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C9.10.8. PROJECT MANAGEMENT REPORT GENERATOR

The project management system software shall have an integrated report generator.

a. The report generator shall:
1. Create a report query.
2. Save a report.
3. Create a report format.
4. Save a report format.
5. Construct a report.
6. Print report results.
7. Save report results.
8. Report and print graphics:
a) CPM or PERT.
b) Gantt.
b. Project management reports shall include the following features:
1. Be an integral part of the project management software, using the same commands and user interface. 
2. Save formats that can be changed and stored permanently with a report.
3. Reports shall be callable as screen displays and queued for hard copy output.
4. System reports shall be tailored by new selection and ordering criteria selected by the user.
5. System shall perform the following:
a) Select and sort data.
b) Perform vertical and horizontal calculations within a column.
c) Specify field widths, formats, and headings within a report.
d) Specify title layout.
e) Specify footnotes. 
6. Create new reports from new formats, layout data, and from data that has been stored previously.

C10. ENGINEERING ANALYSIS

C10.1. GENERAL SOFTWARE REQUIREMENTS
All engineering analysis applications shall include the following:

a. General software requirements and integration requirements of Section C6. 
b. Computation results shall be consistent with customary engineering analysis practice which includes 14 significant decimal digits for the mantissa with a base ten exponent range of plus to minus 38.
c. Graphics interchange neutral file:
1. IGES.
2. CGM.

 C10.2. FINITE ELEMENT MODELING AND POSTPROCESSING
a. The following are "supported" or "target" finite element analysis (FEA) codes:
1. ABAQUS.
2. ADINA.
3. ADINAT.
4. EASE2.
5. GIFTS.
6. GT-STRUDL.
7. SAP4 (Earthquake Engineering Center, Berkeley, CA version).
b. Provide data creation features and interfaces so that a user can, from within the finite element modeling module, generate complete input data streams for the supported codes.
c. Generate an editable user-definable output format for the finite element model data base.
d. Generate a complete input file for the vender-supplied finite element analysis codes defined in Sections C10.3. and C10.4.
e. The finite element model and analysis problem size shall be limited only by physical system limitations, such as available memory resources.
f. Perform finite element modeling on any defined part of an existing geometric model prepared using Sections C8.4.10. and C8.4.11. 
g. In any finite element modeling command, select any existing coordinate system for the input or output of coordinate information.
h. Provide utilities, associated with the target codes listed in Section C10.2.a., so that existing data can be imported into the modeler and post processor for data manipulation with full functionality.
i. Possess a restart feature.
j. Abandon a finite element modeling session without updating the finite element model data base.
k. Save a 'session' or 'log' file that contains all commands and inputs generated during a modeling session.
l. Perform finite element modeling by having the system access and execute an existing log file.
m. Create a shaded picture of the completed finite elements in the model using the techniques of Section C8.4.10.12.3.
n. Upon request, display the finite element model with the hidden lines removed.
o. Provide data base link to model data prepared via the software described in Sections C8.4.10. and C8.4.11. 
1. This link shall permit transferring a 3-D model to the finite element preprocessor. 
2. The transfer mechanism shall be an IGES file or a tightly coupled methodology.

C10.2.1. MODEL CONSTRUCTION

The finite element module shall have commands for generating finite element nodes and elements, separately and together.

C10.2.1.1. NODE GENERATION

The following node generation features shall be provided:

a. With a single command, generate nodes according to the following methods:
1. Singly at chosen locations.
2. In groups distributed over any lines, surfaces and volumes.
b. The distribution of nodes shall be uniformly or nonuniformly distributed over the geometric regions used in their generation.
c. At the time of node generation, provide features to control the range of node numbers used and the increment between adjacent node numbers.
d. During node generation, the system shall number nodes using existing node numbers only after giving the user the choice to modify or cancel a node numbering command.
e. When a node number is reused during node generation, the node previously identified by that node number shall, after warning and user verification, be deleted from the data base.
f. Nodes shall be associated into groups or sets based on geometry, element physical or material properties, color, and other attributes. 
1. These sets shall be saved and recalled at the user's request and shall be applied to display, calculation and output of finite element information. 
2. The number of sets shall be unlimited. 
3. Sets shall be capable of representing the nodes contained therein. 
g. Import nodes from IGES files shall be added to those previously generated.

C10.2.1.2. ELEMENT GENERATION

The following element generation features shall be provided:

a. With a single command, generate elements listed in Section C10.4.4. according to the following methods:
1. Singly, by attentioning an ordered list of nodes.
2. As a group distributed over a set of existing nodes.
3. As groups distributed over any lines or surfaces and through solids including node generation.
4. The system shall create nodes and elements independent of geometry, with the feature to copy, reflect and translate user- defined groups of nodes and elements in any coordinate system (cartesian, polar, spherical defined globally for a model or locally for selected nodes).
b. Upon request and under user control, the distribution of elements shall be uniformly or nonuniformly (e.g., provide "biasing" control to vary element size and node distribution along each geometry edge, including the ability for nonuniform distribution biased toward edges or center of a geometric region) distributed over the geometric entities used in the elements' generation. If the referenced entities do not have an existing distribution of nodes defined over them, then the system shall generate the nodes associated with the elements while providing the user with control over the node numbers to be used.
c. At the time of element generation, the user shall control the range of element numbers used and the increment between adjacent element numbers. 
1. The system shall reuse an existing element number during element generation only after giving the user an opportunity to modify or cancel an element generating command. 
2. When an existing element number is reused during element generation, the element that previously had that number shall, upon request, be deleted from the system.
d. As part of element generation, the system shall specify element geometric, mass and material characteristics. Thus, for example, plate thicknesses and beam cross-sectional properties might be specified directly or specified by reference to properties existing in the data base.
e. The system shall generate transition meshes to connect coarsely meshed regions to finely meshed regions.
f. The module shall adapt to the presence of irregular geometric areas and volumes through the generation of triangular, quadrilateral, tetrahedral and hexahedral elements. 
g. The system shall possess element distortion and aspect ratio checking routines that are automatically applied to the elements at their time of generation using the criteria for the FEA codes of Sections C10.3 and C10.4 or whichever target code is selected. When requested to, the system shall suspend application of these checks and reset default values temporarily for acceptable distortion and aspect ratios. 
h. The module shall support the generation of degenerate elements such as those used in linear elastic fracture mechanics where the eight- node quadrilateral elements are collapsed into triangles and two of the remaining midsize nodes are at the quarter points.
i. The finite element modeling module shall have in a library or generate all elements used by the target finite element analysis codes and in the supplied finite element analysis codes specified in Sections C10.3 and C10.4.
j. The system shall associate elements into groups or sets based on geometry, element physical or material properties and other attributes. 
1. These sets shall be saved and recalled at the user's request and shall be applied to the display, calculation, and output of finite element information. 
2. The number of sets shall be unlimited. 
3. Sets shall be used to represent the elements contained therein.
k. Import elements from IGES files shall be added to elements previously generated.
l. Upon request, the same element number shall to be used for different type elements or different element groups (i.e., beams numbered one through ten and membranes numbered one through ten, or a beam group numbered one through ten and another beam group numbered one through ten).
m. Element quality and general model checks shall include:
1. Element distortion and warping (including face warping of solid elements), 
2. Element interior angle, 
3. Midside node location, 
4. Total mass (including center of gravity and inertia), 
5. Free edge and surface checks, 
6. Shrink element display, 
7. Identification and display of element surface connectivity,
8. Reverse normal occurrence identification, 
9. Element coordinate system display. 
n. Quality checks shall be executed at the time of element generation and at the end of the element generation process.

C10.2.1.3. SUBSTRUCTURE MODELING

The following substructure modeling features shall be provided:
a. The finite element model shall be broken into as many substructures as required by the operator.
b. Different FEM data bases shall be combined as substructures into another FEM data bases.
c. The substructures shall be built according to the rules of the target FEA code used or the FEA codes of Sections C10.3 and C10.4.

C10.2.2. GENERATION OF LOADS, CONSTRAINTS, AND ELEMENT PROPERTIEOF FINITE ELEMENT MODEL


This section describes the features used to generate the loads, constraints, and element properties for the supplied finite element analysis programs described in Sections C10.3. and C10.4. and the target programs listed in Section C10.2. All quantities described in this section shall be generated, displayed, plotted, and tabulated to facilitate validation prior to analysis and reporting. Loads and constraints shall be associated with nodes and elements, and they shall retain associativity through editing.

C10.2.2.1. LOADS


The following load features shall be provided:

a. Distributed Loads:
1. Apply distributed uniform and nonuniform (e.g., linear variation, discontinuity, and general userspecified functions) loads to all element groups supported by the supplied and target programs, including:
a) Uniform and nonuniform pressure.
b) Uniform and nonuniform 3-D force and moment components.
c) Uniform and nonuniform surface traction.
d) Uniform and nonuniform body forces.
e) Hydrostatic static pressure.
f) Fluid drag.
g) Centrifugal load.
h) Coriolis force.
i) Follower distributed forces.
2. Computer equivalent nodal loads using tributary lengths or areas where required.
a) Fixed-end actions for 1-D elements (e.g., beams).
b) Nodal or centroidal loads.
3. Specify loaded elements and regions of elements by windows, geometric boundaries, element group, element ID list, node ID list, coordinates, element face or element edge.
4. Indicate the load application and distribution using graphical techniques appropriate to the load type, including color polygon fill and vector representation. This shall include unique symbols for each load type. 
5. Provide for load set identification. 
6. Provide resultant forces and moments in any coordinate system for any distributed load set.
b. Concentrated loads:
1. Support 3-D force and moment components, including follower forces. 
2. Compute equivalent nodal loads: 
a) Fixed-end actions for 1-D elements (e.g., beams).
b) Lumped at nearest nodes.
3. Specify loaded elements or regions of elements by windows, string boundaries, element groups, element ID list, node ID list, coordinates, element face, or element edges.
4. Specify location of concentrated forces by:
a) Distance from a reference node.
b) Coordinate.
c) Percentage of edge lengths.
5. Represent loads in magnitude and direction with distinguishing color.
6. Provide load set identification.
7. Provide resultant forces and moments in any coordinate system for any concentrated load set.
c. Temperature Loads:
1. Provide temperature loads with the following features:
a) Specify temperature at node and element centroid.
b) Set temperature value or apply with general function variation to geometric regions of the model.
c) Specify temperature- set identification number.
d) Specify nodes and elements to receive temperature values.
d. Time and frequency domain loads to describe displacement, velocity, and acceleration loading:
1. Provide time domain loads for distributed, concentrated, and temperature loads:
a) Function input.
b) Set of N time and amplitude pairs.
c) Set of N amplitude points with constant time increment.
2. Provide frequency domain loads for distributed, concentrated, and temperature loads:
a) Autospectra.
b) Response spectra.
3. Change domain between frequency and time.
4. Provide plots:
a) Time history.
b) Spectra.
c) Points of application model.
5. Provide definable load sets to form load cases.
6. Provide definable points of application at nodes.
e. Geometric model loads:
1. Graphically associate geometric model loads with the model defined by the features of Sections C8.4 and C8.5 without requiring a finite element mesh.
2. Display the loading for verification prior to discretization.
3. Discretize the model loading into nodal and element loads (as appropriate or requested by the user).
f. Load cases:
1. Form combination of load sets into analysis cases.
2. Display load patterns for visualization and validation.
3. Display load patterns using graphical techniques appropriate to the load type, including color element fill, continuous tone graphics, and vector representation. They shall include unique symbols for each load type. 

C10.2.2.2. CONSTRAINTS


Constraints and boundary conditions shall include the following:

a. Specify the three translations and three rotations as either free or restrained. These restraints shall apply to either nodes or, where appropriate, elements (e.g., end release option for beam elements).
b. Support linear springs for the three extensional and three rotational directions. Graphical symbols shall be provided to display the springs.
c. Support nonlinear springs for the three extensional and three rotational directions. Graphical symbols shall be provided to display the springs.
d. Specify linear displacement for the three translational and three rotational directions. 
1. Include a single linear variable.
2. Consider linear time histories.
3. Specify an initial element distortion.
e. Specify nonlinear displacement for the three translational and three rotational directions. 
1. Include a nonlinear function.
2. Include a nonlinear displacement history.
3. Specify an initial element distortion.
f. Provide multipoint constraint equations:
1. Gap:
a) Unidirectional.
b) Radial.
c) Spherical.
2. Friction.
3. Rigid link.
4. Contact.
g. Identify the constraints uniquely.
1. Display them using distinguishing symbology. 
2. Provide descriptive reports.
3. Use constraint names in the output.
h. Provide constraint specification using windows, geometric entities, node ID lists, or coordinate lists.
i. Provide thermal analysis boundary conditions for temperatures, heat fluxes, and convection coefficients.
j. Provide thermal analysis boundary conditions for emissivities for radiation heating analysis.
k. Input constraints individually or generate them along a line or over a surface.
l. Represent an elastic foundation by springs in an appropriate manner where the element tributary length or area is considered.
m. Group constraints into sets with a unique label.

