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End User License Agreement for CGI Software (Non-SDK)

The Software is protected by United States copyright laws and various international treaties. By installing or usitvgattes \Baf agree to
be bound by the terms of this Agreement. If you do not agree with the terms of this Agreement, do nmt irsstdlie Software. This
Agreement is governed by the laws of the United States and the State of Colorado. You may not export the Softwaoa iof violati
applicable export laws.

1. DEFINITIONS

iSoftwared means all of t-ROM(sx ar othieremredisswittowhichtthis dgrdemdntéssprovideéd. s k ( s) , CD
iDocumentationo means all of the contents of the fi measgou.pri nte
ACGl 6 means Computations & Graphics, Il nc.

2. GRANT OF LICENSE

a). The following applies if you have purchased a perpetual Software license:

CGil grants you (the End User) a rexclusive, nortransferabldicense to use the Software on a single computer. You may not rent, lease,
or resell the Software.  You may not disassemble, decompile, reverse engineer, or modify the Software in any way. nsehésaise

from the date you receive the Software ariltllast as long as the End User complies with the terms of this Agreement.

b). The following applies if you have purchased a subscription Software license:

CGil grants you (the End User) a rexclusive, nortransferabldicense to use the Software simultaneously via the internet on a certain

number of computers for a certain subscription period. You may not rent, lease, or resell the Software.  You mayendildjsass

decompile, reverse engineer, or modify the Softvimiany way. This License starts from the date you purchased the subscription license and
will last for the subscription period.

3. SUPPORT

CGil offers limited 30 days of free email technical support related to the installation and use of the most recent tleessmitefre, starting
from the start date of this Agreement. CGI has no obligation to provide support in any form if your ektiseoSoftware is not the most
recent version. CGl, in its sole discretion, will determine what constitutes a support incident. CGl reserves threfrightdopport
service to anyone.

4. COPYRIGHT
The Software and Documentation are the intellectual property of and are owned by CGIl.  You may make at most one coftyvaf¢he S
and/or the Documentation for backup purposes.

5. COMMERCIAL USES
The Standard and Professional versions of the Software may be used for commercial purposes.
The Evaluation, Educational, and Beta versions of the Software may not be used for commercial purposes.

6. LIMITATION OF LIABILITY

IN NO EVENT WILL CGI OR ITS SUPPLIERS BE LIABLE TO YOU FOR ANY DAMAGES, CLAIMS, OR COSTS WHATSOEVER OR
ANY CONSEQUENTIAL, INDIRECT, INCIDENTAL DAMAGES, OR ANY LOST PROFITS OR LOST SAVINGS, EVEN IF CGI HAS
BEEN ADVISED OF THE POSSIBILITY OF SUCH LOSS, DAMAES, CLAIMS, OR COSTS.

7. DISCLAIMER

CGI HAS TAKEN EVERY EFFORT TO MAKE THE SOFTWARE RELIABLE AND ACCURATE. HOWEVER, IT IS THE END
USER®6S RESPONSIBILITY TO | NDEPENDENTLY VERIFY THE ACCURACY AND
EXPRESS OR IMPLIED WARRANTY IS PROVIDED BY CGI OR ITS DEVELOPER® THE ACCURACY OR RELIABILITY OF

THE SOFTWARE.

8. REFUND POLICY
All sales are final and no refunds will be given. If you do not agree to and accept this policy, do not purchase tbétlhigsséware.

9. TERMINATION OF THIS LICENSE:

This Agreement becomes effective on the date you accept this Agreement and will continue until terminated as providisdAfgraement.
CGI may terminate this license at any time if you are in breach of any of its terms and conditions. Upon teriyinatst immediately
return to CGI or destroy the Software and all copies thereof.



Copyright

THE SOFTWAREREAL3D (FORMERLY REAL3D-ANALYSIS) AND ALL ITS DOCUMENTATION
ARE THE INTELLECTUAL PROPERTY OF AND ARE OWNED BY COMPUTATIONS &
GRAPHICS INC. (CGl). ILLEGAL USE OF THE SOFTWARE OR REPRODUCTION OF ITS
DOCUMENTATION IS STRICTLY PROHIBITED.

Disclaimer

CGI HAS TAKEN EVERY EFFORT TO MAKE THE SOFTWARE RELIABLE AND ACCURATE.
HOWEVER, I T 'S THE END USERG6GS RESPONSIBILITY T
ACCURACY AND RELIABILITY OF THE SOFTWARE. NO EXPRESS OR IMPLIED WARRANTY

IS PROVIDED BY CGI OR ITS DEVELOPERS ON THE ACCURACY OR RELIABILITY OF THE
SOFTWARE.

Notice

SINCEREAL3D COMES IN DIFFERENT VERSIONS, SOME FEATURES DESCRIBED IN THIS
DOCUMENTATION MAY NOT APPLY TO THE SPECIFIC VERSION OF THE PROGRAM YOU
ARE RUNNING.

OpenGL®is a registered trademark ldewlett Packard Enterprise

Windows® is a registered trademark of Microsoft Corporation.

Real3D is a trademark of Computations & Graphics, Inc.

Copyright 20022026 by Computations & Graphics, Inc.  All rights reserved.

Last Revisedlan 2026




Terms and Conventions

The convention for commands in this documentation is Main Menu-Memloi.  For example, Edit |
Undo means the Undo command from the Edit main menu.

Model View: A window in the program that contains the graphical display of the model

Report View: A window in the program that contains the text or graphical report.

Structural Command: A command in the program that affects the results for a model.

Member: A beam or frame element.lt also refers to a truss when the element has full moment releases
at two ends. The term fAbeam el emento, Afr ame

program.

Shell: a four node shell finite element. It includes membrane action and plate bending action. ltis
sometimes called shell4.

Brick : aneight node solid finite element.

Element: A member or finite elemerfshell or brick)

Object: A node or finite element (shell or brick) or its dependent.

Dependent A structural entity whose existence depends upon the existence of another structural entity.
For example, a support is a dependent of a node; a moment release is a dependent of a member (beam
element). All loads are dependents of nodes or membersterdlements.

Parent: A structural entity which may have dependents. Nodes and elements may be parents. For
example, a node may be a parent of a support or a member. A member may be a parent of a moment

release.

Distance List A comma separated list that specifies multiple distances. For example, a distance list of
n12, 2@14, 3@100 wi || generate distances of 12, ’

Orphaned Node A node that is not connected to any elements.
DOFs: Degrees of freedom.

double precisionsolver. The solver that uses @3t (8 bytes) floatingpointdoubleprecisionarithmetic.
Thedoubleprecisionsolveris the standard solver moststructural analysis programs.

guad precisionsolver. The solver that uses 128t (16 bytes) floatingpoint quadprecisionarithmetic.
Thequadprecision solvers extremely accurate and is uniquely availablReal3D
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Introduction

Built from the ground upReal3D(formerly Real3BAnalysis)is a powerful structural design / finite
element analysis software tool designed for structural engineers of all skill Real8Dis reliable,

easy to use, and affordable. The software is designed for accuracy and simplicity, allowing engineers
to get the job done without being overwhelming by useless features. It is available in version optimized
for 64 bit Windows operating systenmcludingWindows?7, 8 10, and 11

The program includes the following frame and finite elements:

- 2D and 3D beam and truss element (also called membEnge element can be lineaension
only or compression only.

- 3D fournode shell element, with thick (MITG#late and thin (Kirchhojfplate bending and
plane membranstress (compatibland incompatibleformulations

- 3D eightnode solid element (brick) with compatitdad incompatibléormulations

- Linear and nonlinear nodal, linend surface springlements

- Coupled springs.

- Rigid diaphragmrigid link, multi-DOF constraints.

The program includes the following analysis and design options
- Static linearanalysis
- Geometric nonlinear @Pelta) analysis
- Frequencyeigemalue) analysis
- Response spectrum analysis.
- Standarddoubleprecisionand extremely accuratpiadprecisionskylinesolvers
- Lightning fast sparsstatic and eigesolves based on IntedPARDISOlibrary.
- Nodal, point line, and surface forces; pomobments self-weight
- Thermal loads.
- Forced displacements on supports
- Member moment releasesyid offsets.
- Concrete beam, column and slab/wall designs accordiA@t@318-19/14/11/08/05/02
- Steel beam and column design accordingl®C 36022 (16" edition) LRFD,AISC 36016
(15" edition) LRFD and AISC 36610 (14" edition) LRFD

The program provides the following main user interface features:

- Multiple documents may be opened at the same time; each document may have multiple views
with different display settings.

- Graphically drawing nodes, members and finite elemanés load and rigid diaphragavia
mouseclick or command window.

- Versatile spreadshedts input data and results

- Powerful automatic model generatidns continuous beas) 2D and 3D frames; 2D and 3D
shells; arc beams and nprismaticheams.

- Powerful Autemesh generation of 100% quadrilateral shell elements.

- Quality 3D graphical rendering with hidden line or surface removal based on OpenGL

- Loading diagram; moment and shear diagram for members; contours for shells and solids;
deflection diagram.

- Flexible editing features such as ufrédo, duplicatearray, mirrormove, scale, delete,
revolve, extrude, splitting members, sulesh shells, node and element merging



Real timepanning zoomingand rotating

Many different selection methodsich as point/window/cross selesg¢lect by IDs, select by
properties, with options to freeze or thaw parts of a model

Flexible annotationfor input and results

Text reportsgn plain text, HTML, Word, and PDF formats Graphical reporin HTML format
andmay contain multiple images. Text report may be saved in plain text format.
Extremelydetailed steel section calculation procedures in Word and PDF format.

Print previews for graphical and text reports

Ability to append existindqReal3Dmodels to the current model.

Ability to activate/deactivate elements.

Importing and exporting DXFles.

Importing SAP2000 S2K files.

Fully integrated Windows application writt@mtirelyin modern standardizedandobject
oriented C++ programming language.

Graphical User Interface (GUI)

Real3Dhas a modern graphical user interf@egure 0.1).

It includes menus, multiple toolbars,

command window, multiple viewsand a status bar.
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Aliases (usually abbreviated) can be associated with some commands. For example, instead of

ent er i nginfhencemmbaedrligeyou carsimplyent er A mo . @edefmednnd al i
thefile cmds.txt and may be modified. Before you edit cmds.txt, it is recommended that you create a
backup so that it can be restored later, if necessary.

A command alias is defined in cmds.txt in the program folder using the following syntax:

alias %command

wherefialia® is the command alias that you enter at the Command promcanmana is the

command being aliased. You must enter a percent sign (%) before the command name to identify the
line as a command alias definition. An alias may contain ASCII characters (excluding %) only.

To find out commands and their aliases, type f°

To repeat the last command, press Enter or Spacebar at command prompt. You can also invoke the
last command by rightlicking your mouse and select Repeat Last.

To cancel a command in progress, pESE

By default, the command window is docked. You can undock the command window by dragging it
away. You can then resize its width and height. To dock the command window again, double click
on its caption.

The command window can be turned on or off by pressing F3.

Enter Nodal Coordinates

Nodal coordinates can be specified by either Cartesi®@olar systesithrough the command
window.

Cartesiarcoordinates can be specified by either absolute or relative X, Y and&u&sy separated by
comma(s). Z value may be omitted, in which case the progvalnassign Z = 0.

By default, the values entered are absolute coordinates, which are based on the origin (0, 0, 0) of the
global coordinate system Relative coordinates are based on the last nodal coordinates entered. To
specify relative coordinates, precede the coordinate valuesi@tlcharacter.

For example, the following will draw three nodes (1, 1, 0), (3, 4, 2) and (2, 8, 3)
Command: node

Specify nodal coordinates: 1,1

Specify nodal coordinates: @2,3,2

Specify nodal coordinates:-@4,1

Polar coordinates can be specified by either absolute or relative distance plus an angle, separated by an
< character. The angle is degrees measured from the +X direction and is positive in counterclockwise
direction around +Z axis.



By default, the value entered is absolute distance, which is based on the origin (0, 0, 0) of the global
coordinate system Relative distance is based on the last nodal coordinates entered. To specify
relative distance, precede the distance values with an @ character.

For example, the following will draw three nodes (1, 1, 0), (4.33013, 2.5, 0) and (6.45145, 4.62132, 0)
Command: node
Specify nodal coordinates: 1,1

Specify nodal coordinates: 5<30
Specify nodal coordinates: @3<45

Mouse Use

You can zoom in or out the model view by rolling middle mouse wheel.

You can pan the model view by holding down and move the middle mouse button.

Spreadsheet Navigation

The program uses spreadsis€gtid control, see Figure 0.2) extensively for data input and output. It
offers multiple ways to navigate withasspreagheet as specified in the following table.

Node Data
Node Id b L] (it Zm Status ;
q o o o Nomal v
2 2 1} 12 1} Mormal
3 3 a 24 1] MNomal
4 4 B0 24 1] MNomal
5 5 [=i1] 1} 1} Normal
3 3 B0 12 i} Mormal
< D
Mew Rovwes Print Save
Round-off Coordinates Epsilon = 1e-100 Cancel
Figure 0.2
Key Action
up arrow Moves active cell up one row
down arrow Moves active cell down one row
right arrow Moves active cell right one column
left arrow Moves active cell left one column




Shift+arrow key

Extends selection in direction of arrow key

Page Up

Moves active cell one page up

Page Down

Moves active cell one page down

Ctrl+Page Up

Moves active cell one page left

Ctrl+Page Down

Moves active cell one page right

Home

Moves active cell to first cell in row

End Moves active cell to last cell in row that contains data

Ctrl+Home Moves active cell to first row, first column

Ctrl+End Moves active cell to last row and column that contain data

Tab Moves active cell to next cell to the right (or at end of row moves to beginni
next row)

Shift+Tab Moves active cell to next cell to the left (or at beginning of row moves up to
of row above)

Shift+space Selects current row

Ctrl+space Selects current column

Shift+Ctrl+space | Selects entire sheet

Ctrl+X or Cuts current selection or active cell's data to Clipboard

Shift+Del

Ctrl+V or Pastes Clipboard contents into active cell

Shift+ins

Ctrl+C or Ctrl+Ins

Copies current selection or active cell's data to Clipboard

Enter

Active cell moves down

Esc If sheet is in edit mode, previous cell value replaces new value and edit mg
turned off

F2 If edit mode is on, cell value is cleared

Right Click For certain input spreadsheeight clicking on a celtan be used tautcfill all

or selected cells in the clicked column with the value ottickedcell.

System Requirements

Memory (RAM)

4 GB or more is recommended

Video Card

OpenGL® acceleration is desired

Hard Disk

100 GB free disk space

Operating System

x64-based Windows 7, 8, 10, 11
ARM®64-based Windows 11
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Menu Overview

The program organizes commands BEaanmeneitem unddrtheana i n
main menus represents a program command. The command can be invoked by clicking the menu
item or enteringacommand name in the command window. The following table lists all the

commands available in the program. Command aliasgsbe defined in cmds.txt in the program

installed directory.

Menu | Command Name | Description
File Menu
New new Create a new document
Opené open Open an existing document
Close close Close the active document
Save save Save the active document
Save Asé saveas Save the active document with a new name
Save All saveall Save all open documents
Append File append Append an existing file to current model
Import from DXF importdxf Import geometry from a DXF file
Import from SAP2000 .s2k Imports2k Import SAP2000 s2k file
Export to DXF exportdxf Export the geometry to a DXF file
Batch Static Analysis brun Batch run static analyses
Batch Frequency Analysis bfrequency Batch run frequency analyses
Batch Concrete Design brcrun Batch run concrete design
Batch Steel Design bsrun Batch run steel design
Batch Text Report breport Batch run text reports
Print Setup printsetup Change the printer and printing options
Print Current View printview Print current view
Capture Current Image capture Capture image of the current view
Delete All Images deletecapture Delete all captured images for this document
Print Captured Images printcapture View captured images
Gener al I nformat generalinfo General information
Text Reporté report Run input or/and output text report
Envel ope Report { envreport Run envelope report
Statisticsé statistics Statistics about the model
View Log File viewlog View log file
Open Containing Folder openfolder Open the containing folder of current file
Exit exit Quit the application
Edit Menu
Undo undo Undo the last action
Redo redo Redo the previously undone action
Lock Model lock Lock or unlock model
Duplicateé duplicate Duplicate the selection
Arrayé Array Make multiple copies of the selection
Mirror é Mirror Mirror the selection about XY, YZ or XZ plane
Mo v e é move Move the selection
Rotateé rotate Rotate the selection




Scal eé

scale Scale the selection
Del et eé delete Delete the selection
ExtudeNodes t o Membe extrudenode Extrude selected nodes to members
Extude Member s t o She extrudemember Extrude selected members into shell4s
ExtudeShel | 4s to Bri extrudeshell Extrude selected shell4s into bricks

Revove Me mber s t o She

revolvemember

Revolve members to shells

RevolveShel | 4s to Bri revolveshell Revolve shells to bricks
SplitMe mber s é split Split each selected member into two or more members
Submesh Shell 4s¢é submesh Submesh each selected shell4 into two or more shell4s
Insert Nodes at Intersections of Selected . . ) .
Members intersection Insert nodes at intersections of two or more members
Explode Selected Members at Nodes explode Explode each selected member at unconnected nodes
Merge All Nodes & Elements merge Merge all nodes and elements that are too close
Remove All Orphaned Nodes removeorphan Remove all orphaned (unconnected) nodes
Aut o Number Al N autonumbernode Renumber all nodes (start from 1)
Re-Number SelectedNo d e s é renumbernode Renumber selected nodes
Re-NumberSel ect ed Memb renumbermember Renumber selected members
Re-NumberSel ect ed Shel renumbershell Renumber selected shells

Re-NumberSel ect ed Bri

[

renumberbrick

Renumber selected bricks

Switch Coordinat

switch

Switch coordinates of selected nodes

Reverse Node Order for Selected Elements

reversenode

Reverse selected element nodes' order

Element Local Anglesé

elementangle

Assign element local angles

3-Point Member Orientation

threepointorientation

Assign local angle to selected members such that the local
axis is perpendicular to the plane formed by member nodes
and the third point

Match Local x-Axes for Shells

matchx

Match local x-axes of selected shells to that of a source shell

Match Local z-Axes for Shells

matchz

Match local z-axes of selected shells to that of a source shell

Align Local z-Axes with a Reference Point

alignz

Align local z-axes for selected shells with a reference point

Align Local y-Axes with a Reference Point

aligny

Align local y-axes for selected shells with a reference point

Tension/CompressionOn | y é

tensioncompressiononly

Assign tension only or compression only attribute to selected
members

Convert Selected Members to Rigid Links

rigidlink

Convert selected members to rigid links

Self Weight Exclusion

selfweightexclude

Include or exclude self weight for selected elements

Element Activation

elementactivate

Activate or inactivate elements

Clear Undo & Redo clearundo Clear undo & redo buffer to free up memory
Clear Results clearresult Erase results
Clear Everything clear Erase everything in the model
View Menu
Redraw redraw Redraw the current view
Restore restore Restore the view to pristine condition
Preset Views | Isometric isometric Isometric view of the model
Preset Views | Front vfront Front view of the model
Preset Views | Back vback Back view of the model
Preset Views | Left vleft Left view of the model
Preset Views | Right vright Right view of the model
Preset Views | Top vtop Top view of the model
Preset Views | Bottom vbottom Bottom view of the model
Named Vi ewsé namedview Save or recall named views
Groupsé namedsel Define groups (Named selections)
Zoom | Extent zoomextent Zoom current view to extent
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Zoom | Window

zoom

Select a rectangle to zoom

Zoom| Object é

zoomobject

Zoom object

Zoom | Previous

zoomprevious

Zoom previous

Zoom | In 22X Zoom in
Zoom | Out 2.5x Zoom out
Pan | Pan-Screen pan Pan by dragging cursor on screen
Pan | Left left Pan left
Pan | Right right Pan right
Pan | Up up Pan up
Pan | Down down Pan down
Rotate | +X +X Rotate about +X
Rotate | -X -X Rotate about -X
Rotate | +Y +y Rotate about +Y
Rotate | -Y -y Rotate about -Y
Rotate | +Z +z Rotate about +Z
Rotate | -Z -z Rotate about -Z
Real-Time Pan realtimepan Real-time panning by dragging the cursor

Real-Time Zoom

realtimezoom

Real-time zooming by dragging the cursor

Real-Time Rotate realtimerotate Real-time rotating by dragging the cursor
Window/Point Select select Select elements by mouse clicking or dragging
Line Select Iselect Select elements by a line
Select by IDs | Nodes é selectnode Select nodes by IDs
Select by IDs | Member s é selectmember Select members by IDs
SelectbyIDs| Shel | 4sé selectshell Select shell4s by IDs
Select by IDs | Bricksé selectbrick Select bricks by IDs
Select All selectall Select all
Unselect All unselectall Unselect all

Select by Properties | Materials

selectmaterial

Select elements by materials

Select by Properties | Me mber Se

selectsection

Select members by sections

Select by Properties | Orientat

selectorient

Select elements by orientations

Select by Properties | Tension Only

Me mber s é

Selecttension

Select all tension only members

Select by Properties | Compression Only
Member s é

Selectcompression

Select all compression only members

Select by Properties | Shellt hi cknes

selectthickness

Select shells by thicknesses

Select by Properties | Orphaned Nodesé

selectorphan

Select orphaned nodes while deselect everything else

Select by Properties | Elements Connected to
Selected Nodesé

selectconnectedelements

Select all elements connected to currently selected nodes

Select by Properties | Elements With Self-
weight Excluded

selectexcludeself

Select all elements that have self weight excluded

Select by Properties | Inactive Elements

selectinactive

Select all elements that are inactive

Select by Properties| Coor di na

selectcoordinate

Select by coordinates

Select by Properties | Selection

selectname

Select by selection names

Select by Properties | Concrete Beam
Criteri aé

selectrcbeam

Select members based on concrete beam criteria

Select by Properties | Concrete Column
Criteriaé

selectrccolumn

Select members based on concrete column criteria

Select by Properties | Concrete Plate
Criteriaé

selectrcplate

Select shells based on concrete plate criteria

Select by Properties | Steel Design Criteria

selectsteelcriteria

Select members based on steel design criteria

Select by Properties | Unity Check Ratios

selectbyunitycheckratios

Select members based on a range of concrete and steel
unity check ratios

Flip Selection

selectflip

Flip the current selection

Freeze Selected

freeze

Freeze (hide) selected elements




Freeze All Except Selected

freezeexceptselected

Freeze (hide) all except selected elements

Freeze AIlI Except freezeexceptlevel Freeze all elements except those on the level specified.
Freeze AII Except freezeexcept Freeze all elements except those on the plane specified.
Thaw thaw Thaw the freezed elements
Load Diagr amé loaddiagram View loading Diagram
Annot ateé annotate Annotate graphic entities

Clear Annotations

clearannotations

Clear all annotations

Queryé query Query a node or element info
Mesh Model viewmeshmodel Show or hide mesh model
Distance distance Measure distance between two nodes
RenderOpti ons é render Render elements in 3D
Quick Render grender Quick render

Diaphragm Render

renderdiaphragm

Render diaphragm

Resul t Di agram | Sheal momentshear Show shear and moment diagram
Result Diagram | Def deflection Show deflections
Result Diagram | Contour Di a g r a mé contour Show contours
- qcontour Quickly show contours
Result Diagram | M modeshape Show mode shape
Result Diagram | Unity Check unity View design unity check result
Result Diagram | Response Animation animate Animate structural animation
Options | Show Grid showgrid Show or hide drawing grid
Options | Global Axes showaxis Show or hide global axes
Options | Contour Legend showlegend Show or hide contour legend
Options | Comment comment Insert a comment at specified location

Geometry Menu

Mat eri al sé material Define or/and assign element materials
Sectionsé section Define or/assign member sections
Thicknessesé thickness Define or/and assign shell thicknesses
Levels Level Define floor levels
Drawing Gridé grid Generate drawing grid
Object Snap | Snap to 1/2, 1/3¢ 1/9 Points snap2, 3, é 9 Snap to 1/2, 1/3 é 1/9th points on member when drawing

nodes, members etc.

Object Snap | Perpendicular Point

perpendicular

Snap to perpendicular point on member when drawing
nodes, members etc.

Clear Snap Points clearsnap Clear all snap options
Draw Node node Draw nodes
Draw Member member Draw members
Draw Shell4 shell Draw shell4s
Draw Brick brick Draw 8-node brick
Quick Draw | Member gmember Draw members by specifying node IDs
Quick Draw | Shell4 gshell Draw shell4s by specifying node IDs
Quick Draw | Brick gbrick Draw bricks by specifying node IDs
Generate | Rectangular Fr a me s é genframe Generate 2D or 3D rectangular frames or continuous beams
Generate | Cylindrical Fr a me s € gencframe Generate 2D or 3D cylindrical frames
Generate| Arc Member genarcmember Generate arc members
Generate [Non-Pr i smati ¢ Me| gennonprismatic Generate non-prismatic members on selected members
Generate | Rectangul ar genrectshell Generate shell4s in a rectangle
Generate|] Circul ar Sh gencirshell Generate shell4s in a circle
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Generate | Shell4s Around a Ringé genringshell Generate shell4s around a ring
Generate | Nodes from Grid gennodesfromgrid Generate nodes from current grid
Generate | Members by Nodesé genmembersbynodes Generate members by existing nodes

Generate | Shells by Nodesé

genshellsbynodes

Generate shells by existing nodes

Generate | Bricks by Nodesé

genbricksbynodes

Generate bricks by existing nodes

Auto-Mesh Shell4s | Add Region

meshaddregion

Add a region to mesh model

Auto-Mesh Shell4s | Add Hole

meshaddhole

Add a hole to a mesh region

Auto-Mesh Shell4s | Add Internal Points

meshaddinternalpoints

Add internal points to a mesh region

Auto-Mesh Shell4s | Add Tree

meshaddtree

Add a tree to a mesh region

Auto-Mesh Shell4s | Edit Region

mesheditregion

Edit a mesh region

Auto-Mesh Shell4s | Edit Hole

meshedithole

Edit a hole in a mesh region

Auto-Mesh Shell4s | Edit Internal Points

mesheditinternalpoints

Edit internal points in a mesh region

Auto-Mesh Shell4s | Edit Tree

meshedittree

Edit a tree in a mesh region

Auto-Mesh Shell4s | Delete Region

meshdeleteregion

Delete a mesh region

Auto-Mesh Shell4s | Delete Holes

meshdeletehole

Edit holes in a mesh region

Auto-Mesh Shell4s | Delete Internal Points

meshdeleteinternalpoints

Delete internal points in a mesh region

Auto-Mesh Shell4s | Delete Trees meshdeletetree Delete trees in a mesh region
Auto-Mesh Shell4s | Clear Mesh Model meshclear Delete the mesh model
Auto-Mesh Shell4s | Load Mesh Model from meshloadfile Load mesh model from a file (*.SUR)

File

Auto-Mesh Shell4s | Save Mesh Model to File

meshsavefile

Save mesh model to a file (*.SUR)

Auto-Mesh Shell4s | Activate Regions

meshactivate

Activate a mesh region

Auto-Mesh Shell4s | Generate Mesh

meshgenerate

Generate mesh from current mesh model

Auto-Mesh Shell4s | Generate Mesh From
File

meshgeneratefromfile

Generate mesh from a mesh model file (*.SUR)

Auto-Mesh Shell4s | Annotate Mesh Model |
Annotate Mesh Regions

annotatemeshregion

Annotate mesh regions

Auto-Mesh Shell4s | Annotate Mesh Model |
Annotate Mesh Holes

annotatemeshhole

Annotate mesh holes

Auto-Mesh Shell4s | Annotate Mesh Model |
Annotate Mesh Internal Points

annotatemeshinternalpoint

Annotate mesh internal points

Auto-Mesh Shell4s | Annotate Mesh Model |
Annotate Mesh Trees

annotatemeshtree

Annotate mesh trees

Auto-Mesh Shell4s | Annotate Mesh Model |
Annotate Mesh Lines

annotatemeshline

Annotate mesh lines

Auto-Mesh Shell4s | Annotate Mesh Model |
Annotate Mesh Points

annotatemeshpoint

Annotate mesh points

Auto-Mesh Shell4s | Annotate Mesh Model |
Annotate Mesh Point Coordinates

annotatemeshpointcoordinate

Annotate mesh point coordinates

Element Local Anglesé

elementangle

Assign element local angles

Mo me nt Rel eases§

release

Assign moment releases to selected members

Rigid Offset

rigidoffset

Define and assign rigid offsets to selected members

Tension/CompressionOn | y é

tensioncompressiononly

Assign tension only or compression only attribute to selected
members

Convert Selected Members to Rigid Links

rigidlink

Convert selected members to rigid links

Member Stiffness Modification

memberstiffnessmodify

Modify stiffness for selected members

Shell Stiffness Modification

shellstiffnessmodify

Modify stiffness for selected shells

Element Activation

elementactivate

Activate or inactivate elements

Supportseé support Assign supports to selected nodes
) . ) Assign nodal, line or surface springs to selected nodes,
Springsé spring
members or shells
Coupl ed Springs/ cspring Assign coupled springs to selected nodes
Di aphragmsé diaphragm Define diaphragms
Inclined Rollers inclinedroller Assign inclined rollers to selected nodes

Equal Constraints

equalconstraint

Assign equal constraints to two nodes
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Generic Constraint

genericconstraint

Assign generic constraints to one or two nodes

Shell4 Nodal Resultant Group

shell4nodalresultantgroup

Define a shell4 resultant group

Generate Slab Strip Groups

generatedesignstripgroup Generate shell4 resultant groups along a design strip
Story Drift Nodes driftnodes Assign selected nodes as drift nodes
Loads Menu
Load Casesé loadcase Define load cases
Load Combinationsé loadcomb Define load combinations
Nodal Loadsé nodalload Assign nodal loads to selected nodes
Point Loadsé pointload Assign point forces or moments to selected members
Line Loadsé lineload Assign linear forces to selected members
Area Loadsé areaload Assign area loads to selected members
Surface Loadsé surfaceload Assign surface forces to selected shells
Thermal Loads thermal Assign thermal loads to selected members, shells or bricks
Sel f Weightsé self weight

Apply self weight

Self Weight Exclusion

selfweightexclude

Include or exclude self weight for selected elements

GenerateLoads | Fluid

fluidload

Generate fluid loads to selected shells

Generate Loads | Pattern Loads...

patternload Generate pattern loads to selected members
Generate Loads | Moving Loads... movingload Generate moving loads to selected members
Scale Loads in a Load Case casescale Scale all loads in a load case by a factor
Case-Copy Loadsé casecopy

Copy loads from one load case to another

Convert Area Loads to Line Loads

area2lineload

Convert all area loads to line loads

Convert Local Loads to Global Loads

local2globalload Convert all local loads to global loads
Additional Mass e mass Assign additional mass or mass moment of inertia to
selected nodes
Response Spectra Library spectra Define response spectrum library
Assign Menu
Support asupport Assign supports continuously
Spring aspring Assign nodal, line or surface springs continuously
Member Properties amember Assign member properties continuously
Shell Properties ashell Assign shell properties continuously
Nodal Load anodalload Assign nodal loads continuously
Point Load apointload Assign point loads continuously
Line Load alineload Assign line loads continuously
Surface Load asurfaceload Assign surface loads continuously
Additional Masses amass Assign additional masses continuously
Deletion adelete Delete objects continuously

Input Data Menu

Mat eri al sé

Sectionsé

material

Define or/and assign element materials

section

Define or/assign member sections

Thicknessesé

thickness

Define or/and assign shell thicknesses

Nodes é

Member s é

nodedata

Node data sheet

memberdata

Member data sheet

Shell 4s¢é

shelldata

Shell4 data sheet

Bricksé

Supportseé

brickdata

Brick data sheet

supportdata

Support data sheet

Nodal Springsé

nodalspringdata

Nodal spring data sheet
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Coupled Springs

cspringdata

Coupled spring data sheet
Line Springsé linespringdata Line spring data sheet
Surface Springs surfacespringdata Surface (shell4) spring data sheet
Member Rel eases§

releasedata

Member release data sheet

Di aphragmsé

diaphragmdata

Diaphragm data sheet

Multi-DOF Constraints

multidofdata

Multi-DOF constraint data sheet
Load Casesé loadcase Define load cases
Load Combinationsé loadcomb Define load combinations
Nodal Loadsé

nodalloaddata

Nodal load data sheet

Point Loadsé

pointloaddata

Member point load data sheet

Line Loadsé

lineloaddata

Member line load data sheet

Area Loadsé

arealoaddata

Member area load data sheet

Surface Loadsé

surfaceloaddata

Shell4 surface load data sheet

Member Thermal Loads

mthermaldata

Member thermal load data sheet

Shell4 Thermal Loads

sthermaldata

Shell4 thermal load data sheet

Brick Thermal Loads

bthermaldata

Brick thermal load data sheet

Sel f Weightsé

selfweight

Apply self weight

Calculated Masses( Read Onl vy

calcmassdata

Masses calculated from mass load combination

Additional Masses

massdata

Additional nodal mass data

Shell4 Nodal Resultant Groups

shell4nodalresultantgroups

Shell4 nodal resultant groups data

Story Drift Nodesé

driftnodesdata

Story Drift nodes data

Convert Inertia Forces to Nodal Forces

convertinertiaforces

Convert inertia forces from response spectrum analysis to

nodal forces
Response Spectra Library spectra Define response spectrum library
Comments commentdata Comment data

Analysis Menu

Anal ysis Optiong runoption Set up analysis options
Static Analysis run Run static analysis of the model
FrequencyAnal ysi s é frequency Run frequency analysis of the model
Response Spectrum Analysis

spectrumanalysis

Run response spectrum analysis of the model
View Log File viewlog View log file
Analysis Result Menu
Nodal Di spl aceme| nodaldisplacement Nodal displacements data sheet
Story Driftsé Storydrift Story drift data sheet
Support Reaction supportreaction Support reaction data sheet
Spring Reactions | Nodal é

nodalspringreaction

Nodal spring reaction data sheet

Spring Reactions| Coupl edé

cspringreaction

Coupled spring reaction data sheet

Spring Reactions | Lineé

linespringreaction

Line spring reaction data sheet

Spring Reactions| Sur f ace§

surfacespringreaction

Surface (shell4) spring reaction data sheet

Multi-DOF Constraint Forces & Moments

constraintforce

Multi-DOF constraint forces & moments data sheet

Me mber End Forces &

memberendforcemoment

Member end forces and moments da

Member SegmentalRe s ul t s é

msegmentalforcemoment

Member segmental force, moment and deflection

Member Stress Res

memberstress

Member stress

Shell 4 Forces & M(

shellforcemoment

Shell4 internal force and moment data sheet

Shell 4 Principal Foi

sprincipalforcemoment

Shell4 principal force and moment data sheet

Shell4 Stresses[ Top] é

shelltopstress

Shell4 top stress data sheet

Shell4 Stresses[ Bot t o m] é

shellbottomstress

Shell4 bottom stress data sheet
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Shell 4 Principal

shellprincipalstress

Shell4 top/bottom principal stress data sheet

Shell 4 Nodal Resu

shellnodalresultant

Show shell4 nodal resultants

Shell4 Group Nodal Resultants

shellgroupresultant

Show group shell4 nodal resultants

Brick St r essesé

brickstress

Brick stress data sheet

Brick Pr i nci pal

Stre;g

brickprincipalstress

Brick principal stress data sheet

Envelope | Nodal Displacements

nodaldisplacementenvelope

Nodal displacement envelope

Envelope | Support Reactions

supportreactionenvelope

Support reaction envelope

Envelope | Member Segemental Results

msegmentalforcemomentenvelope

Member segmental envelope

Eigenvaluesé

eigenvalue

Eigenvaule spreadsheet

Eigenvectorsé

eigenvector

Eigenvector spreadsheet

Mode Participation Factors

participationfactors

Mode participation factors spreadsheet

Modal Displacements | Modal Displacements

(sX) modaldisplacementsx Modal displacements spreadsheet in global X direction

Modal Displacement(sS|Yl\)/|odal Displacements modaldisplacementsy Modal displacements spreadsheet in global Y direction

Modal Displacement(ss|zl\)/lodal Displacements modaldisplacementsz Modal displacements spreadsheet in global Z direction
Inertia Forces | Inertia Forces (SX) inertiaforcesx Inertia forces spreadsheet in global X direction
Inertia Forces | Inertia Forces (SY) inertiaforcesy Inertia forces spreadsheet in global Y direction

Inertia Forces | Inertia Forces (SZ)

inertiaforcesz

Inertia forces spreadsheet in global Z direction

Modal Combinations | Nodal Displacements

modalcombodisplacements

Nodal displacements for modal combinations

Modal Combinations | Support Reactions

modalcombsupportreactions

Support reactions for modal combinations

Modal Combinations | Nodal Spring

A modalcombcspringreactions Coupled spring reactions for modal combinations
Reactions
Modal Comblnggggignioupled Spring modalcombnodalspringreactions Nodal spring reactions for modal combinations

Modal Combinations | Line Spring Reactions

modalcomblinespringreactions

Line spring reactions for modal combinations

Modal Combinations | Surface Spring
Reactions

modalcombsurfacespringreactions

Surface spring reactions for modal combinations

Modal Combinations | Multi-DOF Constraint
Forces & Moments

modalcombconstraintforce

Multi-DOF constraint forces & moments modal combinations

Modal Combinations | Member End Forces &

Moments modalcombmemberendforcesmoments Member end forces and moments for modal combinations
Modal ComblnatloRnessL:\t/lsember Segmental modalcombmembersegmentalresults Member segmental results for modal combinations
Modal Combln:/’:l;)mneréheIM Forces & modalcombshell4forcesmoments Shell4 forces and moments for modal combinations

Modal Combinations | Brick Stresses

modalcombbrickstresses

Brick stresses for modal combinations

Concrete Design Menu

RC Material seé rcmaterial Define RC materials
Design Criteria | Mo rcmodel Set RC model design options
Design Criteria | Be rcheam Define or/and assign RC beam design criteria
Design Criteria | Col rccolumn Define or/and assign RC column design criteria
Design Criteria| PlateDe si gn Cr i rcplate Define or/and assign RC plate design criteria
Design Criteria | E) rcexclude Exclude or include selected elements from RC design
Cracking Factor { crackingfactor Assign element cracking factors
Assign | Beam Design Properties acheam Assign concrete bearrrl](i;sti)%r:sproperties to selected
Assign | Column Design Properties accolumn Assign concrete columr:]ledniks)gr; properties to selected
Assign | Plate Design Properties acplate Assign concrete platem(:éter]ig;]:rsg)ropert|es to selected
Design I nput | RC WM rcmemberdata RC member input data sheet
Design Input| RC Platel nput é rcplatedata RC plate input data sheet
Perform Design rcrun Perform concrete design
Design Results | RC | rcenvelope RC member envelope moment and shear data sheet
Design Results | RC rcbeamresult Show RC beam flexural design results
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Design Results | RC rccolresult Show RC column axial-flexural design results
Design Results | R rcsection RC Column sections
Design Results | E!('e\/)l(:re(llléx)ialélnteraction | pmx+ P-Mx (+) interaction table
Design Results |g_lf/|>;tgsallgxial Interaction | pmx- P-Mx (-) interaction table
Design Results |PF_I'\e;Ix;r(aI/f>;iaéInteraction | pmy+ P-My (+) interaction table
Design Results |g_lf/|xytzf;ﬂ/2xial Interaction | pmy- P-My (-) interaction table
Design Results |;I§>;?;?5Agial Interaction | pmxmy P-Mx-My interaction table

Design Results | Flexural/Axial Interaction |
Print Diagramsé

interactiondiagram

Print concrete column interaction diagrams

Design Results | Me mi

rcshearresult

Show RC member shear design result

Design Results | Wood-Armer Mo me nt s

woodarmer

Show Wood-Armer Moments

Design Results |RCPlate Re s u |l t s ¢

rcplateresult

Show RC plate results

Diagrams | RC Member Envel

rcenvelopediagram

Show member envelop and capacity diagrams

Diagrams |[RCPlateEnv el ope Co

rcenvelopecontour

Show or hide plate envelope contour

RC Reporté rcreport Run concrete report
RC Tool s | Rebar D rebardatabase Show rebar database
RCTools|K-Cal cul at or é kfactor Compute K Factor
RC Tools | QuickR-Beam Fl exur a rcrectas Compute flexural reinforcement for rectangular beam
RC Tools | Quick T-Beam Fl exur a rcteeas Compute flexural reinforcement for tee beam
Steel Design
Steel Materials smaterial Design steel materials
Design Criteria | Model Design Criteria smodel Set steel model design options
Design Criteria | Member Design Criteria smember Define/assign steel member design criteria
Design Criteria | Section Pool sectionpool Define steel section pool
Design Criteria | Exclude Member sexclude Exclude members from steel design
Assign Member Design Properties asmember Assign steel design properties to selected members
Steel Member Input smemberdata Steel member input data sheet
Perform Design srun Perform steel design (and check)
Design Result sresult Show steel design (and check) result
Steel Tools|K-Cal cul at or ¢ kfactor Compute K Factor
Steel Tools | Section Check scheck Steel section check tool
Steel Tools | Section Design sdesign Steel section design tool

Settings Menu

Units & Precisionsé unit Set up units and precisions in the model
Data Optionsé dataoption Set up data options
New Origin neworigin New origin
Vertical Axis verticalaxis Set vertical axis

Graphics Scal es|

graphicscale

Set scales for graphic entities

Col or sé

color

Setting colors

Preferencesé

preference

Setting preferences

Disable/Enable Hardware Acceleration

acceleration

Disable or enable OpenGL hardware acceleration

Tools | Unit Conversion

unitconversion

Conversion between various units

Tools | Calculator

calculator

Launch Windows Calculator

Tools | Text Editor

texteditor

Launch Windows Notepad

Tools | Copy Command History

commandhistory

Copy command history

Tools | Clear Command History

clearcommandhistory

Clear command history
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MainToolbar maintoolbar Show or hide the main toolbar
View Toolbar viewtoolbar Show or hide the view toolbar
Edit/Run Toolbar edittoolbar Show or hide the edit/run toolbar

Input Toolbar inputtoolbar

Show or hide the input toolbar
Output Toolbar outputtoolbar Show or hide the output toolbar
Command Bar commandbar Show or hide the command bar

Status Bar statusbar Show or hide the status bar
Windows Menu
New Window windownew Open another window for the active document
Close windowclose Close active window
Close All windowcloseall

Tile Horizontal

Close all windows

windowhorizontal Arrange windows as non-overlapping horizontal tiles
Tile Vertical windowvertical Arrange windows as non-overlapping vertical tiles
Cascade windowcascade Arrange windows so they overlap
Help Menu
Online Manual é manual View online manual
Online Verificat verification View online verifications
Command Listé commandlist View command list
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Chapter 1: File

The File menwprovides commands that are related to files. It also provides commands related to text
and graphical reports Input data for a model is saved in one single text file (also called a model file

in this program) and has the default extension
with different extensions. The program provides Multiple Documentfaaer(MD]), that is, you

may open and work on multiple files at the same time. A binary result file for a model may be
optionally saved together with the input file. It has the same name as the input file but with the
extensi dmstaft ifcr gtedul t s) olnadiitby, at@xtlogdigscraated ¢ r e s u
during the solution process of each model. It has the same name as the input file but with the
extension of @Al ogo.

The program generates text repdatsinput and output, or graphical reports for captured images in
HTML file format. Reporf i | es have the extension of #@Aht mo.

text file format. Report files may be viewed as separate wingathig the program.

The File menwchanges its layout depending upon the view type of the current window. For example,
when the current window is a report view, commands related to printing are provided.

New

File | Newcreates a neWReal3Dmodel file.

Open

File | Operopens an existinBeal3Dmodel file. You may open one or multiple files at one time.
To open multiple files, simply go to the file list in Open dialog box (Figure 1.1) and click the files
while pressing CTRL or SHIFT.

aul Open Real3D Files
T » ThisPC » BOOTCAMP (C) » CGInc b Real3D-Analysis10x64 » examples v ¢ Searchexamples

Organize New folder =~ [0 @

4+ Downloads *  Name Date modified Type Size
<» Recent places

11 Aisc-Example-F-10r3a /29 Real3
@ Autodesk 360 N

1l Example-Oar3a

& This PC
@ Autodesk 360
J Desktop
Documents

+ Downloads

& Music

k Pictures

B Videos

Z> BOOTCAMP (C)
& Macintosh HD (D:
< share-data (\xu-\
< MEMORYCARD (\

File name:

1l Example-01br3a
11 Example-O1cr3a
1l Example-01dr3a
11 Example-Oter3a
11 Example-02.r3a

1l Example-03r3a

11 Example-04.r3a

1l Example-04-testr3a
11 Example-05:3a

1l Example-06a.r3a
11 Example-06br3a
11 Example-06b-submesr3a
11 Example-07:32

1l Example-07ar3a

v | |Real3D Files (*.r3a)
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Figure 1.1

Multiple Document Interface (MDImakes it easy for you to share data and compare results between
different models. Multiple windowsr viewsmay be associated with a single file. These windows
may have different display settings with respect to zoongagning displayng or hidng various
structural entitiesannotationsetc. For example, you may have one window for geometry, another
window for loading diagrams, and yet another window for moment and shear diagrams.

Close

When the current window is a model view, File | Closses the activReal3Dmodel file. You will

be prompted to save the document if changes have been made since it was last saved. You may close
all opened documents without exiting the program. When the current window is a report view, File |
Close closes the report window tead.

Save

When the current window is a model view, File | Ssanes the model. If the model has not been
saved before, the Save As dialog box will be displayed prompting you to enter a file name. When the
current window is a report view, File | Save saves the report file.

Save As

When the current window is a model view, File | SAgesaves the model under a different name. It
may be used if you have never saved the model or if you want to keep the original file. When the
current window is a report view, File | Save As saves the report file under a different name. For
example, ya may save the text report file in a plain text file format instead of the defaMt file
format.

Save All

File | Save All will save all the documents currently opened. If a model has not been saved before,
the Save As dialog box will be displayed prompting you to enter a file name.

Append File

File | Appendrile command allows you to append data from an exi®eg3Dinputfile to the

current model. The following data will always be appended: materials, sections, thicknesses, geometry
(nodes, members, shells or bricks), boundary conditions (supports, springs, moment releases,
diaphragms etc.oncrete beam design criteria, concrete column design criteria and concrete plate
design criteria Loads,Joad caseand load combinatiommay beoptionallyappended. Other data

such asnalysis options and concrete model design crit@tianot be appended. The input file does
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not need to use the same unit system as that of the current model. The pedoamsthe unit
conversion automatically.

It is important to point out that you shol®DT usethe default material, section dhnickness irthe
inputfile as this could caustataconflictsif corresponding properties do not matbhbse ofthe

current model. Data conflict may also occur if materials, sections, thicknesses, load combinations
etc. in the input file already exists in the current mod@éhe program giveyou warnings if such
conditions occur. You should examine these warnings carefully and make correctioesagsary

The following dialog box (Figure 2) gives you more options fégppendFile command The
insertion point will add an offset to the nodal coordinates in the input file. You also have the option
to give distinct node and element numbering for the appended data.

Append File

File name |cl

Insertion Point Mode and Element Numbering
% i f Start Node 1d 1
Y i} Start Member Id 1
Start Shell Id 1

Start Birick Id 1

Copy attached [oads

[#]Merge nodes and elements

Mote

The following items in the inputfile will not be processed
Analysis Options
Cancrete Model Design Criteria
Steel Model Design Criteria

Figure 12

Import from DXF

File | Importfrom DXF imports geometry data from a DXF file to the program. DXF stands for
Drawing eXchange Format and is widely supported by many CAD and structural analysis programs.

Real3Dconverts all lines into members and 3D faces to shells. Nodes are created as needed. The
command prompts you with a file selection dialog box. After selecting aflleXkou are then

prompted with the following dialog box (Figure3}.

You have the option to select length unit in the O~ You may also specify an insertion poatt

which the imported geometry will be inserted. The program merges nodes and elements
automatically after the importing.

You may run this command as many times as needed.
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Import from DXF File

Length unitin CxF file in e

Insertion Paoint Coordinates

Figure 1.3

Import from SAP2000 .s2k

File | Importfrom SAP2000 .s2bkffers limited support to impodata from a SAP2000/15 or above)
.52k file to the program. You will be prompted with the following message box:

B Real3D

e This command offers limited support to import SAP2000 V15 or

later .52k file. The current Real3D model will be cleared. You
must first set the units in Real3D "Settings->Units & Precisions’
menu to be consistent with those in .52k file.

Do you want to continue?

Currently, Real3D reads the following sections in the .s2k file
PROGRAM_CONTROL
MATERIAL_PROPERTIES_02_BASIC_MECHANICAL_PROPERTIES
FRAME_SECTION_PROPERTIES_01_GENERAL
AREA_SECTION_PROPERTIES
JOINT_PATTERN_ASSIGNMENTS
LOAD_PATTERN_DEFINITIONS
JOINT_COORDINATES
JOINT_RESTRAINT_ASSIGNMENTS
JOINT_SPRING_ASSIGNMENTS_1_UNCOUPLED
CONNECTIVITY_FRAME
FRAME_SECTION_ASSIGNMENTS
FRAME_LOCAL_AXES_ASSIGNMENTS_1_TYPICAL
CONNECTIVITY_AREA
JOINT_LOADS_FORCE
AREA_SECTION_ASSIGNMENTS
FRAME_LOADS_POINT
FRAME_LOADS_DISTRIBUTED
AREA_LOADS_UNIFORM
AREA_LOADS_SURFACE_PRESSURE

Export to DXF
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File | Exportto DXF exports geometry data from the program to a DXF file.

Real3Dconverts all members (beams or trusses) into lines and shells into 3D fegpsrting bricks

is not currently supported.Elements that are currently frozen will not be exported. You should set
up the correct length unit from Settings | Units before exporting.

Batch Run | Batch Static Analysis
File | BatchRun | Batch Static Analysis will perform static analyses for all models currently opened.

Batch Run | Batch Frequency Analysis

File | BatchRun | Batch Frequency Analysis will perform frequency analyses for all the models
currently opened.

Batch Run | Batch Concrete Design

File | BatchRun | Batch Concrete Design will perform concrete dedmnall the models currently
opened.

Batch Run | Batch Steel Design
File | BatchRun | Batch Steel Design will perform steel designs for all the models currently opened.

Batch Run | Batch Text Report
File | BatchRun | Batch Text Repowtill run text reports for all the models currently opened.

Advanced | Open All Files Under a Folder

File | Advanced | Open All Files Under a Folder will prompt you with a folder selection dialog. It
allows you to open all Real3D input files under a folder.

Advanced | Generate SolverBlaze Source Code

File | Advanced | Generate SolverBlaze Source Gadgprompt you with the following dialog

(Figure 1.4) It allows you to export the current model in the fornSofverBlazesource coden

Microsoft .NET C# language The code includesiodelcreation static, frequency or respse

spectrum analysis, and result extractiofT his is @ advanced feature that is meant to be used by
engineers who are also familiar withite element analysis and/software development.

SolverBlaze is a finite element ap@tion programming interface that uses the same analysis engine in
Real3DD You can use SolverBlaze to develop custom applicationsefairestructural / finite

element analysis engine.
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Generate SolverBlaze Source Code

Namespace name: cgiSolerBlazeTestCSharp

Class name: _Unnamed1

[¥Jinclude Static Analysis
Im:\ude Freguency Analysis
[ JInclude Fiespanse Spectrum Analysis

Include Report
P

Select Al Clear Al Cancel

Figure 1.4

Print Setup (Model View )

File | PrintSetup allows you to set up the page layout (Figuselefore printing model views
captured images or concrete column interaction diagrams.

Print Setup ﬂ

Printer

Name WorkForce 840{Network) Pw Properties..

Status Ready
Type: EPSON WorkForce 840 Series
Where: EPBBA27AWORKFORCE 840

Comment:
Paper Orientation
Size: Letter (8 1/2x 11 in) ] -Z;-Pgnrait
Source: Cassette 1 W Landscape
Metwork... Cancel

Figure 1.5

Print Setup (Report View)

File | PrintSetup allows you to set up the printing page layout such as margins and printing orientation
before you print a texdr graphical report (Figure@). If you are to print a graphical report, you
should set the printing orientation consistent with the setting of table width and height when you run

File | View/Print Images for that report.
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Page Setup

Paper Options Margins (inches)
Page Size: Left: 075
Letter (3 1/2x 11in) b Right  p75
(@) Portrait () Landscape Top: 075
["]Print Background Colors and Images Bottom: [p75

Enable Shrink-to-Fit

Headers and Footers
Header. FEooter.

Title v| URL v
-Empty- v | -Empty- bt
Page # of total pages v Date in short format v
Change font
Figure 1.6

Print Preview (Report View)

File | PrintPreview allows you to preview the printing layout before printing a text or graphical report.
It is always a good idea to run this command before the printing to make sure the report will be printed

properly.

Print (Report View)

File | Printprints a text or graphical report. It is recommended that you run File | Print Preview
before running this command.

Print Current View

File | PrintCurrent View allows you to preview and print the current model view.

Capture Images | Capture Current Image

File | Capture Images | Captuarrent Image captures the current graphical view as it appears on
screen. You may capture up to 100 images of the same view or different viéastured images

are saved in JPG format under the same diree®themodel file. If you intend to print these

images, they should all be approximately the same size. The width and height of the current window
aredisplayed on the righihost pane of the status bar.

Capture Images | Delete All Images

File | Capturdmages | Delete All Images deletes all captured images. Since image files are usually
large, you may want to delete these files when they are no longer needed.
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Capture Images | Print Captured Images

File | Capturdmages | Print Capturdthages allows you to preview and print the captured images.
You must have captured one or more images already before running this command.

General Information

File | General Informatioprompts you with the following dialog box (Figuré&)l. You may enter a
model nameyour company namepour name and a description about the model (up to 1020 characters
long).
General Information
Company:

Engineer(s)

“Write your notes here

Figure 1.7

Text Report

File | Text Reporprompts you with the following dialog box (Figure8)L. It allows you to generate a
report for input and/or output dataptain text,HTML text, Word, or PDFile format.

