniform
pressure loads are handled at present. The magnitude of the pressure as a function of time
isgiven by f uncti on_nane on the FUNCTI ON command line. The function
corresponding to f unct i on_nane is defined in the domain scope. The pressure valueis
applied to all of the facesin the given surface.

The value of the pressure in the function can be scaled by using the SCALE FACTOR
command line. If the magnitude of the pressure in the time history function is given as
100.0 from time 1.0 to time 2.0 and the scale factor is 2.5, then the magnitude of the
pressure from time 1.0 to 2.0 is 250.0. The default value for the scale factor is 1.0.

2.8.2 Prescribed Force

BEA N PRESCRI BED FORCE
SURFACE = <string |ist>surface_nanes |
NODE SET = <string |ist>nodelist_nanes
DI RECTI ON = <string>defined_direction |
COMPONENT = <string>X| Y| Z
FUNCTI ON = <string>functi on_nane
SCALE FACTOR = <real >scal e_factor(1.0)
END [ PRESCRI BED FORCE]

The PRESCRI BED FORCE command block prescribes a time history for forces on agiven
set of nodes. The nodes can be specified with either a SURFACE or NODE SET command
line, but not both. Multiple surfaces or node sets can be listed within a single SURFACE or
NODE SET command line.

The time-history nodal forces can be specified either along a component direction (X, Y,
or Z) or in some arbitrary direction, but not both. The COMPONENT command lineis used
to specify that the force vector lies along one of the component directions, and the

DI RECTI ON command line is used to specify that the force vector lies along an arbitrary
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direction. The direction option usesadef i ned_di r ect i on that has been defined in the
domain scope.

The time history function is specified with the FUNCTI ON command line. This references
af uncti on_nane (defined in the domain scope) that specifies the magnitude of theforce
vector as a function of time.

The force values in the function can be scaled by using the SCALE FACTOR command
line. If the magnitude of the force in the time history function is given as 100.0 from time
1.0 to time 2.0 and the scale factor is 2.5, then the magnitude of the force from time 1.0 to
2.01s250.0. The default value for the scale factor is 1.0.

2.8.3 Prescribed Moment

BEG N PRESCRI BED MOVENT
SURFACE = <string |ist>surface_nanes |
NODE SET = <string l|ist>nodelist_names
DI RECTI ON = <string>defined_direction |
COMPONENT = <string>X| Y| Z
FUNCTI ON = <string>functi on_nane
SCALE FACTOR = <real >scal e_factor(1.0)
END [ PRESCRI BED MOMENT]

The PRESCRI BED MOVENT command block prescribes atime history for a moment about
an axisfor agiven set of nodes. The nodes can be specified with either a SURFACE or
NODE SET command line, but not both. Multiple surfaces or node sets can be listed within
asingle SURFACE or NODE SET command line.

The time history moment can be specified either about a component direction (X, Y, or Z)
or about some arbitrary direction, but not both. The COMPONENT command line is used to
specify that the moment vector is about one of the component directions, and the

DI RECTI ON command line is used to specify that the moment vector is about an arbitrary
direction. The direction option usesadef i ned_di r ect i on that has been defined in the
domain scope.

The time history function is specified with the FUNCTI ON command line. This references
afuncti on_nane (defined in the domain scope) that specifies the magnitude of the
moment vector as a function of time.

The magnitude of the moment in the function can be scaled by using the SCALE FACTOR
command line. If the magnitude of the rotation in the time history function isgiven as 1.5
from time 1.0 to time 2.0 and the scale factor is 0.5, then the magnitude of the rotation
from time 1.0 to 2.0 is 0.75. The default value for the scale factor is 1.0.
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2.9 Specialized Boundary Conditions

There are anumber of specialized boundary conditions implemented in Presto. Some of
them enforce kinematic conditions, and some result in the application of loads.

2.9.1 Gravity

BEG N GRAVI TY
DI RECTI ON = <string>defined _direction
FUNCTI ON = <string>functi on_nane
SCALE FACTOR = <real >scal e_factor(1.0)
GRAVI TATI ONAL CONSTANT = <real >g_const ant
END [ GRAVI TY]

The GRAVI TY command block is used to specify a gravity load that is applied to all
element blocks in the finite element model. The direction of the gravity load is given by a
defined direction on the DI RECTI ON command line. A gravitational constant is specified
by the GRAVI TATI ONAL CONSTANT command line. (For example, the gravitational
constant in units of inches and seconds would be 386.4 inches per second squared.) The
strength of the gravitational field as afunction of time can be varied by using the

FUNCTI ON command line. This command linereferencesaf unct i on_nane defined in
the domain scope. The dependent variables in the function can be scaled by the real value
inthe SCALE FACTOR command line. At any given time, the strength of the gravitational
field isaproduct of the gravitational constant, the value of the function at that time, and
the scale factor.

2.9.2 Cavity Expansion

BEG N CAVI TY EXPANSI ON
SURFACE = <string>surface_nane
EXPANSI ON RADI US = <string>spheri cal |
cylindrical (spherical)
TARCET NORMAL = <string>X|Y|Z
FREE SURFACE = <real >upper_surface <real >l ower_surface
LAYER SURFACE = <real >upper _| ayer <real >l ower | ayer
FREE SURFACE EFFECT COEFFI Cl ENTS =
<real >free_surf_coeff_top <real >free_surf_coeff_bottom
PRESSURE COEFFI Cl ENTS =
<real >coeff1l <real >coeff2 <real >coeff3
NODE SETS TO DEFI NE BODY AXI S =
<string>nodelist_idl <string>nodelist _id2
TIP RADI US = <real >tip_radius
END [ CAVI TY EXPANSI ON|

The CAVI TY EXPANSI ON command block is used to apply a cavity expansion boundary
condition to a surface on abody. This boundary condition is used for earth penetration
studies where some type of projectile strikes atarget. For a more detailed explanation of
the numerical implementation of the cavity expansion boundary condition and the
parameters for this boundary condition, consult Reference 16. The cavity expansion
boundary condition isacomplex boundary condition with several options, and the detailed
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explanation of the implementation of this boundary condition in Reference 16 is required
reading to fully understand the input parameters for this boundary condition.

The boundary condition is applied to a surface (sur f ace_nane) specified by the
SURFACE command line. This boundary condition generates a pressure at a node based
on the velocity and surface geometry at the node. Since cavity expansion is essentially a
pressure boundary condition, cavity expansion must be specified for a surface.

There are two types of cavity expansion—cylindrical expansion and spherical expansion.
You can select either the spherical or cylindrical option by using the EXPANSI ON RADI US
command line; the default isspheri cal . Consult References 16 and 17 for more
information about these two types of cavity expansion.

The normal to the target is specified by the TARGET NORMAL command line. The normal
will bein the positive x-direction (TARGET NORVAL = X), the positive y-direction
(TARGET NORMAL = ), or the positive z-direction (TARGET NORMAL = Z).

The cavity expansion implementation accounts for surface effects. The free surfaces of the
target are specified by the FREE SURFACE command line. The first value on this
command line (upper _sur f ace) defines the upper point on the target, and the second
value (I ower _sur f ace) defines the lower point on the target. A layer inthetarget is
specified with the LAYER SURFACE command line. Thefirst value on this command line
(upper _I ayer) defines the upper surface of the layer, and the second value on this
command line (I ower _| ayer ) defines the lower surface of the layer. For further
information about the layer specification, consult Reference 16.

While the surface depths for the free surface effects are set on the FREE SURFACE
command line, the coefficients for these effects are provided in the FREE SURFACE
EFFECT COEFFI Cl ENTS command line. Thefirst coefficient, f ree_surf _coef f _t op,
isfor free surface effects at the top free surface; the second coefficient,

free_surf _coeff bottomisforfreesurface effects at the bottom surface. If asurface
effect coefficient is not zero, then the cavity expansion boundary condition will account
for surface effects. If a surface effect coefficient is zero, then the boundary condition will
NOT account for surface effects. For a detailed discussion of the surface effect
calculations, consult Reference 16.

The value of the pressure at anode is derived from an equation that is quadratic based on
some scalar value derived from the velocity vector at the node. The three coefficients for
the quadratic equation are given by the PRESSURE CCEFFI Cl ENTS command line. The
three coefficients (coef f 1, coef f 2, and coef f 3) define the impact properties of the
target. Consult Reference 17 for further information concerning these coefficients.

For the numerical implementation of cavity expansion, it is necessary to define two points
on the axis (usually an axis of revolution) of the penetrator. These points are defined by the
NODE SETS TO DEFI NE BODY AXI S command line. Thefirst point should be a node
toward the forward tip of the penetrator (nodel i st _i d1); the second point should be a
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node toward the aft end of the penetrator (nodel i st _i d2). Consult Reference 16 for
more information about how the body axis is defined.

It is necessary to compute either a spherical or cylindrical radius for nodes on the surface
where the cavity expansion boundary condition is applied. Thisis done automatically for
most nodes. The calculations for these radii break down if the nodeis closeto or at the
axis of revolution of the body. For nodes where the radii calculations break down, a user-
defined radius can be specified with the TI P RADI US command line. For more
information, consult Reference 16.

2.9.3 Periodic

BEG N PERI CDI C
NCODE SETS = <string>nodelist_idl <string>nodelist_id2 |
SURFACES = <string>surface_idl <string>surface_ id2
SEARCH TOLERANCE = <real >search_tol erance( 1. Oe-4)
PRESCRI BED QUANTI TY = <stri ng>DI SPLACEMVENT| VELCOCI TY| FORCE
COVWPONENT = <string>X|Y|Z |
RADI AL AXI S = <string>defined_radial _axis
FUNCTI ON = <string>function_nane
SCALE FACTOR = <real >scal e_factor(1.0)
THETA = <real >t heta_val ue>
END [ PERI ODI C]

The PERI ODI C command block is used to define boundary conditions for periodic
structures. With the periodic boundary condition, it is possible to define only one segment
of an object that is repeated on aperiodic basisin order to model the entire object. Figure
2.1 shows an example of a structure that can be modeled using the periodic boundary
condition. The basic shape, segment n, is repeated throughout the structure. Only this
segment of the structure is actually modeled.

C N
| a b |
|/\\ /\\ |
‘--- |\\/ \\/ | ----*
I d o
| 7/ N\ VRN |
e b / N
/ N / AN
14 N

segmentn -1, segmentn segment n +1:

Figure 2.1. Periodic structure.
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The boundary condition that is applied to the boundary ¢ of segment n also appliesto the
corresponding boundaries of segments 1 through n—1 and segments n + 1 through m,
where m>n + 1. The sameis also true for the boundary condition that applies to the
boundary d of segment n. If, for example, a pressure boundary condition is applied to
boundary d of segment n, then the same pressure boundary condition also appliesto the
corresponding boundary for all other segments. The boundaries a and b must have self-
similar node sets modeling these boundaries. For example, if boundary a has ten nodes,
these ten nodes must exactly overlay ten nodes on boundary b if the nodes on boundary a
are ssmply moved by atrangdation from boundary a to boundary b.

Currently, only alimited set of optionsis available for the periodic boundary conditionin
Presto. Not all of the above options listed on the command lines are functional.
Furthermore, the PERI ODI C command block can only be used for serial analyses. This
command block has not yet been implemented for parallel analyses.

Thetwo self-similar node sets for the boundary condition are specified by the NODE SETS
command line. It must be possible to replicate the coordinates for the nodes in one set
(nodel i st _i d1) by asimple translation of the corresponding nodes in the other set
(nodel i st _i d2). A geometric check is made to determine if the node sets are self-
similar. The geometric check is set to a certain tolerance. This tolerance can be reset from

adefault valueof 1 x 107 by using the command line SEARCH TOLERANCE. If anode on
boundary a lieswithin aradius defined by the search tolerance from a node on boundary b,
the two nodes are considered self-similar.

Two self-similar node sets can also be specified by the SURFACES command line. A node
set will be generated from a surface specification. All nodes associated with the specified
surface will constitute the node set. It must be possible to replicate the coordinates for the
nodes in one set (derived from the nodes associated with sur f ace_i d1) by asimple
trandation of the corresponding nodes in the other set (derived from the nodes associated
with sur f ace_i d2). A geometric check is made to determineif the node sets are self-
similar. This check for self-similarity isthe same as that for the case of the node set
specification.

You may use either aNODE SETS command line or a SURFACES command line, but not
both. This command block isvalid only for two node sets that are self-similar.

The periodic boundary condition forces the motion of two self-similar nodes to be the
same. The motion of any two self-similar nodes must be the same to reflect the periodic
nature of the structure. It is possible to prescribe the behavior for certain quantities on the
self-similar boundaries a and b. The prescribed quantity that will exhibit periodic behavior
on boundaries a and b is specified with the PRESCRI BED QUANTI TY command line. At
present, only the DI SPLACEMENT option is allowed. This option forces the displacement
component selected by the COVPONENT command line (either X, Y, or Z) to exhibit the
periodic behavior. The prescribed behavior is defined by the FUNCTI ON command line.
The FUNCTI ON command line references af unct i on_nane described in the domain
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scope. The function is scaled by thescal e_f act or given on thethe SCALE FACTOR
command line.

Currently, the VELOCI TY and FORCE options for the PRESCRI BED QUANTI TY command
line are not implemented. The RADI AL AXI S option is not implemented for the
COVPONENT command line. The THETA command line will be used in conjunction with
the RADI AL AXI S option, so it is not currently functional.

2.9.4 Silent Boundary

BEG N SI LENT BOUNDARY
SURFACE = <string>surface_nane
END [ SI LENT BOUNDARY]

The boundary condition defined by the SI LENT BOUNDARY command block isalso
referred to as a nonreflecting surface boundary condition. A wave striking this surface is
not reflected. This boundary condition isimplemented with the techniques described in
Reference 18. The method described in this reference is excellent at transmitting the low-
and medium-frequency content through the boundary. While the method does reflect some
of the high-frequency content, the amount of energy reflected is usually minimal. On the
whole, the silent boundary condition implemented in Presto is highly effective.

To usethe SI LENT BOUNDARY command block, you only have to specify the surface that
is nonreflective (sur f ace_nane) in the SURFACE command line.