C10.2.2.3. ELEMENT PROPERTIES

Material and geometric properties shall be generated for the elements supported by the supplied and target programs. These properties shall include:

a. Materials:
1. Describe the linear materials by appropriate linear material definitions found in Section C10.4.6.
2. Describe nonlinear materials by appropriate nonlinear material definitions found in Section C10.4.6. 
3. Display material distribution with respect to the structure model.
a) Materials for 2-D elements shall be provided with one material angle specified in any coordinate system.
b) Materials for 3-D elements shall be provided with three material angles specified in any coordinate system.
c) Material distribution and orientation shall be displayed for composite materials with respect to the composite construction material orientation.
d) Color vector displays shall indicate material orientation.
e) Nonlinear material laws shall be represented with XY and XYZ plots with respect to temperature, moisture, or other state variables.
f) Upon request, material property shall be verified with a user's controlled cursor command.
b. Geometric:
1. Describe element geometric properties, including element thickness and geometric cross- section quantities listed in Section C8.4.12.3.
2. Identify elements having identical geometric properties using solid color fill.
3. Accomplish generation using windows, string boundaries, element group, element ID list, 
node ID list, coordinates, or element ID list.
4. Provide thickness for 2-D elements (quadrilateral, triangle).
5. Provide area for 1-D elements (spars, rods, truss).
6. Provide cross sections for beams.
a) Define the cross-sectional properties using four methods.
1) Input the AISC code for a beam, and retrieve the AISC cross-sectional properties from a table.
2) Manually input the cross- sectional properties into a prompted array that includes all properties listed in Section C8.4.12.3.a.
3) Derive the cross-sectional properties defined in Section C8.4.12.3.a. by inputting an arbitrary cross section using interactive graphics.
4) Provide the cross-sectional properties as defined in Section C8.4.12.3.a. of commonly used cross sections, as shown below:
(a) Solid circle input variable:
(1) Radius.
(b) Hollow circle input variables:
(1) Inside radius.
(2) Outside radius.
(c) Solid rectangle input variables:
(1) Height.
(2) Width.
(d) Hollow rectangle input variables:
(1) Outside height.
(2) Outside width.
(3) Inside height.
(4) Inside width.
(5) Two wall thicknesses.
(e) Channel input variables:
(1) Web height.
(2) Lower flange length.
(3) Upper flange length.
(4) Web thickness.
(5) Lower flange thickness.
(6) Upper flange thickness.
(f) Angle input variables:
(1) Leg 1 length.
(2) Leg 2 length.
(3) Leg 1 thickness.
(4) Leg 2 thickness.
(g) General I-Beam input variables:
(1) Web height.
(2) Web thickness.
(3) Upper flange thickness.
(4) Upper flange width.
(5) Lower flange thickness.
(6) Lower flange width.
7. Provide a graphics display of a cross section with its cross-sectional properties.
8. Highlight an element in color dependent on its geometry number, which is a user- assigned number associated with geometry.
9. Blank off and on elements according to:
a) Geometric number
b) Element type geometric number.
10. Identify elements and verify their geometric properties.
11. Provide a special feature to input pipe element cross sections, including:
a) Outside diameter.
b) Wall thickness.
c) Shape factor for shear distortion.

C10.2.3. FINITE ELEMENT MODEL EDITING AND REVIEWING

The following finite element model editing and reviewing
features shall be provided:

a. Commands to edit and review finite element model data bases:
1. Derived from geometry and its extension and properties.
2. Constructed in Sections C8.4.10., C8.4.11., and C10.16.
3. Input into the system through a neutral input file.
b. Edit a finite element data base and to perform rezoning
(i.e., mesh refinement and rezoning). 
1. Wherever new nodes or new elements are generated, the system shall allow the user to specify what new node and element numbers are to be generated.
2. During node and element generation, the system shall warn the user if node and element numbers currently in use are about to be duplicated. In such cases, the system shall allow the user to reuse the node and element numbers (in which case the old nodes or elements shall be deleted) or to respecify the node and element numbers to be used.

C10.2.3.1. NODE EDITING AND REVIEWING

Upon request, perform the following operations with both single nodes and sets of nodes:

a. Attention by label and by all means used to attention points in the geometric modeling module.
b. Delete and add (i.e., insert).
c. Move nodes by translating, rotating, and mirroring.
d. Copy nodes by translating, rotating, and mirroring.
e. Change node numbers with and without automatic updating of element node lists.
f. Change layer, size, and color of node graphical symbol.
g. Change the degrees of freedom constrained.
h. Separately and together, blank and unblank node numbers and node symbols.
i. Interrogate a node to determine:
1. Number.
2. Coordinates in a user-selected coordinate system.
3. The layer on which it resides.
4. The elements that are connected to the node.
5. All attributes.
j. Display a set of nodes with and without any associated geometry being visible.
k. Create, edit, and delete nodal sets.
l. Renumber nodes sequentially in specified order upon request.
m. Associate nodes with the elements that use them. When a node is moved, the element retains its association. 

C10.2.3.2. NODE MERGING AND REPLACEMENT

The following node merging and replacement features shall be provided:
a. Highlight nodes with the same coordinates, or sufficiently close for merging.
b. Update element connectivity lists to reflect the new node numbering whenever node merging or replacement occurs.
c. Provide procedures for performing node merging, wherein nodes that are sufficiently close together are replaced by a single node. Features shall be available to specify the following:
1. When node merging is to occur.
2. The sets of nodes that are to be tested for node merging.
3. The maximum nodal separation under which merging shall occur.
4. How node numbers are to be assigned to the merged nodes.
d. Provide node merging at any time during finite element model creation. Once node merging has been requested and the input data has been defined, the system shall perform the merging without further user intervention.
e. Provide procedures for replacing one set of userselected nodes with another set of user-selected nodes. Features shall specify the following:
1. When node replacement is to occur.
2. The two sets of nodes to be used in the replacement.
3. How nodes in one set are to be replaced by nodes in the other set.

C10.2.3.3. ELEMENT EDITING AND REVIEWING

Features shall be provided to perform the following operations with both single and sets of elements:
                                                                                                                                                                                               a. Attention by label and cursor positioning.
b. Delete and add (i.e., insert) elements described in Sections C10.3.c. and C10.4.4.
c. Move and copy elements and their associated nodes by translating, rotating, and mirroring.
d. Change element numbers (user-defined renumbering, automatic resequencing).
e. Change layer, color and size (shrink, using a user defined shrink factor).
f. Change any associated property (material and section).
g. Interrogate an element to determine:
1. Number.
2. Ordered list of nodes that define the element.
3. The layer on which it resides.
4. All attributes.
5. Material properties.
6. Section properties.
h. Blank and unblank element numbers.
i. Create, modify, and delete element groups.
j. Compute and display element normals.
k. Display material coordinate directions at element centroid.
l. Change element type (i.e., four-noded membrane to fournoded plate).
m. Verify (attentioned) elements by the following means:
1. Blanking or unblanking.
2. Color wireframe with element shrink selection.
3. Color file.
4. Continuous tone.
5. Labels.
n. Verify (attention) elements by the following groupings:
1. Element numbers or a range of numbers.
2. Element groups.
3. Element types.
4. Material properties.
5. Section properties.
o. Provide all graphic display of a cross section (i.e., beams, pipes) with cross-sectional properties.

C10.2.3.4. GENERAL FINITE ELEMENT MODEL EDITING


The system shall allow the user to review and edit any user selected part of the finite element data base. For example, the system shall have features to examine all assigned element geometric properties, all assigned material properties, all assigned prescribed boundary conditions, loading conditions, body forces, and temperature fields. Data to be reviewed shall be selected on an element set and node set basis. The system shall have features to:

a. Modify any of the data.
b. Generate a model summary report that lists the number of nodes, the number of elements, the number of suppressed degrees of freedom, the number of degrees of freedom, bandwidth, and any other pertinent model parameters.
c. Check for joining of incompatible elements (e.g., based on geometric, order and type factors) and provide the user with a warning.
d. Upon request, check a finite element model for completeness and advise the user of potential omissions.
e. Compute and display resultant forces and moments for a general finite element model about any coordinate axis.
f. Compute and display diagnostic data on element aspect ratios and plate element warping.

C10.2.3.5. LOAD EDITING AND REVIEWING

The system shall provide the following operations with both single and sets of loads:

a. Attention by label and cursor positioning.
b. Delete and add (i.e., insert) all loads and load sets described in Section C10.2.2.1.
c. Move loads and load sets by translating, rotating, and mirroring.
d. Copy loads and load sets by translating, rotating, and mirroring.
e. Change load numbers and set identifiers.
f. Change layer, color, and graphical size.
g. Change load attributes.
h. Interrogate a load and load set to determine:
1. Number and set identifier.
2. Node or element number the load is acting on.
3. Layer on which it resides.
4. Load attributes (e.g., units).
i. Display distributed loads using graphical techniques unique to the load type. Each load type shall have unique symbols and be represented in magnitude and direction by:
1. Color fill.
2. Vector representation.
j. Represent nodal loads (concentrated and equivalent concentrated) in magnitude and direction with vectors. Scaling, colors, and reverse imaging (i.e., arrows on either side of the vector) shall be provided.
k. Display load cases using unique colors and labels.
l. Time and frequency domain loads with plots via:
1. Time history.
2. Spectra.
3. Points of application model.
m. Display geometric model loads using unique graphical symbols.

C10.2.3.6. CONSTRAINT EDITING AND REVIEWING

The system shall provide the following operations with both single and sets of constraints:

a. Attention by label and cursor positioning.
b. Delete and add (i.e., insert) all constraints and constraint sets described in Section C10.2.2.2.
c. Move constraints and constraint sets by translating, rotating, and mirroring.
d. Copy constraints and constraint sets by translating, rotating, and mirroring.
e. Change constraint numbers and set identifiers.
f. Change layer, color, and graphical size.
g. Change constraint attributes.
h. Interrogate a constraint and constraint set to determine:
1. Number and set identifier.
2. Node number the constraint is acting on.
3. Layer on which it resides.
4. Constraint attributes (i.e., units)
i. Display constraints with unique symbols, colors, and labels.
k. Display constraint set using unique colors and labels.

C10.2.4. MODEL OPTIMIZATION

The system shall perform the following operations over any user selected portion of a finite element model and at any time:

a. Compression (unreferenced nodes are deleted).
b. Compaction (nodes are assigned sequential IDs to remove any space in the original number sequence).
c. Node and element resequencing (performs node and element renumbering for reduction of bandwidth, profile, and wavefront). The system shall make a user-specified number of passes through the resequencing algorithm and shall select, as the final resequencing, that resequencing that minimizes bandwidth and wavefront.
1. Resequencing algorithm:
a) Gibbs-Poole-Stockmeyer or equivalent feature variation.
b) General sweep with user-defined starting point.
2. Optimization criterion:
a) Wavefront.
b) Bandwidth.
d. Retain element groups.
e. After resequencing, the system shall allow the user to update all nodal and element data sets to reflect the new node and element numbers or to store the resequence list.

C10.2.5. INPUT AND OUTPUT FILES AND ANALYSIS TRANSLATION

File manipulation and analysis translation shall be provided 
for input and output.

C10.2.5.1. INPUT AND OUTPUT FEATURES

The following input and output features shall be provided:

a. The system shall generate formatted reports concerning any existing model attribute and model construction history.
1. Model attribute reports shall contain as a minimum:
a) Mathematical equation coefficients for all geometric model data (points, lines, surfaces, and solids).
b) Mathematical equation coefficients for all loading functions.
c) Mathematical calculations for individual and total geometric model data, including arc length, surface area, and volume.
d) Listing of all material properties to include scalar parameters as well as stiffness properties in the three principal material directions.
e) Finite element nodal information.
f) Finite element connectivity and material orientation information.
2. Model construction history reports shall contain: 
a) All information displayed on terminal screen.
b) Listing of all user input.
b. The system shall generate debug reports on the program interpretation of user input to include:
1. Finite element nodal subdivision, such as mesh densification parameters.
2. Finite element connectivity and orientation.
3. Resultant loading values.
4. Nodal optimization information concerning number of nodes and degree of connectivity tree.
c. The system shall provide features to restart from an existing data base or read and process input directives from a formatted session file.
d. The system shall output a file containing hard copy plot information, and the instruction set should include:
1. Dot.
2. Vector.
3. Polygon fill.
4. Color change.
5. Dashed line.
6. Raster and scan-line specification.
7. Frame advance.
8. Scale specification.
9. Text.
e. The system shall generate a replay file containing 2-D graphic image data as a method for restoring display images that were originally compute-intensive.
f. The system shall display help text describing program features and procedures during program execution.
g. In order to effectively integrate into a software network, the system shall read and write a formatted, documented neutral file that contains all model information, including geometric, finite element, and material property data.

C10.2.5.2. ANALYSIS TRANSLATION

The following analysis translation features shall be provided:

a. Formatted output from the finite element model for input via communication interfaces into the supported codes listed in Section C10.2.a.
b. The finite element analysis (FEA) codes of Sections C10.3. and C10.4.
c. At the conclusion of the FEM modeling session, a complete analysis ASCII input file for the supplied FEA codes of Sections C10.3. and C10.4., and all supported codes (Section C10.2.a.), shall be developed if requested.
d. All FEA code input data not created by the system shall prompt the user in a menu fashion.
e. Upon request, the program shall be exited without loss of data at any modeling stage.
f. If graphics display data is generated by the supported or target analysis programs, the system shall provide an interface program to convert the display data (postprocess) to graphics display.
g. Features shall exist to bring a complete ASCII input data file for any of the Section C10.2.a. FEA codes into the modeling system. The modeling system features shall then operate on the inputted data.
h. Convey any Section C10.2.a. FEA data file to another Section C10.2.a. FEA data file. 
i. In the event of FEA code partial incompatibility, the FEA code will be converted as fully as possible, and the areas of incomplete conversion shall be highlighted. 
j. When translating to a supported code data file format either before or after the optimization of Section C10.2.4., a node 
and element equivalence map shall be provided at the user's discretion.
k. Provide IGES finite element entity import and export translation.