The command provides different options to control the contents of the report. For example, you may
generate a report for selected nodes or elements only. The table width is used to set the horizontal
extent of the HTML text. Plain text or HTML texteport will be displayed in a report view within the
program or in a web browser outside the prograiviou may set youHTML report viewer from

Settings | Preferences You may then use Save As to save the text report in a plain text file format.

Word or PDF report will be displayed in their respective programs (e.g. Microsoft Word, Adobe
Acrobat Reader etc.). You have options to set the page orientation, margins, font sizes, and table of
contents. Please be aware that report generation in WdrB@F format may be much slower than

that in plain text format.

Envelope Report

File | Envelope Reposilows you to print enveloped diagrams of multiple load combinations on
members (Figure 1.9). You may give a name to the type of envelope. You have the option to print
anenvelope report on selected members only. Two charts are printed on each page. You have the
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option to select the diagram type for each chart. For example, you mayttseteajor moment Mz
diagram for chart one artde major shear Vy diagram fdhe second cha(fFigure 1.10).

Report *
General: Geometry: Loads
B General Info B Modes: B Hodal Loads
B Uriits B Members B Member Pairt Laads
ﬂMate_naIs ﬂShe"S B Member Linear Loads
[ ] Sections B Bricks B Shell Swface Loads
B Thicknesses B Supports B 2dditional Mazses
B Load Cazes B Nodal Springs B rea Loads
B Load Cambinations B Line Springs B Thermal Loads
B Mizcellaneous B Surface Springs

[ ISOSRUTY [Sppep

Loads cases: Loads combinations:

|iDefauIt EDefault

Output items:

B Nodal Displacements
B Support Reactions —
B Nodal Spring Reactions |__| Selected nodes or elements only
B tember End Forces )
B Member Seamental Farces Table width 700

B tember Segmental Deflections
BLine Spring Reactions Tupe: Word “
B Shell Bending Forces and Moments
B Shell Bending Principal Forces and Moments Orientation:
B Shell Membrane Forces
B Shell Stresses Margin:
B Shell Frincipal Stresses hlodeidle >
B Surface Spring Reactions Fort size: "

B Brick Stresses ) M ediurn >

Brick Principal Stresses
g Eigenvalueg B Include table of contents

M Finsruactore

Select Al | Clear &l

Puortrait -~

ok Cancel

Figure 1.8
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Envelope Report “

Envelope name

Select load combinations:

‘ SelectAll ‘| Clear All | [¥] For selected elements only

Specify two charts to be printed on each page

Chartone Charttwo:
|M27Mumen| (tejor) V‘ ‘\/nyhear Force (Major) V‘
| OK | ‘ Cancel

Figure 1.9
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Page 1

Project/Job: Example-14 column far ends pinned.r3a

Real3D V19.0 (1915.0)

Engineer: ]Datelﬁme: Sat Aug 21 16:09:36 2021

(C) Computations & Graphics, Inc

Member: 1 Nede-1: &

Material: Concretedd
Envelope Name: Envelope test

Section: Rect36x19.5

Moment (Major) Envelope

min = -619.343
-700 T

Node-2: €
Length: 2B.580 (ft)

max = 375.B52

T
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Figure 1.10
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Statistics

File | Statisticglisplays the key statistics about the model (Figut#)l.
Model Statistics - B

Save.. Close
-
Item Walue —
1 Materisls] 1
2 Member Sections 3
a Shell Thicknesses 1
4 Beam AC Design Criteria 1
5 column RC design criteria 1
B Flate RC design criteria 1
7 Steel design criteria 1
]
g Modes B
10 Members g
11 Shells i}
12 Bricks: i}
13
14 Supparts: 2
15 Modal Springs 0
1% MNodal Coupled Springs 0
17 Line Springs 0 |
18 Surface Springs 0
18 Beam Releases 0
20
21 Load Cases 1
2 Load Combinations 2
23
24 Loads in case - Default
3 Modal Load: E‘
| [+]

Figure 1.11

View Log File

File | View Log Fileallows you to view the log filgenerated during the solution process

Open Containing Folder

File | Open Containing Foldaflows you to open the folder that contains the current model file.
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Chapter 2: Edit

The Edit main menu provides commands to edit or modify the model.

Undo

Edit | Undo undoes the previous structural command. By default, you maypnadO levels.
You may set a different number of undo levels by running Settings | Data Options-strixziaral
commandssuch as zoomingr panningmay not be undone. More undo levels requires more
computer memory.

Redo

Edit | Redaeverses the previous undommand.

Lock Model

Edit | Lock Modelocks the model so that yamannotmodify it. ' You may still run nosstructural
commandsuch as zoomingnd panningvhile the model is locked. The model may be automatically
locked after an analysis is performed successfully. To do that, just run Settings | Preferences

Duplicate

Edit | Duplicate prompts you with the following dialog box (Figure 2.1). It allows you make one

copy of the selected parts of a model to a different location. You may specify copy distances along
the X, Y or Z directions. Nodal or element dependentsg@xoads) are copied together with their
parents automatically. For example, when a member is copied, moment retedsssmember are

copied also. You have the option to copy the loads attached to the selected nodes or elements. You
have the option to automatically merge nodes and elements after copying. You should check this
option unless duplicate nodes are exipiy permitted.

Duplicate Selected Items

Dehax: |1 f
Delta ™" o ft

Delta 2 0 ft

Copy attached loads
Merge nodes and elements

Figure 2.1
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Array

Edit | Array prompts you with thellowing dialog box (Figure 2)2 It allows you makene or more

copy of the selected parts of a model to a different location. You may sgiecstep sizalong the

X, Y or Z directions. Nodal or element dependents (except loads) are copied together with their
parents automatically. For example, when a member is copied, moment retedsssmember are

copied also. You have the option to copy the loads attached to the selected nodes or elements. You
have the option to automatically merge nodes and elements after copying. You should check this
option unless duplicate nodes are gl permitted.

Array Selected Items

MNumber of Steps

Step Size

Delta x: 0 #
Delta . 0

Delts Z: 0 it

[v] Copy attached loads
terge nodes and elements

Figure 2.2

Mirror

Edit | Mirror prompts you with thiollowing dialog box (Figure 2)3 It allows you make one minro

copy of the selected parts of a model about XY, YZ or XZ plane. Nodal or element dependents
(except loads) are mirrored together with their parents automatically. For example, when a member
is mirrored moment releasem that member are mirrored also. You have the option to copy (not
mirror) the loads attached to the selected nodes or elements. You have the option to automatically
merge nodes and elements after mirroring. You should check this option unless euplites are
explicitly permitted.You may also need to reverse brick node ordering after mirroring in order to
prevent negative element diagonal stiffness terms.

Mirror Selected Items

Flane: te v
Mirrar Plane 2 = 0 #

Copy attached loads

Merge nodes and elements

Figure 2.3
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Move

Edit | Moveprompts you with the above dialog box (Figuré)2. It lets you move selected parts of a
model to a different location. You may specify move distances along the X, Y or Z directions.
Nodal or element dependents such as loads are moved together with selected nodes or elements
automatically. You havéie option to automatically merge nodes and elements after moving. You
should check this option unless duplicate nodes are explicitly permitted.

Mirror Selected Items
Flane: E'd ~

Mirrar Plane 7 = 0 ft

Copy attached loads

Merge nodes and elements

Figure 2.4

Rotate

Edit | Rotatgorompts you with the dialog bas shown irFigure 25. It lets you rotate selected parts

of a model by an angle about one of the global axes. Nodal or element dependents such as loads are
moved together with the elementsy ou can pi ck the base point by c
button and thegraphicallyselect a node or grid point.You have the option to automatically merge

nodes and elements after rotating. You should check this option unless duplicate nodes are explicitly
permitted.

Rotate Selected Items Scale Selected ltems n
Base Point Base Point
x [0 t Pick Paint w t Fick Paint
N
v & 0 f
z i ft z 0 ft
Scales
About Glohal 2 v ” 1
Angle: o deg v ]
MNodes will be merged automatically. 2 |
Figure 25 ,
g Figure 26

Scale
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Edit | Scalgorompts you wittlthe dialog boxas shown irFigure 26. It lets you scale selected parts of

a model in the X, Y or Z directions. You may specify the coordinates of a base point and scales for

the three global directionsYou can pick the base point by clic
thengraphicallyselect a node or grid point.

The following formula is used to perform the scaling in the program.
Xnew= Xbaset (Xoid- Xbasd * scale

WhereXnewrepresents the nodal coordinates after scakngrepresents the nodal coordinates before
scaling andXpaserepresents coordinates of the base point.

Delete

Edit | Delete prompts you with tHiellowing dialog box (Figure 2)7 It allows you to delete selected
nodes or elements or their dependents. Loads are deleted based on their visibilities in the model
view. Dependents such as loads will be deleted if their parent nodes or elements are deleted.

Delete Selected Items

Selecttypes of itemns to delete:

HNODES AND ALL THEIR DEFENDENTS iA Select All
Supports
Nodal springs Claar Al
Displayed nodal loads

Displayed nodal masses

MEMBERS AMD ALL THEIR DEFENDENTS

Displayed member point loads
Displayed mermber line loads
Displayed member thermal loads
Memberreleases

Member springs

SHELLS AND THEIR DEFENDENTS
Displayed surface loads

Displayed shelld thermal loads
Sudace springs

BRICKS AND THEIR DEFENDENTS
Displayed brick thermal loads
Displayed area loads

Displayed diaphragms
Multi-DOF Caonstraints
Modal coupled springs

W Cancel

Figure 2.7

Extrude | Extrude Nodes to Members

Edit | Extrudg Extrude Nodes to Members prompts you with the following dialog box (F&y8re
It generates a series of members by extruding selected nodes along a global direction.

You may specify a distance lighd an extrusion direction for the generation of beams. The distance
list is a comma separated list that specifies multiple distances. For example, a distance list of
n12,2@14, 3@100 wi || generate distandadavetiie 12,
option to automatically merge nodes and elements after extrusion. You should check this option
unless duplicate nodes are explicitly permitted. The following members in Fi@uaeedyenerated by
extruding one node (the first nodeging theinput from Figure 2.8
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Extrude Selected Nodes to Members n

Enter a distance list(e.g. 12, 3@@20, 2(@15)

Distance list | 12.2@14.3@10] ft

Diraction Global % v

Merge nodes and elements (recommended)

Figure 29
Cancel

Figure 28

Extrude | Extrude Members to Shell4s

Edit | Extrudg Extrude Members to Shell4s prompts you withftiewing dialog box (Figure 2.10

It generates a series of shells by extruding selected members along a global direction. You may specify
a distance lisand an extrusion direction for the generation of shells. The extrusion direction must not
be parallel to the selected members. You have the option to automatically merge nodes and elements
after extrusion. You should check this option unless duplicades are explicitly permitted. You

also have the option to automatically delete selected members after the extrusion.

Extrude Selected Members to Shells

Enter a distance list{e.g. 12, 3220, 2@15)

Distance list | 2@8.2212.8 t
Direction: Global ¥ v

Merge nodes and elements (recommended)

Delete selected members after extrusion

Figure 2.10

In the following two figures, shells in Figure 2.H2e generated bgxtruding members in Figure 2.11
using the input from Figure 2.10

members used for extruding

Figure 2.1

shells generated

Figure 2.2
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Extrude | Extrude Shell4s to Bricks

Edit | Extrudg Extrude Shell4s tBricks prompts you with thedllowing dialog box (Figure 2.3 It
generates a series of bricks by extruding selected shells along a global direction. You may specify a
distance lisend an extrusion direction for the generation of shells. The extrusion direction must not
be parallel to the selected shells. You have the option to automatically merge nodes and elements
after extrusion. You should check this option unless duplicadesiare explicitly permitted. You

also have the option to automatically delete selected shells after the extrusion.

Extrude Selected Shells to Bricks n

Enter adistance list{e.g. 12, 3@20, 2@215)

Distance list | 5@10 |ﬂ

Direction Global hd

Merge nodes and elements (recommended)

Delete selected shells after extrusion

Figure 2.13

In the following two figures, brickin Figure 2.1%re generated bgxtruding shells in Figure 2.14
using the input from Figure 231

shells used for extruding

bricks generated

Figure 2.4
Figure 2.5

Revolve | Revolve Members to Shell4s

Edit | Revolvg Revolve Members to Shell4s prompts you with the following dialog box (Figusg 2.1
It generates a series of shells by revolving selected meiibet¥ plane)about the global Y axis.

You may specify the number of segments, start and end gnggasured from »Axis) for revolving.
The program will merge nodes automatically. You have the option to automatically delete the
selected members after revolving.
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Revolve Selected Members to Shells

Fevalve ahout Global v

Startangle: ] deg
End angle 360 deg

Delete selected members after revolving

MNodes will be merged automatically.

Figure 2.16

For example, in the following twfigures, shells in Figure Blkre generated levolving members in
Figure 2.17using the input in Figure 261

E _-:.:—n_
: ;
.
members used for revolving s ~
shells generated
Figure 2.7 .
Figure 2.B

Revolve | Revolve Shell4s to Bricks

Edit | Revolvg Revolve Shell4s tBricks prompts you with thedilowing dialog box (Figure 2.29
It generates a series of bricks by revolving selected shell4s about the global Y axis. You may specify

the number of segments, start and end angles for revolving. The program will merge nodes
automatically. You have the option to automatically @eteé selected shells after revolving.
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Revolve Selected Shells to Bricks

Revole about Global

Start angle: I deg
End angle 360 deg

Delete selected shells after revaolving

MNodes will be merged automatically

Figure 2.19

In the following two figures, bricks in Figure 21 are generated ngvolving shells in Figure 20
using the input from Figure 21 Bricks are rendered in the figure.

L
0.0.0

shells used for revolving bricks generated

Figure 220 Figure 221

Split Members

Edit | SplitMembers prompts you with thelfowing dialog box (Figure 22). It allows you to

divide selected members by specifying 2 or more segments of equal length or by providing a distance
list. Loads on the original members are assigned automatically to the generated members after
splitting. You have the option to automatically merge nodes and elements after splitting.
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Split Selected Members n

-ﬁ'-Diwde selected mermbers into segments of equal length

Segments 2

(C) Divide selected membets by specifying a distance list

Enter distance list (2.g. 12, 3@20, 2@15). Selected members will be
divided at these distances

Distance list ft
[¥]berge nodes and elements (recommended)

Mate: Itis also recommended thatyou renurber nodes in the model prior to
running analysis in order to miminze memany usage. You can do that fram
Edit-> Renumber -> Renumber Nodes

Figure 222

In the following twofigures, members in FigureZZl are generated by splitting members in Figure
2.23 using the input from Figure 22

members before splitting members after splitting

Figure 2.3 Figure 2.2

Sub-Mesh Shell4s

Edit | SubMeshShell4s prompts you with thelfowing dialog box (Figure 25). It allows you to
submesh selected shells by specifying 2 or more segments along €dd2¢-B and sides-3 & 1-4.
Loads on the original shells are assigned automatically to the generated shells aftes!sinlgy.

You have the option to merge nedend elements after sabeshing. You should check this option
unless duplicate nodes are explicitly permitted.

Sub-mesh Selected Shell4

Divide each selectad shelld into segments:

Segments along 1-2 and 4-3: [2]

Segments along 23 and 1-4: |2

berge nodes and elements (strongly recommencded)

Figure 225
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In the following two figures, shells in Figure2Z.are generated by subeshing shells in FigureZb
using the input from Figure 25.

shells before sumeshing shells after sumeshing

Figure 226 Figure 227

Insert Nodes at Intersections of Selected Members

Edit | Insert Nodest Intersectionsf Selected Membeialows you tansert nodes at all intersections

of theselected members.The newly created nodes are likely isolated (orphaned) nodes, meaning

they are not attached to intersecting members. Generally speaking, you should explode the members
at these nodes. The program prompts you to do so at the end of this command.

Explode Selected Members at Nodes

Edit | ExplodeSelectedVlembers at Nodes allows you to split selected members at nodes which are
located on but are not connected to these members.

Considetthe following three figuregrigure 228 shows a shell with edge members on four sides;

Figure 229 shows shells generated by smeshing (2x2) the shell on the left figure; Figuré®2.

shows members generated by exploding mendtarsdes. Notice in Figure2®, the middle nodes

on the edge are on but not connected to the members. The figures are rendered using the command
View | Renderwith the rendering ratio of 80% for both members and shells.

! | !-:-! !-'-!

I-.-I I --.--

[} LB = 'l [ L 2 'l
Figure 2.3 Figure 2.2 Figure 230

Merge All Nodes & Elements
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Edit | MergeAll Nodes & Elements merges all nodes that are located within a distance tolerance
between two or more nodes, and mei@eelements that share the same nodes. You may set the
distance tolerance using the command Settings | Data Options.

Remove All Orphaned Node s

Edit | Remove All Orphaned Nosleemoves all nodes that are not connected to any elements.
Orphaned nodes make the model unstable and should be removed prior to solution (unless they have
multi-DOF constraints on them)

Re-Number | Auto Number All Nodes

Edit | Re-Number| Auto NumberAll Nodes prompts you with thelfowing dialog box (Figure 31).
It allows you to renumber all nodes sequentially based on nodal coordinates.

Re-Number | Auto Number All Members

Edit |Re-Number| Auto Number All Members raumber all members based on the start node number
of each element.

Re-Number | Auto Number All Shell4s

Edit |ReNumber| Auto Number All Shell4s rmumber all shell4s based on the start node number of
each element.

Re-Number | Auto Number All Bricks

Edit | ReNumber| Auto Number All Bricks renumber all bricks based on the start node number of
each element.

Re-Number | Re-Number Selected Nodes

Edit | ReNumber| ReNumberSelectedNodes prompts you with the following dialog box (Figure

2.32). It allows you to renumber selected nodes based on the following two modes:

a). Increment each selected node number by a delta (may be positive or negative). For example, if we
have selected node numbers 2, 5, 8 and a delta of 2, the new node numbers will be 4, 7, and 10.

b). Renumber each selected node from a new start number (must be positive) and a step (may be

positive or negative). For example, if we have selected node numbers 2, 5, 8, a new start number of
1000 and a step of 2, the new node numbers will be 1000, 1002.
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If renumbering is successful, nodal dependents such as loads, masses and springs will be renumbered
automatically. The renumbering will be undone automatically if any errors are encountered.
Re-Number | Re-Number Selected Members

Re-Number | Re-Number Selected Shell4s

Re-Number | Re-Number Selected Bricks

Edit | ReNumber| ReNumber Members, Shell4s and Bricks commands are similar-téureer
Nodes and are not repeated here.

Auto Renumber All Nodes n

Renumber Nodes

MNurnbeting Order
(®){ncrement each selected node number
RIEREArE G i hd (C) Renumber each selected node:
Then along axis Y v
) By !
Last along sxis zZ v
Startfrom: 1 Stephy: 1
Figure 231 .
Figure 232

Switch Coordinates

Edit | Switch Coordinatgsrompts you with the following dialog box (Figure3). It allows you to

switch the X and Z, or the Y and Z coordinates of the selected nodes. For example, you may generate
a floor system on the XY (vertical) plane and then switch coordinates to place the floor on the XZ
(horizontal) plane.

Switch Coordinates

Switch coordinates of selected nodes:

K—rZ4Z— K v

Figure 233

Reverse Node Order for Selected Elements

Edit | Revers&lode Order for Selected Elemeatfows youtorevershen odes é or der f or
elements. For members and shells, this command in effect changes their local coordinase system

For bricks, this command may be used to rectify a wrong nodal ordering which results in negative
diagonals in element stiffness.
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It is important to point out that dependents on the elements are not reversed or changed accordingly.
After running this command, you should check on these dependents such as loads and moment releases
on members, loads on shells, etc.

Element Local Angle

Edit | Element Local Anglprompts you with the above dialog box (Figurg4®. It allows you to
assign local angteto the selected members and/or shells. The element local angle is used to change
the element local coordinate system

Element Local Angle n

Angle: (90 deq

[¥] Applyto selected membets
[+ &pplyto selected shells

Cancel
Figure 234

3-Point Member Orientation

Edit | 3PointMember Orientation prompts you with the dialog box below (Figure 2.35). It allows

you to autecalculate and assign a local angle to each of the selected members such that its local z axis
is perpendicular to the plane formed by the two member end poidtthe 3 point defined here.

The local x axis stays the same. The local y axis is determined by the local x and z axes using right
hand rule. This command can be useful for some models such as a dome where member webs are in
plane with the member endad the center of the sphere.

You can pick the 3rd point by grhphicakyseleqdanodeort he
grid point.

3-Point Member Orientation
This will assign alocal angle to each of the selected memhbers such
that its local z axis will be perperdicular to the plane formed by the
two member end points and the 3rd point defined here
Srdd Point

w 0] it Pick Paint

v l it

Z 0 ft

| Apply to Selected Members ‘ Cancel
Figure 2.35

42



Match Local x-Axes with Source

Edit | Match/Align Local Axes for Shells | Match LocgiAxeswith Sourceprompts you with the

dialog boxbelow (Figure 236). It allows you tamatch local xAxes of the selected shells with that
of a source shell specified in the dialdde end result is the automatic assignment of local angles to
the selected shell¥his command isiseful in situations where rectangular and-nectangular shedl

are mixed sincéhe default local axes are different for rectangular and sieatangular shells (see
Coordinate Systems chapter in Technical Issues of this manual for details).

Match Local x-Axes For Selected Shells n

Source shell Id: 249

Local x-axes for selected shells will match locakx axis of the
source shell.

Figure 236

Match Local z-Axes with Source

Edit | MatcHAlign Local Axes for Shells | Match LocalAxes with Source is similar to Match Local
x-Axes with Sourceommand above This command is useful when shell elements in the model may
have opposite local z orientations.

Match Local z-Axes with Reference Point

Edit | MatcHAlign Local Axes for Shells | Match LocalAxes with Reference Poiprompts you with

the following dialog Figure 2.3). It allows you to align the local z axes of the selected shells with
directions formed by the reference point and the cemtidhe selectedshells.If the angle formed by

the current local z axis of a shell and the vector from center of the shell to the reference point is more
than 90 degrees, then the shell node order will be rever3duds @mmand is very useful in situations
where local z axes of shells are not consistery.: the shells generated by AMieshor imported

from QuadMaker).

You can pick theeferencp oi nt by clicking on the fAPick Poi
node or grid point.

43

nt



Align Shell Local z with Reference Point

Reterence Point: | ft Fick Paint...
Reference Painty: 0 it
Reference PointZ: 0 it

Align the local z axes of the selected shells with directions formed by the
reference point and the centers of the selected shells

Figure 2.37

Match Local y-Axes with Reference Point

Edit | Match/Align Local Axes for Shells | Match LogaRxes with Reference Point prompts you with

the following dialog Figure 2.38. It allows you to align the local gxes of the selected shells with
directions formed by the reference point and the centers of the selectedT$heiammandan be

useful in such situations such as modeling ring foundation where it is common to refer to stresses and
reinforcing with respect to radial and tangential directions.

You can pick theeferencp oi nt by clicking on the fAPick Poi nf
node or grid point.

Align Shell Local y with Reference Point

Feference Paint = m ft Fick Foint...
Reference Pointy: 0 it
Feference PointZ: 0 ft

Align the local v axes of the selected shells with directions formed by the
reference paoint and the centers of the selected shells

Figure 2.38

Tension /Compression Only

Edit | TensiofCompressioOnly prompts you with the dialog bdelow (Figure 239). It allows you
to assigmonlinearity(linear, tension only or compression onlp)the selected members The
member stiffness will be ignoredaftension onlymember issubjected to compressive forces aa if
compression only memberssibjected to tensile forceBhe presence of tension or compression
members makes the model nonlinaad iterative solution is required for each load combination.
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Tension/Compression Only

Apply nonlinearity to selected members:

() Tension anky

() Compression onky

Apphy Cancel

Figure 239

Convert Selected Members to Rigid Links

TheEdit | ConvertSelectedlembers to Rigid Linksvill convert the seleetdmembers to rigid links.

Self Weight Exclusion

Edit | Self WeightExclusion prompts you with the following dialog box (Figuré@®. It allows you
to exclude self weight for the selected elements. You can view/edi¢lfhveeightexclusionfrom
menu Input DataNembers, Shell4s or Bricks.To include self weight, you also need to setdbié
weightmultiplier from Loads | Self Weights.

Self Weight Exclusion

SelfWeight: Include v

[#] Apphyto selected members.
@] Apphysto selected shells
[¥]Apply to selected bricks

Figure 240

Element Activation

Edit | Element Activatiorprompts you with the following dialogox (Figure 241). It allows you to
activate or inactivatthe selected elements. You can view/editaleenent activatiofrom menu
Input Data Members, Shell4s or Bricks.
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Element Activation n

Activation Active v

Applyto selected members
[#] Apnhsto selected shells
[#] Apphyto selected kricks

Cancel
Figure 241
Clear | Clear Undo & Redo

Edit | Clear Clear Undo & Redalears the undeedo buffer, thus frees up computer memory. Itis a
good idea to run this command before the solution so that more memory may be committed to the
solver.

Clear | Clear Results

Edit | Clear Clear Resultslears all results from computer memory. You need-&phee the model
to obtain new results.

Clear | Clear Everything

Edit | Clear Clear Everything clears all input and output (results) data from computer memory. You
should think twice before running this command.
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Chapter 3: View

The View menu provides commands to graphically view imputh as geometry and loading; perform
selections by various methods; and display osgtputh as shear and moment diagrams for members,
and contours for shells and bricks.

Redraw

View | Redraw regenerates and redraws all graphics in the model view.

Restore Model

View | Restoreestores original settings for the model view. These settings include zoorhiflg
panning= 0, rotations = 0s.

Preset Views

You may place the model view in a preset orientation by selecting one of these commands (Figure
3.1).

Front Back Left Right
| . | .
Top Bottom Isometric
f # i
NH"" y
i * 7
Figure 3.1

Named Views

View | Named Viewsllows you to save the current view settings such as zodagtay, panning
distance or rotation angles so that you may reébalview later on.
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Groups

View | Groupsprompts you with the following dialog box (FiguBe?). It allows you to save the
currently selected items togaoup  You may use the command View | Select by Propdr@sup
Names to recall the previously saved groupsThis command is very useful to group related items.

Groups
Agroup keeps frack of a list of selected items (nodes. members, shells, and bricks). One ar mare
groups may be used in Select by Properies, Shelld Nodal Resultant Group et
Group Name:
Add Modify Name Remove
Mame
gl
=14
g4
g3
Group gl containg 4 nodes. 0 beams. 3 shellds, and 0 bricks.
Figure3.2

Zoom | Zoom Extent

View | Zoom| Zoom Extentlisplays the entire model in the view.

Zoom | Zoom Window

View | Zoom| Zoom Window zooms inna specific part of the model by click) and dragging the
left mouse button. The command remains in effect until another command is séfheatigtit
mouse button is clickedr ESC is pressed.

Zoom | Zoom Object

View | Zoom| Zoom Objeczooms in on a specific node, member, shell or brickhe command
remains in effect until another command is seledteeright mouse button is clickedr ESC is
pressed.
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Zoom | Zoom Previous

View | Zoom| Zoom Previougets you zom back to the previous view.You may use this command
after you zoom in or pan to view a portion of your model in greater detail.

Zoom | Zoom In

View | Zoom| Zoom Inzooms inonthe model by a preset factor (1.25). You may run this command
by pressing CTRL+UP arrow or CTRL+RIGHT arrow.

Zoom | Zoom Out

View | Zoom| Zoom Outzooms oubnthe model by a preset factor (1.25). You may run this
command by pressing CTRL+DOWN arrow or CTRL+LEFT.

Pan | Pan Screen

View | Pan| Pan Screen pans (moves) the model by clicking and dragging the left mouse button. The
command remains in effect until another command is seldttedght mouse button is clickedr
ESC is pressed.

Pan | Left

View | Pan| Left pans the model to the left by a preset screen distance. You may run this command
by pressing CTRL+LEFT arrow.

Pan | Right

View | Pan| Right pans the model to the right by a preset screen distance. You may run this
command by pressing CTRL+RIGHT arrow.

Pan | Up

View | Pan| Up pans the model to the top by a preset screen distance. You may run this command by
pressing CTRL+UP arrow.

Pan | Down

View | Pan| Down pans the model to the bottom by a preset screen distance. You may run this
command by pressing CTRL+DOWN arrow.
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Rotate | +X

View | Rotatg +X rotates the model view about X by a preset positive angle (5 degrees).

run this command by pressing SHIFT+DOWN arrow.

Rotate | -X

View | Rotatd -X rotates the model view about X by a preset negative angle (5 degrees).

run this command by pressing SHIFT+UP arrow.

Rotate | +Y

View | Rotatd +Y rotates the model view about Y by a preset positive angle (5 degrees).

run this command by pressing SHIFT+RIGHT arrow.

Rotate | -Y

View | Rotatd -Y rotates the model view about Y by a preset negative angle (5 degrees).

run this command by pressing SHIFT+LEFT arrow.

Rotate | +Z

View | Rotatd +Z rotates the model view about Z by a preset positive angle (5 degrees).
run this command by pressing CTRL+SHIFT+UP arrow or CTRL+SHIFT+RIGHT arrow

Rotate | -Z

View | Rotatq -Z rotates the model view about Z by a preset negative angle (5 degrees).

run this command by pressing CTRL+SHIFT+DOWN arrow or CTRL+SHIFT+LEFT arrow

Real Time Motion | Real-Time Pan

You may

You may

You may

You may

You may

You may

View | Real Time Motion) ReaiTime Parallows you to pan the model view in real time by clicking
and dragging the left mouse button. The command remains in effect until another command is

selectedtheright mouse button is clickedr ESC is pressed.

Please note that you can achieve-teak pan at any time by pressing and dragging the middle mouse

button.
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Real Time Motion | Real-Time Zoom

View | Real Time Motior} ReaiTime Zoomallows you to zoom in or ownthe model view in real
time by clicking and dragging the left mouse button up or dowihe command remains in effect
until another command is selectélderight mouse button is clickedr ESC is pressed.

Please note that you can achieve-teaé zoom at any time by wheeling the middle mouse button.

Real Time Motion | Real-Time Rotate

View | Real Time Motior) RealTime Rotateallows you to rotate the model view in real time by
clicking and dragging the left mouse buttohe command remains in effect until another command
is selectedtheright mouse button is clickedr ESC is pressed.

Window/Point Select

View | Window/Point Seledllows you to windowselect or poinselect nodes and elements by

clicking or clickingdragging the left mouse button. The pesetection selects or unselects at most

one node or element. The wind®election selects or unselects a group of nodes reaks within

a rectangular selection window. If windesglection starts from the right, elements that are crossed
by the selection rectangle will also be selected or unselected. By default, the selection mode is
REVERSE SELECTthat is, entities picked will be selected if they are currently unselected and will be
unselected if they are currently selected. However, the selection mode will be SELECT if CTRL is
pressed while selecting, that is, entities picked will always betsele The Window/ Point Select
command is the default command in the program.

The selection of nodes and elements is an important activity in the program. Most of the commands
apply only to selected nodes or elements. For this reason, many selection raethprdsided in the
program and are explained in the following sections.

Line Select

View | Line Selectllows you to lineselect elements by clickirdragging the left mouse button. The
line-selection selects or unselects a group of elements that intersect with the line.

Select by IDs | Nodes

View | Select by ID$ Nodes prompts you with the following dialog box (Figure 3.3). It allows you
to select nodes by specifying a range of node IDs.

Three selection modes are provided: NASelecto,
sel ect nodes. The AUnselectodo mode will unsel
unselected nodes and unselect the selected nodes.
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Select Nodes by IDs

Selection mode
Select v
ID Range

From: 1

To 10

Cancel
Figure 3.3

Select by IDs | Members
Select by IDs | Shell4s

Select by IDs | Bricks

View | Select by ID$ Members, Shell4®gricks prompt you with dialog boxes that are almost identical
to the dialog box used in View | Select by IDs | Nodes. They allow you to select members, shells or
bricks by specifying a range of element IDs. Due to the similarities to the previous secti@rethey

not repeated here.

Select by IDs | Select Al

View | Select by ID$ Select Allselects all nodes and elements. You may run this command by
pressing CTRL+A.

Select by IDs | Unselect All

View | Select by ID$ Unselect Allunselects dhodes and elements.You may run this command by
pressing ESC. If you are in the middle of another command such as zppnesg)ESC twice to
unselect all.

Select by Properties | Materials

View | Select by Propertigdviaterials prompts yowith the following dialog boxes (Figure 3.4). It
allows you to select/unselect elements that use the specified materials.

Three selection modes are provided: ASel ect 0,

sel ect el ement s. The AUnsel ectdo mode will u
select the unselected elements and unselect the selectedteleme
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Select Elements by Materials

Selection mode:

Select w
Check materials to be selected
[1: Default Select All
Clear All
Cancel
Figure 3.4

Select by Properties | Member Sections

View | Select by Propertigsviember Sections prompts yaith the following dialog box (Figure B).
It allows you to select/unselect members that use the specified sections.

Three selection modes are provided: ASelecto, I
sel ect el ement s. The AUnsel ectd mode will uns
select the unselected elements and unselect the selectedtsleme

Select Members by Sections n

Selection mode:

Select W

Check sections o be selected

1: Detault SelectAll
|2 WW27=E4
v

Clear all

Cancel

Figure 3.5

Select by Properties | Orientations

View | Select by Properti¢rientations prompts you with the following dialog box (Figure 3.6). It
allows you to select/unselect members based on their orientations to the three global axes. For
example, you may select/unselect all vertical columns by checking the global tfodirecThe
selection modes are similar to the ones used in previous sections and are not repeated here.

53



Select Members by Orientations

Selection mode

Select v

Check directions to be selected:

Glabal = SelectAll
d|Global ¢
Global 2 Clear Al

Cancel

Figure 3.6

Select by Properties | Tension Only Members

Select by Properties | Compression Only Members

View | Select by PropertiésTension Only Members, Compression Only Members allow you to select
all tensiononly or compression only members.

Select by Properties | Shell Thicknesses

View | Select by PropertigsShellThicknesseprompt youwith the following dialog boxes (Figure

3.7). ltissimilar to the one used in View | Select by Properties | Member Sections. The Select by
Properties | Shell Tbknesses applies to shells anlyThree selection modes are similar to the ones
used in the previous section and are not repeated here.

Select Shells by Thicknesses

Selection mode

Select ™

Check thicknesses to be selected:

[ ]1: Default Select Al
Clear Al
Cancel

Figure 3.7

Select by Properties | Orphaned Node s

View | Select by PropertigOrphaned Nodeselects all orphaned nodes.
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Select by Properties | Poorly -shaped Shells

View | Select by Propertig®oorly-shaped Shellselects alkhells that have poor element shapes (e.g.
nortconvex polygons)

Select by Properties | Elements Connected to Selected Node s

View | Select by Propertig&lements Connected to Selectéades prompts you with the following
dialog (Figure 3.7a)lt allows you to select elements connected to currently selected nodes.

Select Elements By Nodes

Applicable elements connected to the currently selected
nodes will be selected

VlAge

¥ Applyta shells

[¥] &pplyto bricks

Figure 3.7a

Select by Properties | Elements With Self Weight Excluded

View | Select by Propertig€€lementdVith Self Weight Excludedllowsyouto select all elements
with self weight excluded.

Select by Properties | Inactive Elements

View | Select by Propertiddnactive Elements allows you to select all inactive elements.

Select by Properties | Coordinates

View | Select by PropertigsCoordinates prompts you with the above dialog box (Figure 3.8). It

allows you to select/unselect nodes and elements based on nodal coordinates. Nodes are
selected/unselected if their coordinates are within the bound#rg minimum and maximum
coordinateAND A Appl y t o Ndvikreberéare setected/nnsatektedd coordinates of

their nodes are within the boundary of minimum and maximum coordiAd®e® A Appl y t o Me
is checked Ditto to Shells and Bricks. The selection modes are similar to the ones used in previous
sections and are not repeated here.
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Select by Coordinates

Selection mode:

Minimum Coordinates

pat 0
hE 0
Z 0

[+ Appheto Modes

Applyto Shells

Select

(¥

Meximum Coordinates

bs 10 #
NS 20 ft
i an #

Apply o Members

Applyto Bricks

Cancel

Figure 3.8

Select by Properties | Group s
View | Select by Propertig&roups allows you to select/unselect nodes and elements based on saved
groups You may assign (or save) groupsm the Geometry menu.

Select Items by Groups

Selection mode:

Select v

Check group names:
DAII_CDIumﬂs

Select All

Clear All

Cancel

Figure 3.9
Select by Properties | Concrete Beam Criteria
Select by Properties | Concrete Column Criteria

Select by Properties | Concrete Plate Criteria

View | Select by Propertig€oncrete Beam Criteria, Concrete Column Criteria and Concrete Plate
Criteria allows you to select member or plate elements based on their design criteria.

Select by Properties | Steel Design Criteria
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View | Select by Propertig$Steel Design Criteriallows you to select members based on a steel
design criteria.

Select by Properties | Unity Check Ratios

View | Select by PropertigéJnity Check Ratios allows you to select members basedrange of
concrete and steel unity check ratiber example, you can select all members that failed either
concrete or steel design by specifying minimum ratio of 1.0 and maximum ratio of 999.9 (or bigger
value). The selection modes are similar to the ones used in previous sections and are nohezpeated

Select by Unity Check Ratios

Selection mode: Select i

Minimum Ratia: 0
Maxirmum Ratio 1

Mate: Unity check ratios can be 9999 for members whose sections are
too small to perform design.

Figure 310
Select by Properties | Select All

Select by Properties | Unselect All

View | Select by PropertidsSelect Al| Unselect Allarethe same as iMiew | Select by IDs They
are provided here for convenience.

Flip Selection

View | Flip Selectiorflips the selection statuses of all entities in the entire model. The nodes and
elements currently selected will be unselected and vice versa.

Freeze Selected

View | Freeze Freeze Selectddeezes or hides the selected no@ésments and their dependents.

The frozen nodes or elements are not displayed and are not modifiable untasdehategrity is at
stake. This command allows you to focus on some particular parts of the model. For example, if
you want to work on a particular floor of a three dimensional building, you may select the floor, flip
the selection and freeze the seleaknents

57



Freeze All Except Selected

View | Freeze Freeze All Except Selectdrkezes or hides all nodes and elements except the selected
nodes, elements and their dependents.

Freeze All Except Level

View | Freeze Freeze All ExcepLevelfreezes or hides the all nodes, elements and their dependents
except those on the specifiedel (Figure 311). This command provides a shortcut to the previous
command when you would like to focus on elements of the moddianizontalplan view. You

must have leveldefined (through menu Geometsyevels) before running this command.

Freeze All Except Level “

Lewvel: Lewvell w

Elevation = 10 ft

Figure 311

Freeze All Except Plane

View | Freeze FreezeAll Except Plandreezes or hides thal nodeselements and their dependents
except those on the specified plane (Figuit®)3. This commangrovides a shortcut to the previous
command whegouwould like tofocus onelementsf the modein a plan view

Freeze All Except Plane

Plane: »Z Flane v

Y coordinate 12 f

Ok Cancel

Figure 312

Thaw

View | Thaw allows you to thaw all frozen (hidden) nodes, elements and their dependents.

Load Diagram
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View | Load Diagranprompts you with théollowing dialog box (Figure 33). It allows you to view

loads of selected types in selected load cases. You may have the options to show load magnitudes or
units. The line load intervals may vary between 1 and 16. An interval between 2 to 6 is
recommended. Transparency may be set for rarea loads and area loads so you can see objects
underneath the loads.You can adjust plot scales between 1/10 ~ 10 for all loads based on the base

scales set from SettingsSraphic Scales menu.You can preview the settings on this dialog box by
clicking on Apply button.

The displayed loadsanbe deletedy first select nodes and elements, then press the Delete Kag
loads not displayedannotbe deleted unless their parent nodes or elements are deleted.

. Load Diagram >

Load Caze: Load Type:
[ EHDEET | [@MNodal Loads Show load values [ Show load units
| 2 Self Member Paint Loads
tember Linear Loads Line load intervals: 2
B 5hell Surface Loads ) )
B 2dditional Masses Area load rendening (% of size): 93
[C|#rea Loads
() Thermal Loads Trarsparency
Maon-area loads: I
Area loads: I
Plat scale: I
Mote: Bage scales can be et from S ettings-» Graphic
Scales menu.

Select Load Cases by Load Combination. .. Select Al Clear All
Apply ] ak. I Carcel
Figure 313

Annotate

View | Annotatgorompts you withhie above dialog box (Figureld). It allows you to view
annotations for nodes and elements and their properties. The element local axes may also be
displayed using this command. Three annotation modes are available. You may annotate all
entities, annotate selected entities, andeceassting annotations.For performance reasonsjg
recommended that the annotations be appliedfoniyhoseobjectswhich you are interested
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Annotation n

Annotation mode Annotate all entities i

Selectitems to annotate:

Mode number ~ SelectAll
MNodal coordinate

Mermber number

Wember length

tMember section

tMember material

tMemberlocal axes

Shell number

Shell thickness

Shell material

Shell local axes

Brick numher

Brick material

Local axes labels

Support reactions

tMembrane nodal resultants
Bending nodal resultants
Concrete member design criteria
Concrete plate design criteria
Commeants

Steel design criteria

Tension only/Compression only
Member self weight exclusion

Clear All

Shell self weight exclusion
Brick self weight exclusion
hMermber activation

Shell activation

Brick activation

Mesh model regions
Mesh model holes

hMesh model internal points
Mesh model trees

[ NN

£ Cancel

Figure 314

Clear Annotations

View |ClearAnnot ations will <c¢lear al/|l annotations f
Al'l 6 in the Annotation dialog above.

Query
View | Query lets you query extensive input and output informé&bioa single nodenember or finite
element(Figure 315). For example, a node query will list node id, nodal coordinates, nodal loads

and additional nodal masses. It will also list relevant support or nodal spiongiation. If there
are analysis results, it will list nodal displacements, support or spring reactions as well.

Mesh Model

View | MeshModel shows or hide mesh model.

Distance

View | Distanceallows you to graphically pick two nodes and calculate their distance. It also lists the
angle in degrees in XY plane and the angle in degrees from XY plane. The result is displayed on the
status bar.
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Member Info - O

Save. Close

[»

Member 3 Information

=Length = 60,00 [f]

=NODES
Start Node = 3; End Node =4

“PROPERTIES
Material: Default
Section: W27<B4
3 Local Angle: 0100 [deg)

10 Cracking Factar: 1.000

@ m e e k|

11 Nonlinearity: Linear

12 Selfweight Include

13 Activation: Active

14 | Member Type: Column

15 RC Design Criteria: Default

16 Concrete Design Exclusion: Include

17 Steel Desion Ciiteria Default

18 Steel Design Exclusion: Include
19 L
20 ~POINTLOADS

21 “load case [Default]

22 Direstion =Y. System = local

) Magnitude = -60.00 (kip): Distance = 0.333 (%L

24
=L IME LOAD! E

Figure 315

Render | Render Options

View | Rendef Render Options prompts you with tleldwing dialog box (Figure 36). It allows

you to turn on or off the shading of the surfaces of members, shells and bricks as though they were
illuminated from multiple light sources. It provides a way for you to realistically visualize the image
of the model. For shells, you havetoption to render thickness as well as surface.

You have the option to apply different rendering percentages to different elements. Enter 100% for
full rendering, 0% for no rendering, and anythingpagtween for partial rendering. The partial
rendering (e.g. 580%) may be useful in identifying conniety of elements to nodes.

Render Options
[V]Render
Rendering Percentages Transparency’
Members: 85 % oflength
Shells: 100 % ofsize
Render thickness
Bricks: 100 % of size

Figure 316
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Note:Rendering a model can be expensive in terms of memory and time usages by the program. You
should turn off the rendering when it is not necessary.

Render | Quick Render

View | Rendef Quick Render turns rendering on or off. ' You may run this command by pressing F8.

Result Diagram s | Shear and Moment Diagram

View | Result Diagram¢$Shear and Moment Diagrapnompts you with thedilowing dialog box

(Figure 317). It allows you to viewthe member shear (including axial force) diagram or moment
(including torsion) diagram for the selected load combination. Only one shear or moment diagram
for the selectetbad combination may be displaypdrwindow. However, you may display different
shear or moment diagrams in multiple window3 o open a new window, run Window | New

Window.

You have the optioto show values and units for the diagrafou may show diagrams on all
members or on selected members only. You may also erase existing di&yalefault, no diagram
is displayed even if an analysis has been performed successhulgan adjust plot scales between
1/10 ~ 10 for shear and moment diagrams based on the base scales set fror>&etjigs Scales
menu. You can preview the settings on this dialog box by clicking on Apply button.

You can adjust diagram scales using Settings | Graphics Scales menu. You can also fill the moment
and shear diagrams by checkind- i | | moment and shear diagramso |

Member Shear and Moment Diagram

Load Cambination 1: Default ~

Diagram Type

()4 - axial ()% - major )%z - minor -120
() Mx - torsion () My - minor (®) Mz - major -R0
_ 316.255.316.255 | B
Diagram mode Erase existing diagrams W — ________——-""_F [=n44 255
T A58.127] 188,127 T A |
Center diagram walues st member ends 10221 2?'.|| 1022127
Flot scale _D_Dgi
_ 0.0
MNote: Base scales can be setfrom Settings->Graphic Scales menu.
Figure 318
Figure 317

Result Diagram s | Deflection Diagram

View | Result Diagram$Deflection Diagranprompts you with thedllowing dialog box (Figure
3.19). It allows you to vievthedeflected shape of the model for the selected load combination. The
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deflected shape is constructed by adding nodal displacements to nodal coordinates. For members,
you have the option to show the local y and/or z deflection as well. You need talaeljust
displacement magnification to viete deflection properly. The deflection displayed is tfoe
selectedoad combinatioronly. However, you may display deflections for different load

combinations in multiple windows To open a new window, run Window | New WindowT he

deflection values and units may be shown for the member local deflectigns.may choose to have
shadows of the waeformed shape and deforms&thpe hidden Youcannotperform mouse selection
while the deflected shape is showrtHowever, you may open another window whtbun-deformed

shape and perform mouse selection as usual.

Deflection
Load Combination:
1: Linear W 12['
Displacement magnification
(enter [ to erase existing) 12 -ED l
Show member local deflection Localy and z w /é *
Showvalues Shaw units ! _
:'ir F

[]Hide shadow of the undeformed shape _;" 4

Hide shadow of the deformed shape. (some
U

dependent entities will be hidden too)

Figure 320
Figure 319

Result Diagram s | Contour Diagram

View | Result Diagram$ContourDiagram prompts you with thelfowing dialog box (Figure 21).
It allows you to view a result contour for shells and/or bricks for the selected load combination.

Four display modeare available. They are Iurface and Value, IsBurface only, Value only,

None or Erase. The IsSurface provides color bands for the contour component in different ranges.
The number of ranges (or colors) may be either 16 or 8. Either top omk=iteEsses may be

specified for plate/shell elements. The Value (the absolute maximum) of the contour component may
be shown for each element. The contour may be displayed in colors or gray scale. The latter is
useful for people with colempaired visons.

The contour components include:

nodal displacements (PDy, D;, Dox, Doy, and ;)

shell bending moments ¢\ Myy, Myxy) and shears (M, Vyy)
shell membranaormal forces (&, Fyy) and inplaneshears (ky)
shell and briclstresses (8, Sy, Sz Sy, Sa S2)

surface springeactions (SR SR, SR)

shell principal moments (Mhx, Mmin) and shear (Max)

shell principal membranferces (max Fmin)

principal stresses (5SS, Sg) for shells and bricks

Von Misesstresses for shells and bricks

E R
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Finite Element Contour n

Load combinafion: 1: Default N
Display mode: lso-Gurface onby v
Contour component: Displacement Dy v
“alue modulation: Positve and Megative A
(®) Show plate/shell top stress () Show platefshell botiom stress

':' UUse 16 colors for contour "E' lse § colors for contour
[JUse gray scale

I:‘ Show contour on selected elements anly

Figure 321

Only one contour component ftire selectetbad combination may be displaypdrwindow.
However, you may display different contour components in multiple windowe open a new
window, run Window | New Window

Four different mod
and Negativeo, fADb
contour component

Mxx of the plates.

ul ations may be applied t
solutedo, APositive Onlyo,
AMNeEgaahdet Dal modubavtvi ew

The following figure (Figure 22) shows a displacement {contour for a plate, with display mode
Val uesd ainPd sviali wee naonddu INeetgiadn v eo.

nl-Sar face and

Displacement DZ [in, +and -]

1.372e-002
1.286e-002
1.200e-002
1.115e-002
1.029e-002
9.431e-003
8.574e-003
7.716e-003
6.859e-003
£.001e-003
5.144e-003
4.267e-003
3.429e-003
2672003
1.715e-003
8.674e-004
-3.506e-012

Result Diagram s | Mode

7.394e-003 W 8.475e00

Figure 322

Shape

View | Result Diagram$Mode Shap@rompts you with the following dialog box (Figu323).

allows you to view a mode shape after a frequency analysis is performed.

It
You need thadjust

mode shape magnification to view the deflected shape properly. Mode shape diagrams are generated
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for a single mode; multiple mode shapes can be viewed by using multiple view windbwspen a
new window, run Window | New Windaw

Mode Shapel i agr ams can be cr eat aeormed shdpe, tlloveng forsmora d o w 6
concise presentation of the deflected shape. Like deformation diagrams from static analyses, the
Mode Shape diagrams are 6l ockedd so that the me
remove the diagram or openaher window with the wdeformed shape displayed.

Mode Shape n

Mode shape:
hode-2: (T=0.0008999 sec) i v

Mode shape magnification 01
(enter 0t erase existing):

Hide shadow of the undeformed shape

n Hide shadow of the deformed shape. (some
dependent entities will be hidden toa)

Figure 323

Result Diagram s | Unity Check

View | Result Diagram$Unity Checktoggles on and off the colored codes for concaetesteebeam
column unity check results. The colors are coded according to the following:

Blue if design is safe

Red if design is not safe

Result Diagram s | Response Animation

View | Result Diagram$Response Animatiotoggles on or off structural responses (such as

deflection, moment shear diagrams or stress contours) animation. Animation parameters may be set
in Settings | Preferences

Options | Drawing Grid

View | Options | Drawing Gridhows or hides the drawing grid. You may set up the grid by using the
command Geometry | Drawing Grid The grid coordinates are showntire status bar while the

mouse is moving in the model view. You may run this command by pressing F7.

Options | Global Axes

View | Options | Global Axeshows or hides the legend of the global argbebottontleft cornerof
the window You may run this command by pressing F5.
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Options | Contour Legend

View | Options | Contouregendshows or hides the contour legend. The results must exist for the
contour legend to be displayed.

Options | Comment

View | Options Comment allows you to insert a comment at a specified loc@tigare 324). The
comment must be less than 256 characters in lendtb.remove an existing comment, go to Input
Data | Comments spreadshaetl delete the comment entry.

Comment

Insert at

®o0 Yoo |0 20 in

Alignment; Left v

Comment: this is & comment

Figure 324
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Chapter 4. Geometry

The Geometry menu provides commands to define and/or assign material, sectittnckness
properties to selected elemerdsaw individual nodes and elements based drawing grid or
existing nodesparametrically gnerate models of regular shapaddefine and/or assign boundary
conditions or moment releastsselected elements or nodes.

Materials

Geometry | Materialprompts you with the following dialog box (Figure 4.1). It allows you to define
and/or assign materials to selected elements in the model. An Id is assigned automatically to each
material by the program and may not be changed. You may assign a i wnaximum
characters to each material for easy identification. The material properties include

T Youngds modulus (E),

f Poissonratd 0 O 3 < 0.5) .

1 Weight density

1 Temperatureoefficients.

The shear modulu$s) is calculated automaticallyO ——.

These material properties are used in the structural analysis of the model. Material properties related
to design may be set from design menus. For example, concrete strength fc and reinforcement
strengtis fy and fys may be defined from RC Design | Design Criteria | RC Materials.

You may add standard steel and conhchrettteomat e Ai
standard materi al | abel starts with fASteel 0 or

You may add one or more materials by <clicking t
materials i n the 0 ibsutt tboyn .c lactide materigl o susréntlysdfectedn t
elementd checkbox may adivemateeiato selected slesnengsn Tirivee

material refers to the one that currently has focus in the list in the dialog box. In order for material
assignments to take place, members, shells or bricks must be selected beforehand.

A more flexible way to assign material and other properties to elements is to use| Adsigher
Properties or Assign | Shell Properties command, which allows you to continuously assign one or
more properties telements

The program al ways has a default materi al | abel
change its label. You maljowever change its properties.

If applicable, ight clicking on a celtan be used tautcfill all or selected cells in the clicked column
with the value of the clicked cell.
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Materials

-
M aterial Id Label E [kip/in~Z] Poiszon Ratio | Density [IbAft™3] Te[1/F] —

1 [ 1 Joctan 23000 03 450 15605

[4]

! [v]

MNew Rows St Material... Frint... Save..

[]Assign active material to currently selected elements Apply Cancel

Figure 4.1

Sections

Geometry | Sectiorgrompts you with the following dialog box (Figure 4.2). It allows you to define
and/or assign sections to selected members in the model. An Id is assigned automatically to each
section by the program and may not be changed. You may assign a laldgd Zvithximum

characters to eachd®n for easy identification. The section properties include:

momentof inertiaabout major axis {£)

momentof inertiaabout minor axis ()

torsional moment of inertia (J)

section area (A)

shear area the local y direction (§

shear area the local z direction (A.

=4 =4 -8 -4 -8 -9

These properties are used in the analysis. Other properties (Bait T.) are dimensions for
regular sections such as rectangular, circular, wide flange sections. These dimensional properties are
used for graphic rendering only (not used in analysis).

You may add one or more sections by clicking t]
sections in the Dbibtutbpncl activklsestigitédtahsentlgiedlactedn t
memberd8 checkbox may adivesestiendo selectecansemberg.n Hatesection

refers to the one that currently has focus in the list in the dialog box. In order for section assignments
to take place, members must be selected beforehand.