2.9.5 Spot-Weld

BEG N SPOT VELD
NODE SET = <string>nodelist_id
SURFACE = <surface>surface_id
NORVAL DI SPLACEMENT FUNCTI ON =
<string>functi on_nor_disp
NORVAL DI SPLACEMENT SCALE FACTOR
<real >scal e_nor _di sp[ 1. 0]
TANGENTI AL DI SPLACEMENT FUNCTI ON
<string>function_tang disp
TANGENTI AL DI SPLACEMENT SCALE FACTOR =
<real >scal e_tang_di sp[ 1. 0]
FAI LURE ENVELOPE EXPONENT = <real >exponent
FAI LURE DECAY CYCLES = <i nt eger >nunber _decay_cycl es
END [ SPOT VELD]

The spot-weld option lets the user model an “attachment” between a node on one surface
and aface on another surface. This option models aweld or asmall screw or bolt with a
force-displacement curve like that shown in Figure 2.2. The displacement shown in the
figure isthe distance that the node moves from the nearest point on the face as measured in
the original configuration. The force shown in the figure isthe force at the attachment asa
function of the distance between the two attachment points. (The force-displacement
curve assumes the two attachment points are originally at the same location and theinitial
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distanceis zero.) Two force-displacement curves are required for the spot-weld model.
One curve models normal behavior, and the other curve models tangential behavior.

A |

force

|
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displacement

-

Figure 2.2. Force-displacement curve for spot-weld.

The attachment in Presto is defined between anode on one surface and the closest point on
an element face on the other surface. Since aface is used to define one of the attachment
points, it is possible to compute a normal vector and a tangent vector associated with the
face. This allows us to resolve the displacement (distance) and force into normal and
tangential components. With normal and tangential vectors associated with the
attachment, the attachment can be characterized for the case of pure tension and pure
shear. By specifying another parameter, afailure envel ope exponent, we can control the
interaction between the cases of pure tension and pure shear. For the spot-weld model
implemented in Presto, the attachment remains intact aslong as

(u,/ uncm)P +(u/ utcm) P<1.0. 4

In Equation (4), the distance from the node to the original attachment point on the face as
measured normal to thefaceis u,,, which is defined as the normal distance. The maximum

velue given for uy, inthe normal force-displacement curveis u, . The distance from the

node to the original attachment point on the face as measured along atangent to thefaceis
u,, which is defined as the tangential distance. The maximum value given for u, inthe

tangential force-displacement curveis U - In Figure 2.2, the maximum value for the
displacement is Ugyjt.
To use the spot-weld option in Presto, a SPOT WEL D command block begins with the input
line

BEA N SPOT WELD

and is terminated with the input line
END [ SPOT VELD]

Within the command block, it is necessary to specify the node on one surface with the
NODE SET command line. Only one node (nodel i st _i d) can be in the node set
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specified by the NODE SET command line. An element face (sur f ace_i d) onan
opposing surface is specified with the SURFACE command line. Only one element face can
be in the surface specified by the SURFACE command line. When calculating the closest
point on the opposing surface to the node, this closest point should lie within the element
face specified by the SURFACE command line.

The normal force-displacement curve is specified by afunction named by the value
function_nor_di spintheNORMAL DI SPLACEMENT FUNCTI ON command line. This
function can be scaled by thereal valuescal e_nor _di sp in the NORVAL

DI SPLACEMENT SCALE FACTOR command line; the default for this factor is 1.0. The
tangential force-displacement curve is specified by a function named by the string
function_tang_di spinthe TANGENTI AL DI SPLACEMENT FUNCTI ON command
line. Thisfunction can be scaled by thereal valuescal e_t ang_di sp giveninthe
TANGENTI AL DI SPLACEMENT SCALE FACTOR command line; the default for thisfactor
is1.0.

The failure envel ope exponent, p in Equation (4), is specified by the real value exponent
in the FAI LURE ENVELOPE EXPONENT command line.

For an explicit, transient dynamics code like Presto, it is better to remove the force for the
spot-weld over several |oad steps rather than over a single load step once the failure
criterion is exceeded. The FAI LURE DECAY CYCLES command line controls the number
of load steps over which the final force is removed. To remove the final force at a spot-
weld over five load increments, the integer specified by nunber _decay_cycl es would
be set to 5. Once the force at the spot-weld is reduced to zero, it remains zero for all
subsequent time.

1



2.10 Constraints

There are currently two different constraints available in Presto. These constraints
maintain algebraic relations over time between a pair of nodes.

2.10.1 Constant Distance Constraint

BEG N CONSTRAI NT CONSTANT DI STANCE
NCODE SETS = <string |list>nodelist _idl nodelist id2
SEARCH TOLERANCE = <real >search_t ol (0. 0001)

END [ CONSTRAI NT CONSTANT DI STANCE]

The CONSTRAI NT CONSTANT DI STANCE command block defines a constraint condition
that preserves the distance between two nodes. If the original distance between two nodes
at time 0 is D, the distance between the two nodes will remain D for all time.

Nodes are paired with the NODE SETS command line by specifying two separate node sets
that are self-similar, i.e., one node set (nodel i st _i d1) will overlay the other node set
(nodel i st _i d2) if either set is moved by a simple translation. The constraint condition
pairs nodes that lie within adistance (sear ch_t ol ) specified by the SEARCH
TOLERANCE command line. The default value for sear ch_t ol is0.0001. The constraint
condition will produce an error if the node sets are not self-similar. All paired nodes are
subjected to the distance constraint.

This constraint condition only works for serial runs at present.

2.10.2 Hex Shell Constraint

BEG N CONSTRAI NT HEX SHELL <string>constrai nt_nane
HEX SHELL BLOCK = <string>hexshell bl ock id
EXCLUDE SURFACE = <string>surface_id

END [ CONSTRAI NT HEX SHELL <string>contrai nt_nane]

The CONSTRAI NT HEX SHELL command block defines a constraint condition that will
preserve the distance between two nodes that define a through-the-thickness edge of a
hexahedral shell element. For transient dynamics, it is necessary to introduce this
constraint for the hexahedral shell elements. If the original distance between two nodes on
a hexahedral shell that define a through-the-thickness edge at time O is D, the distance
between the two nodes will remain D for all time.

If you specify a hexahedral shell block with the command line
HEX SHELL BLOCK = <string>hexshell block id ,

then all through-the-thickness edges will be found, and the constraint will be
automatically applied. The algorithm to detect the through-the-thickness edges makes use
of the fact that a block of hexahedral shell elements will be only one element thick.
Ambiguous cases, however, can occur. A single element tab protruding from a block of
elements, for example, generates an ambiguous case. You can eliminate ambiguities by
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using the EXCLUDE SURFACE command line. Any edges in the defined surface
(surface_i d) are excluded from the constraint condition. Note that it isthe user’s
responsibility to determine whether there are ambiguous situations in the mesh or other
special cases where the constraint should be eliminated. The user must then set up the
proper surface definitions in the mesh and use these definitions in the CONSTRAI NT HEX
SHELL command block.

The hexahedral shell is currently under development and has not been implemented in
Presto.

79



2.11 Mass Property Calculations

It is possible to request initial mass properties for an element block or a group of element
blocks. Thisis done by using the MASS PROPERTI ES command block:

BEG N MASS PROPERTI ES
BLOCK = <string>block idl <string>block id2 ...
STRUCTURE NAME = <string>structure_nane

END [ MASS PROPERTI ES] .

If only one element block (bl ock_i d1) isspecified on the BLOCK command line, only the
mass properties for that block are calculated. If several element blocks are specified on the
BLOCK command line, then that collection of blocks will be treated as one entity, and the
mass properties for that single entity are calculated. If, for example, two element blocks
arelisted (bl ock_i d1 and bl ock_i d2), thetotal massfor the two element blockswill be
reported as the total mass property.

The MASS PROPERTI ES command block reports the total mass for the structure as
defined by the BLOCK command line and the center of mass for the structure in the global
coordinate system X, Y, Z. It also reports the moments of inertia (Ixx, lyy, 1zz, Ixy, lyz, 12X)
about the center of mass of the structure in terms of the global coordinate system. The
output for the mass properties will be identified by the st r uct ur e_nane specified for
the structure on the STRUCTURE NAME command line.

This command block appears in the region scope.
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2.12 Contact

This section describes the input syntax for defining interactions of contact surfacesin an
analysis. For more information on contact and its computational details, consult Reference
2.

Within the contact scope, there are command lines and command blocks that define the
specifics for the interaction of surfaces viathe contact algorithm. Some of the command
lines and command blocks within the contact scope set up default parametersthat affect all
contact calculations. Some of the command blocks in the contact scope affect only the
interaction between a pair of surfaces.

There are three approaches that you can use to define a contact problem: (1) define a set of
parameters that will apply to all contact interactions; (2) define a set of parameters that
will apply to al contact interactions, and then override the defaults for alimited set of
interactions; and (3) define all interactions separately such that each interaction can be
defined by its own set of parameters. Which approach you choose will depend on the level
of detail required to define al of the interactions.

You can have contact enforcement for all surfaces that are defined as contact surfaces or
for only alimited set of surfaces defined as contact surfaces. If you use the DEFAULTS
command block described in Section 2.12.8, all of the surfaces listed as contact surfaces
will be treated as contact surfaces. If you omit the DEFAULTS command block, only those
surfaces appearing in the | NTERACTI ON command blocks described in Section 2.12.9 will
be treated as contact surfaces.

The general pattern of syntax for describing contact is as follows:

- ldentify all surfaces that need to be considered for contact. Thisis done with
command lines within the contact scope.

- Specify any special contact options such asinitia overlap removal, angle for
multiple interactions, and number of enforcement iterations. Thisis done with
command lines within the contact scope.

- Describe friction models used in the contacts for this analysis. Current types of
friction models include frictionless contact, contact with constant coulomb friction,
and tied contact. A friction model is described with a command block.

- Specify any rigid surface used for contact. Rigid surfaces are described with a
command block.

- Set default values. Default values that apply to al of the surfaces interactions are
specified in acommand block. A normal tolerance and tangential tolerance are
required input. The overlap removal tolerances and the default friction model can
be set in the DEFAULTS command block. Automatic kinematic partitioning can be
set as aglobal option in the DEFAULTS command block.

- Specify values for interactions between specific contact surfaces. Thisis done
within a command block. Values specified in this command block can override
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defaults for the normal and tangential tolerances, the friction model, and the
kinematic partition factors.

2.12.1 Contact Definition Block

All commands for contact occur within a CONTACT DEFI NI TI ON command block. A
summary of these commands follows.

BEG N CONTACT DEFI NI TI ON <stri ng>bl ock_nane

CONTACT SURFACE <string>nane
CONTAINS <string |ist>surfaces

CONTACT ALL BLOCKS

REMOVE | NI TI AL OVERLAP

MULTI PLE | NTERACTI ONS W TH ANGLE
<r eal >angl e( 60. 0)

NUMBER OF | TERATI ONS
<i nt eger >nunber _enforce_iter(5)

BEG N FRI CTI ONLESS MODEL <stri ng>namne

END [ FRI CTI ONLESS MODEL <stri ng>nane]

BEG N CONSTANT FRI CTI ON MODEL <st ri ng>nane
FRI CTlI ON CCEFFI Cl ENT = <real >coef f

END [ CONTACT FRI CTI ON MODEL <stri ng>nane]

BEG N Tl ED MODEL <stri ng>nane

END [ TI ED MODEL <st ri ng>nane]

BEG N ANALYTI C PLANE [ <stri ng>naneg]
NORMAL = <string>defined_direction
PO NT = <string>defined point

END [ ANALYTI C PLANE <stri ng>nane]

BEG N ANALYTI C CYLI NDER [ <stri ng>nane]
CENTER = <stri ng>defi ned_poi nt
AXI AL DI RECTI ON = <string>defined_axis
RADI US = <real >cyl i nder _r adi us
LENGTH = <real >cylinder | ength
CONTACT NORMAL = <string>0UTSI DE| | NSI DE

END [ ANALYTI C CYLI NDER <stri ng>nane]

BEG N ANALYTI C SPHERE [ <stri ng>nane]
CENTER = <stri ng>defi ned_poi nt
RADI US = <real >sphere_radi us

END [ ANALYTI C SPHERE <stri ng>narne]

BEG N DEFAULTS [ <stri ng>naneg]
NORMAL TOLERANCE = <real >normt ol
TANGENTI AL TOLERANCE = <real >t ang_t ol
OVERLAP NORMAL TOLERANCE = <real >norm t ol
OVERLAP TANGENTI AL TOLERANCE = <real >t ang_t ol
FRI CTI ON MODEL = <string>nane
AUTOVATI C KI NEMATI C PARTI TI ON

END [ DEFAULTS <stri ng>nane]

BEG N | NTERACTI ON [ <st ri ng>nane]
MASTER = <string>surface
SLAVE = <string>surface
SURFACES = <string>surfacel <string>surface2
KI NEMATI C PARTI TI ON = <real >ki n_part
NORMAL TOLERANCE = <real > normtol
TANGENTI AL TOLERANCE = <real >t ang_t ol
OVERLAP NORMAL TOLERANCE = <real >over_norm tol
OVERLAP TANGENTI AL TOLERANCE = <real >over_t ang_t ol
FRI CTI ON MODEL = <string>nane
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AUTOVATI C KI NEMATI C PARTI Tl ON
END [ | NTERACTI ON <stri ng>nane]
END [ CONTACT DEFI NI TI ON <st ri ng>bl ock_nane]

The command block begins with the input line
BEG N CONTACT DEFI NI TI ON <stri ng>namne

and is terminated with the input line
END [ CONTACT DEFI NI TI ON <stri ng>nane]

where nane isaname for this contact definition. The name should be unique among all
the definitions of contact for an analysis. All other contact commands are encapsul ated
within this command block, as shown in the summary of the block presented previoudly.
These other contact commands are described in Section 2.12.2 through Section 2.12.9.
Section 2.12.10 gives an example of avalid contact definition.

A typical analysiswill have only one CONTACT DEFI NI TI ON command block. However,
more than one contact definition can be used. Each CONTACT DEFI NI TI ON command
block creates its own contact entity. Therefore, fewer of these command blocks provide
more efficient contact processing.

2.12.2 Descriptions of Contact Surfaces

All surfaces that have the potential for interaction through contact must be identified as
contact surfaces. Presto input includes two ways to identify what surfaces are to be
included for contact computations. The CONTACT DEFI NI TI ON command block MUST
include some type of surface definition, either by use of the CONTACT SURFACE (Section
2.12.2.1) command line or the CONTACT ALL BLOCKS (Section 2.12.2.2) command line.

Any given face may NOT be included in more than one contact surface. See commentsin
the following two sections.