C10.2.6. POSTPROCESSING

The software shall utilize the FEA output data to create result evaluation and interpretation data, including plots, reports, reformatted data, and animation.

C10.2.6.1. PLOTS

The software shall include the following plotting features:

a. Deformed geometry plots shall:
1. View one or more displacement case simultaneously.
a) Cases in sequential order.
b) User- specified cases.
2. Alter scale factor at which plotted and superimpose the original undeformed model on the deformed model.
3. Erase the screen and draw original undeformed model. 
b. Plotting of any element related quantity or node related quantity:
1. Feature to query a user-defined quantity.
a) Nodes.
1) Displacement.
2) Velocity.
3) Acceleration.
b) Elements.
1) Centroidal stress.
2) Integration point stress.
3) Nodal stress.
4) Average, maximum, minimum element stress values.
5) Moment and shear.
2. Beam plotting.
a) Rotation diagrams.
b) Deflection diagrams.
c) Shear diagrams.
d) Moment diagrams.
e) Stress distribution on a beam or pipe cross section.
c. Contour plots of values listed in Section C10.2.6.1.b.1.
1. Contour plots on model of nodal variables and color fill contour plots shall support all nodal variables of programs listed in Section C10.2.
2. Contour lines with and without labeling.
3. Element color fill with and without a color legend.
4. Continue tone color with and without color legend.
5. Contour plots shall be presented for:
a) Surface.
b) Cut sections.
1) 2-D representation.
2) 3-D representation of the distribution in the 3-D model.
3) Single and simultaneous cut display.
c) Beams.
6. Allow the user to change the default number of contours and specify maximum and minimums.
d. Exploded view plots showing groups of elements removed from the model and placed in close proximity usually along an extension line.
e. X-Y plots of any output value (e.g., stresses, forces, displacements versus time or versus a list of grid points), multiple curves and frames on one plot. 
1. All necessary information to identify the curves uniquely shall be on one plot. 
2. Multiple axis systems on a single plot shall be supported.
f. History plots.
g. Display of vector plots, including color and length coding for data value and display on top of deformed geometry. 
h. Superposition and scaling of case results plots.
i. Continuous tone (16-color minimum) surface plots for any element and nodal data.
j. Hidden line removal on all plots upon request.
k. Text added to any plot under user control of position.
l. Criterion plotting to display sorted results based on user-defined design criteria:
1. Criteria for over a specified value, under a value, or within a band.
2. Set by percentage or numerical value.
3. Displayed as numeric value on elements or in color coded and filled form.
m. Results provided for the total model or by user-specified group:
1. Separate grouping provided for display and derived results calculations.
n. All plots generated on the graphics devices shall be output to all the system plotters. 
o. The FEA data brought in for post processing from the code of Section C10.2. or a target code shall map directly onto the nodes and elements of the model that created the FEA data deck with no operator intervention.

C10.2.6.2. REPORTS

The software shall provide the following report features:

a. Alphanumeric reports shall be output for all FEA data (e.g., forces, stresses, displacements) as required by the user. The format of these reports shall be user definable.
b. Comparison of arbitrary load cases in diagrams or lists (result comparison) by simultaneous display.

C10.2.6.3. REFORMATTED DATA

The software shall provide the following data reformatting features:

a. Output scanning (minimum and maximum search of stresses, forces, etc.) and formatting in a form suitable for reporting.
b. Transformation of results into different coordinate systems.
c. Fourier transformation of time-dependent values (e.g., transient forces, displacements).
d. Computation of relative displacements of points with respect to a reference point or plane.
e. Computation of stresses at grid points.
f. Computation of equivalent stresses (e.g., von Mises, maximum shear, etc.) and interpolation of stresses.
g. Computation of functional transformations and their inverses (e.g., stress-strain, stress-moment, momentshear).
h. Computation of nodal and element data of an arbitrary slice through 2- D and 3- D geometry for use in plots and reports.
i. Statistical analysis of the results using descriptive statistics, including normal and Weiball distributions and density functions. 
j. Time series analysis, including Fourier energy response and auto (power) spectrums; coherence functions, transfer functions, and other linear time series analysis functions for random, transient, and stationary data.
k. Data quantification, preparation, and comparison, including arithmetic functions, trigonometric functions, calculus, and filtering functions. 
l. Failure criteria definition and processing to display regions that exceed the criteria.
m. A relational data base feature to store analysis results in the form to facilitate postprocessing of results and for later use.

C10.2.6.4. ANIMATION SYSTEM

The software shall provide the following deflection and mode shape animation features to:

a. Animate large system models (at least 2000 grids).
b. Display different components of the model in different specified colors:
1. At least 16 colors.
2. Superimpose contours on the model.
c. Compare two modes or two geometries using a split screen. Likewise, results from different computer runs shall also be compared side-by-side.
d. Select the components to be animated and specify the desired mode from a maximum of 100 modes.
e. Perform real-time kinematic functions: 
1. Translation along the X, Y, and Z axes.
2. Rotation about the X, Y, and Z axes.
3. Zoom and pan.
4. Vary animation speed.
f. Perform via menu selection the following functions interactively during animation:
1. Select the view (top, front, and side).
2. Change the amplitude of animation.
3. Display parallel or perspective views.
4. Superimpose undeformed geometry.
5. Set the controls to manipulate the display in the left window only, right window only, or for both.
6. Freeze the animation display.
7. Reset animation to default values.
g. Display a legend indicating the mode number, the associated frequency, dataset name, and any other title entered by the user.

C10.2.7. COMPOSITE MATERIAL MODELING

Laminate composite material modeling and postprocessing shall be provided as follows:

a. The system shall provide for interactive definition of ply or lamina properties by the following methods:
1. Direct input.
2. Calculation of elastic properties using:
a) Halpin-Tsai including:
1) Continuous fiber.
2) Discontinuous fiber.
3) Continuous ribbon.
4) Discontinuous ribbon.
5) Particulate.
b) Mechanics of materials.
c) Composite cylinder assemblage.
3. Calculation of thermal properties using:
a) Levin's solution.
b) Energy theory.
b. The system shall provide for laminate property definition by the following methods:
1. Direct input of constitutive equation (A, B, and D) matrices and thermal data.
2. Interactive laminate "buildup":
a) Definition of a stacking sequence, including material orientation, and replicate groups of lamina to form the laminate.
b) Definition of bottom fiber location.
c) Definition of stress output choice.
d) Definition of failure theory and necessary terms with selections including:
1) Maximum stress.
2) Maximum strain.
3) Tsai-Hill.
4) Tsai-Wu.
5) User-defined.
e) Define allowable stress for bonding.
f) Graphical display, including indication of orientation angle, and tabular output of the laminate buildup shall be provided upon request.
c. The system shall allow attachment of the laminate to the finite element model. Material orientations shall be computed based on surface geometry and translated to each element.
d. A loads analysis feature shall be provided to evaluate a laminate prior to full finite element analysis.
1. Loads shall be created interactively, obtaining them from the modeling system or from an external file.
2. Evaluation of failure safety margins, stress, and strain are to be provided.
e. The following analysis results shall be available for review and display using the full features of the postprocessing module of Section C10.2.6.:
1. Ply-by-ply stresses.
2. Failure indices.
3. Interlaminar shear stresses.

C10.3. BASIC FINITE ELEMENT ANALYSIS

The system shall provide a finite element analysis program with features for basic structural and heat transfer analysis. 

a. The problem size shall not be limited by the application software.
b. The program shall support the following types of analyses:
1. Linear statics.
2. Linear dynamics, normal modes, and direct integration. 
3. Forced response to time and frequency inputs.
4. Linear heat transfer.
5. Base motion input.
c. An element library shall be provided, including:
1. Rod or bar.
2. Beam.
3. Lumped mass and inertia.
4. Spring to ground and spring between nodes.
5. Linear and parabolic shells.
6. Linear and parabolic solid bricks.
7. Linear and parabolic tetrahedra.
8. Linear and parabolic axisymmetric solids.
9. Rigid link.
10. Heat transfer elements with above topology (as appropriate).
11. Plane strain.
12. Plane stress.
13. Axis-symmetric.
14. Dampers.
d. The following loading options shall be provided:
1. Nodal forces and moments.
2. Specified displacements.
3. Element pressures.
4. Edge loads.
5. Beam loads.
6. Acceleration loads (body forces) by translation, rotation, gravity.
7. Temperature and heat flux (distributed and concentrated sources).
e. The following set of boundary conditions and constraints shall be provided:
1. Nodal restraints.
2. Kinematic degrees of freedom.
3. Multipoint constraints.
4. Coupled degrees of freedom.
5. Lagrangian constraints.
f. Material properties shall include:
1. Isotropic.
2. Orthotropic.
3. Anisotropic.
g. The following output shall be provided:
1. Stress.
2. Displacement, velocity, acceleration.
3. Reaction force.
4. Strain energy.
5. Temperature and heat flux.
6. Modes and mode shapes.
7. Constraint modes.
h. The program shall be integrated with the finite element modeling and postprocessing features of Section C10.2.
1. All data necessary to execute an analysis (including job control) shall be provided by the modeling system or entered through interactive prompts.
2. Neither intermediate files, nor translation shall be required to execute an analysis.
3. Results shall be returned directly to the postprocessor with no intermediate file translation required.
i. The program shall be integrated with the structural optimization features of Section C10.12.
1. This FEA package shall be used (at the user's discretion) as a subroutine to the optimization analysis software of Section C10.12.1.
2. This FEA package shall provide the design variable values and gradients, and the constraint values and gradients required by the optimizer.

C10.4. EXTENDED FINITE ELEMENT ANALYSIS
The extended finite element analysis (FEA) system is a logical combination of the following software products that shall be provided:

a.     ADVANCED FINITE ELEMENT ANALYSIS: Features are described in Section C10.4. Excludes heat transfer, Section C10.4.10., and offshore structures applications, Section C10.4.15.

b.     HEAT TRANSFER AND STRESS ANALYSIS: Features are described in Section C10.4. Excludes offshore structures applications, Section C10.4.15.

c.     OFFSHORE STRUCTURES ANALYSIS: Features are described in Section C10.4. Excludes heat transfer and analysis features of Section C10.4.10. 

C10.4.1. GENERAL REQUIREMENTS

The extended finite element analysis system shall be provided with the following features:

a. The program shall do both linear and nonlinear analysis.
b. The program shall be structured for ease of use, reliability, flexibility, and efficiency. 
c. The stated requirements shall be met by one or more programs. 
d. The problem size shall not be limited by the application software.
e. The theoretical formulation of the program shall be based on a reliable method such as the stiffness method, or an equivalently reliable method, with hybrid formulations as required. A detailed, complete theoretical disclosure shall be provided. 
f. The program shall also run with full optimization on the compute server (Section C5.3.5.). 
g. The FEA code shall use the results of the finite element modeling and postprocessing of Section C10.2. All data necessary to execute an analysis, including job control, shall be provided by the modeling system or entered through interactive prompts.

C10.4.2. PROBLEM SOLUTIONS

Several classes of problem solutions shall be provided.

a.GEOMETRIC MODELING: The following geometric modeling features shall be provided:
1. Structures and continua. Specifically, beams, shells and one, two, and three-dimensional continuum models shall be included. 
2. Shell elements for heat transfer and for stress analysis. 
3. Composite modeling through adding reinforcement to any element (e.g., reinforced concrete). 
4. Any combination of element types in the same model.

b.MAGNITUDE OF DISPLACEMENTS: Accurate modeling shall be provided for arbitrary magnitudes of displacement, rotation, and strain. Model results shall be insensitive to rigid body motion and changes in the coordinate system.

c.MATERIAL MODELING: The software shall provide the following: 
1. Material response that is highly nonlinear, and dependent on history, direction of straining, 
and environmental conditions. 
2. Anisotropic material properties. 
3. Models for general elastic, elastic- plastic, viscoelastic, and elasticviscoplastic materials. 
4. Elastic-plastic fracture features for concrete.
5. User specification of materials.

d. BOUNDARY AND LOADING CONDITIONS: The following features shall be included:
1. Boundary conditions:
a) Prescribed kinematic conditions.
b) Prescribed foundation conditions.
c) Intermittent contact (impact) between various structural components.
2. Loading conditions:
a) Point forces.
b) Distributed loads.
c) Thermal loads.
d) Base accelerations.
e) Follower force effects, including:
1) Pressure.
2) Gyroscopic.
3) Centrifugal and Coriolis forces.
4) Fluid drag.
5) Buoyancy.

e. OPTIMIZATION INTERFACE: The program shall be integrated with the structural optimization of Section C10.12.
1. This FEA package shall be used (upon request) as a subroutine to the optimization analysis software of Section C10.12.1.
2. This FEA package shall provide the design variable values and gradients, and the constraint values and gradients required by the optimizer.