A more flexible way to assign member properties is to use Adgigmber Properties command,
which allows you to continuously assign one or more properties to members.

Note: The section property input does not includeiltiie product of inertia. For a section where
Ixy is not zero such as an angle, the principal axes of a cross section are different from its geometric
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axes. In such situatignyou should enter section properties in its principal axes and attheist
member element local angdecordingly.

Member Sections “

Section |d Label 12 [in"4] Iy fin"4] Jlind] A (in"2] Ay in"2] Az (in"2] b fin] din] if fin] tu fin] =l

1 [ 1 Jecta 1 1 1 1 1 1 0 0 0 0
2 2 Warsed 2850 108 281 248 12.282 127488 396 87 064 045
3 3 WI0R4E 248 534 1.51 123 3535 99443 202 0.1 062 0.35

1| [» ™

INew Riows Riegular Section AISC Table NDS Table Rigid Link Print. Save

Export AISC Table Impart AISC Tahle [_] Assign active section 1o currently selected members Apply Cancel

Figure 4.2

If applicable, right clicking on a cell can be used to dilitall or selected cells in the clicked column
with the value of the clicked cell.

You may add a regular sectd obnutbtyonc.l i cRhegptbgri
following dialog box (Figure 4.3). Eight standard section types are currently provided by the

program: rectangular, circular, widkange, tee, channel, rectangular tube, pipe, and sargj&e

sections. The properties of these sections are calculated automatically. The program useg a namin
convention in whichasecteny pe prefi x is followed by di mensi
Examples includeRect5.5x7.5 Round6, WideF10x12x2x1 Teel12x10x2x1Chan8x12x2x]

Tube6x8x1, Pipe7x1, andAngle6x8x1 The program sometimes uses section names in section

rendering, design, and stress calculations.

Regular Section n

Section Type Rectangle v
Wickth 12 i
Depth 24
0.0001
0.0001
Cancel
Figure 4.3

69



B | AISC Steel Shapes O *

Shape: iy v Piirt... Save... 0K | Cancel

Shape  A[n°2) dfin] | twln] | bf fin] |t fin] [in‘f‘” [W?fa] ol [\?3] [ir:ﬁ T [‘ffa] i [\?3] [in{” kﬁ:f k[‘ij:]' K1 inl| bt rts [l W0 fin] [igk"‘;] [“’:i‘g] [igk‘:” [‘Efa] [iE:N3]
%5 44 103 159 17731100 1410 17.8 1620 1200 150 343 23/ 747 29 3 175 38 424 42235000 168 1180 278 805
Walk230 | @54 436 0855 153 15827000 1240 17.8 1410 1040 132 343 205 509 23629725 1625 45 42 4261000 166 1040 243 700
WA2E2 | 772 433 0785 153 14224100 1110 177 1270 923 117 347 182 373 22/2625 1625 436 417 41905000 165 928 223 630
WA230 | B78 423 071 153 12220800 971 175 1100 736 101 343 157 243 2012437505625 S48 413 41746000 165 733 192 547
WAIKESS | 133 436 197 153 35458500 2590 17.1 3080 2870 340 386 542 583 4720812521875 17.3 471 401508 163 2530 529 1530
WAIKE3Z | 174 43 179 157 32350400 230 17 27600 2520 302 38 431 445 441 452125 191 463 3ABI7000 166 2240 479 1370
WAIKEOZ | 148 421 154 154 27541600 1950 16.8 2320 2040 243 372 3 277 33| 4 2 223 45 33383000 161 1830 403 1150
WARAT | 127 413 134 152 2353800 1690 166 1960 1630 208 385 328 177 3543625 1675 255 441 38939000 158 1510 341 @63
9 wem3s | 117 41 122 181 2232000 1560 166 1800 1540 181 364 300 142 338 351815 28 431 3IETHOON 158 1390 3@ ES1
10 WeIKET2 110 406 116 151 20529600 1450 165 1680 1420 177 36 277 116 32331251125 295 433 3RER000 155 1280 295 @S
11 wem<3EzZ | 105 406 112 16 20078300 1420 165 1640 1380 173 36 270 108 31 325 175 305 433 38613000 154 1240 288 a8
12 wel<iz4 | 553 402 1 153 16175600 1260 16.4) 1460 1220 153 358, 23 794 2999062516875 342 427 3m4dE000 153 Moo 2% 720
13 walkea7 | 873 398 093 158 16523200 1170 163 1330 1030 138 354 215 612 2832937506875 368 422 38299000 151 982 23 6%
14 walkz77 | @15 397 083 158 15921300 1100 16.4 1250 1040 132 358 204 515 27628751625 41.2 425 38179000 151 W0 225 614
15 wal<43 735 394 075 158 14219800 993 163 1120 926 118 355 182 381 262657515625 455 421 38000 150 841 203 550
16 w415 B35 39 065 153 12216700 859 162 964 803 101 354 19 248 24 2515625 526 419 37.884000 143 713 175 473

17 wili® 588 387 05 158 10714300 770 16 069 B3 B4 345 1% 183 2050312515635 526 412 TG 46000 149 628 153 427 [+
[+]

-RENRE RS RS K

4]

Figure 4.4

You may also add sections from the AlISi€el shape table (Figure 4at)NDS wood shape table
You should not modify an AISE NDSshape label or its properties.

You may create one and only rigid Ilink section
button. A rigid link is a member that has very large sectional properties (A, Ay, Az, Iz, ly and J).
There can only be one rigid |ink seRIGIDAINKd.ef i n
The properties for thRIGID_LINK s ect i on must be set to boxds on ¢t}
The program will appropriately calculate A, Ay, Az, 1z, ly and J during the solution pr&=ifs.

weight for rigid links will be ignored by the program.

The program al ways has a default section | abel
change its label. You maliowever change its properties.

Al SC steel shapes can be customized by exporti:
will export AISC table database from this program to a csv (Comma Delimited)Higeexported csv

file can then be modified in Microsoft Excel to add/remove/modify AISC steel shapes.mp or t Al S
Tableo will import AI SC T a bniperting AdSCttable will rgplaceg r a m |
all AISC steel shape database contained in aisc14u.idx and aiscl4u.tbl files in the program

folder. As a precaution, you should backup these two files beforehand in case something goes

wrong during importing. The csv file to be imported must conform to the format that the program
exports. You may use dot(.) in AISC_Manual_Label column to distinguish new shapes with existing
shapes. For example, W16.99X89.99 is a valid shape name.

Thicknesses

Geometry | Thickness@sompts you with the following dialog box (Figure 4.5). It allows you to

define and/or assign thicknesses to selected shells in the model. An Id is assigned automatically to
each thickness by the program and may not be changed. You may assign #&Hali&l maximum
characters to each thickness for easy identification. The thickness properties include thickness only.
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Thicknesses

Thickness |d Label Thickness [in] ==

[4]

| ]

MNew Riows Print... Save...

[ Assign active thickness to currently selected shalls Apply Cancel

Figure 4.5

You may add one or more thicknesby cl i cking the ANew RowsoOo butt
thicknesses in the Ibiugtt ony @dtivelhikndssite curregtly A Pr i nt
selectedshells checkbox may Iadivethiskeeds taselectedsskellsg rnidwivén e
thickness refers to the one that currently has focus in the list in the dialog box. In order for thickness
assignments to take place, shells must be selected beforehand.

A more flexible way to assigiellproperties is to use AssigishellProperties command, which
allows you to continuously assign one or more propertiahédlis

The program al ways has a default thickness | ab:«
change its label. You maljowever change its properties.

If applicable, right clicking on a cell can be used to 4dilitall or selected cells in the clicked column
with the value of the clicked cell.

Levels

Geometry | Levels prompts you with the following dialog box (Figure 4.6). It allows you to define
physical levels in your building structure. Once levels are defined, you are able to view a level plan

by using the command View Freeze All Except Level. To unfreeze the frozen parts of the model,

run the command View>» Thaw or just type in the command it

71



Levels n

-
Level Id Label Elewation [ft] =
B
<1 [+]
Mew Rows Print Save Cancel
Figure 4.6

Drawing Grid

Geometry | Drawing Grigrompts you with théollowing dialog box (Figure 4)7 It allows you to

generate a 1D, 2D or 3D rectangular grid for drawing or guidance. The distaiga kstmma
separated |list that specifies multiple distanc:
generate distances of 12, 14, 14, 10, 10 and 10 in length units. You may specify a distance list for the
X, Y, or Z direction or any combation of them.

You may specify an insertion poitd translate and rotation parameters to rotate the grid. The
drawing grid may be turned on or off by running the command View | Drawingo@Goigsimply
pressing F7. You may regard the grid as a user defined coordinate Bystean be changedaty
time. The coordinates of the grid intersection under the maneshsplayed in the status bar. It
helps you tadentify correct pointsvhendrawing nodes or elements. h& following example (Figure
4.8) shows the use of this command.

Generate Grids

Enter distance lists for each direction (e.g. 12, 3@20, 2@@15). Leave
appropriate box(s) blank to generate on a plane or along aline

* Direction:  3@6.2@10.48 in
* Direction: | 8@8 in
Z Direction: in

Insertion Point Coordinates Ratation

pas 0 in Ahout Global Z v

vooo 0 in Angle: 48] deg

A in

Cancel
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Figure 4.7
Figure 48

Object Snap

The Geometry Qbject Snagpop-up menu providesptionsto snap node locatieat1/2, 1/3,¢ 1/9"
points on a member under the mouse cursdfryou are drawing elements, you also have the option to
snap to the perpendicular point on a member from the last point. It is a good idea tothwn off
drawing grid (by pressing F7) to avoid snapping to grid points while any of the snap options is on.

Snap to 12 Point
Snap to 13 Points
Snap to 14 Points
Snap to 145 Points
Snap to L6 Points
Snap to /7 Points
Snap to 1/8 Points
Snap to 1/9 Points

Perpendicular Point

Clear Snap Points

Draw Node

Geometry | DraviNodeallows you to draw new nodes in the model. To draw a node, simply move

the mouse, point to an intersection of the grid and click the left mouse button. You may also draw a
node by entering nodal X,,"and Z (optional) coordinates in the command window via the keyboard.
This is very useful if you need to draw nodes outside the grid interactions. The command remains in
effect until another command is selecgttwkright mouse button is clickedr ESC is pressed.

Draw Member

Geometry | DraviMember allows you to draw new members in the model. To draw a member,

simply move the mouse and click the left mouse butimm point to point (Figure 4)9 The clicked

points must be intersections on the grid or existing nodes. These points become the element nodes.
New nodes are created if necessary. Members are drawn continuously. Righg ttiekmouse

once lets you start drawing members from a new locati®emember, the start and end nodes
determine the default local coordinate systerihe members drawn have the current section and
material properties. You may use the commands in the Geometry menu to assign appropriate
properties to them.

You may also specify a node by entering nodal X, Y and Z (optional) coordinates in the command
window via the keyboard. This is very useful if you need to specify nodes outside the grid
interactions. In addition, you may specify a node by entering atirexnode number directly.

You can combine the use of keyboard and mouse to draw members.

You may turn on annotatiorigr nodes and members while drawing. To do that, run View |

Annotate. The command remains in effect until another command is setbetéght mouse button
is clicked twiceor ESC is pressed.
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Figure 4.9 Figure 4.10

Draw Shell4

Geometry | Dravhell4allows you to draw new shells in the model. To draw a shell, simply move

the mouse and click the left mouse butlieam point to point (Figure 4.30 The clicked points must

be intersections on the grid or existing nodes. These points become the element nodes. New nodes
are created if necessaryRemember, the order of clicked points determines the default local

coordinate system The shells drawn have the current thickness and material properties. You may
use the commands in the Geometry menu to assign appropriate properties to them.

You may also specify a node by entering nodal Xantl Z (optional) coordinates in the command
window via the keyboard. This is very useful if you need to specify nodes outside the grid
interactions. In addition, you may specify a node by entering an existing node number directly.
You can combine these of keyboard and mouse to draw shell4s.

You may turn on annotatiorisr nodes and shells while drawing. To do that, run View | Annotate.
The command remains in effect until another command is selélcertjht mouse button is clicked
or ESC is pressed.

Draw Brick

Geometry | DravBrick allows you to draw new bricks in the model. To draw a hsakply move

the mouse and click the left mouse button from point to point (Figuig¢. 4.The grid must be set up

in 3 dimensions. The clicked points must be intersections on the grid or existing nodes. These
points become the element nodes. New nodes are created if necessary. Remember, the order of
clicked points must be such that thextor of the surface-2-3-4 points to the surface®7-8. The

bricks drawn have the current material properties. You may use the commands in the Geometry
menu to asign appropriate properties to them.
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You may also specify a node by entering nodal Xarl Z coordinates in the command window via

the keyboard. This is very useful if you need to specify nodes outside the grid interactions. In
addition, you may specify a node by entering an existing node number directly. You can combine the
use of keybard and mouse to draw bricks.

You may turn on annotatiorier nodes and bricks while drawing. To do that, run View | Annotate.

The command remains in effect until another conuarselectegtheright mouse button is clicked
or ESC is pressed.

N

N h2
—1 g

LN

- i
l:—[ﬂ.a . .l-_

Figure 4.1

It is generally not easy to draw bricks in 3 dimensions due to visualization difficulty. You may
generate bricks based on shells using the commands such as Edit | &xRedelve You may also
use spreadsheets to input nodes and bricks by running Input Data |dX &dlieks.

Quick Draw | Member

Geometry | Quick DrawMember allows you to draw a member by specifying the two element nodes
in the command window.

Quick Draw | Shell4

Quick Draw | Brick

Geometry | Quick DrawShell4 or Brickcommand is similar to Member command above.

Generate

The Geometry | Genergt@p-up menu provides commands to quickly generate commonly used
structural components in a model. These commands may be run multiple times to generate different
parts in the model. You may use edit commands such as Edit | Duplicate, Move, ddel&te

modify the generated model.
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Generate | Rectangular Frames

Geometry | Generat&kectangulaFramegrompts you with the following dialog box (Figure 2)1

It allows you to quickly generate 1D frag(continuous beas), 2D frames (plane frame or grillage)

or 3D frames (space frames). The distancedliatcomma separated list that specifies multiple

di st ances. For example, a distance |list of A1l
10 and 10 in length unit.  You may leave appropriate distance list(s) blank to generate on a plane or
along a line. You may specify pinned or fixed supports at the bottom. The generated members have
the default section and material properties. You may assign them appropriate properties using
commands in the Geometry menu.

Generate Rectangular Frame

Enter distance lists for each direction (2.g. 12, 3@20, 2@15). Leave
appropriate box(s) blank to generate on a plane or along aline.
«Direction; | 2@10,3@15 in
v Direction: in
Z Direction: in

Insertion Point Coordinates Rotation

w0 in Ahout | Global 7 W

Yoo |0 in Angle: |0 deg

z 0 in
Suppports at bottom Finned W

Figure 4.12

The following three examples show the uses of this commabnide first example (Figure 4.1% a
continuous bearnm the X direction generated using tiheut from the dialog box above The first

two spans are of 1fd. and the last three spans are of 15 ft. The pinned supports are also generated
automatically.

A A A A A A

Figure 4.13

The second example (Figure 4)1gla 2D frame on the XY plane with horizontal spans 10, 10, 18, 10,
10ft. and vertical spans 15, 8, 8ft8as shown in the following. A rectangular frame is first

generated using the input from the following dialog box (Figurg)4.1The frame is then modified by
selecting and deleting nodes 19, 24, 25, 26, 29, 30 and horizontal members at the bottom (B)gure 4.1
Notice when a node is deleted, elements (and their dependents such as loads) connected to that node
areautomatically deleted also.
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Generate Rectangular Frame

Enter distance lists for each direction (e.g. 12, 3(@20, 2@15). Leave
appropriate box(s) blank to generate on a plane ar along a line.

#Direction: | 2@10182@10 in
‘v Direction:  [15.3(24 in
Z Direction: in
Insertion Point Coordinates Rotation
X 1] in About Glokal 2 v
Yoo 0 in Angle 0 deg
Z 1] in

Figure 4.15

A A A
Figure 4.14
N2E  MNZE N2 N2E M2 N30
NN Ly (e e e
LN13 (W14 (W15 MIE  [M17  JN1B
N7 JmE [ng [M10 [M11 [N12
NI Jm2 N3 [M4  [ME NGB
F . F .
Figure 4.16

The third example (Figure 4.1& a 3D frame with 6 spans in the X direction, 4 spans in the Z
direction and 10 spans in the Y direction.
is generatedsing the input from Figure 4.17

All spans are 10 ft.
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Generate Rectangular Frame

Enter distance lists for each direction (e.g. 12, 3(@20, 2@15). Leave
appropriate box(s) blank to generate on a plane or along a line.
¥ Direction:  |BE@10 in
* Direction 1010 in
Z Ditection: | 4@10 in

Insertion Point Coordinates Fotation

o0 in About | Global 2 v

Y. oo in Angle: ] deg

Z 1] in
Suppports at boftorn e R

Figure 4.17 Figure 4.18

Generate | Cylindrical Frames

Geometry | Generate€Cylindrical Framegprompts you with the following dialog box (Figure €)1

It allows you to quickly generate 2D or 2Blindricalframes. The distance lista comma separated

' ist that specifies multiple distances. For
distances of 12, 14, 14, 10, 10 and 10 in length unit. You may tleaYedirection distance list

empty, in which case plane cylindrical frame will be generatedYou may specify pinned or fixed
supports at the bottom. The generated members have the default section and material properties.
You may assign them appropriate properties using commands in the Geometry menu.

You have the option not to generate members. In this way, you can generate nodes on cylindrical
system first. Then you may use the command Geng&dtells (Bricks) by Nodes to generate a
system of shell (brickelements.

Using the input in Figure 491 a 3Dcylindrical frame in Figure 20is generated. You may need to
set the element local angléor columns for correct orientation.
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Generate Cylindrical Frame n

Radial distance list (2.9. 12, 320, 2@15):
20,10 in

Angle increment listwith 0 as start angle (e.g. 3@45):

)

0.7 @30 de '1
d ‘ '
v direction distance list (e.g. 12, 3@20, 2@@15). may leave ermphy: li ‘ ’
E ),
‘4@1 7 in | .
g < y )
Inserion Point Coordinates Rotation . ’ )
% |0 in About  |GlobalX v '1' :
N
| in Angle 0 deg kel i' d !
| d
Z 1] in ’ :
Suppports at bottorn: Mo Supports v L ‘

Generate members

Cancel
Figure 420
Figure 4.D

Generate | Arc Members

Geometry | GeneratéArc Membergprompts you with the following dialog box (Figure #)2 It

allows you to quickly generate members along an arc. You may specify an arc radius, the start and end
angles, and the number of segnsentYou may specify an insertion potiiat translate and rotation
parameters to rotate the generate members. The generated members have the default section and
material properties. You may assign them appropriate properties using commands in the Geometry
menu.

The following example (Figure £ shows members generated along an arc using the input from
Figure 4.2.

Generate Circular Members
Arc Geometry
Radius 10 in Segments 10 NE
Startangle: |0 deg End angle 180 deg _NE‘__1N5 le
Inserion Point Coordinates Fotation N3
* 0 in About: Global 2 v N1 D -h NE
he 0 in Angle 1] deg r II
o [t L1
et Figure 4.2
Figure 4.2

79



Generate | Non-Prismatic Members

Geometry | GeneratdNon-Prismatic Memberprompts you with the following dialog box (Figure

4.23). It allows you to quickly convert each of the selected prismatic members into multiple

prismatic members to approximate a fprismaticmember. The distance lista comma separated list
that specifies multiple distances. For exampl
distances of 12, 14, 14, 10, 10 and 10 in length units. The lengths of the selected prismatic members
must be consistent with tligstance list.

Generate Nonprismatic Members

Enter distance list (e.g. 12, 3@20. 2@15). Selected members with the same length will be exploded at
these distances:

Distance list: 20621 in
MNon-Frismatic Member Geametry
Type: Linear v
Midlclle depth: 10 in Width: 10 in
Left depth: 16 in Leftlength ratio: 04
Fight depth: 20 in Fight length ratio K
Figure 4.3

The left and right haunches of the Ramsmaticmembers may be of type line@arabolic or straight.
You must define the geometry (Figure4).ihcluding middle depth (DM), left depth (DL), right depth
(DR), width, left length ratio (LL / L), right length ratio (LR / L). Each of the selected prismatic
members will be exploded into multiple prismatic members to approximate thgrisoratic

me mb dehévior. Appropriate member sections will be automatically added and assigned in the
model. Existing loads on the selected prismatic members will be assigned to the new members
appopriately.

DIt

DL ¥

DE

LL LE _

[y
¥
[y
b

Figure 4.2

Generate | Rectangular Shell4s

8C



Geometry | GeneratdRectangular Shell4srompts you with thedilowing dialog box (Figure 25).

It allows you to quickly generate shells in a rectangle. The distancedistomma separated list that
specifies multiple distances. For exampl e, a
of 12, 14, 14, 10, 10 and 10 in length units. You may specify an insertion@tianslate and

rotation parameters to rotate the generated shells. The generated shells have the default thickness anc
material properties. You may assign them appropriate properties using commands in the Geometry
menu.

Generate Shell Elements in a Rectangle ﬂ

Enter distance lists for each direction (e.q. 12, 3{220, 2&15).
= Direction; 10@0.2 in
v Direction: 10@0.2 in
Ingertion Paoint Coordinates Rotation
®o0 in About: Global Z v
Y0 in Angle: 0 deg
20 in
Figure 426
Figure 425

This command can only generate shells in a rectangle. To generate shells in a general quadrilateral
you may first define one quadrilateral shell and then use the command EdiVeShBhell4s to sub
divide it.

The above example (Figure28) shows a 10x10 rectangular mesh of shells genenaiad the input
from Figure 425.

Generate | Circular Shell4s

Geometry | GenerateCircular Shell4prompts you with the following dialog box (Figure 42 It

allows you to quickly generate shells in a circle. ' You may specify the number of segments to control
the fineness of the mesh. Generally speaking, a relatively fine mesh is recommended to minimize the
discretization error along the curved edgeusbould not use rectangular thin plagemulation in the
analysis. You may specify an insertion pdamtranslate and rotation parameters to rotate the

generated shells. The generated shells have the default thickness and material properties. You may
assign them appropriate properties using commands in the Geometry menu.

The following example (Figure 482 shows shells generated in a cingt@ng the input from Figure
4.27.
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Generate Shell Elements in a Circle | 4 .
- I
Radius 10 ft Segments 40 -4 _1_1
Insertion Point Coordinates Rotation _1 b |
—-i
® 0 ft About: Global Z v _-1
1 1
Y0 ft Angle: ] deg 1 1
&0 ft - B
= =5
Suppons along the edge Pinned he T A
il |
s e
R oy T
j T .F — -1
Figure 4.7

Figure 4.3

Generate | Shell4s Around a Ring

Geometry | GenerateShell4s Around a Ringrompts you with the following dialog box (Figure

4.27g. It allows you to quickly generate shedioound a circular ring You may specify the number

of circular and radiasegments to control the fineness of the mesh. Generally speaking, a relatively

fine mesh is recommended to minimize the discretization error along the curved edge. The generated
shells are mostly rectangular in shape, with some general quadrilaterglsreatge. You may

specify an insertion poirib translate and rotation parameters to rotate the generated shells. The
generated shells have the default thickness and material properties. You may assign them appropriate
properties using commands in the Geometry menu.

The following example (Figure 4.38shows shells generatedaround a circular ringsing the input
from Figure 4.24

Wiz M3
Nz 2
Generate Shell Elements Arcund a Ring X M g e B e W
3% ~ W
b ng2 M1 o t
A e i e e ]
Outer Radius: ft D4 Wiz M1 i
[ LIER e NEG
Wi Wi o 1
Inner Radius: 4 ft MBS WM e
138 wez N W g 124
Circular Segments: 40 8 M NS [
Hea e
(e Nia 1 Lz
. tg g3
Radial Segments: 3 (5] e
ws o
i n1zz
IO ey o a2
Insertion Point Coordinates Rotation
Nig1 101 (N1 nat N N1 et
%0 ft About  GlobalZ - o |12 i
S wigg N1z N2 0 N120 e
s )
Y0 ft Angle: 0 deg o 1B s e
e — iz nos 1
e ]
Z It [T s N Hitg
o NE s N s
MBS e W i N
. s o nsz
NiDE . N7 L A
MG oy M -t G5 M6
_— WO gy N2
Mg s [T
o | Cancel s
] 0y N nisa
ha s
MISD g NIS2
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Generate | Nodes from Grid

Geometry | GenerateNodes from Griavill convert all grid points to nodes in one sweep. You may

use this command as many times as you like. You must merge nodes manually if necessary. The

generated nodes may then be used to generate memberspsieltks using the following three
commands.

Generate | Members by Nodes

Geometry | GenerateMembers by Nodes allows youdaickly generate new members based on
selected base members and existing nodes. New members are skipped if no valid nodes exist.
following five figures (Figure9 ~ 33) show how this command may be used.

has N8B a7 ] hag a0 Mot Moz N33 o4 Jhas OB

B4 MBS  NBG JNET NBa ] 7o N7 72 e 74 7s

N4z 44 45 4B 47 M43 hi4m s ME1 M52 N3 M4

Nz NZ3 24 N2Z5 N2B N2 2B N9 N30 31 32 N33

LT 2 NE 4 NB NG N7 B g 10 it 12
Figure 4.3

Given one selected member and existing nodésgiare 4.3, 10 new members in Figure 4.8re
generatd using the input in Figure30. By selecting all 11 members in Figure 4&hd using the
input in Figure 4.3, 33 more members are generated in Figurg. 4.3

Generate Members by Nodes

Generate new members based on existing base
members and existing nodes. New members are
skipped if no valid nodes exist

Mode Delta

Mode-1 delta: 1

Mode-2 delta: 1

Cluantities: 10

Figure 4.30

83

The



JNes Wi:s N7 Nes Jheg Nag o1 o2 g3 Nas JNos NoB

.N64 _NBS _NBE _NE? _NBB _NBQ _NTD 'N?'1 _‘N?Q _N?S .NM 'NTS

43 JNidd s 4B a7 JN4E a9 JNAD i M52 53 M54

N2 M23 N24 N25 N26 N27 M28 MN23 N30 MN31 N32 33

.N1 M2 M3 E] & MG M7 iz} ] N10 M1 .N12
Figure 431

Generate Members by Nodes

Generate new members hased on existing base
members and existing nodes. New members are
skipped if no valid nodes exist.

MNode Delta

Mode-1 delta: 21

Mode-2 delta: 21

Cuantities: 3|

Figure 432
MNES BB MNET MNEE MNED a0 a1 92 N3 NS4 M35 JM9E
MNE4 MBS NEG MET MBS MED N70 N71 N72 N73 N74 7S
M43 44 M45 MG MAT MNAg M4g M50 Ma1 M52 MN53 s
M2 23 24 MN25 M26 MNZT M28 (i) N30 31 M3Z2 W33
.NW .NQ M3 hd .NE _NE W7 .NE .NB N10 N1 .N12
Figure 433

Generate | Shells by Nodes

Geometry | GenerateShells by Nodes allows you to quickly generate new shells based on selected
base shells and existing nodes. New shells are skipped if no valid nodes exist. The concept in this
command is similar to Generate | Members by Nodes.
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Generate | Bricks by Nodes

Geometry | GenerateBricks by Nodes allows you to quickly generate new bricks based on selected
base bricks and existing nodes. New bricks are skipped if no valid nodes exist. The concept in this
command is similar to Generate | Members by Nodes.

Auto -Mesh Shell4s | Add Region

Geometry Auto-MeshShell4s| Add Regiondisplays the following dialo@Figure 4.34)andallows
you toadd a region to mesh modelYou must first select beantisat form a closed polygon as the
boundaryof the regiorbefore running this command You have the option to inactivate deletethe
selected beams after the mesh region is created.

For moretechnicalinformation, please refer to Chapter 22: Maésbdeling

Add Mesh Region n

Region Name:  |REGION1

Curve step 1 ft

REF value: o between 0.0t0 0.35

“What to do with the selected members after the region is created?

Inactivate the selected members v

Figure 434

Auto -Mesh Shell4s | Add Hole

Geometry | AuteMeshShell4s| Add Hole displays the following dialogFigure 4.35andallows you
to add ahole to a mesh region You must first select beantisat form a closed polygaas the
boundaryof thehole before running this command You have the option to inactivate deletethe
selected beams after theleis created.

For more technical information, please refer to Chapter 22: Mesteling.

85



Add Mesh Hole n

Fegion REGION1 v

Hole Name: holel|
Curve step: 1 ft

‘Whatto do with the selected members afterthe hole is created?

Inactivate the selected members v

Figure 435

Auto -Mesh Shell4s | Add Internal Points

Geometry | AuteMeshShell4s| Add Internal Pointglisplays the following dialog (Figure3€) and
allows you tocadd internal pointdo a mesh regian You must first select existing nodes as the
location of the internal points in the mesh region.

For more technical information, please refer to Chapter 22: Mesteling.

Add Mesh Internal Points
Fegion: REGION 1 v
Step: 0 it
Fadius: 0
The currently selected nodes will be added as internal points.
Figure 436

Auto -Mesh Shell4s | Add Tree

Geometry | AuteMeshShell4s| Add Treedisplays the following dialog (Figure 4)Bandallows you
to adda treeto a mesh region. You must first select beams as the branches of thédéfeee running
this command Please note that). Disconnected branches are not allow&)l Selected beams must

not form a closed polygon.You have the option to inactivabe deletethe selected beams after the
tree is created.

For more technical information, please refer to Chapter 22: Mesleling.
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Add Mesh Tree

Region: REGION 1 v
Tree Marme: reel
Curve Step 1 #

‘what to do with the selected members after the tree is created?

Inactivate the selected members v

Cancel
Figure 437
Auto -Mesh Shell4s | Edit Region

Geometry | AuteMeshShell4s| Edit Regiondisplays the following dialog (Figure 8B8andallows
you toedit an existingmesh region

Edit Mesh Region “
Region:  REGION 1 v
Curve step: 1 ft
REF value: 0 hetween 0.010 0.35
Figure 438

Auto -Mesh Shell4s | Edit Hole

Geometry | AuteMeshShell4s| Edit Hole displays the following dialog (Figure £Bandallows you
to edit an existindhole in aregion.

Edit Mesh Hole
Fegion: REGION1 v
Hole: haole 1 v
Curve step: 1 it

Figure 439

Auto -Mesh Shell4s | Edit Internal Points
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Geometry | AuteMeshShell4s| Edit Internal Pointglisplays the following dialog (Figure4f) and
allows you toeditinternal pointsn a region. You have the option to edit a single internal point or all
internal points within a region.

Edit Mesh Internal Points n
Region:  |REGION 1 v
Internal PINT2E ©

Foint
[ Apply to all internal points
Step 0 ft

Fadius: 0

Cancel
Figure 440
Auto -Mesh Shell4s | Edit Tree

Geometry | AuteMeshShell4s| Edit Treedisplays the following dialog (Figure 4¥andallows you
to editan existing treé a region.

Edit Mesh Tree n
Region:  REGION 1 v
Tree: treel v
Curve step: 1 ft

Figure 441

Auto -Mesh Shell4s | Delete Region

Geometry | AuteMeshShell4s| Delete Regiorisplays the following dialog (Figure 4.42) aaltbws
you todelete an existing region.

Delete Mesh Region n
Region: | REGION 1 v
Figure 442
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Auto -Mesh Shell4s | Delete Hole s

Geometry | AuteMeshShell4s| Delete Holas displays the following dialog (Figure 4.43) aaltbws
you todeleteone or more holeis a region.

Delete Mesh Holes

Region:  REGION 1 v

Holes [holet

Select Al Clear Al Cancel

Figure 443

Auto -Mesh Shell4s | Delete Internal Points

Geometry | AuteMeshShell4s| Delete Internal Pointdisplays the following dialog (Figure 4.44) and
allows you todelete one or more internal points in a region.

Delete Mesh Internal Points

Region:  REGION 1 v

Internal :‘ PIMTZR
Paints | TIPINTZ6
C|PINT27
CIPINT28

Select Al Clear All Cancel

Figure 444

Auto -Mesh Shell4s | Delete Trees

Geometry | AuteMeshShell4s| Delete Trees displays the following dialog (Figure 4.45) allwivs
you todelete one or more trees in a region.
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Delete Mesh Trees

Region:  REGION 1 v

Tree [ treet

Select Al Clear Al Cancel

Figure 445

Auto -Mesh Shell4s | Clear Mesh Model

Geometry | AuteMeshShell4s| ClearMesh Model allows you to clear the mesh model.  This will
delete all regions and its dependents such as holes, internal points and trees.

Auto -Mesh Shell4s | Load Mesh Model From File

Geometry | AuteMeshShell4s| Load Mesh Model From File allows you to load a previously saved
Real3Dmesh model fil€*.SUR) and therefore repladke existing mesh model.Note: *.SUR files
generated from QuadMaker may not be loaded successfully due to file compatibility.

Auto -Mesh Shell4s | Save Mesh Model To File

Geometry | AuteMeshShell4s| Save Mesh Model To File allows you to save the existing mesh model
to a file *.SUR). The savednesh file can bedited,Joadedlater.

Auto -Mesh Shell4s | Activate Regions

Geometry | AuteMeshShell4s| Activate Regions displays the following dialog (Figure 4.46) and
allows you tanactivate/activate one or more regions before generating mesh.
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Activate Mesh Regions

Activated Regions:

VIBEGION 1

Select Al Clear Al Cancel

Figure 446

Auto -Mesh Shell4s | Generate Mesh

Geometry | AuteMeshShell4s| Generate MesHisplays the following dialog (Figure 4.47) aaltbws
you togenerate mesh. You have the option teeghe generated mesh to a group

For other parameters on this dialog, please refer to Chapter 22:Méelshing.

Mesh Generation n

The following parameters should use default values unless you run into size
limitations during mesh generation

Macdrmum sub-regions Jeou] Resattn Default
Maximum cunses pertree 150
Meximum points pertree 150

taximum mesh nodes: 1000000

Sawe generated mesh
to a group

Generate Mesh Cancel

Figure 447

Auto -Mesh Shell4s | Generate Mesh From File

Geometry | AuteMeshShell4s| Generate Meskrom File #lows you togenerate mesh from a
previously save®Real3Dmesh modet.SUR file or a*.SUR file generated by QuadMakehich isa
much more powerful mesh generation software from Computations & Graphics, Inc.

Auto -Mesh Shell4s | View Mesh Model

Geometry | AuteMeshShell4s| View Mesh Modekhows or hide mesh modelThis is the same
command as View> Mesh Model. It is provided here for convenience only.
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Auto -Mesh Shell4s | Annotate Mesh Model | Annotate Mesh Regions
Auto -Mesh Shell4s | Annotate Mesh Model | Annotate Mesh Holes

Auto -Mesh Shell4s | Annotate Mesh Model | Annotate Mesh Internal Points
Auto -Mesh Shell4s | Annotate Mesh Model | Annotate Mesh Trees

Auto -Mesh Shell4s | Annotate Mesh Model | Annotate Mesh  Lines

Auto -Mesh Shell4s | Annotate Mesh Model | Annotate Mesh  Points

Auto -Mesh Shell4s | Annotate Mesh Model | Annotate Mesh  Point Coordinates

Geometry | AuteMeshShell4s| Annotate MeshRegionsetc.allow you to annotateegions, holes,
internal points, trees, lines, points and point coordinategesh model. The following(Figure 4.48)
is an examplef annotated mesh model.

als fsep=1)

L4 atep=1
QLB istep=1) PINTI7 {R1}

OL7 (3tep=1)
OL12 (step=08),

QL8 (step=1)

aLs (step=1 ClgelsiBEF) QLIS (step=0.8)0L13 (step=0.8)
holet {R1}

QL0 (step=1)

L14 (step=0.8)

QL1 (step=1)

GL1 (step=1) PINTIS {R1}

03 (stép=1)

AL gtep=1)

Figure 448

Element Local Angle

Geometry| Element Local Angl@rompts you with the above dialog box (Figdr49). It allows you
to assign local angteto the selected members and/or shells. The element local angle is used to
change the element local coordinate system
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Element Local Angle

Angle: a0 deg

[v] Apply to selected members.

Cancel

Figure 449

3-Point Member Orientation

Geometry | PointMember Orientation is the same as Edi#H@ntMember Orientation. This
command is listed here for convenience only.

Moment Releases

Geometry | Moment Releasaompts you with the following dialog box (Figuré@). It allows you

to assign moment releagesselectd members in the model. Majanjnor moment releases may be

applied tothe start and/or end ends of the memb@&i@sional moment may be applied to either the

start or end end (but not both ends) of the membéraisses are members witlajor and minor

momentdully released at both endsnd torsional moment released at either end of the members

The program assigns appropriate moment melogase:
A3D ®drussHowever, if the model <contains both tr
2D For aomme A 3 ENndREssignagpropriate moment releases to memb&msuss member is

a beam with major and min moment releases at both ends,well as torsional moment release at

either one endbut not both ends) afhe member. In order for moment release assignments to take

place, members must be selected beforehand.

Member Moment Releases ﬂ

Major axis (Local oz):
[ startend [JEnd end
Minor axis (Local oy):

[startend [JEndend

Torsional (Local ox):

[JEndend

| Apply to Selected Members | Cancel

Figure 450
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Rigid Offset

Geometry Rigid Offsetprompts you with the above dialog box (Figurgl.. It allows you to assign
rigid offsetsto the selected membersThis command will effectively break each selected member
into two or three members, with either or both ends being rigid.links

Member Rigid Offsets
Start offset length: 1 ft
End oftset [ength: 0.5 ft

Merge nodes and elements (recommended)

Mate: Itis also recommended that yvou renumber nodes in the model prior to
running analysis in orderto miminze memory usage. ou can do that from
Edit-» Renumber-> Renumber Nodes

| Applyto Selected Marmbers | Cancel

Figure 451

Tension /Compression Only

Geometryl TensioCompressio©Only prompts you wih the above dialog box (Figureb2). It

allows you to assign nonlinearifynear, tension only or compression only) to the selected members.
The member stiffness will be ignored if a tension only member is subjected to compressive forces or if
a compression only member is subjected to tensile fofbespresence of tensiamly or compression

only members makes the model nonlinear seglires iterative solutiofor each load combination.

Tension/Compression Only

Apply nonlinearity to selected members:

() Tension anly

() Compression anby

Apply Cancel

Figure4.52

Convert Members to Rigid Links

Geometry | Convert Members to Rigid Linkgl convert selected members to rigid links. This is the
same command &ddit | Convert Members to Rigid Links
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Member Stiffness Modification

Geometry | Member Stiffness Modificatipnpompts you with the following dialo@rigure 4.53) It
allows you to modify the stiffness for selected membeifhis is similar to modifying the section
properties for corresponding membdtss important to point out that stiffness modification for axial
area (A) does not apply to self weight.

Member Stiffness Modification Factors X

Flexural stiffness multiplier for |z

Flexural stiffness multiplier for ly: 1

Tarsional stiffness multiplier far J: 1

Auial stiffness multiplier far A 1

Shear stiffness multiplier for Ay: 1

Shear stiffness multiplier for 4z: 1

Cancel

Figure 4.53

Stiffness modification is more flexible to account for concrete cracking than the cracking factors in
concrete design. The cracking factors only ypplbending stiffness and must be less than 1.0 while
the stiffnes modification multipliers can be applied to all stiffnessesamble either less or greater
than 1.0.

Note: Stiffness modificatorsr e not consi dered by the program
stiffness modification factors and cracking f act

Shell Stiffness Modification

Geometry | Shell Stiffness Modificatigmompts you with the following dialog (Figure 4.54). It
allows you to modify thenembranestiffnessfor F«, Fy, Fxy, bending stiffness for M, Myy, Mxy,
shear stiffness for ¥, Vyy for selected shells It is important to point out that shear stiffness
modification only applies to thick plates (MITC4).

Stiffness modification is more flexible to account for concrete cracking than the cracking factors in
concrete design. The cracking factors only apply to bending stiffness in floors (not walls) and must
be less than 1.0 while the stiffnes modification tipliers can be applied to all stiffnesses and can be
either less or greater than 1.0.

Note: Sti ffness modi fications are not considered
stiffness modification factors and cracking f aft
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Shell Stiffness Modification Factors x

Stiffreze multiplier for Fus:

Stiffreses multiplier for Py 1

Stiffress multiplier for Fuyg 1

Stiffness multiplier for b 1

Stiffress multiplier for byy: 1

Stiffness multiplier for by 1

Stiffrese multiplier for W 1

Stiffress multiplier for Wyy: 1

Figure 4.54

Element Activation

Geometry | Element Activatias identical to Edit | Element Activation.

Supports

Geometry | Supporggrompts you with thedilowing dialog box (Figure 85). It allows you to

assign supports (rigid boundargnditions) to selected nodes in the model. One or more of the six

global degrees of freedom (DOFs) may be restrained. In addition, you may specify enforced
displacements the restrained DOFs. The enforced displacements may be used to model support
settlements. You may regard them as special loads. For normal supports, enforced displacements in
the restrained DOFs are zero. The program provides three commonly pgedswhamely, pinmg

fixed and roller(Figure 456). In order for support assignments to take place, nodes must be selected
beforehand.

Support n
( Pinned Fixities
o Global DOF Enforced displacement
() Fixed i 2 -
() Raller Oy ] i
(®) Others: Oz 0 in i —
[Jox 0 rad A
oy 0 rad
oz i rad

Figure 456

Figure 455
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A more flexible way to assigmpportss to use AssighSupportcommand, which allows you to
continuously assign one or masapportto nodes

Springs

Geometry | Springgrompts you with thedilowing dialog box (Figure &7). It allows you to assign
nodal, ling and surface springs (flexible boundagnditions) to selected nodes, membershells in

the model (Figure 88). A nodal springnay be restrained in one or more of the six global DOFs

(Dx, Dy, Dz, Dox, Doy and p;). A line or surface spring may be restrained in one or more of the three
global translational DOFs (DDy and ). To qualify to be a valid flexible restrajihe

corresponding spring constant must be specified.

Springs
(®)iApnly nodal springs to selected nodesi
() Apply ling springs to selected members
() Apply surface springs to selected shells
DOF Spring constants MNon-linearity -
= 0 lbfin Linear ~ . i
Z.E |
¥ 0 lafin Linear v L - —
: 3 =3 ~
Z Linear v _— R )
3 D)
03 0 lb-infad Limzar v = Y *-"'"
oY: 0 Ib-indtad Linear ~
oz 0 Ib-infrad Linear N
Figure 458
| Apply to Selected Nodes | Cancel
Figure 457

A restraintmay be designated as lineaompressiofonly or tension only. A compressioronly

restraint is active only whethenodal displacement in the restrained direction is negative. A tension
only restraint is acte only whenthenodal displacement in the restrained direction is positivde
presence of tension only or compression only springs makes the model nonlinear and tecuives i
solutionfor each load combination.

A more flexible way to assigpringsis to use AssighSpringcommand, which allows you to
continuously assign one or mapringsto nodes, members or shells.

Coupled Springs

Geometry [CoupledSpringsprompts you with the following dialog box (Figurésg). It allows you
to assigrcoupledsprings to selected nodesCoupled springs are useful in modelsigiplifying sub
structures such dawidge foundations It is important to enter the coupled spring stiffness matrix in
the appropriate units.
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Coupled Springs

KoK, Kx_Ky, Koe_Kz, Ky Ky, Ky_Kz. Kz_Kz Unit Ibfin
Ko _Kox, Kx_Kow, Kx_Koz, Ky_Kox, Ky_Koy. Ky_Koz, Ky_Kox, Ky_Kow, Ky_Koz Unit: kipfrad
Kox Kox, Kox Koy, Kox Koz, Koy Koy, Kow Koz, Koz Koz Unit: lb-infrad

Flease enterthe upper half of the coupled spring stiffness matrix (6 x &)

3 Ky Kz Kox Koy Koz
Kx 0] 0 0 0 0 0
Ky 0 0 0 0 0
Kz 1] 0 0 0
Kox 0 0 0
Koy i] 0
Koz 0
| Applyto Selected Nodes Cancel
Figure 459

Diaphragms

Geometry Piaphragmgrompts you with the following dialog box (Figurés@). It allows you to
defineregular or generidgid diaphragms (in-plang in a 3D model. For example, to model
horizontal concrete floors, you may select one node on each floapahdegular diaphragsito the
selected nodes XZ plane (with normal in the global Y direction)Instead of using plate elements,
rigid diaphragms allow yoto model stiff inrplane actions quickly. The program further provides the
option to ignore the rigid diaphragm actions as an analysis option (Run | Analysis Dptions

Diaphragms

() Genetic diaphragms (Graphically pick four nodes for each diaphragm)

(®)Reqular diaphragms (Currently selected nodes will be usedy

*Z Plane v

Apply Cancel

Figure 460

Multi -DOF Constraint s | Inclined Rollers

Geometry Multi-DOF Constraints | Inclineollersprompts you with the following dialog box

(Figure 461). It allows you to defin@n inclined rollessupport on XY, YZ or XZ planéAn inclined

roller can only move along the line between the reference (aefined in the dialogand the support
location. You can pick the reference point by clicki
graphically select a node or grid point-or examplen Figure 462, the roller is located at coordinate

(8.0, 5.0, 0) and is inclined 30 degrees from thaxX¥s. We camse the reference point (8.0 + 10 *

cos30, 5 + 10 * sin30, 0) = (16.&610, 0) to constrain the sygort. An inclinedroller is a type of

multi-DOF constraint.
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A regular support and muBOF constraird may be applied on thesie node as long as the
support/constrainedirections do not interfere with each other.

Multi-DOF constraintforces and moments are listed separately from the regular support reactions in
the analysis results.

Inclined Roller n
Plane: =Y W
Reference Paint
X 0 t Pick Paint
v L
z 0
MNate: Aninclined roller can only mowve along the line
hetween the reference point and the support location
‘ Apphyto Selected Nodes | Cancel
Figure 461

Figure 462

Multi -DOF Constraints | Equal Displacement  Constraints

Geometry Multi-DOF Constraints | Equal Displacemé&anstraintorompts you with the following
dialog box (Figure 43). It allows you to define genericconstrainat one or two nodes An
equal displacement constraint is one typenafti-DOF constraint.

A regular support and mubOF constraints may be applied on the same node as long as the
support/constrained directions do not interfere with each other.

Multi-DOF constrainforces and moments are listed separately from the regular support reactions in
the analysis results.
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Equal Displacement Canstraint

Nodedl: [0 MNode 2: 0

Constrained DOFs

= v [z Select All
[aox Oay oz Clear Al
Figure 463

Multi -DOF Constraints | Generic Constraints

Geometry Multi-DOF Constraints | Generic Constraiptempts you with the following dialog box
(Figure 464). It allows you to define genericconstraintat one or two nodes. If the constramt
applied to the same node, the constraint DOFs must be different. Constrained DOFs must be
compatible: Q1 and Q2 must be both translational or rotational. Cons$aciots must be nerero.

A regular support and muWBOF constraints may be applied on the same node as long as the
support/constrained directions do not interfere with each other.

Multi-DOF constrainforces and moments are listed separately from the regular support reactions in
the analysis results.

Generic Displacement Constraint
Mode 1 o Mods 2 0
DOF 1: X v DOF 2 b4 W
Constraint i Constraint 1
Factor1 Factor 2
Constraint equation: factor] * 01 = factar? * Q2 where Q1 and Q2 are
displacements in the DOFs at node 1 and 2.

Figure 464

Groups
Geometry [Groupscommand is identical to View | Groups. It is provided for convenience only.

Shell4 Nodal Resultant Group

Geometry Bhell4 Nodal Resultant Grogopmmandorompts you with the following dialod-{gure
4.65). It allows you to define a shell4 nodal resultant group for the selected shells.
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The reference shell id is used to determine the coordinate system of the resultants (enter O for global
coordinate system). The resultant location coordinates are automatically assigned with the centroid of
the nodes of the specified sides of the selected shells.

Shell Nodal Resultant Group
A shell nodal resultant group will be created based on the currently
selected shells and nodes on the shell side below.
Group Name pierl
Shell Sicle: Side 3 (third and fourth shell nodes) v

Reterence Shell ld 0

Result Location X: 18.75 #

Fesult Location : 165 ft

Result Location 2 0 ft
Figure 465

Generate Slab Strip Groups

Geometry [Generate Slab Strip Groupsmmand prompts you with the following dialdgdure 466).

It allows you to automatically generate shell4 nodal resultant groups along a design strip.  Currently,
this command only works on shells along the orthogonal directions.

Generate Slab Strip Groups
Slab plane: w7 Plane ~
Strip direction: O (OF

Group name prefic DesignStripJ

Figure 4.®

Story Drift Nodes

Geometry BtoryDrift Nodes allows youd assigrselected nodegs nodesor floor drift calculation.
All story drift nodes can be viewed in Input Data | Story Drift Nagpgeadsheet The story drift
resultscan be viewed frorthe Analysis Results $tory Drifts menu.
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Chapter 5: Loads

The Loads menu provides commands to define load cases and combinations, and assign loads of
various types to selected nodes and elements.

Load Cases

Loads | Load Casgsompts you with the following dialog box (Figure 5.1). It allows you to define

load cases to be used for loads and load combinations. A number is assigned to each load case
automatically by the program. Yanay assign a label with27 maximumcharacters to each load

case for easy identification. Duplicate labels in load cases are not allowed. A load type specifies the
characteristics of the load case. Examples are DEAD, LIVE, WIND, EARTHQUAKE. They are

used to generate standard load coratiams inLoads | Load Combinations

Load Cases

The optional load types are used in forming standard load combinations

-

Case No Label Type

Dead DeadD
Liwel Live-L|
Live2 Live-L
Liwe3 Live-L|
Lived Live-L|

@ e WM =
@ e W

4]

<1 [»]
MNew Fiows Cut Selected Fows Print Save Cancel

Figure 5.1
You may add one or more | oad cases by clicking
|l oad cases in theolbsttoyg. clicking the APrint
The program al ways has a default | oad case | abc¢

change its label. You may however change its type.
If applicable, right clicking on a cell can be used to 4ilitall or selected cells in the clicked column

with the value of the clicked cell.

Load Combinations
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Loads | Load Combinatioqwompts you with the following dialog box (Figure 5.2). It allows you to
define combinations of existing load cases in the model. The program solves for load combinations
but not for load cases. Yamnay assign a label with27 maximumcharacters to each load

combination for easy identification. Duplicate labels in load combinations are not allowed.

You may add one | oad combination by clicking tI
load combination in the following dialog box (Figure 5.3). The definition includes a label2vith

maximum characters, a load factor for each load case, aiidkttdflag. A load factor of zero

excludes the respective load case from participating in the load combination. You may print all load
cases and their corresponding d obauwt tfearc.t or s i n t

You may enter response spectrum load factor if you intend to combine response spectrum modal
combination results with static analysis restdtsthe load combinationThe response spectrum
analysis must be performed if any of load combinations contains-aemonesponse spectrum load
factor. No separate static analysis is needed.

|l f you need to design concrete beams, col umns
Designusing this Load Combinatian. I n addition, a sustained |o
This is the load factor that applies to the sustained load cases ingiutiedioad combination. It is

used to compute the infamousluring concrete column designTherefore, if there are concrete

columns to be designed, you should define a separate load combination that contains only sustained
load cases (each case with a unit factor). You can then designate this load combination as the
sustained load combinatioy RC Design | Design Options before performing concrete design.

|l f you need to design steel me mbusimgshijs Loach e c k or |
Combinatiom . I f you need to use the | oad combinat:.
uncheck appropriate boxes.

You may modify, copy, or delete a | oad combinat
button. You may also create a load combination for every load case with a unit load factor for the
load case but zeros for the rest of the load cases. Todat , c¢ | i ¢ ko tbhuéfoufibidyn.i t Cze

also generate standard load combinations based on design codesA0tBH%519/14/11/08/05/02
by clicking tisd dbutton AGenerat e

There must be at least one load combination in a model.

Load Combinations

Coml tions P-Delta Steel Design Caoncrete Design Total Load Defl Live Load Defl Add.

Comhination_1 Mo Mo Yes Mo MNo hodify...

Combination_2 No MNo “Yes No MNo
Combination_3 No MNo Yes MNo MNo Capy
Combination_3_Copy Mo Mo Yes Mo Mo

Delete

Unit Cases

Generat ite Stol

Cancel
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Figure 5.2

Load Combination n
Lakhel:

Case Factar =

1 [Defat ] 1

<] [+

[ Partorm P-Delta Analysis on this Load Cormbination
Responsze Spectrum Load Factor: 0

[CParform Stael Design using this Load Combination
["]Parform Concrete Design using this Load Combination

Sustained load factor. 0

["]Check Tatal Load Deflection

[ check Live Load Deflection

Frint... Save.. Cancel

Figure 5.3

Nodal Loads

Loads | Nodal Loadgrompts you with the following dialog box (Figure 5.4). It allows you to assign

nodal loads to selected nodes in the model. You must select a load case to which the nodal loads
belong. Nodal loads are specified in the global coordinate systéhe loads are nodal forces in the

X, Y, or Z direction if radio button fAXo, AYOo,
X, Y, or Z direction if radi o button nAOXo, oY «
any nonzero value.

Nodal Load

Load Case 6: Lived v
Direction
(@} [ONd Oz
(ox oy oz
Yalue: 12| kip

Apply to Selected Nodes Cancel

Figure 5.4

A more flexible way to assigrodal loadis to use AssighNodal Loadcommand, which allows you to
continuously assign one or manedal loadso nodes.
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Point Loads

Loads | Point Loadsrompts you with the above dialog box (Figure 5.5). It allows you to assign

point loads to selected members in the model. You must select a load case to which the point loads
belong. Point loads may be specified in either the local or global coordystten The loads are

point forces in the X, Y, or Z direction if ract
point moments in the X, Y, or Z direction if r:
magnitude may be any naero value. The load distance is the ratio of the load location (measured

from the member start) to the member length. A distance of 0.5 places the load at the middle of each
selected member.