2.12.2.1 Contact Surface
CONTACT SURFACE <string>name CONTAINS <string |ist>surfaces

The first approach for identifying contact surfacesis offered by the CONTACT SURFACE
command line. This command line identifies a set of surfaces (side sets) and element
blocks that will be considered as a single contact surface; the string nane isaname for
this contact surface. This name should be unique to the other named contact surfaces
within this CONTACT DEFI NI TI ON command block. The name on the CONTACT
SURFACE command line (nane) is used to refer to this surface in the interaction
definitions described below. The list denoted by sur f aces isalist of stringsidentifying
the surfaces in the mesh file that are to be associated with this contact surface name. The
surfaces can be side sets or element blocks or any combination of the two. Any specified
element blocks are “ skinned,” i.e., asurface is created from the exterior of the element
block. If an element block is not contiguous to any adjacent element blocks (no shared
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faces with other element blocks) and it is skinned, all of the exterior faces on the element
block will appear in thelist of contact faces. If an element block has shared faces with
other element blocks and it is skinned, the shared faceswill NOT appear in thelist of faces
defining the contact surface for the skinned element block.

The surfaces can contain a heterogeneous set of face types, and can contain any number of
side sets and element blocks.

If aface appearsin aside set and also appearsin a set of faces generated by the skinning of
an element block, thiswill produce an error. Asindicated earlier, any given face may not
appear in more than one contact surface.

2.12.2.2 Contact All Blocks
CONTACT ALL BLOCKS

The second approach for identifying contact surfacesis offered by a single command line:
CONTACT ALL BLOCKS. Often an analyst may wish to consider contact between the
external surfaces of all the element blocks in the mesh. This command line causes all
element blocks to be “skinned,” i.e., asurface is created from the exterior of each element
block. The skinned surfaces are then given contact surface names identical to the name of
the element block. For instance, if a mesh contained the element blocks block_1,

block 10, and block_11, then CONTACT ALL BLOCKS would create three contact surfaces
from these blocks with the names block_1, block 10, and block_11, respectively. This
approach is useful for large models in which the individual specification of contact
surfaces would be unwieldy.

If the CONTACT ALL BLOCKS command lineis used, contact surfaces cannot be defined
by the above CONTACT SURFACE command line. The use of the CONTACT ALL BLOCKS
command line would include all exposed faces on al element blocks in the contact set. A
CONTACT SURFACE command line would include at |east one exposed face on an
element block. Specifying the same face in two different contact surfacesis not allowed.

2.12.3 Remove Initial Overlap
REMOVE | NI TI AL OVERLAP

Meshes supplied for finite element analyses frequently have some level of initial mesh
overlap, where finite element nodes rest inside the volume of elements not connected to
the node. This can cause problems with contact; overlaps may cause initial forcesthat are
nonphysical and potentially destabilizing. To remove theseinitial overlaps, Presto
provides the option of modifying the initial mesh to remove overlaps in surfaces defined
for contact. The REMOVE | NI TI AL OVERLAP command lineis used to conduct this
operation.

This command line only removes overlaps that are detected along the surfaces defined for
contact, not al surfacesin the mesh. If thiscommand line is used, the normal and
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tangential tolerances for the removal of overlap can be specified either in the DEFAULTS
command block (Section 2.12.8) or in | NTERACTI ON command blocks (Section 2.12.9).
Overlap removal tolerances specified in | NTERACTI ON command blocks will overwrite
the default tolerances.

2.12.4 Angle for Multiple Interactions
MULTI PLE | NTERACTI ONS W TH ANGLE <r eal >angl e( 60. 0)

Resolving contact interactions between a node penetrating near the edge between two
adjoining faces can occur in one of two ways. If the angle between the two facesis small,
then contact will identify one of the two faces to interact with, ignoring the other.
However, in cases where the angle between the facesis large enough such that they form a
discrete corner, returning asingle interaction can yield poor results. In these cases, it is
better to create two interactions—one with each face. However, the contact package can
properly handle only alimited number of interactions per node (currently three), soitisin
general not always feasible to have an interaction between a node and every face at a
corner.

To provide some control over when acorner is“significant,” i.e., when multiple
interactions should be returned instead of just one interaction, Presto defines a critical
angle for multiple interactions viathe MULTI PLE | NTERACTI ONS W TH ANGLE
command line, where angl e isthe angle over which an intersection between facesis
considered sharp. If the angle between adjoining faces is greater than this critical angle,
multiple interactions are created. By default, this critical angleis 60 degrees, which works
well for most analyses. This value can be changed in the contact input if needed.

2.12.5 lterative Enforcement
NUVBER OF | TERATI ONS = <i nteger>num.terations(5)

During the enforcement phase of the contact, an iterative process can be used to align two
surfaces coming into contact. Rather than making one pass to compute contact forces for
node push-back, several passes can be made so as to reduce overlap error for contact
surfaces. The number of passes (iterations) is set by thevaluenum i t er ati ons inthe
NUVBER OF | TERATI ONS command line. The default value for the number of iterations
is5. Thiscommand line affects only the enforcement phase of the contact. A single search
phase is used for contact detection, but the enforcement phase can use an iterative process.

2.12.6 Friction Models

To describe the type of interactions that occur between contact surfaces, the Presto input
for contact relies upon the definition of friction models. These models may then be applied
to all or some subset of the potential surface interactions defined for contact. The currently
available friction models are frictionless, constant coulomb friction, and tied contact. By
default, interactions between contact surfaces that have not had friction models assigned
are treated asfrictionless. All friction models are command blocks, although some of the
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models do not have any commands inside the command block. The commands for
defining the available friction models are described next.

2.12.6.1 Frictionless Model

BEG N FRI CTI ONLESS MODEL <stri ng>nane
END [ FRI CTI ONLESS MODEL <stri ng>nane]

The FRI CTI ONLESS MODEL command block defines frictionless contact between
surfaces. No command lines are needed inside the command block. In the above input
lines, nare isaname assigned to this friction model.

2.12.6.2 Constant Friction Model

BEG N CONSTANT FRI CTI ON MODEL <stri ng>nane
FRI CTlI ON CCEFFI Cl ENT = <real >coef f
END [ CONTACT FRI CTI ON MODEL <stri ng>nane]

The CONSTANT FRI CTI ON MODEL command block defines a constant coulomb friction
coefficient between two surfaces as they dlide past each other in contact. No resistanceis
provided to keep the surfaces together if they start to separate. In the above input lines,
name isaname assigned to thisfriction model, and coef f isthe constant coulomb
friction coefficient.

2.12.6.3 Tied Model

BEG N Tl ED MODEL <stri ng>nane
END [ TI ED MODEL <stri ng>nane]

The TI ED MODEL command block restricts nodes found in initial contact with facesto
stay in the same relative location to the faces throughout the analysis. No command lines
are needed inside the command block. In the above input lines, nane isaname assigned to
this friction model.

2.12.7 Analytic Contact Surfaces

Presto permits the definition of rigid analytic surfaces for use in contact. Contact
evaluation between a deformable body and arigid analytic surface is much faster than
contact evaluation between two deformable bodies. Therefore, using arigid analytic
surface is more efficient than using a very stiff deformable body to try to approximate a
rigid surface. The commands for defining the rigid analytic surfaces currently availablein
Presto—plane, cylinder, and sphere—are described next.

2.12.7.1 Plane

BEG N ANALYTI C PLANE [ <stri ng>nane]
NORMAL = <string>defined _direction
PO NT = <string>defined_poi nt

END [ ANALYTI C PLANE <stri ng>nane]
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Analytic planes are not deformable, they cannot be moved, and two analytic planes will
not interact with each other. The ANALYTI C PLANE command block for defining an
analytic plane begins with the input line

BEG N ANALYTI C PLANE [ <stri ng>nane]

and is terminated with the input line
END [ ANALYTI C PLANE <stri ng>nane] ,

where the string nane is some user-selected name for this particular plane. This name,
however, is not used internally by the code and is therefore optional. The string

def i ned_di recti on inthe NORVAL command line refers to a vector that has been
defined with a DEFI NE DI RECTI ON command line; this vector defines the outward
normal to the plane. The string def i ned_poi nt inthe PO NT command line refersto a
point in a plane that has been defined with aDEFI NE PO NT command line. The
deformable body should initially be on the side of the plane defined by the outward
normal.

2.12.7.2 Cylinder

BEG N ANALYTI C CYLI NDER [ <stri ng>nane]
CENTER = <string>defined_poi nt
AXI AL DI RECTI ON = <string>defined_axis
RADI US = <real >cyl i nder _radi us
LENGTH = <real >cylinder_I| ength
CONTACT NORMAL = <string>0UTSI DE| | NSI DE
END [ ANALYTI C CYLI NDER <stri ng>nane]

Analytic cylindrical surfaces are not deformable, they cannot be moved, and two analytic
cylindrical surfaceswill not interact with each other. The ANALYTI C CYLI NDER
command block for defining an analytic cylindrical surface begins with the command line

BEG N ANALYTI C CYLI NDER [ <stri ng>nane]

and is terminated with the command line
END [ ANALYTI C CYLI NDER <stri ng>nane] ,

where the string nane is some user-selected name for this particular cylindrical surface.
This name, however, is not used internally by the code and is therefore optional. The
cylindrical surface has afinite length; the cylindrical surfaceisnot an infinitely long
surface. To fully specify thelocation of the cylindrical surface, therefore, you must specify
the center point of the cylindrical surface in addition to the axial direction of the cylinder.
These quantities, center point and direction, are defined by the CENTER and AXI AL

DI RECTI ON command lines, respectively. The string def i ned_poi nt inthe CENTER
command line refers to a point that has been defined with a DEFI NE PO NT command
ling; the string def i ned_axi s inthe AXI AL DI RECTI ON command line refersto a
vector that has been defined with aDEFI NE DI RECTI ON command line. The radius of the
cylinder isthereal valuecyl i nder _r adi us specified with the RADI US command line,
and the length of the cylinder isthereal valuecyl i nder _I engt h specified by the
LENGTH command line. The length of the cylinder (cyl i nder _| engt h) extends a
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distance of cyl i nder _| engt h divided by 2 along the cylinder axisin both directions
from the center point. If therigid surface is the outside of the cylinder, you should specify

CONTACT NORVAL = QUTSI DE .

If the rigid surface is the inside of the cylinder, you should specify
CONTACT NORMAL = | NSI DE .

2.12.7.3 Sphere

BEG N ANALYTI C SPHERE [ <stri ng>nane]
CENTER = <string>defined_poi nt
RADI US = <real >sphere_radi us

END [ ANALYTI C SPHERE <stri ng>nane]

Analytic spherical surfaces are not deformable, they cannot be moved, and two analytic
spherical surfaces will not interact with each other. The ANALYTI C SPHERE command
block for defining an analytic spherical surface begins with the input line

BEG N ANALYTI C SPHERE [ <stri ng>nane]

and is terminated with the input line
END [ ANALYTI C SPHERE <stri ng>nane] ,

where the string nane is some user-selected name for this particular spherical surface.
This name, however, is not used internally by the code and is therefore optional. The
center point of the sphereis defined by the CENTER command line, which references a
point def i ned_poi nt specified by a DEFI NE PO NT command line. The radius of the
sphereisthereal value spher e_r adi us specified with the RADI US command line.

2.12.8 Default Values for Interactions

BEG N DEFAULTS [ <stri ng>nane]
NORMAL TOLERANCE = <real >normt ol
TANGENTI AL TOLERANCE = <real >t ang_t ol
OVERLAP NORMAL TOLERANCE = <real >over_norm tol
OVERLAP TANGENTI AL TOLERANCE = <real >over_t ang_t ol
FRI CTI ON MODEL = <string>nane
AUTOVATI C KI NEMATI C PARTI TI ON

END [ DEFAULTS <stri ng>nane]

The DEFAULTS command block defines default values for the interactions between all
contact surfaces, including interactions between a contact surface and itself (self-contact).
If a DEFAULTS command block is provided, interactions between all the specified contact
surfaces are defined. Without a DEFAULTS command block, only specifically defined
interactions are defined. Only one DEFAULTS command block is permitted in a CONTACT
DEFI NI TI ON command block. Some of the values for interactions have system defaults;
values defined within a DEFAULTS command block override the system defaults.

The command block begins with the input line
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BEG N DEFAULTS [ <stri ng>nane]

and ends with the input line
END [ DEFAULTS <string>nane] ,

where nane isaname for the DEFAULTS command block. Note that thisnameis currently
not used or required.

The valid commands within a DEFAULTS command block are described in Section
2.12.8.1 through Section 2.12.8.4. The values specified by these commands are applied by
default to all interaction contact surfaces, unless overridden by a specific interaction
definition. Normal and tangential tolerances, including the overlap normal and tangential
tolerances, must always be specified by the user at some point. There are no default values
for the normal and tangential tolerances since these are mesh-dependent values. All
surfaces default to the frictionless contact model. The default for the kinematic partition
factor for all surfacesis0.5.

2.12.8.1 Normal and Tangential Tolerance

NORMAL TOLERANCE = <real >normt ol
TANGENTI AL TOLERANCE = <real >t ang_t ol

The contact capabilities within Presto use a box defined around each face to locate nodes
that may potentially contact the face. This box is defined by atolerance normal to the face
and another tolerance tangential to the face (see Figure 2.3). In the above command lines,
nor m t ol isthenormal tolerance for the search box and t ang_t ol isthe tangential
tolerance for the search box.

Normal tolerance

Tangential tolerance

Figure 2.3. lllustration of normal and tangential tolerances.

Both of these tolerances are absol ute distances in the same units as the analysis. The
proper tolerances are problem dependent. There are no system defaults for these
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tolerances; they must be specified either in a DEFAULTS command block or in an
| NTERACTI ON command block.

If anormal tolerance is specified in the DEFAULTS command block, the tolerance applies
to all interactions. The default normal tolerance can be overwritten for a specific
interaction by specifying a value for the normal tolerance for that interaction inside the
BEG N | NTERACTI ON command block. The sameistrue for the tangential tolerance.

If no default normal toleranceis specified, then all surface interactions must have anormal
tolerance specified. The sameistrue for the tangential tolerance.

2.12.8.2 Normal and Tangential Overlap Tolerance

OVERLAP NORMAL TOLERANCE = <real >over_norm tol
OVERLAP TANGENTI AL TOLERANCE = <real >over _tang_tol

The Presto contact input also permits the separate definition of normal and tangential
search tolerances for the overlap removal option. Depending on the problem, the
tolerances required to remove initial overlap may need to be different from those required
for standard contact detection. In the OVERLAP NORMAL TOLERANCE command line,
over _norm t ol isthenormal tolerance for the search box for the removal of initial
overlap. Inthe OVERLAP TANGENTI AL TOLERANCE command line, over _tang_tol is
the tangential tolerance for the search box for the removal of initial overlap.