C10.4.3. ANALYSIS FEATURES

The software shall perform:
a. Stress analysis, including both static and dynamic response.
b. Fully compatible steady-state and transient heat transfer. 
c. Viscoelastic response, creep, and swelling.
d. Modal extraction for frequency determination or eigenvalue buckling load estimation.
e. Response spectrum and time history response based on material modes.
f. Coupled seepage flow and stress-displacement analysis (consolidation) for soils, and fully coupled temperature and stress analysis.
g. Fracture mechanics design evaluation, including "line spring" elements for modeling part-through cracks in shells and J-integral calculation (on any geometry) by the differential stiffness method.
h. Symmetric and nonsymmetric matrices. Shall use the nonsymmetric matrix scheme automatically when the code input indicates that this is required.

C10.4.3.1. LINEAR ANALYSIS

The software shall provide the following types of linear analyses:
a. Static analysis.
b. Static analysis with inertia relief.
c. Normal mode analysis to include DDAM (Dynamic Design Analysis Method).
d. Static analysis with differential stiffness.
e. Linear buckling analysis.
f. Eigenvalue analysis.
g. Frequency and random response analysis.
h. Transient response.
i. Static analysis with cyclic symmetry analysis.
k. Transient heat conduction analysis.
l. Steady-state heat conduction analysis.
m. Linear elastic fracture mechanics analysis and stress intensity factors calculation.
n. Coupled thermal-stress analysis.
o. Response spectrum analysis.
p. Systems identification analysis.
q. Hydroelastic analysis:
1. Axisymmetric.
2. 3-D.
r. Fully stressed design.
s. Design sensitivity analysis.
t. Control system analysis.
u. Power spectral density analysis (input-output problem).
v. Base excitation.
w. Creep and swelling analysis.
x. Substructuring.

C10.4.3.2. NONLINEAR ANALYSIS

The following features shall be provided:
a. The software shall perform the following types of nonlinear analyses:
1. Static analysis.
2. Static analysis with inertia relief.
3. Transient vibration analysis.
4. Transient heat conduction analysis.
5. Steady-state heat conduction analysis.
6. Linearized buckling analysis.
7. Linearized eigenvalue extraction.
8. Nonlinear buckling analysis.
9. Creep and swelling analysis.
10. Steady-state ground water flow.
11. Consolidation analysis.
12. Coupled thermal-stress analysis.
13. Substructures.
b. Both isothermal and temperature dependent materials with nonlinear features.
c. The software shall provide flexibility in obtaining a convergent solution to nonlinear problems. 
1. Provide direct user control of increment size, so that the user provides the increment scheme.
2. Provide automatic control of increment size, where the user defines a "step" (a portion of the analysis history) and other tolerance and error measures. 
3. In the case of automatic control, the software shall select the increments to model the step. 
4. The nonlinear analysis procedures shall be mixed arbitrarily, so that one nonlinear analysis shall be followed by another nonlinear analysis in the same job.

C10.4.4. ELEMENT LIBRARIES

C10.4.4.1. STRESS ELEMENT LIBRARY

The library shall provide the following element types:
a. Truss:
1. 2 node.
2. 3 node.
b. Plane stress 2-D and 3-D:
1. 3 node.
2. 4 node (full and reduced integration).
3. 5 to 9 variable node (full and reduced integration).
c. Plane strain:
1. 3 node.
2. 4 node (full and reduced integration).
3. 5 to 9 variable node (full and reduced integration).
d. Axisymmetric:
1. 4 node (full and reduced integration).
2. 5 to 9 variable node (full and reduced integration).
3. 3 node (full and reduced integration).
4. 2 node (full and reduced integration).
e. 3-D solids:
1. 8 node (full and reduced integration).
2. 9 to 20 variable node (full and reduced integration).
3. 21 to 27 variable node (full and reduced integration).
4. 3 node (full and reduced integration).
5. 4 node (full and reduced integration).
6. 6 node (full and reduced integration).
f. Hybrid (mixed) formulations shall be provided for incompressible cases including:
1. Plane strain.
2. Axisymmetric.
3. 3-D solid elements.
g. Beams:
1. 2 node straight (Hermitian and isoparametric formulations).
2. 3 node curved.
3. Unsymmetrical sections.
4. Symmetric:
a) Single.
b) Double.
5. The software shall allow the user to choose either numerical integration of the cross section (to model 
material nonlinearities) or give a general, elastic, linear or nonlinear, cross-section response matrix.
6. Hybrid (mixed) formulations of the beam elements shall be available for use in very slender beam cases (almost inextensible beams).
h. Pipes:
1. 2 node pipe elements.
2. 3 node pipe elements.
3. Provide uniform radial expansion of the cross- section allowing modeling of supplied pressure effects and, in particular, the influence of hoop stress on the elastic- plastic bending response. 
4. Deforming pipe section shell elements specifically designed to model ovalization and warping of elbows and straight pipes in nonlinear problems.
i. Plates and Shells:
1. 4 node full and reduced integration plates and shells:
a) Thin.
b) Thick.
c) General layered.
2. 8 and 9 node full and reduced integration plates and shells:
a) Thin.
b) Thick.
c) General layered.
3. 2 node axisymmetric layered plates and shells.
4. 3 node axisymmetric layered plates and shells.
5. 3 node full and reduced integration.
6. Either numerical integration or a user-supplied section stiffness matrix shall be available.
j. Springs:
1. Line spring elements to model part- through cracks in shells.
2. Linear springs.
3. Nonlinear springs.
k. 2 node cable elements.

C10.4.4.2. HEAT TRANSFER ELEMENT LIBRARY

The library shall provide the following types of elements:
a. 1-D:
1. 2 node.
2. 3 node.
b. Planar:
1. 4 node quadrilaterals.
2. 8 node quadrilaterals.
c. Axisymmetric:
1. 4 node quadrilaterals.
2. 8 node quadrilaterals.
d. 3-D solids:
1. 8 node.
2. 20 node.
e. Shells:
Including piecewise parabolic temperature variations through the thickness:
1. 2 node axisymmetric.
2. 3 node axisymmetric.
3. 4 node general shell.
4. 8 node general shell.
f. User-defined subroutines.

C10.4.4.3. COUPLED PROBLEM ELEMENT LIBRARY

The library shall provide the following types of elements:
a. Planar elements.
b. Axisymmetric elements.
c. Shell elements.
d. 3-D elements.
e. Quadratic displacement interpolation and linear scalar field (pore pressure or temperature) interpolation shall be provided for coupled temperature and stress problems, piezoelectric problems, and for effective stress, groundwater flow problems in soil mechanics.

C10.4.5. SPECIAL MODELING FEATURES

Modeling features shall include the following special types:
a. Diagonal or off-diagonal mass terms.
b. Multiple coordinate system input including Cartesian, cylindrical, and spherical, with any point of origin.
c. Cartesian, cylindrical, or spherical transformation of the degrees of freedom at any node.
d. Reinforcing bar layout shall be provided for inclusion in any element type to model materials, such as reinforced concrete.
e. Second order isoparametric elements shall, upon request, use coincident nodes to model crack tip singularities.
f. Anisotropic seabed friction model for on- bottom movement of pipes.
g. Drag chain model for near bottom bending analysis of offshore pipelines.
h. Any number of both predefined and solution dependent state variables shall be provided for inclusion in complex constitutive models.
i. Direct matrix input shall be available for mass, damping, stiffness, and loading.
j. Extra integration points shall be provided.
k. Transfer functions shall be provided.
l. Fluid flow (including air, water, etc.) around objects shall be provided.
m. Dash pots.

C10.4.6. MATERIAL DEFINITIONS

Temperature dependence of all values shall be allowed. An orientation feature shall be provided so that a local coordinate system may be defined at each point for material property input and stress and strain component output. The software shall provide the following material definitions:
a. Elastic:
1. Elastic moduli including:
a) Coefficient of thermal expansion. 
b) Isotropic definitions.
c) Orthotropic definitions.
d) Anisotropic definitions.
e) General.
2. Hyperelasticity and hypoelastic (strain dependent moduli) shall be provided as a general polynomial strain energy function. Fully incompressible behavior shall be allowed through hybrid (mixed displacement and pressure) elements.
3. Hookean model.
4. Neo-Hookean model.
5. Mooney-Rivlin.
b. Metal plasticity:
1. Isotropic 
a) Von Mises yield.
b) Tresca.
c) Drucker-Prager.
2. Anisotropic with Hill's anisotropic hydrostatically independent yield.
3. The flow rule shall be associative (normal) and nonassociative.
4. Hardening rules:
a) Isotropic.
b) Kinematic.
c) ORNL theory. 
c. Soils plasticity (critical state plasticity).
1. Generalized Cam clay model and strain 
hardening and softening rule. 
2. Extended Mohr-Coulomb model for sand.
3. CAP model.
d. Visco-plastic - Strain rate dependence of yield.
e. Creep:
1. Isotropic and anisotropic.
2. Time and strain hardening laws.
3. A user subroutine for special creep laws.
The program shall switch automatically from explicit to implicit time stepping when the explicit time step is restricted by numerical stability considerations, to provide for efficient solution of complex creep problems.
4. Kelvin model.
5. Maxwell model.
f. Volumetric swelling:
1. Volume change with time as a function of field variables.
2. Tabular and user subroutine input.
g. No tension - Provides a failure surface so that the material cannot carry tension.
h. No compression - Provides a failure surface so that the material cannot carry compression.
i. Concrete:
1. Elastic-plastic-failure theory for concrete, including:
a) Tension cracking.
b) Compression crushing.
c) Concrete-rebar interaction (via tension stiffening).
d) Post-crack shear retention.
e) Triaxial compression failure envelope.
j. Permeability:
1. Isotropic.
2. Orthotropic.
3. Fully anisotropic permeability with voids ratio dependence.
k. Thermal conductivity:
1. Temperature dependent.
2. Isotropic.
3. Orthotropic.
4. Fully anisotropic.
l. Specific heat - Temperature dependent.
m. Latent heat - Supplied energy method shall be used to provide accurate solution of problems involving large latent heat effects at phase change.
n. Gap conductance - Allows conductivity across an interface to be a function of surface separation.
o. Gap radiation - Provides cross radiation between closely adjacent bodies.
p. Composites:
1. Bimodular state variable models.
2. Multimodular experimentally defined phenomenological models.
q. User-defined materials - Provide for user developed material model subroutines to be implemented. The code shall provide for an arbitrary number of solution dependent state variables to be stored at each material calculation point and for any number of material constants to be read as data, for use in this subroutine.
r. Mass density.
s. General structural damping.
t. Temperature dependency.
u. Moisture dependency.
v. User-defined subroutines.

C10.4.7. CONSTRAINTS

The program shall accept all constraints from Section C10.2.2.2. and provide the following constraint editing features:
a. Linear:
1. Zero and nonzero displacement and rotational boundary conditions.
2. Multipoint constraints (MPC) by input choice and user subroutine.
3. Equation form for simple constraints.
4. Springs.
b. Nonlinear:
1. Unidirectional, radial, spherical gaps with exact impact solution in dynamics.
2. Friction in planar or 3-D models.
3. Gap and friction combinations for contact.
4. Nonlinear MPCs.
5. Zero and nonzero displacement and rotation boundary conditions.
6. Springs.
c. Interface elements shall provide general contact and friction features that are compatible with the interpolation of standard elements in the program. This shall include interaction between a deforming structure and an arbitrarily shaped rigid surface (such as a forming die and a "slide line") to model interaction between deforming bodies between where large relative motions may occur.
d. User-defined subroutines.

C10.4.8. SOLUTION TECHNIQUES

The software shall provide the following solution techniques:
a. Wavefront solution algorithm or bandwidth solution with respective optimizations.
b. Elastic reanalysis - based on original stiffness matrix.
c. Geometric nonlinearities:
1. Total Lagrangian formulation.
2. Updated Lagrangian formulation.
d. Material nonlinearities:
1. Newton method (tangent modulus) for time independent response.
2. Initial strain.
e. Boundary nonlinearities - iteration for interface contact and gap problem. Isotropic and anisotropic friction models provided. Load stiffness effects included.
f. Dynamics:
1. Direct integration.
a) Hilber - Hughes.
b) Newmark - Beta.
c) Wilson - Theta.
2. Modal superposition.
3. Reduced basis.
4. Nonlinear modal superposition.
g. Solution control within a step:
1. Direct control where user chooses increment size.
2. Automatic control where the program subdivides steps based on specified tolerances.
h. Convergence criteria - iterate for equilibrium based on maximum allowable residuals.
i. Eigenvalue solutions:
1. Lanczos method with checks for redundant eigenvalues.
2. Direct.
3. Subspace.
4. Complex. 
j. Equilibrium iteration techniques:
1. Full Newton.
2. Modified Newton.
3. BFGS.
4. Line Search.
5. Mid step residual control for automatic time step control.
k. Addition and removal of elements.
l. Restart capability.
m. RIKS method.
n. Finite Strain.

C10.4.9. LOADS

The software shall accept all loads from Section C10.2.2.1. and provide the following load types to facilitate manual load editing:
a. Nodal loads:
1. Concentrated forces and moments, including follower forces.
2. Temperature.
3. Nonzero displacement and rotations, velocities, and accelerations.
b. Element loads:
1. Uniform and nonuniform body forces.
2. Uniform and nonuniform pressure.
3. Fluid drag.
4. Centrifugal load.
5. Coriolis force.
6. Hydrostatic pressures.
c. Load applications:
1. Simple linear variation over a step or arbitrary amplitude curve reference.
2. Combined loading for multiple linear, elastic load steps.
d. The load shall be described in the time and frequency domain.
e. Loads shall be described in various combinations of load cases.
f. User-defined subroutines.