Point Load n
Load Case B: Lived v

Direction Coardinate System

[@FS @)y ez (®) Local

(0w oy oz ) Global
Walue: 10 kip
Distance: |05 X100 % length

from member start
MNote: Inaddition to being & single input, distance may also
he specified as a list such as "3@0.25", which will create 3
loads at quarter points on the member.
Applyto Selected Members | Cancel
Figure 5.5

A more flexible way to assigioint loadis to use AssighPoint Loadcommand, which allows you to
continuously assign one or magueint loadsto members.

Line Loads

Loads | Line Loadprompts you with the following dialog box (Figure 5.6). It allows you to assign
line loads to selected members in the model. You must select a load case to which the line loads
belong. Line loads may be specified in either the local or global cocdigsiem The loads are

line forces in the X, Y, or Z direction. The start and end magnitudes of the load may be zero for
either end but not for both. The load distances are the ratios of the load start and end locations
(measured from the member start) tortiember length. A start distance of 0.0 and an end distance
of 1.0 place the line load on the entire span of each selected member.
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Line Load

Load Case B Lived v

Direction Coordinate System

Ox ®v Oz (®) Local
() Glabal
Start End
Yalues -7 -2 kip/t
Distances 0 1 x100 %% length
from member start
Applyto Selected Members Cancel

A more flexible way to assidime loadis to use AssighLine Loadcommand, which allows you to
continuously assign one or mdnee loadsto members.

Area Loads

Loads | Area Loadgrompts you with the following dialog box (Figure 5.7). It allows you to assign

area load to enclosed areas of members in the model. You must select a load case to which the area
loads belong. Area loads may be specified in either the local or global coordinate syGtebal

area loads may be in the global X, Y, or Z direction. Local area loads may only be in the local z
direction, which is perpendicular to the load area.

A load area is defined by specifying three or four coplanar nodes. The aré&atloa distributed as

line loads to perimeter members of enclosed areas within the load area prior to static or dynamic
solution. Various area load distribution methods are available. It is recommended that area loads be
defined in their own load casesin this way, you will find it easier to identify, edéind delete area

loads later on.

The program also allows you to convert areasaadine loads automatically.This feature lets you
see how the program would convert the area loads prior to the solution. For more information on the
load conversiorsee Input Data | Area Loads

Area Load (on members) n
Load Case: B: Lived v
Direction Coordinate System
S Y @z (®) Lacal
() Global
Distribution: | Two way (rectangular sub-areas) ~
Walue: 100] Iz

Maote: Pick 4 nodes (4th node may be the same as the 1st one)
to define load area after pressing the "Apply" button.

Apply Cancel

Figure 5.7
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Surface Loads

Loads | Surface Loagsompts you with the following dialog box (Figure 5.8). It allows you to

assign surface loads to selected shells in the model. You must select a load case to which the surface

loads belong. Surface loads may be specified in either the local or globdinate system The
loads are surface forces in the X, Y, or Z direction.

Surface load applies to the entire surface of a
shell element.
Surface Load

Load Case 6: Lived v
Direction Coordinate System

Ox O @z (® Local

() Global
Value: |12 Itz
Apply to Selected Shells Cancel
Figure 5.8

The following table (Figure 5.9) shows the loads assigned by the previous load dialog boxes

Nodal load Point load Line load Surface load

T
II -\-u.
| .
|I “‘x__&

- -10 '

12 2 03 |

L B L a L x ] I| 7 ) w
|

Figure 5.9

A more flexible way to assigurface loads to use AssighSurface Loadcommand, which allows you
to continuously assign one or maerface loadso shells.

Thermal Loads

Loads [ThermalLoadsprompts you with the following dialog box (Figurel6).
assigrnthermalloads to selecteelementsn the model. You must select a load case to which the

surface loads belon@urrently,Real3Dconsiders thermal effect in longitudinal direction of mempers
membrane directions of shellnd bricks

It does not consider thermal gradients in members or
shells.

It allows you to



Thermal Load n

Load Case 1: Default hd

Temperature Increase: 1] F

[ apphytn selected members
[ apphytn selected shells

[ Apphytn selected bricks

Apphy Cancel

Figure 510

Self Weights

Loads | Self Weightgrompts you with the following dialog box (FigureLh). It allows you to

define howthe program computes self weights felementsn the modethat are not excluded in self
weight (see Edit | Self WeigBixclusion) You must select a load case to which self weights belong.
Theselfweightsmay act in the global X, Y, or Z direction. By defask]fweightsact in the global

Y direction. You may specify a self weight multipli@pplied to material densities). A zero
multiplier ignore self weights altogether.

Self Weight

Consider self weight as load case:

1: Default W

Selfweight acts in global direction: GlobalyY W
Selfweight multiplier (negative to _-||
reverse direction):

Figure 511

Self Weight Exclusion

Loads | Self WeighExclusion is identical to Edit | Self Weight Exclusion.

Generate Loads | Fluid Loads

Loads | Generatieoads | Fluid Loads prompy®u with the dialog box above (Figurel3). It allows
you to generate fluid loadppliedto selected shells in the model. You must select a load@ase t
which the fluid loads belong.Fluid loads are applied in the local coordinate systefrhe load
variation must be in global X, Y or Z direction.
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Fluid Load n

Load Case - Default i

Loading
Global direction of variation: ()% (084 (OF
Start End
Values 0 0 Iht"2
Coordinates 1] 0 fl

MNotes: surface loads will be applied to the selected shells in their
local z directions.

Apply Cancel

Figure 512

Generate Loads | Pattern Loads

Loads | Generatieoads | Pattern Loads promptsu with the following dialog box (Figure B3). It

allows you to generate pattern lsagpliedto specified members in the model. You must select a

load case (generally live case) that contains loads to be patterned. A pattern ratio (e.g.;@8C1 318
specifies 0.75) is also available. Load patterning allows us to generate maximum positive avel nega
moment at each span, maximum positive and negative moment at each support as well as maximum
shear at each support. The existing point and line loads in the load case will be patterned based on
odd, even and adjacent/alternate spans. Tpeserned loads are assigned to their own load cases.
The program automatically generates additional load cases and load combinations based on the load
patterning.

Pattern Load n
MNote: Point and line loads of the pattern load case will be patemed on the
members based on odd. even and adjacent spans. MNew loads. load cases
and load combinations are generated appropriately.
Load Case: 3:Livel v
Pattern ratio: 1
5 1
Member [d
1 1 New Rows
2 2
3 3 Cut Selected Rows
Print...
Save
4 E\E Cancel

Figure 513



It should be pointed out that the program does not consider support conditions for pattern load
generation. One pattern load casenotbe used in more than one load combinagicar toload
pattern generation.

Generate Loads | Moving Loads

Loads | Generatieoads | Moving Loads prompy®u with the dialog box above (Figurel8). It

allows you to generate moving laatb specified membetkat are connected sequentiatiythe

model. You must select a load case that contains moving loads. Only point loads on the specified
members in the load case will be moved. These moving loads are assigned to their own load cases.
The program automatically generates additional tzess and load combinations based on the moving
step size.

It should be pointed out that one moving leadecannotbe used in more than one load combination
prior to moving load generation.

Moving Load
MNote: Pointloads of the moving load case will be moved on the mermbers. New
loads, load cases and load combinations are generated appropriately
Load Case 1: Default W
Moving step: 1 ft [ IBiDirectianal
el N
Member |d
1 1 | MNew Fiows
2 2
3 3 Cut Selected Rows
Frint...
Save
4 II‘E Cancel
Figure 514

Scale Loads in a Load Case

Loads | Scale Loads in a Load Casempts you with théollowing dialog box (Figure 5.15). It
allows scale all loads in a load case by a factdihis can be useful when loading conditions may vary
during early stage of the design process.
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Scale Loads in a Load Case *

Load Case: 1: Default =

Multiplied by: 1

Cancel

Figure 5.15

Case-Copy Loads

Loads | Cas€opy Loadgprompts you with théollowing dialog box (Figure 86). It allows you to

copy all loads from one load case to another. You have the option to delete existing loads in the
target load case. The loads copied may also be multiplied by a factor. At least two load cases must
exist in the model in order to rahis command.

Copy Case Loads n

From: 1: Default W

To: 3: Livel W

|| Delete existing loads inthe target load cass

Multilied by |1

Figure 516

Convert Area Loads to Line Loads

Loads | Convert Area Loads to Line Loads will convert all area loads to line loads in every load case.
This is useful in checking how area loads would be converted during the solution process. You can
always undo the area loads to line loads conversion.

Convert Local Loads to Global Loads

Loads | Convert Local Loads to Global Loads will convert all member point loads, line loads and shell
surface loads from local coordinate systems to global coordinate system in every load case. This is
useful for data transfer froReal3Dto Revit Structure using Real3D Revit Link. You can always

undo the local loads to global loads conversion.

Additional Masses
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Loads | Additional Massggompts you with the dialog bdelow (Figure 517). It allows you to

assign additional masses and mass moment of inertia to selected nodes. The mass can be applied to
X, Y and/or Z directions while the mass moment of inertia can be applied to OX, OY and/or OZ
directions. Additional Massese added to the mass calculated from the load combination for
frequency analysis (see the command: Run | Frequemalysig. Mass moment of inertia values

can only be input using the Additional Massesnmand.

The mass unit is a force unit divided by the acceleration of gravity, while the mass moment of inertia
has units of mass times length squared. The acceleration of gravity is taken as 386.09 in/sec”2 or 9.8
m/sec”2.

Additional Masses to Nodes
MNodal Mass
Valug o] kip-sec” 2/t
Apply to directions
Ll Clv [z
Naodal Mass Moment of Inertia
Value 0 kip-sec™2-t

Apply to directions

[Jox [ov [Joz

| Apply to Selected Nodes | Cancel

Figure 517

A more flexible way to assigmlditional massess to use AssighAdditional Massesommand, which
allows you to continuously assigdditional masset nodes.

Response Spectr a Library

Loads |Response Speett.ibrary prompts you with the dialog bdelow (Figure 518). It allows
you todefine spectrums for current and future projectéou can then use one or more spectrums in
Run | Response SpectriAnalysis.

You may view/modify a usedefined spectrum by double clicking the spectrum (Figur®5. The

first spectruntannotbe editedor deleted. Bectrums generated basedhanlding codes cannot be
editedbut can be deleted.
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Spectrum Name MNurnber of Points Add.
Chopra-Example-13.11 ]
constant_0.4g 2

Abagqus-1.4.8 5

QK

Cancel

th

Figure 518

Spectrurn Narne:

Spectral Acceleration
[infsec™

(0.00000 0.50000 1533.045
0.03000 0.50000 1593.045
0.12500 1.35500 523152
(0.58680 1.35500 523152
(0.66000 1.35500 523152
1.56200 0.57600 222,388
4.12000 0.21800 84168
10.00000 0.03700 14.285

Spectial Acceleration [q)

|| MNew Rows || Cut Selected Rows | | Frint.. | | Sawve.. |

| 0K | | Cancel |

Figure 519
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Chapter 5A .  Assign

The Assignmenuprovides commands tmontinuouslyassign supports, springs, element properties and
loads to relevant objects (nodes and elementdhlike commands in other menugiwdo NOT need
to select objects before running these commands

Supports

TheAssign| Supports prompts you with the following dial@ggure 5A1). The input is essentially
the same as Geometry | Support scontinuoAshassggn c | i c ki
supports by windowselecting nodes until you right click the mouse or press the ESC key.

Assign Supports n
( Pinned Fixities
. Global DOF Enforced displacement
() Fixed
i = ] in
(_)Roller Oy i in
®)Ghers [z 0 B
[Tox 0 rad
[Tav 0 racl
oz 0 rad
[+] Assion entries to currently selected nodes
Figure 5A1

Springs

TheAssign| Springs prompts you with the following dialdgdure 5A2). The input is essentially

the same as Geometry | Spri ngs .continudusiyassign nadali c ki n
line or surface springs by windeselecting nodes, members or shells until you right click the mouse

or press the ESC key.

Member Properties

TheAssign| Member Properties prompts you with the following dialéigre 5A3). It allows you

to assign one or more properties such as material, settidno me mber s . Make sur
checkbox by each property is set c ocontirausiyl y . A
assign all checked properties by windeelecting members until you right click the mouse or press

the ESC key.
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Assign Springs

ppby nodal springs to selected nodes:

pply line springs to selected members

() Apply surface springs 1o selected shells

DoF Spring constants Maon-linearity
X a lkbfin Linear W
e o Ibfin Linear v
z o Ibfin Linear v
0 0 Ib-inrad Linear v
oy a lb-infrad Linear W
0z 0 Ib-infrad Linear v
[V] Assign entries to currently selected nodes
Figure 5A2
Assign Member Properties X
. — Stiffress Modification
M aterial: Default v [Usze - o
Flexural stiffness multiplier for |z: 1 M Use
Section: Default v [ Use . L _
Flexural tiffness multiplier for [y 1 [ Use
: 1] CUse
Leeellgl S deg Torsional stiffness multiplier for J: 1 M Use
Moment Releases
?ﬂzf‘;&g]s Mo Felease v | UUse Al stiffness multiplier for & 1 JUse
Minar &xis [ Use i il : ]
(Local ] Mo Release ~ Shear stiffriess multiplier for Ay 1 |l Use
Torgional Mo Release w [ |Use Shear stiffness multiplier for Az: 1 CJUse
[Local ax)
Manlinearity: Linear w [Use
Rigid Offsets
Start Qffset: 0 it CJUuse
End Offset: O ft [CJUse
[T Merge nodes and elements [recommended)
Activation Active v DUse
Self'Weight  |nclude v DUse
Use Al Clear Use Aszign entries bo cumently selected members Agzign

Shell Properties

TheAssign| Shell Properties prompts you with the following dialbmg(re 5A4).
assign one or more properties such as material, thicktesso

checkbox

by each

Figure 5A3

property is
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It allows you to
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assign all checked properties by windeelecting shells until you right click the mouse or press the
ESC key.

Assign Shell Properties x

| Materiat e Oluse Stiffress Modification
: w -

e - Stiffress multiplier for Fxs: 1 [JUs=

Thickness: Default v [Use Stiffress multiplier for Fyp: 1 CUse
Local &ngle: 1] deg [CJuse Stiffriess multiplier for Fxy: 1 OJuse
Activation Aictive + [use Stiffriess multiplier for bxs: 1 CJUse
Self wigight Include v Ouse Stiffriess multiplier for My 1 CUse
Stiffriess multiplier for bay: 1 Uz

Stiffriess multiplier for Wiae: 1 CUse

Stiffriess multiplier for Wiy 1 CUse

Use Al Clear Uze Azsign entries to curently selected shells Cancel
Figure 5A4

Nodal Loads

The Assign| Nodal Loads prompts you with the following dialéggure 5A5). The input is
essentially the same as Load | N o d a tontihuowsid s .
assign nodal loads by windeselecting nodes until you right click the mouse or press the ESC key.

Nodal Load

Load Case: B Lived v
Direction
OF O (OF
Oox  Oov Qo
Value: o Kip

[w] Assign entries to currertly selected nodes

Figure 5A5

Point Loads

TheAssign| Point Loads prompts you with the following dialétigure 5A6). The input is
essentially the same as Load | P o i ncontinuauslyd s .

assign point loads by windegelecting members until you right click the mouse or press the ESC key.
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Load Case:
Direction
Ox
(ox
Value

Distance:

Point Load

b: Lived
Coordinate Systermn
(O (@F: (®) Local
Oov oz () Glokal
0 kip

«100 % length
from member start

Maote: In addition to being a single input, distance may also
be specified as a list such as "3(@0.25". which will create 3
loads at quarter points on the member

[V] Assign entries to currently selected members

Line Loads

Figure 5A6

v

TheAssign| Line Loads prompts you with the following dialdgdure 5A7). The inputis

essentially the same as Load
assign line loads by windegelecting members until you right click the mouse or press the ESC key.

Load Case:

Directian

Ox

Yalues

Distances.

Surface Loads

fram member start

Asslgn entries to currently selected members

Figure 5A7

W

Line Load
6: Lived
Coordinate Systerm
[OX Oz (®)Local
() Global
Start End
0 0 kip/it
0 1 %100 % length

L i n eontinooastys .

TheAssign| Surface Loads prompts you with the following dialbgy(re 5A8). The input is

essentially the same as Load
assign surface loads by windeselecting shells until you right click the mouse or press the ESC key.

Sur f aconéinudusiya d s .

Af



Surface Load n

Load Case: |G | jyed w

Direction Coordinate System
[OF O [@F: (®)Local

() Global
value: 0 Ikt 2

[v] Assign entries to currently selected shells

Figure 5A8

Additional Masses

TheAssign| Additional Masses prompts you with the following dialéggre 5A9). The input is
essentially the same as Load | Additional Ma s s ¢
continuouslyassign additional masses by windeelecting nodes until you right click the mouse or

press the ESC key.

Additional Masses to Nodes
MNodal Mass
value: (] kip-sec”2/ft

Apply to directions:

= v [z
MNodal Mass Moment of Inertia

Walue: 1] kip-sec™2-ft

Apply to directions:

[Tax Cow oz
Asslgn entries to currently selected nodes

Figure 5A9

Deletion

The Assign| Deletion prompts you with the following dialogigure 5A10). The input is essentially
the same as Edit | Del et e. coAtihuoweslydelatel objectk hyn g 1 As
window-selecting nodes and elements until you right click the mouse or press the ESC key.
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Assign Deletion

Selecttypes of items to delete

MNODES AND ALL THEIR. DEFENDENTS

Supparts

MNodal springs

Displayed nodal loads

| |Displayed nodal masses

| |[MEMBERS AND ALL THEIR DEPEMNDENTS

| |Displayed member paint loads

| |Displayed member line loads

[ |Displayed member thermal loads

[ Memberrelzazes

Mernber springs

[ |SHELLS AND THEIR DEFENDENTS

|_|Displayed surface loads

[ | Displayed shelld thermal loads

| |Surtace springs

[ ]BRICKS AMND THEIR DEPENDENTS

[ |Displayad brick thermal loads
Displayed area loads

| |Displayed diaphragms

[ |Multi-DOF Canstraints

| |Modal coupled springs

[v| Delete currently selected items

Figure 5A10

SelectAll

Clear Al

Cancel



Chapter 6: Input Data

The Input Data menu provides commands to create or modify all input data of ausiadel
spreadsheets.Spreadsheefzrovide an alternative method to the graphic input described in earlier
chapters. You may combine both methods to create a model quickly.

The spreadsheets support the common clipb@ardt i ons such as ACTRL+X0 to
copy and ACTRL+V0O to paste dat a. You Real$D ev en
and other spreadshg®bgrams such as Microsoft Excel. For example, you may generate node data

in an Excel spreadsheet, copy the nodal coordinate data andopstéNodes spreadsheet in the

program. In this wayyou can take advantage of the more powerful data manipulation functions in

the Excel.

In each spreadsheet you may add one or more rows by <click
also print data in theosbuetdsheetYobuy hcalviec ktihneg
selected dat a. To do that, run the command Se
selected entities in spreadsheeto. You may no
chosen.

Properties | Materials
Properties | Sections

Properties | Thicknesses

Input Data | PropertigdMaterials, Sections, Thicknesses commands are identical to the ones found in
the Geometry main menu. They are provided here for convenience only.

Nodes

Input Data | Nodeprompts you with the following dialog box (Figure 6.1). It allows you to enter
nodes in a spreadsheetEach node includes the nodal coordinates and the selection status. You may
not modify the nodal Ids.

An empty row is allowed if all rows below it are empty (except the nodal Id and status fields). You
may not delete the existing nodes in the dialog box. To delete the existing nodes, you must dismiss
this dialog box and run the command Edit | Delete.

Due to machine inaccuracy of floating point values, some commands (such as Edif) |rRajatause
the presence of very small numericabrdinate values. You may round off these tiny values to be
zeros by clicking the Rounaff Coordinates button. The epsilarsed for the roundff may be set
from Settings | Data Options. The default epsilon value-la&nd must bkess than or equal to
le6.
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Node Data

e

Node |d #[ft] Y [f] Z[f] Status

0
28.58

57.08

85,66 0

Nomnal w

Narmal

o o o

Normal
Normnal
Selected

2858 13 Normal

57.08 13
05,66 13

Selected

L e R R
@ - @ s R
=
P

Selected
Normal

10 10 28.58 26 Normnal

1 il 57.08 26
12 12 85.66 26

Normal

oo ool o oo oo oo

Normal

MNew Piows Print... Save..

Round-off Coordinates Epsilon = 1e-100 Cancel

Figure 6.1

If applicable, right clicking on a cell can be used to 4ilitall or selected cells in the clicked column
with the value of the clicked cell.

Members

Input Data | Membergrompts you with the following dialog box (Figure 6.2). It allows you to enter
members in a spreadsheeEach member includes the Ids of start and end nodes, the material and
section Ids, the element local angladthe selection status. You may not modify the member Id.
All other Ids must be valid (defined). Material and section combo boxes are provided for you to
correctly pick and apply proper material and section Ids to selected members.

An empty row is allowed if all rows below it are empty (except the member Id and status fields).
You may not delete the existing members in this dialog box. To delete the existing members, you
must dismiss this dialog box and run the command Edit | ®elet

If applicable, right clicking on a cell can be used to 4dilitall or selected cells in the clicked column
with the value of the clicked cell.

Shell4s

Input Data | Shell4grompts you with the following dialog box (Figure 6.3). It allows you to enter
shells in a spreadsheetEach shell includes the Ids of four element nodes, the material and thickness
Ids, the element local anglend selection status. You may not modify the shell Ids. All other Ids
must be valid (defined). Material and thickness combo boxes are provided for you to correctly pick
and apply proper material and thickness Ids to selected shells.
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An empty row is allowed if all rows below it are empty (except the shell Id and status fields). You
may not delete the existing shells in this dialog box. To delete the existing shells, you must dismiss
this dialog box and run the command Edit | Delete.

If applicable, right clicking on a cell can be used to dilitall or selected cells in the clicked column
with the value of the clicked cell.

Member Data
Memberld  Node-l Node-2 Material Section L”ﬁ‘;’;ﬁ‘e Nonlinear Activation | Self Weight FP -l
1 5 & 2 Concretedi] v 2 Rect36x195 o 0 Linear| v Active Include] v | Selected| v
2 2 5 7 2 Coneretedd 2 RectE195 0 Linear Betive Inchide Selected
3 3 7 g 2 Conoretedd 2 Rect38135 0 Linear Betive Inoluda Selected
4 4 1 5 2 Concretedd & Rect1BHg o Linear Active Inchuds Homal
5 5 2 5 2 Coneretedd 3 Recti@nlg 0 Linear Active Inchidz Hormal
5 5 3 7 2 Coneretedd 3 Rectieng 0 Linear Betive Inchide Hormal
7 7 f g 2 Conoretedd 4 Rect16418 0 Linear Betive Inoluda Homal
8 5 5 3 2 Concretedd 4 RectiBnls o Linear Active Inchuds Homal
3 3 5 10 2 Coneretedd 3 Rectgng 0 Linear Betive Inchude Hormal
10 10 7 1 2 Conretedd 3 Rect18418 0 Linear Bative Inohuds Homal
" 1" 3 12 2 Coneretedd & Rect18118 0 Linear Active Inchude Homal
[+
| L]
(1] New Rows Print Save Cancel
Figure 6.2
4-Node Shell Data
Shellbld | MNodel | Mode2 | MNeded | Noded Material Thick L°°[§'E’;']“9'E Adtivation | SefwWeight | Status
1 [ ] 1 2 3 3 1: Default| v 1: Default| v 0 bctiven | Inchidelv | Momal v
2 — 2 3 10 3 1: Default 1: Default 0 Active Include Normel
3 3 3 4 11 10 1: Default 1: Default 0 Active Include Narmal
4 4 4 5 12 1" 1: Default 1: Default 0 Active Include Narmeal
5 5 5 g 13 12 1: Default 1: Default 0 Active: Incude  Selected
5 5 5 7 1 13 1: Default 1: Default 0 Active Include Normel
7 7 8 3 15 15 1: Default 1: Default 0 Active Include Narmal
3 g g 0 17 16 1: Default 1: Default 0 Active Incude Normal
3 3 10 7 18 7 1: Default 1: Default 0 Active: Include Normal
10 1n 1 12 19 18 1: Default 1: Default 0 Active Include Normel
11 11 12 13 0 19 1: Default 1: Default 0 Active Include Narmel
12 12 13 11 7 20 1: Default 1: Default 0 Active Inciude Normal
13 13 15 16 7 2 1: Default 1: Default 0 Active Include  Selected
14 14 16 17 2 B 1: Default 1: Default 0 Active Include Narmal
15 15 17 18 = 2 1: Default 1: Default 0 Active Include Narmeal
18 15 18 13 % x5 1: Default 1: Default 0 Active: Inciude Normal
7 17 19 0 7 % 1: Default 1: Default 0 Active Include Normel
18 18 0 2 % 7 1: Default 1: Default 0 Active Include Narmal
19 19 » 2 0 29 1: Default 1: Default 0 Active Inciude Normal
o 0 ) 21 e 0 1: Default 1: Default 0 Active: Inciude Normal
B 7 24 5 2 ] 1: Default 1: Default 0 Active Include Normel
» 2 25 26 0 A 1: Default 1: Default 0 Active Include Narmeal
3 2 % o7 3 e 1: Default 1: Default 0 Active Include Nomal |
7| D]
] New Riows Print Save Cancel

Figure 6.3
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Bricks

Input Data | Brickprompts you with the following dialog box (Figure 6.4). It allows you to enter
bricks in a spreadsheet Each brickincludes the Ids of eight element nodes, the material Id and
selection status. You may not modify the brick Ids. All other Ids must be valid (defirnEug.
material combo box is provided for you to correctly pick and apply proper material Ids to selected
bricks.

If applicable, right clicking on a cell can be used to 4ilitall or selected cells in the clicked column
with the value of the clicked cell.

8-Node Brick Data

Brick [d ~ Mode-1 | Mode-2 | Mode-3  Moded | NodeS | MNodeB | Mode? | Noded b aterial Activation | SelfWeight  Status | =

2 3 4 5 [ 7 a 1: Default v | Active| v | Include v | Momal s
3 11 12 a 7 15 16 1: Default Active Include Normal
10 2 1 13 14 B 5 1: Default Active Include MNormal

1 4 12 13 5 8 16 1: Default Active Include MNormal
10 11 12 1 2 3 4 1: Default Active Include Normal

-lmma-mmI

~m o e W =

1
4
9
2 10 11 3 [5 14 15 7 1: Default Active Include Normal
9
9
5

[ 7 8 13 14 15 16 1: Default Active Include MNormal

[+

MNew Rows Print Sanve Cancel

Figure 6.4

Supports

Input Data | Supportsrompts you with the following dialog box (Figure 6.5). It allows you to enter
supports in a spreadsheetEach support includes the node Id, the fixity flagd enforced
displacementfor all restrained DOFs. The node Ids must be valid (defined).

The fixity flagis a string of 6 characters representing restrained DOFg ily[2  §&. For each
character in the flag, enter 06106 i f the DOF i s
1111110 represents a fixed support while fA111(
displacements may be applied to the restrained DOFs.y ribg be regarded as special loads and can

be used to model known support settlements. For normal support, they are 0s. Enforced
displacements applied to unrestrained DOFs willibeasided.

An empty row is allowed if all rows below it are empty. Selected rows (whole row must be selected)
may be cut by <clicking the button ACut Select e
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If applicable, right clicking on a cell can be used to 4ilitall or selected cells in the clicked column

with the value of the clicked cell.

Support Data n
E-D'OF s Fixity Flag
Mode Id [D=free; 1=fixed; D+ [in] Dy [in] Dz [in] Dax [rad] Doy [rad] Doz [rad]
Z=unavailable]

[ s ] 111000 0 0 0 0 0 0

2 10 111000 0.0m 0.0005 0.0005 1} 0 1}

3 " 111000 0.0015 0.0015 0.0m 1} 0 1}

4 12 111000 0.0005 0.0m 0.0005 0 0 1}

5 13 111000 0.0005 0.0005 0.0m 0 0 1}

E 14 111000 0.0015 0.0m 0.0015 0 0 1}

7 15 111000 0.002 0.002 0.002 0 0 0

8 16 111000 0.001 0.0015 0.0015 0 0 0
: "
Mew Rows Cut Selected Rows Frint.. Save.. Cancel

Springs | Nodal Springs

Figure 6.5

Input Data | SpringeNodal Springgrompts you with the following dialog box (Figure 6.6). It
allows you to enter nodal springs in a spreadsheeach nodal sprinmcludes the node Id, the spring
nortlinearity flag and six spring coefficients KKy € ,

0zK The node Id must be valid (defined).

The springflag is a string of 6 characters representing the springinearity in three translational
DOFs (B, Dy, D7) and three rotational DOKBox, Doy, Doz) .
if the restrained DOF islinear 6 1 6
DOFs, just enter Os for the corresponding spring coefficients.

For each
i f-odyamplr @2Di o

tensi

character

on

o

nly.

An empty row is allowed if all rows below it are empty. Selected rows (whole row must be selected)

may

be

cut

by

Springs | Coupled Springs

cl i

c ki

ng

t he

button

ACut

Sel

Input Data | SpringsCoupled Springprompts you with the following dialog box (Figure 6.6a).
allows you to enter coupled springs in a spreadshd&dach coupled springcludes the node Id and

twenty-one spring stiffness matrix terms.

The node Id must be valid (defined).

It

ect e

An empty row is allowed if all rows below it are empty. Selected rows (whole row must be selected)

may

be

cut

by

cl i

c ki

ng
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t he

button

ifCut

Sel
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If applicable, right clicking on a cell can be used to 4ilitall or selected cells in the clicked column
with the value of the clicked cell.

Springs | Line Springs

Springs | Surface Springs

Input Data | SpringkLine SpringsSurface Springs prompt you with dialog boxes similar to that in

Input Data | Springs | Nodal SpringsHowever, only three translational DOFg Dy, D; are
available for line or surface sprimgefficients.

E-D'0OFs Spring Flag
[O=linear; Ex [Ibrfin] Ky [Ibin] Fz[lbfin] | Kow [lbindrad] | Koy (b-indrad] | Koz [Ib-indrad]
1=compression only;
000000 1

000000 10

010000 10

H Mew Rows | | Cut Selected Fows | | Frint...

Figure 6.6
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Kox_Kx, Kx_Ky, Kx_Kz, Ky_Ky. Ky_Kz, Kz_Kz Uit kiN/m
KoK, Kx_Kow, Kx_Koz, Ky_Kox. Ky_Koy, Ky_Koz, Ky_Kox Ky_Kow, Ky_Koz Unit: kMNfrac
Iox_Kaox, Kox_Koy, Kox_Koz, Koy_Koy, Koy_Koz, Koz_Koz Unit kN-rm/rad
Ex_Kx Ke_ky ke Kz | Kakox Ke Koy | Ke Koz | Ky ky Ky kz | Ky Kox Ky Koy | Ky Koz | Kz Kz @ Kz Kow KzKoy Kz Koz Kox KoxKos Koy Kox_Koz Kop Koy Koy Koz Koz_Koz
1 82 20924 3 297 146 B1877 7053 26392 33 T3496 146 25154 95868 27722 -TO4EE -0 834246 22675 710937875 22601 GEBS18
H Mew Fows | | Cut Selected Rows | ‘ Frint... H Save.. | | (8]’ H Cancel

Figure 6.6a

Moment Releases

Input Data | Moment Releaspsompts you with the following dialog box (Figure 6.7). It allows you
to enter member moment releasea spreadsheet Each moment release includes the membesixd,
release codes for major moment release (the locatradr moment release (thecal oy), and

torsional (the local ox) moment releasd-or stability reason, you are not allowed to set torsional
moment releases at both ends afi@mber The member Id must be valid A truss member is a beam
with major and mior moment releases at both ends,well as torsional moment release at either one

end(but not both ends) afie member.

Start oz End oz Start oy End ay Start ox End ox

Released v+ | MotReleased v+ MotReleased | Mot Released s | Not Released » | Mot Released s

Relzased Mot Released Mot Released Mot Released Mot Released Mot Released

” MNew Rows || Cut Selected Rows || Frint... H Cancel

Figure 6.7
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An empty row is allowed if all rows below it are empty. Selected rows (whole row must be selected)
may be cut by cl| SeedtedRogvstohe button ACuUt

If applicable, right clicking on a cell can be used to dilitall or selected cells in the clicked column
with the value of the clicked cell.

Diaphragms

Input Data | Diaphragn@ompts you with the following dialog box (Figure 6.8). It allows you to
entergeneric or regulanigid diaphragms in a spreadsheet For ageneric diaphragnfour distinct
nodesare required to define the diaphragm plan€Eor aregular diaphragnm global XZ, YZ and XY
plane, only the first node is required to define the diaphragm plane.

An empty row is allowed if all rows below it are empty. Selected rows (whole row must be selected)
may be cut by cl| SeledtedRogvstohe button ACuUt

Rigid diaphragm may be used instead of plate finite elements to model spfameactions such as
concrete floors. Internally, the program creates multiplgame rigid linksfor each diaphragrrior

to static or frequency analysis. A rigid link is simply a member with very large sectional properties
that can be adjusted with the diaphragm stiffness factor (see Settings | Data Options). The larger the
diaphragm stiffness factor, tls&rongerthe inplanerigid diaphragmaction is. The presence of rigid

links with large diaphragm stiffness factor (say 1E10) could create nuniffaallties during the

solutionif doubleprecisionsolver is used. However, the unigygadprecisionsolver inReal3D

makes this problemonexistentn that much larger dphragm stiffness factor (say 2& may be used
without creating numerical difficulties during solutidrhe program provides the option to ignore the

rigid diaphragnactions as an analysis option (Run | Analysis Opfions

Diaphragms n
For non-generic diaphragms. only Node-1 is needed.

y.
Type Node-1 Node-2 Node-3 Node-4 —1

2 #Z Plane g g g g
[+

2| [+]

Mew Rows Cut Selected Raws Frint... Save. Cancel

If applicable, right clicking on a cell can be used to 4ilitall or selected cells in the clicked column
with the value of the clicked cell.



Multi -DOF Constraints

Input Data Multi-DOF Constraintprompts you with the following dialog box (Figur®p. It
allows you to entegeneric muliDOF constraintsn a spreadsheet You can also entather types of
multi-DOF constraintsuch as inclined roller or equal displacement constraints

Multi-DOF Constraint Data
Caonstraint equation: factor! * Q1 = factor? * G2 where Q1 and Q2 are displacements in the DOFs atnode 1 and 2
-
Node-1 DOF-1 Constraint Factor-1 Node-2 DOF-2 Constraint Factor-2 ==
[+]
! [v]
MNew Rows Cut Selected Pows Frint... Save.. Cancel

If applicable, right clicking on a cell can be used to 4ilitall or selected cells in the clicked column
with the value of the clicked cell.

Load Cases

Load Combinations

Input Data | Load Cases, Load Combinatioosimands are identical to the ones found in the Loads
main menu. They are provided here for convenience only.

Nodal Loads

Input Data | Nodal Loadsrompts you with the following dialog box (Figurel@). It allows you to

enter nodal loads in a spreadshedfach nodal load includes the node Id, the load directiuh
magnitude. The load direction is specified in the global coordinate sysfEine load is a force if the
load direction is in the X, Y or Z direction and moment if in the OX, OY or OZ. The node Id must be
valid (defined).

An empty row is allowed if all rows below it do not contain any-earpty fields. Selected rows
(whole row must be selected) may be cut by cl

12¢
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MNodal Load Data

Load Case 1: Default

Node Id Global Direstion VR
2 13 i 200
3 13 Z -3000
4 19 0 400
5 13 0 500
[ 13 02 500
7 g s 100
8 g v 2m
9 il Z -3000
10 fal 0% 400
11 fal 0v] 500
12 a1 0z 600
[+]
) [v]
1 New Rows Cut Selected Rows
Print.. Save. Cancel

If applicable, right clicking on a cell can be used to dilitall or selected cells in the clicked column
with the value of the clicked cell.

Point Loads

Input Data | Point Loadsrompts you with the following diay box (Figure &.1). It allows you to

enter member point loads in a spreadsheBiach point load includes the member Id, the load

coordinate systendirection, magnitudeand distancéin % member length) The load is a force if

theload direction is in the X, Y or Z direction and moment if in the OX, OY or OZ. The load

distance is the ratio of load location (measured from the start of the member) to member length. The
member Id must be valid (defined).

An empty row is allowed if all rows below it are empty. Selected rows (whole row must be selected)
may be cut by clicking the button fiCut Selectert

If applicable, right clicking on a cell can be used to 4dilitall or selected cells in the clicked column
with the value of the clicked cell.

Line Loads

Input Data | Line Loadgrompts you with the following dialog box (Figurel8). It allows you to

enter member line loads in a spreadsheé&ach line load includes the member Id, the load coordinate
system direction, start and end magnitudasdthe start and end distand@s % member length)

The load is a force in the local or global X, Y, Z directions. The load distances are the ratio of load
start and end locations (measured from the start of the member) to the member length. The member
Id must be valid (defined).



An empty row is allowed if all rows below it are empty. Selected rows (whole row must be selected)
may be cut by clicking the button ACut Select e:l

If applicable, right clicking on a cell can be used to 4ilitall or selected cells in the clicked column
with the value of the clicked cell.

Losd Case 1: Default v

. Lo Walue [farce: kip: mament: | Distance [*% Length fram
Coordinate System Direction Kipn] mernber start]

Local| v Y v

B0 0333332

|| MNew Fows || Cut Selected Rows | ‘ Frint...

Figure 611

Load Case: |5: Lived v |
Coordinate System Direction Start Value kip/ft]  EndValue [kip/ft] Sf't;": a:ﬂ;%:&gr:]h Efl’u‘?n?r@r&é;?agrtl}]w
2 Local v Vv 18 18 0 1
2 3 Les 18 18 [ 1
1 H MNew Fiows ‘ | Cut Selected Rows | | Print | | Save | | oK ‘ | Cancel

Figure 612
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Area Loads

Input Data | Area Loadsrompts you with thedllowing dialog box (Figure @3). It allows you to

enter member area loath a spreadsheet Each area load includes four node Ids, the load coordinate
system direction, load distributigrand load magnitude. The area load may be in global X, Y or Z
direction, or in local Z direction. The four nodes form a quadrilateaal area and must be in the
same plane. Noedé may also be the same as Ndgén which case the load area is a triangle. Area
loads in one or all load cases may be converted to lines loads in their respective load cases.

Area Load Data (for Members)

Load Case: |1: Default

3
Node-1 Nods:2 Nods3 [ R Cecidnale cler i T Distribution Value [b/1°2]

1 3 2 1 Global v Z|w | Cireumterence-based v 100

1 MNew Rows Cut Selected Rows Print.. Save. OK

Convert Current Case to Line Loads Convert All Cases to Line Loads Cancel

Figure 613

An empty row is allowed if all rows below it are empty. Selected rows (whole row must be selected)
may be cut by clicking the button ACut Select el

If applicable, right clicking on a cell can be used to 4dilitall or selected cells in the clicked column
with the value of the clicked cell.

Surface Loads

Input Data | Surface Loagisompts you with thedilowing dialog box (Figure @4). It allows you to
enter shell surface loads in a spreadsheBach surface load includes the shell Id, the load coordinate
system direction, and magnitude. The load is always a force in the local or global X, Y or Z
directions. The shell Id must be valid (defined).

An empty row is allowed if all rows below it are empty. Selected rows (whole row must be selected)
may be cut by clicking the button ACut Select el

If applicable, right clicking on a cell can be used to 4ilitall or selected cells in the clicked column
with the value of the clicked cell.
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Load Case:

Shelld Surface Loads

1: Default

Shelld 1d Coardinate System

-
Direction Walue [IbAf"2] —

Thermal Loads | Member Thermal Loads

1 Global w e a0
2 2 Global N 80
3 3 Global Al a0
4 4 Global Y| a0
5 5 Global Al a0
B [3 Global A a0
7 7 Giohal Y @0
g a Global N 80
q Global Al a0 )
10 10 Global Y a0
11 11 Global Al a0
12 12 Glohal Y @0
13 13 Giohal Y @0
14 14 Global A1l a0
15 15 Global Al a0
16 16 Global Y a0
17 17 Global W a0
18 18 Global v an |z|
| [+]
1 MNew Fiows Cut Selected Rows
Frint Save.. Cancel
Figure 614

Input Data | Thermdloads | Member Thermal Loagsompts you with the following dialog box
(Figure 615).

It allows you to enter member thermal loads in a spreadshEath member thermal
load includes the member Id and temperature increase (magnitude).

The load effect is on member

longitudinal direction only. Temperature gradients on members are not considered. The member Id

must be valid (defined).

An empty row is allowed if all rows below it are empty. Selected rows (whole row must be selected)

may

If applicable, right clicking on a cell can be used to 4ilitall or selected cells in the clicked column

be

cut

by

c |

with the value of the clicked cell.

i cking

Thermal Loads | Shell Thermal Loads

Input Data | Thermdloads | Shell Thermal Loagisompts you with the following dialog box (Figure
It allows you to enteshellthermal loads in a spreadsheeEachshellthermal load includes
theshellld and temperature increase (magnitude).

6.16).

t he

button

ACut

Sel

The load effectsisadirmembrandirection
only. Temperature gradients shellsare not considered. Tiskellld must be valid (defined).

ect e

An empty row is allowed if all rows below it are empty. Selected rows (whole row must be selected)

may

be

cut

by

c |

i cking
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Load Case v‘
Temperature Increase [C]

1 1 300

2 2 300

3 3 200

4 4 300

5 5 300

1 ” Mew Fows | ‘ Cut Selected Rows ‘ ‘ Print... ‘ | Save. | ‘ QK ‘ | Cancel

Figure 615
Load Case |1 Detault v ‘
Temperature Increase [F]

1 1 12!
2 2 12!
3 3 12!
4 4 12
B 5 12!
(3 E 12!
7 7 12
g El 12
g El 12!
10 10 12|
1 n 12!
12 12 12
13 13 12
14 14 12
15 15 12
16 16 12
17 17 12
18 18 12

19 19 1
1 || MNew Fows ‘ | Cut Selected Rows ‘ ‘ Print | ‘ Save | | oK ‘ ‘ Cancal

Figure 616

Thermal Loads | Brick Thermal Loads

Input Data | Thermdloads | Brick Thermal Loagzrompts you with the following dialog box (Figure
6.17). It allows you to enter brick thermal loads in a spreadshdedch brick thermal load includes
the brick Id and temperature increase (magnitude). The brick Id must be valid (defined).

13¢



Brick Thermal Load Data n

Load Case: 1: Default e

D

Brick Id Temperaturs Increass [F]

] 5
35
£
3
E
*
35

~ o e e =
ECE- R RFSAARR Y B

1 New Rows Cut Selected Rows Pririt Sawe Cancel

Figure 617

An empty row is allowed if all rows below it are empty. Selected rows (whole row must be selected)
may be cut by clicking the button ACut Select e:l

If applicable, right clicking on a cell can be used to 4ilitall or selected cells in the clicked column

with the value of the clicked cell.

Self Weights

Thelnput Data | Self Weightsommand is identical to the one found in the Loads menu. Itis
provided here for convenience only.

Calculated Masses

Input Data | Calculated Massa®mpts you with thedllowing dialog box (Figure @8). It allows

you to view the masses calculated from the load combination for frequency analysis set in Run |
FrequencyAnalysis The program will automatically convert all forces (not moments) in the positive
or negative gravity direction to masses and apply them in all available mass degrees of freedom.

Obviously, the calculated mass valeasinotbe modified. However, you may convert all the
calcul ated masses to additional masses. I n th

FrequencyAnalysiswill be turned off. This technique may be useful when you want to account for
the influence of axial loads on frequencies.

Additional Masses
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Input Data | Additional Massgsompts you with the following dialog box (Figurel8).

you to enter additional nodal mass and nodal mass moment of inertia values.

mass moment of inertia includes the node Id, the mass direction, and magnitude.
is specified in the global coordinate systenThe unit of measurement for mass is force divided by
the acceleration of gravity. For mass moment of inertia, the unit of measurement is mass times length

It allows

Each nodal mass or

units squared. The acceleration of gravity is generallgrtak a constant value of 386.09 in/sec”2 or

9.8 m/sec”2.

An empty row is allowed if all rows below it do not contain any-eampty fields.
row must be

(whol e

If applicable, right clicking on a cell can be used to dilitall or selected cells in the clicked column

with the value of the clicked cell.

Calculated Masses [Load Comb: Default]

sel ected)

may

Node Id

Global Direction

Valus [mass: Ib-sec™2/in]

-

1 v 98931906
2 3 Z 989319205
3 % < 989719205
4 * E 98931905
5 7 E 98931905
g 3 Z 989319205
7 33 Z 989319205
8 40 Z 989719205
E] 4 E 98931905
10 42 4 98931905
11 43 Z 989319205
12 44 Z 989319205
13 45 < 989719205
14 46 E 98931905
15 47 E 98931905
18 48 Z 989319205
17 43 Z 989319205
18 &0 Z 989719205
19 51 E 98931905
<] D]
| Convertto Additional Masses ‘ Print. Save Close
Figure 618
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Additional Nodal Mass Data

Node Id Gicbal Direstion ang‘;fams,ﬁngtf:ﬁ;iﬁg?;f =
1 v 9,891 3e-05
2 34 Z 9.89315-06
3 5 Z 9.89315-06
4 36 E 989315206
5 a7 Z 98931906
B 38 Z 989315605
7 39 Z 9.89315-06
8 40 Z 9.89315-06
q 4 Z 989315206
10 42 E 989315206
1 43 Z 98931906
12 44 Z 9.89315-06
13 45 Z 9.89315-06
14 46 Z 9.89315-06
15 47 Z 989315206
15 4 z 98931906
17 49 Z 98931906
18 50 Z 9.89315-06

19 51 Z 9.89315-06 E

<] ]

Mew Rows Cut Selected Rows

Ptint Save Cancel
Figure 619

Response Spectr a Library

Input Data | Rsponse Specttabrary is identical to Loads | Response Specttiimnary.

Groups

Input Data | Groupss identical to View | Groups or Geometry | Groups. It is provided here for
conveniencenly.

Shell4 Nodal Resultant Groups

Input Data | Shell4 Nodal Resultant Groypempts you with the following dialog (Figure 6.2@).

allows you to define or modify shell4 nodal resultant groups. The reference shell4 id is used to
determine the coordinate system of the resultants (enter O for global coordinate Siiseeralultant
location coordinates may be automatically calculated based on the centroid of the selected nodes within
each group. You may find this useful if the model is modified after the shell4 nodal resultant groups
are defined.
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The group coordinate syster is determined by the local coordinate system of the Referance Shelld. Global coordinate system will be used ifthe Reterance Shalld Id
is setl

Group Name Reference Shelld Id Result Location % [ff] Result Location Y [ft] Result Location Z [f]

1 gl v 0 15 165 0

2 2 a2 0 1275 165 0

3 3 o [t} 24.75 165 0

n 4 of 0 W% 165 0

” MNew Rows ‘ ‘ Cut Selected Rows ‘ | Auto Pesult Locations | | Print... | ‘ Save.. ‘ 0K ‘ ‘ Cancel

Drift Nodes

Input Data | DriftNodes prompts you with the following dialog box (Figur@®H.

Figure 6.20

enter nodes that will be used for floor drift calculation.

An empty row is allowed if all rows below it do not contain any-eapty fields.

(whole row must be selected)

E
4
7
2 ]

| ‘ MNew Rows | | Cut Selected Rows ‘

‘ Frint... H Save.. | | 0K ‘ | Cancel ‘

Figure 621
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Comments

Input Data Commentgprompts you with the following dialog box (Figure&B).
add or deleteomments at different locations in the modeYou may also add an individual comment

It allows you to

using View | Options | CommentA comment must be less than 256 characters in length.

An empty row is allowed if all rows below it do not contain any-eampty fields.

(whol e

If applicable, right clicking on a cell can be used to dilitall or selected cells in the clicked column

row must

with the value of the clicked cell.

be

sel ected)

Comment Data

may

1 1)

R[]  [f)

Z[

]

Left| v | this is 2 comment

[

[«]

1 New Rows

Cut Selected Rows

Figure 622
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Chapter 7: Analysis

The Run menu provides commands to set the analysis opiigpsrform analysjsandto generate
input and output reports For more information on analysis, please refer to Pafteghnical issues.

Analysis Options

Analysis JAnalysis Optiongrompts you with the following dialog box (Figure 7.1).

It allows you to

set important options before performing analysis on the model.

The AModel typedo determ
the most general. It has all six degrees of freedom
Any model may be analyzed with this model type.
wasted if a simpler model can be used.

ines the type&®hélot he
(DOFs) available to every node in the model.
However, computer memory or time may be

Analysis Options

Structural Model: 30 Frame & Shell [6-D0OF]

Mon-Linear Convergence Contral

M asimum iterations [P-Delta or nonlinear elements]: 10

Ayial force tolerance between P-Delta iterations: 05

Consider shear deformation on members

Mumber of segments for member output: 20
[T Apply stiffness modification factars and cracking factars
Stresz averaging mode at nodes of finite elements:
O Use Kirchhoff thin plate bending farmulation for rectangular shells.

Use incompatible formulation for shell membrane actions or bricks.

Solver Type
O Double-precision Skyline salver [standard)

() Double-orecision Soarse solver (for larae models]

Consider rigid diaphragm actions

Run Static Analysiz

Stress averaging for all adjacent elements e

[Uncheck this box to uge MITC4 thick plate bending forumlation for shells]

[Uncheck. this box to uge standard compatible formulation for shells or bricks)

-:::Z' Quad-precizion Skyline solver [for numerically sensitive models)

Use Out-of-core solver [Use hard-drive space when there is not enough Rakd]

Cancel

Figure 7.1
Model type Mmal) Mrea me2P ftame (beamsoadddrusses) structnrde XY
plane. Only three DOR®x, Dy and D) are available to every node in the model.

DOFs are suppressed.

Model typeée ma8p beussed

are available to every node in the model.

The reteddOFs are suppressed.

The retteof

to
If the model

mo (

$n oQ@hly threeBDDF$D« Dy, sl B)s t r u C t



contains both 3D tr u&sShdals modle Ib etaynpse mMudsDt Flrea mes e
moment releaseassignedo truss elements

Model type mai be uaDdrdss dtrectussrotite XY plane. Only two DOFs

(Dx and B) are available to every node in the model. The restedDOFs are suppressed. If the

model contains both 2DoOoOt modséstgpd meamshpeifnBdbel
moment releaseassigned.

Model typBendDngbamay RRplatebending stroctissocd as flat slabs or
matfoundationdn the XY plane. It uses only the plate bending action of the shell formulation.
Only three DOF¢Dz, Dox and Dyy) are available to every node in the model. The regtedOFs

are suppressed. Thel-weightshould be in eithérZ or +Z direction depending on your sign
convention for loads.

Model type AR DmaPyl anee uSst e de stso mo dseudch a® Eheapwalinn e st r
the XY plane. It uses only the membramtion of the shell formulation. Only two DO®3x and
Dy) are available to every node in the model. The refitedDOFs are suppressed.

Model type m&8D Beiuoked t o smoQhlythrelSODFHwDy,iDYJarest r u c t
available to every node in the model. The resheDOFs are suppressed.

You should be careful choosing appropriateModel type when mixing differetyppes oklements.

For example, if you have both 3D beamsé&and bri ¢
Shelb Model type and then apply nodal springs wi
prevent instability.

Non-linearconvergenceontrol includes the maximum iteratioasd axial force tolerance between
adjacent FDeltaiterations. The maximum iterations apply to botD&lta analysis and analysis
involving nonlinearsprings. It is provided to avoid excessive number of nonlinear iterations during
the solution. A default value of 10 is usually sufficient. Axial force tolerance between adjacent P
Delta iterations reflects the actual convergence of tbelf analys. Thedefault value of 0.5%

should be good for most cases. Itis a good idea to perform a linear analysis befebelize P

analysis. In this way, you may identify any problems in the model before the more rigorous analysis
option is undertaken.

By default, the prograroonsidershear deformatiaon members in the model. You must also set

shear aremof member sections for this option to take effect. To do that, run the command Geometry

| Sections You may i gnore member shear deformations |
on me mb&enesally, shear deformations on members are insignificant. However, you should
check this option when members are of relatively great depBisear deformation, when considered,

applies to both the element stiffness madnd local (segmental) deflections.

The number of segments for member segmental ootpytbe set from fio 127. A value of 20

segments is recommended in most cases. More segments produce more accurate results, but require
more usage of computer memory. The accuracy may be reflected in the smoothness of moment,
shear and deflection diagrams. Since mertdzal deflection is computed based on the moment and
shear diagrams, a value of more than 20 segments may be needed if very accurate local deflection is
desired.
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You may specify whether tapply stiffness modification factors and cracking factorthéanalysis.

The stiffness modification for members and shells may be specified from Geometry riiéBu.

cracking factorgan bespecified byConcreteDesign [Design Input | RC Member Input, | RC Plate

Input. The stiffness modification and cracking factaifi not be appliedunlessiApply stiffness

modification factors and cracking factors i s checked here. This opti
need to reenterstiffness modification ocracking factors if you decide to use gross section properties

in a different analysis run.

Usually, stresses in finite elements are not continuous across element bounttarynay average

them for adjacent shells/bricks atnodes.or A Stress averaging based o
element stresses at each of element nodes are calculated by averaging nodal stresses of the elements
that share the same node and that have tdlle s am
adjacent el ementso, el ement stresses at each of
stresses of the elements that share the same node and that have the local coordinataalystéon p

global coordinate system.

Stress averagingsually makes the results more accuratetaadontours smoother. However, it

may also disguismsufficiert convergencéor an unsatisfactory (coarse) finite element mesh.

Obviously, stress averagimmgin only apply to adjacent elements that have compatibéé coordinate
systers. For planar elements, stress averaging should only apply to adjacent elements that share the
same local coordinate system Special attention should be given to shear stress averaging at

supports since shears of adjacent elements may have opposite signs.