Both of these tolerances are absol ute distances in the same units as the analysis. The
proper tolerances for initial overlap are problem dependent. These tolerances must be
chosen in such away that they remove critical mesh overlap while not collapsing any
small featuresin the mesh. Furthermore, the removal of the mesh overlap only occurs over
asingle element; if the mesh penetration is more than one element deep, removing overlap
may invert elements.

If an overlap normal toleranceis specified in the DEFAULTS command block, the tolerance
appliesto al interactions. The default overlap normal tolerance can be overwritten for a
specific interaction by specifying avalue for the overlap normal tolerance for that
interaction inside the BEG N | NTERACTI ON command block. The sameistrue for the
overlap tangential tolerance.

If no default overlap normal tolerance is specified, then all surface interactions must have
an overlap normal tolerance specified. The sameistrue for the overlap tangential
tolerance.

2.12.8.3 Friction Model
FRI CTI ON MODEL = <string>nane

The FRI CTI ON MODEL command line permits the description of how surfaces interact
with each other using afriction model defined in a CONTACT DEFI NI TI ON command
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block (see Section 2.12.6). In the above command line, narne is the name of the friction
model to apply, as defined in a CONTACT DEFI NI TI ON command block.

As asystem default, all interactions are defined as frictionless contact.

2.12.8.4 Automatic Kinematic Partition
AUTOVATI C KI NEMATI C PARTI TI ON

If the AUTOVATI C KI NEMATI C PARTI TI ON command lineis used, the contact package
will automatically compute the kinematic partition factors for surfaces (Section 2.12.9.2).
The kinematic partitions are computed based on nodal average density and wave speed.

The partition factors are exact when the opposing surfaces have the same mesh resolution.

For the interaction of any two surfaces, the sum of the partition factors for the surfaces
must be 1.0. Thisis automatically taken care of when the AUTOVATI C KI NEMATI C
PARTI TI ONcommand lineisused. The default value for kinematic partition factorsfor all
surfacesis 0.5.

The AUTOVATI C KI NEMVATI C PARTI TI ON command line can be used to set the
kinematic partitions for all interactions or to set the kinematic partitions for specific
interactions. Thus the command line can appear in two different scopes:

1. The command line can be used within the DEFAULTS command block. In this case,
all contact surface interactions will use the automatic kinematic partitioning scheme
by default. Thiswill override the default case that assigns a kinematic partition factor
of 0.5 to all surfaces. For particular interactions, it is possible to override the use of
the automatic kinematic partition factors by specifying kinematic partition values
(with the KI NEMATI C PARTI TI ON command line) within the | NTERACTI ON
command blocks for those interactions.

2. The command line can be used inside an | NTERACTI ON command block. If the
automatic partitioning command line appears inside an | NTERACTI ON command
block, the kinematic partition factors for that particular interaction will be calculated
by the automatic kinematic partition scheme.

2.12.9 Values for Specific Interactions

BEG N | NTERACTI ON [ <stri ng>nane]
MASTER = <string>surface
SLAVE = <string>surface
SURFACES = <string>surfacel <string>surface2
KI NEMATI C PARTI TI ON = <real >ki n_part
NORMAL TOLERANCE = <real > normtol
TANGENTI AL TOLERANCE = <real >tang_t ol
OVERLAP NORMAL TOLERANCE = <real >over_norm tol
OVERLAP TANGENTI AL TOLERANCE = <real >over_t ang_t ol
FRI CTI ON MODEL = <stri ng>name
AUTOVATI C KI NEMATI C PARTI TI ON
END [ | NTERACTI ON <stri ng>nane]
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The Presto contact input also permits the setting of values for specific interactions using
the | NTERACTI ON command block. If a DEFAULTS command block is present within a
CONTACT DEFI NI TI ON command block, the values provided by aan | NTERACTI ON
command block override the defined defaults. If a DEFAULTS command block is not
present, only those interactions described by | NTERACTI ON command blocks are
searched for contact, and values without system defaults must be specified.

The | NTERACTI ON command block begins with
BEG N | NTERACTI ON [ <stri ng>nane]

and ends with
END [ | NTERACTI ON <st ri ng>nane] |,

where nane isaname for the interaction. Note that this name is currently not used or
required.

All of the tolerance and friction model commands described in Section 2.12.8.1 through
Section 2.12.8.3 are valid for this command block, as well as the commands described
below in Section 2.12.9.1 and Section 2.12.9.2. The same is true for the AUTOVATI C

KI NEMATI C PARTI TI ON command line described in Section 2.12.8.4.

2.12.9.1 Surface ldentification

MASTER = <string>surface
SLAVE = <string>surface

SURFACES = <string>surfacel <string>surface2

There are two methods to identify the surfaces described by a specific interaction. To
specify aone-way interaction, where the nodes of the “ slave” surfaces are searched against
the “master” surface, use the MASTER and SLAVE command lines, where sur f ace isthe
name of a contact surface defined in the CONTACT DEFI NI TI ON command block (see
Section 2.12.2). In this case, al other values specified (tolerances, friction model,
kinematic partition) are applied only to nodes of the slave surface interacting with faces of
the master surface.

Alternatively, both surfaces can be given in asingle line with the SURFACES command
line, wheresur f acel and sur f ace2 are the names of the two contact surfaces to which
the interaction refers. In this syntax, the values supplied for the interaction are defined for
the two-way interaction (i.e., both the first surface as master and the second as slave, and
vice versa).

Either of these syntaxes can be used for self-contact. For the MASTER and SLAVE
command lines, both master and slave can be the same surface. Similarly, the two surfaces
given in the SURFACES command line can be the same contact surface.
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2.12.9.2 Kinematic Partition
KI NEMATI C PARTI TI ON = <real >ki n_part

The KI NEVATI C PARTI TI ON command line permits partitioning of the enforcement of
contact between the two surfaces. This capability isimportant in cases where contact
occurs between two materials of highly disparate stiffness. Physically, we would expect a
material with ahigher stiffnessto have more of an effect in determining the position of the
contact surface than a more compliant material. We would then assign a higher kinematic
partition to the stiffer material.

Another case where the kinematic partition can become important is when meshes with
dissimilar resolutions contact each other. If an interaction is defined with a fine mesh as
the master surface and a coarse mesh as a slave surface, the contact algorithms may permit
nodes on the master surface to penetrate the slave surface. By increasing the kinematic
partition factor on the coarse mesh, the magnitude of this penetration can be reduced.

Thereal valueki n_part inthe command line is the kinematic partition factor. If the
interaction is specified using the MASTER and SLAVE line commands, the kinematic
partition is the factor for the slave nodes. Note that if both interactions are specified, i.e.,
two interactions are defined with opposite master/d ave definitions, the kinematic
partitions for the two interactions must add up to 1.0 so that the full contact force is
applied. If the interaction is specified using the SURFACES command line, the kinematic
partition factor refers to the second surface, and the first surface automatically receives a
kinematic partitionof 1.0 - kin_part.

For self-contact, the kinematic partition factor can be set to 0.5 or 0.0. If the kinematic
partition factor is set to 0.0, the self-contact is turned off.

2.12.10 Example

The following contact definition is valid and demonstrates the use of the above commands.

# contact definition for problem
BEG N CONTACT DEFI NI TI ON cont act _def

# define contact surfaces

CONTACT SURFACE surf_1 CONTAINS bl ock_1

CONTACT SURFACE surf_2 CONTAINS surface_2 block_2
CONTACT SURFACE surf 3 CONTAINS bl ock_3 block 4

# set up renoval of initial overlap
REMOVE | NI TI AL OVERLAP

# define friction nodels

BEG N FRI CTI ONLESS MODEL no _friction

END

BEG N CONSTANT FRI CTI ON MODEL sone_friction
FRI CTI ON CCEFFI CI ENT = 0.5

END

# define defaults for contact interactions
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BEG N DEFAULTS
NORMAL TOLERANCE = 0.1
TANGENTI AL TOLERANCE = 0. 05
OVERLAP NORMAL TOLERANCE = 0.01
OVERLAP TANGENTI AL TOLERANCE = 0. 005
FRI CTI ON MODEL = sone_friction

END

# define sonme specific contact interactions
# i nteractions between surf_ 2 and surf_3
BEG N | NTERACTI ON
SURFACES = surf_2 surf_3
KI NEMATI C PARTI TION = 0. 2
FRI CTI ON MODEL = no_friction
NORMAL TOLERANCE = 0.2
END

# self contact on surf_1
BEG N | NTERACTI ON
SURFACES = surf_1 surf_1
OVERLAP NORMAL TOLERANCE = 0.2
OVERLAP TANGENTI AL TOLERANCE = 0.1
END
END
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2.13 Results Output

BEG N RESULTS QUTPUT <string>results_name
DATABASE NAME = <string>results_file_name
DATABASE TYPE = <stri ng>dat abase_t ype( exodusl|)
NCDE VARI ABLES = <string>vari abl e_nane

[ AS <string>dbase_vari abl e_nane
<string>variabl e_nane AS
<stri ng>dbase_vari abl e_name ...]

NODAL VARI ABLES = <string>vari abl e_nane
[ AS <string>dbase_vari abl e _namne
<string>variabl e_nanme AS
<string>dbase_variable name ...]

ELEMENT VARI ABLES = <string>vari abl e_nane
[ AS <string>dbase_vari abl e_nane
<string>vari abl e_nane AS
<string>dbase _variable nanme ...]

GLOBAL VARI ABLES = <string>variabl e _nane
[ AS <string>dbase_vari abl e_nane
<string>variabl e_nane AS
<stri ng>dbase_vari abl e_name ...]

START TI ME = <real >out put_start_time

TI MESTEP ADJUSTMENT | NTERVAL = <i nt eger >st eps

AT TIME <real >time_begi n | NCREMENT =
<real >ti me_i ncrenent _dt

ADDI TI ONAL TI MES = <real >output _tinel
<real >out put _tinme2 ...

AT STEP <integer>step_begi n | NCREVENT =
<i nt eger >step_i ncrenent

ADDI TI ONAL STEPS = <i nt eger >out put _stepl
<i nt eger >out put _step2 ...

TERM NATI ON TI ME = <real >term nation_tine_val ue

END [ RESULTS QUTPUT <string>results_nane]

You can specify aresultsfile, the results to be included in thisfile, and the frequency at
which results are written by using aRESULTS OUTPUT command block. The command
block appears inside the region scope.

More than one results file can be specified for an analysis. Thus for each resultsfile, there
will be one RESULTS OUTPUT command block. The command block begins with
BEG N RESULTS OUTPUT <string>results_nane

and is terminated with

END [ RESULTS QUTPUT <string>results_nane] ,
wherer esul t s_nane isauser-selected name for the command block. Nested within the
RESULTS QUTPUT command block are a set of command lines, as shown in the block

summary given above. Thefirst two command lines listed (DATABASE NAME and
DATABASE TYPE) give pertinent information about the results file. The command line

DATABASE NAME = <string>results_file_name
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gives the name of theresultsfilewith thestringresul ts_fi |l e_nane. If theresultsfile
isto appear in the current directory and isnamed j ob. e, thiscommand line would appear
as

DATABASE NAME = job.e .

If the resultsfileisto be created in some other directory, the command line would have to
show the path to that directory.

If the results file does not use the Exodus I format, you must specify the format for the
results file using the command line

DATABASE TYPE = <stri ng>dat abase_t ype(exodusl|)

Currently, only the Exodus |1 database is supported by the SIERRA Framework. Other
options will be added in the future.

The other command lines that appear in the RESULTS OUTPUT command block determine
the type and frequency of information that is output. Descriptions of these command lines
follow in Section 2.13.1 through Section 2.13.10.

2.13.1 Output Nodal Variables

NODE VARI ABLES = <string>vari abl e_nane
[ AS <string>dbase_vari abl e_nanme
<string>variabl e_nane AS <string>dbase variable _name ...]

NODAL VARI ABLES = <string>vari abl e_nane
[ AS <string>dbase_vari abl e_nanme
<string>variabl e_name AS <string>dbase_variable_nane ...]

Any registered nodal variable in Presto can be selected for output in the results file by
using acommand linein one of the two forms shown above. The only difference between
the two formsisthe use of NODE or NODAL. Theregistered variables are listed in Appendix
B.

It is possible to specify an alias for any of the registered nodal variables by using the AS
specification. Suppose, for example, you wanted to output the external forcesin Presto,

which areregistered asf or ce_ext er nal , withthealiasf _ext . You would then enter
the command line

NCDE VARI ABLES = force_external AS f_ext

The NODE VARI ABLES command line can be used any number of timeswithin a
RESULTS QUTPUT command block. It is also possible to specify more than one nodal
variable for output on acommand line. If you also wanted to output the internal forces,
which areregistered asf or ce_i nt er nal , withthe aliasf _i nt, you would enter the
command line

NCDE VARI ABLES = force_external AS f_ext
force_internal AS f_int
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The specification of an alias is always optional.

2.13.2 Output Element Variables

ELEMENT VARI ABLES = <string>vari abl e_nane
[ AS <string>dbase_vari abl e_nane
<string>variabl e name AS <string>dbase variable _nane ...]

Any registered element variable in Presto can be selected for output in the results file by
using the ELEMENT VARI ABLES command line. The registered variables are listed in
Appendix B.

It is possibleto specify an aliasfor any of the registered element variables by using the AS
specification. Suppose, for example, you wanted to output the stressin Presto, which is
registered asr ot at ed_st r ess, withthe alias st r ess. You would then enter the
command line

ELEMENT VARI ABLES = rotated _stress AS stress .

The ELEMENT VARI ABLES command line can be used any number of timeswithin a
RESULTS QUTPUT command block. It is aso possible to specify more than one element
variable for output on acommand line. If you also wanted to output the stretch, which is
registered asst r et ch, with theaiasst r et ch, you would enter the command line

ELEMENT VARI ABLES = rotated _stress AS stress
stretch AS stretch .

The specification of an alias is always optional.

2.13.3 Output Global Variables

GLOBAL VARI ABLES = <string>vari abl e_nane
[ AS <string>dbase_vari abl e_nane
<string>variabl e_name AS <string>dbase variable _nane ...]

Any registered global variablein Presto can be selected for output in the results file by
using the GLOBAL VARI ABLES command line. The registered variables are listed in
Appendix B. With the AS specification, you can specify the variable and select an aliasfor
this variable in the results file. Suppose, for example, you wanted to output the time steps
in Presto, which are identified ast i nest ep, with the aliast st ep. You would then enter
the command line

GLOBAL VARI ABLES = tinestep AS tstep .