C10.4.10. HEAT TRANSFER ANALYSIS

The software shall provide the following heat transfer analysis features:
a. Element library shall be compatible with the following corresponding stress elements:
1. 2 and 3 node link.
2. 4 and 8 node planar or axisymmetric elements.
3. 8 and 20 node solid elements.
4. 2 and 3 node axisymmetric shells.
5. 4 and 8 node general shells.
b. Gap conductance and gap radiation elements for modeling heat transfer between adjacent bodies.
c. Properties:
1. Isotropic, orthotropic and anisotropic conductivity as a function of temperature; specific heat as a function of temperature; latent heat, solidus and liquidus.
d. Thermal loads:
1. Uniform and nonuniform body flux.
2. Uniform and nonuniform surface film 
coefficient and sink temperatures.
3. Radiation coefficient and sink temperatures.
4. Nodal temperatures.
e. Independent thermal analysis and fully coupled thermal and stress analysis:
1. Steady-state.
2. Transient with automatic time stepping.
f. Output - nodal temperatures fluxes, etc.
g. Other:
1. Automatic time stepping controlled by maximum change in temperature per increment.
2. Transient shall be run to a specified time or until steady-state condition is reached.
3. Thermal results shall be saved for thermal time history plots and thermal stress analysis.
4. Sequential heat transfer and thermal stress analysis.
5. Fully coupled heat transfer and stress analysis (for example, gap conductance based on surface separation).
h. User-defined subroutines.

C10.4.11. PLOTTING

The software shall provide (via Section C10.2. if more efficient) the following plotting features:
a. Preplotting - full and partial model plots with arbitrary viewpoint for efficient model checking. Element and node number display shall be available upon request.
b. Analysis plotting:
1. Deformed geometry plots for full and partial model.
2. Contour plots of element quantities, such as stresses, strains, temperatures, etc.
3. Contours shall be provided on the faces of 3-D solid elements and on layers of beam and shell elements.
4. "Shear and moment diagram" plots for beams.
5. Time-history plots and variable versus variable plots of any variables.
6. Continuous tone fringe plots of any scalar result over the finite element model.
7. Display nodal or element values on any fringe or contour plot.
8. Carpet plots that display result surfaces over the finite element model displaced normal to the local surface.
9. Vector plots that display vector results showing both magnitude and direction.
10. Translucency displays of any results data plot.
11. Color plotting of 1-D elements for any scalar result (frames and lattices).

C10.4.12. INPUT

The software shall provide the following input features:
a. Preprocessor:
1. All input shall be interpreted for consistency in a preprocessor program.
2. Extensive input data checking.
3. Model geometry plot generation.
4. Incremental mesh generation.
5. Creates problem data base.
b. Data input - free and fixed ("card image") format files.
c. Set concept - define set of nodes or elements with names; sets within sets allowed; allows simple reference for material, load, and restraint definition, output editing, etc.
d. Incremental generation - applied to nodes and elements; numbering need not be sequential or consecutive.
e. Multiple coordinate systems including Cartesian, cylindrical, spherical.

C10.4.13. OUTPUT

The following output features shall be produced selectively (printed and plotted) by set or critical value based on user requirements:
a. Mises, Tresca, and hydrostatic stress.
b. Nodal displacements and reaction forces.
c. Total and element strain energy.
d. Stress and strain values at nodes and element constraints and at Gauss points of isoparametric finite elements.
e. Values and directions of principal stresses and strains.
f. Forces and stresses at beam ends.
g. Stress intensity factor, integrated.
h. Global equilibrium check.
i. Sorts displacements, forces, stresses, strain, and strain energies for a variety of sorting groups.
j. Total, elastic, plastic strains, and their increments.
k. Increment stresses and their invariants.
l. Natural frequencies.
m. Modal values of equivalent stiffness and mass.
n. Modal participation factors, modal coefficients, and individual modal responses for designated shock spectra.
o. Tabulated response versus time for transient analysis.
p. Tabulated response versus frequency for harmonic analysis.
q. Element and assembled and reduced stiffness mass notices.
r. Nodal temperatures.
s. Heat flow from element surfaces.
t. Average heat flux at node points.

C10.4.14. USER SUBROUTINES

The software shall provide the following user subroutine features:
a. Define a complex creep law.
b. Define nonuniform distributed flow (seepage) in consolidation analysis.
c. Define nonuniform flux in heat transfer.
d. Define displacement and load variations with time.
e. Define nonuniform distributed loads.
f. Define nonuniform film conditions for heat transfer.
g. Define nonuniform seepage coefficient and associated sink pore pressure for consolidation analysis.
h. Update of user-defined, solution dependent state variables.
j. Define complex constraint relations.
k. Define a volumetric swelling law.
l. Define gap conductivity as a function of surface separation, state variables, etc.
m. General definition of a constitutive model.

C10.4.15. OFFSHORE STRUCTURES ANALYSIS

A finite element analysis package with features to perform advanced structural analysis of offshore structures shall be provided. Typical offshore structures are: pile founded steel jacket, guyed tower, compliant jacket tower, articulated tower, tension leg platform, large or small submerged structure, concrete gravity based platform, moored semisubmersible, jack-up platform, caisson structure, barge, pontoon structure, riser system, cable structure, cable and buoy system (buoys to be included are: spar (single and compound), discus, sphere, and boat), floating breakwater, barge and ship mooring (including both coupled and uncoupled analysis with large displacement cable dynamics). The program shall perform static and dynamic motion and stress analysis of offshore structures subjected to gravity, wave, current, wind, earthquake, and impact loading.
a. Static analysis shall include:
1. Linear analysis.
2. Nonlinear analysis.
b. Dynamic analysis shall include:
1. Frequency domain linear.
2. Time domain linear.
3. Time domain nonlinear analysis.

C10.4.15.1. MODELING CONSIDERATIONS

Substructuring shall be provided to model all major components of offshore structures. A substructure consists of a unique structural system and a corresponding loading environment. Substructures shall include the following three groups:
a. Floating substructures, such as ship shapes, barge hulls, and cylindrical space frames. 
1. These substructures shall be modeled using strip, surface, truss, and beam elements. 
2. Surface-piercing effects, buoyancy, hydrostatic stability, aerodynamic and hydrodynamic loading, and rigid body rotations shall be represented by these elements.
b. Anchoring substructures, such as risers, taut tendons, slack cable arrays, and multicomponent moorings. 
1. These substructures shall be modeled using nonlinear truss, beam, and buoy elements. 
2. Large displacement effects, bottom interaction, initial catenary shape, and hydrodynamic loading shall be represented by these elements.
c. Foundation substructures, such as foundation templates, cylindrical piles, and anchors. 
1. These substructures shall be modeled using nonlinear soil-pile springs, free-field soil elements, and nonlinear beam and columns. 
2. Pile group effects, contact between elements, and rate effects shall be represented by these elements.

C10.4.15.2. NONLINEARITIES

Nonlinearities shall include those of Section C10.4.3.2. plus the following:
a. Quadratic drag force.
b. Wave/current interaction.
c. Soil/structure interaction.

C10.4.15.3. LOADING


The following features for force loading of offshore structures shall be provided:
a. Calculation of static and dynamic wind loading. Features for Davenport and Simiu-Leigh spectrum models shall be included.
b. Calculation of hydrostatic and wave- induced pressure distribution.
c. Deterministic wave theories, including:
1. Linear.
2. Stokes II.
3. Stokes III.
4. Stokes V.
5. Regular and irregular stream function which has current coupling feature.
6. Cnodial.
7. Solitary wave theories.
d. Conditional wave simulation for temporal and spatial random seas. Output shall include free surface elevation, kinematics and pressures.
1. Spectrum models to be included are:
a) Peirson-Moskowitz.
b) Bretshneider.
c) JONSWAP.
d) Scott.
e) ISSC.
f) ITTC.
g) Ochi-Hubble.
h) Hwaung.
2. Directional spreading models to be included are:
a) Cosine power.
b) Wrap normal.
c) Wrapped-around Gaussian. 
3. Kinematic stretching shall include:
a) Wheeler.
b) Modified stretched linear (Lo and Dean).
c) Delta stretch.
d) Vertical extension.
4. Current stretching shall be by:
a) Vertical extension for deep water. 
b) Conservation of momentum for intermediate and shallow water-depths.
e. Wave and current loading on slender member substructure shall be computed by the Morison equation. For compliant structures, an added feature shall be provided to allow for coupled and uncoupled relative- motion calculation of the Morison equation. User-specified drag and inertia coefficients shall be used.
f. Wave and current loading on fixed large diameter cylindrical substructures shall have features for computing by:
1. McCamy-Fuchs.
2. Linear diffraction theories.
g. Wave and current loading on fixed large volume substructures of arbitrary shape shall be computed by the 3-D linear diffraction and radiation theory.
h. The program shall allow for substructures composed of both slender and large elements with the applicable loading calculation being applied simultaneously to each element.

C10.4.15.4. ANALYSIS FEATURES

The following analysis features shall be provided:
a. Rigid master slave formulations with 6 degrees of free rigid body results.
b. Modeling the six modes of motion of rigid floating substructures with:
1. A set of transfer functions.
2. Motion time histories.
c. Subdivide an element for computing hydrodynamic forces on that element.
d. Static, quasi-static, and fully dynamic methods for modeling anchoring subsystems.
e. Full dynamic coupling between substructures.
f. Vortex shedding drag and lift amplification.
g. Current velocity variable with depth and time.
h. Steel jacket launching and floatation analyses.
i. Generation of initial catenary geometry including bottom interaction for creating anchoring subsystems.
j. Calculation of center of gravity, restoring moment, and total dry and wet weight of specified floating substructures.
k. Post-processors to perform American Petroleum Institute (API) and American Institute Steel Construction (AISC) code checks. This shall include calculation of interaction or stress ratios for each member, punching shear for specified joints, and hydrostatic collapse check.
l. Post-processors to calculate fatigue life of joints and single pile and pile group soil interaction.
m. Analyze dynamic driving of piles, including impact mechanics and stress wave propagation.

C10.5. LINEAR SYSTEM DYNAMIC ANALYSIS 

A linear system dynamic analysis program shall be provided with the following features:
a. Perform linear structural dynamic analysis, computing the natural frequencies, damping, mode shapes, and forced response of mechanical systems.
b. Allow the user to define a complete mechanical system from components defined by finite element analysis and by experimental modal analysis.
c. The following component representations:
1. Real and complex modal components from both analysis and test.
2. Substructure components from finite element analysis.
3. Constrained modal components.
4. Free-free modal components with residual flexibility.
5. General matrix components.
d. Forced response analysis:
1. Frequency response.
2. Transient response.
3. Transfer function.
4. Rotating force.
5. Unbalance.
e. The following solution types:
1. Damped and undamped analyses.
2. Real and complex modes.
3. Symmetric and nonsymmetric forms.
4. Force, velocity, acceleration, and displacement inputs interactively defined and applied to multiple structural degrees of freedom.
5. Strain, dissipative, kinetic energy calculation in the connectors and components.
6. Modal participation.
7. Calculation of orthogonality.
f. Individual coordinate and units systems for each component making up a system.
g. Interfaces to the target finite element analysis codes of Section C10.2.a shall be provided.
h. Construction of a hierarchical model, including:
1. Graphical tools for displaying components, connectors, and systems.
2. Graphical tools for orienting components into systems.
3. Output of response results in X-Y plot form.
4. Output of structural deformation (mode shapes and transient deformation) in animated form.
i. The program shall be integrated with the finite element modeling and postprocessing features of Section C10.2.
1. All data necessary to execute an analysis (including job control) shall be provided by the modeling system or entered through interactive prompts.
2. No intermediate files or translation shall be required to execute an analysis.
3. Results shall be returned directly to the post processor with no intermediate file translation required.

C10.6. KINEMATIC AND DYNAMIC ANALYSIS

A software module shall be provided that shall model and perform kinematic analyses on two-dimensional and three-dimensional solid, surface, and wireframe geometry components.
a. The software package shall allow the analyst to define a complete mechanical system by specifying component characteristics and analysis parameters to include parts, joints, applied forces, and supplied reactive forces. 
b. The software shall include the generation and display of three-dimensional solid, surface, and wireframe geometry models. Display features shall include wireframe, shaded image, and hidden line removal.
c. The software shall be able to assemble overall systems from components and subcomponents. The software shall check for interference between subcomponents in these systems, compute geometric and mass properties of these overall systems, and perform kinematic analyses on these systems.
d. The software shall output, upon request, engineering X-Y plots displaying velocity, displacement, acceleration or force plotted against time or any other variable. 
e. Upon request, the entire mechanical system shall be displayed moving through user-specified intervals between time frames (animation).
f. Analysis features for assemblies shall include:
1. Features to associate assembly mass and inertia properties, including specifying density individually by component.
2. Features to take arbitrary plane cuts through assemblies for display of sections.
3. Features to perform interference and "just touch" detection automatically among all components or subassemblies in an assembly, including:
a) Tabular listing of components interfering.
b) Display and storage of interference volumes.