By default, the program uses the MIT@x4 shell bending formulation The MITC4 is a thick plate
formulation and accounts for the enftplane shear deformation However, if the shell elements are
all rectangular, you may use the classical Kirchiptdte bending formulation. The Kirchhoff plate
element is a thin platermulation and ignores the eaf-plane shear deformation.

For the membranfrmulation of the shell element or of the briglement, incompatiblsnodes may

be added to the standard isoparamétaenpatibl@ formulation. The incompatible shell element
models the irplanebending more accurately than the standard compatible element. The
incompatible brick element, which produces much more accurate results than the compatible one,
should almost always be preferred.

There are three kinds of solvers availabl®@al3D doubleprecisionskyline solver, quadprecision
skyline solver,anddoubleprecisionsparsesolver  Thedoubleprecisionsolver is the standard solver
similar to many analysis programstiremarket. Thedoubleprecisionsparse solver is the fastest
and uses less computer memorjt is not uncommon to see 100 times fastehawsparse solver than
the skyline solvefor large models Thesparse solver cdmeused forbothstaticand frequency
analy®s. Thedoubleprecisionarithmeticis accurateenough for most structures. Fsome
numerically sensitive modelthedoubleprecisionarithmeticmay fail andquadprecisionarithmetic
provides an invaluable alternativeThe quadprecisionsolveris extremely stable and accurate, but
significantlyslower. It is the recommended solver if the model contains rigid diaplsagravoid
numericaldifficulties.

The sparse solver also has the option toanmsmut-of-core approach to minimize the requirement of
computer memory. It is useful to solve extremely large structural models
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You have the option to consider rigid diaphragetions during the solution.

rigid diaphragms without deleting the existing diaphragms.

Static Analysis

Analysis |Static Analysiperforms the static analysis of the model.

This is useful to ignore

analysis optiondefore running this command. To do that, just run the comaatysis |[Analysis

Options.

A solver dialog box (Figure 7.2) is displayed showing the progress of the solver.
solves all lineatoad combinations, then all nonlinear load combinations.
compressiofonly or tensioronly springs, every load combination is a nonlinear load combination.

Otherwise, only FDeltaload combinations are nonlinear.

solved iteratively and therefore may require considerable solution time.

Alogfilewi t h

t he

extensi

on

of

If the model contains

The nonlinear load combinations are

Al ogo

S created

The solver first

You should set the appropriate

dur |

to open this file and check its messages, especially when warning or error messages appeared in the

solver dialog box.

You may abort theaving process by pressing E$Ginon-sparse solver is used.

tatal time spent an analysis 0 seconds

Solver

o

hMessage

Outputting support reactions

Outputting member segmental forces
LOAD COMBIMNATION 4: Cambination_3
Processing nodal loads

Processing member loads

REDUCTION AND BACK-SUBSTITUTION
Outputting displacements

Outputting support reactions

Outputting member segmental forces
LOAD COMBINATION 5: Combination_3_Copy
Processing nodal loads

Processing member loads

REDUCTION AND BACK-SUBSTITUTION
Outputting displacements

Qutputting support reactions

Qutputting member segmental forces

Status
0K
0K

0K
0K
0K
0K
0K
oK

total ime spent on analysis 0 seconds

Completed

<

Press Esc Key to abort

Frequency Analysis

Analysis |FrequencyAnalysisprompts you with the following dialog box (Figure 7.3).

Figure 7.2

Close

to set important options before performing frequency analysis on the model.

The load combination for mass and stiffness must be specified.

If you want to input nodal mass

and/or mass moment of inertia directly, you may do so from Loads | Additional Madspst |
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Additional Masses The load combination is also used to fdh@acorrect stiffness matrii the
model response is not linear

The number of modes is used to determine how many frequencies and mode shapes are to be
computed. This value must be less than the total number of mass degrees of freedom. Practically
speaking, only the lowest eigen modes are used for design purposes.

The number of iteration vectogsis normally set as thearmum of (2 * p, p + 8), where p is the
number of modes requested [Ref. 1]. A higher convergeteecan be achieved by using more
iteration vectors. This may be necessagome eigen modes are missing after the solutiditloe
solution becomes unstable

The tolerance of eigenvalues is used to measure the conveagjeigenvalues during each successive
solver iteration. It is expressed as the following:

OEAQI WiE OO 1, 2, é number of reques

where k is the subspaiteration countelWe may need to adjust this value to be smaller if one or
more eigen values are found missing during STURM sequence check.

A maximumnumber of subspagterationsis used to prevent excesss@utiontime. If the solver
reaches this limit without convergendke eigen results should not be trusted.

Frequency Analysis

Load combination for frequency analysis:

1: Default v

n Convert loads to masses (only forces in gravity direction will be converted to
masses and applied to all available translational mass DOFs)

Mote: If model response is nonliear under this load combination, a static analysis
will e performed for stiffness modification prior to frequency analysis.

MNumber of modes (eigenvalues and eigenvectars): 3

MNumber of iteration vectors (use largerwalue for better 8
convergence butlonger solution time)

Tolerance of eigenvalues: (typically 0.001 ar smaller) 1e-06

Maxirum number of subspace iterations permited 18
(typically 18 or greater)

Run Frequency Analysis | Ok Cancel

Figure 7.3

Response Spectrum Analysis

Analysis |Response SpectruAnalysisprompts you with the dialog bdelow (Figure 74). It

allows you tgperform response spectrum analysis in global X, Y and/or Z directiditsere are three
mode combination methods availabieghe programCQC (complete quadratic combinatiQrf§RSS
(Square root of sum of squaresid ABSSUM(absolute sum)CQC method for modal combination is
applicable to a wider class of structures and is therefore recommended meghitidal damping
ratio (0 <= damp < 1.0xffects CQC results. When critical dampingatio is 0, CQC method is the
same as SRSS method.
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You must first run fromAnalysis |[Frequency Analysis prior to running this command. Response
spectrums can be defined from Loads | Response Spéwntary or Input Data Response Spectra
Library. Inertia forcesn global direction X, Y or/and Zom response spectrum analysis will be
calculated and then converted to nodal loadghese nodal forces will be placed in respective load
cases such as INERTIALOADCASE_X_MODE_1, INERTIA_ LOADCASE_X_MODE_2 etc.
Existing loads in these load cases will be deletpdor to the load conversion. In addition,
response spectrulbad combinationdNERTIA_ LOADCOMB_ X_MODE_1,
INERTIA_LOADCOMB__ X _MODE_2 etc.will be created or recreated. tafic analysis wilbe
performedon spectrum load combinations (as well as normaldesfned load combinations)
automatically Modalcombinations will besubsequentlgalculatedor results such as displacements,
forces and stresses etising CQC SRSS or ABSSUMN the response spectrum load combinations.
Normally, modal combination results are all positive due to the sign lost during SRSSMAQC
ABSSUM procedure However, you can choose tise signage for modal combiratiresults based
on the dominant mode (with maximum participation factor) in each global direction.

Modal combination results is done in each global direcfiiat. Usingdirectionalfactors, hese
directional modal results will be combinado final modal combination results, whicenbe added to
anyuserdefined load combination resultsnbn-zeroresponse spectrum load factor is specified in the
load combination definibn (see Loads | Load Combinations)

Response Spectrum Analysis

tode Cormbination Method: ABSSUM W

Critical Damping Ratio 0.05

Spectum Directional Factor

* Direction: constant_0.4g v
 Direction Sample Fesponse Spectum v 0

Z Direction: Sample Response Spectum vl 0

[JUse Dominant Maode in Each Direction for Signage

| Fun Response Spectrum Analysis ‘ QK Cancel

Figure 7.4
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Chapter 8: Analysis Result

The AnalysisResultmenu provides commands to view and print analysis results for each load
combination in spreadsheets.

Nodal Displacements

Analysis Result Nodal Displacementdisplays the following dialog box (Figure 8.1). It allows you

to view nodal displacements for each load combination. The displacements for each node include
three translational componentg, Dy and D and three rotational components Doy and .. You

have the option to view the displacements for the selected nodes only.

Nodal Displacements - [Linear] - B
Load Combination 1: Linear ~ | [ |Show selected only Print. Save Close
-
Mode Id D [in] Dy [in] Dz [in] Dox [rad] Doy [rad] Doz [rad] —
1 0000 -0.000 0000 0.000 0000 0013
2 2 1.965 -0.014 0.000 0.000 0.000 -0.015
3 3 4387 -0.022 0.000 0.000 0.000 -0.019
4 4 4380 -0.106 0.000 0.000 0.000 0.012
E 5 0.000 -0.000 0.000 0,000 0.000 -0.029
6 6 3.EE3 -0.053 0.000 0.000 0.000 -0.019

Story Drifts

Analysis Result StoryDrifts displays the following dialog box (Figure 8.2). It allows you to view
story drifts for each load combination. You have the option to view the story drifts for the selected
nodes onlyNote: You must first select and fiee Drift Nodes from GeometryStory Drift Nodes or

Input Data [StoryDrift Nodes before performing static analysis.

Story Drift - [combination_static] - b n

Load Combination: il; combination_static i v | [[]Show selected only Print... Save.. Clase

7.

Node Id Stony Height [f1] D fin] % Dt in]  Diift Ratio Dz in] Z Dt fin] ZDiftRatie | —

1 8560601 0.000e+00

H 18 15,000 1883000 1.027e+00) 0571 % 0.000e+00 0.0006-00 0.000 %
3 24 12.000 2.4952+00 6122601 0425 % 0.000e+00 0.000-+00 0.000 %
4 a0 12.000 3.097e+00 6014201 0418 % 0.000e+00 0.0008-+00 0.000 %
5 8 12.000 37986400 7.011e01 0467 % 0.000e+00 0.000e+00 0.000%
5 42 12.000 4.440+00 6427201 0446% 0.000e+00 0.000e+00 0.000%
7 48 12.000 5.021e+00 580001 0403 % 0.000e+00 0.000e+00 0.000%
8 54 12.000 5.5432+00 5221201 0363% 0.000e+00 0.000e+00 0.000%

Figure 8.2

Support Reactions
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Analysis Result Support Reactiordisplays the following dialog box (Figure3®. It allows you to

view support reactions for each load combination. The reactions for each support include three force
components R R, and R and three moment components,fRoy and Rz You have the option to

view the reactions for the selected supports onljote: The support reactions do not include rulti

DOF constraint forces and moments.

Support Reactions - [combination_static] - B “

Load Combination: 1: combination_static v DShow selected anly Frint... Save.. Close

=

Mode Id R [kip] Ry [kip] Rz [kip] R [kipeft] Ry [kipft] Rz [kipH] —
1 20406 798,568 0.000 0.000 0.000 231.818
2 2 33591 2192973 0.000 0.000 0.000 366,710
3 3 34825 2457 848 0.000 0.000 0.000 377.505
4 4 34956 2447177 0.000 0.000 0.000 370,847
] ] -41.142 2128.872 0.000 0.000 0.000 403,968
[ B -33.068 1244.564 0.000 0.000 0.000 02812
7 Sum -198.000° 11270.000 0.000 0.000 0.000 2060760

Spring Reactions | Nodal

Analysis Resulf Spring ReactionsNodal displays thellowing dialog box (Figure &). It allows

you to view nodal springeactions for each load combination. The reactions for each nodal spring
include three force components,SBR, and SR and three moment components,gSR,y and SR..
You have the option to view the reactions for the selected nodal springs only.

Spring Reactions - [Default] - B n
Load Combination: 1: Default v [ Show selected only Print... Save... Close
Mode Id SR [b] SRy [kl SRz [lb] SR [bin] SRoy [lbin] SRoz [bin]
1 0.0002+00 10004011 1.000e+00 0.000+001 0.000+00 0000 +001
2 2 0.000e+00 -1.000e+m 0.000e+00 0.000e+00 0.000e-+00 0.000e-+00!
3 3 0.000e+00 0.000e+00 0.000e+00 0.000e+00 0.000e-+00 0.000e-+00!

Spring Reactions | Coupled

Analysis Result Spring ReactionsCoupled allows you to view coupled sprirgctions for each load
combination. The result dialog box is identical to thaAiwdlysis Result Spring ReactionsNodal.

Spring Reactions | Line

Analysis Result Spring ReactionkLine displays the following dialog box (Figurépg. It allows

you to view line springeactions for each load combination. The reactions for each line spring

include three force components SRx, SRy and SRz. You have the option to view the reactions for the
selected line springs only.
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Spring Reactions - [Default] - 0

Load Cambination: 1: Default v [_]Show selected only Print... Save.. Close
-
Mermber Id SR [Ibin] SRy (b SRz [bin]
1 1 I 0.00002+00 5.9938+00 0.0000=+00
2 2 0.0000e+00 1.9648e+01 0.0000s+00°
3 3 0.0000e+00 3.8170e+01 0.0000s+00
4 4 0.0000e+00 6.4335e+01 0.0000e+00
5 5 0.0000e+00 1.0010e+02 0.0000s+00
6 [ 0.0000e-+00 1.4605e+02 0.0000e+00!
7 7 0.0000e-+00 200B4e+02 0.0000e-+00;
£ k3 1 ANNNe NN 2 RA2Taam? 1 ANNA=Nn

Figure 8.5

Spring Reactions | Surface

Analysis Result Spring ReactionsSurface displays the following dialog boxdire 86). It allows

you to view surface springgactions for each load combination. The reactions for each surface spring
include three force components,SBR and SR.  You have the option to view the reactions for the
selected surface springs only.

Spring Reactions - [Default] - B
Load Combination: 1: Default v DShDW selected only Print. Save... Close
Sheld 1d SR [Ib/in"2] SRy [Ibfin"2] SRz [Ib/in"2]
1 1 I 0.0000 0.0000 00615
2 2 0.0000 0.0000 00617
3 3 0.0000 0.0000 00635
4 4 0.0000 0.0000 00742
5 5 0.0000 0.0000 00714
[ [ 0.0000 0.0000 00717
7 7 0.0000 0.0000 0.0675
8 8 0.0000 0.0000 00642
El El 0.0000 0.0000 00667

Figure 8.6

Multi -DOF Constraint Forces & Moments

Analysis Result Multi-DOF ConstrainForces & Moments displays ti@lowing dialog box (Figure
8.7). It allows you to view constraint forces and moments for each load combination. The value
columns can be either constraint forces (for DOF X, Y and Z) or moments (for DOF OX, OY and OZ).

Multi-DOF Constraint Forces & Moments - [Default] - B
Load Combination: 1: Default v [ ]Show selected only Frint Save Close
a
Constrairt 1d Node-1 DOF-1 Walue-1 [kip or kip-ft] Node-2 DOF-2 Walue-2 [kip or kipft] = ==

Figure 8.7
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Member End Forces & Moment s

Analysis Result Member End Forces & Momentlisplays théollowing dialog box (Figure 8). It
allows you to view forces and momentstaends of each member for each load combination. The
end forces and moments include axial forgenfajor shear ; minor shear £ torsion M, minor

moment M, and major moment M You have the option to view the end forces and moments for the
selected members only.

Member End Results - [Linear] - B n
Load Combination: 1: Linear v []Show selectzd only Print... Save.. Close
3
Member |d Distance (%] Fi (Asiall [kip] | Fy Major Shear] ki | Fz (Minor Shear] [kip] | Mx (Tersion] [kipein] | ™ [Miiﬁ;_m]“me”‘” e [Mﬁfp’_m]”m”” -
1 0.000 37.60 .10 0.00 0.00 0.00 000
2 1.000 B ER 0o 000 0.0 15813
3
4 2 0.000 B ERD 000 000 0.0 15813
5 1.000 A6 ERE 0o 000 0.0 31625
B
7 3 0.000 710 3760 0o 000 000 31625
8 1.000 710 2240 0o 000 0.0 204425
3

Member Segmental Results

Analysis Result Member Segment&esultsdisplays thdollowing dialog box (Figure 80 It

allows you to view member segmental results for each load combination. The segmental eesults ar
shown at each segmental paieisignated by a distance along the member. They include axial force F
major shear §; minor shear f torsion M, minor moment M, major moment ¥ major local

deflection O, and minor local deflection DYou have the option to view the segmental forces and
moments for the selected members only.

Member Segmental Results - [Linear] - B
Load Combination: 1: Linear v | []Show selected only Print... Save.. Close
Merbarid | Dissrcali) | Fuial ) | 7 0eshost Felbibhes] | Mifor) || M be L | e il Denecaan [
1 o 37 A nm o o o0 o o
2 o5 37 ER nm o o 791 s o
3 01m 76 ER fmn o o A581 fns o
4 0150 37D ERC 0o 0.00 0.00 2372 o 0000
5 02m 376D ER 0o 0.00 0.00 31.83 0ms 0000
3 0250 376D ER nm 0.00 0.00 253 nms 0000
7 0:am 3750 ERC oo .00 .00 4748 oz o000
] 0380 37 ER nm o o 5630 nnz o
1 0.4m 37 A nm o o 125 = o
T 0450 37 ER nm o o 116 nnz o
Figure 8.9

Member Stress Results

Analysis Result MemberStressResultsdisplays the following dialog box (Figurel8). It allows
you to view membesection normal stresssults for each load combination. You have the option to
view themember section normal stres$essthe selected members onlg.order to calculate the beam

14¢



stresses, the beam section must be a regular sectioRéet§.5x7.5 Round6, WideF10x12x2x1
Teel2x10x2x1Chan8x12x2x1 Tube6x8x1, Pipe7x1, Angle6x8x1), ora AlSC section(e.g.
W40X372, WT20X327.9, or a NDS sectiofe.g.SawnLum2x8, GluLamW3.125x6,
GluLamS2.5x22). For more information, please referSection Stresses @hapter 15.

-

Member Segmental Stress Results - [Default] O *
i HlLoad Combination:  1: Default ~ [l #5how selected anly HPrirt... HSave... HClose
) ) - - - - - - - s MEE | oy tensile ||
tember 1d Section Digtance (%L) pt 1 [Ibfin™2] pt 2 [IbAin™2] pt 3 [Ib4in"2] pt 4 [Ib/in"2] pt 5 [bAin™2] pt & [IbAn"2] pt 7 [IbAin™2] pt 8 [Ib/in~2] coﬁgair:fg]ve bdin2]
1 SannLumExd D000 -1686e13 2566e14  1.668e13 -25Be-14 1668213 1668213
2 0000 -4.070e-14 4.070e-14) 407014 -4.070e-14 -4.070e-14 4.070e-14
| 3 0.050/ 2568e+02 3.065e+01 -2568e+02 -3.0B85e+01 -2.568e+02  2.568e+02
! 4 0100/ 4.865e+02 5.808e+01 -4.865e+02 -5.808e+01 -4.865e+02  4.865e+02
5 0180 E.892e+02 B8.227e+01 -B.892e+02 -B.227e+ 6.892e+02 EB.892e+02
53 0200 2.6492+02 1.032e+02) -B649e+02 -1.032e+02 -2.649e+02  8.649e+02
7 02800 1.014e+02 1.210e+02) -1.014e+03 -1.210e+02 -1.014e+03) 1.014e+03
8 0300 1.135e+02 1.355e+02) -1.135e+03 -1.355e+02 -1.135e+03) 1.135e+03
9 0350 1.230e+02 1.468e+02) -1.230e+03 -1.468e+02 -1.230e+03 1.230e+03
10 0400/ 1.297e+02  1.5492+02) -1.297e+03 -1.54%9e+02 -1.297e+03 1.297e+03
1 0450 1.338e+03 1597e+02 -1.338e+03 -1.537e+02 -1.338e+03 1.338e+03
12 0500 1.351e+03 1.613e+02 -1.351e+03 -1.613e+02 -1.351e+03 1.351e+03
13 0550 1.338e+03  1.597e+02) -1.338e+03 -1.597e+02 -1.338e+03)  1.338e+03
14 0600 1.297e+03 1.549e+02 -1.297e+03 -1.54%9e+02 -1.297e+03) 1.297e+03
15 0650 1.230e+03 1.468e+02) -1.230e+03 -1.468e+02 -1.230e+03)  1.230e+03
16 0700/ 1.138e+03 1.355e+02) -1.135e+03 -1.355e+02 -1.135e+03)  1.130e+03
2 17 07500 1.0142+02 1.210e+02) -1.0142+03 -1.210e+02 -1.014e+03 1.01 4e+%|z|

Figure 810

Shell4 Forces & Moments

Analysis Result Shell4 Forces & Momentlisplays the following dialog box (Figurel8). It

allows you to view shell forces and moments for each load combination. The shell forces and
moments include uplanenormal forces &, Fyy and shear forcexf; outof-plane bending moments

Mxx, Myy, Mxy; and owtof-plane shear forcesyy, Vyy. You may specify the force and moment

locations to be at the nodes and/or the center of each shell by running Settings | Data Options. You
have the option to view the forces and moments for the selected shells only.

Shell4 Forces and Moments - [Default] - B
Load Combination 1: Default v [[]Show selected only Print Save. Close
3
Shell Id Node Id Fax [Ib/in] Fuy [bin] Fay [Ibin] Mrx[lbindin] | Myy Ibindin] | My [bindin] | W [Ibéin] Wy [Ibin]

1 1 20,560 5651.947 1726353 3.350 535,504 59.482 4,344 13,834

2 2 -21.031 943582 1726393 9.334 473467 58,639 -4.344. 19.733

3 3 2263 343,582 1647.337 11.751 473.467 A74.745 2,637 19.733

4 8 -22.163 5651.947 AB4E. 777 11767 B35.504 175,588 -3637 -19.834

5

[ 2 2 -B5.771 943576 a01.484 -197.501 479.334 58,639 -17.ms -20.361

7 3 -B5.976 -1100.353 800.440 197.517 320402 67.370 A17.ms 20114

8 10 88,956 1100353 664,082 193878 320403 A71.291 A7.007 20114

9 9 -B8.762 943575 663038 -193.862 479,334 172,560 -17.007 -20.361

10
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Shell4 Principal Forces & Moments

Analysis Result Shell4 Principal Forces & Momerdsgsplays the following dialogdx (Figure 8.2).

It allows you to view shell principal forces and moments for each load combination. The shell
principal forces and moments includeplaneprincipal forces kax Fmin and the principal angle-F

angle; outof-plane principal moments Mx, Mmin and the principal angle #ngle; outof-plane

principal shear force Maxand the principal angle-engle. You may specify the principal force and
moment locations to be at the nodes and/or the center of each shell by running Settings | Data Options.
You have the option to view the principal forces and moments for the sesbehs only.

Shell4 Principal Results - [Default] - b n
Load Combination: 1: Default v | []Show selected only Print... Save.. Close
3
ShellId Node d Frmas [Ib/in] Frin[bfin] | Féngle(deq]  Mmas[binfin] | Mumin[binfin] | M-Angle[deg] | Vmax[bdn] | Veéngle [deg]

1 1 6136341 504,954 74332 541,104 374 84621 20304 102,354

2 2 2253775 -1331.224 52.804 480.761 2,040 82910 20.205 102.415

3 9 277.189 -1256.242 53172 532145 -46.927 -71.438 20.065 100.443

4 B 6095.251 465,468 74933 581,536 34,286 75310 20164 100,391

5

[ 2 2 1381.407 -523.602 61.353 484,436 -202.544 -85.085 26.535 -129.684

7 3 354435 1540764 28820 326,681 203,736 83754 26345 130,229

8 10 240044 1423363 26.355 372231 245.706 73165 26340 130216

9 9 1267.674 -412.861 -63.950 521.046 235513 -76.430 26.530 -129.671

10

Shell4 Stresses [Top]

Shell4 Stresses [Bottom]

Analysis Result Shell4 Stressedisplays thedllowing dialog box (Figure 83). It allows you to

view shell top or bottom stresses for each load combination. The shell stresses include three normal
components &, Sy, Sz and three shear componenig, S; and §;. You may specify the stress

locations to be at the nodes and/or the center of each shell by running Settings | Data Options. You
have the option to view the stresses for the selected shells only.

Shell4 Principal Stresses

Analysis Result Shell4 Principal Stressdgsplays thedllowing dialog box (Figure 84). It allows
you to view shell top or bottom principal stresses and Von Misesse$or each load combination.
You may specify the stress locations to be at the nodes and/or the center of each shell by running
Settings | Data Options. You have the option to view the stresses for the selected shells only.
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Shell4 Stresses [Top] - [Default]

Load Combination: 1: Default

v [ ]Show selected only

oKl

Print... Save.. Close
ShelId Nods Id St (I "2] Sy Ibin2] S22 [Ibin"2] Sy [Iin"2] Sz [Iin*2) Sz [Ib/in*2)
1 1 1309 146031 0.00 61531 561 145
2 2 13.23 112 0.00 61456 558 145
3 E 15.38 ERE) nm 43262 658 an
4 B 15.23 146031 0.00 431,87 561 a.21
5
B 2 2 103.08 507 0.00 30825 £79 567,
7 3 10302 58033 nm 30506 670 67
B 10 3360 530.33 0.00 10717 570 567,
3 E 9965 507 0.0 05,97 £79 567
mn
- oy
Shell4 Principal Stresses - [Default]
Load Combination: 1: Default ¥ | []Show selected anly Frint... Save.. Close
" 3
Shellld Node Id Topstibdn2l | TopS2lbin'l | RMES | gosimana | Basaibinz | PohyenHies
1 1 1683.47 236.24 161317 242604 1301 249768
2 2 507.41 62176 108452 336,36 307.58 112281
3 F 12443 44092 74345 105159 42113 131374
4 ] 1577.42 13234 164758 2485.09 177.98 257969
5
B 2 2 359.99 261.99 540,88 594,34 221,08 827,93
7 3 21938 53675 82851 7184 385,35 12584
5 10 116.09 59688 56259 17352 491 1 50160
3 ] 165.49 7091 21013 7513 282,09 931.05
10

Figure 8.1

Shell4 Nodal Resultants

Analysis Result Shell4 Nodal Resultantisplays thedllowing dialog box (Figure 85).

you to view shell nodal resultants for each load combination.
forces and moments at element nodes that keep individual elemenquilibrium. They are
expressed in the local coordinate systenfou have the option to view the nodal resultants for the

selected shells only.

Shell4 Nodal Resultants - [Default]

Load Combination: 1: Default

v | []Show selectad anly

The nodal resultants are concentrated

— SN

Figure 8.5

151

Frint... Sawve.. Close
3
Shellld Nods F 6] Fylib] Faib] Mt (] My (1]

1 1 40666 808 A14524.995 218617 0536 671 000
2 2 33278 051 57043847 216,859 8791 292 502,466
3 3 40650134 59034.245 17.330 8643.023 3455385
4 8 38261 437 112634 597 13088 10657029 1007 542
5
& 2 2 -39533.725 -40655.044 545,139 8034151 502,466
7 3 37136936 332142 540828 024,977 10324 B49)
8 10 39502739 16567194 09.728 5052564 14296583
3 3 37105.350 37220832 305,416 7790.933 4543516
10




Shell4 Group Nodal Resultants

Analysis Result Shell4 Group Nodal Resultardsplays the following dialog box (Figure 8)1 It

allows you to view shell group nodal resultants for each load combination.

Shell4 Group Nodal Resultants - [Default] — O
Load Combination: 1: Default W I:‘ Show selected anby Frint... Save.. Close

p.

Group Mame Fx [kip] Fy [kip] Fz [kip] bl st [kip-ft] e [kip-ft] Mz [kip-ft] LUE:liSEIL:]t[ﬂ] ¥ wectar W vectar 2 wector Message ==
1 6130 £.853 0.000 0.000 0.000 2264 (1.5.165. 0) 00.0.00, 0.00) 00, 1.0, 0.00) 00, 0.00, 1.00]
2 g2 18.870 0351 0,000 0,000 0.000 9150/ (12.6, 165, 0 00, 0.00, 0.00) 00, 1.00, 0.00) 00, 0.00, 1.00)
3 g3 18,870 0.951 0,000 0,000 0.000 9,150/ [24.8, 165, 0) 00, 0,00, 0.00) 00, 1.00, 0.00) 00, 0.00, 1.00)
4 40 6130 5853 0,000 0,000 0.000 2264 (36165, 0) 00,0.00, 0.00) 00, 1.00, 0.00) 00, 0.00, 1.00)

Figure 8.5

Brick Stresses

Analysis Result Brick8 Stressedisplays thedllowing dialog box (Figure 87). It allows you to

view brick stresses for each load combination. The brick stresses include three normal components
S, Sy, Szand three shear componenss, §; and S;.  You may specify the stress locations to be at
the nodes and/or the center of each brick by running Settings | Data Options. You have the option to
view the stresses for the selected bricks only.

Brick Stresses - [Default] - b
Load Cambination: 1: Default v DSth selected only Print. Save Close
Brick Id Node Id S [Ib/iri°2] Sy [lofin”2] 52 [Ib/iri°2] Sap lbvin"2] Sy [Ib/ri°2) Sxz lbrin"2]
1 Certer 313991 343997 313991 393333 393933 393933
2 1 343331 343381 343331 399333 393333 399333
3 2 343331 343381 343331 399333 393333 399333
4 3 343991 343991 343991 39993 393999 39993
5 4 343991 243991 343991 39993 393999 399,93
5 5 313991 343997 313991 393333 393933 393,933
7 5 313991 343397 313991 393393 393933 393933
5 7 343331 343381 343331 399333 393333 399333
3 3 343981 343341 343981 339938 393999 339 338
10

Brick8 Principal Stresses

Analysis Result Brick Principal Stressedisplays thedllowing dialog box (Figure 88).

you to view brickprincipal stresses and Von Misgtsesses for each load combination.
principal stresses are shown at locations of nodes and/or center of each shell.
locations by running Settings | Data Options.

152

It allows
Brick
You may control the

Brick principal stresses include three principal



components § &, S and direction vectors (¥, Viy and Viz) and (\sx, Vayand \5z).  You have the
option to view the principal stresses for selected bricks only.

Brick Principal Stresses - [Default] - 0
Load Camhbination: 1: Default v DShuw selected only Print Save Close
N N | Von Mises 4
Brick 1d Nodeld | S1[b/'Z] | S2[bin2] S3[ban2l Wiy Wiy iz V3 vay Va2

1 Center| 1743988 543933 549833 1133.9% 0577 0577 0577 0707 0707 n.000

2 1 1749388 543993 549983 119999 0577 0577 0577 0292 as14 0806

3 2 1743998 543993 549993 1199.9% 0577 0577 0577 0,760 063 0121

4 3 1743388 543993 543993 1199.9% 0577 0577 0577 0,682 0730 0047

5 4 1743388 543933 543993 1199.9% 0577 0577 0577 0221 -as570 073l

5 5 1749388 549993 549983 1199996 0577 0577 0577 0702 ao1 07z

7 6 1743998 543993 549993 1199.9% 0577 0577 0577 0,287 0518 0.806

8 7 1743388 543993 543993 1199.9% 0577 0577 0577 0727 0685 0042

3 8 1743388 543933 543993 1199.9% 0577 0577 0577 0293 0508 0808

10

Figure 8.8

Envelope | Nodal Displacements

Analysis Result Envelope | Nodal Displacements first displays a dialog box (Figu®gf8rlyouto
select load combinatiorier the envelope It then displaysiodal displacements envelogialog box
(Figure 820). The envelope includes maximum and minimum displacementthacdrresponding
load combination number$he load combination dropdown box serves as a reference so you can
match load combination numbers with load combination names.

Envelope

Selectload combinations:

[+]Linear
|w|P-Delta

Select Al Clear Al Cancel

Figure 8.B
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Load Cambination: |1 Linear v‘ [ Show selected onl ‘ Print. | | Save | ‘ Close |
mawsmin | Dx[in] Combi Dy [in] Combit Dz [in] Comb# | Doxfrad] | Comb# | Dow[rad] | Combl | Dozfrad] | Combit
1 1 mas 0.000 2 -0.000¢ 1 0.000 1 0.000 1 0.000 1 -0.013 1
2 min 0.000 1 0.000 2 0.000 1 0.000 1 0.000 1 -0.033 2]
3 2 mak 4545 2 0013 2 0.000 1 0.000 1 0.000 1 -0.015 1
4 mhin 1.965 1 -0.014 1 0.000 1 0.000 1 0.000 1 -0.030 2]
8 3 max 8.2680 2 0.027 2 0.000 1 0.000 1 0.000 1 -0.019 1
[ min 4387 1 0.028 1 0.000 1 0.000 1 0.000 1 -0.021 2]
7 4 mas 8255 2 -0.106: 1 0.000 1 0.000 1 0.000 1 o0z 1
8 min 4.380 1 0708 2 0.000 1 0.000 1 0.000 1 ooz 2]
El 5 max 0.000 2 -0.000 1 0.000 1 0.000 1 0.000 1 -0.023 1
10 mhin 0.000 1 -0.000 2 0.000 1 0.000 1 0.000 1 -0.051 2]
1 E max E.442 2 0.052 1 0.000 1 0.000 1 0.000 1 0013 1
12 mhin 3663 1 -0.054. 2 0.000 1 0.000 1 0.000 1 -0.033 2]

Figure 820

Envelope | Support Reactions

Analysis Result Envelope Support Reactionrst displays a dialog box (Figure 8)ifor you to

select load combinations for the envelope. It then disgagport reactionsnvelope dialog box

(Figure 821). The envelope includes maximum and mininmaaction forces/momengndthe
corresponding load combination numbers. The load combination dropdown box serves as a reference
S0 you can match load combination numbers with load combination names.

Load Combination 1: Linear v ‘ |:| Show selected only Print.. | ‘ Sawve | | Close

maw/min R« [kip] Combt Ry [kip] Cambt Rz [kip] CombH | Rox[kipin] | Comb#t  Raop [kipin]  Comb# | Roz [kipdn]  Comb#

1 1 max 110 1 37.60 1 ooo 1 0.00 1 0.00 1 0.00 1
2 min -0.89 2 35.54 2 0.oo 1 0.00 1 0.00 1 0.00 1
3 5 = 511 2 144.48 2 0.oo 1 0.00 1 0.00 1 0,00 1
4 min 710 1 142.40 1 0.oo 1 0.00 1 0.00 1 0.00 1

Figure 821
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Envelope | Member Segmental Results

Analysis Result Envelope MemberSegmentaResultsfirst displays a dialog box (Figure 8)lfor

you to select load combinations for the envelope. It then dispg® segmental resuéavelope

dialog box (Figure 2). The envelope includes maximum and minimgam segmental
forces/moments and the corresponding load combination numbers. The load combination dropdown
box serves as a reference so you can match load combination numbers with load combination names.

Beam Segmental Results - Envelope - B n
Load Combination: 1: Linear v | [_]Show selected only Print... Save... Close
temberts | ST | magmin | PN oy B Maer | oy FUMIT Combit | (Towsor) | Comblt | Womargl | Conbit | Mo Combt |i
Tkip] Tkipin] Tkipin] Tkipin]

1 0.000 mar| 3554 2 201 2 am 1 om 1 0m 1 am 2

2 min  -37.60 1 ERG 1 am 1 om 1 0m 1 am 1

3 0.050 A -35.54 2 2m 2 o.o0 1 0.00 1 0.00 1 14.50 2|

4 min  -37.60 1 ERG 1 am 1 om 1 0m IEE] 1

] 0.100 A -35.54 2 2m 2 o.o0 1 0.00 1 0.00 1 29m 2|

6 min  -37.60 1 ERG 1 am 1 om 1 0m 1 58 1

7 0.150 A -35.54 2 2m 2 o.o0 1 0.00 1 0.00 1 4351 2|

8 min  -37.60 1 ERG 1 am 1 om 1 0m 1| @ 1

9 0.200 A -35.54 2 2m 2 o.o0 1 0.00 1 0.00 1 58.01 2|

10 min  -37.60 1 ERG 1 am 1 om 1 0m 1 aes 1

hhl 0.250 A -35.54 2 2m 2 o.o0 1 0.00 1 0.00 1 7252 2|

12 min  -37.60 1 ERG 1 am 1 om 1 0m 1 aes 1

13 0.300 A -35.54 2 2m 2 o.o0 1 0.00 1 0.00 1 g7.02 2|

14 min  -37.60 1 ERG 1 am 1 om 1 0m 1 4nas 1

15 0.350 A -35.54 2 2m 2 o.o0 1 0.00 1 0.00 1 101.52 2|

18 min -37.60 1 -0 1 0.00 1 0.00 1 0.00 1 -B5.34. 1

17 0.400 mar| 3554 2 201 2 am 1 om 1 0m 1 e 2

18 ) -37.60 1 -1.10 1 o.oo 1 0.00 1 0.00 1 -63.25 1

13 0.450 mar| 3554 2 201 2 am 1 om 1 0m RE 2

20 ) -37.60 1 -1.10 1 o.oo 1 0.00 1 0.00 1 116 1

21 0500 mar| 3554 2 201 2 am 1 om 1 0m RIS 2+
< [»]

Figure 8.2

Eigenvalues

Analysis Result Eigenvalueslisplays thedllowing dialog box (Figure 3). It allows you to view
ei genval theirsleriatvgs sucmad periods (T), frequenciea(ff d ci rcul ar fr eq
In addition, an error measure is calculated for each eigenvalue according to the following (see Ref. 1):

Error Measure=  p

Where fj is the vector in the matriX¥y  corresponding to_

Eigenvalues -0 n
Save. Close

5
Made Period [sec) Frequency (cyclersec) | Cioular Frequency (radisec)  Eigenvalue (raddsec] 2 Evror Measure

1 0.0017 578.3623 38333574 1 320607 6016212

2 2 0.0003 1111.2459 B982.1637 4 8751e+07 1.3498e-11

3 3 0.0008 17791244 11173204 12436408 2756808

Figure 823

15¢



Eigenvectors

Analysis Resulf Eigenvectorslisplays the following dialog box (Figure28). It allows you to view
eigenvectors (mode shapes) for each mode of vibration. It is worthwhile to point out that
eigenvectors are meaningful only in their relative values.

Eigenvectors - [Mode-1] - O
WMode Shape Mode-1: (Period=0.001729 sec) v | [ Show selected anly Print. Save.. Cloze
X
Mode Id D [in] D [in] Dz [in] Do [rad] Doy [rad] Doz [rad]
1 000024001 000024001 000024001 1121203 2576604 0.000+001
H 2 0.000e-+00 0.000e-+00 0.000e-+00 1.420e+00 5.669e-04 0.000e+00
3 3 0.000e-+00 0.000e-+00 0.000e-+00 2.826e+00 5.061e-04 0.000e-+00
4 4 0.000e-+00 0.000e-+00 0.000e-+00 4.200e-+00 5015604 0.000e-+00
5 5 0.000e-+00 0.000e-+00 0.000e-+00 5.528e+00 -4.001e-04 0.000e+00
[ [ 0.000e-+00 0.000e-+00 0.000e-+00 £.796+00 -4.554a-04 0.000e-+00
7 7 0.000e-00 0.000e-00 0.000e-+00 7.983e-+00 -4 254604 0.000e-+00
8 8 0.000e-+00 0.000e-+00 0.000e-+00 9.095+00 -3.908e-04 0.000e+00
3 ] 0.000e-+00 0.000e-+00 0.000e-+00 1.010e+01 -3.518a-04 0.000e-+00
10 0 0.000e-+00 0.000e-+00 0.000e-+00 1.100e+01 3091604 0.000e-+00
11 11 0.000e-+00 0.000e-+00 0.000e-+00 1177601 -2.629e-04 0.000e+00
12 12 0.000e-+00 0.000e-+00 0.000e-+00 1.242e+(01 -2.139-04 0.000e+00
13 13 0.000e-00 0.000e-00 0.000e-+00 1.293e+01 1625604 0.000e-+00
14 14 1 ANNe+N 1 ANNe+N 1 NANR+N 1 299e4+M -1 N33--N4 N NNAR+NN

Figure 824

Mode Participation Factors

Analysis Result Mode Participation Factodisplays the following dialog box (Figure28). It
allows you to viewmode patrticipation factofer each modén global X, Y and Z directions. You
must perform response spectrum analysis beforehand.

Mode Participation Factors - O
Save Close
-
Mode Period (sec) S Participation SY Participation 5Z Participation

1 02263 0.9041 0.00005+00 0.0000e+00
2 2 02152 0.0004 0.0000e+00 0.0000e+00
3 3 0.0733 0.0343 0.0000e+00 0.0000e+00
4 4 0.0713 0.0006 0.0000e-+00 0.0000e+00

Figure25

Modal Displacements | Modal Displacements SX, SY and SZ

Analysis Result Modal Displacements SX, SY and Slisplays the following dialog box (Figure
8.26). It allows you to viewnodal displacements for each madewell as their SRSS combination
in global X, Y and Z directionsyou must perform response spectrum analysis beforehand.
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SX Modal Displacements - [Made-1] - 0O

Made Shape: Made-1: (Period=02268 sec) v | || Show selected anly Frint...

Save.. Close

g

Nods Id D [t Dy (1] Da ] Do [rad] Doy frad] Doz f1ad] =
1 0.000e+00 0.0002+00 1.0002+00 0.000+00) 0.000e+00 1.000e+001
2 2 0.0008+00 00008400 1.0008+00 0000400 0.000e+00 10008400
3 3 0.000e+00. 0.000e+00 0,000e+00 0,000e+00 0.000e+00) 0,000e+00
1 1 1001602 8778605 9046605 4616606 B411e06 £220504
5 5 100102 2746006 203904 1.089-05 841106 3622004
B B 1001602 8307805 4983804 1 676605 B411e06 £220504
7 7 197102 1181204 1210604 295206 145005 2441604
8 8 197102 3652006 -3.866e-04 551906 145005 179804

B 1 aram A omaen Aaren 2 naeane 1 Amna

Figure26

Inertia Forces | Inertia Forces SX, SY and SZ

Analysis Result Inertia Forces Inertia ForcesSX, SY andSZ displays the following dialog box

(Figure 827). It allows you to view inertia forces for each mode in global X, Y and Z directions. You
must perform response spectrum analysis beforehdndrtia forces are converted to nodal loads in
different inertia load cases automatically during response spectrum analysis.

SX Inertial Forces - [Mode-1] - B
Mode Shape: Mode-1: (Period=0.2269 sec) v [ | Show selected anly Print Save Close
B
Nods Id Fi [kip] Fy [kip] Fz [kip] Mk [kip-H] My [kip-H] Mz [kip-H] —
1 1,000 1,000 1,000 1,000 0,000 1,000
2 2 0,000 0,000 0,000 0,000 0.000 0,000
3 3 0.000 0.000 0,000 0,000 0,000 0,000
4 4 -0.000 0,000 0,000 -0.000 0.000 -0.000
5 5 -0.000 0.000 -0.000 0,000 0,000 0,000
& & 0,000 0,000 -0.000 0,000 -0.000 0,000
7 7 0.000 0.000 0,000 0,000 0,000 -0.000
g g -0.000 0,000 -0.000 -0.000 -0.000 -0.000

Figure27

Modal Combinations | Nodal Displacements

Analysis Resulf ModalCombinations | Nodal Displacements displays the following dialog box
(Figure 828). It allows you to view nodal displacements in modal combinations (including
directional combinations). You must perform response spectrum analysis beforehand.

Nodal Displacements - Response Spectrum Modal Combinations - B n
DSWW selected only Print. Save Close
Nods Id Dx [#] Dy [i] Dz [#] Do [rad] Doy [rad] Doz [rad]

1 1087817 700610 5134819 503316 1274815 1223814,
2 2 1.366e-17 485919 £.09%e-19 £.392¢16 1.27415 139714
3 3 1087617 7 48de-18 1.094e-18 1113615 1.274e-15 1223614
4 4 1.065e-02 9525 05 2519204 157805 9626 06 525004
5 5 1.085e-02 £ B07e-06 5075604 22078405 9626606 3 B8%e-04
5 ] 1.069e-02 1.018e04 9.448e-04 283505 962606 5.250e-04
7 7 200702 1 30k 04 5 415604 1 424e05 1 5ife-05 3947604

Figure28
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Modal Combinations | Support Reactions

Analysis Result ModalCombinations | Support Reactions displays the following dialog box (Figure
8.29). It allows you to view support reactions in modal combinations (including directional
combinations). You must perform response spectrum analysis beforelNote: The support
reactions do not include mwWBOF constraint forces and moments.

Support Reactions - Response Spectrum Modal Combinations - 08

D Show selected only Print. Save Close

=

Mode Id R [kip] Ry [kip] Rz [kip] Riox [kip-ft] Ry [kip-t] Raz [kip-ft] =
1 15923 10257 0761 5118 12358 124,321
2 2 20.003 0711 0.833 6.439 12.958 142.000
3 3 15.923 10.964 1.601 1312 12.958 124321
4 10 16,401 10131 0.784 5.220 12.957 127.549
5 11 20,489 0.000 1.081 7.228 12.958 145.264
5 12 16,401 10131 1.792 12140 12.957 127.549
7 19 16.893 10,691 0.761 5118 12.957 130.856
a 20 20.986 0711 0.833 6.439 12.957 148593
] 21 16,893 10,003 1.601 1.312 12.957 130,856
10 Sum 153,911 62500 10,147 70,443 116,518 1201311

Figure29

Modal Combinations | Nodal , Coupled, Line, Surface Spring Reactions

Analysis Result ModalCombinations | Ndal, Line, Surfac&pring Reactiona dialog box similar to
Modal Combinations | Support Reactions above (Fig8yeYou must perform response spectrum
analysis beforehand.

Modal Combinations | Multi -DOF Constraint Forces & Moments

Analysis Result ModalCombinations | MultDOF ConstrainForces & Moments displays the
following dialog box (Figure 80). It allows you to view mukDOF constrainforces& moments in
modal combinations (including directional combinations). You must perform response spectrum
analysis beforehand.

Multi-DOF Constraint Forces and Moments - Response Spectrum Modal Combinations — & n

Load Cambination, :1: Default i v []Show selected anly Print... Save... Close
-
Constraint |d MNode-1 DOF-1 Walue-1 [kip or kip-ft] Node-2 DOF-2 Value-2 [kip or kipft] | ==

1 2 * 24248401 2 ¥ 4 8480401
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Modal Combinations | Member End Forces & Moments

Analysis Result ModalCombinations Member End~orces & Momentslisplays the following dialog
box (Figure 81). It allows you to viewnember endorces and momenta modal combinations
(including directional combinations). You must perform response spectrum analysis beforehand.

Member End Results - Response Spectrum Modal Combinations - o
[ JiShow selected anfy Print. Sawve. Close
]
MemberId Distance (%L Fu (Al [kip]  Fy (Major Shear) (kip] | Fz (Minor Shear] [kin] b (Torsion) (kipt] | ¥ [M‘[’;ju’jff’”e”” i [M‘Ff"l;jf]”me"‘]
1 0000 0000 5325 0000 4487 0000 120270
2 1.000 0000 5325 0000 4,487 0000 101.09%
3
4 4 0000 0.000 E325 0.000 4487 0.000 101.096
) 1.000 0.000 £.325 0.000 4487 0.000 120270
3
7 5 0.000 0000 3742 0000 225 0000 72008
B 1.000 o000 3742 o000 225 o000 151
3

Figure31l

Modal Combinations | Member Segmental Results

Analysis Result ModalCombinations | Member SegmenRasults displays the following dialog box
(Figure 832). It allows you to view member segmental results in modal combinations (including
directional combinations). You must perform response spectrum analysis beforehand.

Member Segmental Results - Response Spectrum Modal Combinations - 0B
[[] Show selected only Print Save Close
Wemberld  Dissrce(l) | Fuguia) gl | T MAEgheal | Felimgnean | Meftorsenl - Mol e Dottty | Dottt

1 0,000 0,000 5325 0.000 4487 0.000 120270 D000e+D 000000
2 0.050 0.000 5325 0.000 4437 0.000 109202 9540e04 7.8
3 0100 0.000 5325 0.000 4497 0.000 98134 1652003 1612810
4 0180 0000 5325 0.000 4487 0.000 B70B5 2113803 24dGs0
5 0200 0000 5325 0.000 4487 0.000 75937 238203 3274e10
5 0250 0.000 5325 0.000 437 0.000 4329 2467203 4.076e10
7 0300 0.000 5325 0.000 497 0.000 538E0 2400003 4.834e10
8 0380 0000 5325 0000 4487 0000 42732 2206803 55270
B 0400 0000 5325 0.000 4487 0.000 31724 181803 13810
o 0450 0.000 B.325 0.000 4487 0.000 201B56. 156803 B Bdbe-10
1 0500 0.000 5325 0.000 4497 0.000 9793 114%03 703210

Figure32

Modal Combinations | Shell4 Forces & Moments

Analysis Result ModalCombinations $hell4 Forces & Momenisplays the following dialog box
(Figure 833). It allows you to view shell4 forces and momeantmodal combinations (including
directional combinations). You must perform response spectrum analysis beforehand.



Shell4 Forces and Moments - Response Spectrum Maodal Combinations = B n

[[Jshow selected only Print... Save... Close
Shellld Mode Id Foot [Ioin]) Fy [Ibin] Fiy [Ibin] Mgt bindin] | Mywlbeindin] | Mg [binin] | Vwelbdinl | M [bdin]

1 Certer a0 a0 a0 0o 000 0003 0000 a0
2
3 2 Certer 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.001
4
5 3 Certer a0 a0 a0 nom 000 002 0000 nom
5
7 4 Certer 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.001
8

Modal Combinations | Brick Stresses

Analysis Resulf ModalCombinations Brick Stresseslisplays the following dialog box (Figure38).
It allows you to viewbrick stresses modal combinations (including directional combinations). You
must perform response spectrum analysis beforehand.

Brick Stresses - Response Spectrum Modal Combinations - B
[[JEhow selected oy Frint... Sawve.. Close
Brick 1d Mode 1d Sx [N/m™2] Sy [M/m™2) Sz [N/m™2] Sy [N/m™2] Sz [M/m™2] Swz [M/m™2]

1 Certer 9.9220.06 2076212 130616 362506 2613214 445314

2

3 2 Center 5.870e06 556113 726117 3476606 3.029e14 311214

4

5 3 Center 77207 1430613 782118 3115606 471614 1885e14

&

7 4 Center 362606 403314 5012817 2 503e-06 6 002e-14 1127814

a

Modal Combinations | Base Shear s

Analysis Result ModalCombinations | Base Shsailisplays the following dialog box (Figure38).
It allows you to viewmodalbase sheatin X and Z directionsYou can comparthemwith the base
sheas computedoy equivalent lateral forcprocedure using relevant code such as ASB.7You

must perform response spectrum analysis beforehand.

Base Shears are not computed by the program if the model contair®@kEltonstraints.

Real3D-Analysis Professional 64-bit n

Base Shear Fx = 159.872 kip
Base Shear Fz = 8.54185 kip

Figure35
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Chapter 9: Concrete Design

The ConcreteDesign menu provides commands related to input,amieh output of concrete design for
beams, columnsnd slabs. With the exception othe cracking factors command, the commands here

do not affect the analysis results. A static analysis must be done successfully before concrete design
can be performed

RC Materials

Concrete DesignDpesign Criteria | RC Materiafgrompts you with the following dialog box (Figure
9.1). It allows you to define concrete and reinforcement strength progerttee existing materials.
The strength properties include

1 Concrete compressive strength fc

1 Concrete reinforcement strength fy

1 Concrete stirrup or tie strength fys

If standard materials are used in Geometry | Matetizse strength properties will be set
automatically. You may override these properties prior to performing concrete deNigioncrete
design will be performed on a member or shell if its fc is zeMou should not modify materials
that are not concreteon this dialog.

If applicable, right clicking on a cell can be used to dilitall or selected cells in the clicked column
with the value of the clicked cell.

Material - Concrete and Reinforcement Strength n

Ps
tdaterial ld Label fe [kipdin™2] fy [kipAin™2] fys [kipdin™2] ==

2 2 Conerel te30 g =) B0

[4]

D]

Save Apply Cancel

Figure 9.1

Design Criteria| Model Design Criteria

Concrete Designlpesign Criteria | Model Design Criteria prompts you with the following dialog box
(Figure 9.2). It allows you to enter global options for concrete design. You are encouraged to read
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Design code:

Columnn Design Parameters

Min reinf ratio (%2) 1

Meutral axis steps for accuracy (must he »= 20): &0

the method of solution in the technical part of this document in order to understand these options.
You should run this command before performing concrete design.

Model Concrete Design Options

ACF316 2018 v

Beam Design Parameters
Max reinf ratio (%) G [ Automatically compute support widths
Hielectthis option so that exural design starts at suppon taces and
shear design starts at a distance of 'd' from face of support

Biaxial angle steps (must be of multiple of 4): 16

Slab/Plate Design Parameters

Axial capacity steps for display (must be >= 5): 20

Min reinf ratio for slab top steel (%2): 1

Exclude concrete displaced by steel

[ Atweys use 1.04or Cm (Uncheck this box o compute automatically)

Min reinf ratio far slab hottom steel (22): 0

Sustained load combination far

computing Beta-d in columns:

[[Jignore compressive force in concrete shear capacity.

1: Default ~
[ Consider lightweight concrete reduction factar

0 Use maximurn flexural reinforcamentin a mamber to
calculate concrete shear capacity (Vc)

|| Check capacity at calumn ands only

[l Compute minimum moment Pu* (0.6 + 0.03h)

Cancel

Figure 9.2

Design Code

Specifies design codes.
19/14/11/08/05/02

Currently the program supp@ts818-

Column min and max
reinforcement ratios

Column minimum and maximum reinforcement ratios are used to
generate column sections. They should be set between 1% ang
For all practical purposes, the maximum reinforcement ratio shou
less than 4% to avoid rebar congestion.

Neutral axis steps for
accuracy

Neutralaxissteps affect the solution accuraayd speed. A value g
250 ~ 500 for neutral axis steps is sufficiently accurate for most
sections. The adequacy of neutral axis steps can be determine(
smoothness of the-Mx and/or PMy interaction diagrams.

Biaxial angle steps

Biaxial anglestepsaffects the solution accuraeyd speed. For
biaxial problems, steps must be multiple of 4. A value of 16 or 3
sufficiently accurate for most sections. The adequacy of biaxial
anglesteps can be determined by smoothness of thBlMnteraction
diagram. For uniaxial problems, biaxial angle steps should alwa
be setto 4. This will give-Rlix (+) at O degree angle; My (-) at

180 degrees angle;My (+) at 90 degree angle; My (-) at 270
degrees angle.