The GLOBAL VARI ABLES command line can be used any number of timeswithin a
RESULTS QUTPUT command block. It is also possible to specify more than one global
variable for output on acommand line. If you also wanted to output the kinetic energy,
which isregistered asKi net i cEner gy, with the alias ke, you would enter the command
line
GLOBAL VARI ABLES = tinestep as tstep
Ki neti ceEnergy as ke .
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The specification of an alias is always optional.

2.13.4 Set Begin Time for Results Output
START TI ME = <real >out put _start _tine

Using the START TI ME command line, you can write output to the resultsfile beginning at
timeout put _start _ti me. No resultswill be written before thistime. If other
commands set times for results (AT TI ME, ADDI TI ONAL Tl MES) that are less than

out put _start _ti ne, thosetimeswill beignored, and results will not be written at
those times.

2.13.5 Adjust Interval for Time Steps
TI MESTEP ADJUSTMENT | NTERVAL = <i nt eger >st eps

This command lineis used to specify that the output will be at exactly the times specified.
To hit the output times exactly in an explicit, transient dynamics code, it is necessary to
adjust the time step as the time approaches an output time. The integer value st eps in the
TI MESTEP ADJUSTMENT | NTERVAL command line specifies the number of time stepsto
look ahead in order to adjust the time step.

If this command line does not appear, results are output at times closest to the specified
output times.

2.13.6 Output Interval Specified by Time Increment
AT TIME <real >time_begi n | NCREMENT = <real >ti ne_i ncrenent _dt

At the time specified by t i me_begi n, results will be output every time increment given
by thereal valueti me_i ncrement _dt .

2.13.7 Additional Times for Output
ADDI TI ONAL TI MES = <real >out put _ti nel <real >output_tinme2 ...

In addition to any times specified by the command line in Section 2.13.6, you can use the
ADDI TI ONAL TI MES command line to specify an arbitrary number of additional output
times.

2.13.8 Output Interval Specified by Step Increment

AT STEP <i nteger>step_begi n | NCREMENT =
<i nt eger>st ep_i ncrenent

At the step specified by st ep_begi n, resultswill be output every step increment given by
the integer value st ep_i ncrenent .
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2.13.9 Additional Steps for Output

ADDI TI ONAL STEPS = <i nt eger >out put _stepl
<i nt eger >out put _step2 ...

In addition to any steps specified by the command line in Section 2.13.8, you can use the
ADDI TI ONAL STEPS command line to specify an arbitrary number of additional output

steps.

2.13.10 Set End Time for Results Output

TERM NATION TI ME = <real >term nation_tine_val ue
Results will not be written to the results file after timet er i nati on_ti ne_val ue. If
other commands set times for results (AT TI ME, ADDI TI ONAL TI MES) that are greater

thant er mi nati on_ti me_val ue, thosetimeswill be ignored, and results will not be
written at those times.
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2.14 History Output

BEG N HI STORY QUTPUT <string>hi story_name
DATABASE NAME = <string>history file_name
DATABASE TYPE = <stri ng>dat abase_t ype( exodusl|)
VARI ABLE = <string>entity_ type

<string>i nternal nane
AT <string>entity type <integer>entity id
AS <string>history_vari abl e_nane
VARI ABLE = <string>entity_type_gl oba
<string>i nternal nane
AS <string>history variabl e _nane
START TI ME = <real >out put_start_tinme
TI MESTEP ADJUSTMENT | NTERVAL = <i nt eger >st eps
AT TI ME <real >ti me_begi n | NCREMENT =
<real >ti me_i ncrenent _dt
ADDI TI ONAL TI MES = <real >out put _tinmel
<real >out put _tinme2 ...
AT STEP <i nt eger>step_begi n | NCREMENT =
<i nt eger >st ep_i ncrenent
ADDI TI ONAL STEPS = <i nt eger >out put _stepl
<i nt eger >out put _step2 ...
TERM NATION TI ME = <real >term nation_tine_val ue
END [ H STORY QUTPUT <string>hi story_nane]

A history file gives nodal results (displacement, force_external, etc.) for specific nodes and
global results at specified times. You can specify ahistory file, the resultsto beincluded in
thisfile, and the frequency at which results are written by using aHl STORY OUTPUT
command block. The command block appears inside the region scope.

More than one history file can be specified for an analysis. For each history file, there will
be one H STORY OUTPUT command block. The command block for a history file
description begins with

BEG N HI STORY OUTPUT <string>hi story nane

and is terminated with

END [ H STORY QUTPUT <string>hi story_nane] ,
where hi st ory_nane is auser-selected name for the command block. Nested within the
HI STORY QOUTPUT command block are a set of command lines, as shown in the block

summary given above. Thefirst two command lines listed (DATABASE NAME and
DATABASE TYPE) give pertinent information about the history file. The command line

DATABASE NAME = <string>history file_name
gives the name of the history file with the string hi st ory_fi | e_nane. If the history file

isto appear in the current directory and isnamed j ob. e, thiscommand line would appear
as

DATABASE NAME = job.e .

If the history fileisto be created in some other directory, the command line would have to
show the path to that directory.
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If the history file does not use the Exodus |1 format, you must specify the format for the
history file using the command line

DATABASE TYPE = <stri ng>dat abase_t ype(exodusl|)

Currently, only the Exodus |l database is supported by the SIERRA Framework. Other
options will be added in the future.

The other command linesthat appear inthe H STORY OUTPUT command block determine
the type and frequency of information that is output. Descriptions of these command lines
follow in Section 2.14.1 through Section 2.14.8. Note that the command lines for
controlling the frequency of history output (in Section 2.14.2 through Section 2.14.8) are
the same as those for controlling the frequency of results output. These frequency-related
command lines are repeated here for convenience.

2.14.1 Output Variables

The VARI ABLE command lineis used to select registered variables for output in the
history file. Two forms of this command line are available, depending on the type of
variable. Thefirst form selects registered nodal and element variables. The second form
selects global variables only.

2.14.1.1 Nodal and Element Output Variables

VARI ABLE = <string>entity type <string>i nternal name
AT <string>entity_type <integer>entity_id
[ AS <string>history_variabl e_nane]

Thisform of the VARI ABLE command line lets you select any registered nodal or element
variable in Presto for output in the history file. The registered variables are listed in
Appendix B. The variable isidentified in the command line by settingentity_type to
NODE (or NODAL) or ELEMENT and is selected with the string i nt er nal _nane. In
addition to an entity type, you must select a specific entity (node or element number) with
the integer quantity enti ty_i d. You can also specify an arbitrary name,

hi story_vari abl e_nane, for the selected entity. For example, suppose you want to
output the accelerations at node 88. The command line to obtain the accelerations at node
88 for the history file would be

VARl ABLE = NODE ACCELERATI ON AT NODE 88 AS accel _88

whereaccel _88 isthe arbitrary name that will be used for this history variable in the
history file.

Note that either the key word NODE or NODAL can be used for nodal quantities. The
specification of an aliasis always optional.

2.14.1.2 Global Output Variables

VARI ABLE = <string>entity type gl oba
<string>i nternal nane
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[ AS <string>history variabl e_nane]

Thisform of the VARI ABLE command linelets you select any registered global variablein
Presto for output in the history file. The registered variables are listed in Appendix B. The
stringentity_type_gl obal inthecommand line can only be GLOBAL, and the
registered variable is selected with the string i nt er nal _nane. You can also specify an
arbitrary name, hi st ory_vari abl e_nane, for the selected entity. For example, suppose
you want to output the kinetic energy (KineticEnergy) as KE. The command line to obtain
the kinetic energy in the history file would be

VARI ABLE = GLOBAL Kineti cEnergy AS KE .

The specification of an alias is always optional.

2.14.2 Set Begin Time for History Output
START TI ME = <real >out put _start _tine

Using the START TI ME command line, you can write history variablesto the history file
beginning at time out put _st art _ti me. No history variables will be written before this
time. If other commands set times for history output (AT TI ME, ADDI TI ONAL TI MVES)
that are lessthan out put _start _ti ne, those timeswill be ignored, and history output
will not be written at those times.

2.14.3 Adjust Interval for Time Steps
TI MESTEP ADJUSTMENT | NTERVAL = <int eger >st eps

This command lineis used to specify that the output will be at exactly the times specified.
To hit the output times exactly in an explicit, transient dynamics code, it is necessary to
adjust the time step as the time approaches an output time. Theinteger value st eps inthe
TI MESTEP ADJUSTMENT | NTERVAL command line specifies the number of time stepsto
look ahead in order to adjust the time step.

If this command line does not appear, history variables are output at times closest to the

specified output times.

2.14.4 Output Interval Specified by Time Increment
AT TIME <real >time_begi n | NCREMENT = <real >ti ne_i ncrenent _dt

At the time specified by t i me_begi n, history variables will be output every time
increment given by thereal valueti me_i ncrement _dt .

2.14.5 Additional Times for Output
ADDI TI ONAL TI MES = <real >out put _tinel <real >output_tinme2 ...

102



In addition to any times specified by the command line in Section 2.14.4, you can use the
ADDI TI ONAL TI MES command line to specify an arbitrary number of additional output
times.

2.14.6 Output Interval Specified by Step Increment

AT STEP <i nt eger>step_begi n | NCREMENT =
<i nt eger >st ep_i ncrenent

At the step specified by st ep_begi n, history variables will be output every step
increment given by the integer value st ep_i ncr enent .

2.14.7 Additional Steps for Output

ADDI TI ONAL STEPS = <i nt eger >out put _stepl
<i nt eger >out put _step2 ...

In addition to any steps specified by the command linein Section 2.14.6, you can use the
ADDI TI ONAL STEPS command line to specify an arbitrary number of additional output

steps.

2.14.8 Set End Time for History Output

TERM NATI ON TI ME = <real >ternination_tinme_val ue
History output will not be written to the history file after time
termnation_time_val ue. If other commands set timesfor history output (AT TI ME,

ADDI TI ONAL TI MES) that are greater thant er mi nati on_t i me_val ue, those times
will beignored, and history output will not be written at those times.
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2.15 Restart Data

BEG N RESTART DATA <string>restart_namne
DATABASE NAME = <string>restart_file
| NPUT DATABASE NAME = <string>input _restart _file
QUTPUT DATABASE NAME = <string>output restart file
DATABASE TYPE = <stri ng>dat abase_t ype(exodusl|)
START TIME = <real >restart_start _tine
TI MESTEP ADJUSTMENT | NTERVAL = <i nt eger >st eps
AT TI ME <real >time_begi n | NCREMENT =
<real >time_i ncrenent dt
ADDI TI ONAL TI MES = <real >output _tinel
<real >out put _tinme2 ...
AT STEP <i nt eger >step_begi n | NCREMENT =
<i nt eger >st ep_i ncr enent
ADDI TI ONAL STEPS = <i nt eger >out put _st epl
<i nt eger >out put _step2 ...
TERM NATION TI ME = <real >term nation_tine_val ue
END [ RESTART DATA <string>restart_nane]

You can specify restart files, either to be written to or read from, and the frequency at
which restarts are written by using aRESTART DATA command block. The command
block appears inside the region scope. To initiate arestart, the RESTART TI ME command
line (see Section 2.1.3.1) must also be used. This command line appears in the domain
scope.

The RESTART DATA command block begins with the input line
BEG N RESTART DATA <string>restart_nane

and is terminated with
END [ RESTART DATA <string>restart_nane] ,

wherer est art _nane isauser-selected name for the RESTART DATA command block.

Nested within the RESTART DATA command block are a set of command lines, as shown
in the block summary given above. With the first command line listed, you can specify a
database containing the input restart data, the output restart data, or both:

DATABASE NAME = <string>restart file nane .

If the analysisiswriting restart data, the data will be written to the file

restart _file_name. Theorigina restart file will be overwritten if it exists (after being
read if applicable). If the file name begins with the */’ character, it is an absolute path;
otherwise, the path to the current directory will be prepended to the name

restart _file_nane.If therestart fileisto appear in the current directory and is named
job_restart. e, thiscommand line would appear as

DATABASE NAME = job_restart.e .

If the restart file is to be created in some other directory, the command line would have to
show the path to that directory.
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You can specify the database containing the input restart data by using the command line
| NPUT DATABASE NAME = <string>restart_input _file .

If thisanalysisis being restarted, restart data will be read from thisfile. You can specify
the database containing the output restart data by using the command line

OUTPUT DATABASE NAME = <string>restart_output_file .

If the analysisiswriting restart data, the data will be written to thisfile. These latter two
commands use the same file-naming convention as the command line DATABASE NAME.

If the restart file does not use the Exodus |1 format, you must specify the format for the
results file using the DATABASE TYPE command line:

DATABASE TYPE = <stri ng>dat abase_type(exodusl|)

Currently, only the Exodus |1 database is supported by the SIERRA Framework. Other
options will be added in the future.

The other command lines that appear in the RESTART DATA command block determine
the frequency at which restarts are written. Descriptions of these command linesfollow in
Section 2.15.1 through Section 2.15.7. Note that the command lines for controlling the
frequency of restart output are the same as those for controlling the frequency of results
output and history output. These frequency-related command lines are repeated here for
convenience.

2.15.1 Set Begin Time for Restart Writes
START TIME = <real >restart_start_tine

Using the START TI ME command line, you can write restarts to the restart output file
beginning at timerestart _start_ti me. No restartswill be written before thistime. If
other commands set times for restarts (AT TI ME, ADDI TI ONAL TI MES) that are lessthan
restart_start _time, thosetimeswill beignored, and restarts will not be written at
those times.

2.15.2 Adjust Interval for Time Steps
TI MESTEP ADJUSTMENT | NTERVAL = <i nt eger >st eps

This command line is used to specify that the restarts will be written at exactly the times
specified. To hit the restart times exactly in an explicit transient dynamics code, it is
necessary to adjust the time step as the time approaches arestart time. The integer value
st eps inthe TI MESTEP ADJUSTMENT | NTERVAL command line specifies the number
of time steps to look ahead in order to adjust the time step.

If this command line does not appear, then restarts are written at times closest to the
specified restart times.
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2.15.3 Restart Interval Specified by Time Increment
AT TIME <real >ti me_begi n | NCREMENT = <real >ti nme_i ncrenent _dt

At thetime specified by t i ne_begi n, restarts will be written every time increment given
by thereal valueti me_i ncr ement _dt .

2.15.4 Additional Times for Restart
ADDI TI ONAL Tl MES = <real >output _tinel <real >output _tinme2 ...

In addition to any restart times specified by the command line in Section 2.15.3, you can
use the ADDI TI ONAL TI MES command line to specify an arbitrary number of additional
restart times.