C10.7. DATA ANALYSIS

Provide a software product to analyze analytical data and experimental data measured during actual tests. It is not intended for the product to acquire data from test devices (i.e., transducers, etc.) or to serve as data acquisition hardware. Rather, this software will be used for subsequent analysis after the data are collected. 
a. The data shall be stored in random access files, where each channel of data can be accessed singly or collectively with respect to the independent time variable.
b. A translator shall be provided to convert the experimental data to a format specified by user-defined subroutines.
c. The following functions shall be included:
1. Descriptive statistics and extreme analysis for amplitude analysis.
2. Amplitude domain, including histogram, probability density function, joint probability density function, and cumulative density function.
3. Regression analysis using log log, semi-log, Weibell, Releigh, and other common linear transformations.
4. Filtering shall include: 
a) Ideal filters.
b) Common interpolation or smoothing filters.
1) High-pass (Butterworth, Sine Butterworth, Tangent Butterworth).
2) Low-pass (Butterworth, Sine Butterworth, Tangent Butterworth).
3) Band-pass.
4) Band-reject.
c) Multiple filters.
1) Chebyshev.
2) Elliptical.
3) Gaussian.
5. Data qualification:
a) Wild point editing.
b) Trend removal.
c) Decimation.
d) Interpolation.
e) Engineering unit conversion.
6. Arithmetic and Boolean operations for single and multiple channels.
7. Mathematical functional operations for single and multiple channels, including: trigonometric, logarithmic, absolute value, exponential, square root, integration, differentiation, random number (including noise generation), complex arithmetic, forward Fast Fourier transform, and conversion of acceleration spectrum to velocity or displacement spectrum.
8. Frequency domain analysis:
a) Fourier transform for real and complex data.
1) Convolution.
2) Correlation.
b) Natural frequency identification.
c) Mode shape identification.
d) Damping factor determination.
e) Auto and cross-spectral density.
1) 2-D.
2) 3-D.
3) Cepstrum.
f) Frequency response (transfer) functions.
g) Coherence (ordinary, multiple, and partial) functions.
h) Energy and Fourier spectrums.
i) Ensemble averaging for nonstationary data.
j) Shock spectrum.
k) Linear frequency spectrum.
l) Time variant analysis.
m) Maximum entropy analysis.
n) Maximum likelihood method.
9. The experimental data shall be displayed and plotted using X-Y plots having multiple functions per plot and multiple dependent variable axis per plot.
10. Comparison including "goodness" of fit of experimental and analytical data shall be supported. 
11. Frequency response functions obtained from experimental or analytical data shall be used to predict response of combined systems.
12. Analytical and experimental mode shapes shall be displayed and plotted for comparison studies.
13. Analytical data from the engineering analysis programs discussed in Section C10 and the experimental data presented above shall be interfaced to provide common display for comparison. 
14. The experimental data analysis package shall be used for fatigue, transient, periodic, and stationary and nonstationary random data.
15. The package shall multiplex and demultiplex multichannel data.
16. Time domain, including:
a) Time history.
b) Auto correlation.
c) Cross correlation.
d) Impulse function.
17. The package shall determine:
a) In- band power.
b) Total harmonic distortion.
c) Average value and slope of either time or frequency domain information as appropriate.
18. As appropriate, the data shall be viewed in the following display formats:
a) Real.
b) Imaginary.
c) Magnitude (Db, log10, linear).
d) Phase.
e) Nyquist or Argand.
f) Nichols.
g) Arbitrary two-dimensional between compatible data blocks. 
19. The package shall provide time response animation features.
20. Linear and nonlinear warping of time dependent data for time normalization.
21. Scatter and factor analysis.
22. Error analysis.
23. Linear predictions.
d. Relational data base manipulation features of Section C8. shall be accessible while this package is in use.
e. Graph manipulation features of Section C9.9. shall be accessible while this package is in use.

C10.8. FAILURE ANALYSIS

This software shall analyze failure conditions and plot the results. The software shall be used for modeled and post test data analysis.

C10.8.1. STATIC FAILURE ANALYSIS

Features to analyze the following types of static failure shall be provided:
a. Maximum stress and strain in:
1. Material axes.
2. Principal axes.
b. Polynomial stress and strain models: 
1. Tsai-Hill-Wu.
2. User defined.
c. Probabilistic models:
1. Weibull.
2. Batdorf.
d. Energy release rate models.

C10.8.2. ENVIRONMENTAL EFFECTS ON FAILURE

Features to analyze the following types of environmental effects on failure shall be provided:
a. Temperature and moisture dependent material strength.
b. Material corrosion:
1. Chemical.
2. Galvanic.

C10.8.3. FATIGUE FAILURE ANALYSIS

The software shall obtain data from specified data acquisition systems and analyze fatigue information from actual hardware tests, including user-provided data. It is not intended for this software to acquire data from test devices (i.e., transducers, etc.) or to serve as data acquisition hardware. Rather, this software will be used for subsequent analysis of the data collected. Analysis of simulated fatigue data shall also be supported.
a. Fatigue data (e.g., raw load versus time data, histograms of load frequencies, corresponding 
stress and strain distributions across components, cycle test failure results, and analytical predictions) shall be stored in the common analysis data structure.
b. The fatigue module shall predict fatigue life based on measured fatigue data and component stress and strain properties.
c. The fatigue analysis module shall include the following types of analyses:
1. Strain life with and without mean stress effects.
2. Strain life using Neuber's rule with and without mean stress effects.
3. Stress life with and without mean stress effects.
4. Stress life with stress amplitude modified via the Goodman equation.
d. The fatigue module shall display graphically the information processed and present a graphical representation of predicted fatigue life. 
1. Display strain life and stress life curves, load strain calibration curves, mean strain triangle, and combined histogram and tabular listings of cycles or damage ratio versus amplitude. 
2. Additional printed output shall include the total number of repeated blocks to cause crack initiation and the associated time to failure.

C10.9. THERMAL ANALYSIS

This software package shall possess features for solving lumped parameter representations of physical problems governed by diffusion- type equations.
a. Features shall be included for conduction, convection, and radiation. The software shall model applied heat sources or sinks, time and temperature- dependent boundary conditions, and nonlinear material properties.
b. The software shall allow the thermal network to be coupled to a fluid network to include the mutual influences of thermal and fluid problems in the analysis of fluid flow systems, fluid system controls, and heat exchangers.
c. The software shall perform general thermal analysis accepting resistor- capacitor (R-C) network representations of thermal systems R-C networks representing other types of systems.
e. The software shall compute: 
1. IR view factors.
2. Interchange factors.
3. Energy exchange factors. 
4. Radiation heat exchange.
f. The software shall consist of a finite difference module and a finite element module. 
1. The finite difference module shall accept problems written in the SINDA (Systems Improved Numerical Differencing Analyzer) preprocessor language, convert them to the FORTRAN language, and be compatible with the SINDA library. 
2. The finite element module shall permit the interaction of "load and go" FORTRAN routines that the user provides for a specific problem with this software. 

C10.10. CONTINUOUS SYSTEM ANALYSIS

Software shall be provided to analyze continuous systems. The software shall be graphics-oriented.
a. The software shall simulate continuous and hybrid (discretized continuous plus discrete) systems that shall be represented by:
1. A set of algebraic and linear and nonlinear differential equations.
2. Block diagrams or bond graphs.
Typical applications include control systems, fluid flow and heat transfer.
b. The software simulation language shall provide a simple method of representing the mathematical models. It shall have an algebraic language structure compatible with FORTRAN. Typical simulation operators shall include the following:
1. Real and logical switches.
2. Dead band.
3. Time delay.
4. Derivative.
5. Hysteresis.
6. Initial conditions.
7. Lead and lag.
8. Ramp function.
9. Quantizer.
10. Pulse function.
11. Step function.
12. Back lash.
13. Coulomb friction.
14. Transfer functions.
15. Nonlinear gain.
16. Saturation.
17. Bounding or limits.
18. Function switches.
19. Random number generator.
20. Banded white noise.
21. Impulse function.
22. Quantizer.
23. Tabulated data input.
24. Zero order hold.
25. FORTRAN subroutine call.
26. Double and single integrals with limits.
c. The following integration methods shall be provided:
1. Runga-Kutta; 1st, 2nd, and 4th order.
2. Adams-Moulton.
3. Gears-Stiff.
4. User defined.
5. Runga-Kutta-Fehlberg; 2nd and 5th order.
d. The program shall input data directly in the run time file, read from an external file, and read directly from look-up tables at run time (i.e., no recompiling is necessary) .
e. Output shall be 2-D and 3-D graphical plots and ASCII files. The plots shall be user- definable at run time (e.g., labels, titles, size, orientation, variables plotted, added text, colors). The ASCII files shall be user definable. 
f. The software shall be an integrated graphics package, supporting function keys, digitizing menus, and cursor for inputting and controlling the simulation program.
g. A method for steady-state linear analysis (eigenvector and eigenvalue extraction) of the state variables declared at run time shall be provided.
h. Matrix operations, such as addition, multiplication, negation, and transposition, shall be provided.
i. A macro feature shall be provided.
j. A method of modeling digital sampled data controllers, where sampling time to the continuous system is known, shall be provided. 

C10.11. CLASSICAL STRESS AND STRAIN ANALYSIS

This software shall perform standard strength of materials type calculations (e.g., stress and deflection, moment, shear, buckling, natural frequency and mode shapes, dynamic analysis using mode superposition).
a. All closed form solutions shall allow for analysis of components constructed from:
1. Isotropic materials.
2. Nonisotropic materials, specifically fibrous composite laminates. 
3. Analyses shall recognize nonhomogeneous properties peculiar to fibrous composite laminae (e.g., Young's modulus having different values in the longitudinal and transverse direction) and the interaction between applied loads and material reactions of composite laminae (e.g., shear due to applied tension and twist due to applied bending).
b. The model shall be displayed graphically on the screen and all input data shall appear on the screen when input. 
c. The solution to the problem shall be displayed graphically, and a geometric part created, as appropriate, including the numeric input and output values as screen text. 
d. The graphics display and associated text shall output to all system plotters. 
e. Utilities shall be provided so that the user, from within the design calculation module, can:
1. Review and edit any part of a design calculation's input data prior to performance of the calculation.
2. After completion of a calculation, have additional results output produced without performing the calculations again.
3. Edit any part of the calculations input data and perform a re-analysis.
4. Save a design calculation's input and output under a user-defined name, for later recall, review, editing, and recalculation.
5. Display deformed geometry.
6. Solicit a graphical representation of input data, including special symbols for support conditions, concentrated loads, distributed loads.
7. Abort a design calculation at any point during data specification or results computation with or without the input data and any results being saved.
f. The system shall support the following analysis types:
1. Geometric analysis - The system shall define and analyze standard 2-D (plane) and 3-D geometries. Analysis objective shall be to calculate standard geometric and strength of materials properties. (An example calculation shall be the computation of neutral axis shift due to beam curvature.) 
2. Beams:
a) The system shall perform the following analyses:
1) Stress deflection under transverse, axial, and torsional loads.
2) Buckling.
3) Natural frequencies and mode shapes.
4) Dynamic analysis using mode superposition.
b) Beam structures shall include: 
1) Symmetric, asymmetric, and arbitrary cross-section geometry.
2) Straight and curved with variable crosssectional geometry.
3) Single and multiple spans.
4) Intermediate (discrete) support and constraint conditions.
5) Free, fixed, simply supported end conditions.
6) Concentrated loads and masses.
7) Uniform, linear varying, and parabolically varying transverse loads applied to part or all of a beam.
8) Uniform and discrete elastic foundations of arbitrary number and extent.
9) Discrete and distributed axial loads.
10) Discrete and distributed torsional loads.
11) Prescribed initial conditions and support velocities and accelerations (for shock and earthquake loading).
3. Rings, arches and frames:
a) The system shall perform the following types of analyses: 
1) Stress and deflection.
2) Buckling.
3) Natural frequencies and mode shapes.
4) Dynamic analysis using mode superposition.
b) The geometries to be analyzed shall have the following features:
1) Rings of uniform cross section.
2) Arches of arbitrary angular extent and with general end condition and transverse loads.
3) Single bay and two-dimensional frames under arbitrary concentrated and distributed loads.
4) Dynamic analysis with possibly prescribed base motion velocities and accelerations.
4. Cables:
a) The system shall perform the following analysis types:
1) Natural frequencies and mode shapes.
2) Dynamic analysis using mode superposition.
b) The cables shall have the following characteristics:
1) Arbitrary length.
2) Variable cross-section.
3) Concentrated and distributed loads.
4) Various end conditions including velocity and acceleration histories.
5. Plates, shells, and pressure vessels:
a) The system shall support the following analysis types: 1) Stress and deflection.
2) Buckling.
3) Natural frequencies and mode shapes.
4) Dynamic analysis using mode superposition.
b) The structures, which include thin walled and thick walled, shall be the following:
1) Circular and rectangular plates with or without holes.
2) Cylindrical shells with or without end closures.
3) Spheres, open or closed hemispheres, and spherical caps.
c) The following features shall be supported:
1) Uniform and linearly varying loads.
2) Centrifugal body forces for rotating disks.
3) Concentrated loads.
4) Zero and nonzero kinematic boundary conditions on any boundary.
5) Prescribed velocities and accelerations at supports for dynamic analysis.
6. Rotating shafts - The system shall perform stability analyses of shafts. The shaft shall be stepped, have continuously distributed and discrete masses, and both intermediate and end supports of a general nature.
7. Torsion of shafts - The system shall perform torsional and warning analysis of symmetric and nonsymmetric bars of variable cross section.
8. Grillages - The system shall perform stress deflection analyses of circular and rectangular grillages with general support conditions for distributed and concentrated loads.
9. Stress concentrations - The system shall have a library of common stress concentration calculations (under various load conditions), including:
a) Plates with holes close to or far from edges.
b) Shafts with slots. 
c) Hollow cylinders with transverse holes.
10. Bearing stresses - The system shall have a library of common bearing stress situations, such as:
a) Hertzian contact.
b) Stress around a rivet and riveted joints.
11. Spring design - The system shall have a library of common spring (e.g., helical, torsion, etc.) design calculations, including:
a) Stress.
b) Deflection.
c) Rotation.
12. Accounting for dissimilar adherents, nonlinear analyses and symmetrical and asymmetrical lay-ups, the following bonded joint analysis shall be provided: 
a) Single-step lap.
b) Double lap.
c) Multistep lap.
d) Scarf joints.
e) Doublers.
13. Accounting for nonsymmetrical bolt patterns, the following bolted joint analyses shall be provided: 
a) Single lap.
b) Double lap.
c) Doublers.
d) Step lap.
14. Additional analysis features shall include, but not be limited to, the following: 
a) Combination bonded and bolted analysis.
b) Loaded bolt hole analysis.
c) Stability.
d) Buckling.
e) Crippling.
f) Moisture analysis.
g) Elastic and inelastic behavior.
h) Taper in doublers and laps.
15. User-specified analysis shall provide features to input any one or a series of closed-form solution algorithms and allow the integration of these algorithms with the graphics features as specified in Sections C10.11.c., C10.11.d., and C10.11.e.