Axial capacity steps for
display

Specifies the number of axial steps for the display of interaction
diagrams / surfaces and result data in the spreadshias value
should be smaller than neutral axis steps. A value of 20 to 50 is
usually adequate.

Exclude concrete
displaced by steel

Should almost always be checked. This option is provided for
verifications with textbooks only!

Always use 1.0 for Cm

If this option is checked, Cm = 1.0 will be used for all concrete
columns. Otherwise, the program will compute Cm automaticall
based on moment curvature and the existence of transverse load
the column.
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Sustained load
combination for
computing Betal in
columns

Specify the load combination that contains the all sustained load |
with each case load factor equal to 1.0.

Ignore compressive
force in concrete shea
capacity

Specify whether or not to ignore the increase in column concrete
capacity due to the influence of compressive force. Axial forces
ignored on concrete beams.

Check capacity at
column ends only

If this option is checked, column capacity is checked at its ends 0
Otherwise, column capacity is checked at every station along the
column that analysis outputs.

Compute minimum

If this option is checked, a minimum moment Pu * (0.6 + 0.03h) is

moment consideredor design
Automatically compute| Select this option so that flexural design starts at the support face
support widths shear design st ar tthe fasedbf suppordi st

Slab/plate min. reinf.
ratios

Specify slab/plate minimum top and bottom reinforcement ratios f
design. According to ACI 3189/14/11/08/05/02, area of shrinkag
and temperature reinforcement shall provide at least 0.18% of gr¢
concrete area.

Consider lightweight
concrete reduction factd

If this option is checked, theeduction factarwill be applied to
concrete shear capacity

Use maximum flexural
reinforcement in a
member to calculate
concrete shear capacit

(Vo)

By default, the program uses the needed flexural reinforcement tc
calculate concrete shear capacity in a beam. However, you hay
option to use the maximum flexural reinforcement in a member tg
calculate concrete shear capacity in a beam.

(Figure 93).

identification.

Design Criteria | Beam Design Criteria

Concrete DesignDpesign Criteria | Beam Design Criteria prompts you Withfollowing dialog box
It allows you to define and/or assign different design criteria to selected concrete
beams. An Id is assigned automatically to each design criterion by the program and may not be
changed. You may assign a label wi¥ maximum characters to each design criterion for easy
The beam designiteriainclude

1 Number of stirrup legs.

9 Stirrup bar size.

1 Bottom and top concrete covers measured from section edge to the centroid of longitudinal

bars.
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Concrete Beam Design Criteria

3
Beam AC 14 Label Stirup Legs Stirup Size Battom Cover fin] Top Caver ]  —

1 Default 2 [ER2 25 25

| []

MNew Rows Print. Save.. DASS\QH active criteria to selected members Apply Cancel

Figure 9.3

You may add one or morgiteriaby c¢cl i cking the ANew RowsoOo buttor
criteria in the dibut tbon .c |actiekiganajicrselsciadeimbersi n t
checkbox may be used to assignalvebeam desigeriterionto selected beams. Thetive

criterion refers to the one that currently has focus in the list in the dialog box. In order for beam

design criteria assignments to take place, beams must be selected beforehand.

The program al ways has a default beam design ci
criterion or change its label. You may however change its properties.

If applicable, right clicking on a cell can be used to dilitall or selected cells in the clicked column
with the value of the clicked cell.

Design Criteria | Column Design Criteria

Concrete DesignDesign Criteria | Column Design Criteria prompts you hifollowing dialog box
(Figure 9.4. It allows you to define and/or assign different design criteria to selected concrete
columns. An Id is assigned automatically to each design criterion by the program and may not be
changed. You may assign a label wi2¥ maximum characters to each design criterion. The
column desigreriteriainclude

1 Sway flags in x and y directions.

1 Unbracedengths in x and y directions. You may enter zero if you want the program to use
the member lengths as the unbraced lengths.
Effective length factors in x and y directions.
Number of tie legs.
Tie bar size
Concrete cover to the outside surface of ties.  Since different longitudinal bar sizes may be
used during automatic section generation, the program computes concrete cover to bar center
based on the following formuhaltf icbvekrobhgit.i
d i a me Nater oOrhis is different from concrete cover for beams.
i Start and end bar trial sizes for section generation.

= =4 =4 -9
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1 Bar layout. All Sides=bars will be placed on all sides of the sectioMajor Sidesbars will
be placed only on the sides parallel to the section majorMkisy Sides-bars will be placed
only on the sides parallel to the section minor eeal Sidesbars will be distributed equally
on all sidedi.e.: The number of bars are the same on major and minor.sides)

1 Confinement: Confining reinforcement can be either tied or spiral. Spiral applies to circular
sections only.

1  Minimum left/right bars (Minimum total bars for round sectidf)r a rectangle sectiorhe
minimum number of bars on either left or right sidéh&fsection For a round section, the
minimum total number of bars (must be 6 or more).

1 Maximum left/right bars (Maximum total bars for round section): For a rectangle section, the
maximum number of bars on either left or right side of the section; For a round section, the
maximum total number of bars (must be 6 or more).

1 Minimum top/bottom bars: The minimum number of bars on ettheor bottomside of a
rectangular section. This field is not used for a round section.

1 Maximum top/bottom bars: The maximum number of bars on either top or bottom side of a
rectangular section. This field is not used for a round section.

Note: For thefields ofMinimum left/right bars (Minimum total bars for round section), Maximum
left/right bars (Maximum total bars for round section), Minimum top/bottom bars, Maximum
top/bottom bas, it is recommended that you usdf@®u are not sur@s the program will determine

the values for you automatically.These fields are useful only when you know them beforehand as in
the case otheckingthe capacities of existing columns.

Concrete Column Design Criteria a x
Note: Enter O for Lus or Luy if you want the pragram to use the member lengths a5 the unbraced length
M Wi Masi
Caumnly Label #Snay? | YSway? | Lal] Ll | Ks | Ky Tielegs| TieSiem | G212 St10ar 00 gy, Coninens I | e ot topotom
bas | bas | bas | bas
i 1 Defaut Noi No 18 0 0g6 08 2 %3 25 #8 aMaorSides  Tied 0 0 1 0
3 2 Hor Mo 18 0 a7 1 F e A W Major Sides Tied 0 o 0 0
a DE No Mo~ o9 0 086 1 2 H3 15 #8. #2 . orSides Tied i} il i) i}
I~
<l [r]
New Rows Print e (Z) &ssign active criteria to selected members Cancel
Figure 9.4
You may add one or more criteria by clicking t
. : . y - L. .. .~ . ~ Ny
criteria in the dibbut tbon .c |actidelrganajtcddelsciedrembeisn t

checkbox may be used to assignalsgvecolumn design criterion to selected columns. ative
criterion refers to the one that currently has focus in the list in the dialog box. In order for column
design criteria assignments to take place, columns must be selected beforehand.

desi

The program al ways has a default col

criterion or change its label. You may however change its properties.

umn gn
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If applicable, right clicking on a cell can be used to 4ilitall or selected cells in the clicked column
with the value of the clicked cell.

Design Criteria | Plate Design Criteria

Concrete DesignDpesign Criteria | PlatBesign Criteria prompts you withefollowing dialog box
(Figure 9.9. It allows you to define and/or assign different design criteria to selected concrete plates.
An Id is assigned automatically to each design criterion by the program and may not be changed.
You may assign a label wittR7maximum characters to each design criterion. The plate design
criteriainclude:
1 Bottomx, bottomy, top-x and topy concrete covers measured from plate edge to the centroid
of bars

You may add one or more criteria by clicking ¢t
criteria in the dibut tboyn .c |actideleiganajtcrdslsciedyshdls | nt
checkbox may be used to assignalgveplate design criterion to selected plates. atikve

criterion refers to the one that currently has focus in the list in the dialog box. In order for plate

design criteria assignments to take place, plates must be selected beforehand.

The program al ways has a default plate design
criterion or change its label. You may however change its properties.

If applicable, right clicking on a cell can be used to 4ilitall or selected cells in the clicked column
with the value of the clicked cell.

Concrete Plate Design Criteria n
-
Plate AC 1d Label Bottom Cover_e [in] | Battam Cover_y [in] Top Cover_x [in] Top Cover_v[in] =
1 [ 1 oefan 25 25 25 25
|~
| [+]
MNew Rows Print. Save. [ Assign active criteria to selected shells Apply Cance

Design Criteria | Exclude Elements

Concrete DesignDpesignCriteria| Exclude Elements prompts you witte following dialog box
(Figure 9.6). It allows you to include or exclude concrete design for selected beams, cahdnns
plates. For example, you might want to exclude some plate elements (such as those near supports)
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from concrete design where large stress spikes are present. erRialigpecontous do not include
the excluded shell elements. This makes the contour bands appear more distinct from each other.

Exclude Elements from Concrete Design

(_)Include selected elements for concrete design

(®) Exclude selected elements from concrete design

[w] &pply to selected members.
[W] Apply to selected shells

Figure 9.6

Design Criteria | Cracking Factors

Concrete DesignDesign Criteria | Cracking Factors prompts you i following dialog box

(Figure 9.7). It allows you to assign cracking fac{égss or equal to 1.@p selected beams,

columns, and plates. Cracking factors apply only to bending stiffness of membgtatand
elementge.g. floors) In particular, it is not proper to apply cracking factors to shear walls as their
behavior exhibit in membrane directions. As a resui$, iecommended to use stiffness modification
method (GeometrpMember Stiffness Modificatioand GeometrpShell Stiffness Modification) to
model concrete cracking as it is more flexible than assigning cracking factors here.

Note: Cracking factors are not consider Amglyby the

stiffness modification factors and cracking factorsi n Run | AAnaykiyresultsare®Opt i on:

cleared after assignment of cracking factors.

Element Cracking Factor

Cracking factor between (0. 1]:
[¥] Apphyto selected members.
V] Applyto selected shell elements

MNote 1: Cracking factor applies to bending stiffness only. Enter 0.0 for
completely cracked and 1.0 for uncracked.

MNote 2: The following cracked coefficients are suggested by AC-02
101.1:

Beams and cracked walls: 0.35

Columns and uncracked walls: 0.70

Flat plates and flat slabs: 0.25

Figure 9.7

Assign | Beam Design Properties

Concrete DesignAssign| Beam Member Properties prompts you with the following dialog box
(Figure9.8). It allows you taontinuouslyassign concrete beam design properties to members
After clicki ng #A Asninuoyshassign gonctete bemam design properties loy
window-selecting members until you right click the mouse or press the ESC key.
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Assign Concrete Beam Design Properties -
Design Criteria: 1: Default hd
Design Exclusion Included v D Use

Cracking Factor. 1 [Juse

[] Assign entries to currently selected mermbers

Use All ClearUse Cancel

Figure9.8

Assign | Column Design Properties

Concrete DesignAssign| Column Member Properties prompts you with the following dialog box
(Figure 9.9). It allows you toontinuouslyassign concrete column design properties to members
Af ter clicki ng # Asnsnuogshassign gonctete column dediga prapertiesoby
window-selecting members until you right click the mouse or press the ESC key.

Assign Concrete Column Design Properties -
Design Criteria: 1: Default v
Design Exclusion Included v| [use

Cracking Factar. 1 [use

[@] Azsign entries to currently selected members

Use All Clear Use Cancel

Figure 9.9

Assign | Plate Design Properties

Concrete DesignAssign| PlateMember Properties prompts you with the following dialog box
(Figure 910). It allows you tacontinuouslyassign concretplatedesign properties tshells  After
clicking fAssi gontilyouslyassign coraratplasetiesigntproperties by windew
selectingshellsuntil you right click the mouse or press the ESC key.

Assign Concrete Plate Design Properties
Design Criteris: 1: Default v [Juse

Design Exclusion Included | [Cuse

Cracking Factor: 1 [Juse

[¥] Assign entries to currently selected shells

Usze Al Clear Use Cancel

Figure 910
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Design Input | RC Member Input

Concrete DesignDesign Input | RC Member Input prompts you with filowing dialog box (Figure

9.11). It allows you to enter beams and columns for concrete design in a spread&aatt element
includes the class (AiBo for beam, fa@eéxclisiomr col ut
design flag (O for included, 1 for excluded). The element cracking factor with a value between 0 (fully
cracked) and 1 (uncracked) applies to the moments of inertia of member elements. You may not
modify the member Id. Design criteria Ids must be vaifined). Beam and column design

criteria combo boxes are provided for you to correctly pick and apply proper element class and design
criteria to selected members.

If applicable, right clicking on a cell can be used to dilitall or selected cells in the clicked column
with the value of the clicked cell.

Design Input | RC Plate Input

Concrete Design | Design Input | RC Platgut prompts you with the following dialog box (Figure
9.12). It allows you to enter plates for concrete design in a spreadsh@eth element includes
design criteria Id, cracking factor, and exclusion design flag (O for included, 1 for excluded). The
element cracking factor with a value between 0 (fully cracked) and 1 (uncracked) applies to the
moments of inertia of member elente. You may not modify the plate (shell) Id. Design criteria Ids
must be valid (defined). Plate design criteria combo box is provided for you to correctly pick and
apply proper element design criteria to selected shells.

If applicable, right clicking on a cell can be used to dilitall or selected cells in the clicked column
with the value of the clicked cell.

Concrete Member Input
Eeam design criteria 1: Detault v Applyto Selected Fows
Colurnn design criteria: 1: Detault v Al Selected Pows
M Cracking (1.0 for |
ember |d Member Class Design Criteria | = 0 ked) Exelusion =
1 Column w 1 1 Included| v
2 > Column 1 1 Included
P 1 Column 1 1 Included
1 4 Column 1 1 Included
5 5 Column 1 1 Included
B
< [r]



Concrete Plate Input n

Flate design criteria; 1: Default b Apply to Selected Rows
Shelld 14 Design Criteria Eri?ﬂﬁragcgeg]’ﬂ' Exclusion @
1 2 1 Included v
2 2 2 1 Included
3 3 2 1 Included
4 4 2 1 Included
5 5 1 1 Included
B B q 1 Included
7 7 q 1 Included
a g q 1 Included
g g q 1 Included
10 10 q 1 Included
11 1 q 1 Included
12 12 q 1 Included
13 13 q 1 Included
14 14 q 1 Included
15 15 q 1 Included
16 16 q 1 Included E
| [»]

Print... Save Cancel

Figure 9.12

Perform Design

Concrete DesignRerform Design performs the concrete design based on the design criteria and design
input. You must run the analysiaccessfully prior to running this command.

Design Output | RC Analysis Envelope

Concrete Designlpesign Output | RC Analysis Envelogisplays the following dialog box (Figure

9.13). It allows you to viewthe negative and positive moment envelope as wdlashear envelope

for concrete design. You have the option to view the envelope for the selected beams/columns only.
Note: The envelope only considers the load combinations that are designated for concrete design.

Member Envelope for Concrete Design = = n
Load Combinatian 1: Default v [[]|Show selected only Print... Save. Close
Member Id Distancs [2L] g‘;’;gf‘f][m‘:";{] M“';ﬂmﬁh el "{m’ Sheall | oy Mz Comblt tein Mz Combit abs Fy Combit
1 oo 0 294 568 ;212 1 3 3
2 non D B0 513 BR40 1 3 3
3 1o [ 41895 77 BIR 1 3 3
4 01 [ 21098 75 IR 4 3 3
5 a1 1145 18,968 75232 4 3 3
3 118 & 6N 2817 74087 4 3 3
7 0120 11352 0.0 73377 4 1 3
] 0150 6730 0000 66502 2 1 3
3 0.200 15101 0000 5593 2 1 3
" 5 1 o I 4 E B

Figure 9.13
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Design Output | RC Beam Results

Concrete DesignDesign Output | RC Beam Resuliisplays thedllowing dialog box (Figure 9.24

It allows you to view top and bottom required steel for flexure and their corresponding design
moments at every analysis output station along the member. You have the option to view the RC
beam results for the selected beams only.

Concrete Beam Design Result - 8 n
[]Show selected anly Print.. Save. Close
Botés [in"2] (1.0 Topbs 21 (10 | [
Member Id Distance [%L] fe [kip/in"2] iy Idp/in"2] BotMulkipft] | meanssectioriton | Tophulkiph] | means section ton
small small

i
2 Fect36x19.5 0.000 40 E0.0 0.000 2.04 -23z.028 318
3 0.050 40 B0.0 0.000 204 -160.513 217
4 0.100 40 B0.0 0.000 204 -41.896 055
5 0110 40 £0.0 0.000 204 -21.09 0.28
H o 40 £0.0 1,145 204 -1B.968 0.25
7 0115 4.0 E0.0 E.609 204 8817 012
8 0120 40 B0.0 11.352 204 0.000 0.00
9 0.150 40 60.0 67.309 204 0.000 0.00
10 0.200 40 £0.0 151,011 204 0.000 0.00
11 0.250 40 £0.0 221,329 303 0.000 0.00
12 0.300 40 B0.0 278195 385 0.000 0.00

Figure 9.14

Design Output | RC Column Results

Concrete DesignDesign Output | RC Column Resutlisplays the following dialog box (Figure 9)1

It allows you to view the final column design sections and tivéty check ratis. Some

intermediate results such as moment magnification fa@Mzsand Myfactors)Betad and Cmd s
output as well. You have the option to view the RC column results for the selected columns only.

Concrete Column Design Result [m] X
Load Combination:  1: Default | [ Show selected only Prirt. Save Close
Merber 1d Eecion UnfpEhesh | Corsl) | CLEED Flkip] | Mz[kipft] My [kipit™2] MzFactor | My-Facto =
[dauble click for datails) v (L) P. P Y [Kip ¥

1 Rect_BH16x1E_fc3_fyB0_BarsDl 287_NX004_NYO04_co2 3125 0976 1 100 250000 BEO000  110.000 1.000 1.0

2 2 Found_D26_fod_fyE0_Rarsi 3810_oo? 61_spiral 0562 1 100 AEILO0D 150000 0000 1,000 10

3 3 Fiect_BH2012_fod_yG0_Bars0RES_NXO03_NYO03 a2 6 0515 1 100 ZEEOOD -BRTED 127D 1,000 10
d

| Ll IS |

Figure 9.15

Doubleclicking on a section cell will display concrete column section details dfgiggre ¥) as
shown below
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Concrete Column Section Details [m] X

Save.. Close

Found_D25_fed_fy50_BarsD13#10_co2 51_spiral —

Diameter: 26 n
fc: 4 Kipdin 2
fy: B0 kip/in"2

Cover c.c 25T in

Confinement: Spiral
Bar size: #10
Total bars: 13

As 165102

Ag 530,929 in"2
FRieinf. ratio: 311 %

W wm D e w =

=

4]

& ]

Figure 9.5

Design Output | Flexural/Axial Interaction | Sections

Concrete DesignDesign Output | Flexural/Axial Interaction | Sections displays all column sections
generated by the program based on the input of material, section antha#sign criteria (Figure
9.17).

Concrete Column Sections n
Section Label Width () 14 in
2 Rt BH14x14_fc3_fyh0_| | | X Height (h) 14 in
3 Rect_BH14x14_{c3_fyb0_Bars00B48_MXD02_NvD04_cc2 376 5 N
4 Rect_BH14¢4_fc3_fy60_Bars]0#8_N<002_Nv005_cc2. 375 fc e
Ty 60 Kipfin"2
Covertobar [ 375 i
center.
Bar size: #8
Top hars 2
Bottarn bars:
Left bars: 2
Right bars:
As 316 in"2
Ag: 198 in"2
Reeinf. ratio: el %

Design Output | Flexural/Axial Interaction | P -Mx (+)

Concrete DesignDesign Output | Flexural/Axial Interaction{M (+) displays the MV« result data
in a spreadsheetith positive moment about the section major axis (at biaxial aidlelegree)
(Figure 9.8).
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P-Mx(+), Compression on Top n

Sectain: 1: Rect BH14x14_fc3_fyy60_BarsD04#8_NX002_NY002_cc?.375 v Prifit Save Close
Meutral &xis Depth phi*Pn phi* M Eccentricity Masinum Steel Tensie Phi 1=
[kir] [kipit] [ir] it
1 354258 0.000 0.00 0.00000 0.650
2 1427 354,297 39.350 133 0.00000 0.650
3 1347 336,583 46384 165 0.00000 0,650
4 1277 318868 52.659 1.98 0.00000 0.650
) 1210 301163 68,328 232 0.00000 0.660
E 1162 288,296 £2.000 2.58 0.00000 0.650
7 11.45 283438 £3.430/ 263 0.00005 0.660
g 10.82 265,723 £8.013 307 0.00022 0.650
3 1021 248008 72154 343 0.00042 0.660
10 992 233171 74.082 372 0.00052 0.650
n 963 230 294 FEA12 396 0.00062 0E501 |
12 9.07 212579 73.351 4.48 0.00085 0.650
13 8B4 198 6592 B1.875) 494 0.00103 0.650
14 853 134,864 82.540 5.08 0.00109 0.650
15 802 177.143 B5.635) 573 0.00135 0.650
16 755 159434 88.216 B.64 0.00162 0,650
17 714 141718 80140 763 0.00183 0.650
18 [Balanced] 6.63 129972 1383 B.44 0.00207 0,650
13 E.40 124,004 95917 9.09 0.00248 0.s3
20 524 106,283 43,900 11.28 0.00366 0786
21 4.44 88.574 103.863 14.07 0.00436 0.883 E
q o]
Figure 9.8

Design Output | Flexural/Axial Interaction | P -Mx (-)

Concrete DesignDesign Output | Flexural/Axial Interaction{\ix (-) displays the My result data in
a spreadshegwvith negative moment about the section major axis (at biaxial ah@®0 degrees).

Design Output | Flexural/Axial Interaction | P -My (+)

Concrete DesignDesign Output | Flexural/Axial Interaction{N#y (+) displays the My result data
in a spreadsheetvith positive moment about the section minor axis (at biaxial ai@é degrees).

Design Output | Flexural/Axial Interaction | P -My (-)

Concrete DesignDpesign Output | Flexural/Axial Interaction{N® (-) displays the MMy result data in
a spreadshegtvith negative moment about the section minor axis (at biaxial ah@lg0 degrees).

Design Output | Flexural/Axial Interaction | P -Mx-My

Concrete DesignDesign Output | Flexural/Axial Interaction-{Nix-My displays the IMx-My result
data in a spreadshesteach biaxial anglgtep and axial capacity step.

Design Output | Flexural/Axial Interaction | Print Diagrams

Concrete DesignDpesign Output | Flexural/Axial Interaction | Pridiagramsallows you to view and

print the interaction diagrams feach column section (Figure 9)1 The red and blue lines are the
interaction diagrams about section major and minor axes respectively. A sketch of the section and the
key control points are listed above the diagrassvell
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Page 1

Project/Job: Example-13.r3a Real3D V19.0 (1915.0)
5 o (C) Computations & Graphics, Inc
Engineer: Date/Time: Sat Aug 21 12:07:57 2021

Control Points (kip, kip-ft)

1: Rect_BH14x14_fc3_fy60_Bars004#8_NX002_NY002_cc2.375

Code: ACI 318-1¢

Neutral axis steps: 50

O O Biaxial angle sleps: 16
FExcl. displ'd concrete: Yes

Size: 14 x 14 in =2 84.83 103.75 0.00507
5 -0.00 73.30 0.01015

Lc: 3.00 kip/in~2
fy: 60.00 kip/in~2

in
1.61% P
Ix: 3201.33 in~4 e3 0.00207
O O Iy: 3201.33 in™4 P4 84.83 0.00507
Clear spacing: 8.25 in PS5 ~0.00 0.01015
Y|
X
min = =170.640 Pu-Mux and Pu-Muy Interaction Diagram max = 354.2098
Lo PO

v. ¥

7 !
/ N

1

P2

200 F

100 E

Axial Force (kip)

0F -
—50F \
-100 F \\

3 N 4
o N o
\/

-150 -125 -100 -5 =50 -25 0 25 50 15 100 125 150
Moment (kip-ft)

FERTE FRURE FUURY FRUTY FRUTL FUTT FETWE FRURY SNURY SUNTY FUUTY AT FUUTE FRURY FRURY ARUTY FUTNY FUTL FUNTE FUURY FRURY SUATY FUUTY A

Figure 9.D

Design Output | Member Shear Design

Concrete DesignDesign Output | Member Shear Desdisplays thedllowing dialog box (Figure
9.20). It allows you to view the required stirrup (tie) spacingctamcrete beam and loonn shear
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design. You have the option to view the shear design results for the selected beams and columns
only.

Concrete Shear Design Result - B

Load Combination: i1: Default v []Show selected only Frint... Save.. Clase

Shiruptie-spaci B

Member 1d Distance [%L) | fe [kip/in™2] fus [kip/in"2] | Stinup/tie-size | Stimup/tie-legs Shear [kip] Axial [kip] ng [in] [h!ank phi*vc [kip] CombH ]

means stimup
:

2 Rect! 4414 0.000 a0 E0.0 #3 2 6.207 -134.400 14.00 17.956 2]
3 0.050 a0 E0.0 #3 2 6.207 -134.400 14.00 17.956 2]
4 0.100 a0 E0.0 #3 2 6.207 -134.400 14.00 17.956 2]
5 0.150 a0 E0.0 #3 2 6.207 -134.400 14.00 17.956 2]
E 0.200 a0 E0.0 #3 2 6.207 -134.400 14.00 17.956 2]
7 0.250 a0 E0.0 #3 2 6.207 -134.400 14.00 17.956 2]
El 0.300 a0 E0.0 #3 2 6.207 -134.400 14.00 17.956 2]

El 0.350 a0 E0.0 #3 2 6.207 -134.400 14.00 17.956 2\
10 0.400 an BO.0 #3 2 6.207 -134.400 14.00 17.956 2]
11 0.450 an BO.0 #3 2 £.207 -134.400 14.00 17.956 2]

Figure 920

Design Output | Wood -Armer Moments

Concrete DesignDesign Output | Wocérmer Momentsdisplays the following dialog box (Figure

9.21). It allows you to view the critical Woedrmer moments (top and bottom, loeahnd local y
directions) and the corresponding load combinations for concrete plates (shells). These moments are
used directly in computing the required plate reinforcerasgds. You have the option to view the
Wood-Armer moments for the selected plates only.

Wood-Armer Moments for Concrete Design - B n
Load Combination: 1 v | [_]Show selected only Print... Save... Close
Shel1d Mode Id BotMus (bt | Botup I | TopMus [bft/t] | TopMup Ibt) | BotMus Combtt | Botuy Combts| T 2P s Combi Top-Mup Comb =

1 Center 0.000 0.000 142359 142353 1 1 1 1

2 1 70562 70562 70562 70552 1 1 1 1

3 H 0.000 0.000 322 82,156 1 1 1 1

4 3 8764 87.641 420614 420514 1 1 1 1

5 ] 0.000 0.000 182156 37226 1 1 1 1

3

7 H Center 0.000 0.000 268337 528,302 1 1 1 1

g H 0.000 0.000 322 182,156 1 1 1 1

E] 3 0,000 0,000 14730 703897 1 1 1 1

10 ] 249,738 0.000 500717 808,340 1 1 1 1

1" 3 N g87.841 420614 420514 1 1 1 1

12

13 3 Center 0,000 0,000 341516 A011.072 1 1 1 1

14 3 0.000 0.000 14,790 703.897 1 1 1 1

15 4 0,000 0,000 208,090 351617 1 1 1 1

16 E 138523 0.000 542469 172,834 1 1 1 1

17 El 249,798 0,000 £00717 808,940 1 1 1 1

18

19 4 Center 0,000 0,000 400991 510,952 1 1 1 1

20 4 0.000 0.000 209,090 1351617 1 1 1 1

21 5 0,000 0,000 301780 1993390 1 1 1 |i\|z‘

4

Figure 9.2

Design Output | RC Plate Results

Concrete DesignDpesign Output | RC Plaiesultdisplays the following dialog box (Figure22).
It allows you to view the required plate reinforcement areas (top and bottorax lacdllocal y
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directions) and the corresponding Weadner moments for concrete plates (shells). You have the
option to view the plate design results for the selected plates only.

Concrete Plate Design Result - b
[ishow selected only: Print Save Close
ShellId Nodeld | DesignH [in] | fo [kipdin™2] | By [kinfin™2] E[E‘.'é'ﬁf E“g‘n’:,';:]y T[;”_,'t';'n“]" T[E?f'm‘;]y Efﬁ'fij; [El:le]jft ;:E'Z‘i‘jff ;:E;f,{ =
1 Center 550 40 800 0.000 0000 142353 142359 0.000 0.000 0.006 0.006
2 1 650 40 500 70562 70se2  0se2  70S62 0003 0003 0003 0.003
3 2 650 40 B0.0 0.000 0.000 -37.226 182156 0.000 0.000 0.002 0.008
4 S 550 40 500 a4 grafl 420614 4206124 0004 0004 0013 0018
] 32 650 40 B0.0 0.000 0.000 182,156 -37.226 0.000 0.000 0.008 0.002
6
7 2 Center 550 40 500 0000 0000 268337 523302 0000 0000 oom 0022
a 2 650 40 B0.0 0.000 0.000 -37.226 -182.156 0.000 0.000 0.002 0.008
3 3 550 40 500 0000 0000 14790 7038 0000 0000 0005 0.030
10 34 650 40 B0.0 249.798 0.000 00717 -808.940 0o 0.000 0021 0.034
hhl 33 650 40 B0.0 87.841 87841 420614 420614 0.004 0.004 oma 0.018
12
13 3 Center 650 40 B0.0 0.000 0.000 341516 1011.072 0.000 0.000 0os 0.043
14 3 550 40 500 0000 0000 14790 7038 0000 0000 0005 0030
15 4 550 40 500 0000 0000 208090 1351617 0000 0000 0003 0058
16 35 650 40 B0.0 138523 0.000 542469 1179834 0.006 0.000 0.023 0.050
17 3 550 40 800 24a7ss 0000 S717 40840 aon 0a0 oo 0034
18
19 4 Center 550 an 500 0000 0000 400891 4S10852 000D 0000 OM7 0065
20 4 550 40 500 0000 0000 208090 1351617 0000 0000 0003 0058
21 ] 650 40 B0.0 0.000 0.000 -301.760  -1993.390 0.000 0.000 0ms3 1] EEE
4

Figure 922

Diagrams | RC Member Envelope Diagram

Concrete DesignDiagramg RC Member Envelope Diagradiisplays the following dialog box

(Figure 923). It allows you to view the required flexural reinforcement as well as the moment and
shear envelope used for designing concrete beams. It also allows you to view required stirrup or tie
spacing for concrete beams and columns. You have the optiomtéhaanember envelope diagrams

for the selected members only.

Concrete Member Envelope & Reinf. Diagram

Selectdiagrams to display

Concrete Member Moment Envelope v

Diagram mode

Diagrams an all members ~

[v] Show values [ |Show units

Center diagram values at member ends

Plot scale

MNote: Base scales can be setfrom Settings->Graphic Scales menu

Figure 923

Diagrams | RC Plate Envelope Contour
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Concrete Designlpiagrams RC PlateEnvelope Contoudisplays the following dialog box (Figure
9.24). It allows you to view the required flexural reinforcement as well as the \Xoodr moments

(top and bottom, local x and y directions) for concrete plates (shells). You have the option to view
the plate envelope contours for the selected plates only.

Concrete Plate Envelope Contour
Envelope type: Fequired plate reinfarcement w
Location-direction: TopX w
Display mode: Iso-Surface only w
Use 16 colors for contour . se & colors for contour
[JUse gray scale

[ ]Shaw contour on selected elements only.

Figure 924

RC Report

Concrete DesignRC Repordisplays the following dialog box (Figure28). It allows you to print
concrete design report on beams and columns.  You have the options to include flexural design for
concrete beams, axiiexural design for concrete columns as well as shear design for concrete beams
and columns. You aldoavethe optionto print the report on selected members only. Figuzé 9.

shows the print preview for a column axikdxural design report.

Concrete Design Report

[include flexural design for concrete beams!

Include exiakflexural design for concrete colurmns

Include shear design for concrete beams and colurmng

For selected elements only

Figure 925
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Project/Job: Example-14 column far ends pinned.r3a

Engineer:

Date/Time: Sat Aug 21 15:46:08 2021

Real3D V19.0 (1915.0)
(C) Computations & Graphics, Inc

Member: 1

Concreted0
(kip/in~2)
Rect36x19.5

Material:

4.000

ion:

ction Type:
28.580

Rectangular
Length: (ft)

Stirrup legs: 2

min = -619.343

Node-1: 5
Cracking Factor: 1.000
60.000 (kip/in~2)

2.50 (in)
36.00 x 19.50

Fy:
BolLlom Cover:
b = he
0.667
¥3

Supt Face-1: (£t)

Stirrup size:

(in)

Concrete Design Moment Envelope

Node-2: 6
Modulus: 3.64e+03

Fys: 60.000 (kip/in~2)

(in)

Top Cover: 2.50

Supt Face-2: 0.750 (ft)

(kip/in~2)

max = 375.852

=700 T T T T T T T T T T T T T T g
2
je
e
ER
H
E -
J o
ERS
4 o
=
TS T DTN OET PR DTN PP P Frw sowel PR T TR PUTTY FDPTY PONTN ORI DRy Prres PRl e
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ER)
jo
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Figure26
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RC Tools | Rebar Database

Concrete DesignRC Tools | Rebar Database displ#yes following dialog box (Figure 27). It
allows you to select different rebdatabasgfor use in concrete design.

Rebar Database

Database CUSTOM v

Bar Designation Dia[r‘:ﬁtel [ﬁ:’?;] n
1 b o
2 #4 0.5 0z
3 15 0.525 03
7 1 0.75 0.44
E #7 0878 08
. w8 1 079
= #3 1128 1
5 #10 127 127
9 #11 141 1.56
10 #14 1693 225
1 #a 2257 4

Frint Sawve Cancel

Figure 927

RC Tools | K Calculator

Concrete DesignRC Tools | K Calculator (FigureZB) allows you to accurately calculate effective
length factors (braced and unbraced Ks) based on the beam and column relative stiffness input.

Compute Effective Length Factor K

Relative stiffness ratios atthe top and baottom joints of the colurnn

Z % Jorcokumn members

Z % Jorbeam members

@ Column Top: 0.47

& Column Bottom: 0.47

Braced K
Compute
Unbraced K: Close

Figure 928

RC Tools | Quick R -Beam Flexural Design

Concrete DesignRC Tools | Quick RBeam Flexural Design (Figure29) allows you to quickly
design a rectangular concrete beam accordidg20318-19/14/11/08/05/02 Minimum
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reinforcement may be optionally computed.

You have the option to design the rectangular beam as

singly or doubly reinforced. A negative reinforcemarga means the design fails.

Compute Rectangular Beam Flexural Reinforcement

Design code: AC-318 2019 ~
Width (b): 10 in fic 4000
Height (h) 20 in fiy: 50000
Top cover 2h in hdu 511
Battam caver: 4 in

Compute minimum reinforcement

Compute

Asg

Asgh

I:‘ Singly reinfarced only

3.479 i
073 in"z
Figure 929

RC Tools | Quick T -Beam Flexural Design

Concrete DesignRC Tools | Quick IBeam Flexural Design (Figure3®) allows you to quickly

design aoncrete tebeam according tACI 318-19/14/11/08/05/02 Minimum reinforcement may
be optionally computed. The tee beam is always designed as singly reinforced. A negative
reinforcementirea means the design fails.

Compute Tee Beam Flexural Reinforcement n
Design code: ACI-318 2019 v

‘Wiclth (h) 47 in fe: 4000 lbfin™2
Height (h) 225 in fy: 60000 lbyin"2
Flange 3 in hu: 1333 kip-t
Web width " in

Compute minimum reinforcement
Bottormn cover 2h in

Compute At 1.502 in"2
Close
Figure 930
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Chapter 10: Steel Design

Steel Materials

Steel Design | Design Criteria | Steel Matenmismpts you with the following dialog box (Figure
10.1). It allows you to define steel strength propefoeshe existing materials. The strength
properties include

1 Steel yield stress Fy

9 Steel rupture stress Fu

If standard materials are used in Geometry | Matetiz¢se strength properties will be set

automatically. You may override these properties prior to performing steel design. No steel design
will be performed on a member if its modulus is not close (within 10%) to 29E3¥seu should not
modify materials that are not steel on this dialog.

If applicable, right clicking on a cell can be used to 4ilitall or selected cells in the clicked column
with the value of the clicked cell.

Material - Steel Strength

-
Material 1d Label Fy [kip#in“2] Fu [kipdin*2] =

2 2 Concrete30 50 50

[]

Save Apply Cancel

Figure 10.1

Design Criteria | Model Design  Criteria

Steel Design | Design Criteria | Model Desi@piteriaprompts you with the following dialog box
(Figure 10.2). Currently, the design code can be either AISC-36@15" edition) LRFD or AISC
360-10 (14" edition).

If direct analysis method is chosen, the program will account for stiffness reduction when calculating
the moment magnification fact&u.x and Byfor P-& (P-delta)effects You also have the option not to
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consider moment magpnification factor B1 altogether. Please be adviseeDlblia fP-E ) analyses
should be performed on load combinations that are used for steel design.

To be conservative, you can always use 1.0 for Cm that accounts for nonuniform moment. Uncheck
t he fAAIl wsfyossr uGmedo 1i.f0 you would | i ke the program

Model Steel Design Options X

Design code:  &15C 360-22 [16th E ditior] LRFD P

[T Uze Direct Analyzis Method

wy Consider moment magnification factor B1
[P-delta effect aszociated with individual member curvature]

|| Alwayz uze 1.0 for Cm [Uncheck this box to compute automatically)
|__| Check capacity at column ends onlp

|_| Only use sections defined in Steel Design | Design Critenia | Section Pool

Connector distance for double 0 ft
M airmurn number of steel section 10
Total load deflection denominator 240

e.g. 240 means the total deflection will be limited to L/240:

Live load deflaction denarinatar 360
£.0. 360 means the total deflection will be limited to L/360:

Adjust deflection ratioz for each member bazed on the ratio of analyziz
section |+ over design candidate section Ix

ok ] Cancel

Figure 10.2
You have the option to only use sections define8tael Design | Design Criteria | Section Pool during
the design process. This is useful if you do not want the program to use too many steel section sizes
for the entire model.
Connector distance for double angles is used for sections that are double angles.
The default number of section candidates designed for each member is 10.
You can also specify limits for total load deflection and live load deflection.
The AAdjust deflection ratios for each member

candi date secti on Thixisio pevent the situattorewherdne cakdiddte section
is available when critical ration design for a memebes caused by deflection limits.

Design Criteria | Member Design Criteria

Steel Design | Design Criteridember Design Criteriprompts you with the following dialog box
(Figure 103). It allows you to define and assign design criteria for members.

An Id is assigned automatically to each design criterion by the program and may not be changed.
You may assign a label wittR7 maximum characters to each design criterion. The column design
criteriainclude
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1 Section Prefix, which is a comma delimited list. For example, if you want the member section
to be with W10 or W12 si ze, caealst specifythb gefopr e f i
as the exact AI SC shapes. Use the prefix
changed from the original shape.

1 Sway flags in x and y directionghese flags are currently only used in checking the validity of
Kx and Ky.

1 The length between points that are braced against lateral displacement of compression flange
Lb. Currently, the program only supports equal Lb along the member length. For non
continuously braced, the program will use the member length for Lb if the isaduntered O.

For continuously braced, 0 must be entered for Lb.

Steel Member Design Criteria - O

MNote: Enter 0 for Lux, Luy or Luz it you wantto use the member length as any ofthem. Enter 0 for Ch if you want the program to calculate it automatically.
Maote: Enter 0 for Lb it the member is not continuously braced laterally and you wantto use the member length for Lb, or if the member is continuously braced laterally.

[

Steel Ciaria Section Prefix Continuously Ma Uity
& Label oA uy | KSwa? | YSww? |Lb[| SR 0o | Ll | Ll Ll Ke | Kp | Ke | i tdo

1 [ Jpefan win Melv|  Now| g Mo v 114 i 0 01 11 1

(4]

4] [v]

New Rows Print... Save. DAsswgn active criteria to selected members Apphy Cancel

Figure 10.3

1 Lateraltorsional buckling modification factor for namiform moment diagrams Cb. The
program will automatically calculate Cb if the value is entered 0. You can always use Cb =
1.0 for conservative reasons.

1 Unbracedengths in xy and zdirections. You may enter zero if you want the program to use

the member lengths as the unbraced lengtRéease note that x, y directions refer to strong

and weak axes in steel design.

Effective length factors in %; and zdirections.

You have the option to set the maximumity check ratio By default, this ratio is 1.0. You

can set a value less than 1.0 (but greater than 0.0) for conservative reasons.

= =4

If applicable, right clicking on a cell can be used to 4dilitall or selected cells in the clicked column
with the value of the clicked cell.

Design Criteria | Section Pool

Steel Design | Design Criteria | Section Pool prompts you with the following dialog box (Figt)re 10.
It allows you to define a list of sections that may be used exclusively for design.
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You can copy a list of section labels from the AISC table. You can also enter sections manually.
Each line in the section pool box can only contain one section. Furthermore, you can automatically
add all the section candidates to the section pool (8teal Design | Design Result).

Steel Section Pool

Sections can be added to the section pool by copying section columns from
AlSC Table ar by updating sections from the steel design results

I:‘ Only uge sections fram the Section Pool during design

Section Poal (one section per ling)

W32
W40=199

oK

Cancel

Figure 10.4

Design Criteria | Exclude Elements

Steel Design | Desig@riteria| Exclude Elements prompts you witte fllowing dialog box (Figure
10.5. It allows you to include or exclude steel design for selected members.

Exclude Elements from Steel Design n

(Incdude selected slemearts for steel design

O Exclude selected elements from steel design:

Figure 10.5

Assign Member Design Properties

Steel Design | Assigilember Design Properties prompts you with thiéofving dialog box (Figure
10.6. It allows you tacontinuouslyassignsteeldesign properties to membersAfter clicking

AAssi gno, ycontinuausassigdteal designtprpertidy windowselectingnembers
until you right click the mouse or press the ESC key.

Assign Steel Member Design Properties n
Design Criteria: 1: Default v| [use

Design Exclusion: Included hd DUSE

[#] Assign entries to currently selected members

Use All Clear Use Cancel
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Figure 10.6

Design Input | Steel Member Input

Steel Design | Design Input | Steel Member Input prompts you witloltbeving dialog box (Figre

10.7. It allows you to enter members for steel design in a spreadstesth element includes the
design criteria Id, and exclusion design flag (0 for included, 1 for excluded). You may not modify the
member Id. Design criteria lds must be valid (defjnedSteel design criteria comibox is provided

for you to correctly pick and apply proper steel design criteria to selected members.

If applicable, right clicking on a cell can be used to dilitall or selected cells in the clicked column
with the value of the clicked cell.

Steel Member Input n

Stesl design criteria: 1: Default v Apply to Selected Rows

tdember Id Design Criteria Exclusion =

<1 [+]

Perirt Sawe Cancel

Figure 10.7

Perform Design

The Steel Design | Perform Design menu allows you to run the steel design.

Design Result

The Steel Design | Design Result allows you to view theldesign results (Figure 1.8 It also
allows you to update member sections.

The section column on Figure 10.8 includes a combobox that contains the member original section
(first entry in the combobox) and designed section candidates (second or more entries in the
combobox). You can change the member sections by picking the gemi®n candidateRlease be
advised you need to+analyze and design after one or more member sections are updated.

TheCritical Ratio and Load Combination list the highest ratio, corresponding load combination and distance
considering Axial & Bending, Shear, and Deflection for all load combinations.
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When critical ratio on a member is controlled by deflections, you may need to update the analysis section in
order to continue section design.

Steel Design Result o o x
AiialBen Total | Live Total | Live
Length Citical Distance Shear | ShearY Muz | Mup | Vux | Muy | Total Live Dy PRiPn Phibng PhiMng Phiving Phivig |
Section Status Load Combination ey ding jo | Deflecti Deflecti Pu[kip] g il i i | il B Defl | Defl.  Cb  Cmx Crw
4 [#] Ratio ooz B8 | Ratio | Raio = o tkip-f) kg ] kil | [kipl | Dyfie]| il | kiel | kiph] D) [kie] kil i Limit i
01926485 05 09264085 538517 -0B86 295 0E61e-15 a 25.595740.751 207.375 29853521478 BEEET 1.30073

Pit.. | Save. | ' ProcedueinWod | ProcedwsinPDF | ()dd section candidates to Section Pool | Update Sections | Cancel

Figure 10.8

In addition, you can add all the section candidates to Section Pool, which can be used in the next round
of design.

Finally, you can view the detailed calculation procedun@/ord or PDF formator each member for
the most critical load condition.The following is a sample detailed calculation procedure that is auto
generated by Real3D.

Sample Calculation Procedure
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General Info

File Name

Member Id 1
Design Code

Using Direct Analysis Method No
Consider Multiplier B1 for P-delta

Effect Yes
Total Load Deflection Limit 1/240
Live Load Deflection Limit 1/360

Date & Time

11/27/2023 19:26

AISC 360-22 (16th edition) LRFD

C:\temp2\build\cgiSol\output\UnicodeReleasex64\Examples\Example-17

Section Property- W10X33

Property Value Unit Property Value Unit Property Value Unit
A=Ag 9.71 in"2 bf 7.96 in tf 0.435 in
tw 0.29 in d 9.73 in h/tw 27.1
Cw 791 in"6 ho 9.3 in rts 22 in
Zx 38.8 in"3 Sx 35 in"3 Ix 171 in"4
rx 4.19 in Zy 14 in"3 Sy 9.2 in"3
ly 36.6 in"4 ry 1.94 in J 0.583 in™4
Design Input
Input Value Unit Input Value Unit Input Value Unit
Pu="Pr 30 kips Mux = Mxr -90 kip-ft Muy = Myr -12 kip-ft
Cmx Cmy 1 Vux 0 kips
Vuy 0 kips Fy 50 ksi Cb 1.14
Lb 14 ft Kx 1 Ky 1
Kz 1 Lx 14 ft Ly 14 ft
Lz 14 ft Total Dy 0 in Live Dy 0 in
Analysis Deflection
L 14 ft Section 53.8 in"4  Adjustment 0.31462
W10X12 Ix Ratio
*Lex = Kx * Lx; Ley = Ky * Ly; Lcz =Kz * Lz
Axial Capacity Calculation
Step Equation Value Note
Checking flange slenderness
b=>bf/2 3.98in
b/ tf 9.1494
E
Ay 56y [ — 13.487
£y

The section has non-slender flange element

Checking web slenderness




b/t=h/tw 27.1
E
A =149, — 35.884
By
The section has non-slender web
Compressive strength to account for flexural buckling
K.L,
40.095
Ta
K,L,
— 86.598
Ty
KL K.L, K,L,
— = max , 86.598
r Ty Ty
mE
o= —— 38.167 ksi Eq.E3-4
(%5)
F
4714 — 113.43
ky
KL E
— <4714 =
r F,
E’L
F, = (U 658 Fr) F, 28.896 ksi Eq.E3-2
P, =F,A, 280.58 kips Eq.E3-1
Compressive strength to account for torsional and flexural-torsional buckling
T EC, 1
F, = —5 t GJ | —— 70.092 ksi Eq.E4-2
ch I‘U + Iy
F y
— 0.71335
Fe
F
£ <225
Fe
511
F, = (0.658 Fe ) F, 37.094 ksi Eq.E3-2
P, =F,A, 360.18 kips Eq.E4-1
Flexural buckling controls: Pn 280.58 kips
O 252.52 kips
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Moment Magnification Calculation

Step Equation Value Note
Moment magnifier B1 for P-delta effects in local x direction
T BT
el = T3 1734.1 kips Eq.A-8-5
(K, L)?
C
Bl=—2 __ >1 1.0176 Eq.A-8-3
1-— OIPT/Pel -
Magnified Mux = Mux * B1 -91.584 kip-ft
Moment magnifier B1 for P-delta effects in local y direction
T BT
L= o 3 371.16 kips Eq.A-8-5
© (KL)?
C
Bj=—__>1 1.0879 Eq.A-8-3
1-— aPr/Pel -
Magnified Muy = Muy * B1 -13.055 kip-ft
Mrx = Mux; Mry = Muy
Major Flexure Capacity Calculation
Step Equation Value Note
Web compactness:
he
A=— 27.1
buw
FE
Apw = 3.764 [ — 90.553
£y
E
Apw = 5704 [ — 137.27
By
Web is compact
Flange compactness:
b
A=—L 9.1494
ot ¢
F
App = 0.38 o 9.1516
Y




E
= 1_ e
A g 0 7

24.083
Y
Flange is compact
Mnx to account for yielding
M, =M,=F,Z, 161.67 kip-ft Eq.F2-1
Mnx to account for flange local buckling
A< Ap f
M, =M, 161.67 kip-ft
Mnx to account for lateral-torsional buckling
E
L, =1.76r,| — 6.8525 ft Eq.F2-5
F‘u
For | section, c 1
E Je Je \? 0.7F,\?
Ly = 1.95r —— +6.76 . 217761 Eq.F2-6
0.7F, \| S.h, Seho E
M,=M,=F,Z, 161.67 kip-ft Eq.F2-1
SincelLp<Lb<lLr
L,—L,
M, =Cy | M, — (M, — 0.7F,S,) T I < M, 151.77 kip-ft Eq.F2-2
r— Hp
Controlling nominal flexural strength Mnx 151.77 kip-ft
M, = oM, 136.59 kip-ft
Minor Flexure Capacity Calculation
Step Equation Value Note
Mny to account for yielding
Fy * Zy 58.333 kip-ft
Fy * Sy 38.333 kip-ft
M, =M, =F,Z, <16F,S, 58.333 kip-ft Eq.F6-1

<

ny to account for lateral-torsional buckling

)\<Apf
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M, =M, 58.333 kip-ft
Controlling nominal flexural strength Mny 58.333 kip-ft
My = oMy, 52.5 kip-ft
Flexural and Axial Interaction Calculation
Step Equation Value Note
r._ P,
P~ o.P, o488
P.
— < 0.2
P,
b + M + My < 1.0 0.97858 Eq.H1-1b
2P,  \ M. M,) "~ ' e
Axial-flexural strength: OK
Major Shear Capacity Calculation
Step Equation Value Note
A, = dt,, 2.8217 in"2
Computing Cv for major axis using G2.1
k, = 5.34
h/t. 27.1
224,/ E/F, 53.946
hit, <224\/E/F,
Coi =10 Eq.G2-2
Major shear strength
Vi, =0.6F,A,C 84.651 kips Eq.G2-1
hit, <224\/E/F,
¢, = 1.00
Vi, 84.651 kips
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0
¢)1.‘VTL
Shear strength (major axis): OK
Minor Shear Capacity Calculation
Step Equation Value Note
Ay = 2bsty 6.9252 in"2
Computing Cv2 for weak axis using G2.2
k, =12
h/t, =b/ts 9.1494
L1104/ ko E/F, 29.02
1.37\/ k,E/F, 36.143
h/t, < 1.10y/k,E/F,
Cho=1.0 1 Eq.G2-9
Minor shear strength
V, = 0.6F,bst,Cyo 207.76 kips Eq.G6-1
by = 0.90
O Vi 186.98 kips
Ve o
¢)1.‘VTL
Shear strength (minor axis): OK
Total Load Deflection Check
Step Equation Value Note
Total Deflection Limit = L / (Total Deflection Denominator) 0.7 in
Total Deflection Ratio = (Total Dy * Deflection Adjustment Ratio) / (Total Deflection Limit) 0

Total Load Deflection: OK
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Live Load Deflection Check

Step Equation Value Note
Live Deflection Limit = L / (Live Deflection Denominator) 0.46667 in
Live Deflection Ratio = (Live Dy * Deflection Adjustment Ratio) / (Live Deflection Limit) 0

Live Load Deflection: OK

19¢



Steel Tools | Section Check

Steel Design | Steel Tools | Section Check (Figur@) Allows you to perform steel section capacity
check.

Lux, Luy and Luz are unbraced lengths in local x, y and z directions.
Kx, Ky and Kz are unbraced length factors in local x, y and z directions.

Lb is the unbraced lateral length.
Cb is the lateratorsional buckling modification factor for namiform moment diagrams. It should
be greater or equal to 1.0. You can use 1.0 for Cb conservatively.

Connector Distance is used for double angles only.

Steel Beam-Column Check X
Code: AISC 36016 [15th Edition] LRFD - [ Use Direct Analysis Method
Section AISC Table. Consider Moment Magrification Steel Yield Stress * ksi
Geometry
. . Connector Distance
Length: 10 ft Lb: 1 ft Cb: ! [for double angles only): 0 &
Lu: 0 t Ly: 10 ft Luz: 10 ft
K 1 Ky 1 Kz 1
Load Effects &
Pu [ My W Wy phi-Pn | phi-tns | phiddny | phivhs | phivne Critical
kip) | [kipf) | kipf) | (kip) (kip) Comee L o R % A - 1 L =t |:

L1

W e

==

Fn

Compute Procedure in\word Procedure in FDF ak ] Close

Figure 109

Pu, Mux, Muy, Vux, Vuy are required axial, major moment, minor moment, major shear and minor
shear. For Pu, the compressive force is positive while tensile force is negative. Moment Mux is
positive when section top most fiber is under compression. Mauhayis positive when section
rightmost fiber is under compression. Moment magnification may be optionally considered to
accountfortheBlelta(Ril) ef f ect

If direct analysis method is chosen, the program will account for stiffness reduction when calculating

the moment magnification factornBand By for P-d effects It is assumed thatRRE (only) second
order analysis is performed for the load effects ERix, Muy, Vux, and ).
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Cmx, Cmy are coefficients accounting for remiform moments when computing moment
magnification. You can use 1.0 for Cmx and Cmy conservativelyO islentered fo€mx or Cmy,
1.0 is used in the computation instead.