2.15.5 Restart Interval Specified by Step Increment

AT STEP <i nt eger>step_begi n | NCREMENT =
<i nt eger >st ep_i ncrenent

At the step specified by st ep_begi n, restarts will be written every step increment given
by the integer value st ep_i ncr enent .

2.15.6 Additional Steps for Restart

ADDI TI ONAL STEPS = <i nt eger >out put _stepl
<i nt eger >out put _step2 ...

In addition to any steps specified by the command linein Section 2.15.5, you can use the
ADDI TI ONAL STEPS command line to specify an arbitrary number of additional restart

steps.

2.15.7 Set End Time for Restart Writes

TERM NATI ON TI ME = <real >ternination_tinme_val ue
Restarts will not be written to the restart output file after time
termnination_time_val ue. If other commands set times for restarts (AT TI ME,

ADDI TI ONAL TI MES) that are greater thant er mi nati on_t i me_val ue, those times
will beignored, and restarts will not be written at those times.
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3 Example Problem

This section provides an example problem to illustrate the construction of an input file for
an analysis. The example problem consists of 124 spheres made of lead enclosed in a steel
box. The steel box has an open top into which a steel plateis placed (see Figure 3.1). A
prescribed velocity is then applied on the steel plate, pushing it into the box and crushing
the spheres contained within using frictionless contact. This problem is a severe test for
the contact algorithms as the spheres crush into a solid block. See Figure 3.2 for results of
this problem.

(a) (b)

Figure 3.1. Mesh for example problem: (a) Box (blue and green surfaces) with
plate in top (red surface) and (b) Mesh with blue and red surfaces removed to
show internal spheres (yellow).

t = 0.000333 second t = 0.0007 second

Figure 3.2. Results of Crush 124 Spheres test.

Theinput file is described below, with commentsto explain every few lines. Following the
description, the full input fileis listed again. Most of the keywordsin this example are all
lowercase, which is different from the convention we have used to describe the command
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linesin this document. However, al of the lowercase usage in the following exampleisan
acceptable format in Presto.

The input file starts with a begin sierra statement, asis required for al input files:

begin sierra crush_124 spheres

We now need to define the functions used with this problem. The boundary conditions
require afunction for theinitial velocity, asfollows:

begin definition for function constant_velocity
type is piecew se |linear
ordinate is velocity
abscissa is tine
begi n val ues
0.0 30.0
1.0 30.0
end val ues

end definition for function constant_velocity

To define the boundary conditions, we need to define the direction for the initial
velocity—thisisin the y-direction. We could also choose to simply specify the Y
component for theinitial condition, but thisinput file uses directions.

define direction y_axis with vector 0.0 1.0 0.0

Next we define the material models that will be used for this analysis. There are two

materialsin this problem: steel for the box, and lead for the spheres. Both materials use the
elastic-plastic material model (denoted asel asti c_pl asti c).

begin property specification for material steel
density = 7871. 966988

begi n paraneters for nodel elastic _plastic
youngs nodul us = 1.999479615e+11
poi ssons ratio = 0.33333
yield stress = 275790291. 7
har deni ng nodul us = 275790291. 7
beta = 1.0
end parameters for nodel elastic_plastic

end property specification for nmaterial steel

begin property specification for material |ead
density = 11253. 30062

begin paraneters for nodel elastic _plastic
youngs nodul us = 1.378951459e+10
poi ssons ratio = 0.44
yield stress = 13789514. 59
har deni ng nodulus = 0.0
beta = 1.0
end paraneters for nodel elastic plastic

end property specification for material |ead
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Now, we define the finite element mesh. This includes specification of the file that
contains the mesh, aswell asalist of al the element blocks we will use from the mesh and
the material associated with each block. The name of thefileis crush 124 spheres.g. The
specification of the database type is optional—Exodusl| is the default. Currently, each
element block must be defined individually. For this particular problem, all of the spheres
are the same element block. Each sphere is a distinct geometry entity, but all spheres
constitute one element block in the Exodus |1 database. Note that the three element blocks
that make up the box and lid all reference the same material description. The material
description is not repeated three times. The material description for steel appears once and
isthen referenced three times.

begin finite el enent nodel neshl

Dat abase Nane = crush_124 spheres. g

Dat abase Type = exodusl |
begi n paraneters for block block_ 1

material |inear_elastic_steel

sol id mechani cs use nodel elastic _plastic
end paraneters for block block 1

begi n paraneters for block block 2

mat erial |inear_elastic_steel

solid mechani cs use nodel elastic_plastic
end parameters for block block 2

begi n paraneters for block block 3

material |inear_elastic_steel

solid nmechani cs use nodel elastic_plastic
end paraneters for block block_3

begi n paraneters for block bl ock 4

material linear_elastic_|ead

solid mechani cs use nodel elastic_plastic
end paraneters for block block 4

end finite el enent nodel neshl

At this point we have finished specifying physics-independent quantities. We now want to
set up the Presto procedure and region, along withtheti ne cont r ol command block.
We start by defining the beginning of the procedure scope, thet i ne cont r ol command
block, and the beginning of the region scope. Only onet i me st eppi ng bl ock

command block is needed for this analysis. The termination timeisset to 7 x 107,

begi n presto procedure Apst_ Procedure

begin tine control
begin tine stepping block pl
start time = 0.0
begi n paraneters for presto region presto
time step scale factor = 1.0
time step increase factor = 2.0
step interval = 25
end paraneters for presto region presto
end time stepping block pl
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termnation tine = 7.0e-4
end tine control

begin presto region presto

Next we associate the finite element model we defined above (meshl) with this presto
region.

use finite el enent nodel neshl

Now we define the boundary conditions on the problem. We prescribe the velocity on the
top surface of the box (nodelist_100) to crush the spheres, and we confine the bottom
surface of the box (nodelist_200) not to move. Note that although we use node sets to
define these boundary conditions, we could have used the corresponding side sets.

begin prescribed velocity
node set = nodelist_ 100
direction = y_axis
function = constant_velocity
scale factor = -1.0

end

begin fixed di spl acenent
node set = nodelist_200
conmponents =Y

end

Now we define the contact for this problem. For this problem, we want all four element
blocks to be able to contact each other, with anormal tolerance of 0.0001 and a tangential
tolerance of 0.0005. In this case, we simply define the same contact characteristics for all
interactions. However, we could also specify tolerances and kinematic partition factorsfor
individual interactions. Since no friction model is defined in the block below, the contact

defaults to frictionless contact.
begi n contact definition
contact all bl ocks
begin defaults
nornmal tol erance = 0.0001
tangential tol erance = 0.00005
end
end

Now we define what variables we want in the results output file, as well as how often we

want thisfile to be written. Here we request output files written every 7 x 107 second of
analysistime. Thiswill result in results output at one hundred time steps (plus the zero

time step) since the termination timeisset to 7 x 10~ second. The output file will be
called crush 124 spheres.e, and it will be an Exodusl| file (the database type command is
optional; it defaults to Exodusll). The variables we are requesting are the displacements
and reactions at the nodes, the stresses for the elements, the time-step increment, and the
kinetic energy.

begin Results Qutput output_presto
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Dat abase Nane = crush_124 spheres. e
Dat abase Type = exodusl |
At Time 0.0, Increment = 7.0e-6
nodal Vari abl es = di spl acenent as di spl
nodal Variables = reactions as react
el ement Variables = stress
gl obal Vari abl es Ki neti ceEnergy as KE
gl obal Vari abl es timestep
end

Now we end the presto region, presto procedure, and sierra blocks to compl ete the input
file.

end presto region presto
end presto procedure Apst_ Procedure
end sierra crush_124 spheres

Hereisthe resulting full input file for this problem:

begin sierra crush_124 spheres
begin definition for function constant_vel ocity
type is piecew se |inear
ordinate is velocity
abscissa is tine
begi n val ues
0.0 30.0
1.0 30.0
end val ues
end definition for function constant_velocity
define direction y axis with vector 0.0 1.0 0.0

begin property specification for material steel
density = 7871. 966988

begin paraneters for nodel elastic_plastic
youngs nodul us = 1.999479615e+11
poi ssons ratio = 0.33333
yield stress = 275790291. 7
har deni ng nodul us = 275790291. 7
beta = 1.0
end paraneters for nodel elastic_plastic

end property specification for nmaterial steel

begin property specification for material | ead
density = 11253. 30062

begi n paraneters for nodel elastic_plastic
youngs nodul us = 1.378951459e+10
poi ssons ratio = 0.44
yield stress = 13789514. 59
har deni ng nodulus = 0.0
beta = 1.0
end parameters for nodel elastic_plastic

end property specification for naterial |ead

begin finite el enent nodel neshl
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Dat abase Nane
Dat abase Type

= crush_124 spheres. g
= exodusl |
begi n paraneters for block block_ 1
material |inear_elastic_steel
solid nmechani cs use nodel elastic _plastic
end paraneters for block block 1

begi n paraneters for block bl ock_ 2

material |inear_elastic_steel

sol id mechani cs use nodel elastic _plastic
end paraneters for block block 2

begi n paraneters for block block 3

mat erial |inear_elastic_steel

solid mechani cs use nodel elastic_plastic
end paramneters for block bl ock 3

begi n paraneters for bl ock bl ock 4

material |inear_elastic_|ead

solid nmechani cs use nodel elastic_plastic
end paraneters for block block 4

end finite el ement nodel neshl
begi n presto procedure Apst_Procedure

begin tine control
begin tine stepplng bl ock pl
start time = 0.0
begin paraneters for presto region presto
time step scale factor = 1.0
time step increase factor = 2.0
step interval = 25
end parameters for presto region presto
end tinme stepping block pl

termnation tine = 7.0e-4
end tine control

begin presto regi on Apst Regi on
use finite el enent nodel neshl

begin prescribed velocity
node set = nodelist 100
direction = y axis
function = constant _velocity
scale factor = -1.0

end prescribed velocity

begin fixed di spl acenent
node set = nodelist_ 200
conponents =Y

end fixed displ acenent

begi n contact definition
contact all bl ocks
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begin defaults
normal tolerance = 0.0001
tangenti al tol erance = 0.00005
end
end

begin Results Qutput output_presto
Dat abase Nanme = crush_124 spheres. e
Dat abase Type = exodusl |
At Time 0.0, Increment = 7.0e-6
nodal Vari abl es = di spl acenent as di spl
nodal Variables = reactions as react
el ement Variables = stress
gl obal Variables = KineticEnergy as KE
gl obal Variables = tinmestep
end results output output_presto

end presto region presto

end presto procedure Apst_ Procedure
end sierra crush_124 spheres
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Appendix A: Command Specification

This appendix gives all of the Presto commands in the proper scope.

# Domai n specification
BEG N Sl ERRA <stri ng>nane
# Title
TITLE = <string>title
# Restart tine

RESTART TIME = <real >restart_tine
RESTART = AUTOVATI C

# Function definition

BEG N DEFI NI TI ON FOR FUNCTI ON <st ri ng>functi on_nane
TYPE = <string>CONSTANT | PI ECEW SE LI NEAR
ABSCI SSA = <string>absci ssa_I abel
ORDI NATE = <string>ordi nat e_| abel
BEG N VALUES
<real >value_1 [<real >value_2
<real >val ue_3 <real >val ue_4
C <real >val ue_n]
END [ VALUES]
END [ DEFI NI TI ON FOR FUNCTI ON <stri ng>functi on_nane]

# Definitions

DEFI NE PO NT <string>poi nt_name W TH COORDI NATES
<real >val ue_1 <real >val ue_2 <real >val ue_3

DEFI NE DI RECTI ON <string>directi on_name WTH VECTOR
<real >val ue_1 <real >val ue_2 <real >val ue_3

DEFI NE AXI S <string>axis_name WTH PO NT
<string>poi nt _nane DI RECTI ON <string>direction_name

DEFI NE AXI' S <string>axis_name WTH PO NT
<string>point_1 PO NT <string>point_ 2

# Elastic materi al

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>nmat _nane
DENSI TY = <real >density_val ue
BEG N PARAMETERS FOR MODEL ELASTIC
YOUNGS MODULUS = <real >youngs_nodul us
PO SSONS RATI O = <real >poi ssons_ratio
SHEAR MODULUS = <real >shear _nodul us
BULK MODULUS = <real >bul k_nodul us
LAMBDA = <real >l anbda
END [ PARAMETERS FOR MODEL ELASTI C]
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane]

# Elastic-plastic materi al
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BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>nmat _nane
DENSI TY = <real >density_val ue
BEG N PARAMETERS FOR MODEL ELASTI C_PLASTIC
YOUNGS MODULUS = <real >youngs_nodul us
PO SSONS RATI O = <real >poi ssons_ratio
SHEAR MODULUS = <real >shear _nodul us
BULK MODULUS = <real >bul k_nodul us
LAMBDA = <real >l anbda
YI ELD STRESS = <real >yi el d_stress
HARDENI NG MODULUS = <real >har deni ng_nodul us
BETA = <real >beta_paraneter(1.0)
END [ PARAVMETERS FOR MODEL ELASTI C_PLASTI C]
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <string>mat _nane]

# El astic-plastic power-I|aw hardening

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane
DENSI TY = <real >density_val ue
BEG N PARAMETERS FOR MODEL EP_POWER_HARD
YOUNGS MODULUS = <real >youngs_nodul us
PO SSONS RATI O = <real >poi ssons_ratio
SHEAR MODULUS = <real >shear _nodul us
BULK MODULUS = <real >bul k_nodul us
LAMBDA = <real >l anbda
YI ELD STRESS = <real >yi el d_stress
HARDENI NG CONSTANT = <r eal >har deni ng_const ant
HARDENI NG EXPONENT = <r eal >har deni ng_exponent
LUDERS STRAI N = <real >l uders_strain
END [ PARAMETERS FOR MODEL EP_POWER_HARD]
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane]

# Soil and crushabl e foam

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane
DENSI TY = <real >density_val ue
BEG N PARAMETERS FOR MODEL SO L_FOAM
YOUNGS MODULUS = <real >youngs_nodul us
PO SSONS RATI O = <real >poi ssons_ratio
SHEAR MODULUS = <real >shear _nodul us
BULK MODULUS = <real >bul k_nodul us
LAMBDA = <real >l anbda

A0 = <real >const _coeff _yieldsurf
Al = <real >lin_coeff_yieldsurf
A2 = <real >quad_coeff_yiel dsurf

PRESSURE CUTOFF = <real >pressure_cutof f
PRESSURE FUNCTI ON = <string>function_press_vol strain
END [ PARAMETERS FOR MODEL SO L_FOAM
END [ PROPERTY SPECI FI CI ATI ON FOR MATERI AL <stri ng>mat _nane

# Foam pl asticity

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane
DENSI TY = <real >density_val ue
BEG N PARAMETERS FOR MODEL FOAM PLASTICI TY
YOUNGS MODULUS = <real >youngs_nodul us
PO SSONS RATI O = <real >poi ssons_ratio
SHEAR MODULUS = <real >shear _nodul us
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BULK MODULUS = <real >bul k_nodul us
LAMBDA = <real >l anbda
PH = <real >phi
SHEAR STRENGTH
SHEAR HARDENI NG
SHEAR EXPONENT
HYDRO STRENGTH
HYDRO HARDENI NG
HYDRO EXPONENT
BETA = <real >beta
END [ PARAMETERS FOR MODEL FOAM PLASTI CI TY]
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane]

<r eal >shear _strength
<r eal >shear _har deni ng
<r eal >shear _exponent
<real >hydro_strength
<r eal >hydr o_har deni ng
<r eal >hydr o_exponent

# Orthotropic crush

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <string>mat _nane
DENSI TY = <real >density_val ue
BEG N PARAMETERS FOR MODEL ORTHOTROPI C_CRUSH
YOUNGS MODULUS = <real >youngs_nodul us
PO SSONS RATI O = <real >poi ssons_ratio
SHEAR MODULUS = <real >shear nodul us
BULK MODULUS = <real >bul k_nodul us
LAMBDA = <real >l anbda
Yl ELD STRESS = <real >yi el d_stress

EX = <real >nmodul us_x
EY = <real >nodul us_y
EZ = <real >nodul us_z

GXY = <real >shear _nodul us_xy
GYZ = <real >shear_nodul us_yz
&ZX = <real >shear _nodul us_zx
VM N = <real >m n_crush_vol une

CRUSH XX = <string>stress_strai n_xx_function_nane
CRUSH YY = <string>stress_strain_yy function_namne
CRUSH ZZ = <string>stress_strain_zz_function_namne
CRUSH XY =

<string>shear_stress_strain_xy_function_name
CRUSH YZ =

<string>shear_stress_strain_yz function_name
CRUSH ZX =

<string>shear_stress_strai n_zx_function_name
END [ PARAMETERS FOR MODEL ORTHOTROPI C_CRUSH]
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane]

# Orthotropic rate

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane

DENSI TY = <real >density_val ue

BEG N PARAMETERS FOR MODEL ORTHOTROPI C_RATE
YOUNGS MODULUS = <real >youngs_nodul us
YI ELD STRESS = <real >yi el d_stress
MODULUS TTTT <real >nodul us_tttt
MODULUS TTLL <real >nodul us_ttl]
MODULUS TTWWV = <real >nmodul us_ttww
MODULUS LLLL <real >nodul us_| 11
MODULUS LLWN = <real >nodul us_| | ww
MODULUS WAV = <r eal >nodul us_wwwy
MODULUS TLTL <real >nodul us_tltl
MODULUS LW.W = <real >nodul us_Iw w
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MODULUS WIWI = <r eal >nodul us_wt wt

TX = <real >t x
TY = <real >ty
TZ = <real >tz
LX = <real >l x
LY = <real >ly
LZ = <real > z

MODULUS FUNCTI ON = <string>nmodul us_functi on_nane
RATE FUNCTI ON = <string>rate_function_nane
T FUNCTI ON = <string>t_function_nane
L FUNCTION = <string> _function_nane
W FUNCTI ON = <string>w _function_nane
TL FUNCTION = <string>tl_function_nane
LW FUNCTI ON = <string>l w function_nane
W' FUNCTI ON = <string>w _functi on_nane
END [ PARAVETERS FOR MODEL ORTHOTROPI C_RATE]
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane]

#M e- Grunei sen Mbdel

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane
BEG N PARAMETERS FOR MODEL M E_GRUNEI SEN
RHO 0 = <real >density
C 0 = <real >sound_speed
SHUG = <real >const_shock_velocity
GAMVA 0 = <real >anbi ent _grunei sen_param
PO SSR = <real >poi ssons_ratio
Y_O0 = <real >yield_strength
PM N = <real >mean_stress(REAL_
END [ PARAMETERS FOR MODEL M E_GRUNEI SEN|
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <string>mat_nane]

# M e-G unei sen Power Series Model

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane
BEG N PARAMETERS FOR MODEL M E_GRUNEI SEN_PONER_SERI ES
RHO 0 = <real >density
C 0 = <real >sound_speed

K1 = <real >power _series_coeffl
K2 = <real >power _series_coeff2
K3 = <real >power _series_coeff3
K4 = <real >power _series _coeff4
K5 = <real >power _series_coeff5

GAMVA 0 = <real >anbi ent _grunei sen_param
PO SSR = <real >poi ssons_ratio
Y_ 0 = <real >yield strength
PM N = <real >mean_st r ess( REAL_MAX)
END [ PARAMETERS FOCR MODEL M E_GRUNEI SEN_POWER_SERI ES]
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane]

# JW. (Jones-W /I ki ns-Lee) Model

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane
BEG N PARAMETERS FOR MODEL JW.
RHO 0 = <real >initial _density
<real >det onati on_vel ocity
= <real >i nit_chem energy

D =
EO
A = <real >jwW _const _pressurel
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B = <real >jwW _const_pressure2
R1 <real >jwW _const _nondi mL
R2 <real > W _const _nondi n2
OVEGA = <real >} W _const _nondi n8

XDET = <real >x_detonati on_poi nt
YDET = <real >y_detonati on_poi nt
ZDET = <real >z_detonati on_poi nt
TDET = <real >ti ne_of detonation

B5 = <real >burn_wi dth_const (2. 5)
END [ PARAMETERS FOR MODEL JW.]
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _name]

# | deal Gas Mbdel

BEG N PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>nmat _nane
BEG N PARAMETERS FOR MODEL | DEAL_GAS
RHO O = <real >initial _density
C 0 = <real >initial_sound_speed
GANNA = <real >ratio_specific_heats
END [ PARAMETERS FOR MODEL | DEAL_GAS]
END [ PROPERTY SPECI FI CATI ON FOR MATERI AL <stri ng>mat _nane]

# Define mesh

BEG N FI Nl TE ELEMENT MODEL <string>nmesh_descri ptor
DATABASE NAME = <string>nmesh_fil e_nane
DATABASE TYPE = <stri ng>dat abase_t ype(exodusl|)
ALI AS <string>mesh_identifier AS <string>user_name
BEG N PARAMETERS FOR BLOCK <string>bl ock_nane
MATERI AL <string>material _nane
SOLI D MECHANI CS USE MODEL <stri ng>nodel _name
ELEMENT STRAI N FORMULATI ON = <stri ng>m dpoi nt |
strongl y-obj ecti ve(m dpoi nt)
LI NEAR BULK VI SCOSI TY =
<real >l i near _bul k_vi scosity_val ue(0. 06)
QUADRATI C BULK VI SCOSI TY =
<real >quad_bul k_vi scosity_val ue(1. 20)
HEX HOURGLASS STI FFNESS =
<real >hour _gl ass_stiff_val ue(0.05)
HEX HOURGLASS VI SCOSI TY =
<r eal >hour gl ass_vi sc_val ue(0. 0)
MEMBRANE SCALE THI CKNESS =
<real >mem scal e_t hi ck_val ue
SHELL SCALE THI CKNESS = <real >shel | _scal e_t hi ck_val ue
SHELL | NTEGRATI ON PO NTS =
<i nt eger >nunber _i nt egrati on_poi nt s(5)
SHELL | NTEGRATI ON SCHEME = <st ri ng>GAUSS| LOBATTO
TRAPEZO D( TRAPEZQ D)
TRUSS AREA = <real >truss_cross_sectional _area
SOLI D MECHANI CS TEMPERATURE | NI TI AL =
<real >i nit_tenp_val ue
SCLI D MECHANI CS TEMPERATURE FUNCTI ON =
<string>defined function
DEPCSI T SPECI FI C | NTERNAL ENERGY <real >edep
OVER Tl ME tdep STARTING AT TIME tinit
ELEMENT NUMERI CAL FORMULATION = ol d | new (ol d)
DEACTI VE = <string>code_nane
END [ PARAMETERS FOR BLOCK <stri ng>bl ock_nane]
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END [ FI NI TE ELEMENT MODEL <string>nesh_descri ptor]
# Begin Procedure scope
BEG N PRESTO PROCEDURE <stri ng>pr ocedur e_nane

# Time bl ock

BEG N TI ME CONTROL
BEG N TI ME STEPPI NG BLOCK <string>ti ne_bl ock_namne
START TI ME = <real >start_tinme_val ue
BEG N PARAMETERS FOR PRESTO REG ON
<string>regi on_nane
INITIAL TIME STEP = <real >initial _tinme_step_val ue
TI ME STEP SCALE FACTOR =
<real >ti me_step_scal e_factor(1.0)
TI ME STEP | NCREASE FACTOR =
<real >tinme_step_increase factor(1.1)
STEP | NTERVAL = <i nt eger >nst eps(100)
END [ PARAMETERS FOR PRESTO REG ON
<string>regi on_nane
END [ TI ME STEPPI NG BLOCK <string>ti me_bl ock_nane]

TERM NATION TIME = <real >term nation_tine
END TI ME CONTRCL
# Begi n Regi on scope
BEG N PRESTO REG ON <string>regi on_specification
USE FI NI TE ELEMENT MODEL <stri ng>nodel nane
# Boundary conditions

BEG N FI XED DI SPLACEMENT
SURFACE = <string |ist>surface_nanes |
NODE SET = <string |ist>nodelist_nanes
COVPONENTS = <string>X/Y/ Z
END [ FI XED DI SPLACEMENT]

BEG N PRESCRI BED DI SPLACEMENT
SURFACE = <string |ist>surface_nanes |
NODE SET = <string |ist>nodelist_names
DI RECTI ON = <string>defined_direction |
COVPONENT = <string>X| Y| Z
FUNCTI ON = <string>functi on_nane
SCALE FACTOR = <real >scal e_factor(1.0)
END [ PRESCRI BED DI SPLACEMENT]

BEA N PRESCRI BED VELOCI TY

SURFACE = <string |ist>surface_nanes |
NODE SET = <string list>nodelist_nanes

DI RECTI ON = <string>defined _direction |
COVMPONENT = <string>X| Y| Z |
CYLI NDRI CAL AXI S = <string>defined axis |
RADI AL AXI S = <string>defined_axis

FUNCTI ON = <string>function_nane
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SCALE FACTOR = <real >scal e_factor(1.0)
END [ PRESCRI BED VELQOCI TY]

BEG N PRESCRI BED ACCELERATI ON
SURFACE = <string |ist>surface_nanes |
NCODE SET = <string |ist>nodelist_nanes
DI RECTI ON = <string>defined _direction |
COVPONENT = <string>X| Y| Z
FUNCTI ON = <string>functi on_nane
SCALE FACTOR = <real >scal e_factor(1.0)
END [ PRESCRI BED ACCELERATI ON]

BEG N FI XED ROTATI ON
SURFACE = <string |ist>surface_nanes |
NODE SET = <string l|ist>nodelist_namnes
COVPONENTS = <string>X/'Y/ Z
END [ FI XED ROTATI ON|

BEG N PRESCRI BED ROTATI ON
SURFACE = <string |ist>surface_nanes |
NODE SET = <string l|ist>nodelist_names
DI RECTI ON = <string>defined_direction |
COMPONENT = <string>X| Y| Z
FUNCTI ON = <string>functi on_nane
SCALE FACTOR = <real >scal e_factor(1.0)
END [ PRESCRI BED ROTATI QN

BEG N I NI TIAL VELOCI TY
BLOCK = <string list>bl ock _names
DI RECTI ON = <string>defined direction
MAGNI TUDE = <real >magni tude_of vel ocity
END [ I NI TI AL VELCCI TVY]

BEG N I NI TIAL VELOCI TY
BLOCK = <string list>bl ock _names
CYLI NDRI CAL AXI'S = <string>defined cylindrical _axis
ANGULAR VELOCI TY = <real >angul ar_vel ocity

END [ I NI TI AL VELCCI TVY]

BEG N PRESSURE
SURFACE = <string |ist>surface_nanes
FUNCTI ON = <string>functi on_nane
SCALE FACTOR = <real >scal e_factor(1.0)
END [ PRESSURE]

BEG N PRESCRI BED FORCE
SURFACE = <string |ist>surface_nanes |
NCDE SET = <string |ist>nodelist_nanes
DI RECTI ON = <string>defined _direction |
COVPONENT = <string>X| Y| Z
FUNCTI ON = <string>functi on_nane
SCALE FACTOR = <real >scal e_factor(1.0)
END [ PRESCRI BED FORCE]

BEG N PRESCRI BED MOVENT
SURFACE = <string |ist>surface_nanes |
NODE SET = <string l|ist>nodelist_names
DI RECTI ON = <string>defined_direction |
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COMPONENT = <string>X| Y| Z
FUNCTI ON = <string>functi on_nane
SCALE FACTOR = <real >scal e_factor(1.0)
END [ PRESCRI BED MOVENT]

# Specialized boundary conditions

BEG N GRAVI TY
DI RECTI ON = <string>defined_direction
FUNCTI ON = <string>function_nane
SCALE FACTOR = <real >scal e_factor(1.0)
GRAVI TATI ONAL CONSTANT = <real >g_const ant
END [ GRAVI TY]

BEA N CAVI TY EXPANSI ON
SURFACE = <string>surface_nane
EXPANSI ON RADI US = <string>spherical |
cylindrical (spherical)
TARGET NORMAL = <string>X| Y| Z
FREE SURFACE = <real >upper_surface
<real >l ower surface
LAYER SURFACE = <real >upper _| ayer <real >l ower_| ayer
PRESSURE COEFFI Cl ENTS =
<real >coeffl <real >coeff2 <real >coeff3
NODE SETS TO DEFI NE BODY AXI S =
<string>nodelist_idl <string>nodelist_id2
TIP RADI US = <real >tip_radius
END [ CAVI TY EXPANSI ON

BEG N PERI ODI C
NCODE SETS = <string>nodelist_idl
<string>nodelist_id2 |
SURFACES = <string>surface_idl
<string>surface_id2
SEARCH TOLERANCE = <real >search_tol erance(1. Oe-4)
PRESCRI BED QUANTI TY =
<st ri ng>Dl SPLACEMENT| VELCOCI TY| FORCE
COVPONENT = <string>X| VY| Z
RADI AL AXI S = <string>defined_radial _axis
FUNCTI ON = <string>function_nane
SCALE FACTOR = <real >scal e_factor(1.0)
THETA = <real >t heta_val ue>
END [ PERI ODI C]

BEA N SI LENT BOUNDARY
SURFACE = <string>surface_nane
END [ SI LENT BOUNDARY]

BEG N SPOT VELD

NODE SET = <string>nodelist_id

SURFACE = <surface>surface_id

NORMAL DI SPLACEMENT FUNCTI ON =
<string>function_nor_disp

NORMAL DI SPLACEMENT SCALE FACTOR
<real >scal e_nor _di sp

TANGENTI AL DI SPLACENMENT FUNCTI ON
<string>function_tang_disp

TANGENTI AL DI SPLACEMENT SCALE FACTOR =
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<real >scal e_tang_di sp
FAI LURE ENVELOPE EXPONENT = <real >exponent
FAI LURE DECAY CYCLES = <i nt eger >nunber _decay_cycl es
END [ SPOT VELD]

# Constraints

BEGA N CONSTRAI NT CONSTANT DI STANCE
NODE SETS = <string list>nodelist_idl nodelist_id2
SEARCH TOLERANCE = <real >search_t ol (0. 0001)

END [ CONSTRAI NT CONSTANT DI STANCE]

BEG N CONSTRAI NT HEX SHELL <string>constraint_nane
HEX SHELL BLOCK = <string>hexshell bl ock_id
EXCLUDE SURFACE = <string>surface_id

END [ CONSTRAI NT HEX SHELL <string>contrai nt _nane]

# Mass property cal cul ations

BEG N MASS PROPERTI ES
BLOCK = <string>bl ock_idl <string>block_id2 ...
STRUCTURE NAME = <string>structure_name

END [ MASS PROPERTI ES]

# Cont act

BEG N CONTACT DEFI NI TI ON <st ri ng>bl ock_nane
CONTACT SURFACE <string>nane
CONTAINS <string list>surfaces
CONTACT ALL BLOCKS
REMOVE | NI TI AL OVERLAP
MULTI PLE | NTERACTI ONS W TH ANGLE
<r eal >angl e(60. 0)
NUMBER OF | TERATI ONS
<i nt eger >nunber _enforce_iter(5)
BEG N FRI CTI ONLESS MODEL <st ri ng>nane
END [ FRI CTI ONLESS MODEL <stri ng>nane]
BEG N CONSTANT FRI CTI ON MODEL <stri ng>nane
FRI CTI ON CCEFFI Cl ENT = <real >coef f
END [ CONTACT FRI CTI ON MODEL <st ri ng>nane]
BEG N TI ED MODEL <string>nane
END [ TI ED MODEL <stri ng>nane]
BEG N ANALYTI C PLANE [ <stri ng>nane]
NORMAL = <string>defined _direction
PO NT = <string>defi ned_poi nt
END [ ANALYTI C PLANE <stri ng>nane]
BEG N ANALYTI C CYLI NDER [ <stri ng>nane]
CENTER = <string>defined_poi nt
AXI AL DI RECTI ON = <string>defined axis
RADI US = <real >cyl i nder _radi us
LENGTH = <real >cylinder_I| ength
CONTACT NORMAL = <string>QUTSI DE| | NSI DE
END [ ANALYTI C CYLI NDER <st ri ng>nane]
BEG N ANALYTI C SPHERE [ <stri ng>nane]
CENTER = <string>defi ned_poi nt
RADI US = <real >sphere_radi us
END [ ANALYTI C SPHERE <stri ng>nane]
BEG N DEFAULTS [ <stri ng>nane]
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NORMAL TOLERANCE = <real >normt ol
TANGENTI AL TOLERANCE = <real >t ang_t ol
OVERLAP NORMAL TOLERANCE = <real >norm t ol
OVERLAP TANGENTI AL TOLERANCE = <real >t ang_t ol
FRI CTI ON MODEL = <string>nane
AUTOVATI C KI NEMATI C PARTI TI ON

END [ DEFAULTS <stri ng>nane]

BEG N | NTERACTI ON [ <st ri ng>nane]
MASTER = <string>surface
SLAVE = <string>surface
SURFACES = <string>surfacel <string>surface2
KI NEMATI C PARTI TI ON = <real >ki n_part
NORMAL TOLERANCE = <real >normt ol
TANGENTI AL TOLERANCE = <real >t ang_t ol
OVERLAP NORMAL TOLERANCE = <real >norm t ol
OVERLAP TANGENTI AL TOLERANCE = <real >t ang_t ol
FRI CTI ON MODEL = <string>nane
AUTOVATI C KI NEMATI C PARTI TI ON

END [ | NTERACTI ON <stri ng>nane]

END [ CONTACT DEFI NI TI ON <stri ng>bl ock_nane]

# Results specification

BEG N RESULTS OUTPUT <string>results_nane
DATABASE NAME = <string>results file_name
DATABASE TYPE =

<stri ng>dat abase_t ype(exodusl )

NODE VARI ABLES = <string>vari abl e_nane
[ AS <string>dbase_vari abl e _nane
<string>variabl e_nane AS
<string>dbase_variable name ...]

NODAL VARI ABLES = <string>vari abl e_nane
[ AS <string>dbase_vari abl e_nanme
<string>vari abl e_nane AS
<string>dbase _variable nanme ...]

ELEMENT VARI ABLES = <string>vari abl e_nane
[ AS <string>dbase_vari abl e_nane
<string>vari abl e_nane AS
<string>dbase_vari abl e_name ...]

GLOBAL VARI ABLES = <string>variabl e_nane
[ AS <string>dbase _vari abl e _nane
<string>variabl e_nane AS
<string>dbase_variable name ...]

START TI ME = <real >out put _start_tine

TI MESTEP ADJUSTMENT | NTERVAL = <i nt eger >st eps

AT TI ME <real >time_begi n | NCREMENT =
<real >time_increnent dt

ADDI TI ONAL TI MES = <real >output _tinel
<real >out put _tinme2 ...

AT STEP <i nt eger >step_begi n | NCREMENT =
<i nt eger >st ep_i ncr enent

ADDI TI ONAL STEPS = <i nt eger >out put _st epl
<i nt eger >out put _step2 ...

TERM NATION TI ME = <real >term nation_tine_val ue

END [ RESULTS QUTPUT <string>resul ts_nane]

# Hi story specification
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BEG N HI STORY QUTPUT <string>hi story_namne
DATABASE NAME = <string>history file_name
DATABASE TYPE =

<string>dat abase_t ype(exodusl )
VARI ABLE = <string>entity_type
<string>i nternal nane
AT <string>entity type <integer>entity id
[ AS <string>history_variabl e_nane]
VARI ABLE = <string>entity_type_gl oba
<string>i nternal _nane
[ AS <string>history_ variabl e_nane]
START TIME = <real >out put _start _tine
TI MESTEP ADJUSTMENT | NTERVAL = <i nt eger >st eps
AT TIME <real >ti me_begi n | NCREMENT =
<real >ti me_i ncrenent _dt
ADDI TI ONAL TI MES = <real >out put _ti nel
<real >out put _tinme2 ...
AT STEP <i nt eger>step_begi n | NCREMENT =
<i nt eger >st ep_i ncrenent
ADDI TI ONAL STEPS = <i nt eger >out put _stepl
<i nt eger >out put _step2 ...
TERM NATION TI ME = <real >term nation_tine_val ue
END [ H STORY QUTPUT <stri ng>hi story_nane]

# Restart specification

BEG N RESTART DATA <string>restart_name
DATABASE NAME = <string>restart_file
| NPUT DATABASE NAME = <string>restart_input _file
OUTPUT DATABASE NAME =
<string>restart_output file
DATABASE TYPE =
<stri ng>dat abase_t ype(exodusl )
START TIME = <real >restart_start _tine
TI MESTEP ADJUSTMENT | NTERVAL = <i nt eger >st eps
AT TIME <real >time_begi n | NCREMENT =
<real >ti me_i ncrenent _dt
ADDI TI ONAL TI MES = <real >output _tinel
<real >out put _tinme2 ...
AT STEP <integer>step_begi n | NCREVENT =
<i nt eger >step_i ncrenent
ADDI TI ONAL STEPS = <i nt eger >out put _stepl
<i nt eger >out put _step2 ...
TERM NATI ON TI ME = <real >term nation_tine_val ue
END [ RESTART DATA <string>restart_nane]

END [ PRESTO REA ON <string>regi on_narme]
END [ PRESTO PROCEDURE <st ri ng>procedur e_nane]

END [ SI ERRA <stri ng>nane]
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Appendix B: Registered Variables

This appendix contains the registered variables that the user can select as output to the
resultsfile. The registered variables are presented in tables based on use, as follows:

- TableB.1 Variables Registered on Nodes (Variable and Type)

- TableB.2 Element Variables Registered for Energy-Dependent (“ Equation-of-
State”) Elements

- TableB.3 Element Variables Registered for Solid Elements
- TableB.4 Element Variables Registered for Membranes

- TableB.5 Nodal Variables Registered for Shells

- TableB.6 Element Variables Registered for Shells

- TableB.7 Element Variables Registered for Truss

- Table B.8 Global Registered Variables

The tables provide the following information about each registered variable:

Variable Name. Thisisthe string that will appear on the NODE VARI ABLES or
ELEMENT VARI ABLES command line.

Type. Thisisthe variable'stype. Thetypesaret Real ,t Vec3D, t Syn83, and

t Ful | 36. Thetypet Real indicatestheregistered variableisareal. Thetype

t Vec3D indicates the registered variable is a three-dimensional vector. For athree-
dimensional vector, the variable quantities will be output with suffixes of _X, Y, and
_Z. For example, if theregistered variable di spl acenent isrequested to be output
asdi spl , the components of the displacement vector on the resultsfile will be

di spl _x, di spl _y,anddi spl _z. Thetypet Syn83 (or tSymTen33) indicates the
registered variable is a symmetric 3 x 3 tensor. For a 3 x 3 symmetric tensor, the
variable quantities will be output with suffixesof _xx, _yy, zz, xy, _yz,and _zx.
For example, if the registered variabler ot at ed_st r ess isrequested for output as
st r ess, the components of the stress tensor on the resultsfile will be st r ess_xx,
stress_yy,stress_zz,stress_xy,stress_yz,andstress_zx. Thetype

t Ful | 36 isafull 3 x 3 tensor with three diagonal terms and six off-diagonal terms.

State Specification. It is possible to output the state variables from the material
models, but the implementation of this feature is not complete at thistime. Work is
under way to improve the method for output of the state variables. For the elastic
material model, there are no state variables. The state variables for the orthotropic
crush model and the energy-dependent models (Mie-Gruneisen, Mie-Gruneisen
Power-Series, WL, and ideal gas) are accessed as any other registered variables. To
get the state variables for the elastic-plastic (el asti c_pl asti c), elastic-plastic
power-law hardening (ep_power _har d), foam plasticity (f oam pl asti ci ty), and
orthotropic rate (or t hot r opi c_r at e) material models, you should use the
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ELEMENT VARI ABLES command lineinthe RESULTS QOUTPUT command block in

the form

ELEMENT VARI ABLES = state variables "material id”

For example, if you wanted to get the state variables for the elastic-plastic power-law
hardening material model, you would use

ELEMENT VARI ABLES = state variabl es_ep_power_hard .

The above command will output all of the state variables for the el astic-plastic power-
law hardening material model. You will have to consult with William Scherzinger
(wmscher@sandia.gov) to get the current ordering for the state variables.

For more information about the output of state variables, contact Richard Koteras
(jrkoter@sandia.gov), Arne Gullerud (asgulle@sandia.gov), or William Scherzinger

(wmscher@sandia.gov).

Comments. Additional information may be provided to help the user select the

registered variable.

The tables of registered variables follow.

Table B.1. Variables Registered on Nodes (Variable and Type)

State

Variable Name Type Specification Comments
reactions tVec3D temporary
moment_reactions tVec3D temporary
model _coordinates tVec3D model
coordinates tVec3D temporary
displacement tVec3D state
displacement_increment | tVec3D temporary
velocity tVec3D state
acceleration tVec3D state
force_internal tVec3D state
force external tVec3D state
force_hourglass tVec3D state
mass tReal model
force_contact tVec3D state
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Table B.1. Variables Registered on Nodes (Variable and Type) (Continued)

Variable Name

Type

State
Specification

Comments

moment_reactions

tVec3D

temporary

Table B.2.

(“Equation-of-State”) Elements

Element Variables Registered for Energy-Dependent

Variable Name Type Specsi:‘ﬁi:ti on Comments

stress tSyma33 state

stretch tSym33 persistent

rotation tFull36 state

element_density Real state

sound_speed tRed state

specific_internal_energy | tReal state

artificial_viscosity tReal state

element_mass tReal model

volume tReal temporary

shrmod tRed temporary

dilmod tReal temporary

rotated stress tSym33 temporary

stress tSym33 state

Table B.3. Element Variables Registered for Solid Elements

Variable Name Type Specsig‘?(::ti on Comments

stress tSym33 state

stretch tSym33 persistent

rotation tFull36 state
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Table B.3. Element Variables Registered for Solid Elements (Continued)

Variable Name Type Specsiﬁ‘?égtion Comments
element_mass tReal model
volume tReal temporary
shrmod tReal temporary
dilmod tReal temporary
rotated _stress tSym33 temporary
stress tSym33 state
Table B.4. Element Variables Registered for Membranes
Variable Name Type Specsig‘itztion Comments
memb_stress tSym33 temporary
element_area tRea state
element_thickness tReal state
element_mass tReal model
Table B.5. Nodal Variables Registered for Shells
Variable Name Type Specsiﬁ‘?g:tion Comments
rotational_displacement | tVec3D state
rotational _velocity tVec3D state
rotational_acceleration tVec3D state
moment_internal tVec3D state
moment_external tVec3D state
rotational_mass tReal temporary
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Table B.6. Element Variables Registered for Shells

State

Variable Name Type Specification Comments
memb_stress tSymTen33 | temporary
bottom_stress tSymTen33 | temporary
top_stress tSymTen33 | temporary
element_area tRed state
element_thickness tReal state
element_mass tReal model
Table B.7. Element Variables Registered for Truss
Variable Name Type SpecSi:‘iag:tion Comments
truss_init_length tReal model
truss_stretch tReal persistent
truss_stress tReal state
truss _strain_incr tReal state
element_mass tReal model
Table B.8. Global Registered Variables
Variable Name Type SpecSi;ﬁE:tion Comments
timestep tReal temporary
KineticEnergy tReal temporary
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