C10.12. OPTIMIZATION ANALYSIS

Software shall be provided for optimal engineering design of both components and systems.
a. The optimization analysis program shall:
1. Fully interface with the software Sections C10.3. and C10.4. 
2. Provide a generalized interface subroutine feature to interface with the design and analysis products of Section C10.
b. Typical applications include product life cycle analysis involving reliability and maintainability issues. Alternative controlling functions include life cycle cost versus component design optimization and system performance versus component design. 

C10.12.1. ENGINEERING OPTIMIZATION

A structural optimization module shall be provided with the following features:
a. Provide as an objective function the minimization of structural mass.
b. Provide for the interactive definition and use of constraints on:
1. Nodal displacement.
2. Von Mises stress, including separate bending and membrane constraints for shell elements.
3. Natural frequency location to provide for specification or frequency bands where structural natural frequencies are not allowed.
4. Maximum and minimum allowable material thickness conditions (gauge constraints).
c. Optimize finite element physical properties including:
1. Linear and parabolic shell thickness.
2. Beam element cross-sectional areas including:
a) Channel flange thickness.
b) Rod and circular solid beam diameter.
c) Tube wall thickness.
d) Rectangular box wall thickness.
d. Specify "frozen" structure not to be used in redesign activity. All elements not supported for redesign shall, when required, be included in the analysis but be specified as "frozen."
e. Consider multiple load cases simultaneously during redesign, including using separate displacement constraints for each load case.
f. Allow design variable linking to permit elements to be formed into groups to be redesigned together.
g. Redesign algorithms:
1. Full stressing and stress ratioing methods.
2. Newton (nonlinear programming) method.
h. Selection of the method to be employed shall be under user control with reselection at each design iteration.
i. All definitions of items shall be through interactive entry by the user. The program shall prompt the user for all necessary items.
j. The number of redesign loops or iterations shall be under user control and shall allow:
1. Single-step operation, performing one iteration at a time.
2. Definition of a specific number of iteration steps.
3. Automatic control of iterations based on convergence criteria.
k. Provide output of optimization results including:
1. Design sensitivities.
2. Finite element physical properties by actual value at each design iteration or by percent change.
3. X-Y plots of convergence history of structural mass and design variables.
4. Identification of designing and limiting load case for each displacement constraint.
5. Identification of the element, location, stress value, and load case controlling each stress constraint.
6. Direct access to all postprocessing features specified in Section C10.2.6. for results at each design iteration.

C10.12.2. OPTIMIZATION ALGORITHMS

a. The software shall include the following:
1. Algorithms:
a) Linear programming:
1) Simplex method.
2) Revised simplex method.
3) Network analysis.
b) Nonlinear programming:
1) Sequential quadratic programming.
2) Modified generalized reduced gradient.
3) Method of centers, or alternatively, SUMT (Sequential Unconstrained Minimization Technique).
4) Newton-Raphson.
2. The system shall allow the user to:
a) Adjust design variables to find:
1) A feasible design.
2) An optimal design.
b) Redefine the design problem by:
1) Changing the set of design variables.
2) Changing which functions shall be the objective and constraints. 
3) Changing allowable values on constraints or upper and lower bounds on basic, nonbasic, and artificial variables.
c) Examine the sensitivity of a particular solution to changes in the design variables.
d) Obtain a record of all design decisions made at the terminal.
e) Save periodically or recall a promising design for further reference or optimization.
f) Define and employ any arbitrary differentiable optimization algorithm not already specified in the tool kit.
g) Execute semidiscrete optimizations, employing both continuous variables (e.g., temperature, pressure) and discrete variables (e.g., pipe diameters).
h) Define basic or artificial variables as discrete or probabilistic.
i) Initiate a solution based on the dual problem generated from a predefined primal problem.
b. The software shall allow the user to analyze cost and manufacturing processes during the preliminary design stage when cost reduction can be implemented most efficiently. The software shall allow the user to:
1. Identify key contributors to cost in the design (basic variables and binding constraints).
2. Identify and correct manufacturability flaws (e.g., unit cost, resource allocation, element scheduling) in a design.
3. Evaluate alternative design concepts, alternative manufacturing processes, and alternative materials.
4. Customize and extend the data base of required manufacturing processes and materials as needed.

C10.13. CONTROL SYSTEM ANALYSIS

Software shall be provided to analyze linear control systems. 

C10.13.1. ANALYSIS FEATURES

The following analysis features shall be provided:
a. Frequency domain analysis, including the S, Z, and W domains. Standard filters shall be provided for Butterworth, Chebyshev, ITAE, and Pade'.
b. Time domain analysis, including Laplace and Z transform 
and their inverses, and closed form solutions.
c. Sample data analysis including:
1. Discretization of continuous elements using the following transformation techniques:
a) Forward rectangular.
b) Backward rectangular.
c) Tustins.
d) Bilinear with and without prewarping.
2. Modeling of data holds.
3. Multivariate systems.
d. Multi-input, multi-output analysis using coupling numerator and state space methods.
e. State space analysis, including canonical form input, Luenberger combined with pole placement, controllability and observability, pole placement, state space simulation, and discretization.
f. Optimal control analysis, including the Kalman Bucy filter, linear quadratic regulator, and linear quadratic Gaussian and Wiener Hopf calculations.
g. Digital signal analysis, including forward and inverse Fourier transform, correlations, power spectral density, convolution, and root mean square.
h. Matrix operations, including matrix algebra, matrix decomposition and factorization, polynomial manipulations.
i. Conversion from state space to Laplace and Z domain and the inverse conversion.
j. Block diagram algebra and manipulation of S and Z transforms (i.e., transfer functions derived from the block diagram). 
k. Design tools to select LQG weighing factors based on gradient search techniques.

C10.13.2. INPUT DATA

Input of data shall be done by using block diagrams with transfer functions in graphical format, canonical form flow diagrams in graphical format, and direct matrix input.

C10.13.3. OUTPUT DATA FORMAT

The output of the calculated data shall be in tabular format and in the plotted format listed below:
a. Bode plot.
b. Root locus plot.
c. Nyquist plot.
d. Inverse Nyquist plot.
e. Nichols chart.
f. Hybrid frequency response plot.
g. Time History plots.
h. Optimal root locus.
i. Singular value decomposition plots.

C10.14. FLUID FLOW ANALYSIS

Three different solution techniques for fluid flow analysis shall be provided: the finite volume method, the finite element method, and the panel method.

C10.14.1. FINITE VOLUME METHOD

The program shall provide the following finite element method for fluid flow analysis.

C10.14.1.1. GENERAL FEATURES

The program shall provide Navier-Stokes solutions. The program shall analyze:
a. Transient and steady-state flow.
b. One, two, and three-dimensional geometries.
c. Cartesian and cylindrical coordinate systems.
d. Laminar and turbulent flows. For turbulent flows, the program shall use the k-e two-equation turbulence model and the Algebraic Stress Model (ASM).
e. Compressible and incompressible flows.
f. Body- fitted coordinates (BFC) for varying nonorthogonal geometries smoothly.
g. Solution features for both recirculating flows and parabolic boundary layer flows.
h. Moving boundary-stretching grid features.
i. Transonic and supersonic flow features.

C10.14.1.2. HEAT TRANSFER FEATURES

The program shall compute heat transfer by solving enthalpy and energy equations. The program shall perform:
a. Laminar and turbulent convective heat transfer.
b. Radiation using the six-equation model.
c. Coupled heat transfer in the fluid and solid boundaries (i.e., conjugate heat transfer).
d. Following boundary conditions:
1. Isothermal walls.
2. Adiabatic walls.
3. Specific heat flux at the walls.
4. External heat transfer walls with specified external temperature and wall resistance.

C10.14.1.3. DISPERSED SECOND PHASE FEATURE

The program shall analyze a dispersed second phase of particles and droplets. The program shall include:
a. Coupling between the dispersed phase and continuous phase calculations.
b. Inert particles and droplets.
c. Evaporation and boiling of droplets.
d. Liquid droplets with a solid fraction.
e. Particle and droplet calculations that can account for the effect of turbulence on particle and droplet velocities.

C10.14.1.4. OTHER PHYSICAL MODELS

The program shall provide the features for:
a. Flow through porous media and distributed resistances.
b. Non-Newtonian laminar flow.
c. Buoyancy driven flows.
d. Flow in rotating components.

C10.14.1.5. INPUT INTERFACE

The program shall input data using the following features:
a. Fully interactive and menu-driven interface.
b. Uniform and nonuniform grid generation.
c. Comprehensive library of input examples accessible interactively for a wide range of practical applications.
d. Expert user facility for modifying and extending built-in features and models.

C10.14.1.6. OUTPUT INTERFACE

The program shall output results for:
a. Full three-dimensional device-independent color graphics.
b. Plotting of 2-D and 3-D profiles and contours of any flow variable.
c. 3-D view manipulation, including isometric and perspective views.

C10.14.1.7. GENERAL SECOND PHASE FEATURE

The program shall have a general second phase that includes:
a. General liquid-gas systems with boiling and condensation.
b. Free surfaces.
c. Two continuous phases or fluids.
d. Solidification and melting.

C10.14.2. FINITE ELEMENT METHOD

Fluid flow analysis using the finite element method shall be
provided.

C10.14.2.1. PREPROCESSING AND POSTPROCESSING

The preprocessing for the input data to the fluid flow program shall be generated using the software of Section C10.2. The postprocessing of the program output data shall be done using the software of Section C10.2. The following features shall be provided:
a. Element computations of area and volume for quad and brick elements.
b. Specification of the following boundary conditions:
1. Nodal:
a) X component of velocity.
b) Y component of velocity.
c) Z component of velocity.
d) Pressure calculation control.
e) Temperature.
f) Surface position (free surface).
g) Kinetic energy.
h) Turbulence dissipation.
i) Law of the wall distance Y.
2. Fluxes:
a) X component of stress.
b) Y component of stress.
c) Z component of stress.
d) Heat.
e) Kinetic energy.
f) Turbulence dissipation.
3. Slip walls.
4. Nonslip walls.
5. Symmetric boundaries.
6. Cyclic boundaries.
7. Inlet and outlet boundaries.
c. Vector plots of velocity and vorticity.
d. Contour plots of the following:
1. Velocity components.
2. Speed.
3. Pressure.
4. Temperature.
5. Turbulent kinetic energy.
6. Turbulent dissipation.
7. User-defined variable.
8. Nodal coordinates.
9. Turbulent viscosity.

C10.14.2.2. ANALYSIS FEATURES

The program shall provide the following features:
a. The software shall provide the following analyses:
1. Steady-state, transient, and isothermal laminar and turbulent flows, including heat transfer.
2. Free, forced, and mixed convective flows.
3. Flows induced by centrifugal and coriolis forces.
4. Flows with multiple free surfaces, including surface tension.
b. The following geometries shall be analyzed:
1. Two dimensional.
2. Three dimensional.
3. Axisymmetric.
c. The following boundary conditions shall be analyzed:
1. Fluid velocities.
2. Fluid and geometry.
3. Pressures.
4. Kinetic energy.
5. Turbulent dissipation.
6. Applied fluxes.
7. Convective and radiative heat transfer.
d. The following initial conditions shall be analyzed:
1. Fluid velocities.
2. Fluid and geometry temperatures.
3. Free surface locations.
4. Kinetic turbulent energy.
5. Turbulent dissipation.
e. The following volumetric forces shall be analyzed:
1. Body forces.
2. Heat sinks and sources.
3. Pressure models.
f. The following material properties shall be included in the analysis:
1. Viscosity.
2. Specific heat.
3. Thermal conductivity.
4. Volume expansion coefficient.
5. Convective heat transfer coefficient.
6. Surface tension coefficient.
g. Time integration solution techniques and iterative solution techniques shall be used and shall be stable and convergent for reasonable Reynolds numbers.