Results include axial capacity (pRn), moment capacity (piinx, phiMny), shear capacity (phi

Vnx, phiVny), moment magnification factors (B1x, B1y) and critical ratio. The section is deemed
safe to resist a load if the critical ratio is less thandtl@rwise, the section is deemed unsafelease
note that for a single angle, the moment capacities are given about the prinei@addvzz axes and

the input moments Mux and Muy are transformed in the principal axes before flaxialahteraction
ratio is checked.

Steel Tools | Section Design

Steel Design | Steel Tools | Section Design (Figurgdl@llows you to quickly design steel sections
againsta set of load effects. The Section Design input and output are shown below:

Steel Beam-Column Design X
Code: A1SC 36018 (15th Edtion] LRFD v
Shape: W o
Section Filter Criteria [0 ptional) Use Direct Design Method
Section Prefices Congider M t M agnificati
[Camma delimited list, =.g. W12, W14). R
- . 0 f 0 Mairurn Murmber of - ¢
Section Min in Section Max n Section Candidates:
Section Min a in Section Max 0 in Steel Yield Stress L ki
Loads: Fu Mus Vi Vi iy o . A Geometry
kin] kipft) kip-ft) [kip] [kip] ™ o Lerath 10 it
ength:
]
2 Lus: 10 ft (£ 1
3
Ly 10 ft Ky 1
4
5 Luz; 10 ft Kz 1
E
Lb 0 fit Ch 1
7
g Connector Distance [for double angles anly) 1] it
« [+]
Section - -~ .
Candidates Section Critical B atio Critical Load lﬂl
1 I Detail Check..
2
]
4
]
E
7
g Close
4

Figure 1010

For Section Filter Criteria, you can use either Section Prefixes or section dimension limits (but not
both). The section prefixes is a comma delimited list such as W12, W14. If section prefixes is used,
the section dimension limits will be ignored. I$@ction dimension limit is zero, then that limit

criteria is ignored.
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By default, a maximum of ten section candidates will be provided after a successful design. You can
then view the detailed check for each of the section candidate.
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Chapter 11: Settings

The Settings menu provides commands related to settings for model data and graphical entities in
model views Some of these settings may be applied beyond the current model, that is, they may be
saved for use in future models.

Units & Precisions

Settings | Units & Precisionqmompts you with théollowing dialog box (Figure 11). You may

select different units and precisions for various physical measurements used in the model. You may
run this command as many times as you like. You may convert existing data associated with a unit in
the model by checking or unchecking theeck box to the right of that unit. For example, if you
mistakenly enter all nodal coordinates in a wrong length unit, you may select the correct length unit
and uncheck the conversion checkbox to aamedal coordinate input.

Units and Precisions
Check the hox to the right of each unit to convert existing data associated with that unit. Clear All

Geormetry: Properties
Length: ft v |#00 Modulus (E. Py, ete): kipfin™2 v | |[#000E+D0 v
Dimension: in v o#00 Weight density: Il ft™3 v| [#0 v
Loads Reinfarcement. area; | in"2 v |#00 v
Farce: kip V| [#000 Stress: llnfin"2 v | [#D00E+D0 v
Linearfarce: kip/ft v | 000 Spring constants
Moment: kip-ft V| [#.000 Node Kx, Ky, Kz: Ilafin v | [#000 v
Linearmoment:  kip-fift v | [#.000 Mode Kox, Koy, Koz:  [l-infrad v | |#.000 v
Surtace force: Ifft™2 W #.000 Ling Kx, Ky, Kz: kipfin“2 w000 v
Displacement in v #000E+0D v Area Kx, Ky, Kz: kipfin*3 v 000 v
Fotation rad v [#000E+00 W
Temperature: Fahrenheit » |#0 v |:| Save as defaults for future use

Default English Default Metric Caonsistent English Consistent Metric Ok Cancel

Figure 1.1

Default English and Default Metric let you quickly set predefined units commonly used for the

imperial or metric system. Consistent Englsid Consistent Metributtons let you set predefined
consistent units for the imperial or metric system. In a consistent unit system, units for the same type
of physical measurements are the same. For example, units for both length and dimension are the
same, which is inchdsr imperial system and meters for metric system.

You may set the precision for each unit in either decimal or scientific format. Precision settings are
used in displaying data in spreadsheets, diagrams, and reports

By checking ASave as defaults for future useo,
models. Itis a good idea &sosave graphic scales in the registry at the same time. To do that, just
run Settings | Graphic Scales



Data Options

Settings | Data Options prompts you with the following dialog box (Figlg).1

Distance tolerancis used for distance comparisons in certain commands such as Edit |[N\belege
and Edit | Explod&embers. Distances less than distance tolerance are considered zero by the
program.

The AUndo/ redo | ev e l/lredolevelswhih thelpregramavil perfourm  Ther d o
program requiresxtracomputer memory for each undo/redo level. The default undo lesttisgis

100. Depending on your computer memory and model sizes, you may want to set undo levels to be
smaller.

Data Options n
Distance tolerance:
Undofredo levels: 100
Found-off epsilon 1e-10
Show finite elements stresses at: Center only W
[ 5how only selected entities in spreadsheets
Sawve results when the document is sawved
Fictitious oz stiffness factar for shell element Te-0?
MNote: Awvalue of 1e-b ar less is recommended forveny thin, curved shell
structure. However, too small value may cause numerical difficulties
during solution.
Diaphragm stiffness factar: 10000

Mote: Avalue between 1e3 and 1e10is recommended. The biggerthe
value, the stronger the rigid diaphragm action. A smallervalue may be
needed for solution stahbility or convergency.

Figure 1.2

Roundoff epsilonis used to truncate floating point numbers such as those found in results. For
example, a fixed support may have a displacement of 100 ¥éhen in fact it should zero. A round
off epsilon of 19 will do just that.

Stresseare computed at the center atdhenodes of finite elements such as shells or solids.

However, you may request the program to show stresses at the finite element center only, nodes only,
or both. The checkbok Show only sel ect &d deertteirtmiemsesi n fs m@mrl da
elements and their dependents will be shown in the spreadsheet. By checking this checkbox, you may
easily query selected entities in a large model. It is important to point out that data in some input
spreadsheetsay not be modified when this option is checke.h e chec kb oxwhéhave r
document is savedoO gives you the option to sav:
data is saved. The result file is a binary file and has the same file name as model input file, but with
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an extension of Arsto (static results) or fAdyn:q

than the model input file.

The fictitious oz stiffness factor is used to multiply the minimum of diagonal terms (excluding 0z) in
the shell stiffness matrito construct the fictitious oz stiffness terms.  Bhaallerthis factor, the

more accurate the solution, especially for very thin and doubly cshadd. The valid range for this
factor is [1el2, 1e3]. You normally do not need to change its default valu€’j1le Numerical
difficulties may arise during solutioifithis value is set too small.

The diaphragnstiffness factor is used to control the diaphragm rigidityhe larger this factor, the

more rigid the diaphragm action is. The valid range for this factor is [0, 1€20]. The default value is
le4. Numerical difficulties may be present during static or frequency analysis if the diaphragm
stiffness factor is set tdarge (say 1el3 fatoubleprecisionsolver). It is generally recommended to
usequadprecisionsolver to avoid the aforementioned problem.

New Origin

Settings | New Origin prompts you with tfelowing dialog box (Figure 1B). It allows you to reset
the model origin. In particular, the origin may be set at the current model center. This allows you to
center the model so its view may be rotated more smoothly.

New Origin

Model Center

Figure 1.3

Vertical Axis

Settings | Vertical Axiprompts you with the following dialog box (Figure 4)1. It allows you tcset
either global Y (default) or global Z @isevertical axis fothe model. Vertical axishas impact on the
preset views such as front/back, left/right, top/bottom and isometric vidialso affects the way
real time rotation works.

Vertical Axis

[ 5ave vertical axis setting for future use
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Graphic Scales

Figure 11.4

Settings | Graphic Scalpsompts you with the following dialog box (Figuré.3).
scales for graphical entities such

these scales will be saved in the registry for future uses.

at the same time. To dbdt, run Settings | Units & Precisions

Load Scales

Fuointforce
Paoint mament:
Linear force:
Linear moment:
Areaforce:

Mass

Mass mament of
inertia:

Force diagram:

Moment diagram:

[ ]save as defaults for future use

Colors

Settings | Colorprompts you with the following dialog box (Figur#.@).
of different graphical entities in the model.

10

1200

1152

001z

1200

time. By checking
show different colors in rendering mode.

Graphic Scales
Other Scales

[kip] =t MNode: 4 el
[Kip-in] = #t tember width: 1 Pixals
[kiptt] = ft Supporspring 4 ft
[kip-fiff] = i Local axes 4 ft
[Ib/f"2] = ft Member release 4 ft
[kip-sec™2/f] = ft Reinf. area 1 [in"2] =t
[Kipsec”af] =t Stirrup spacing: 1
[kig] - Rigid link width 8 pixels
[kigmin] = ft

Figure 1.5

fUse col or cues for

By checking fiUse white background
captured image even if a different background color is used in the model viéws option will
reduce the amount of ink required to print the ima@edor settings can be optionally saved to the

registry for future use.
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Colors n

Modify Selected (double-click to modify single iterm) Modify Selected (double-click o modify single item)

Graphical Entity Calor Load Case Calor

‘Backgrnund
Grid

Node
Selected-Node

1 |Delault I

Member
Selected-Member
Shel
Selected-Shell

@~ m e R =

q Brick

10 Selected-Brick

11 Spring

12 Support

13 Release

14 MNode-Annotation
15 Member-annotation
1g Shell-énnotation
17 |Brick-Annotation

18 MNodal-Resultant-Annotation

4

1

: o

Use color cues for different materials [ ]s@&ve colars for future use

Uge white background forimage captures
Fesetto defaults Apply Cancel

Figure 11.6

Preferences

Settings | Preferencesompts you with théollowing dialog box (Figurel17). The fAData Fol c
determines the default folder or directory when a file is saved or opened.

The fAAut omatpiecr ifoidloe dbeatcekrunpp nes how frequently t
automatically. EnterOfornoautbac k up s . Backup files have the

Settings for ARecspm nse Aati mad theResponsE Animatmmay act i
command frontheView menu after an analysis has been performed successfully.

You have the options to lock the model after analysis is performed successfully. By default, an
internal HTML viewer is used to view text and graphical reportéou may use an external HTML
viewer such as Internet Explorer instea®.ou have the optioto save drawing grid settings.

By default, rubbebanding is enabled while drawing beams, shells or bricks. You may want to
disable this feature if your computer graphic card is not fully Operdshpatible

Additional settings related fidling shear and moment diagrantke font for graphics anithe
spreadsheetppearance are available.

When the sparse solver is used for static analysis, you may cnooseof-core approach so
computer memory usage is minimized. You may specify the maximum amount of memory to be
used in lhe outof-core sparse solver.This value should be smaller than the physical memory
available in your system.You may also specify the number of CPUs for the sparse solver.

Preferenceare always saved in the registry for future use.
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Preferences

Data Folder

|
Automaticfile backup period 0 minutes Spreadshest Seftings
Response Animation Show row headers in spreadshests
Nurnber of frames: n Row height. 14 Fontsize: |7
Duration per frame 02 secondi(s) [ ]Append to existing file when sawving spreadsheetto htm/bd far
Graphics
Fantname: % Arial w Use rubber-banding while drawing elements
Font size: 16 DUsetradlmnal selection rectangle

(may notwork on some newer systems)

[JLock model atter analysis is performed succasstully. Sparse Sohver
[ ]Use the external HTML viswer (2.g. Internet Explarer) Meximum memary for outof-core solver (MB): 200
Beve thaving grid seitngs MNumber of CPUs for sparse sohver: 8

Fill rmornent and shear diagrams

Filltransparency value [0-1.0]: 05

Figure 1.7

Enable/Disable Hardware Acceleration

Settings | Enable/Disable Hardware Acceleration allows you to turn on or off OpenGL hardware
acceleration. By default, OpenGL hardware acceleration is turnedfoyou encountegraphics
problems(due to faulty graphics drivers) the software, you may want to try to disable hardware
acceleration. The graphics performantay degrade significantly but should be acceptable on most
modern systems.

This command may also be useful when using virtual Windows on Mac machine, and Afabést
Windows.

Tools | Unit Conversion

Settings | Tools | Unit Conversion displays a tool for convelseétnween various units (Figure.8)L

Unit Conversion

Unittype Length v
From unit w
Tounit in W
Frarm walue 1
Towvalue: 12

Close

Figure 118
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Tools | Calculator

Settings | Tools | Calculator displays the Windows Calculator.

Tools | Text Editor

Settings | Tools | Text Editor displays the Windows Notepad.

Tools | Copy Command History

Settings | Tools | Copy Command History copies the history in the command window to the clipboard
You may then paste the command history content to a text editor using Ctrl + V. A command history
is associated with each open document.

Tools | Clear Command History

Settings | Tools | Cle@ommand History clears the history in the command window. You may want
to copy the command history before running this command.

Toolbars | Main Toolbar

Settings | Toolbars | Main Toolbar shows or hides the main toolbar.

Toolbars | View Toolbar

Settings | Toolbars | View Toolbar shows or hides the toolbar that contains commands for controlling
the view.

Toolbars | Edit/Run Toolbar

Settings | Toolbars | Edit/Run Toolbar shows or hides the toolbar related to edit, aaatlysesult
visualization commands.

Toolbars | Input Toolbar

Settings | Toolbars | Input Toolbar shows or hides the toolbar that contains input buttons.
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Toolbars | Output Toolbar

Settings | Toolbars | Output Toolbar shows or hides the toolbar that contains output buttons.

Toolbars | Command Bar

Settings | Toolbars | Command Bar shows or hides the command window.

Toolbars | Status Bar

Settings | Toolbars | Status Bar shows or hides the status bar.
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Chapter 12: Window

The Window menu provides commands to create new windodi@rrange existing windows. In

this program, a window may be used interchangeably with a view. The program has two types of
views model view and report view. The model view contains the graphical display of the input in a
model. The report view contains text or graphical repadTML format for the input or outputf a
model.

New Window

Window | New Windowcreates a new window or view based on the current view. You may create
different model viewsvith different display settings with respect to zoomipgnning loading

diagram, shear or moment diagrams, contaics For example, you may have one model view to
display moment diagram, another view to display shear diagram. You may create as many views as
you want. However, too many views may clutter the view area and make graphic display sluggish.

Close

Window | Close closes the current window.

Close All

Window | Close All closes all windows that are currently opeyou will be prompted to save file(s)
if necessary.

Tile Horizontal

Window | Tile Horizontal arranges all opened winddwsizontally.

Tile Vertical

Window | Tile Vertical arranges all opened windoxestically.

Tile Cascade

Window | Cascade arranges all open@adows in an overlapped manner

20<



TechniBadkgr oun

20¢



Chapter 13: Coordinate Systems

Two kinds of coordinate systenare used in the program, namely, the global coordinate sgstém
the local coordinate system The global coordinate system is the one and only fixed Cartgstam
in a structural model. The local coordinate system applies to each individual member or finite
element.

Global Coordinate System

The global coordinate systema fixed Cartesiasystem that is

used for entire model. The three axes are denoted by capital

letters X, Y and Z. They follow the rigitand rule. By default,

that is, when a model is not rotated for viewing purpose, the X ax L y

points from left to right (horizontal), éhY axis points from bottom

to top (vertical), and the Z axis points from screen to out of screen (perpendicular to screen).

The global coordinate systesused in the following input
- nodal coordinates, nodal loads
- degrees of freedom related to nodes, supports and springs
- self weights
- point, line and surface loads on members and finite elements [may also be specified in the
element local coordinate systEm

The global coordinate systesiused in the following output
- nodal displacements
- support and springeactions
- brick stresses

Local Coordinate Systems - General

Each member or finite element has a local coordinate systéns a Cartesiasystem that has a
default orientation (when local angdgquals 0) and may be changed at any time. The three axes are
denoted by small letters x, y, z.  They follow the righhd rule.

The local coordinate systeaxists to facilitate input and output for member and finite elements. For
example, point or line loads on a member may be most conveniently specified in the local coordinate
systemof the member. The element results such as shears and moments are output in the local
coordinate system for design purposes.

Since the local coordinate systeutirectly affect input and results, it is always prudent to check them
for correctness using the commands such as View | Asnrmt&ender You may change the local
coordinate systemusing the commands such as Edit | Element Local AmdReverse Element

Node® Or dit may be worthwhile to note that it is the directional vectors that matter while the
origin of the local coordinate system is insignificant in this program



The local coordinate systeisiused in the following input
- point, ling and surface loads on members and finite elements [may also be specified in the
global coordinate systdm
- member moment releases

The local coordinate systemiused in the following output
- member forces, momen&nd local deflections
- shell forces, momentand stresses

In the following sectionsyx, Vy andV: represent the local x, y, and z vectors respectivelix, Vv
andVz represent the global X,,Yand Z vectors respectively. For vector algebra, please refer to
relevant math textbooks.

Member Local Coordinate System

The local coordinate systeof a member is determined by the start and end nodes, and an element
local angle The default (local angle equals 0 degrees) local coordinate syséemember is
defined using the following procedures:

.N2
,rr-""'fﬂ.\-‘{
£
.N1
Steps Description Mathematical Notations
A Vxpoints from node 1 (N1) to node 2 (N2) Vx=N2T1 N1
Bl For vertical members: For vertical members
V:zis always parallel t&z Vz=Vz
B2 For nonverticalmembers: Fornonverticalmembers
Vzis perpendicular to a plane formedVWyandVy Vz=VxXVy
C Vy is determined based &fx andV: and the right _
Vy = Vz X Vx
hand rule
For a member with a nezerolocalanglé¢ o) , first foll ow the procedut
default local coordinate system Then rotate the default Veystem
The rotated/x, Vy andV: define the local coordinate systefigure B.1 shows the local coordinate
systems of some members with different | ocal al

For maximum flexibility, the prograrallows you to autacalculate and assign a local angle to each of

the selected members such that its local z axis is perpendicular to the plane formed by the two member
end points and userdefined3™ point  The local x axis stays the same. The local y axis is

determined by the local x and z axes using right hand rule. This can be useful for some models such as
a dome where member webs are in plane with the member ends and the center of the sphere.
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Local coordinate systenfiesr members with different local angles
Figure B.1
Four-Node Shell Local Coordinate System

The local coordinate systeofia shell is determined by its four nodes, and an element local angle
The default (local angle equals 0 degrees) local coordinate sgétefournode shell is defined based

on the shape of the shell element.

Rectangular Shell NonRectangular Shell
Y ng |7
g N3 M
b4
il X
M1 M2 9
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For rectangular shells, the default local coordinate systeasily definedby thefollowing: local x

points from N1 to N2, local y points from N1 to N4 and local z is perpendicular to the shell surface.

For nonrectangular shells, the default local coordinate systasafined using the following

procedures:
Steps Description Mathematical Notations
LetV1i=N27T N1,
A Local z is perpendicular to the shell surface LetV2=N47 N1
Vz=Vix V2
For horizontal shells that are parallel to global .
. For horizontal shells
Bl plane, local x is parallel to global X N
Vx — VX
B2 For norhorizontal shellsyx is perpendicular to § For norhorizontal shells
plane formed byglobal Y and local z Vx=Vy xV:
Vy is determined based &fx andVz and the _
C right-hand rule Vy = VaXVx
For a shell with a nomero localangl¢ o) , first follow the

local coordinate system

systems

of

Then rotate the defaul t
rotatedVx, Vy andV: define the local coordinate systemFigure 13 shows the local coordinate
some shell el ements with di
W
= \Imz
i
v = 2700
il bt £
z
‘ '},r=|:]':| '}-’=9|:|D
M5 v M M7 Ma
o
ya
i W 7 7
_ 0 y =450 =900
i YT e NI M4

!_}{

Local coordinate systenisr shells with different local angles

Figure B.2
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Eight-Node BrickLocal Coordinate System

The local coordinate systefor a brickelement is always identical to the global coordinate systdin
is fixed andcannotbe changed.
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Chapter 14: Nodes

Nodes are numbered points in space. They are used to define the geometry and connectivity of all
members and finite elements in a model. For members, a node is sometimes referred to as a joint,
which hasaphysical meaning of the intersection of two members such as a beam and a column.
However, in this program, the term fAnodeodo is g:¢
meaning.

Nodal Coordinates

The location of a node is defined by the global Xaid Z coordinates. Since each member or finite
element connects to two or more nodes, nodal coordinates define the geometry of a model. For
example, when you move an element, you actually move the locations of the nodes connected to that
element.

Degrees of Freedom (DOFs)

Each node may have a maximum of six global degrees of freedom (DOFs) associated with it. They
are three translational DOFs along the global X, Y, Z direc{ibrsDy and ) and three rotational
DOFsabout the global X, Y, Z directior{®ox, Doy and Dyz). Some of these DOFs may not be
available depending upon the type ofo & aand e l

Dy available and B Dox, Doy, Docunavai | abl e or suppr esseRlendvihndce
only has D, Dox, Doy available and Q Dy, D.s uppr essed. You may al ways
Frameand Shebh t o analyze any structure, however, tim

simpler model type can be used instead. You may choose the appropriate model type by command
Run | Analysis Options

Six nodal displacements associated with 6 DOFs are output for each node. For restrained or
unavailable DOFs, the programatpusthe corresponding displacements as zero. Nodal
displacements should be the first thing to checksoen determiningesult correctness since the
solution is displacemetitased. If the displacements are wrong, nothing else will be correct.

Node Numbers

A distinct integral number is assigned to each node. Node nuareeused to define the

connectivity of member and finite elements. Duplicate numbers in nodes are not pernittece

can be gapin node numbering sequencéd he program will automatically renumber the nodes
internally before performing the solution The order of node numbering in a model is insignificant to
thefinal results, but it may affect the time and computer memory required to solve thewhedel
skyline solvers are used For a very large model, node renumbering may be important in order to
reduce the half band width the global stiffness matriand therefore the solution time. You may
renumber the nodes sequentially based on nodal coordinates using the command Edit | Renumber
Nodes.
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Half Band Width (HBW) is defined as [Ref.7] as follows:
HBW = max (max dof,; — min dof ;)

1=el<m

where m is the total number of structural elements, andithed®@¢ " Qand & "QREQ are the
maximum and minimum global degrees of freedom numbers associated with element el.

For example, in Figuredll and #.2, models A and B are identical 3D frames (6 DOFs per node) but
with different node numbering schemes. Model A has a HBW of 6 * (9 + 1) = 60 while model B has
aHBWof6*(5+1)=36. Therefore, model B is more economical than model A because of the
reduction of half band width

M3 MN1E MNZ7 M3E MA5 MAT MAZ2 MAS MNAA MAS
| | 0 B =2 a | | -] =2 B o
ME M1 L MNZE (M35 (M4 MIE W37 LMEE JN3S M40
I3 |+ 0 0 i I3 [ 0 0 il
M MIE L N25 (M3 [MAS M3 MI2 I MES (N34 M35
| | B it it i = i} i i |
aliE GM15 LM2d G35 A alt2b JM2Y MG 2D L0
gl gM14 RS IS T4 a2l QM2 SN N2 LS
gl G113 ER2 ARET CMAL Gl 16 LH17 2MTE LTS R0
.NS .N12 .N21 .NSEI .NSB .N11 .N12 .N13 .NM .N15
.NZ .N11 .NZEI .NZB .NSEE .NE .N? .NB .NB .N1II|
_._N1 _.£~J1D_._N19_._I‘J28_._N3F _.l_‘~J1 _.L\JE _._N3 _.I_\M _.I_\IE
Model A: HBW=60 Model B: HBW=36
Figure 141 Figure #4.2

Loads

Forces or moments may be applied to a node. These forces and moments are specified in the global
coordinate system You may regard enforced displacemexgspeciakinds of loads. They are
specified in supports

Supports

By default, a node is unrestrained, that is, it is free to move in any of the six available DOFs.
However, for a model to be stable, restraints on one or more DOFs must be imposed on some nodes.
Restraints may be rigid or flexible. Rigid restraintsraferred to as supports while flexible
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restraints are referred to as springs. You may regard supports as springfinitidspring
constants.

You may assign a support with one or more DOFg [, Dz, Dox, Doy and ;) restrained to a node.

The program uses a scharacter code to represent restraomditions of a support in six DOFs. For
example, 1111110 represents a fixed a support
default, restrained DOFs have zero enforced displaceme¥itsu may specify noaero enforced
displacements to any or all of restrained DOFs. The enforced displacements are discarded if they are
assigned to unrestrained DOFs. You may regard these enforced displacements dsrsjsaafial

loads. They participate in all load combinations but always with a load factor of 1.0.

The forces or moments required to enforce rigid restraints are called support reactions. They are
computed by the program.

Multi -DOF Constraints

We can also applgonstraints to one or more node# constraintis achieed througtthe following
constraint equatiom Real3D

Q1 * constraintfactor 1 = Q2 * constraintactor2

Where Q1 and Q2 are nodal displacements (translational or rotational) at one or two Hdties.
constraints applied to the same node, the constraint DOFs must be diffeémmstrained DOFs

must be compatibl€)1 and Q2 must be both traasbnal or rotational Constraintfactors must be
nontzero. A regular support and mubBOF constraints may be applied on the same node as long as
the support/constrained directions do not interfere with each other.

Multi-DOF constraints are useful in many situations. For example, we can use a caostnaiie|
an inclined rollessupport by selectingppropriateconstrained DOFs and constraint factorReal3D
directly supports inclined rollers on XY, YZ and XZ planes.

The forces or moments required to enforce rFiD@IF constrairgare callednulti-DOF constraint
forces and moments They are computed by the program amel listed separately from the regular
support reactions

Nodal Springs

Springs are flexible restraints. Springs applied to nodes are referred to as nodal springs. You may
assign a nodal sprirtg a node with one or more global DOFs,(Dy, Dz, Dox, Doy and ;) restrained.

To qualify to be a valid flexible restrajrthe corresponding spring constant must be specified. A
restraint may be designated as lineampressiotonly or tension only. A compressiamly

restraint is active only when the nodal displacement in the restrained direction is negative. A tension
only restraint is active only when the nodal displacement in the restrained direction is positive. If a
model contains one or more compressamity or tensioronly springs, the whole problem becomes
nonlinear and the solution becomes iterative for each loaubination.
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Coupled Springs

Real3D also implements an advanced spring type called coupled sphirmgupled springs defined
with 6 x 6 symmeic stiffness terms A nodal spring is a special coupled spring with atipgonal
terms specified. Coupled springs are useful in modeling and simplifyingstubctures such as
bridge foundations.

The forces or moments required to enforce the flexible restraints are calledrspatigns. They are
computed by the program.
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Chapter 15: Members

Amemberisatwmode straight frame el ement with a co
el ement 60, fAbhedmiemkeemendboare used interchangea

element isaspecial frame element with moments fulgjeasd at both ends. The frame element
formulation accounts for axial, torsionahdbending about strong and weak axes, with options to
include shear deformatisrand axial stress stiffenirfg-Delta) effects. Moment releases may be
applied to either or both ends of the element.

The frame element may be used to model continuousdye&inor 3D frames, 2D or 3D trussesaor
mixture of two. The program provides powerful commands to generate commonly used framed
structures such as continuous beams, 2D or 3D frames, arc, la@ahmorprismaticbeams. A non
prismatic member is approximated by subdividing the original member into several prismatic
members. You may run these commands from the Genmeeate.

Member Sections

Each member must have a section assigned to it. The section properties include
- A axial section area
- Ay shear arealong the member local y direction
- Az shear arealong member the local z direction
- |z moment of inertia about strong the local axis z
- lyy:  moment of inertia about weak the local axis y
J: torsional moment of inertia

Ay and A may be zero, in which case, the program ignores shear deformatitre element.
Mathematically speaking, the program interprets them as being infinite. For rectangulassagtion

= A;=5/6A. For solid circular sectignAy = A, = 0.9A. For thiawalled hollow circular sectia
Ay=A;=0.5A. For wide flange sectispAy = web area, A= area of two flanges [Ref. 6]. To
consider member shear deformation, you must chibeg@oper option from the command Run |
Analysis Options Shear deformation, when considered, applies to both element stiffness and local
deflections.

Local Coordinate System

Each member has its own local coordinate systeiiihe element local coordinate sysgeane used in
element stiffness formulations. They are also used forsigoeh as loadandreleasesnd output

such as internal sheaaadmoments. Fothedefinition of the member local coordinate system, refer
to Chapter 3. Coordinate Systems.

Member Numbers

A distinct integral number is assigned to each member. Duplicate numbers in members are not
permitted. There can be gapdste member numbering sequence.  The order of member numbering
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in a model is insignificant to the results or solution time. You may renumber the members
sequentially using the command Edit | Renumber Members.

Beams Vs. Trusses

By default, a member or frame element is a beam. However, if you choose the model type to be
either dA2dDr ThFr&AB sThessthe frame el ement becomes
automaticallyassigrs appropriate moment releases to all memtaerd suppresses all three rotational

DOFsDox, Doy, Dozf or each and every node. For the mode
suppresses translational DOE. D Generally speaking, if a model contains only 2D or 3D truss
el ements, you should choose the model type as I

trusses and beams, you shoal dr cfh23R5kdidr,a meen dmoadsesli
appropriate moment releases to individual beamstruss member is a beam with major andanin

moment releases at both ends,well as torsional moment release at either one(lkutdnot both

ends)of the member. You may choose the appropriate model type by running the command Run |
Analysis Option.

Elastic Stiffness Matrix

Total number of DOFs of a member is the summation of DOFs of the two nodes. Therefore, for a 3D
beam thestiffness matrixs of size 12 x 12. The elastic stiffness matrix in the local coordinate
systemwith shear deformatiois given [Ref. 8] asollows:
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Geometric Stiffness Matrix

When a tensile axial force is present in a member, the bending stiffness of that member is increased.
Conversely, when a compressive axial force is present in a member, the bending stiffness of that
member is reduced. The stiffness matiiat reflects this kind of stress stiffeniafjectis called the
geometric stiffness matrix [Ref. 3, 7]. It is determined by the element geometry and stress conditions,
and is independent of the elastic properties. The geometric stiffness matrix is very effective in



accounting for the ®eltaeffectand is implemented in the program. It may also be used to perform
buckling analysis of the structure but is not implemented in the program directly.

Like the elastic stiffness matrithe geometric stiffness matrix is of size 12 x 12 and is given [Ref. 3,
7] asfollows:
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where P is the average of the axial forces (positive in tension, negative in compreshiemeahber
ends.

When the lineastatic (first order) analysis is chosen, the member stiffness neathg elastic

stiffness matrix. When the-Belta(second order) analysis option is chosen, the member stiffness
matrix is the summation of the elastic stiffness matrixtaegeometric stiffness matrix. You may
set the appropriate analysis option with the command Run | Analysis Options

Moment Releases

By default, a member is rigidly connected to two end nodes. You may however assign moment
releaseso eitherendof amember. It is important to note that the releases are applied to the member
local coordinate system The moment releases may be in major bending directigf (Brinor

bending direction (B), and torsional direction ({3). For stability reason, torsional moment release

can only be applied to one end (not both ends) of a membee element stiffness matris modified

to enforce moment releasesA truss member is a beam with major andeanimoment releases at

both endsas well as torsional moment release at either one(leadnot both ends) ehe member.

Tension /Compression Only

By default, a member is linear You may assign nonlinearitiinear, tension only or compression
only) to the selected members. The member stiffness will be ignored if a tension only member is
subjected to compressive forces or if a compression only member is subjected to tensil€Herces.
presence of tension or compression members makes the model nonlinear and iterative solution is
required for each load combination.
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Rigid Links

A rigid link is a member that has very large sectional properties (A, Ay, Az, Iz, ly and J). There can
only be one rigid |Iink section RIGDILINKODd i nThéae
properties for th&®IGID_LINKsecti on must be set t o boxdstTheon t he
program will appropriately calculate A, Ay, Az, Iz, ly and J during the solution praselsveight

for rigid links will be ignored by the program.

Rigid Diaphragms

Rigid diaphragm may be used instead of plate finite elements to model spfameactions such as
concrete floors. Internally, the program creates multiplgame rigid linksfor each diaphragrrior

to static or frequency analysis. A rigid link is simply a member with very large sectional properties
that can be adjusted with the diaphragm stiffness factor (see Settings | Data Options). The larger the
diaphragm stiffness factor, tls&rongerthe inplanerigid diaphragmaction is. The presence of rigid

links with large diaphragm stiffness factor (say 1E10) could create nuniffaallties during the

solutionif doubleprecisionsolver is used. However, the unigggadprecisionsolver inReal3D

makes this probleralmostnonexistentn that much larger dphragm stiffness factor (say 28 may

be usedvithout creating numerical difficulties during solution.

The program further provides the option to ignore the rigid diapheaggions as an analysis option
(Run | Analysis Options

It is important to point out that rigid diaphragnactions in the program does not use masgtave
nodes.

Loads

Point loads or line loads may be applied to a member. Point loads may be forces or mobieats.
loads must be forces. You may specify loads in either the global or local coordinate syBltem
locations of loads must be in ratios of the member length, measured fretarthef the member.
Figure 151 shows examples of point and line loads.

Theselfweightof members may be calculated automatically if the material weight densitisglénd
weightmultiplier are nonzero. By defauliglfweightacts in the negative global Y direction. You

may however change the direction to positive or negative direction of the globabKZY This

flexibility is useful in some circumstances. For example, if you model a grillage on the XY plane, the
self-weightmay be either in the positive or negative global Z direction, depending on your preference
on load sign convention. To activate automatic self weight calculation, use the command Load | Self
Weights



Point Loads

Line Loads

1 1b

Ay
L

local y force, distance=0.6

_-1.5 Ibfin

A loin_~ N

\ -
local y force, start distance=0,end distance=1

f_",..--"""'f},{
2 Thin £

local z moment, distance=0.4

-1.48 Ibfin

1 i
global Y force, stat distance=0.2, end distance=0

An area loadnay be applied to multiple members on a whole planar area.

three or four coplanar nodes.

Figure B.1

The area is defined by
The area load is then distributed as line loads to perimeter members of

enclosed suareas within the load area prior to static or dynamligtiem. Area loads are distributed

to perimeter members that form each of the enclose@d®as according to the following methods:

- Two-way (rectangular subreas)

- ShortSides (rectangular stdreas)
- LongSides (rectangular stdreas)
- AB-CD Sides (rectangular stdyeas)
- BC-AD Sides (rectangular stdreas)

- Centroidbased
- Circumferencebased

The first five distribution methods apply tour-noderectangular sutareas only. The centroluhsed
method may be applied to convex sareas only. The circumferenbased method may be applied

to both convex and concave sal®as.

Loads may also be distributed to sides parallel {GBBr

BC-AD sides ofthe load area. The program is intelligent enough to determine the most appropriate
Br example, if you select twavay distribution method to

a subarea bhat is not rectangular, the program will wkecentroidbased method if the stdyea is
convex orthe circumferencebasedmethodif the subarea is concave.

load distribution ifinconsisteniesarises.

The program allows you to convert area lo&alline loads dectly and automatically. Thieature
allows you to see how exactly the program would distribute area loads to members prior to the
solution. Of course, you can always untle conversion if you want to keep the area load<r

more i nformati on

As an exampl e,

on the | oad conversion,

pl eas:¢

| et @.sectanguiar swaeea subjected tal0@lb/ftB2. xThel . 5

following line loads (Figure 12) are converted from the same area loasked on different distribution

methods.
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Circumferenceébased Distribution

Figure B.2

Area loads may be specified in either the local or global coordinate systelmbal area loalmay be

in the global X, Y, or Z direction. Local area loads may only be in the local z direction, which is
perpendicular to the load area. It is recommended that area loads be defined in their own load cases.
In this way, you will find it easier to &htify, edit and delete area loads later on.

There are a few limitations to the area lacadcept in the program. The fitshitation is that the
subareas must be clodermed by perimeter merebs. In the following Figure5l3, the sukarea
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formed by node 97, 98, 104 and 108idd a closed suarea because there is no member connecting

the node 97 and 98.As a result, no area loading will be distributed to the three perimeter members
from the subarea. The second limitation is that sadeas must not overlapin Figure 5.3, the sub

areas in node 101, 102, 120 and 119 are overlapping. This will result more load being distributed to
the members in these sabeas. The program gives a warning when the area load footprint is not
equal to tle total actual loaded areaThe problem may be solved by splitting members-108, 107

120 and 11314 at the intersection point.

ey " ey ey e e V1D

I 1—Il__ I/l

I —I>=I__ I/l

Figure 153

The third limitation is that any suéirea may not contain more than one concave node (with internal
angle more than 180 degrees). The fourth limitation is that angreabmay not contain the same
node more than once in forming the perimeter polygon.

The program offers automatic generation of live load patterning (point and line loads driig).
following example (Figure 18) shows how the program generates load patterning on-agae
continuous beam Loads on each generated pattern reside in a separate load case automatically
generated. Additional load combinations are generated as needed as well.

-1 -1 -1 -1 -1

5 & EE 5] 53
A A A A A A
All Spans
N -1 -1
A B2 5 5 B4 5 3
A A
Odd Spans

B1 H B3 H BS

22z



Even Spans

I 1

Second Support + Alternate Spans
-1 -1 -1

\ A A A

Third Support + Alternate Spans

A A A A A A

Fourth Support + Alternate Spans
-1 -1 -1

Fifth Support + Alternate Spans

Figure 5.4

The program also offers automatic generation of movingsl@agint loads only). The mechanism
employed by the program is similar to the live load patterning.

Thermalloads may be applied to members. Curreiyal3Dconsiders thermal effect in
longitudinal direction. It does not consider thermal gradients in members.

Line Springs

Springs are flexible restraints. Springs applied to members are referred to as line springs. You may
assign a line springp a member with one or more global DOFs,(Dy and Q) restrainedTo qualify

asa valid flexible restraintthe corresponding spring constant must be specified. A restraint may be
designated as lineatompressiofonly or tension only. A compressiamly restraint is active only

when the nodal displacement in the restrained direction is negative. A ten$yomstraint is active

only when the nodal displacement in the restrained direction is positive. If a model contains one or
more compressieonly or tensioronly springs, the whole problem becomes nonlinear and the solution
becomes iterative for each loaohebination
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The forces or moments required to enforce the flexible restraints are calledrspatigns. They are
computed by the program.

Internal Forces and Moments

The program outputs internal forces and momantiesignated stations along the member length.
You may specify the number of segmeraisgng from 1 to 127 for member output by running the
command Run | Analysis OptiansFor smooth moment and shear diagrams, the program may add
extra segments.

Figure 155 shows the positive direction of the internal forces and moneém®mbers.
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Figure B.5

Figure B.6is an alternative way to show the positive direction of the internal shears and moments on
the local xy and xz planes.
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Moment & shear on the local xy plane Moment & shear on the local xz plane

Mz Ty Mz Wz

Figure 156

Section Stresses

The prograntomputes the section normal stresses at each beam segments based on the following
formula:

o 0 , 0 ,

” =~ =W ——=q

o ©O (O
WhereP is the axial forceM: is the major moment, ariddy is and minor moment is the section
area,lz is the moment of inertia about beam local axiandly is the moment of inertia about beam
local axisy; yi andzi are the coordinates of the stress evaluation point measured fraenthaid of
section localy andz axes.As a special case for a single andfies program computes the section
normal stresses based on its principal axes.

The section normal stresses are computed at the same segmental (longitudinal) locations along the
beam as the beam internal forces and moments. The number of section points computed at each
longitudinal location depends on the section shape. The folldwge 15.7llustrates the locations

of the stress points for different section shapés. program also computes the maximum compressive
stress and the maximum tensile stress at each section location.

The program only computégam stresses foegular sections (rectangulaound,tee, wideflange
channel, rectangular tube, pipe, and siragigle, AISC steel shape sections, and NDS wood sections.

The program uses a naming convenfamnregular sections which a sectiottype prefix is followed
by di mensi ons s e p &xamplegidcludeBectd.oh7e5Rourdb,t er fix 0.
WideF10x12x2x1 Teel2x10x2x1Chan8x12x2x1 Tube6x8x1, Pipe7x1, andAngle6x8x1

AISC sections must follow the AISC manual labeling suctWa§X330, C15X33.9 etc.

NDS wood sections must follow the convention used in the program such as SawnLum2x5,
GluLamW2.5x21, GluLamS2.5x23.375 etc.
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Figure 157
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Chapter 16: Shells

A shell is a structure or part ostructurewhich hasarelatively smalithicknessn comparison with

the other two dimensions. A general shell forms a curved surface in space. When it forms a flat
surface, it is also called a plate. I n this p
the outof-plane bendingaion.

The shell element in the program is a foode (quadrilaterglelement that combines theptane
membranection and the outf-plane bending action. The-plane membrane action is a standard
isoparametricompatibleformulation with the option to add incompatilsi®des. The owbf-plane
bending action is a thieglate formulation, with the option to use the tpiate formulation when the
element is rectangular. The element can be used to model begbrfide plates and curvedrface
general shells. Appli¢amns of shell elements in structures are wide anddaching. Examples are
concrete floors, mdbundations, shear waliolded plates, barrel vaults, cooling towers, spherical
domes, water tankstc. The program provides powerful commands to generate these and other
commonly used plate and shell structures. These commands include Geometry | Sapé4dste
Edit | Extrude Revolve etc.

For many years, a great number of papers have been published on the subject of plate and shell
structures. Although the membraaetion of a shell element is relatively simple, the (plate) bending
action is much more complex. Many plate elements have been proposed, some of which have been
implemented in commercial programs. However, most of these proposed plate elementsrare eithe
ineffective or unreliable. One of the ymain hu
elements behave too stiff with respect to shear deformasipecially when elements are thin or
geometrically distorted.

One of the few reliable plate elements is a rectangular thingd&teentdeveloped byD.C.

Zienkiewicz[Ref. 2]. It is based on the Kirchhdfiin plate bending theory in which a line straight

and normal to the midurface of the plate before loading is assumed to remain straight and normal to

the deformed migurface after loading. The transverse shear strain is therefore assumed to be zero.
This plate element is important in that it is the first plate element that can be applied reliably in
engineering practice. Prior to thidomopl ate an
solutions of simple geometry and boundaoyditions, and other very approximate methods such as
equivalent frame method of ACI [Ref. 12]. The Kirchhoff rectangular thin plate is implemented in

the program. I't pr oduc+€ 9 rsowomsdsfinde etethenttmeshesn v er g
are refined. The element, however, has to be rectangular in shape and does not account for shear
deformation

A much more reliable and effective plate bending element is the MilE€dloped b¥.J. Batheand

others [Ref. 1]. Itis a thick plathat is based on Mindliplate theory in which a line straight and

normal to the miekurface of the plate before loading is assumed to remain straight but not necessarily
normal to the deformed misurface after loading. The element considers shear as well as bending
deformatiors and may be used for both thick and thin glateThis plate element differs from earlier
Mindlin theory based plate elements in that different (mixed) interpolations are used to account for the
bending and transverse shear strains. The MITC4 plate bending element is implemented in the
program. It free from Ashear | ockingo and perfor ms



The shape of the element may be any general quadrilatelahg as the aspect ratio is within a
reasonable range (say 0.2 to 5.0).

Shell Thicknesses

Each shell must have a thickness assigned to it. Based on the ratio of thickness to span length, you
may choose to use the thin or thick plagémding formulation

The thick platdormulation is generally recommended over the thin gat®ulation because it

applies equally well to both thick and thin plates. The program therefore uses the thick plate
formulation by default. If thickness to span ratio is less than 1/20 and elements are rectangular, you
may use the thin plate formulati. The thickness should be compared to the support distances, not to
the sizes of individual plate elements.

It is important to point out that owdf-plane shear forces exist in thin plateven though shear
deformatiors are not considered You may draw an analogy between a plate and a beam. A thin
plate is analogous to a EwBernoullibeam while a thick platis analogous to a Timoshenkeam.

We consider shear deformation for the Timoshenko beam but not for theBeaterulli beamwhile
shear forces exist in both the Euernoulli and Timoshenko beams

Local Coordinate System

Each shell element has its own local coordinate systéfhe element local coordinate sysgeane

used in element stiffness formulations. They are also uséabias such as loads aralitpus such

as internal shears, momerdsd stresses. Local angles for rectangular shells must be Os if thin plate
bendingformulationis used in the analysis optionsFor definition of the shell local coordinate

system, refer to ChapteB:1Coordinate Systems.

Shell Numbers

A distinct integral number is assigned to each shell. Duplicate numbers in shells are not permitted.
There can be gaps shell numbering sequenceThe order of shell numbering in a model is
insignificant to the results or solution time. You may renumber the shells sequentially using the
command Edit | Renumber Shells.

Element In -Plane Stiffness Matrix

The inplaneelement formulation accounts fok Bnd O, of the local coordinate systemThe i
plane stiffness matrigf the element is based on the standard isopararm@tmeilation [Ref 1, 2, 3].
However, when the element is rectangular in shape, incompatdades may be optionally added to
the formulation [Ref. 3]. An incompatible element, when applied, yields results of high quality
especially when used to modelprane bending. Full two by two numeri¢ategration is used to
calculate the irplane stiffness matrix of the element
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Element Out -of-Plane Stiffness Matrix

Out-of-planebending accounts forDDox and Dy of the local coordinate system By default, the
MITC4 thick plateformulation is used [Ref. 1]. If the thin platgtion is chosen, elements with
rectangular shapes will be calculated based on the Kirctthinfplate formulation [Ref. 1].  Full two
by two numericaintegration is used in either case to calculate th@bptane stiffness matriaf the
element.

Combining Element In -Plane and Out -of-Plane Stiffness Matrices

The shell element stiffness matrsxthe combination of the iplaneand outof-plane stiffness
matrices. In order to avoid singularitfthes t i f f ness matri x, a very sma
added to the diagonal term associated with the local DQF D

Loads

Surface loads may be applied to a shell. You may specify loads in either the global or local coordinate
system Surface loads are lumped to element nodes before solufitreselfweightof shells may

be calculated automatically if the material weight densitiessalidveightmultiplier are nonzero.

By default, thesel-weightacts in the negative global Y direction. You may, however, change the
direction to positive or negative direction of the global X, Y or Z.  This flexibility is useful under
certain circumstances. For e x aBnepnlde ,n gglbfyeigittonue s e
may be either in positive or negative global Z direction, depending on your preference on the sign
convention. To activate automatic self weight calculation, use the command Load | Self Weights

Thermalloads may be applied to shells. Currenfdgal3Dconsiders thermal effect in membrane
direction. It does not consider thermal gradients in shells.

Surface Springs

Springs are flexible restraints. Springs applied to shells are referred to as surface springs. You may
assign a surface spring a shell with one or more global DOFs(IDy and Q) restraired To qualify

asa valid flexible restraintthe corresponding spring constant must be specified. A restraint may be
designated as lineatompressiofonly or tension only. A compressiamly restraint is active only

when the nodal displacement in the restrained direction is negative. A ten$yopstraint is active

only when the nodal displacement in the restrained direction is positive. If a model contains one or
more compressieonly or tensioronly springs, the whole problem becomes nonlinear and the solution
becomes iterative for each loaghebination.

The forces or moments required to enforce flexible restraints are called igatigns. They are

computed by the program. Surface springs may be used to model Wirgkfeundations. It may

be worthwhile to note that in modeling a mat foundation, surface spring constants are the soil subgrade
moduli while surface spring reactions are the soil pressures.



Internal Forces or Moments

The internal forces and momeitsist at every point on the middle surface of the shell element. They
represent the resultants of different normal and shear stresses over the element thickness. The
internal forces have the units of force per unit length and the internal momentbdawés of

moment per unit length.

The inplaneor membraneesults include the normal forcesFyy and shear forcexz  The outof-
plane results include the shear forces W, and bending moments¥ Myy, Mxy. Myy is also called
twisting moments. It is important to differentiate these forces and moments

Figure 161 shows the positive direction of the internal forces and moméatshell. They represent
forces and moments at one point on the middle surface of the element. The program outputs these
forces and moments at the four corner nodes and /or at the center of the elefoanhay usdhe

View | Contourcommand to see the distribution of these and other resultants. Generally speaking,
internal forces or moments (or result in general) are different across element boundaries. You have
the option to average forces and moments for adjacent elements st nddedo that, run the

command Run | Analysis Optians

¥ * Fyy
— oy
h{:ﬂ F’:I:III FK::’!
FI':,I' ) W
¥y

the inplaneaxial and shear forces
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i
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the outof-plane bending shears the outof-plane bending moments

Figure B.1

23C



Based on the internal forces and momegthis program computes the internal stresses at the shell
bottom (the z side) and top (the +z sidagfollows. The stresses are expressed in the local
coordinate systema The stress directions correspond to thgl@amenormal axial forces and shear,
and the oubf-plane shears.

" — —— (@ bottom) or, — — (@ top)
" — —— (@bottom) or,, — — (@ top)
" — —— (@bottom) or, — — (@ top)

o-| Eo| E-

The program also outputs-planeprincipal forces and angles, and-@itplane principal forces,
momentsand angles. In addition, principal stressgs3» and S are computed based on the stresses
. h, h  asfollows:

Y )
G q

“Y ” ” ” ” .,
q q

Y O m

The Von Misesstress, which is often used to estimate the yield of ductile materials, is then computed
asfollows:

VY v Y VY,

Membrane Nodal Resultants

The membranaodal resultants of a shell are concentrated forgaadrk (Unit: Force)at the four
nodes of each shell element. They in effect keep each individual element in equilibrplanén
They are expressed in the local coordinate system

You may view nodal forces of selected shell elements by View | Annotétee membraneodal

forces may be used to compute shears, axial foocesoments in a shear waltor example, the

following three shells represent a pier in a shear wall. Each shell is 1.5txid &ize. Membrane
nodal resultants,fand k are shown in the first and second rows respectively at each corner of the
element. The shear, axial force and moment resultants on the top of the pier may be computed as
follows:
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1.758 3228 7228 5788 3.144 2722
-2.284 1,663 -5.458 4611 -3.718 3.082
306 a0 303
-2.385 -2.699 -5.976 -7.037 -3.480 2556
=270 3.322 -4.554 8.402 -2.148 2783
-2 204 1663 -5.408 461 -3 4 082
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Fxi (Kips) Fyi (Kips) Xi (ft) Fyi * Xi (ft-Kips)
1.758 -2.284 -2.25 5.139
3.226 1.663 -0.75 -1.24725
7.226 -8.458 -0.75 6.3435
5.786 4.611 0.75 3.45825
3.144 -3.718 0.75 -2.7885
2.722 3.082 2.25 6.9345
Shear Axial Force Moment

F k=23.862 F F=-5.104 2 ME 17.8395
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Chapter 17: Solids

The Solid element in the program is an eigbtle (also called Brigkelement based on isoparametric
compatibleor incompatibldormulation [Ref 1, 2, 3]. It may be used to model structures where
actions in all three dimensions are significant.

Local Coordinate System

The local coordinate systanfor all solids are the same. They are identical to the global coordinate
system The element nodal connectivity must be numbered in such a way so that the normal vector of
the surface -2-3-4 points b the surface®-7-8 (Figure 171). This is to avoid negative diagonals in

the element stiffness matrix You may use the command Edit | Reverse Element odeSr der i f
normal vector is not in accordance with the requirement. For more information about tHedatick
coordinate systemefer to Chapter& Coordinate Systems.

M3
.-5"--.
T e

— M

solid element
Figure I7.1

Solid Numbers

A distinct integral number is assigned to each solid. Duplicate numbers in solids are not permitted.
There can be gagn solid numbering sequenceThe order of solid numbering in a model is
insignificant tothe results or solution time.You may renumber the solids sequentially using the
command Edit | Renumber Bricks.

Element Stiffness Matrix

The element formulation accounts fog, Dy and O of the local coordinate system The element
stiffness matrixs based on isoparametdgompatibleor incompatiblormulation [Ref 1, 2, 3].
Therefore, the stiffness matrix is of size 24 by 24. Full two by two humarteglration is used to
calculate the stiffness matrix.

Loads
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Loads on solid elements must be input as nodal loads.

Theselfweightof solids may be calculated automatically if material weight densitiesethdeight
multiplier are nonzero. By default, tisel-weightacts in the negative global Y direction. You may
however change the direction to positive or negative direction of the global X, Y or Z. To activate
automatic self weight calculation, use the command Load | Self Weights

Thermalloads may be applied to solid elements.

Internal Stresses

Three nor mally Osamd stsherse el sylike dy are compuedby the pliogram.
They are output dheeight nodes and/or at the center of the element.

The program also outputs principal stresses$S5 S and the corresponding directional vectorsx(V
V1, V1z) and (Vax, V 3y,V 37). The Von Misestress, which is often used to estimate the yield of
ductile materials, is then computedfalows:

N "y N oy N oy
C

234



Chapter 1 8: Static Analysis

The stiffness (or displacemebased) method is used in the solutiomhefstructural model.

The following outlines the major analysis steps:
1 The individual element stiffness matfkq is computed in the element local coordinate system
1 Based on the element nodal connectivity, [K] is transformed to the global coordinate aydtem

assembled into the global stiffness mafik

1 The load vector [R] for each load combination is formed.

1 The equation [K] [U] = [R] is solved for the nodal displacements [U].

1 Other structural responses such as internal forces and manectsmputed based on the
nodal displacements.

Load Cases and Load Combinations

Each ofthenodal loads, point loads, line loads, surface loadssaltigveightsmust be assigned to a

load case. The enforced displacementsupports are special loads and are considered in each load
combination. The load cases are used as bases for the load combinations and are not solved directly.
If you desire to solve for a particular load case, you may form a load combinationumitiaad

factor for that load case di)s for all other load cases. P-Deltaanalyses may be performed on one

or more load combinations.

Linear, Non -linear Static Analyses

The program is capable of performing linead nonlinear static analyses. The linear analysis may

be applied to models where structural responses such as the displacements are expected to be linearly
related to the applied loads. Otherwise the nonlinear analysis must be applied. The program
currently handles two types of nonlinearithe element nonlinearity when compressamty springs

or tensioronly springs are present, and the geometric nonlinearity which is commonly known as the P
Deltaeffect. The FDelta effect refers to the axial stress influence on the element bending stiffness.
Generally, a tensile axial force increases the element bending stiffness while a compressive axial force
reduces the element bending stiffness. TeRa effect exists in both members and shell elements.
However, the program only accounts for thBé&lta effect on members.

The program assigns each load combination to be loreawnlinear just before analysis is performed.
If a model includes one or more nonlinear elements (compressigisprings or tensiconly

springs), the entire problem becomes nonlinear, that is, all load combinations are assigned to be
nonlinear. If there are no nonlinear elements present in the model, onhpiseaad

combinations are set to be nonlinear while the rest of load combinations are linear. -Tihearon
load combinations must be solved iteratively and therefgpotentially time consuming. Analyses
are performed on all linear load combinations first and then on all nonlinear load combinations.

In order to avoid excessive iteratioms nonlinear load combinations, you can use the command Run |
Options to set 0 Maxi.mumF @dtaldall mrakdnations,tyc caa tse then s
same command to set fAAxDealt af oirtceer attoiloenrsaon.c e Bet
normally acceptable. It is strongly recommended that you perform knedyses for all load
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combinations before you attemptIelta analyses. In this way, you can identify any modeli
problems prior to performingore rigorous and generally more time consumifigeRa analyses.

It may be interesting to note that thé@ltaanalysis may be used to estimate the buckling load of a

structureforadel ta | oad combinati on. To do that, tr
load factors of all load cases in théRlta load combination, until a zero or negative dregd term is

detected in the global stiffnressmattdixu r i ng t he sol ution process. T
load factor.

P-Delta (P-cp) v-delta (fP-0 )

The RDelta(P-p) refers to the second order effect ass
members [Ref. 10, 11, 12]. Consider the moment M at the bottom of the column in Bidurell

the effect of the axial force on bending is ignored, M =H * L. However, if the effect of the axial
force on bending is considered, M = H * L + P °~
defl ection o, which f uAneduikbriumiwii eventualsbe eached unkessd s «
the axial load P exceedset column critical buckling load.

P
A l P
H— :},
L 8 :
e
*
Figure B.1 P
Figure B.2

P-delta(P-i) refers to the second order effect assoc
Consider the moment M at the middle of the column in Fig8re2 . A secondary mon
induced by the axial load acted upon the lateral defection of the column. This additional moment will
cause more lateral deflection, which in turn will induce more secondary moment, and so on. An
equilibrium will eventudly be reached unless the axial load P exceeds the column critical buckling

load.

The presence of the axial force in effect reduces the column bending stiffness. The member
geometric stiffness accounts for this reduction. THReRaanalysis in the program is capable of
handlingbothRp anrid e f ect s. | ntheld deo mpg @on e@arctc,o umawd e r
split compressiomembes (columns) into several segments. Normally four segments for each
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column are enough. The program provides the command Edit M&ptibers to automatically split
members.

As an exam@ [Ref. 13], assume in Figure.28the beantolumn is of L = 12 ft in lengthand is
subjected to an axial compressive load of P = 100 kips and a transverse load of Q = 6 kifgpanmid
The member section: 4 x 4 inches, | = 21.334/= 16 ir?. The material: E =
Theoretical results are calculatedf@altows:

Linear (bending onlyj —  p Yft-kips; — ™™ Y dn
P-U (bending a&nd —a xmdattadian masd.5%:
0 ——— ¢ &ft-kips;] ——— T

To solve this problem in the program, we can create one lo@@icombination and onePeltaload
combination. Since the problem involvestha@ P e f f e ¢ t-solumntntust belmedeled with
multiple elements (4 beam elements generally sufficient). The results from the program are
compared with the theoretical results below:

The moments and deflections at the +gjn for lineaend R4 b e havi or s

Analysis Type Effects Real3D Theoretical
Linear Umid (i) 0.5832 0.583
Mmid (ft-Kips) 18 18
P-ii Umid (in) 0.8643 0.864
Mmid (ft-Kips) 25.203 25.2

Solution Algorithm

Mathematically, the static analysis involves solving the following simultaneous equations:

[K] [U] = [R]
where [K] is the global stiffness matripJ] is the displacement vector, and [R] is the load vector for
each load combination.

There are two solution algorithms usedi@al3D skyline and sparse.Theskylinesolution algorithm
usedto solve the equation abowas developed bi{.J. BathgRef. 1]. It is an active column (also
called profile or skyline) solver that involves the factorization of a stiffness naaidxhe back
substitution of the load vector. The factorization generally takes most of solution timeheghile
backsubstitution is relatively fast. For all lindaad combinations, the factorization only needs to be
performed once. For nonlinear load combinations, the factorization has to be performed multiple
times on each load combination because the global stiffness madriv be updated during the
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solving process. This is the reason why linear and nonlinear load combinations are analyzed
separately.

The sparse solver only stores reeTo elements in the global stiffness mattipus it is both more
memory efficienand muchmuchfaster tharthe skyline solver. It is not uncommon to see 100 times
faster in the sparse solver than the skyline solver for large modeig sparse solvaiso has the
option to usanout-of-core approach to minimize the requirement of computer memory. This is
useful to solve extremely large structural models. The sparse sodweileblefor both staticand
frequency analyses

Solution Accuracy and Stability

At the very basic level, the solution involves basic arithnagiierations such as addition, subtraction,
multiplication and division on floating point numbers. Since all numbers in computers are stored in
finite number of bits or digits, rouraff errorsare introduced by manipulations of these numbers.
Roundoff errors depend on the precisions of floating point arithmetic and may affect the solution
accuracyand stability under certain circumstances. Two types of precisions are generally available on
most computers today: single precision and double precision. A single precisiorb{QrfRting

point value has numericatcuracy of about 7 significant digits while a double precision (duitp4

floating point value has numerical accuracy of about 15 or 16 significant digits.

Take a look at the following example

A =1.00000001;B=1.0;C=1.0;D=C/(A+B);
Theoretically, D = 100000000.0. Wi@#-bit floating point doubleprecisionarithmetic the
statement yields D = 100000000.60775 while witkb8Zloating pointsingleprecisionarithmetic, the
statement yields D = +0bD. As we can see, D
answer with double precision arithmetic. The solution collapsed (division by zero) with single
precision arithmetic. The reason for ttoshappen is during the addition of A and B, the fractional
part of A (0.00000001) is rounded off due to lack of enough signifatigits. In general, 3it
floating pointsingle-precisionarithmetic should never be used in any structural or finite element
analysis programs.

Thedoubleprecisionsolverhas been the predominant solver over the last several decades. For most
notso-large and wi-conditioned models, standaddubleprecisionsolvers produce results that are
sufficiently accurate for practical uses. However for very large and complex models and especially
those under ifconditioned circumstances, standdaibleprecisionsolvers sometimes produce
inaccurate results.

[l -conditioning occurs when small errors in the coefficients of equations before or during the solution
process have large impact on solution results. It may make the solution uasthbdsults

unreliable. Very severe itonditioningmay even make the coefficient matrix singular and &us
solution norexistent. Some examples wherecitinditioning may occur are: finite elements with
severe shape distortion or large aspect ratio; shells with very strphaniestiffness and very weak
out-of-plane bending stiffness; very flexible elements connected to very stiff elements. It may be
worthwhile to note that when itonditioning does happen, finer element meshes tend to make the
problem worse.
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During the solution process of a large model, reafigrrorstend to accumulate. We can determine
the number of significant digits lost based on the diagonal detiayRef. 3].

ri = Kii / Bi

where K; isthe original diagonal coefficient of the global stiffness mairid R is the reduced value
of Kiji just before it is used for bacubstitution. The number of significant digits lost is about
logio(ri). For example, ifiis 1, then 8 digits are lost. The ®lution results given byhe 64-bit
floating point (double precisior@re unreliable if 12 or more significant digits are lost dutirey
solutionprocess. The program repotti® number of digits lost during the solution process.

Considerthe following cantilevebeam under a tip load of 10,000:Ibs
L =100 in; bz = 200 irf;
E = 2.9e7

P =-10000 Ib

3 = 0. 3;

|
M

The beam is modeled with 1, 1000, 10000, 20000, 50000 elements and an analysis is performed on
each model. Theoretically all models should yield the same tip deflectiOrb@#7 inch (shear
deformationignored).  The following table shows tip deflections for the all five models using the
64-bit floating point (double precisiom) the program.

psi;
P

Effect of number of elements @esultaccuracy of a cantilevéream

No of elements 1 1,000 10,000 20,000 50,000
Tip deflection (in) | -0.5747 -0.5748 -0.6522 -0.1534 | No solution
No of digits lost 0 8 12 12 -

As we can see from the table above, the tip deflections given bybie $4/line solver tend to

deteriorate in accuracy as the number of elements increases. For the model with 50,000 elements,
some diagonal terms in the global stiffness magvien become negative. The solver has to abort and
the solution is not obtainable anymore.

After identifying a severe Htonditioningproblem, thes4-bit floating point (double precision)
generally stops the solution proces#o results are better than wrong results. To address the
problem, a more accurate solver is needdtleal3Dimplementsa uniquequadprecisionsolver which
offers unparalleled advantages in solution accuamcymost importantly solution stability over the
standarddoubleprecisionsolver. Thequadprecisionprovides numericaccuracy up t@4

significant digits. Many of iHlconditioned problems for theboubleprecisionsolver become well
conditioned problems for thguadprecisionsolver. The superiority of thepuadprecisionsolveris
demonstrated by running the same cantiléeam above with 50,000 elements, the tip deflectien is
0.5747 inch, the correct answer.



It should be pointed out that thh@adprecisionsolverrequires twice as much memory as doeible
precisionsolver. It is also significantly slower. However, in situations where the stacidatoe
precisionsolver produces unreliable or even wrong resultsgtiaeprecisionsolverprovides an
invaluable alternative. Between faster but wrong results and slower but correct results, you as a
responsible engineer probably should choose the latter.
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Chapter 1 9: Frequency Analysis

The frequency analysis solves for frequencies and corresponding mode shapes (eigenvectors) of the
structural system. Many concepts discussed in the previous chiaftera t i ¢ apply &olthg s i s 0,
frequency analysis as well.

Solution Algorithm

Mathematically, the frequency analysis involves solving the followiggn problem

[ KIJ [& M&i] [ d
where [K] is the global stiffness matrijV] is the global mass matrix il i s t he it h mode
is the ith eigenvalues which is equi#lOthero t he f |
related values are frequenewfh i ¢ h ;and pefiod Twhichis 1/f For practical reasons, we
are generally interested only in the lowest eigenvalues (and therefore lowest frequencies).

The solution of eigenvalue problems must be iterative in nature because it is equivalent to finding the
roots of the pol ynomi atosovéthe)equation dabbve isgiven by KJ.on al
Bathe[Ref. 1]. Itusesthe subspacd er at i on met hod to iterats vely
€ mmnd correspoidepihd gV diigegnaluesre fexiracted in ascending order.

Each eigenvector i s '[hM]n]fiovheredl]lisitne mehtitysmattipa t hat |
diagonal matrix with unit values along the main diagonal.

A tolerance may be set before the solution to control the convergéaigenvalues during each
successive solver iteration. It is expressed as the following:

OEAQI iE O 1, 2, énumber of request

where k is the subspaieration counterWe may need to adjust this value to be smaller if one or
more eigen values afeundmissing during STBM sequence check.

To prevent excessive computing time, a maximum number of subspat®nsmay be set before the
solution. If the solver reaches this limit without convergettoe eigen results should not be trusted.

At the completion of the solution, an error measure is computed for each eigenvalue according to the
following [Ref 1]:

Error Measure= p

Where R} is the vector in the matri¥  corresponding to_ and the eigenvalues are accurate to
about 2s digits if Error Measui less than 1.

Mass and Stiffness

The global mass matr{M] is diagonal and is computed based on the load combination for frequency
analysis and/or additional nodal masses/mass moments of inertia. The load combination for
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frequency analysis may be specified in Run | FrequAnayysis The program will automatically

convert all forces (not moments) in the positive or negative gravity direction to nodal masses and apply
them in all available mass degrees of freedom. Additional nodal masses and mass moments of inertia
may be input fronboads | Additional Masses Input | Additional Masses Zero terms in the global

mass matrix [M] are allowed. The number of eigenvalues requested must be fewer than the mass
DOFs which is the number of nonzero diagonal terms in [M]. Due to the lumped mass maleling
elements should be properly divided or-$nbshed foa continuous vibration model. For example, a
beam with uniformly distributed mass should be divided into at least eight elements in order to find
accurate vibration results.

The load combination for frequency analysis is also used to confagibal stiffness matrikK] if
the model response is not linearThis maybe the case if 1).1e load combination for frequency
analysis is of FDeltatype; or 2). The model contains nonlinear elements such as compressipn
springs. In the first case (geometric nonlinedyitiye compressive forces decrease the model
stiffness (and therefore lengthen the vibration periods of the model) while tensile forces increase the
model stiffness. The influence of the axial loads is greater on the lower frequencies than on the
higher mes. The effect of nonlinearity on the stiffness matrix of the structure is incorporated as
follows:
1 An iterative (nonlinear) static analysis is first performed with the loads in the load combination
for frequency analysis.
1 The stiffness matriat the end of the static analysis will be used in the frequency analysis.
The stiffness therefore includes geometric and element nonlinearities corresponding to the end
of the nonlinear static analysis.

Forced displacements at supports are ignored in frequency analysis.

Solution Convergence

Due to the iterative nature in the eigen solution, much more computational effort is required (in order
to achieve satisfactory convergehgefrequency analysis than in static analysis. Another important
difference is solution stability, which more difficult to achieve in frequency analysis. To ensure

that the smallest required eigenvalues and the corresponding eigenvectors have been computed, the
program performs &turmsequence check after the subsptarations[Ref 1]. A warning message

is given in the solver dialog box if some eigen values are missing after the Sturm sequence check.
Under some rare circumstances, the solution may become ursstdltlee solver has to abort the

solution process

Several remedies can be used to address the solution instability and solution divergence.
1). Solve for fewer number of modes

2). Use larger number of iteration vectoree number of iteration vectogsis normally set as the
maximum of (2 * p, p + 8), where p is the number of modes requested [Ref. 1]. A higher
convergenceate can be achieved by using more iteration vectors.

3). Usequadprecisionarithmeticinstead ofdoubleprecisionarithmetic.

These remedies may be used in tandem. Once agagudberecisionarithematic is especially
effective for solution stability.
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The maximum number of subspatarationsis set to 18 bylefault If no convergences achieved at
this limit, you should rerun the frequency analysis with a larger maximum number of subspace
iterations.
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Chapter 19A: Response Spectrum  Analysis

Solution Algorithm
Theresponse spectrum analyssioneseparately in global X, Y and/or Z directions.

algorithm[Ref. 23] is used in the program.

The following

Given the following for mode n
¥,a | euieg eynn], mas<nmawix [Mfnd stiffness matrix [K]

Ei gen

Generalized load for mode n

£n= I'MI[G
where [G] is a vector of influence coefficients of which component i representst

acceleration at displacemestordinatd in X, Y or Z direction.

Generalized mass for mode n

0° [ d'MI d
Effective mass for mode n
OAi
Participation factor for mode n
/e

Modal displacement for mode n
0

where Sais spectral acceleration

Inertia forces for mode n
0

0 U

Inertia forces in each global direction are then converted to nodal loads in inertia load cases such as

INERTIA_LOADCASE_X_MODE_1, INERTIA_LOADCASE_X MODE_2 et&xisting loads in
these load cases will be deleted prior to the load conversionln addition, response spectrum load

combinationdNERTIA_LOADCOMB_X_MODE_1, INERTIA_LOADCOMB_X_MODE_2 etaill

be created or recreated.

Static analysis will be performed on spectrum load combinations (as well as

normal usedefined load combinations) automatically.

Modal Combination s
Modal combinations are calculatéaeach global directiofor results such as displacements, forces
and stresses etgsing CQC (complete quadratic combination), SRSS (Square root of sum of squares)

or ABSSUM (absolute sum) on the response spectrum load combinatiGQEC method for modal
combination is applicable to a wider class of structures and is therefore recommended method. When

critical damping ratio is 0, CQC method is the same as SRSS methodmore information about

these modal combinationethals, please refer tfRef. 14, 23|.
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Normally, modal combination results are all positive due to the sign lost during SRSS, CQC and
ABSSUM procedures. However, you can choose to use signage for modal combination results based
on the dominant mode (with maximum participation factor) in eéaibagdirection.

Directional Combination

Modal combination resultéRx, Ry and Rz)s done in eacbf global directios X, Y and Z Using
directional factors, these directional modal results will be combined into final modal combination
results, which will be added to any ustfined load combination results if response spectrum load
factor is specified in the load combination definition (see Léadsd Combinations).

Rinai = RX * directional_factor_x + Ry * directional_factor_y + Rz * directional_factor_z

An example would be to apply 100% of inertia forces in loorézontaldirection plus 30% of inertia
forces in the perpendiculaorizontaldirection. In this case, directional_factor_x = 1.0,
directional_factor_z = 0.3 and directional_factor_y = Bor more information, please refer to
Chapter 12 in [Ref. 24]

Modal Combinations Report

Currently, Real3D does not include separate text report for modal combinations results in response
spectrum analysidevertheless, you can readily accomplish this by crafting an unpopulated load
combination, setting the response spectrum load factor to 1.0.
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Chapter 20: Concrete Design 1 ACI 318-19/14/11/08/05/02

The concrete design module performs concrete design for beams, columns and pldires ¢ndn
according ACI 31819/14/11/08/03J2 [Ref. 19]. Static analysis must be performed successfully
before concrete design can be performed. Sound engineering judgment is especially important to
interpret and apply the design results given by the program.

Concrete Column Axial -Flexural Design

General

The oncretecolumn module designs concrete rectangular or circular columns against axial, uniaxial

or biaxial bending as well as shear basedGh318-19/14/11/08/05/0Zode Provisions. The

program generatdsXACT (not approximate or empirical}Mx-My interaction surfaces for all

sections accordintp userspecified design criteria. Thamity checkratio is computed for each

column based on capacity interaction surfaces and axiatfimgel bending in each load

combination. Slenderness effects avasidered for both nesway (braced) and sway (unbraced)

frames. For dear designincolumns pl ease refer to AConcrete Col

Axial Load and Moment Convention

For concrete design, compressive and tensile axial loads have positive and negative signs respectively.

The major moment is designated as Mx in design as opposed to Mz used in analysis output. The
minor moment is designated as My in both analysis andrdes

Solution Assumptions

1 The strain in reinforcement and concrete is directly proportional to the distance from the neutral
axis ACI 3181914 22.2.1.2 ACI 318-11/08/05/02 10.2.2).

1 The maximum usable strain at the extreme concrete compression fiber is equal t&Gl003 (
31819/1422.2.21, ACI 31811/0805/02/10.2.3).

1 The stress of steel is$ Es* sHutfs <=f,where E= 2 9 0 0s0s stkebsirain atg fs
the yield strength of steeACI 318-19/14 D.2.2.1,ACI 318-11//08/05/0210.2.4).

1 The tensile strength of the concrete is neglected in flexural calculAir8(8-19/14
20.2.22, ACI 318-11/0805/0210.2.5).

1 A uniformly distributed stress of 0.85fc is assumed over an equivalent compression zone
bounded by the edge of the cross section and a line parallel to the neutral axis at a distance a =
b1* c where c is the distance from extreme compression fiber to neutral axis
b1=0.85i 0.05* (-4 ) and 6= 0685 andFunitfis ksi(ACI 31819/14 22.2.2.4,

ACI 318-11/08/05/02 10.2.7.1)

T Reinforcement ratio J shoul d AGCI&S1819410.6.1.] <=

ACI 318-11/08/05/02109.1).
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Solution Algorithms

1. All sections are EXACTLY solved biaxially based on the solutioassumptiors above. Each
section is solved based on the following steps.

2. Nominal StrengthCalculation (Pn, Mnx, Mny)

2a. The nominal capacity of a section is computed at successive choices of biaxsal ahee

choices of angles are based on the user input for biaxial angle steps found in the cQonuaeid
Design |Design Options. Biaxial angle steps affect the solution accaratgpeed. For biaxial
problems, steps must baultiplesof 4. A value of 16 ~ 32 is sufficiently accurate for most sections.
The adequacy of biaxial angle steps can be determined by smoothness pMkhénkéraction

diagram. For uniaxial problems, biaxial angle steps should be setto 4. This wiltigiveHpat O
degree angle,Rix (-) at 180 degrees angleNR, (+) at 90 degree angle; Ny (-) at 270 degrees

angle.

The number of biaxial angkteps is analogous to the number of sides of a polygon used to
approximate a circle or ellipse. A uniaxial solution in the program is therefore analogous to using a
square to approximate a circle or a rectangle to approxena#ipse. A biaxial solution with 16

angle steps is analogous to using ssitled polygon to approximate a circle or an ellips@bviously,

the 16sided polygon is closer or more accurate to approximate a circle than a sdlsenoral of

this compariso is that a low value dfiaxial angle steps tends to give more conservative biaxial

capacity for the section.
X

NI

Y

X
Bia xial
Angle
L] *
2b). For each biaxial anglé,, Mnx, Mya nd maxi mum t eda® computegdt e e | stra

successive choices of neutral axis distance c using strain compatibility anégagseelations to

establish bar forces and the concrete compressive results. The choices of ¢ are based on the neutral
axial steps found in the comma@dncrete Designpesign Options. Neutral axial steps affect the
solution accuracend speed. A value of 250 ~ 500 for neutral axis steps is sufficiently accurate for
most sections. The adequacy of neutral axis steps can be determined by smoothneskiof the P
and/or PMy interaction diagrams. In addition, the program always computes several control points.
They are maximum /R compression), minimumn®tension), §=0; 0.25§; 0.5f, and 1.0§ (balanced
condition). Concrete displaced by steel may be optionally included or excluded (by default).

2¢). Mnx-Mny contour curves are computed for successive choices of axial forces. This is achieved
through interpolation on the,PAMinx and My already calculated for each biaxial angléhe procedure
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above. The choices of axial forces are based on the neutral axial steps found in the command
Concrete DesignDesign Options.

3. Design Strength Calculationf Pn, G Mnx, GMny)

3a). ACl 31819
Design strength according to ACI 318 is obtained by multiplyingdPMnx andMny of each biaxial
anglebyappl ying strength reduction factor (G as det
ic= 0.65, U = 0.80 for tied confinement

= for

Uc= 0.75, U 0.85 spiral confinement
For<=Gy

d = 0
For> £,80.003

ad = 0.90

For y < ,+0.003

0 =+@9-0) t -{)o0.003
whegies Unaxi mum tensil e st ee}lissseelyisdistmain{abbalanted e bi a
condition)

I n addPhmuo®nh,bé& al wBws | ess than G

ae* U *  Pr (87 BP+ fy* Afif concrete displaced by steel is excluded or

ac* U *  [P* AQ+ f@*5A if corfcrete displaced by steel is not excluded

It is important to note thay fs limited to 80 ksi when calculating, Rax (ACI 31819 22.4.2.1)

The nominal axial tensile strength of the columnnisi= fy * As(ACI 31819 22.4.3.1)
3b). ACI 318-14/11/08/05/02

Design srength according t&Cl 318-14/11/08/05/02s obtained by multiplying & Mnx and My of
each biaxialangley appl ying strengt h nedmthafollowing (ACI38ct or U

05/02 9.3.2):
Uec= 0.65, U = 0.80 for tied confinement
ic= 0.70, U = 0. 8BrACIB1805%0p i ral confinement
Ue= 0.75, U = 0. 8 rACIBI8084 P14 r al confinement
F o ri < %,dbmpressiorcontrolled sections)

d = @
F o re> .005, tensiomontrolled sections)

d = 0.90

For y < (<40.005)

0 =+@9-09 t -{Q)(0.005 Q)
w h e riemaximum tensile steel strain for the biaxial aragle ¢is dieel yield strain (at balanced
condition)

I n add inmustdealways led? than the followirkgyl 318:05/0210.3.6.1)
c* U *  P* (Al B+ fy* Afif concrete displaced by steel is excluded or
0c* U * P* AQ+ f8* R\ 4| if corfcrete displaced by steel is not excluded

The nominal axial tensile strength of the columnnisix= fy * As

4. Unity Check Ratio
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Unity checkratiois computed for each section based on the loads and the capacity of the section. It
is defined as the following:

For a given load set (PMux, Muy), find the section capacity My c o0 n t o w¥ Pu. a Theudity
checkratio for the load set ithelarger of:

~

Vog Vou b
F. (@1

o o %0 F

BT gh i Ag POT OR [ AQ

(04

Wh e r enxnfaxl M, Mhy is the interaction point between the line from point,{N.y) to point (O,
0) andthe Mx-My contour line.%® ;  is themaximum compression or tension capacity of the
section, depending on the positive or negative sign.of P Py is outsidethe maximum compression
or tension capacity, anity checkratio of 99.9 is assigned.

A unity checkratio equal or less than 1.0 means the design strength is greater than the required
strength and the section is adequate to resist all input loadsity checkratio greater than 1.0 means
the design strength is less than the required strength and the section is inadequate to resist all input
loads. Itis important to realize thainity checkatio defined in the program is just a measure of
section adequacy against loads. It should natetetedto the factor of safety.

Unity Check Ratio Calculation Example

To illustrate the calculation aity checkratio in the program, see the following example.

For a given load set (PMux, Muy) = (333 kip, 180 #kip, 125 ftkip),aM-Myc apaci ty gont ou
= 333 kip is obtained as shown below. In addition, the maximum compression ca&pgagijty =

1050.2 kip.



Section 1 of 2 500 kip-fi

Labely RectC1
400
Type| Mu-hy
P = 9330 kin 300
' 00, 2735
oo -
o (R e B
A Mo, Muyd 17
- 1008 S
A "u,
(36217, 0.0) o N\ (362.7,0.0)
-500 -400, -300 -200 -100 0 100 200 SDD-"' 400 500 kip-ft
“u, o
-100
-200
| {@a; 278
-300
-400
-500

The interaction point between the line from point (18Kift 125 ftkip) to point (0, 0) and the contour
line is obtained as (214.1kip, 148.7 ftkip)

0 ¢ Do
0@ oY PUT  PSV et
%1 ofii Ap %0ius 14g CPTEP PTUWEX
0 000
%0 p TT&T P X

Therefore, theinity checkratio corresponds to the load set is 0.841. The section is adequate to resist
the load.

P-i ang B fects

Two types of secordrder moment effects may develop in a frame.

1).)R0 effect is associated with i nd-orderdomentmajne mb e
devel op by member (usually a column) axi al for
column axis away from the chord connecting the column.enldss possible to account foriP

effects on columns independently.

2).Pp effect i s associated with the | at-erdeal dr i f
moment may develop by axial force (P) acting uj
relative to their original position. Itis NOT possibleaitcountforRp ef f ect s on col um
independently.
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Slenderness Effects

Foranorsway frame,Rp ef f ect may be s adrderlstyuctirajamalysieisd and t
therefore sufficient. The program then accountsfarPe f f ect by mademmiohents ng t
using AClI moment magnification method.

For a sway frame, the secendder structural analysis must be performed to accountéprRe f f ec t .

In addition, the program accountsfolP ef f ect by ma-graer niogents gsing ACeE s e c «
moment magnification method. In fact, all columns inyfvames must first be considered as

braced columns under gravity loads acting alone.

Braced or Unbraced Column

The column is considered braced if one of the following two criteria is met:

Criterion 1: Increase in column end moment due to seamaer effects is less than 5% of the first
order moment

Criterion 2: Stabilityindex Q for the column story under consideration from thedirdér analysis
7 B
V] T8t v

(ACI 31819/116.6.4.3,6.6.4.4.1ACI 318-11/08 10.10.5.2ACI 318-05/02Eq106)

Section Properties for Structural Analysis and Computing K
It is important to point out that in both firsind seconarder analyses; appropriate member stiffness
must be used to account for the effects of axial loads, cracking, and creep.

'O v x T Tt@or normal weight concrete

O 0 80 o Cor we between 90 and 155 Ibfft

Moment of inertiaACI 31819/14 6.6.3.1.1ACI 31808 10.10.4.1ACI 318-05/0210.11.1)
= 0.35 |, for beams and cracked walls

=0.70 | for columns and uncracked walls

= 0.25 |, for flat plates and flat slabs

Area

A=10A

Note:

a). g and A are based on the gross concrete cross section, neglecting reinforcement.

a). Igfor Tee beams can be closely approximated as 2 tigfiesthe web.

b). 0.70 }should be used for walls first. If the factored moments and shears indicate that a portion of
the wall will crack due to stresses reaching the concrete modulus of rupture, the analysis should be
repeated with 0.35 for the cracked portions of the wall.

[Ref. 16 pp577]

The program allows a user to modify the moments of inertia €oncrete Designesign Input | RC
Member Input, | RC Plate Input I n order to use stiffness redu
cracked section properties (lcr) farThm@omser s art
you to consider or ignore cracking in the analysis withowntering element cracking information.

Radius of Gyration
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i ‘oro
Effective Length FactorK
Find relative stiffness ratios (@ & Q) of columns and beams at the top and bottom joints of the

column

B—

B—
Section properties are the same as used in thefast analysis (step 1)
For practical reasons, 1@& for fixed end and ¢ Tfor hinged end.

The effective length factor K is solved from the from the following equations
For braced frames:

" LI
0 c P oot %W P

For unbraced frames:
113 Tl') O. (p 13 7‘0
(0] 0 WEN

The program provides a tool to calculate the effective length factor K based on the iapat’Q .
The equations above providenore accurate K calculation than what is givenAgI(318-05/02
10.12.1)

Unsupported Length Lu

The unsupportetbngtls Luy, Luz Of @ column are the clear distances between lateral supports in
column local y and z directions A zero value of Lin the progranmeans that it is equal to the
member length between the end nodes.

For nonsway frames, an optional check is made kLu / r <¥ 32(M1/M2) (ACI 31819/14 6.2.5,

ACI 31811/0805/02Eq107). Bracedrame k is used here. Lu is unbraced length in local x and y
directions. Mand M are the smaller and larger factored end moments on the compression member
respectively. (M/M>) is positive if the member is bent in single curvature and negative otherwise.

For sway frames, an optional check is made kLu / r <sAZ4 818-19/14 6.2.5ACI 318-11/08
10.10.1 ACI 31805/0210.13.2). Sway frame k is used here.

Minimum Moments

The program calculates minimum moments for both braced and unbraced frames

O n U ™ mdBto ,wherehisininchesACI 31819/14 6.6.4.5.4ACI 318-11/08 10.10.6.5,

ACI 31805/0210.12.3.2). The program conservatively applies the minimum eccentricity about both
axes simultaneously.

Equivalent Moment Factor Cm

0 p8t ifM1=00rM2=0
0 pdr if transverse load existed
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0 md 1@ — 1@ if end moments only. ACI 31819/14 6.6.4.5.3ACI 318-11/08 10106.4,
ACI 318-05/02Eq1013).

Although not required, the program also conservatively applies & for ACI 31819/14/1108.
The sign of—is: positive if the column is beit single curvature, negative otherwise.

Note, Cm is only applicable to ne@way frames. You have the conservative option to always use Cm
= 1.0 from Model Design Criteria und€oncrete Designpesign Criteria.

Section Properties for Critical Loads Computation
The El used in the frame analysis above is an average value. In designing individonms, the
following reduced EI should be used to reflect the greater chance of cracking

00 = (ACI 318-19/14 Eq 6.6.4.4.4#CI 31811/08Eq 1015, ACI 318-05/02Eq10-12)

[

The | (also calledt in ACI 318-05/02
I andi is the ratio used to account for reduction of stiffness of columns due to sustained axial
loads.The factor accounts for the effects of creep.

Generally: T

Critical Load Pc
0 —— whereQ p8t
(ACI 31819/14 6.6.4.4.2ACI 318-11/0810.6 ACI 318-05/02Eg1010)

Moment Magnification Factor
C
5, =—2 - >10
P

s
1 n

0.75P,

(ACI 31819/14 6.6.4.5.2ACI 318-11/08 10.6 ACI 318-05/02Eq109)
Puis the average of axial force at both ends. p If - T the design fails and a unity cheltio

of 999.9 is assigned.
The moment magnification factor shall be applied to the larger of the two factored column end
moments from a firadrder analysis and minimum moments calculated above.

Other Requirements
Reinforcement ratio for columns:

Bar requirements: minimum 4 bars for tied columnisagfor spiral columns

Tie requirements: >= #3 for No. 10 longitudinal bars and smaller; >= #4 for No. 11 14, 18 longitudinal
bars.

Column Trial Size

252



The ACI code requires that the reinforcement ratio for columns be witdirp ” iy ltis
usually economical to havé 181 P 181 ¢
For tied columns

~
g

0
e O Y
For spiral columns _
0
g v o

Based on rectangular or circular sections used for analysis, the program will generate column sections
with different reinforcement configurations.
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Concrete Column Shear Design

General

The concreteolumn module designs concrete rectangular or circular columns against shear based on
ACI 318-19/14/11/08/05/02 Code Provisions. Shear design in columns is based on the shear force
envelope with the option to include or exclude axial force influenceonarete shear capacity.

a). ACI 31819

The column shear design is based on
cw W W (ACI 3181910.5.3.1, 22.5)11
where T UL

Given hy, d, &, fy, number of stirrup legs, and stirrup (tie) area\Athe required stirrup spacing is
computed at every analysis station.

When required, theninimumarea of shear reinforcemg@Cl 318-19 10.6.2.2)
5 O Qi - fﬂ)lrpﬁ)l
oL E AW ) g

V¢ calculation(Axial load N, with unit pounds positive for compression and negative for tension)
a).shear reinforcement/&= Ay, min

e o ¢ D — QOQ (ACI22.55.1a)
or
e o Y T O — HQ (ACI225.5.1b)

b). shear reinforcementy/A Ay, min
e® ¢ Y _" T " — ¢ 'Q(ACI225.5.1c)

). somelimits
*w T (ACI22.5.5.1)

o u_ "ahon (ACI22.55.1.1)
— mt Y (ACI22.5.5.1.2)

Concrete weight modification factor (ACI 31819 19.2.4.1)

_ =0.75 when concrete density w= 100 Ib/ff

_ =0.0075*w <= 1.0 when concrete density 100 IB4tw. <= 135 Ib/fE
_ =1.0 when concrete density w 135 Ib/ff

The size modification factor i (ACI 31819 22.5.5.1.3)
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Q

§ For circular sectiongo  ¢'Y and d = 0.8(2R) where R is the radiughs circular section.
(AC1 31819 22.5.2.2

1 Nu=0 if the influence of compression on concrete shear streagtbegnoredin the concrete
design option

" p i (ACI 3181922.5.3.)
"Q @ TKsi in design of shear reinforcement. (ACI 31822.5.3.3, 20.2.2)4
T I n cal &WAlisstipposeg to peken as the sum of the areas of the longitudinal bars
located more than twthirds of the overall member depth from the extreme compression fiber
The program calculaséds the sum of the reinforcement areasomerelevant column side for a
rectangular column and as etierd of the total reinforcement areas for a circular column.
Torsional forces are not considered.
The diameter of tie bar shall be at least No.3 enclosing No. 10 or smaller longitudinal bars, and
No. 4 enclosing No.11 or larger longitudinal bard’he program des not check for this
provision (ACI 31819 25.7.2.2)

= =

= =4

The following is the algorithm used to compute the stirrup $fi@cing(s)n the program.
foo @ g "AD Q the design fails (ACI 3:8922.5.1.3.

If w —, no stirrup required (ACI 3189 10.6.2.1

lfeo e+ o1 "D 'Q smax <= min(d/2, 24 in) (ACI 3189 10.7.6.5.2

lfeo e o1 "D 'Q smax <= min(d/4, 12 inACI 31819 10.7.6.5.2

If e®@ @ —,S=min ——h— <=smax ACI 31819 10.6.2.2
g N

Otherwise, s = <= smax (ACI 3181922.5.8.5.3

According to ACI 3189 25.7.2.1 column confinement spacing shall not exceed 16 longitudinal bar
diameters, 48 tie bar or wire diameters, or the least dimension of the compression members.

b). ACI 318-14/11/08/05/02

The column shear design is based on

cw W W (ACI 31808/05/02Eg111)

where T UL

Given Ly, d, &, fy, number of stirrup legs, and stirrup (tie) areaAthe required stirrup spacing is
computed at every analysis station.

Concrete shear strength
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1. For R <0 (column subjected to tension)
e sCp — _ QO m
(ACI 31814 225.7.1, ACI 31811/08 112.2.3, ACI 318-05/02Eq11-8)

2. For R >= 0 (column subjected to compression)

e ¢ p — _adb0Q

(ACI 31814 22.5.6.1, ACI 3141/08 11.2.1.2ACI 318-05/02Eq114)
Note:

 For circular sectiong  ¢'Y and d = 0.8(2R) where R is the radius of the circular section.
(ACI 31814 22.5.2.2ACI 318 11.3.3 and 11.5.7.3)

1 Nu=0if the influence of compression on concrete shear strength is ignored.
9 " p i (ACI 31814 22.5.3.1ACI 31811/08 11.1.2ACI 31805/0211.1.2)
T "Q o 7ksiin design of shear reinforcemeiGl 31814 22.5.3.3ACI 318-05/0211.5.2)
1 When ight-weight concrete isonsidered
1 _ =0.75 for alllightweight
1 _ =0.85 for sandightweight
1 _ =1.0 for normalweight
ACI 31814/11/08 ACI 318-05/02
Normalweight (Ib/ff) we>= 135 we >= 130
Sandlightweight (Ib/ff) 115 <w < 135 105 < w < 130
All -lightweight (Ib/ft)) wWe <= 115 we <= 106

9 Torsional forces are not considered.

The following is the algorithm used toropute the stirrup (tieggpacings) in the program.
foo e g "AhQ the design fails
(ACI 31814 22.5.1.2ACI 31811/0811.4.7.9ACI 31805/0211.5.7.9).

If w —, no stirrup requiredrhe program does not check member depths when applying minimum

shear reinforcement for ACI 34@3/11.
(ACI 31814 9.6.3.3, ACI 318.1/08 11.4.6.3ACI 318-05/0211.5.6.1).

feo e 1 "D Q smax <= min(d/2, 24 in)
(ACI 318-149.7.6.2.2ACI 31811/08 114.5.1 ACI 31805/0211.5.5.1)

lfeo e 1 "D Q smax <= min(d/4, 12 in)
(ACI 31814 9.7.6.2.2ACI 318-11/08 11.4.5.3ACI 318:05/0211.5.5.3)

If e®d @ —,s=min — h— <=smax
g N

(ACI 31814, 9.6.3.3 , ACI 3141/08, 11.4.6.3ACI 318-05/0211.5.6.3)
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Otherwise, s = <= smax

(ACI 31814 22.5.10.5.3, ACI 3181/08 11.4.7.2ACI 318-05/02Eq1115)

Column confinement spacing shall not exceed 16 longitudinal bar diameters, 48 tie bar or wire
diameters, otheleast dimension of the compression members.

(ACI 31814 25.7.2.1ACI 31811/08 7.10.5.2, ACI 318€5/02 7.10.5.2)

The following additional requirements are needed for column spirals:
1 The maximum centetio-center spacing:

s < - (Derived fromACI 318-05/02Eq105)

1 The clear spacing between successive turns shall not exceed 3 inches, nor be less than 1 inch.
(ACI 31805/027.10.4.3)
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Concrete Beam Flexural Design

General

The oncretebeam module designs concrete rectangular or Tee beams against enveloped bending
about strong axis (local z) and enveloped shear along local y. Axial force, bending about weak axis
(local y),andtorsion are not considered. Furthermore, no deep beam action is considered. If axial
force or biaxial bending actiomsinnotbe neglected, the use of column design module is
recommended.

Beam Flexural Reinforcement

The beam top and bottom flexural reinforcement is computed at each analysis station along the beam
length. Minimum reinforcement is computed for the bottom steel. The program designs each beam
against positive or negative moment with single layer of tenstieel with tensicaontrolled

condition. For flexural design, the critical section at a support may be taken at the face of the support
(but not greater than 0.175 * span length from the support center). The program offers an option to
account for thess conditions by automatically computing beam support widths from Model Design
Criteria undeiConcrete DesignDesign Criteria.

The following algorithm assumes one layer of tension steel, thatig],dhe depth of the tension steel
centroid. This assumption is made due to its simplicity and conservative nature and is reasonable
unless the tension steel strain is very close to the teonsiutnolled limit strainThe strength reduction
factorise  1@an the following equations.

The design result is reflected in top and bottom reinforcement diagrams.
Rectangular Beam Flexural Design Algorithm

a). ACl 31819

Givenb,d=d d, §and N, find required A(and A6 i f i, e=l100ksi )

Step(1): Determine maximum moment without compression steel, using the teostoolled limit
- — T8t ¢ACI 21.2.2.)
& TBImo Q
- T8Imo
® | w (ACl22.2.2.4.1)
b1=0.85i 0.05*(-4) and 16= 0685 andFunitfis ksi (ACI 31819 22.2.2.4)

6  map iMad (ACI22.2.2.4.1)
w

0 8 Q —

. A S

0 0 Q



Step(2): If 0 0 , design the section as singlinforced adollows

Nj

"I ET & ®@—h—  where §<=80ksi (ACI 31819 9.6.1.2)

. m
TS
o 2

T il

Q o

- —— T8I O
N ’;‘w
o} " wQ

Step(3): If 0 0 , design the section as douinforced as follows (still assuming the
tensioncontrolled limit - — 1@t M)O

N op Nmgin® 0

0 )
N
D0 N
)

o " o NJ
0 0 0=
0

: . N
Note, the tensile steel required to balance the compressive sitleHs

The design failsif6 < 0. For practicalodoVretmsons, t
b). ACI 318-14/11/08/05/02
Givenb,d=d d, §and N, find required A(and A6 i f i &=e60 ksid )

Step(1): Determine maximum moment without compression steel, using the teostoolled limit

- T8tmu
W T XW®
O T w ) )
b1=0.851 0.05* (fe-4) and 16 (685 andFunitls ksi
6 i) K0
(3} J14 ) (L)
*U 0 Q —
. v q
0 0 TQ

Step(2): If 0 U , design the section as singlinforced adollows

v U

26(
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Nj

) P = "I El & ®w—h—

. m
0w —,

Ty ()
.
w JR—

T il

Q o

- —— TBITIO
N ’?‘w
0 " wQ

Step(3): If 0 0 , design the section as dowbinforced adollows (still assuming the
tensioncontrolled limit 1@t v
Al p - TBITTO® Q
W
0 « 0
"QONg
Ly

[\} " NJ
0O O 0" —=
Q

. . . i N
Note, the tensile steel required to balance the compressive gifeHs

&N

The design failsif§ < 0. For practicaldVreasons, the
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Tee Beam Flexural Design Algorithm
a). ACI 31819
Given b, k, hr, d =d, fc, fy and Mu, find required A fy<= 100 ksi

Step(1). Assuming a <=fand tensiorcontrolled section with

v Y

, oy 'Y
o P P mo

..o dichm

a Qe awahﬁ

where §<= 80 ksi (ACI 31819 9.6.1.2)
5 G o & od)

. 80
T

If a > h go to Stef(2)
o —
b1=0.85i 0.05*(e-4) and 6= ®85 andFunitfis ksi

Q o
- —— TBITIO
w

If - - 131 1M, dhe design fails.

Step(2). a > h and tensiorcontrolled section with

M, =M, -40.85)f_ (b-b,)h, [ d - h,;’ J

“

v 0
e wQ

o T i QY
o P P mm

. QQ

© oo

. O

® i

b1=0.85i 0.05* (-4 ) and i6= @85 andFunittis ksi
o q

- —— TBITIO

w
If- - 18 T, dhe design fails.
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b). ACI 318-14/11/08/05/02
Given b, k, h, d =d, f, fy and Mu, find required A

Step (3. Assuming a <= hand tensiorcontrolled section with

T 0O c'Y
” p p T[aJ ".n“

VBT gl e

- —(i) TSI T O
If - 18 11,uhe design fails.

Step(2). a > hrand tensiorcontrolled section with

M, =M,-4085)f (b-b,)h, [ d— s J

2

v 0

A
1 TRvel QY

o P P m
. T aAQ
Ty

I

Q w

- — TBI T O
W

If - 181 1, he design fails.
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Concrete Beam Shear Design

General

The concretéeam module designs concrete rectangular or Tee beams against enveloped shear along
localy. Biaxial shears and torsion are not considered. Furthermore, no deep beam action is
considered.

The member shear reinforcement (stirrup spacing) is computed at each analysis station along the
member length. Stirrup size and number of legs are assumed uniform along the length of a member as
part of input. For shear design, sections located lessatbetance deffective depthjrom theface

of thesupport may be permitted to be designed for Vu computed at a distbnoe tthe suppor(ACI

31819 9.4.3ACI 31805/0211.1.3.1). The program offers an option to account for these conditions

by automécally computing beam support widths from Model Design Criteria uGdercrete Design |
Design Criteria.

The design result is reflectedarstirrup spacing diagram.The axial force Nis assumed to be zero in
all theequations below.

a). ACI 31819

Thebeamshear design is based on
cw W W (ACI 318199.5.3.1,22.5.1)
where T UL

Given hy, d, &, fy, number of stirrup legs, and stirrup (tie) area\Athe required stirrup spacing is
computed at every analysis station.

When required, theninimumarea of shear reinforcement (ACI 3189.6.3.4)
f et en T E TADT LD

E I > h
o Ul aww 0 0

V¢ calculation (Axial load Nwith unit pound is positive for compression and negative for tension)
a). shear reinforcement, &= Av, min

e o c_ O — Q (ACI22.5.5.1a)
or
e o YY" T 0i — Q (ACI22.5.5.1b)

b). shear reinforcementy/A Ay, min
e® o Y_" T i — &Q(ACI225.5.1c)
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c). some limits
*w T (ACI225.5.1)

o u_ "&hon (ACI22.5.5.1.1)
— 8t i) (ACI22.5.5.1.2)

Concrete weight modification factqr (ACI 31819 19.2.4.1)

_ =0.75 when concrete density w= 100 Ib/ff

_ =0.0075*w <= 1.0 when concrete density 100 IB&tw. <= 135 Ib/fE
_ =1.0 when concrete density:w 135 |b/ff

The size modification factor i (ACI 31819 22.5.5.1.3)

Q

 For circular sectiong  ¢'Y and d = 0.8(2R) where R is the radius of the circular section.
(ACI 31819 22.5.2.2)

1 Nu=0 if the influence of compression on concrete shear strength can be ignored in the concrete
design option.

"D p i (RCI 31819 22.5.3.1)
"Q @ 1KkSI in design of shear reinforcement. (ACI 31822.5.3.3, 20.2.2.4)
T I n cal eWisssuppasagl tojpe taken as the sum of the areas of the longitudinal bars
located more than twthirds of the overall member depth from the extreme compression fiber.
The program uses the total tension reinforcement areas A
Torsional forces are not considered.
The diameter of tie bar shall be at least No.3 enclosing No. 10 or smaller longitudinal bars, and
No. 4 enclosing No.11 or larger longitudinal bars. The program does not check for this
provision (ACI 31819 25.7.2.2)

= =

= =

The following is the algorithm used to compute the stirrup $f@cing(s)n the program.
foo @ W A Q the design fails (ACI 3189 22.5.1.2).

lfeo  « _ " 'Q no stirrup required (ACI 31899.6.31).

foo @ 1 "G4 'Q smax <= min(d/2, 24 in) (ACI 3189 10.7.6.5.2)

foo s 1 "G4 'Q smax <= min(d/4, 12 in) (ACI 3189 10.7.6.5.2)

If ecd0 ® —,s=min —h— <= smax (ACI 31819 10.6.2.2)
g Ni

Otherwise, s = <= smax (ACI 31819 22.5.8.5.3)

b). ACI 318-14/11/08/05/02
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The column shear design is based on
cw W W (ACI 318-08/05/02 Eq111)
where T UL

Given Ly, d, &, fy, number of stirrup legs, and stirrup (tie) areaAthe required stirrup spacing is
computed at every analysis station.

Concrete shear strength

1. For R <0 (column subjected to tension)

e sCp — _ QO m

(ACI 31814 22.5.7.1, ACI 3141/08 11.2.2.3, ACI 3185/02 Eq118)

2. For R>= 0 (column subjected to compression)
e ¢ p —— _abQ
(ACI 31814 22.5.6.1, ACI 3141/08 11.2.1.2, ACI 3185/02 Eq134)

Note:

§ For circular sectiong  ¢'Y and d = 0.8(2R) where R is the radius of the circular section.
(ACI 31814 22.5.2.2, ACI 318 11.3.3 and 11.5.7.3)

Nu= 0 if the influence of compression on concrete shear strength is ignored.
"D p i (@CI 31814 22.5.3.1, ACI 3181/08 11.1.2, ACI 3185/02 11.1.2)
"Q @ 1KkSI in design of shear reinforcement. (ACI 31822.5.3.3, ACI 3185/02 11.5.2)
When lightweight concrete is considered
1 _ =0.75 for alllightweight
1 _ =0.85 for sandightweight
1 _ =1.0 for normalweight

= =4 -4 A

ACIl 31814/11/08 ACI 318-05/02
Normalweight (Ib/ff) we>= 135 we >= 130
Sandlightweight (Ib/ff) 115 <w <135 105 <w <130
All -lightweight (Ib/ff) we <= 115 we <= 105

i Torsional forces are not considered.

The following is the algorithm used to compute the stirrup $p@cing(s)n the program.
Ifoo s g "AhQ the design fails
(ACI 31814 22.5.1.2, ACI 31:81/08 11.4.7.9, ACI 3185/02 11.5.7.9).

If w —, no stirrup requiredlhe program does not check member depths when applying minimum
shear reinforcement for ACI 34@3/11.
(ACI 31814 9.6.3.3, ACI 318.1/08 11.4.6.3, ACI 3185/02 11.5.6.1).

lfeo e o1 "D Q smax <= min(d/2, 24 in)
(ACI 31814 9.7.6.2.2, ACI 3141/08 11.4.5.1, ACI 3185/02 11.5.5.1)
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feo e 1 "D Q smax <= min(d/4, 12 in)
(ACl1 31814 9.7.6.2.2, ACI1 31:41/08 11.4.5.3, ACI 3185/02 11.5.5.3)

If e ®W —,sS=min —— h— <=smax
g N

(ACI 31814, 9.6.3.3, ACI 3141/08, 11.4.6.3ACI 318-05/02 11.5.6.3)

Otherwise, s = <= smax
(ACI 31814 22.5.10.5.3, ACI 3181/08 11.4.7.2ACIl 318-05/02 Eq1115)




Concrete Slab/Wall Design

General

The oncreteslab/wall module desigroncrete slabor wals against enveloped positive and negative
Wood-Armer bending moments in slab local x and y directions. Axial force action is ignored. The
program produces contours of required areas of steel which can be averaged with some commonsense
to finish the design.

Wood-Armer Moments
WoodArmer Formula [Ref 18, pp198] ihe most popular approach to convert Mx, My and Mxy to
orthogonal plate design moments Mux and Muy

The procedure to obtain Mux and Muy for designing plate bottom reinforcemerfblbas:
T Mux = Mxx + |Mxy|
Muy = Myy + [Mxy|
T IfMux<0OandMuy<0

Mux =0
Muy =0

If Mux < 0 and Muy >0
Mux =0

Muy = Myy + |Mxy * Mxy / Mxx|
If Mux >0 and Muy <0

Muy =0
Mux = Mxx + |[Mxy * Mxy / Myy|
1T Mux>=0
Muy >=0

The procedure to obtain Mux and Muy for designing plate top reinforcemenfoitoass:
T Mux = Mxx - [Mxy]|
Muy = Myy - [Mxy]|
1 If Mux >0 and Muy >0

Mux =0
Muy =0

If Mux >0 and Muy <0
Mux =0

Muy = Myy - [Mxy * Mxy / Mxx|
If Mux < 0 and Muy >0

Muy =0
Mux = Mxx - [Mxy * Mxy / Myy]|
T Mux<=0
Muy <=0

Wood-Armer Formula is a lower bound solution method which satisfies the following conditions for a
given external load:

1 The equilibrium conditions are satisfied at all points in the plate.

1 The yield strength of the plate elements is not exceeded anywhere in the plate.

1 The boundargonditions are complied with.
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A lower bound solution is conservative in nature.

Stress Singularity

The stresses and bending moments at the point of a concentrated load ondtedtstaivetically

infinite.  Thistheoreticallymeans that if we used all the steel in the world, we still did not have

enough steel to resist the stress at that point. This is of course ridiculous. The reason is of course
because we prescribe an i mpossi bibutetheloadverrmg ( i c
smallarea (circle)the stresses become finite.

In finite element analysis, the program will never give you a stress of infinite magnitude. Still, at a
point of concentrated force suchasolumn acting on a flat plate, stresses may have rather significant
spikes. According to Ugural [Ref 15, ppl116], the actual stress caused by a load on a very small area
of radius ¢ can be obtained by replacing the actyalith an equivalent radius.r

i pP&pi 0O T XW (re < 0.5t)

i i (rc >= 05t)

where t is the plate thickness

By excluding the finite elements (usually finely meshed) near the concentrated loading points, we can
provide practical and reasonable design results.

Flexural Reinforcement

The plate top and bottom flexural reinforcement in local x and y direisticomputed at each nodal
pointas well as the center. No minimum reinforcement is considered. The program only designs
each plate with tensiecontrolled condition. The procedure is similar to that of concrete beams
except naoubk reinforcement is considered.



Chapter 21: Steel Design 1 AISC 360-22 LRFD, 360-16 LRFD, 360-10
LRFD

The steel design module performs steel design for beams and columns ac&tBdirg6022 (16"

edition) [Ref. 30} AISC 360-16 (15" edition) LRFD [Ref. 25] and AISC360-10 (14" edition) LRFD

[Ref. 21]. Static analysis must be performed successfully before steel design can be performed.
Sound engineering judgment is especially important to interpret and apply the design results given by
the program.

Due to the fact that the software provides digstep calculation procedures, the technical treatme

of the design process is kept minirhake.

Section Orientation

The orientations of section local X and Y axes of various AISC shapes are shown below (Figure 21.1).

Figure 21.1
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