C10.14.2.3. ELEMENT LIBRARY

The following elements shall be provided:
a. 4-node linear quadrilateral with bilinear velocity, including discontinuous constant pressure and continuous bilinear pressure.
b. 8 or 9-node quadrilateral with discontinuous linear pressure, discontinuous bilinear pressure, and continuous bilinear pressure.
c. 3-node linear triangle with linear velocity, including discontinuous constant pressure and continuous linear pressure.
d. 6-or 7-node quadratic triangle with quadratic velocity, including discontinuous linear pressure and continuous linear pressure.
e. 8-node linear brick with trilinear velocity, including discontinuous constant pressure and continuous trilinear pressure.
f. 27-node quadratic brick with triquadratic velocity, including discontinuous linear pressure, discontinuous trilinear pressure, and continuous trilinear pressure.
g. 4-node linear tetrahedron with linear velocity, including discontinuous constant pressure and continuous linear pressure.
h. 10-node quadratic tetrahedron with quadratic velocity, including discontinuous linear pressure and continuous linear pressure.
i. 6-node linear wedge (triangular prism) with linear velocity, including discontinuous linear pressure and continuous linear pressure.
j. 18-node quadratic wedge (triangular prism) with quadratic velocity, including discontinuous linear pressure and continuous linear pressure.

C10.14.3. PANEL METHOD

The program shall solve fluid flow problems using the panel method, and shall include the following features:
a. Real flow effects.
b. Interaction loops for analyzing the nonlinear effects of wakes, vortices, and boundary layer displacement.
c. Compute on-body velocities, pressures, and streamlines.
d. Compute off-body velocities, pressures, and streamlines.
e. Integration of force and moments both for total values and for their distributions.
f. Analyze linearized supersonic and subsonic flows.
g. Calculate the forces on a body which is simultaneously rotating and translating.
h. Model internal and external flow configurations.
i. Simulation of zones of extreme fluid density change (i.e., ocean surface).

C10.15. SYMBOLIC MANIPULATION

The software shall provide features for algebraic manipulations, substitutions, changes of variables, and other symbolic expressions, (e.g. polynomials). The software shall:
a. Perform mathematical functions, including taking symbolic derivatives, power series, factorization of polynomials, rationalization, extraction of coefficients, integration and partial differention.
b. Perform numeric evaluation for special functions and shall produce graphic output.
c. Contain efficient built- in algorithms to perform standard mathematical operations, including differentiation, integration, series approximation, matrix and vector calculus, and solution of equations.
d. Perform higher level mathematical procedures, including LaPlace transforms, symbolic solutions of particular types of differential equations, and numerical root finding.
e. Convert given functions defined by the user in symbolic manipulation language into subroutines in FORTRAN and C language, at the user's request. 
f. Understand and manipulate collections of variables separated by operators and optional functions.
1. The software shall allow the user to:
a) Name variables with any unique combination of letters and numbers.
b) Choose any letter, a-z, capital or lower case.
c) Choose any number between 10**+37 and 10**-37, with up to six significant digits.
d) Type "pi" for the numerical value 3.14159.
e) Nest parentheses, brackets, and curly brackets to any depth.
f) Designate certain equations as comments rather than including the equation in the calculation.
2. The system shall support the following operators:
=   equal.
+   plus.
-    minus.
*   times.
/    divided.
**    to the power of.
e or E    times 10 to the power.
3. The software shall perform the following functions:
abs absolute value.
sin    sine.
cos    cosine.
tan    tangent.
arcsin    arcsine.
arccos    arccosine.
arctan    arctangent.
exp      e raised to the power x.
ln      natural log.
log    log to the base 10.
sqrt   square root.
sinh    hyperbolic sine
cosh    hyperbolic cosine
4. The software shall understand the following relationships:
== equivalent.
< less than.
<= less than or equal to.
> greater than.
>= greater than or equal to.
<> not equal to.
5. The system shall provide a set of find and change commands to allow the user to locate a particular equation or comment easily.
6. The software shall signal the user if a given mathematical condition is false.
7. The software shall solve simultaneous linear and nonlinear equations.
8. The software shall determine the order of solution.
9. The software shall determine whether direct or iterative solution is more appropriate.
g. Provide a separate window containing a table of all variables used in equations.
1. The table shall include the variable, its value, its measurement unit, initial value (if the value is required) and status related to other variables or geometry.
2. The software shall allow the user to manipulate all functions, except variable status.
3. The software shall allow a variable's value to be user-defined (i.e., the variable can acquire its value from the user typing an equation or a variable value).
4. The software shall change the value of a user-defined variable if the value of the variable or dimension to which it is linked changes.
5. The software shall calculate a variable value from other information.
6. The software shall allow the user to leave a variable undefined if there is insufficient information to derive its value.
7. The software shall allow the user to change the status of a variable.
8. The software shall use clearly identified symbols to denote whether a variable is unconstrained/undefined, user-defined, derived, linked from or linked to another variable, or simultaneously linked from and to other variables.
9. The software shall provide the user with choices for determining the format of individual variables.
h. Update mathematics continually.
1. The software shall allow the user to define the extent of the math that is updated.
2. The choices shall include updating individual sets of equations or everything open at that time.
3. When requested to, calculations shall be deferred while the system checks equations for validity, identifies redundancies, and updates dependent windows.
4. The software shall provide a symbol to indicate:
a) If there is an invalid or incomplete equation.
b) If there are redundant equations.
c) If there are inconsistent or contradictory equations.
d) A calculation error caused by mathematically illegal functions.
e) Unsatisfied inequalities, including: not equal, not less than, not less than or equal, not greater than, not greater than or equal, or not unequal.
i. Allow the user to link a variable to other variables or to dimensions found in sketched geometry.
1. When a variable is linked, a change in the other dimension or variable shall effect a change in the other variable.
2. The software shall show all uses of a particular variable to the user.
3. The software shall show how variables are linked.
4. The software shall allow the user to see what affects a variable directly or indirectly, what the variable affects, or what cycles the variable is involved in.

C10.16. MECHANICAL PART DESIGN 

This software shall be used to design mechanical systems such as military equipment and underwater construction tools. 
a. Using the features of Sections C8.4.10. and C8.4.11. as its basis, all system elements shall be defined as wireframe, surface, or solid at the discretion of the user.
b. The system shall interface all model elements to the following analysis programs:
1. Finite Element Analysis:
a) Basic finite element analysis, Section C10.3.
b) Advanced finite element analysis, Section C10.4.a.
c) Heat transfer and stress analysis, Section C10.4.b.
2. Linear System Analysis, Section C10.5.
3. Kinematic and Dynamic Analysis, Section C10.6.
4. Failure Analysis, Section C10.8.
5. Thermal Analysis, Section C10.9.
6. Continuous System Analysis, Section C10.10.
7. Classical Stress and Strain Analysis, Section C10.11.
8. Optimization Analysis, Section C10.12.
9. Control System Analysis, Section C10.13.
10. Fluid Flow, Section C10.14.
11. Symbolic Manipulation, Section C10.15.
c. All associative library parts shall, upon request, contain the necessary engineering data to perform the analysis in Section C10.16.b. 

C10.16.1. MATERIAL SELECTION

Provide a data base of engineering materials to aid the user in selecting a suitable material for the design of a part. 
a. The software shall:
1. Include an independent materials data base, or
2. Utilize existing commercial and government data bases by transferring the entire data base or user
selected subsets to the system relational data base via the following:
a) Magnetic tape.
b) Floppy diskette.
c) Dial up remote telecommunications.
b. The system shall identify all materials that satisfy a set of user specified properties and list any or all properties associated with the identified materials.
c. The system shall allow the user to add, delete, and edit material and material properties.
d. Materials specified in the data base shall include the following properties: 
1. Modulus of elasticity.
2. Yield strength.
3. Ultimate tensile strength.
4. Compressive strength.
5. Percent elongation.
6. Brinell hardness.
7. Thermal properties.
8. Wear properties.
9. Corrosion properties.
10. Friction properties.
11. Magnetic properties.
12. Electrical conductivity properties.
13. Nonhomogeneous properties:
a) Young's modulus of elasticity having different values in the longitudinal and transverse direction.
b) Fiber volume fraction.
14. Composition.
15. Material designation (ASTM, AISI, SAE, Military specification, or other).
16. Poisson's ratio.
17. Shear modulus.
18. Specific gravity.
19. Bearing yield strength.
20. Other properties to be added at the user's discretion.
21. Density.

C10.16.2. STANDARD LIBRARY OF PARTS

The system shall provide a library of standard parts. 
a. The system shall insert these standard library parts, at the user's request, into the model, prepared using Sections C8.4.10. and C8.4.11.
b. The library shall be in the form of parameter-based part families. 
c. The system shall allow the user to add, delete, and edit parts and properties of parts. 
d. Properties shall include both geometric and nongeometric attributes.
e. The system shall allow the user to search the library based on user- definable criteria, including the nongeometric attributes. The standard library of parts shall include:
1. Fasteners: nuts, bolts, screws, cap screws, set screws, washers, lock washers, rivets, and nutplates.
2. Helical extension, compression, and torsion springs.
3. AISC structural shapes: angles, channels, I-beams, wide flange beams, and structural tees.
4. AISC pipes, tubes, round stock, square stock, flat stock, and hexagon stock.
f. The system shall prompt the user for selection of material property from the data base as in Section C10.16.1.d.

C10.16.3. MECHANICAL PART PARAMETRIC 
GENERATORS

The system shall provide a parametric parts generator for creating mechanical part families, including, but not limited to, the following:
a. Fasteners: nuts, bolts, screws, cap screws, set screws, washers, lock washers, rivets, and nutplates.
b. Helical extension, compression, and torsion springs.
c. Internal and external spur, helical, and bevel gears.
d. Worm gears.
e. AISC structural shapes: angles, channels, I- beams, wide flange beams, and 
structural tees.
f. AISC pipes, tubes, round stock, square stock, flat stock, and hexagon stock.
g. O-rings.
h. Other parts as defined by the user.
i. The system shall prompt the user for selection of material property from the data base as described in Section C10.16.1.d.

C10.16.4.  WELD MODELING

The system shall allow a user to create a geometric model of a weld and insert it at a user specified location within a part. 
a. Height, length, root, spacing, contour, and pitch of the weld shall be specified. 
b. The system shall allow the user to create, edit, insert, and delete the types of welds as defined by ANSI/AWS A2.4, including, but not limited to, the following:
1. Fillet.
2. Bevel.
3. Square groove.
4. V-groove.
5. U-groove.
6. J-groove.
7. Plug.
8. Seam.
9. Spot.
10. Backing.

C10.16.5. TOLERANCING ANALYSIS

Software shall be provided to aid in the selection and verification of tolerances for engineering component design and system assembly.

C10.16.5.1. GENERAL REQUIREMENTS

The tolerancing analysis software shall:
a. Extract and utilize dimensional and model data of Sections C8.4.10. and C8.4.11. in performing the tolerancing analysis. 
b. Incorporate the output of the tolerancing analysis into the geometric model produced using features of Sections C8.4.10. and C8.4.11. to modify the original model and provide an image overlay of the worst case envelopes.
c. Be menu-driven in a form consistent with the other modules of Section C10.
d. Provide a "HELP" feature.
e. Prompt the user for required information in a form consistent with the other modules of Section C10.
f. Provide optional help messages and explanations at the request of the user.
g. Include four levels of tolerancing aids:
1. Handbook tolerancing (e.g., cylindrical fits).
2. Geometric tolerancing (e.g., true positioning).
3. Statistical methods (e.g., assembly models).
4. Optimal tolerancing (e.g., constrained optimization).
h. Perform analysis on all or a user- specified portion of the model.
i. Perform interference checks (by visual highlighting and numerical results display) between two or more geometric models.
j. Extract nominal dimension values and location of assembly contact points from the 3-D solid model created using features of Section C8.4.10.6.11.

C10.16.5.2. TOLERANCING ANALYSIS TYPES

The following types of tolerance analysis shall be included:
a. Linear assembly tolerance stacking.
b. 2-D and 3-D assembly tolerance stacking.
c. Cylindrical clearance and interference fits.
d. ANSI Y14.5 positional and composite positional tolerancing.
e. ANSI Y14.5 concentricity tolerancing.
f. ANSI Y14.5 projected tolerance zones.
g. Other ANSI Y14.5 feature controls (i.e., form, profile, orientation, and runout tolerancing, perpendicularity, flatness, etc.) with models for inclusion in tolerance analysis.
h. User-defined models for gear backlash, mechanical control linkages, access door assemblies and closure (requiring user-defined subroutines).
i. Gap and flush routines for sheet metal fitting.
j. User-defined model (requires user-defined subroutines).

C10.16.5.3. TOLERANCING TOOLS

The following tolerancing aids (tools) shall be included:
a. Tables of typical tolerances that are fully user-editable and associated with various production methods (turning, grinding, drilling, etc.) as tolerance selection guides. They shall include: 
1. Machinist Handbook Twenty-First Edition.
2. French Drawing Reference.
3. Engineering Machining Data Handbook.
b. Calculation of dimensional changes due to thermal expansion (temperature data to be user-specified or automatically extracted from the software of Sections C10.4. or C10.9.) for inclusion in linear tolerance analysis. A uniform temperature change shall be assumed for all parts.
c. Tables and graphs relating tolerances to surface finish and relative cost. Display of graphs shall be provided to verify data.
d. Standard tables for preferred limits and fits for cylindrical parts based on ANSI B4.1-1987 (i.e., clearance fits, interference fits, etc).
e. A "teach" mode for walking a new user through sample problems as a training aid.

C10.16.5.4. ADVANCED TOLERANCE ANALYSIS


Advanced tolerancing analysis tools shall include the following:
a. Tolerancing sensitivity analysis using regression techniques:



