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11  Welcome to ENERCALC 3D Training
Welcome to ENERCALC 3D Training!

ENERCALC 3D is a powerful and versatile 3D structural analysis and design program
with extensive capabilities. lts functionality is intuitive and easy to learn, and the purpose
of this training is to make it even easier and faster to master. A quick glance down
through the table of contents shows that the training will start out by introducing the
graphical user interface. It will then cover some basic theory on modeling by introducing
the entities that are available to model within ENERCALC 3D.

Please refer to the ENERCALC 3D documentation for product specifications, system
requirements, installation instructions, etc.

This training is intended for licensed practicing professional engineers and architects, or
professionals in training. It assumes that the trainee has a working knowledge of
structural analysis and design, and is generally familiar with the basic operation of
Windows-based programs.

While this training will serve to familiarize you with the general operation of the software,
itis not intended to replace the user's manual, nor is it intended to serve as a training in
the field of structural analysis, structural design, code application, etc. All information
offered is in support of ENERCALC software systems. No information shall be
considered as professional consulting related to the provider’s professional
registrations or affiliations.

© 2026 ENERCALC, Inc.
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1.2

A Tour of the Graphical User Interface

The graphical user interface can generally be broken into five major areas:

1. Quick Access Toolbar: Offers frequently used tools in plain sight with just a single
click.

2. Ribbon bar: Organizes all available tools into logical categories.

3. Windows: Used to display the model and to issue graphical commands like adding,
selecting, deleting and querying model geometry.

4. Data Tables Toolbar: Offers quick access to input and output data tables without
navigating to the Tables tab in the ribbon.

5. Status bar: Used to provide feedback to the user on the status of the program and
the model.

~ (8 @ @, @ ( 5 |ENERCALC 3D

Advanced Meshing  Modify  View  Tables  Analysis  AnalysisResuts  ConcreteDesign  SteelDesign  Reporting  SettingsandTooks  Help styie -

£ 08B £ 5% 240 % (510 & R

(s (frgon Siole @6 ) @RECSTERiE Gl & S| Sk e ate 03 [t wdnw/Pts\ns\nBy Invert.
other Entiies = Snaps wpm Properties - - Combinations |~ Select | Sel ~ Selection

oads™ Loads
Entitie: Properties Mise Loads Select

" ulg2ajv2esTkh_fE3D * [ [ DataTables (<]
Input Data
Materials

Surface Loads

Output Data

Nodal Disp
Story Drift
Supt Reactions
Member M&V
Segmental MV
Shell M&Y.
rin

ke i &

Parts of the graphical user interface are user configurable through commands such as:

Settings & Tools > Graphic Scales: Used to establish the scale of many items that
are displayed on the screen.

Settings & Tools > Colors: Used to establish the color of the background and many
items that are displayed on the screen.

Settings & Tools > Toolbar: Used to toggle the display of the Data Tables toolbar.

© 2026 ENERCALC, Inc.
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1.3 General Workflow

There is a logical process that should be used when working in ENERCALC 3D. The
general workflow steps can be categorized as follows:

1. Construct an integral model that is stable internally as well as externally.

2. Apply properties to the model to represent proper material and section properties,
connectivities or releases, non-linearities, etc.

3. Apply loads.
4. Perform analysis.
5. Evaluate analysis results like shears, moments, deflections.

6. (Optional) Perform code checking and design/optimization.

© 2026 ENERCALC, Inc.
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Model Geometry

2 Model Geometry
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2.1

Structural Entities
There are four different structural entities to model with in ENERCALC 3D:

Nodes:

-
e Also known as "joints".
e Serve as points of connectivity and load transfer in a model.
¢ Think of a node as a beam to column connection, or a column base, or the point where
chevron braces connect to a beam.

Members:

¢ Also known as "beams".

¢ One dimensional structural members that can have axial stiffness as well as biaxial flexural
and shear stiffness.

e Members are useful for modeling beams, columns, braces, truss webs and chords, struts,
hangers, brackets, outriggers, posts, links, etc.

Shells:

¢ Also known as "plates"

o Two-dimensional quadrilateral elements that have the ability to span in two directions and
that have in-plane shear (racking) stiffness.

e Shells are useful for modeling masonry walls, concrete walls and floors, plywood walls, etc.

© 2026 ENERCALC, Inc.
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Bricks:

N —

¢ Three dimensional solid elements defined by 8 nodes.

¢ Bricks are useful for modeling thick things like a massive combined footing or the face of a
dam or stem of a retaining wall.

o More useful than shells in situations where the through-thickness effects have a significant
role in the behavior of the element.

© 2026 ENERCALC, Inc.
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2.2 Global Coordinate System
The Global Coordinate System in ENERCALC 3D is a Cartesian system of X, Y and Z axes:

¢ Follows right-hand rule where Z cross X equals Y.

e Y axis is typically considered "up" in ENERCALC 3D ("Y to the sky").

¢ Axis triad is color coded to help with visualization, and coordinates with the view orientation
buttons on the View toolbar:

GODOE-E-@ B = & | enmeacd
File | Create Advanced Meshing Modify  View  Tables  Analysis Analysis Results Conaete Design Steel Design Reporting Settings and Tools Help Style ~
Y £a D DL
i o
3 L B & # A £ &0, %%
icks dVyC l tTmDH: E(tTmGdB( Mmb Shell Draw Generate Load
Entitie: Properti PrﬂD:m:s' Loads~ Lload: Cases Combinati
it Popeti Loads
ulgZajv2esTkh_fE3D * [
S : . .
. \\ . . Surface Loads
. . . . . . . . \Nz :
Global ) : ‘
Coordinate : T I A
\XIS Trlad . B . S . : Segmental MYV
H 5 % Shell M&V
~ x
z
3D Frame Shell (6-DOF) Default Not Solved

¢ Axis triad shows positive directions of all three axes, and algebraic sign is important!
¢ Global coordinate axis will be useful for specifying model geometry, specifying loads, and
interpreting results.

© 2026 ENERCALC, Inc.
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2.3 Grids

Grids are a graphical aid for model construction.

They are completely optional, and can be turned on and off by View > Toggle Grid Display,
or by toggling the F7 key.

Grids can be useful for a few purposes:

¢ Provide a sense of orientation in the beginning, when very few members have been placed.

¢ Helpful for establishing a sense of scale in the early stages of modeling.

¢ Most important use is geometric control in the form of creating snap points to known
coordinates when constructing model geometry.

© 2026 ENERCALC, Inc.



12 ENERCALC 3D Training Manual

Defining Grids:
1. Click View > Drawing Grid Setup.

2. Specify the desired spacings of dots in one, two or all three global axis input fields.

e Specifying spacings in only one axis input box will create a line of dots along that axis.

e Specifying spacings in two axes input boxes will generate a two-dimensional array of
dots that lies in the plane of the two axes specified, and is probably the most commonly
used.

¢ Specifying spacings in three axes input boxes will generate a three-dimensional array of
dots, which can sometimes be difficult to interpret if the dot spacing is too close.

e Spacings can automatically be generated with syntax like 20@0.5.

e Spacings can also be manually specified with comma delimited lists such as 30, 30, 28,
30, 30.

3. Specify the insertion point coordinates to move the defined grid around in the global
coordinate system if necessary.

4. Specify a rotation angle and axis of rotation if necessary.
e Can be useful for defining members or shells that lie in a sloping plane, such as a roof.

© 2026 ENERCALC, Inc.
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24

Constructing Model Geometry

241 Adding Nodes

Nodes can be added to a model in at least a few ways.
Adding Nodes Graphically:

With a grid displayed on the screen, click Create > Nodes. Notice that the cursor changes
to a pen.

A

Hover over the grid and notice the triangle that tracks the pen movements and automatically
snaps to grids. Note that the Status Bar displays the X, Y and Z coordinates of every location
where the cursor snaps to the grid. This is useful for orientation.

To add a node, just click anywhere on the grid and then move the cursor to see that a dark,
bold dot remains at the click location.

If node numbers are not currently displayed, they can be toggled on by clicking View >

Display Options > Node Display Options > Node Number. Notice that there is also an

icon on the Quick Access Toolbar that makes this process possible without leaving the
2

Create tab:
Click in a few more locations to add some additional nodes.

Click View > Query, and then click on any node to display the Nodal Info dialog. At this time,
the dialog will list the coordinates of the selected node, but it won't have much additional info,
because no loads have been assigned and no analysis results are available. Keep this Query
function function in mind, because it can be an extremely useful way to get info about a model
entity at any time.

Close the Nodal Info dialog if it is still open.

© 2026 ENERCALC, Inc.
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Adding Nodes with the Node Data Table:
Click Tables > Nodes to open the Nodes table.
Notice that the table lists all nodes that have been defined, and it displays their coordinates.

To add another node in the current model, use the New Rows button in the lower left corner of
the Nodes table to add one new row. Then enter the desired coordinates for the new node,
and then click OK.

Notice that the Nodes table does not constrain nodes to the grid increments, so it can be
useful for entering nodes with coordinates that aren't nice and even. The table can also be a
convenient way to move an existing node by editing its coordinates, and we will demonstrate
that in the section on Editing Model Geometry.

Note: The methods of adding nodes that we have discussed here can be thought of as the
"explicit" methods. There are also methods of creating new nodes that can be thought of as
the "implicit" methods, such as generating nodes in a pattern or automatically creating nodes
at member intersections or splitting members or duplicating members. But we will cover all
of those topics shortly.

2.4.2 Adding Members

As was the case with Nodes, Members can be added to a model in at least a few ways.
Adding Members Graphically:

With a grid displayed on the screen, click Create > Members. Notice that the cursor
changes to a pen.

Hover over the grid and notice the triangle that tracks the pen movements and automatically
snaps to grids. Note that the Status Bar displays the X, Y and Z coordinates of every location
where the cursor snaps to the grid. This is useful for orientation.

e To add a member, just click anywhere on the grid and then move the cursor to see that a
dark, bold dot remains at the click location and that a blue line stretches from the first click
location to the cursor location.

© 2026 ENERCALC, Inc.
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e That dark, bold dot is the starting node of the member.

¢ Click a second time on a different grid location to specify the end of the beam, and you will
have created the first member.

¢ Notice that the blue line continues to stretch from the last click, so the program can quickly
add many beams connected with common nodes.

e To stop drawing, right-click the mouse.

If member numbers are not currently displayed, they can be toggled on by clicking View >
Display Options > Member Display Options > Member Number. Notice that there is also
an icon on the Quick Access Toolbar that makes this process possible without leaving the

<

Create tab:

Click View > Query, and then click on any Member to display the Member Info dialog. At this
time, the dialog will list the starting and ending nodes of the selected member, along with
some basic info about the member's properties. But it won't have much additional info,
because no loads have been assigned and no analysis results are available. Keep this Query
function function in mind, because it can be an extremely useful way to get info about a model
entity at any time.

Close the Member Info dialog if it is still open.

Adding Members with the Member Data Table:
Make sure that the grid has at least two nodes displayed.
Click Tables > Members to open the Members table.

Notice that the table lists all members that have been defined (if any), and it displays their
starting and ending nodes, along with some properties for the selected member.

To add another member in the current model, use the New Rows button in the lower left
corner of the Members table to add one new row. Then enter the desired start and end
nodes for the new member, and then click OK.

Note: The methods of adding members that we have discussed here can be thought of as
the "explicit" methods. There are also methods of creating new members that can be thought
of as the "implicit" methods, such as generating members in a pattern or splitting members or
duplicating members. But we will cover all of those topics shortly.

2.4.3 Adding Shells

As was the case with Nodes and Members, Shells can be added to a model in at least a few
ways.

© 2026 ENERCALC, Inc.
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Adding Shells Graphically:

With a grid displayed on the screen, click Create > Shells. Notice that the cursor changes to
a pen.

Hover over the grid and notice the triangle that tracks the pen movements and automatically
snaps to grids. Note that the Status Bar displays the X, Y and Z coordinates of every location
where the cursor snaps to the grid. This is useful for orientation.

e To add a shell, just click anywhere on the grid and then move the cursor to see that a dark,
bold dot remains at the click location and that a blue line stretches from the first click
location to the cursor location.

e That dark, bold dot is the first node of the shell.

e Move in a counter-clockwise direction and click a second time on a different grid location to
specify the second node of the shell.

¢ Continue in a counter-clockwise direction and click a third time, and finally click a fourth
time, and you will have created the first shell.

Important: Always move in either a clockwise or a counter-clockwise direction when
specifying the four nodes of a shell. Moving in a crisscross pattern will generate a warped
shell, which looks like two triangles. It will not function properly!

If shell numbers are not currently displayed, they can be toggled on by clicking View >
Display Options > Shell Display Options > Shell Number. Notice that there is also an
icon on the Quick Access Toolbar that makes this process possible without leaving the

2

Create tab:

Click View > Query, and then click on the shell to display the Shell Info dialog. At this time,
the dialog will list the nodes of the shell, along with some basic info about the shell's
properties. But it won't have much additional info, because no loads have been assigned and
no analysis results are available. Keep this Query function function in mind, because it can
be an extremely useful way to get info about a model entity at any time.

Close the Shell Info dialog if it is still open.

© 2026 ENERCALC, Inc.
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Adding Shells with the Shell Data Table:
Make sure that the grid has at least four nodes displayed.

Click Tables > Shells to open the Shells table.

Notice that the table lists all shells that have been defined (if any), and it displays their nodes,
along with some properties for the selected shell.

To add another shell in the current model, use the New Rows button in the lower left corner of
the Shells table to add one new row. Then enter the desired nodes for the new shell, and
then click OK.

Note: The methods of adding shells that we have discussed here can be thought of as the
"explicit" methods. There are also methods of creating new shells that can be thought of as
the "implicit" methods, such as generating shells in a pattern or meshing or duplicating shells.
But we will cover all of those topics shortly.

© 2026 ENERCALC, Inc.
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2.5 Understanding Model Geometry

2.5.1 Members
2.5.1.1 Starting and Ending Nodes

As we saw when we learned how to add a member, members are always defined by two
nodes: a starting node and an ending node. The beam can be thought of as spanning from

the starting node to the ending node.

The diagram below shows that beam 541 has nodes numbered 217 and 218:

M218

-

217.

The data in the table below indicate that beam 541 starts at node 217 and ends at node 218.
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Member Data
FY
Member 1d Mode-1 MNode-2 Material Section Loc[illeﬁ;?gle Manlinear Status
AER R25 195 201 2 Concreted0 2 Rect1dx14 il Linear Frozen
ABE B2E 195 202 2. Concretedd 2 Rect1duld il Linear Frozen
AET RI7 197 203 2. Concretedd 2 Rect1du14 i Linear Frozen
AEA R28 198 204 2 Concretedd 2 Rect1duld i Linear Frozen
AE9 529 199 205 2 Concretedd 2 Rect14x14 n Lirear Frozen
A70 R30 200 206 2 Concreted0 2 Rect14x14 il Linear Frozen
471 %3] 201 207 2 Concreted0 2 Rectduld il Linear Frozen
472 [l 202 208 2. Concretedd 2 Rect]du14 i Linear Frozen
473 k] 203 209 2. Concretedd 2 Rect14u14 i Linear Frozen
474 R4 214 210 2. Concretedd 2 Rect14x14 n Lirear Frozen
475 RI5 205 211 2 Concrete40 2 Rect14x14 il Linear Frozen
ATR RIE 208 22 2 Concreted0 2 Rect1dx14 n Linear Frozen
A7T BI7 207 213 2. Concretedd 2 Rect]du14 il Linear Frozen
478 [ete] 208 214 2. Concretedd 2 Rect]du14 i Linear Frozen
479 [l 19 315 2. Concretedd 2 Rect14x14 n Lirear Frozen
480 R40 10 21E 2 Concreted0 2 Rect14x14 il Linear Frozen
421 R4 M7 218 2 Concreted| o 3 Rectl4x24| o il Linear v Mormal v
4] (]
1 Mew Fows Frint... Cancel

This establishes a directionality that can be very useful when modeling and when interpreting
results. It also forms the basis for the Member Local Axis system covered in the next section.

Note: The direction and orientation of a member can be revised by some commands that we
will cover in the section on Editing Model Geometry.

2.5.1.2 Member Local Axes

All members have a default local axis system. It is useful for a variety of things like defining
member end releases, defining member end offsets, applying loads, defining member local
angle, and interpreting results.

The default member local axis system is defined as follows:

1. The member local x (red) axis is defined as a vector pointing from the starting node to the
ending node.

2. The default member local z (blue) axis is defined by the vector cross product of local x
cross global Y. Think of this by pointing your right fingers in the direction of the local x axis,
and then curl your fingers to envision swinging that local x axis into the global Y axis. The
direction of your right thumb indicates the direction of the vector cross product, and
therefore indicates the direction of the local z axis.

© 2026 ENERCALC, Inc.
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Note: The one condition where this rule cannot be applied is with vertical members,
because it is not possible to calculate the vector cross product of two parallel vectors. So
in that case, ENERCALC 3D adopts the convention that the local z axis will be oriented
parallel to the global Z axis.

3. The default member local y (green) axis is defined by the rule that says in a Cartesian
coordinate system, z cross x equals y. Think of this by pointing your right fingers in the
direction of the local z axis, and then curl your fingers to envision swinging that local z axis
into the local x axis. The direction of your right thumb indicates the direction of the vector
cross product, and therefore indicates the direction of the local y axis.

N218

o

z

A subsequent topic in the Editing Model Geometry section will discuss ways that the member
local axis system can be revised to something other than this default orientation.

2.5.2 Shells
2.5.2.1 Order of Nodes

The order of the nodes defining a shell is important for a few reasons relating to numerical
behavior, load application and interpretation of results.

To satisfy numerical behavior, it is important to define quad shells by either numbering their
nodes sequentially clockwise or counter-clockwise. Specifying a quad shell by using a
crisscross numbering order will result in a "warped" shell. These look like a bowtie, and they
do not perform properly.

Shells have a top and a bottom which have meaning in terms of the output. To determine the
orientation of a shell, use the fingers of your right hand to trace around the nodes of the shell
in order from Node 1 to node 4. Your right thumb will naturally point in the direction of the "top"
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2.5.2.2

of the plate. The shell below was drawn from node 1 to 2 to 3 to 4, so we are looking at its

top.

Do not be too concerned with the orientation of shells during the modeling process, because
there are some simple ways to orient groups of plates consistently once they have been
modeled. These will be discussed in the section on Editing Model Geometry.

Shell Local Axes

As was the case with members, shells also have a local axis system that is important when
applying loads and interpreting results.

Envision a quad shell where Node 1 = A, Node 2 = B, Node 3 = C and Node 4 = D.

The default shell local axis system is displayed at the geometric center of a shell, and the axis
orientation is defined as follows:

1. The default shell local z (blue) axis is perpendicular to the shell. It is defined by the cross
product of vectors AB and AC. Think of this by pointing your right fingers in the direction of
AB, and then curl your fingers to envision swinging AB into AC. The direction of your right
thumb indicates the direction of the vector cross product, and therefore indicates the
direction of the local z axis.

2. The shell local x (red) axis is defined as follows:
o For horizontal shells that are parallel to global XZ plane, local x is parallel to global X.
¢ For non-horizontal shells, local x is perpendicular to a plane formed by global Y and local
z.

3. The default member local y (green) axis is defined by the rule that says in a Cartesian
coordinate system, z cross x equals y. Think of this by pointing your right fingers in the
direction of the local z axis, and then curl your fingers to envision swinging that local z axis
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into the local x axis. The direction of your right thumb indicates the direction of the vector
cross product, and therefore indicates the direction of the local y axis.

Note: local x and local y always fall in the plane of the shell, and local z is always
perpendicular to the plane of the shell. The positive local z axis occurs on the "top" side of the

shell.
2.5.2.3 Shell Quality

When performing a finite element analysis with quad shells, there are some geometric
guidelines to keep in mind for the individual shells in order to ensure quality results.

© 2026 ENERCALC, Inc.
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Order of Node Selection: We have already seen that it is important to define shells in either
a clockwise or counter-clockwise order to avoid warped plates which will produce invalid
results.

NOT GOOD!

Planar Geometry: Along similar lines, it is important to ensure that all four nodes of a quad
shell lie in one plane.

NOT GOOD!

© 2026 ENERCALC, Inc.
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Shape: The ideal shape for a quad shell is a square. The more a quad shell deviates from a
square, the greater the chances of introducing some error into the results. But in practical
situations, it is not always possible to keep shells square, so here are some additional

considerations to keep in mind with regard to shell quality:

Angles: Shells have some ability to tolerate angles other than 90 degrees, but try to avoid
extreme skews. Interior angles should range between 60 and 120 degrees. Never create a

shell that has an included angle that exceeds 180 degrees.

NOT GOOD!

Aspect Ratio: Shells have some ability to become rectangular, but try to avoid extreme
aspect ratios. It is good to try to keep aspect ratios less than 2:1. Never create a quad shell

with an aspect ratio that exceeds 4:1.

NOT GOOD!
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Note that when it comes to improving shell quality, the solution is often to just break a poorly
shaped shell into more shells that all have better quality.

TR
13 1-.1.;_[;‘_17_“15 Né
R ic R S V-
€00
o .""'-._‘N.]
MUCH BETTER!

This is a good segue into the next topic, which is mesh density.

Size Variation: We will cover the topic of mesh density in great detail in the section titled
Mesh Density. But for the purposes of the discussion on shell quality, let it suffice to say that it
is good practice to try to make the elements of a given mesh generally about the same size.

2.5.2.4 Mesh Density

Determining a suitable mesh density is more of an art than a science. There are no hard and
fast rules to apply here, only general guidelines. The important thing to understand is that
deflections are only reported at node locations, and shell stresses are only accurately
reported at shell centers. So it is important to have nodes and shell centers relatively close to
the locations of interest.

Mesh density becomes a tradeoff between having too few results locations and having too
many results locations.

It helps to understand what happens at the extremes; that is when meshes are way too
coarse and when meshes are way finer than they need to be.

Extremely coarse meshes will run more quickly than fine meshes, because of the significant
reduction in the number of required calculations. But this can come at a cost of accuracy.
For example, if a beam is known to have reverse curvature, we would never be able to sketch
a reasonable guess for the deflected shape if we only had data for the endpoints and for one
or two interior points. By sketching an assumed deflected shape and observing maxima,
minima and points of inflection, you can start to establish a bare minimum number of data
points that would be desirable for sketching a deflected shape. It stands to reason that you
probably wouldn't want to create a mesh that is any more coarse than this, or it might not be
useful in terms of quantifying the extremes.
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On the other hand, extremely fine meshes will result in long run times and will produce reams
and reams of data that may be difficult to sort through. There is also a risk of inaccuracies
when meshes are excessively fine.

So the key is to balance the need for accurate results with the time it takes to process and the
complexity of the output. Fortunately modern computers are extremely powerful and current
finite element formulations are very efficient, so run times for average models may not be a
big problem. And thanks for the sorting and postprocessing features in ENERCALC 3D, the
process of reviewing reams of data is often reduced to a trivial task through efficient reporting
and onscreen display tools. So when determining an adequate mesh density, it is generally
advisable to err to the side of making it finer than it needs to be, rather than using a mesh that
is too coarse.

For those who are not yet comfortable with establishing a suitable mesh density, here is a
suggested procedure for helping to calibrate your judgment. Create a mesh that is obviously
too coarse, and apply realistic loads so that analysis results can be obtained. Make note of
some result of interest, such as the deflection or moment at a particular location. Modify the
mesh density by making it more dense, and observe the effect in the result of interest. Then
keep repeating the process until a break point is reached where further subdivision of the
mesh no longer produces a change in the value of interest. This will ultimately lead to a mesh
density that is optimized for the current conditions.

Mesh too coarse.
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Mesh still too coarse.

Mesh getting better.

© 2026 ENERCALC, Inc.
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Mesh getting much better.

Could be ideal.
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Probably finer mesh than necessary.

Mesh much too fine.

29
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2.6 Editing Model Geometry
2.6.1 Duplicate

Modify > Copy creates a copy of the selected geometry and moves the copy by the specified
X, Y, and Z delta values.

It has options that allow attached loads to be copied or not, and that allow nodes and
elements to be merged. When the option is selected to Merge nodes and elements, if a
copied node, member, or shell falls exactly on top of another node, member, or shell, the
program will automatically eliminate the duplicate to avoid problems with model geometry.

leads to
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2.6.2 Array

Modify > Array can be thought of as an extension of the Copy command. It allows multiple
copies of the selected geometry to be created, and each copy is separated by the specified X,
Y, and Z delta step values.

It has options that allow assigned loads to be copied or not, and that allow nodes and
elements to be merged. When the option is selected to Merge nodes and elements, if a
copied node, member, or shell falls exactly on top of another node, member, or shell, the
program will automatically eliminate the duplicate to avoid problems with model geometry.

leads to
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2.6.3 Move

Modify > Move acts on selected nodes and allows them and their connected members,
shells and bricks to be moved by the specified X, Y, and Z distances.

It has an option to allow nodes and elements to be merged. When the option is selected to
Merge nodes and elements, if a copied node, member, or shell falls exactly on top of another
node, member, or shell, the program will automatically eliminate the duplicate to avoid
problems with model geometry.

leads to

— 4
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2.6.4 Rotate

Modify > Rotate acts on selected nodes and allows them and their connected members,
shells and bricks to be rotated by the specified angle about an axis located by user-specified
coordinates.

It has an option to allow nodes and elements to be merged. When the option is selected to
Merge nodes and elements, if a copied node, member, or shell falls exactly on top of another
node, member, or shell, the program will automatically eliminate the duplicate to avoid
problems with model geometry.

—

leads to
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2.6.5 Scale
Modify > Scale acts on selected nodes and allows their connected members, shells and
bricks to be scaled up or down by the specified scale factors for the X, Y, and Z directions.
The scaling will act with respect to the defined base point.

I\m\\ ;

leads to
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2.6.6 Delete

Modify > Delete acts on selected nodes, members, shells and bricks. It opens the Delete
Selected Items dialog that allows the user to specify the types of items to delete.

Delete Selected ltems
Select types of tems to delete:
[ |NODES AND ALL THEIR DEPENDENTS Select All
[ ]Supports
[ ]5prings Clear Al

[ ] Dizplayed nodal loads

[ ] Dizplayed nodal mazzes

[ ]MEMBERS AND ALL THEIR DEPEMDENTS
[ ] Displayed member point loads

[ ] Displayed member line loads

[ |Member releases

[ ]Member springs

[ ]SHELLS AWD THEIR DEPEMDEMTS
[ ] Dizplayed suface loads

[ ]Surface springs

[ ]BRICKS AMD THEIR DEPEMDEMTS
[ |Displayed area loads

Displayed Diaphragms
Sihaaitc

Cancel

The options are organized into general categories of nodes, members, shells and bricks, and
each category has a heading that automatically allows that type of entity and all of its
dependents to be selected if desired. Otherwise, customize your desired selections with the
appropriate checkboxes and then click the OK button to complete the deletion.
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2.6.7 Extrude

Modify > Extrude acts on selected entities and allows them to be used to create new
geometry.

Extrude Nodes to Members acts on selected nodes. It collects a distance list and a
direction. When executed, it produces one or more new members by extruding the selected
node(s) by the specified distance in the chosen direction.

leads to
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Extrude Members to Shells acts on selected members. It collects a distance list and a
direction. When executed, it produces one or more new shells by extruding the selected
member(s) by the specified distance in the chosen direction. This command offers the option
to merge nodes and elements. When selected, if the extrusion results in a new node or
member being placed directly on an existing node or member, the program will automatically
merge (consolidate) the duplicate geometry to avoid modeling problems. This command also
offers the option to delete the selected members after extrusion. This is useful if the member
was only used as a construction tool to generate the shell and is not really needed in the
model once the shell is generated.

leads to
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Extrude Shells to Bricks acts on selected shells. It collects a distance list and a direction.
When executed, it produces one or more new bricks by extruding the selected shell(s) by the
specified distance in the chosen direction. This command offers the option to merge nodes
and elements. When selected, if the extrusion results in a new node or element being placed
directly on an existing node or element, the program will automatically merge (consolidate)
the duplicate geometry to avoid modeling problems. This command also offers the option to
delete the selected shells after extrusion. This is useful if the shell was only used as a
construction tool to generate the brick and is not really needed in the model once the brick is
generated.

leads to

In all three versions of this command, note that the distance list accepts syntax such as:

¢ 12 (to extrude once by 12 feet)
e 12, 24, 10 (to extrude by 12 feet, then by 24 feet, then by 10 feet)
¢ 3@20 (to extrude three times, each 20 feet long)
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2.6.8 Revolve

Modify > Revolve acts on selected entities and allows them to be used to create new
geometry. It can be thought of as the rotational analogy to the Extrude commands.

Note: The initial members or shells should lie in the XY plane with Z=0.

Revolve Members to Shells acts on selected members. It collects a number of segments,
a start angle and an end angle. When executed, it produces one or more new shells by
revolving the selected member(s) about the Y axis. This command automatically merges
nodes if any duplicates are generated. It offers the option to delete the selected members
after revolution. This is useful if the member was only used as a construction tool to generate
the shell and is not really needed in the model once the shells are generated.

leads to
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Revolve Shells to Bricks acts on selected shells. It collects a number of segments, a start
angle and an end angle. When executed, it produces one or more new bricks by revolving the
selected shell(s) about the Y axis. This command automatically merges nodes if any
duplicates are generated. It offers the option to delete the selected shells after revolution.
This is useful if the shell was only used as a construction tool to generate the bricks and is
not really needed in the model once the bricks are generated.

leads to

© 2026 ENERCALC, Inc.



Model Geometry

4

2.6.9 Split
Modify > Split provides a few different ways to subdivide the selected members.
Split > Divide selected members into segments of equal length allows the user to

specify the number of segments. When executed, this option will subdivide all selected
members into the specified number of members.

leads to
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Split > Divide selected members by specifying a distance list allows the user to specify
the locations at which the selected members are to be split. The distance list in this
command accepts syntax such as:

e 12 (to split once at 12 feet)
e 12,24, 10 (to split at 12 feet, then at 24 feet, then at 10 feet)
¢ 3@20 (to split three times, once at 20 feet, once at 40 feet and once at 60 feet)

leads to

Both options of this command offer the option to allow nodes and elements to be merged.
When the option is selected to Merge nodes and elements, if the split results in a new node or
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member that falls exactly on top of another node or member, the program will automatically
eliminate the duplicate to avoid problems with model geometry.

Note: After performing a Split command, it is advisable to renumber nodes by clicking Modify
> Renumber > Auto Renumber All Nodes prior to running an analysis. This helps to conserve
memory usage.

Split > Insert Nodes at Intersections of Selected Members:

Just because lines cross each other in a plane in ENERCALC 3D does not mean that they
are mathematically connected to each other at the intersection point. In fact, unless the
members are all connected to a common node at the intersection point, there is no load
transfer between the members. This can be thought of as a tension rod running right through
a turnbuckle in the opposite diagonal. Each member can each carry load, but there is no
connection at that intersection, so they don't share or transfer load at that point.

But now envision a cross brace consisting of HSS sections that connect to a common gusset
plate at the intersection. This is a completely different situation that calls for a common node
to be placed at the point of intersection.

© 2026 ENERCALC, Inc.



44

ENERCALC 3D Training Manual

The Split > Insert Nodes at Intersections of Selected Members command provides an

easy way to add that node without having to calculate its coordinates. It acts on selected
members, and it simply inserts a new node at all intersection locations of selected members.

leads to

Note: This command ONLY inserts the node(s), but it does not automatically split the
selected members so that they frame into that new node. A warning is displayed to this effect
with a reminder that if the goal is to connect the members to that new node, the desired
command is Split Selected Members at Nodes, which is covered next.
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Split > Split Selected Members at Nodes acts on selected members and splits them at
any locations where a node lies directly on the member.

It can be particularly useful after using the Split > Insert Nodes at Intersections of Selected

Members command, or after placing infill beams that are intended to frame into a supporting
girder.
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After the command is executed, the member(s) will be split at node locations and all member
incidences (connections to nodes) will be maintained and properly displayed in the Members

table.

leads to
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2.6.10 Sub-Mesh Shells

47

Modify > Sub-Mesh Shells subdivides the selected shell(s) by using the user-specified

number of segments along both edges of the shell(s).

leads to

[TTTT7
/77777
/77777
77777
[T1T77
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Remember that node numbers can be turned on for reference by clicking View > Display
=@

Options > Shell Display Options > Shell Number, or by using the button on the

Quick Access Toolbar.

To relate node numbers to the reference corners 1 through 4 of a selected shell, click Tables
> Shells.

2.6.11 Renumber

Modify > Renumber offers a few ways to renumber entities in the model.

Auto Renumber All Nodes provides a quick way to automatically renumber all nodes in the
current model. It provides control over how the renumbering is to progress with three
dropdown list boxes that can be used to prioritize the process. This can be helpful because it
allows the nodes to be renumbered, for example, in a way that generally progresses from top
to bottom in the model, and then within a given level the renumbering will primarily flow from
east to west and secondarily from north to south.

Renumber Selected Nodes provides two options:

e Increment each selected node number allows node numbers to be incremented by a user-
specified amount.

e Renumber each selected node allows nodes to be renumbered starting at a user-specified
start number and incrementing by a user-specified step.
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Renumber Selected Members provides two options:
o Increment each selected member number allows member numbers to be incremented by a
user-specified amount.

e Renumber each selected member allows members to be renumbered starting at a user-
specified start number and incrementing by a user-specified step.

K3
o TS

BADOS © ’ . . : . 2

M T B4005

4007

leads to

M3

M1 : . B2

\53
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Renumber Selected Shells provides two options:

o Increment each selected shell number allows shell numbers to be incremented by a user-

specified amount.
e Renumber each selected shell allows shells to be renumbered starting at a user-specified

start number and incrementing by a user-specified step.
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Renumber Selected Bricks provides two options:

e Increment each selected brick number allows brick numbers to be incremented by a user-
specified amount.

e Renumber each selected brick allows bricks to be renumbered starting at a user-specified
start number and incrementing by a user-specified step.

In general, renumbering can be useful for the user's convenience. But it can also improve
calculation performance by reducing the amount of memory required to analyze a given
model. Naturally, it is more significant in larger models and in situations where large spans of
unused node numbers have developed through the model generation process and through
deletions.
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2.6.12 Switch Coordinates

Modify > Switch Coordinate provides a few options for swapping the X, Y and Z coordinates
of the selected geometry.

X -->Z & Z --> X has the effect of rotating the selected geometry about the Y axis.

X -->-Z & Z --> X has the effect of rotating the selected geometry the other direction about
the Y axis.

Y -->Z & Z--> Y has the effect of rotating the selected geometry about the X axis.

Y --> -Z & Z --> Y has the effect of rotating the selected geometry the other direction about
the X axis.

leads to
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2.6.13 Reverse Node Order for Selected Elements
Modify > Reverse Node Order for Selected Elements has the following effects on
selected elements:

Members: The starting node becomes the ending node, so the local X axis points in the
opposite direction.

leads to
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Shells: If the node order was originally 1-2-3-4, the order will be revised to 2-1-4-3. Notice
that this has the effect of reversing the direction of the local z (normal) axis, as well as
reversing the direction of the local x axis.

leads to

(Wondering why it didn't result in 4-3-2-1? Because, while that would have the effect of
reversing the direction of the local z (normal) axis, it would also introduce the possibility of
changing the orientation of the local x axis, rather than guaranteeing that it was simply
reversed.)
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2.6.14 Merge All Nodes & Elements

Modify > Merge All Nodes and Elements looks through the model to see if there are any
duplicate nodes, members, shells or bricks. If it finds any, it consolidates them so there are
no longer multiples in exactly the same spot, as that would have detrimental effects on model

performance.

leads to

M3
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2.6.15 Remove All Orphaned Nodes

55

Modify > Remove All Orphaned Nodes looks through the model to see if there are any
nodes that are disconnected from the any other entities. If it finds any, it deletes them, as

they would have detrimental effects on the analysis of the model.

i

NB

leads to
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2.6.16 Element Local Angles

As discussed previously, members and shells have a local axis system that adopts a default
orientation when the member or shell is first modeled.

For a refresher on the default member local axis system, refer to Understanding Model
Geometry > Members > Member Local Axes.

The following diagram shows how typical steel sections are oriented on that default local axis
system:

— O [= [ T 1T oo
U D

But there are times where a member needs to be rotated about its longitudinal (local x) axis to
take on a different orientation, such as a channel with the flanges pointing downward or a WT
with the stem pointing upward. This is the purpose of the Modify > Member Properties >
Element Local Angles command.

The default orientation represents an Element Local Angle of zero degrees. To understand
how a positive Element Local Angle will affect a member, envision holding the member in your
right hand, so that your right thumb points in the direction of the local x axis. The natural curl
of your right fingers indicates the direction of rotation due to an Element Local Angle.

So when viewing the diagram above, assume the local x axis points into the plane of the
diagram. To rotate the channel so the flanges point downward, you would apply an Element
Local Angle of 90 degrees. And to rotate the WT so the stem points upward, you would apply
an Element Local Angle of 180 degrees.
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Note: Element Local Angles must always be specified as positive values. So if the goal is to
apply a rotation of -90 degrees, use 270.

leads to
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The concept of Shell Local Axes also applies. When modeling many plates, it is very useful
to have them all oriented in the same way, to make it easier to interpret results. We have
already seen a command called Modify > Reverse Node Order for Selected Elements
that can be used to flip a plate over so that its top becomes the bottom and vice versa. But
what if there is a need to turn a plate so that its local x axis corresponds to the local x axis of a
neighboring plate? That is where Modify > Member Properties > Element Local Angles
can be used, because is specifies a rotation of the shell local axes about the normal (local z)
axis.

leads to
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3

Assigning Properties to Modeling Entities
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3.1  Properties for Nodes
3.1.1 Supports

Supports are boundary conditions applied to nodes. Supports can restrain movement or
rotation for one or more global degrees of freedom, or they can enforce a prescribed
movement or rotation for one or more global degrees of freedom (such as support
settlement).

Note that the program refers to translation degrees of freedom as X, Y, and Z, which
correspond to the global coordinate axes. And note that the program refers to rotational
degrees of freedom as OX, OY, and OZ, representing rotation about global X, Y, and Z,
respectively.

There are at least a couple different ways to define and assign supports.
Graphical Method

If you preselect the desired node or nodes, you can click Create > Boundary Conditions >
Support. The Support dialog opens.

It allows you to define the desired support type and assign it to the selected nodes. In order to
set a prescribed displacement, the corresponding degree of freedom must be set to
restrained.
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Tabular Method

Click Tables > Supports to open the Supports table. In this table you can edit existing
support data or insert new rows and create new support assignments.

The column with the heading "6-DOFs" uses 1 for fixed and 0O for free in each of the 6
degrees of freedom listed in the following order: X, Y, Z, OX, OY, OZ. Using this syntax, you
can create any type of support you want. In order to set a prescribed displacement, the
corresponding degree of freedom must be set to restrained.

3.1.2 Springs

Springs, like Supports, are boundary conditions. But unlike Supports, Springs can be applied
to nodes (as nodal springs), members (as line springs), and shells (as surface springs).
Springs also have the ability to act as linear springs, compression-only springs, or tension-
only springs.

Springs are defined by a stiffness (linear or rotational) associated with one or more global
degrees of freedom.

Note that the program refers to translation degrees of freedom as X, Y, and Z, which
correspond to the global coordinate axes. And note that the program refers to rotational
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degrees of freedom as OX, OY, and OZ, representing rotation about global X, Y, and Z,
respectively.

There are at least a couple different ways to define and assign springs.
Graphical Method
If you preselect the desired node or nodes, you can click Create > Boundary Conditions >

Springs. Then you can select the desired spring type (nodal, line, or surface) and assign it to
the selected nodes.

Nodal Springs
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Line Springs

Surface Springs

Tabular Method
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If you click Tables > Springs, you will be given the option to select Nodal Springs, Line
Springs or Surface Springs. In all cases, you can edit existing spring data or insert new
rows and create new spring assignments.

If you select Nodal Springs, the Nodal Springs screen displays. The column with the heading
"6-DOFs" uses 0 for linear spring, 1 for compression-only spring and 2 for tension-only
spring. All six degrees of freedom must use the same type of spring, and they listed in the
following order: X, Y, Z, OX, OY, OZ. Using this syntax, you can create any type of spring you
want. The columns to the right hold the stiffness values that you want to have applied in each
degree of freedom.

If you select Line Springs, the Line Springs screen displays. The column with the heading "6-
DOFs" uses 0 for linear spring, 1 for compression-only spring and 2 for tension-only spring.
This type of spring only collects stiffnesses for the three translational degrees of freedom. All
three degrees of freedom must use the same type of spring, and they listed in the following
order: X, Y, Z. Using this syntax, you can create any type of spring you want. The columns to
the right hold the stiffness values that you want to have applied in each degree of freedom.

If you select Surface Springs, the Surface Springs screen displays. The column with the
heading "6-DOFs" uses 0 for linear spring, 1 for compression-only spring and 2 for tension-
only spring. This type of spring only collects stiffnesses for the three translational degrees of
freedom. All three degrees of freedom must use the same type of spring, and they listed in
the following order: X, Y, Z. Using this syntax, you can create any type of spring you want.
The columns to the right hold the stiffness values that you want to have applied in each
degree of freedom.

3.1.3 Diaphragm

Diaphragms are a way to specify that a group of coplanar nodes must translate and rotate as
though they were connected by a rigid plate.

There are at least two different ways to define diaphragms: Graphically and in tabular format.
Graphical Method

If you click Draw > Draw Diaphragms, it will display the Diaphragms dialog. Note that it
offers Generic and Regular diaphragms.

Generic diaphragms can be in any orientation, including sloping planes. They are defined by
clicking on four nodes that define the perimeter of the area that is to be considered a
diaphragm.

Regular diaphragms must be defined as falling in the XZ, YZ, or XY plane. They are defined
by selecting a plane and one or more nodes. If more than one node is selected, the program
will automatically create as many unique diaphragms as there are nodes selected.
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Tabular Method

Click Tables > Diaphragms Data to open the Diaphragms table. This allows existing
diaphragms to be edited or deleted, and allows new diaphragms to be defined.

The type can be set to Generic, XZ Plane, YZ Plane, or XY Plane. If the type is set to Generic,
then four unique nodes must be entered in the four remaining columns in the table. If the type
is set to one of the other options, then only one node number is required, and the same
number should be entered into all four columns in the table.
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3.2 Properties for Members

3.2.1 Materials

Materials consist of the properties necessary for structural analysis: Young's Modulus,
Poisson's Ratio, Density and Coefficient of Thermal Expansion or Contraction. Note that
these are not material strengths, which are related to code checking. Those get entered in a
different location.

Materials can be defined and assigned using the Materials table, which can be accessed by
clicking:

e Create (or Modify) > Member Properties > Materials
e Create (or Modify) > Shell Properties > Materials
e or by clicking Tables > Materials.

Materials

. . anr | Poi Densit b
Material Id Label E [kipdin™2] ;‘;ﬁﬁ” [lb‘f,ﬂflé.”] Te[1/F]
1 1 Default 29000 0.3 489.024 6.5e-006
2 2 Concrete30 315592 015 145 55e-005
3 Steel 29000 0.3 489024 65e-005
v
4] L]
Mew Rows | Std kMaterial... Prict. .
[ ] Agsign active material to currently selected elemerts Cancel

Regardless of how the table is accessed, it allows the user to create material definitions and
to assign them to currently selected members.
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Note that there is a Standard Material button on this table that allows for the quick definition of
many standard steel and concrete materials.

3.2.2 Sections

Member Sections consist of the properties necessary for structural analysis, such as section
properties and dimensions.

Member Sections can be defined and assigned using the Sections table, which can be
accessed by clicking Create (or Modify) > Member Properties > Sections, or by clicking
Tables > Sections.

Member Sections

ry

Section Id Lahel Iz [in"4] Iyfin™4] | Jirn™4] | AL™2]  Ayin™2]  Az[n"2]  bBlin] | dlin] | tn] | befin] [
1 1 Default 1 1 1 1 1 1 0 i} 0 0
2 2 W17 2.4 356 0156 499 2424 220585 4m 101 033 024
3 3 H554.500<00.375 987 9.87 197 455 2275 2278 0 45 0343 0349
4 4 1430 999 32 408 265 E16 171583 145 14 07 044
5 5 Rect24x24 27648 27648 467251 576 480 480 24 24 0 0
& g HS 51443116 137 13 B5.8 505 4572 1.392 4 14 0174 0174

[~
4] [»]

Mew Fows Regular Section... AISC Table... MDS Table... Rigid Link, Frint...

[] &ssign active section to currently selected members Cancel

Regardless of how the table is accessed, it allows the user to create section definitions and
to assign them to currently selected members.

Note that there are some convenience buttons at the bottom of the table:

Regular Section: allows for the quick definition of many standard section shapes, such as
Rectangle, Round, Wide Flange and Tee.

AISC Table: opens a table of standard AISC steel sections.

NDS Table: opens a table of standard NDS wood sections including sawn lumber and glulam
shapes.

Rigid Link: allows for a way to create a "section property" definition that behaves as a
completely rigid link when assigned to members in the model.
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3.2.3 Local Angle

Local angle is a way to rotate a member about its longitudinal axis. It can be useful for
situations such as when a wide flange steel member needs to be rotated from its default
orientation of web-vertical to an alternate orientation, like web-horizontal when behaving as a
girt.

Remember that each member has a local coordinate axis system. The orientation of the
local x axis (from starting node to ending node) is particularly important. To visualize the way
a positive local angle will affect a particular member, point your right thumb in the direction of
the local x axis. The natural curl of your right fingers indicates the direction of rotation of the
member when subjected to a positive local angle.

To assign a local angle to a member, select the member and then click Create (or Modify) >
Member Properties > Local Angles. Either way, the Element Local Angle dialog opens. It
allows for the specification of an angle to be applied to selected members. (It also can be
applied to shells, which is covered in the section on Properties for Shells.)

Element Local Angle

angle: |1 deg

Apply to zelected members.
Apply to selected shells

Cancel

3.2.4 Moment Releases

Moment Releases provide a way to specify that a member has a hinge (no moment transfer
capability). They can be applied to the start end, the ending end or both ends of a member,
and they can be applied about the local y axis, the local z axis or both.
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Graphical Method

Moment releases can be defined and assigned graphically by clicking Create (or Modify) >
Member Properties > Moment Releases. This opens the Member Releases dialog, which

allows a release to be defined and then assigned to selected members.

Member Releases

b ajor axiz [Local oz):

Start end End end
Minor axis [Local oy):

[] 5tart end [ 1End end

Torzional [Local ox];

[ ]5tart end [ ]End end

I Apply to Selected Memberz |

Cancel

pod
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Tabular Method

Moment releases can be defined and assigned using the tabular method by clicking Tables >
Member Releases. This opens the Member Releases table, which allows multiple member
moment releases to be applied at once in the table.

Member Releases o
F s
Member |d Start oz End oz Start oy End oy Start ox End ox Bl
1 Released - Jot Feleased - ot Released « ot Released « ot Released
~|
| b
Mew Rows Prirt... Cancel

Caution!

Use caution not to "over-release" when applying member releases, as this can lead to model
instabilities. For example, picture two members connecting at a node. If the intent is to
model a hinge at that location, then only ONE of the two members should have a release
applied, because it only takes one release to prevent the transfer of moment. f BOTH
members were released, it could cause a stability problem, because that common node is
now disconnected (in a moment transfer sense) from ANY member in the model. So
mathematically, it is able to spin, and this causes an instability in the mathematical solution of
the model.

3.2.5 Rigid Offsets

Rigid Offsets provide a way to specify non-deformable end zones of a member. They come
into play in concrete construction, where a beam frames into a relatively wide column.
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The analytical model consists of lines representing members. This means that a beam tends
to span from column centerline to column centerline in a model. But in the physical structure
where the columns have some real depth, the beam will behave much differently. It will
actually behave more nearly like the span length is from face to face of the columns, rather
than from center to center. This effect can have a significant impact of model behavior if
spans are short and/or if columns are deep (wide).

The Rigid Offsets command provides a way to capture this effect mathematically.
To access this command click Create (or Modify) > Member Properties > Rigid Offsets.

The Member Rigid Offsets dialog collects an offset dimension for the start and/or ending end
of the member, and then allows that specification to be assigned to selected members.

leads to
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3.2.6 Tension/Compression Only

Sometimes it is desirable to specify that a particular member can only carry tension or can
only carry compression forces. One example is a slender rod used as a hanger. Intuition
might dictate that such a member would be so flexible that it would just tend to buckle and
offer no resistance if it was ever put into compression. So these commands provide a way to
specify that a particular member can only carry one type of force or the other.

If a specified member tends to experience the other type of force in any analysis, the program
will simply disregard and stiffness or resistance from the specified member for that particular
condition.
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To specify that a member is tension-only or compression-only select the member and then
click Create (or Modify) > Member Properties > Tension/Compression Only. The
Tension/Compression Only dialog collects the specification and allows it to be assigned to
selected members.

Lin

Tip: To remove a Tension/Compression Only specification, choose the Linear option and
assign that to the member.

3.2.7 Members Table

Up to this point we have discussed creating and editing model geometry, and we have
discussed defining and assigning properties to the members in a model. Many of these
processes could be done either graphically or in tabular form.
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The Member Data table is powerful because it brings many of these definitions and properties
together in one concise table that can be reviewed and modified if needed. It can be opened
by clicking Tables > Members.

Members >
Local Self
Node-1 | Mode-2 M aterial Section Angle (deqg)  Monlinear Activation Waight Status
5 - 1 1 2 1: Default ~ 1: Default ~ n Linear ~» | Active w | Include | Momal| <
|| MNews Rows | | Print... ak. | | Cancel

The Members table includes:

e Member ID

¢ Starting and ending node numbers

o Material

e Section

e Local Angle

¢ Specification for Linear, Tension-Only or Compression-Only
e Status (options include Normal, Selected, and Frozen)

Other than the Member ID number, the remainder of these items can be revised in this table.
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3.3 Properties for Shells
3.3.1 Material

The definition of materials for application to shells is identical to the process of defining
materials for use with members. In fact the dialog is the same. The only difference is in
some of the ways that the materials can be assigned.

Materials consist of the properties necessary for structural analysis: Young's Modulus,
Poisson's Ratio, Density and Coefficient of Thermal Expansion or Contraction. Note that
these are not material strengths, which are related to code checking. Those get entered in a
different location.

Materials can be defined and assigned using the Materials table, which can be accessed by
clicking:

e Create (or Modify) > Member Properties > Materials
e Create (or Modify) > Shell Properties > Materials
e or by clicking Tables > Materials.

Materials

. own | Poi Diensit L=
M aterial |d Label E [kip/in“2] ;';EE” [lb‘f,ﬂ?!?ﬂ Te[1/F]
1 1 Drefault 29000 0.3 483024 E5e-005
2 2 Concrete30 3155.92 015 145  5.5e-006
3 Steel 29000 0.3 489024 65e-005
v
1] a
Mew Rows | Std Material... =
[ ] Azsign active material bo currently selected elements Cancel
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Regardless of how the table is accessed, it allows the user to create material definitions and
to assign them to currently selected shells.

Note that there is a Standard Material button on this table that allows for the quick definition of
many standard steel and concrete materials.

3.3.2 Thickness

The thickness is the only section property that is required for the analysis of a mesh of shells.

Thickness can be defined and assigned by clicking Create (or Modify) > Shell Properties >
Thicknesses, or by clicking Tables > Thicknesses. Either method opens the Thicknesses
dialog where shell thicknesses can be defined and assigned to the selected shells.

Thicknesses

Thicknesz Id Label Thickneszsz [in]

Mew Rows Print...
[ ] Azsign active thickness to cumently selected shells Apply Cancel

3.3.3 Local Angle

Local angle is a way to rotate the local coordinate system of a shell about its local z axis. It
can be useful for situations such as a mesh has been created, but the orientations of some of
the shells differ. Having a group of shells oriented the same way can facilitate the
interpretation of output such as moment about the local y axis.

Remember that each shell has a local coordinate axis system. The local z axis is always
perpendicular to the shell. To visualize the way a positive local angle will affect a particular
shell, point your right thumb in the direction of the local z axis. The natural curl of your right
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fingers indicates the direction of rotation of the shell's local coordinate system when
subjected to a positive local angle.

To assign a local angle to a shell, select the shell and then click Create (or Modify) >
Member Properties > Local Angles. Either way, the Element Local Angle dialog opens. It
allows for the specification of an angle to be applied to selected shells. (It also can be applied
to members, which is covered in the section on Properties for Members.)

leads to
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3.3.4 Shell Properties

We have already seen how to define Material, Thickness, and Local Angle and how to assign
each of these to a shell. But sometimes it may be easier to define the necessary properties
and then assign all of them to one or more shells all at once. This is where the Create (or
Modify) > Shell Properties > Shell Properties command can be very useful. It opens the
Shell Properties dialog, which allows you to select desired shells and then assign Material,
Thickness, and Local Angle to the selected shells all in one step.

Assign Shell Properties
Material: Concrete30 W Lze
Thickness: Diefault ) Use
Local Angle: |0 deg [ Use

Azzign entries ta currently selected shells

IJze Al Clear Usze Cancel
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4 Working with Loads
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4.1

Load Cases

Think of Load Cases as the individual load types that get combined in the load combinations.

So a typical model will probably have Dead, Live, Wind, Seismic, etc. Other available load
types include Roof Live and Snow.

To define the Load Cases that will be used in a model click Create > Load Cases. The Load
Cases dialog opens and is pre-populated with a load case named Default. You can use this
case if you want, but you can't change the name "Default". If you prefer, just create all the
load cases you want and completely ignore the presence of the Default load case.

Load Cases

The optional load types are uzed in forming standard load combinations
FY
Case Mo Label Type B
1 1 IDefauIt Dead-D)| w
2 2 Live Live-L
~|
1] [»]
Mew Rows | |Cut Selected Rows Frint... Cancel

For each Load Case that you create, give it a recognizable name, and select the Type of load
at the far right.

The Load Cases that you create here will be used when you start assigning load items in
subsequent steps, because any load item that is added to a model must be assigned to one
Load Case.
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4.2 Load Combinations

Load Combinations specify the various ways in which Load Cases are to be summed and
applied to the model.

To access the Load Combinations dialog click Create > Load Combinations. The Load
Combinations dialog opens.

Load Combinations X

Combinations P-Delta Steel Design Cancrete Design Total Load Defl. Live Load Defl. RUM Load Comnbi... Add

Default Mo Ma Mo Mo Mo Yes Mo
IBC-2015_Eql6-2a Yes Mo No Mo Mo Yes ks

Copy

Delete

Unit Cases

Generate Std

RUM
All

None

Toggle Selected

0K

Cancel

A quick glance at the dialog shows that it controls quite a few things. In addition to allowing
combinations to be created (which we will see momentarily), it also controls whether a
particular load combination is or is not to be run in and analysis, as well as whether or not the
combination is to be considered for:

e P-Delta Analysis

¢ Steel Design

e Concrete Design

e Total Load Deflection check
¢ Live Load Deflection check.

Now let's explore how we can define a load combination and how we can set the various
options that control what the load combination is used for.
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To add a single load combination at a time:

Click the Add button and note that the Load Combination dialog opens.

Load Combination p 4
Label: |M_I,I_n::u3tn:-mj:n:nml:ninatin:|n
rF
Case Factar B
1 |D efault I 1]
||
4] [»
[ Perform P-Delta &nalysis on this Load Combination
Responge Spectum Load Factar: EI
[ Perform Steel Design using this Load Combination
] Perform Concrete Design using this Load Combination
Sustained load factar; IZI
[]Check Total Load D eflection
[] Check Live Load Deflection
RlUM Load Combination
Frirt.... Save... Cancel

It allows the label to be specified at the top of the window. Then it lists the individual Load
Cases that have been created so far and allows the Factor to be specified for each. To
exclude a Load Case from a particular Load Combination, just leave the corresponding factor

set to zero.
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Once the Factors have been set, move to the options in the bottom potion of the window.
This is where you will indicate whether the Load Combination is to be run, as well as whether
it is to be used for:

e P-Delta Analysis

e Steel Design

e Concrete Design

e Total Load Deflection check
¢ Live Load Deflection check.

Once you make your choices and click OK, the focus returns to the Load Combinations
window, and the newly defined combination appears at the bottom of the list.

To modify an existing load combination:

Click on the desired Load Combination and then click the Modify button. The Load
Combination dialog opens and allows the selected combination and associated settings to be
modified and saved.

To copy an existing load combination:

Click on the desired Load Combination and then click the Copy button. The program will
create a copy of the selected load combination and append "_Copy" to the end of the original
label. This can be useful when creating similar load combinations where it is fastest to copy
and edit, rather than starting each from scratch.

To delete an existing load combination:

Click on the desired Load Combination and then click the Delete button. The program will
delete the selected load combination. To select multiple combinations hold down the CTRL
key while clicking.

To create a load combination for each of the defined load cases:

Sometimes it is useful to have a load combination for one or more of the defined load cases.
An example is when the value of Beta d needs to be calculated for concrete design, which
requires the definition of a load combination of 1.0 x sustained loads. To automatically have
the program create a load combination for each defined load case, simply click the Unit
Cases button. Feel free to delete any unneeded combinations.
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To generate standard load combinations based on ACI or AISC:

To generate standard load combinations based on ACI or AISC, click the Generate Standard
button. It offers a dropdown list box to select the desired load combination set. Then
individual combinations have checkboxes so you can pick or skip individual combinations.

To control which Load Combinations are and are NOT run:

Use the commands in the RUN category to set which load combinations you do and do
not want run in any particular analysis.
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4.3 Nodal Loads

Nodal Loads are concentrated forces or moments that are applied to nodes.

Graphical Method

To apply nodal loads graphically, select the nodes that are to receive the load. Then click
Create > Draw Loads > Nodal Loads. The Nodal Load dialog opens.

Modal Load
Load Caser |2 |jue
Drirection
.j§j. e .:. ¥ .:. z
() 0¥ oy oz
"W alue: 1] kip

Apply ta Selected Nodes |

Cancel

W

Select which Load Case with which the new load should be associated.

Select the direction, keeping in mind that these are with respect to the global coordinate axis

system and the directions that start with "O" represent moments about the named global axis.

Specify the value and apply the load.
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Tabular Method

Click Tables > Nodal Loads to open the Nodal Loads table.

Modal Load Data
Load Caze: 4 Wind W
ARSI o<l Diicclion ”;!;‘;éﬁ’“k‘fp‘;t'? 3
1 12 | R v 124
2 18 # 129
3 24 # 129
4 30 # 129
5 3 # 129
E 45 A 12.9|
7 54 % 124
8 B0 # 12|
9 B # 129
10 72 ® 124
1 84 ¥ 123
12 a0 ¥ 129,
13 %6 % 123
14 102 A 29|«
4] [»
1 Mew Boves Cut Selected Raws
Frir... Canicel

Note that the Load Case dropdown list box is shown at the top of the table. This controls the
load case for which loads will be shown.

The table allows existing loads to be reviewed, edited and deleted. It also allows new loads to
be defined.
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44 Point Loads (on Members)

Point Loads are concentrated forces or moments that are applied to members.

Graphical Method

Select the members that are to receive the load. Click Create > Draw Loads >Point Loads.
The Point Load dialog opens.

Point Load

Load Caze: 4 Wind "
Dhirection Coordinate System
Ox @y 0Oz (® Local
Cox Qor Qo2 ) Global
" alue: 1] kip

w100 % length

Digtance: fram mermber start

Maote: |n addition bo being a single input, distance may
alzo be zpecified as a ligt such az '"3E0.258", which wil
create 3 loads at quarter points on the member.

Apply to Selected Memberz Cancel

Specify the Load Case with which the new load will be associated.

Select the direction of the load and indicate whether the direction selection is to be interpreted
as being in the local or global coordinate axis system.

Specify the magnitude of the force.

Specify the distance in the form of O for the starting end, 0.5 for the midpoint, 1.0 for the
ending end, etc.

Tip: Multiple Point Loads may be defined in a single use of this command by using the
following syntax in the Distance input: "3@0.25", which would place loads on the quarter
points of the assigned members.
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Tabular Method

Click Tables > Point Loads Data to open the Point Loads table.

Point Loads =
Laad Caze: 1- Diefault . |
Coordinate Bit=an Yalue [farce: kip: | Distance [% Length
Syst!a!'n leCion mament: kip-ft] _f_rqm mg!'nl:ugr ghart]
— iz 1 Glabal RE% 2 0.2
|'I || Mew Bows | |I:ut Selected Fh:uws| | Frint... | | 0k, | | Cancel |

Note that the Load Case dropdown list box is shown at the top of the table. This controls the
load case for which loads will be shown.

The table allows existing loads to be reviewed, edited and deleted. It also allows new loads to
be defined.
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4.5 Line Loads (on Members)

Line Loads are distributed forces that are applied to members.
Graphical Method

Select the members that are to receive the load. Click Create > Draw Loads > Line Loads.
The Line Load dialog opens.

Line Load

Load Caze: 4 Wind W
Direction Coordinate Spstem
B CIN' z (®) Local
() Global
Start End
Yalues 1] 0 kiptt
Distances: 0 1 1100 % length
from rember start
| Apply to Selected bMembers | Cancel

Specify the Load Case with which the new load will be associated.

Select the direction of the load and indicate whether the direction selection is to be interpreted
as being in the local or global coordinate axis system.

Specify the magnitude of the force at the start and at the end of the Line Load.
Specify the distances to the start and end of the force (referenced from the starting end of the

member) in the form of O for the starting end, 0.5 for the midpoint, 1.0 for the ending end,
etc.
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Tabular Method

Click Tables > Line Loads to open the Line Loads table.

Line Loads b4
Load Case: 1- Default "
Coordinate s Start Walue End % alue Etart [:ﬁt [% End DP'iSft [%
System (ECR L Tin i [kip] pnot o L-enatnion
- 3 i member start] | mernber start]
i 1 Local « i -0.01 0.0z 0 1
|'I || Mew Rows | | Cut Selected Rows | | Print... | k. | | Cancel |

Note that the Load Case dropdown list box is shown at the top of the table. This controls the
load case for which loads will be shown.

The table allows existing loads to be reviewed, edited and deleted. It also allows new loads to

be defined.
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46 Arealoads (on Members)

Area Load is a way to automatically apply load to members, and it can be convenient for
loading many members in an area.

Graphical Method

Click Create > Draw Loads > Area Loads to open the Area Load (on members) dialog.

Area Load (on members)
Load Caze: | 4: 'Wind W
Direction Coordinate System
b4 ¥ Cild @ Local
() Global
Distribution: | Tyg way [rectangular sub-areas] W
" alue: 0 b2
Maote: Pick 4 nodes [4th node may be the zame as the 1zt
one] to define load area after preszing the “Apply" button,

Specify the Load Case with which the new load will be associated. Select the direction of the
load and indicate whether the direction selection is to be interpreted as being in the local or
global coordinate axis system.

Tip: When the Coordinate System is set to Local, only the Z direction is available.
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The Distribution dropdown provides many options. They are best explained graphically
(below) by the application of 100 psf load to a rectangular bay with the dimensions shown:

e Two-way (rectangular sub-areas):

e Short sides (rectangular sub-areas):
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¢ Long sides (rectangular sub-areas):

95

¢ AB and CD sides (rectangular sub-areas):
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e BC and AD sides (rectangular sub-areas):

e Centroid-based:
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e Circumference-based: (Total load on bay is distributed uniformly along perimeter of bay.)

Enter the value and remember to use the proper algebraic sign for the direction of loading.

After clicking Apply, click on four nodes to define the perimeter of the loaded area. Keep in
mind that for some of the load Distribution options, the order of selection of the corners
establishes the directionality of the distribution.
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Here is what an area load will look like when it is first applied:

Tip: Keep in mind that an Area Load can be dissolved into a series of Line Loads on
members by clicking Create > Generate Loads > Convert Area Loads to Line Loads.

This may be helpful for visualizing loads like they have been shown in the screen captures
above.
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Tabular Method

Click Tables > Area Loads to open the Area Loads table.

Area Loads pod

Load Caze: | 4. Defaul o

5 Fs
ED;;S;Q:_}E Direction Digtribution [E;l:%] B

1 2 1 3 Global ' w | ference-bazed| 250

Maode-1 M ade-2 Maode-3 Maode-4

-

| I
Mew Rows Cut Selected Rows Frint...
Convert Current Cage to Line Loads | Zonvert &ll Cazes to Line Loads Cancel

Note that the table has a Load Case dropdown list box at the top.

This table can be useful for reviewing and editing or deleting previously defined Area Loads,
but it can also be used to define new area loads by specifying the four perimeter nodes, the
Coordinate System and the Direction, the Distribution method and the load intensity Value.

This table also has buttons near the bottom to Convert Current Case to Line Loads and to
Convert All Cases to Line Loads. Area Loads don't have to be converted to Line Loads in
order to have an effect on the model. But if they are converted to Line Loads, they are no
longer visible in the Area Loads table, and will then be displayed in the Line Loads table.
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4.7

Surface Loads (on Shells)

Surface Loads are uniformly distributed loads that are applied to shells.

Graphical Method

Select the shells to load. Then click Create > Draw Loads > Surface Loads to open the

Surface Load dialog.

Surface Load

Load Case:

2 Live
Direchion
@< Oy Qz
Yalue |0 b2

W
Coordinate System
@ Local

(1 Global

| Apply to Selected Shells

| Cancel

Specify the Load Case with which the new load will be associated.

Select the direction of the load and indicate whether the direction selection is to be interpreted
as being in the local or global coordinate axis system.

Enter the value and remember to use the proper algebraic sign for the direction of loading.
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Tabular Method

Click Tables > Surface Loads to open the Surface Loads table.

Surface Loads i
Load Case: 1: Diefaulk i |
E%ﬂi‘;‘;“? Direction | “alue [Ib/t"2]
:fl ' 1 Global - e -250

|'I || Mew Rows | | Cut Selected Hnws|

Note that the table has a Load Case dropdown list box at the top.

This table can be useful for reviewing and editing or deleting previously defined Surface
Loads, but it can also be used to define new surface loads by specifying the shell ID, the
Coordinate System and the Direction, and the load intensity Value.
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4.8

Self Weight

Self Weight is a command that instructs the program to consider the self weights of entities in
the model.

The command can be applied by clicking Create > Draw Loads > Self Weights, which
opens the Self Weights dialog.

Self Weight

Conzider zelf weight az load case:

1: Default W
Self weight acts in global direction: Glabaly
Self weight multiplier [negative to R

reverze direction]:

Cancel

The assignment starts by selecting the load case with which the self weight load is to be
associated. Select the global direction and then specify a multiplier.

The most common use is Dead Load, Global Y, factor of -1.

Self Weight applies to all elements in the model that have their Self Weight control set to
“Include™:
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To view the Self Weight control for members, open the Members table by clicking Tables >

Members:
Members
Local
Node-1 | Mode-2 M aterial Section Angle (deqg) _Nonlir?ear Weight
q 1 1 2 1: Default 1: Default n Linear « Include u
2 o 1 3 1: Defaul 1: Defaul il Lineal Include MNarmal
3 3 ) 4 1: Defaul 1: Defaul i Lineal
4 4 3 4 1: Defaul 1: Defaul i Lineal
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To view the Self Weight control for shells, open the Members table by clicking Tables >

Shells:
Shells X
Local | activatiof  Sel
MNode-1 | Mode-2 | Mode-3 | Mode-d4 M aterial Thick Angle 5 Weight Statuz
1 4 2 1 3 T:Default« . 1: Default 0 &ctive «f 1clude « Homal|
| || Hew Rows | | Friri... | I ak, I | Cancel

There is an analogous column in the Bricks table, as well.
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To remove a Self Weight assignment globally, one option is to use a factor of zero in the
multiplier field in Create > Draw Loads > Self Weights. Another option is to use the Create

> Draw Loads > Self Weight Exclusion command.

Self Weight Exclusion X

Self wWeight: | Include e
Apply to selected members,

&pply to selected shells
Apply to selected bricks

Cancel

This method allows the self weight to be excluded for all or for a selected set of members,
shells, and or bricks.
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4.9

Fluid Loads (on Shells)

The Fluid Loads command provides a convenient way to apply a linear varying surface load
on a selected mesh of shells. The load will be applied in the local z direction of all selected
shells, that is, perpendicular to the shell and in the positive or negative local z direction based
on the algebraic sign of the load value.

Note that although the load can vary in intensity, it will be discretized such that the load will be
uniform on each individual shell.

Graphical Method

The command is accessed by clicking Create > Generate Loads > Fluid Loads, which
opens the Fluid Load dialog.

Fluid Load

Load Caze: 4 Wind "
Loading
Global direction of wariation: (= CIN z
Start End
Values 1] an b2
Coordinates: 0 60 ft

Motes: surface loads will be applied to the zelected shells in
their local z directions.

Apply Cancel

Select the load case with which the Fluid Load is to be associated.

The actual loading is specified as three components: a global direction of variation, a starting
coordinate with load intensity and an ending coordinate with load intensity.
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Tabular Method

The tables are useful for reviewing and editing the loads produced by the Fluid Loads
command, because they get generated as surface loads on shells. But the tables don't have
the power to generate Fluid Loads of varying magnitudes on multiple shells.

Clicking Tables > Surface Loads opens the Surface Loads table.

Load Casze: 1: Diefault

Shell 1 Coordinate n
Sypstem

Direction | “alue [IbAt"2]

MHew Bows Cut Selected Raws Ok,

Frit.... Cancel

This table displays all loads applied to shells, including those generated by the Fluid Loads
command. Any of the data can be edited in this table, and new data can be created by
manually inserting new rows. But remember that the real utility of the Fluid Loads command
is its ability to create varying loads on many shells automatically.
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410 Pattern Loads

The Pattern Loads command is a way to specify that the loads of a particular load case
should be applied in all possible patterns such as odd spans, even spans, and all other
potential arrangements to generate maximum positive and negative moment in each span,
maximum positive and negative moment at each support as well as maximum shear at each
support.

Before applying the Pattern Loads command, be sure that the the load case to be patterned is
already created. Also be sure that load combinations have already been defined.

Graphical Method

Select the members whose loads are to be patterned. Click Create > Generate Loads >
Pattern Loads to open the Pattern Load dialog.

Pattern Load

Mate: Paint and line loads of the pattern load caze will be patterned an the
members based on odd, even and adjacent spans. Mew loads, load
cazes and load combinations are generated appropriately.

Load Case: 1: Default W
Pattern ratio: 1
< 1
b ember |d
Mew Fows

Cut Selected Fows

Print...

| oK,
4 " | b | Cancel

Select the load case whose loads are to be patterned. Enter the Pattern Ratio (ACI 318-05
specifies 0.75).

Click OK and note that the screen displays a graphic representation of the patterned loads.
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Click Create > Load Cases and note that the table displays new load cases that represent
the patterned loads.

Click Create > Load Combinations and note that the existing Load Combinations have been
expanded to include the newly generated pattern loads.
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411 Moving Loads

The Moving Loads command is a way to specify that a load (or a pattern of loads) on selected
collinear members is to be moved incrementally and analyzed at each location.

Before applying the Moving Loads command, be sure that the load case to be moved is
already created. Also be sure that load combinations have already been defined.

Graphical Method

Select a member that already has the desired arrangement of concentrated loads on it. Also
select the connected collinear members that the load arrangement is to travel across.

Click Create > Generate Loads > Moving Loads to open the Moving Load dialog.

Moving Load |

Mate: Paint loads of the moving load case will be moved on the members.
Mew lnads, load cases and load combinations are generated appropriately.

Load Casge: 1: Default W
Moving step: 1 ft [ Bi-Directional
1 |1
Member |d B
] 2 | Mew Fows
Cut Selected Rows
Prin...
| oK,
K4
4 " | b | Cancel

The selected members are listed in the table, and new members can be added if necessary.
Select the Load Case that contains the load or loads to be moved.

Specify the Moving Step.
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Click OK, and the screen will display the results of moving the concentrated load
arrangement to the end of the string of selected members.

111
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Click Create > Load Cases and note that the table displays new load cases that represent
the moving loads.

The optional load wpes are uzed in forming standard load combinations

Load Cases

[
i Case Mo

1 1

2 2

3 3

4 4

] ]

B B

7 7

a a

3 ]

10 10

1 1

12 12

13 13

14 14

Label

IDefauIt

b oving_Dirl_Defaul_Stepl
Maoving_Dirl_Default_Step2
koving_Dirl_Default_Step3
Moving_Dirl_Defaul_Stepd
koving_Dirl_Default_Steph
Maoving_Dirl_Defaul_Steps
Moving_Dirl_Default_Step?
Moving_Dirl_Default_Stepd
M oving_Dirl_Default_Stepd
Maoving_Dirl_Defaul_Stepl0
Moving_Dirl_Default_Step
Maoving_Dirl_Default_Stepl2

Moving_Dirl_Default_Step1 3
Maowving Dirl Default Stepld

Mew Rows | Cut Selected Bows Frint....

Cancel

I

Type

Live-L| w
Live-L
Live-L
Live-L
Live-L
Live-L
Live-L
Live-L
Live-L
Live-L
Live-L
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Click Create > Load Combinations and note that the existing Load Combinations have been
expanded to include the newly generated moving loads.

Load Combinations
Combinations P-Delta Steel Desian Concrete Design Tatal Load Defl. Live Load Defl. ™ Add...
AISCASDEI_Ad-1b Mo Yes Mo Mo Mo e
AISC-A5089 Ad-1e Mo ez Mo Mo Mo T
AISC-ASDET_A4-11 Ma Yes Ma Mo Ma
AISC-ASDET_Ad- Ma Yes Ma Mo MNa Delete
AISC-ASDET_A4-1] Ma Yes Ma Mo Mo
Movingl_Default_Dirl_Stepl Mo Mo Mao Mo Mo
Maving]_Defaul_Dirl_Step2 Mo Mo Mo Mo Mo Unit Cazes
Movingl_Default_Dirl_Step3 Mo Mo Mao Mo Mo
Moving1_Default_Dirl_Stepd Ma Mo Mo Mo Mo Generate Std...
Movingl_Default_Dirl_Stepd Mo Mo Mao Mo Mo
Moving]_Default_Dirl_Steph Mo Mo Mo Mo Mo
Movingl_Default_Dirl_Step? Mao Mo Mao Mo Mo
Movingl_Default_Dirl_Stepd Mo Mo Mo Mo Mo
Mavingl_Default_Dirl_Stepd Ma Mo Ma Mo Ma
Moving]_Default_Dil_Stepl0 Mo Mo Mo Mo Mo
Maving]_Default_Dirl_Stepll MNo MHa Mo Mo No
Movingl_Default_Dirl_Step12 Mao Mo Mao Mo Mo W
< > Cancel
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412 Copy Load Case

The Copy Load Case command allows loads from one load case to be copied to another load
case.

It also provides the option to delete existing loads in the target load case, if desired.

This command can be useful if similar load cases are to be created with only minor
differences.

Click Create > Generate Loads > Copy Load Case to display the Copy Case Loads dialog.

Copy Case Loads
Fram: 1: Default W
To 20: Live b

[ ] Delete existing loads in the target load caze

Multiphed by |1

Cancel

Select the From and To load cases.

Optionally select the checkbox to delete existing loads in the target load case.
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5

Specifying and Performing the Analysis
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5.1 Analysis Options

The Analysis Options dialog offers many controls that affect the way certain aspects of the
analysis are handled. The subtopics cover each option.

Note that there is a Run Static Analysis button at the bottom of the Analysis Options dialog.
This allows an analysis to be initiated directly from the Analysis Options dialog if desired.

Analysis Options

Structural Model: 30 Frame & Shell [6-DOF] W

Man-Linear Convergence Cantral

b amirmunn iterations [P-Delta or nonlinear elements): 110

Axial force tolerance bebween P-Delta iterations: 05 b4

Congider shear deformation on members

Mumber of zegments for member outpt; 20

[ | Use cracked section properties [ler] for members and finite elements

Stress averaging mode at

O e Stresz averaging for all adjacent elementz  »

] IJze Kirchhoff thin plate bending formulation far rectangular shells.
[Uncheck thiz bow ta uze MITCA thick plate bending forumlation for shellz)

IJze incompatible formulation for zhell membrane actions ar bricks.
[Uncheck thiz box to uge standard compatible formulation for shells or bricksz)

Frecizion of Floating Point Arithmetics in Solver
(®) Double precision Skyline solver: fast for nomal sized models

— Double precizion Sparse solver: fast for large models, but less erar
-~ checking info iz provided

— [uad precizion Skyline solver: slower but necessan for nurnenically
' gensitive models

Conzider ngid diaphragm achions

Run Static Analpsis ] Cancel

5.1.1 Specifying the Structural Model Type

The model type is specified in the Analysis Options dialog, which can be opened by clicking
Analysis > Analysis Options.

There are 8 different structure type options available, and their descriptions are offered in the
User's Manual. Each allows a certain combination of degrees of freedom. By selecting a
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model type with some limited combination of degrees of freedom, it simplifies the analysis
and requires less resources to process the model. For the purposes of this training, the
important thing to understand is that:

1. The most universal structural model type is 3D Frame & Shell, because all 6 degrees of
freedom are available at all nodes, meaning it can be used for any model.

2. If there is ever a model that is so complex that it becomes necessary to conserve
computing resources, there are other model types available that may help, and their
descriptions are in the User's Manual.

5.1.2 Specifying Convergence Control

Convergence control is specified in the Analysis Options dialog, which can be opened by
clicking Analysis > Analysis Options.

When a model contains tension-only members or compression-only members, or when a P-
Delta analysis is run, the analysis is an iterative process. Sometimes many iterations are
required before convergence is achieved. Sometimes convergence requires too many
iterations to be practical, or perhaps convergence is not even achievable. Without some
control over the iteration process, this could lock up a processor in an infinite loop.

To avoid long delays and infinite loops, the program offers two controls on convergence:
Maximum iterations and Axial force tolerance.

The Maximum iterations control allows the user to specify an overall maximum number of
iterations that will be run when an analysis is performed. If convergence has been achieved
before that number of iterations, the analysis stops when convergence has been reached. If
convergence has not been achieved, the analysis stops when it reaches the specified
maximum number of iterations.

The control named Axial force tolerance between P-Delta iterations sets a threshold for the
program to determine if a P-Delta analysis has converged. By comparing the maximum
amount of change in the axial force in any member with this specified value, the program is
able to determine if the changes are small enough to consider the analysis to have
converged.

5.1.3 Considering Shear Deformation

The decision as to whether to consider shear deformation is specified in the Analysis Options
dialog, which can be opened by clicking Analysis > Analysis Options.

5.1.4 Number of Segments for Member Output

The Number of segments to report in member output is specified in the Analysis Options
dialog, which can be opened by clicking Analysis > Analysis Options.

The number of segments for member segmental output may be set from 1 to 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.
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Since member local 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.

5.1.5 Use Cracked Section Properties
The option to use cracked section properties or gross section properties is specified in the
Analysis Options dialog, which can be opened by clicking Analysis > Analysis Options.

This applies to concrete beams, columns, and shells.

The cracking factors are specified in Create (or Modify) > Member Properties > Cracking
Factors or in Concrete Design > Cracking Factors.

Cracking factors will not be applied until “Use cracked section properties (Icr) for members
and finite elements” is checked here in the Analysis Options dialog.

5.1.6 Stress Averaging for Shells

The option to control stress averaging for shells is located in the Analysis Options dialog,
which can be opened by clicking Analysis > Analysis Options.

For each finite element (shell or brick), stresses are calculated at each node. If two elements
share a node, the stresses at the node are different for each of these two elements. To make
the results more accurate and the contours smoother, stresses can be averaged at nodes for
adjacent shells.

This setting controls the way shell stresses are calculated at nodes. There are three options:

No stress averaging: Stresses at each node are output as calculated, with no averaging or
smoothing.

Stress averaging for all adjacent elements: Stresses at each node are calculated by
averaging nodal stresses of the elements that share the same node and have the local
coordinate system parallel to the global coordinate system. With this option, if no elements
have local axes coordinated with global axes, this option will result in no stress averaging.

Stress averaging based on local coordinate system: Stresses at each node are
calculated by averaging nodal stresses of the elements that share the same node and have
the same local coordinate system.

5.1.7 Thin Plate versus Thick Plate Option

The option to select the plate bending formulation for shells is located in the Analysis Options
dialog, which can be opened by clicking Analysis > Analysis Options.

By default, the program uses the MITC4 for shell bending formulation. The MITC4 is a thick
plate formulation that accounts for the out-of-plane shear deformation.
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However, if the shell elements are all rectangular, you may use the classical Kirchhoff plate
bending formulation. The Kirchhoff plate element is a thin plate formulation that ignores out-
of-plane shear deformation.

5.1.8 Compatible versus Incompatible Formulation for Shells and Bricks

The option to select the compatibility formulation for shells is located in the Analysis Options
dialog, which can be opened by clicking Analysis > Analysis Options.

For the membrane formulation of the shell element or brick element, incompatible modes
may be added to the standard isoparametric (compatible) formulation.

The incompatible shell element models the in-plane bending 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.

5.1.9 Precision of Floating Point Arithmetic in Solver

The option to select the precision of floating point arithmetic is located in the Analysis Options
dialog, which can be opened by clicking Analysis > Analysis Options.

Double precision solver:
e standard solver similar to many analysis programs in the market
e enough for most structures

Double precision Sparse solver:

fastest, but lacks informative messages when something goes wrong during a solution
can only be used for static analysis

useful to solve extremely large structural models

uses an out-of-core approach to minimize the requirement of computer memory

Quad precision Skyline solver:

¢ provides an invaluable alternative for some large or numerically sensitive models where the
64-bit floating point (double precision) solver may fail

e extremely stable and accurate, but relatively slow

¢ the recommended solver if the model contains rigid diaphragms to avoid numerical
difficulties.

5.1.10 Rigid Diaphragm Action

The option to consider or disregard rigid diaphragm actions is located in the Analysis Options
dialog, which can be opened by clicking Analysis > Analysis Options.

The option is provided mainly as a convenience to be able to run a model either way without
having to delete the diaphragms in the model.
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5.2 Running the Analysis

5.2.1 Static Analysis
Analysis > Static Analysis performs the static analysis of the model.

You should set the appropriate analysis options before running this command. To do that, just
click Analyze > Analysis Options.

For models with P-Delta load cases, it is recommended to first run them without a P-Delta
analysis just to verify that the model is stable. Remember that P-Delta analysis is specified
on a load combination by load combination basis. This can be set on the Load Combinations
dialog by clicking Create > Load Combinations.

5.2.2 Analysis Status Window

After running an analysis the Analysis Status window will display information about the

analysis.
Analysis Status - Double precision Skyline solver
total time spent on analysis 28 seconds 100%
Meszage Statuz =
REDUCTION AND BACK-SUBSTITUTION OF.
P-Delta axial force tolerance bebween iterations = 100.000% NOT Ok
Processing nodal loads (1]
Proceszzing member loads QK.
EEEEEE PR |tElEItII:Ir'I 2 EEEEEEE TP
Calculating member elements stiffness 0.
Processing diaphragm stiffness (1]
Proceszzing boundary conditions QK
FACTORIZATION 4
SDIGITS ARE LOST DURING FACTORIZATION 4
REDUCTION AND BACK-SUBSTITUTION 4
Firal P-Delta axial force tolerance between iterations = 00173 ok
Outputting displacements 0.
Outputting support reactions (1]
Outputting member zegmental forces QK
total time zpent on analysis 28 secondz Completed
W
£ >
Prezz Ezc Key to abart

If the analysis is successful, the window will include many lines of information about the
various steps that were complete and the data that was being reported, including information
about the number of iterations that were required to achieve convergence.
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If the analysis was unsuccessful, the window may contain useful information on the cause of
the failure, such as instabilities, as well as some suggestions, like using a different analysis

type.
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6

Reviewing the Analysis Resulits
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6.1  Query Function

One powerful way to review analysis results on a member by member basis is the Query
function, which is available from View > Query.

This tool has the special "Query" cursor associated with it. When the Query cursor is
displayed, clicking on any node, member or shell opens the Nodal Info, Member Info or Shell
Info dialog that offers a great deal of info about the clicked node, member or shell. The info
includes geometric, material and loading data. After a successful analysis the dialog also
includes analysis results such as forces, moments, deflections, and rotations.
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6.2 Result Diagrams

The Analysis Results tab offers a variety of ways to view the results of an analysis. Graphical
results are often very telling in the early stages of a design. There is a whole category of
graphical results available on the Analysis results ribbon. Look to the right and find the
category named Results Diagrams. Each of these items is explained in its own subsection.

Tip: The graphical scales used to depict these diagrams can be adjusted by clicking
Settings and Tools > Graphic Scales.

6.2.1 Shear and Moment Diagrams

Click Analysis Results > Shear & Moment Diagram to view shear or moment diagrams on
the model itself This opens the Shear and Moment Diagram dialog.

Shear and Moment Diagram >
Load Combination: 1: Default et
Diagram Type
(®) "% - axial Iy - major %z - minor
(O Mx-tarsion ) My - minor i) Mz - major

Diagram mode: Ciagrams on all members w

Show values L] Show uriits

Center diagram walues at member ends

Plat szale: I

Maote: Basze scales can be set from Settings-» Graphic Scales menu.

b Carca

Select the desired Load Combination. Select the desired Diagram Type, where options
include:

¢ Vx - axial force

¢ \/y - major shear

e \Vz - minor shear

¢ MXx - torsional moment

e My - minor axis moment
¢ Mz - major axis moment
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Select the Diagram mode, where options include:

e Diagrams on all members

¢ Diagrams on selected members

¢ Erase existing diagrams (This option is one way to remove diagrams from the model.
Another way is to use the Restore Model icon.

The final options include:

e Show values (If deselected, only diagrams are drawn.)

e Show units (Only has any meaning if Show values is selected.)

¢ Center diagram values at member ends (If selected, the labels will be centered on the
member to clarify which label is associated with which member. If deselected, the labels
will be offset to clarify the view of the member.)
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6.2.2 Deflection Diagram

Click Analysis Results > Deflection Diagram, to view the deflection diagram on the model
itself. This opens the Deflection Diagram dialog.

Select the desired Load Combination. Set the Displacement magnification.

Select the member local deflection mode, where options include:

e None

e Localyand z
e Local y only

e Local z only.

Deflection Diagram

Load Combination;

2 Combination_1
Displacement magnification
[enter 0 to eraze exizting); 1000
Show member local deflection: Localy and z
[] Show walues [ Shows urits

[ ] Hide shadow of the undeformed shape

] Hide zhadow af the defarmed shape. [zome
dependent entities will be hidden too]

Corc
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The final options include:

e Show values (If selected, values are shown.)

e Show units (Only has any meaning if Show values is selected.)

¢ Hide shadow of undeformed shape (If selected, the undeflected shape is hidden. If
deselected, the undeflected shape is drawn.)

¢ Hide shadow of deformed shape (If deselected, the program superimposes the diagram of

the deflected structure without local deflection. If selected, the diagram of the deflected
structure without local deflection is hidden.)

© 2026 ENERCALC, Inc.



130

ENERCALC 3D Training Manual

6.2.3 Contour Diagram

Click Analysis Results > Contour Diagram to view the contour diagram on the model itself.

This opens the Contour Diagram dialog.

Contour Diagram >
Load combination: 3: Combination_2 ~
Display made: Iz0-Surface and ' alue ~
Contour component; Mamert s w
W alue modulation: Paszitive and Negative w

(®) Show plate/shell top stress () Show plate/shell bottom stress

(3 Uze 16 colors for contaur (®) ze 8 colors for contaur
[]Uze gray zcale

[ ] Show contour on selected elements only.

Corce

Select the desired Load Combination.

Select the display mode, where the options include diagrams with values, diagrams only,

values only, or erase.

Select the Contour component, where the options include displacements, moments, bending

shears, forces, and many types of plate stresses.
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The final options include:

e Show plate/shell top stress or bottom stress

e Use 8 or 16 colors for contours

e Use gray scale or color

e Show contours on selected elements or on all elements

Displacement Dy [in, +and -]
-4.281e-011

-5.220e-003

-1.044e-002

-1.566e-002

-2.035e-002

-2.610e-002

-3.132e-002

-3.654e-002

-4 176e-002

-4 B95e-002

-5.220e-002

-5.742e-002

-6.264e-002

-6.786e-002

-7 30Ge-002

-7.830e-002

-8.352e-002
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6.2.4 Mode Shape

Click Analysis Results > Mode Shape to view the contour diagram on the model itself. This
opens the Mode Shape dialog.

Mode Shape >
tode shape:
kode-1: [T=0.2796 zec) e

tode shape magnification
[enter O to eraze existing]; 1000
[ ] Hide shadow of the undeformed shape

] Hide zhadow af the defarmed shape. [some
dependent entities will be hidden too]

Cancel

Select the desired mode.
Enter the magnification factor.
Select miscellaneous graphical choices and click OK.

The resultis a display of the selected mode shape.

h2
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6.2.5 Response Animation
Response Animation is a visualization enhancement that allows any of the Result Diagrams
to be animated.

Start by applying the necessary settings and scales to create the desired result diagram.
With the diagram still in view on the screen, click Analysis Results > Response Animation.

To stop the animation, either click the Response Animation button again, or click the Restore
®
Model button, on the Quick Access Toolbar.
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6.3 Nodal Displacements

Click Analysis Results > Nodal Displacements to see a table of nodal displacements. The
Nodal Displacements table appears.

MNodal Displacements - [Comb_Wind] =i
Load Combinatiorn: | 5; Comb_%/ind w | [] Show selected only Print... Close
i
Mode Id D [in] D [in] Dz [in] Do [rad] Doy [rad] Doz [rad]
1 1.3282-016 36855016 4913017 78228015 34468017 1.265e-014
2 2 -1.E00e-016 -1.856e-016 1.30%-016 A.261e014 7747018 1.416e-014
3 3 -1.562e-016 2.493e-016 1.320e-016 1.258e-014 1.077e17 1397014
4 4 -1.568e-016 2319016 1.315-016 1.253014 -2B41e018 1.403e-014
5 5 1B e016 2973016 1312016 1.24%e014 3127018 1.434e-014
B B -1.35%-016 2.065e-018 1.307e-016 1.245e-014 -3.286e-018 1.292e014
7 7 -4.518e-001 £.463e-003 -4.362e-001 -3 764e-003 4.778e-005 1517003
] ] -4.526e-0001 -3.088e-003 -4.575e-001 1.E43e-003 1.074e-005 7382004
3 9 -4.540e-001 -4,155e-003 -4.502e-001 1.522-003 1.493-005 8.650e-004
10 10 -4, 55e-0011 -3.859e-003 -4.47%e-001 -1.509e-003 -3.B61e006 £.6E9e-004
11 11 -4.532e-001 -4.947e-003 -4.456e-001 -1.504e-003 -4,334e-006 7.437e-004
12 12 -4.510e-001 3435005 4,451 001 1.49%-003 -4 555e-006 1.53%-003
13 13 -8.048e-001 1.151e4002 -8.600e-001 1.067e-003 £.017e005 1.196e-003
14 14 -9.053e-001 5.072e-003 -9.165e-001 1.189-003 -5,386e-005 £.354e-004
15 15 -8.065e-001 5.823e003 -8.028e-001 1.197e4003 1.733e-005 7.134e-004
15 16 -8.08de-001 5.388e-003 -5.993e-001 1.192e-003 1.019e-005 7.130e-004
y II1 7 17 -9,110e-001 -8.093e-003 -8.953e-001 -1.188e-003 -3.509e-006 B.4DE:e-U|D:. IEl

Select the desired Load Combination.
Choose whether the table should display results for the selected entities or for all entities.
The table reports displacements and rotations for the desired nodes.

The table can be printed with the Print button.
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6.4  Story Drifts

The first step in evaluating story drifts is to define Drift Nodes, which are the nodes at which
drift will be evaluated. To do this, select the drift nodes and click Create > Story Drift
Nodes. This will create a table of nodes (usually one at each level) that can be viewed by
clicking Tables > Story Drift Nodes.

Story Drift Nodes >
FY
Mode Id Bl
1 23
2 24 |
-]
1] >
Mew Rows Cut Selected Raows I
Frint... k. Cancel
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After selecting the drift nodes, click Analysis Results > Story Drift. The Story Drifts table

opens.

Story Drifts - [Default]

Load Combination: | 1: Default w | [] Show selected only

Stary Height [ft] D [in] = Diift [in]

= Dorift A atio

Dz [in]

Z Dirift [ir] Z Diift R atio

3.636e-04

1.144e-02

-2.944=-04 E.640z-04

Select the desired Load Combination.

3.439=-02

2.345-02

Since this table uses the predefined drift nodes, deselect the option to show selected entities

only.

The table reports nodal displacement, inter-story drift, and the drift ratio in the X and Z

direction for each story.

The table can be printed with the Print button.
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6.5

Support Reactions

Click Analysis Results > Support Reactions to see a table of support reactions. The
Support Reactions table appears.

137

Support Reactions - [Default]

Load Combination: | 1: Default

e | [15how selected only

d

X

Cloge

R [kip]

Ry [kip]

Rz [kip]

R [kip-ft]

Foy [lkip-ft]

Roz [kip-ft]

20.000

10.000

-0.000

-0.000

-0.000

20.000

10.000

Select the desired Load Combination.

0.000

0.000

0.000

Choose whether the table should display results for the selected entities or for all entities.

The table reports reactions for the desired nodes.

The table can be printed with the Print button.
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6.6 Spring Reactions

Click Analysis Results > Nodal Spring Reactions [or Line Spring Reactions or Surface
Spring Reactions] to see a table of spring reactions. The Spring Reactions table appears.

Spring Reactions - [Comb_Live] =

Load Combination: | 3: Comb_Live v | ] Show selected only Print... Close
.
Made Id SR [kin] SRy [kin] SRz [kin] SRax [kip-f] SRay [kip-f] SRoz [kipH] [

1 [ s ] 5.083 4023 1.981 0.000 0.000 0.002

2 42 £.087 5.078 1177 -0.000 0.000 000z

2 78 B.785 5510 0.320 -0.000 0.000 0002

4 114 B.762 5510 0304 0.000 -0000 0002

5 150 £.071 5.078 1161 0.000 0000 o0z

E 196 5.045 4022 -1.967 0.000 -0.000 0002
<]

1] [»]

Select the desired Load Combination.
Choose whether the table should display results for the selected entities or for all entities.
The table reports reactions for the desired springs.

The table can be printed with the Print button.
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6.7 Member End Forces & Moments

Click Analysis Results > Member End Forces & Moments to see a table of member end
forces and moments. The Member End Results table appears.

Member End Forces & Moments - [Default] O >
Load Combination: | 1: Default ~ | [ Show selected anly Frint... Close
. i i .+ Fy [Major Shear]|Fz [Minar Shear],  Mx [Torsion) by [Minor bz [k ajor ;
Memberld | Distance [%L] | Fx [Awial [kip] [kip] [kip] kipf] | Moment) [kipf] Moment) [kip]
1 0.000 A0.000 20,000 0.000 .00 .00 165000
2 1.000 10000 20,000 0.000 0.000 0.000 55.000
3
4 2 0.000 10000 10000 0.000 0.000 0.000 55.000
5 1.000 10,000 10000 0.000 0.000 0.000 0.000
g
||
| [»]

Select the desired Load Combination.
Choose whether the table should display results for the selected entities or for all entities.

The table reports shears, moments, torsion and axial force at the starting end and ending end
for the desired members.

The table can be printed with the Print button.
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6.8 Member Segmental Results

Click Analysis Results > Member Segmental Results to see a table of member forces and
moments at small increments all along the length of the members. The Member Segmental
Results table appears.

Member Segmental Results - [Default] O X
Load Combination: | 1: Default ~ | [ 5how selected anly Frint... Cloze
: : . : : by [Minar | Mz [Major | Dy [Major | Dz (Minor | [
emberld G | UG S| sheallpl sl Momend | Momeni | Defecton) | Dsfector) (7]
1 0000 10000 -20.000 0.000 0,000 0000 165000 0.000e+00 0.000e+00
2 0050 10000 -20.000 0.000 0,000 0000 153500 -3185e02  0.000e+00
3 0100 10000 -20.000 0.000 0.000 0000 154000 -5948e02 0.0002+00
4 0150 10000 -20.000 0.000 0.000 0000 148500 -8.303e02 0.0002+00
5 0200 10000 -20.000 0.000 0.000 0000 143000 1028201 0.000e+00]| |
5 0250 10000 -20.000 0.000 0.000 0000 137500 118501 0.000e+00 |
7 0300 10000 -20.000 0.000 0.000 0000 132000 -1.30Be01 0.0002+00
8 0350  -10.000  -20.000 0.000 0.000 0000 126500 1.393e01 0.000e+00
g 0400 10000 -20.000 0.000 0.000 0000 121.000 1.446e01 0.000e+00
10 0450 10000 -20.000 0.000 0,000 0000 115500 -1.467e01  0.000e+00
i 0500 10000 -20.000 0.000 0,000 0000 110.000 -1.458e01  0.000e+00
12 0550 10000 -20.000 0.000 0.000 0000 104500 -1.419e01 0.0002+00
13 0EO0 10000 -20.000 0.000 0.000 0000 99000 135301 0.000e+00
14 0ES0 10000 -20.000 0.000 0.000 0000 93500 -1.260e01 0.000e+00
15 0700 10000 -20.000 0.000 0.000 0000 88.000 -1.143e01 0.0002+00
16 0750 10000 -20.000 0.000 0.000 0000 82500 1.002e01 0.000e+00 |
‘"1? 0800 10.000 20,000 0.000 0,000 0000 77.000 839702 u.uuue+u|u”|_:_]

Select the desired Load Combination.
Choose whether the table should display results for the selected entities or for all entities.

The table reports shears, moments, torsion and axial force at many incremental locations
along the length of the desired members.

The table can be printed with the Print button.
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6.9 Shell Forces & Moments

Click Analysis Results > Shell Forces, Moments & Stresses > Shell Forces & Moments
to see a table of shell forces and moments. The Shell Forces and Moments table appears.

Shell Forces & Moments - [Default] O >
Load Combination: | 1: Default ~ | [ Show selected anly Frint... Close
SERIENN Hodeld | Faxkipdi] | Fos o] | P lkipery (M Deint /it Mos lip-ft Bl Mg DeinReAf o i i | o) I
1 Center 220 0304 070 L0010 0.000 .00 0.000 0,000
2
3 2 Center 2159 0.304 0832 f.000 0.000 0.000 0.000 0.000
4
5 3 Center 137 0205 0.288 0.000 0.000 0.000 0.000 0.000
g
7 4 Center 137 0.205 0.470 0.000 0.000 0.000 0.000 0.000
g
5 5 Center 0214 0108 0061 .00 0.000 .00 0.000 0,000
10
1 § Center 0262 0108 0121 0.000 0.000 0.000 0.000 0.000
12
[
4] (]

Select the desired Load Combination.
Choose whether the table should display results for the selected entities or for all entities.

Specify the force and moment locations to be at the nodes and/or the center of each shell by
clicking Settings and Tools > Data Options.

The table reports shears and moments for the desired shells.

The shell forces and moments include:

Fxx: in-plane normal force in the local x direction

Fyy: in-plane normal force in the local y direction

Fxy: in-plane shear force

Mxx: out-of-plane bending moment on the x face (about the local y axis)
Myy: out-of-plane bending moment on the y face (about the local x axis)
Mxy: out-of-plane torsional moment

Vxx: out-of-plane shear force on the x face
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¢ Vyy: out-of-plane shear force on the y face

The table can be printed with the Print button.
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6.10 Shell Principal Forces & Moments

Click Analysis Results > Shell Forces, Moments & Stresses > Shell Principal Forces &
Moments to see a table of shell principal forces and moments. The Shell Principal Forces &
Moments table appears.

Shell Principal Forces & Moments - [Default] O *
Load Combination: | 1: Default ~ | [ Show selected only Prinit... Close
! T F-tingle bdmax b min t-Aingle - W-angle £
Shell Id MNode Id | Froawx [kip/ft] | Fmin [kip/ft] [deg] [kip-ftéi] [kipt/f] [deg] Wrnax [kip/ft] [dea]
1 Centerl  -0.0B3 2438  71.604 0.000 0.000 0.000 0.000 0.000
2
3 2 Center 0553 -2.448 -72.051 0.000 0.000 0.000 0.000 0.000
4
B 3 Center 1.426 -0.255 10013 0.000 0.000 0.000 0.000 0.000
B
7 4 Center 1.541 0.040 -19.258 0.000 0.000 0.000 0.000 0.000
2
9 ] Center -0.0va 0.241 -B5. 741 0.000 0,000 0.000 0,000 0.000
10
11 g Center 0142 0.298 73376 0.000 0.000 0.000 0.000 0.000
12

Select the desired Load Combination.
Choose whether the table should display results for the selected entities or for all entities.

Specify the force and moment locations to be at the nodes and/or the center of each shell by
clicking Settings and Tools > Data Options.

The table reports shears and moments for the desired shells.
The shell forces and moments include:

Fmax: maximum normal force

Fmin: minimum normal force

F-Angle: angle at which extreme normal forces are achieved
Mmax: maximum moment

Mmin: minimum moment

M-Angle: angle at which extreme moments are achieved
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e Vmax: maximum shear force
¢ V-Angle: angle at which extreme shear forces are achieved

The table can be printed with the Print button.
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6.11 Shell Stresses [Top or Bottom]

Click Analysis Results > Shell Forces, Moments & Stresses > Shell Stresses [Top or
Bottom] to see a table of top or bottom shell stresses. The Shell Stresses [Top or Bottom]
table appears.

Shell Stresses [Top] - [Default] O *
Load Combination: | 1: Default ~ | [ Show selected only Prinit... Close
Shell Id Mode Id Sux [Ib/in"2] Sy [Ib/in"2] Szz [Ib/in"2] Suy [Ib/in"2] Suz [Ibin"2] Syz [Ibin"2]

1 Center  -1.8%5e+02  2532e+01 000000  597des0!  0.000=+00  0.000e+00

2

3 2 Center -1.799e+02 2.532e+01 0.000e+00 -7.429e+01 0.000e+00 0.000e+00

4

5 3 Center 1.146e+02 -1.705e+01 0.000e+00 2.399e+01 0.000e+00 0.000e+00

5

7 1 Center 1.147e+02 1.705e+01 (0.000e+00 <3.914e+01 0.000=+00 0.000=+00

g

3 5 Center -1.782e+01 -8.797e+00 0.000e+00 -5.102e+00 0.000e+00 0.000e+00

10

1 E Center -2.186e+01 8.797e+00 (0.000e+00 -1.005e+01 0.000e+00 0.000e+00

12

Select the desired Load Combination.
Choose whether the table should display results for the selected entities or for all entities.

Specify the stress locations to be at the nodes and/or the center of each shell by clicking
Settings and Tools > Data Options.

The table reports stresses for the desired shells.
The shell stresses include:

¢ Sxx: in-plane normal axial stress in the local x direction
¢ Syy: in-plane normal axial stress in the local y direction
e Sxy: in-plane shear stress

e Sxz: out-of-plane shear on the x face

e Syz: out-of-plane shear on the y face

The table can be printed with the Print button.
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6.12 Shell Principal Stresses

Click Analysis Results > Shell Forces, Moments & Stresses > Shell Principal Stresses
to see a table of shell principal stresses. The Shell Principal Stresses table appears.

Shell Principal Stresses - [Default] O >
Load Combination: | 1: Default ~ | [ Show selected anly Frint... Cloze
Shel Id Modeld  Top-ST[b/in*2] Top-52 [Ib/in*2] T”'Jll",jﬁ:n“é']ises Bot-51 [b4in"2] Bot-52 [Ib/in"2] B”EEEEAESES
1 Center  55d3e+00  2031e+d2 2004402 564Te+dd  203edd2  2004e+02
2
3 2 Corter  4.938e+01 20408402 273278402 4938401 20402402 2.327e+02
4
5 3 Certer  1.188e+02  -2.129+01 13072402 1188402 2129+ 1,207,402
B
7 4 Cemter  1.284e+02  3.300e+00  1.288e+02  1.284e+02 33002400 12682402
g
g 5 Center  -6.438e+00  -2.012e+01 1.778e+01| 54982400 -2.012e+01 1.778e+01
10
11 g Cemter  1.180e+01  -2.485e+01 3,241 e+01 1180e+01|  -2.4862+01 3,241+
12

Select the desired Load Combination.
Choose whether the table should display results for the selected entities or for all entities.

Specify the stress locations to be at the nodes and/or the center of each shell by clicking
Settings and Tools > Data Options.

The table reports stresses for the desired shells.

The shell forces and moments include Top and Bottom values for:

o, +0, T ;
S=—=_E 4 E ¥y io

e S1:
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¢ S3:S3=0

147

(S;=S,)° +(8; =8 +(5, - S,)°

VonMises —

e \Von Mises:

The table can be printed with the Print button.

),
i
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6.13 Shell Nodal Resultants

Click Analysis Results > Shell Forces, Moments & Stresses > Shell Nodal Resultants
to see a table of shell nodal resultants. The Shell Nodal Resultants table appears.

Shell Nodal Resultants - [Default] O X
Load Combination: | 1: Default ~ | [ Show selected anly Frint... Cloze
b
Shellld Node Fi [kip] Fy [kip] Fz [kip] M [kip-ft] My [kip-ft]
1 1 5711 11.739 0,000 0.000 0.000|
2 3 15.831 1369 0.000 0.000 0.000,
3 7 3548 3576 0.000 0.000 0.000]
4 5 E572 1679 0.000 0.000 0.000,
5 f
: 2 3 15,883 12.902 0.000 0.000 0.000,
7 4 4763 14,799 0.000 0.000 0.000]
8 8 5340 2679 0,000 0.000 0,000}
3 7 4180 1782 0,000 0.000 0.000|
10 ;
1 3 5 6572 1679 0.000 0.000 0.000
12 7 3707 2804 0.000 0.000 0.000,
13 1 3849 0.061 0.000 0.000 0.000)
14 3 0984 1,186 0.000 0.000 0.000,
15 '
16 4 7 3,075 2563 0,000 0.000 0.000
i

Select the desired Load Combination.
Choose whether the table should display results for the selected entities or for all entities.

The table reports the forces and moments required to keep the shell in equilibrium. The
values are expressed in the local coordinate system.
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7

Concrete Design
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71 RC Materials

Click Concrete Design > RC Materials to view the RC Materials table. (This will list any
materials that have been defined in the model, not just concrete materials.)

RC Matenals pod
Fs
b aterial 1d Label fo [kipAn™2] | fo [kipdin™2] | fes [kipdin©™2] (T
o o Concrete30 3 =] B0
3 q Stee| A5T2 < a6 Lt
||
4] [»
Apply Cancel

This table contains the materials that have been defined in Tables > Materials, but it lists
their concrete design related properties as opposed to their analysis properties. The purpose
of this table is to specify values for concrete strength, rebar yield strength and shear rebar
yield strength for any concrete materials that are involved in a design.

Tip: The materials have probably already been assigned to the members in order to get an
analysis. So at this point, there is no need to Assign anything specific to members. It is only
necessary to specify the material strength values for any materials that are actually involved
in a design.
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7.2

RC Model Design Criteria
Click Concrete Design > RC Model Design Criteria to open the RC Design Criteria dialog.

RC Design Criteria *
Design code: ACI-318 2014 W
Column Design Parameters Beam Design Parameters
Min rein ratic (%] M reink ratio (%) Autamatically compute support widths.
Meutral sxis steps for accuracy (must be »= 20 25?5&2?55532 E?a:?saéf l:HcLIJiL?LﬁES%? Sdtaflrgsrs tfggep %?ZL;EE?
Biamial angle stepz [must be of multiple of 4):
Auial capacity steps for display [must be »= 5] Slebia Desr Baamiiers

Mir reinf ratio for slab top steel (%) D

Exclude concrete displaced by steel

i red i % |0.18
[J &ilways use 1.0 for T [Uncheck this box ko compute automatically] I (b Rl Shanetag ]
Suztained load combination for =
computing Beta-d in columng:
[Jlgnare compressive force in concrete shear capacity.
[] Check capacity at column ends only
Cormpute minimunn moment Pu * (006 + 0.03k) e

This dialog controls many aspects of the concrete design process.
Design Code: Select the desired code.

Column Design Parameters

Minimum and Maximum reinforcing ratio: Enter values as whole number. Example: 1 for
1%, or 8 for 8%.

Neutral axis steps for accuracy: A control to balance accuracy with processing time. Do
not use values less than 20.

Biaxial angle steps: Another control to balance accuracy with processing time. Must be a
multiple of 4.

Axial capacity steps for display: A third control to balance accuracy with processing time.
Must be 5 or more.

Exclude concrete displaced by steel: When selected, the program will exclude concrete
displaced by rebar when calculating concrete capacity. This should be selected in practice.
However, almost all examples in concrete textbooks include concrete displaced by rebar for
calculation conveniences, so this can be useful if comparing program results to published
examples.
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Always use 1.0 for Cm: Uncheck this box to have the program compute Cm automatically.

Sustained load combination for computing Beta d in columns: Select the load
combination that represents the sustained loads.

Ignore compressive force in concrete shear capacity: Offers the option to neglect the
compressive force in a member when computing its shear capacity.

Check capacity at column ends only: If this is not selected, the concrete design procedure
will check columns at every analysis segmental point along the member (more calculation
time).

Compute minimum moment Pu*(0.6 + 0.03h): When selected, the program uses Pu*(0.6 +
0.03h) to calculate the minimum moment, and will consider both the minimum moment and
the moment due to loading (whichever is larger). When this option is not selected, then the
program will not compute the minimum moment and will use moment due to loading only.

Beam Design Parameters

Automatically compute support widths: Select this option so that flexural design starts at
support faces and shear design starts at a distance of "d" from the face of support.

Slab/Plate Design Parameters

Minimum reinforcing ratio for slab top/bottom steel: The values entered will be treated
as percentages. Example: 0.18 will be considered as 0.18% = 0.0018.
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7.3 RC Design Criteria
7.3.1 RC Beam Design Criteria

Click Concrete Design > RC Model Design Criteria > RC Beam Design Criteria to open
the RC Beam Design Criteria table.

RC Beam Design Criteria *
. y FY
Beam RC Id Label Stirrup Legs Stirrup Size Eéjgﬁat; g:?t[riﬁlld Ed_lgzptnag[eat]r]md B
1 Diefaul 2 H3 25 25
v
4] 1]
Hew B ows Print. . [ észsign active criteria to selected members Cancel

This table collects design parameters for the concrete beam design process.

You can create as many RC Beam Design Criteria as you need to satisfy the requirements of
your design. Once created, you can assign RC Beam Design Criteria to members
graphically.

Label: A freeform text descriptor that has meaning to you.
Stirrup Legs: The number of legs per stirrup.
Stirrup Size: The rebar size used for stirrups.

Edge to Centroid Bottom Bar: The distance from the edge of concrete to the centroid of
the bottom bars.

Edge to Centroid Top Bar: The distance from the edge of concrete to the centroid of the
top bars.
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7.3.2 RC Column Design Criteria

Click Concrete Design > RC Model Design Criteria > RC Column Design Criteria to
open the RC Column Design Criteria table.

RC Celumn Design Criteria O *

Mote: Enter O for Lux or Luy if you want the pragram to uze the member lengths as the unbraced length,

E s
Lolumn Label i) v (| o) | G | LA | il e Cﬁ;e[[n‘f SlatBalind Ao Lfyz'ut Confinem
1 Default Yes/w| Yes w il il 1 1 2 #3w 25 BB~ HB . Sides | Tied

: i

Mew Raows Pririt.... D Azszign active criteria to selected mermbers Apply Cancel

This table collects design parameters for the concrete column design process.

You can create as many RC Column Design Criteria as you need to satisfy the requirements
of your design. Once created, you can assign RC Column Design Criteria to members
graphically.

Label: A freeform text descriptor that has meaning to you.
X-Sway & Y-Sway: X-sway and Y-sway flags designate if a member is a part of a sway
frame in member strong/weak direction, respectively. These flags are only used for checking

the validity of Kx and Ky values. For example, if X-sway flag is on and Kx is less than 1.0, the
program will give a warning.

Lux: Unbraced length when considering buckling about the strong axis.
Luy: Unbraced length when considering buckling about the weak axis.

Kx: Effective length factor when considering buckling about the strong axis.
Ky: Effective length factor when considering buckling about the weak axis.

Tie Legs: Number of legs per tie.
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Tie Size: Rebar size used for ties.
Cover to Tie: Specifies the clear cover to the tie or spiral reinforcing.

Start Bar Size: The bar size that the design process will start with when seeking a solution.
Set this to the smaller size if different bar sizes are allowed in the solution.

End Bar Size: The bar size that the design process will end with when seeking a solution.
Set this to the larger size if different bar sizes are allowed in the solution.

Bar Layout: See four options below:
o All Sides: Rebar will be placed on all sides

¢ Major Sides: Rebar will be placed on sides that are parallel to strong axis to resist Mz. No
rebar on sides that are parallel to weak axis except at corners.

e Minor Sides: Rebar will be placed on sides that are parallel to weak axis to resist Mz. No
rebars on sides that are parallel to strong axis except at corners.

e Equal Sides: Rebar placed in equal numbers on all sides.

Confinement: Used to specify whether the column is tied or spirally reinforced.
7.3.3 RC Plate Design Criteria

Click Concrete Design > RC Model Design Criteria > RC Plate Design Criteria to open
the RC Plate Design Criteria table.

RC Column Design Criteria O *

Mote: Enter O for Lux or Luy if you want the program to uge the member lengths az the unbraced length.

Cal . . |Coverto|StatBar| EndBar| Bar | Confinem b=
F?Elll-gn Label H-Sway? Y-Sway? | Lux[ft] | Luw [f] | Kx Ky | Tielegs TieSize Toi;e[irn]o ;rizear gizea[ Layz[ut or;r:r:em
1 Default Yes v | Yes|w i] i] 1 1 2 W3 25  HE~ |  HB . Sidesw Tied .

: i

Mew Fows Frirt... [ Assign active criteria to selected members Apply Cancel
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This table collects design parameters for the concrete plate design process.

You can create as many RC Plate Design Criteria as you need to satisfy the requirements of
your design. Once created, you can assign RC  Plate Design Criteria to shells graphically.

Label: A freeform text descriptor that has meaning to you.

Edge to Centroid Bottom x Bar: Distance from the edge to the centroid of the bottom bars
oriented parallel to the plate local x axis.

Edge to Centroid Bottom y Bar: Distance from the edge to the centroid of the bottom bars
oriented parallel to the plate local y axis.

Edge to Centroid Top x Bar: Distance from the edge to the centroid of the top bars
oriented parallel to the plate local x axis.

Edge to Centroid Top y Bar: Distance from the edge to the centroid of the top bars
oriented parallel to the plate local y axis.
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7.4 Exclude Concrete Elements

Click Concrete Design > Exclude Concrete Elements to open the Exclude Elements

dialog.

Exclude Concrete Elements

() Include selected elements for concrete design

(®) Exclude selected elements from concrete design

Apply to selected members.
Apply to selected shells

Cancel

This dialog provides a way to indicate that selected members and/or shells should be
included or excluded from concrete design.
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7.5 Cracking Factors

Click Concrete Design > Cracking Factors to open the Cracking Factors dialog.

Cracking Factors X

Cracking factor between [0, 1]:

Apply ta zelected members.
Apply to zelected shell elements.

Mate 1: Cracking factor appliesz to bending stiffness anlp. Enter 0.0
for completely cracked and 1.0 far uncracked.

Mate 2: The following cracked coefficients are suggested by
ACIOZ210.11.1:

Beams and cracked wallz: 0.35

Columnz and uncracked wallz: 0.70

Flat platez and flat zlabs: 0.25

Corc

This dialog provides a way to specify cracking factors that will apply to the bending stiffness of
selected members and/or shells. A value of 0 implies completely cracked. A value of 1.0
implies completely uncracked.

Tip: Regardless of how Cracking Factors have been set, they will only be considered if the
option to "Use cracked section properties" has been selected in Analysis > Analysis Options.
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7.6 RC Design Properties
7.6.1 Beam Design Properties

Click Concrete Design > RC Design Properties > RC Beam Design Properties to open
the RC Beam Design Properties dialog.

RC Bearn Design Properties >
Dezign Criteria: 1: Default =
Design Escluzion: [hcluded v [Use

Cracking Factor: [ JUsze

Azzign entries to cumently selected members

Uze All Clear ze Cancel

This is a convenience dialog that allows the assignment of RC Beam Design Criteria and/or
RC Beam Design Exclusion and/or Cracking Factor, all of which are explained in the sections
above.

7.6.2 Column Design Properties

Click Concrete Design > RC Design Properties > RC Column Design Properties to
open the RC Column Design Properties dialog.

RC Column Design Properties X
Design Criteria: 1: Diefault e
Dezign Exclusion: Ihcluded v [Use

Cracking Factar; [JUse

Azzign entriesz to cumently selected members

Uze All Clear ze Cancel

This is a convenience dialog that allows the assignment of RC Column Design Criteria and/or
RC Column Design Exclusion and/or Cracking Factor, all of which are explained in the
sections above.
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7.6.3 Plate Design Properties

Click Concrete Design > RC Design Properties > RC Plate Design Properties to open
the RC Plate Design Properties dialog.

R Plate Design Properties >
Design Criteria; 1: Diefault “| [JUse
Design Exclusion: | Included v [use

Cracking Factar; [ JUse

Azzign entries to currently selected shells

Lze All Clear ze Cancel

This is a convenience dialog that allows the assignment of RC Plate Design Criteria and/or
RC Plate Design Exclusion and/or Cracking Factor, all of which are explained in the sections
above.
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7.7 RC Member Input
Click Concrete Design > RC Member Input to open the RC Member Input table.

RC Member Input >
Bearn design criteria: | 1: Diefaylt w | | &pply to Selected Bows |
Colurnn design criteria: | 1: Diefaylt w | | &pply to Selected Fows |

Cracking [1.0 far
uncracked]

Member Clazz Dezign Critena

Calurr] «. 1

—_

Colurni 1

—_

5] [ ool |

This is a convenient table to review and change the assignments that have been made for RC
Beam or RC Column Design Criteria, Cracking Factor, and the status of Inclusion/Exclusion.
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7.8 RC Plate Input

Click Concrete Design > RC Plate Input to open the RC Plate Input table.

RC Plate Input *
Plate design critenia: 1: Default w | | Apply to Selected Rows |
ellld Design Criteria Bt et Exclusion E
uncracked)
1 1 1 1 Included
2 2 1 1 Included
3 3 1 1 Included
4 4 1 1 Included
5 5 1 1 Included
5 g 1 1 Included

o] [ s |

This is a convenient table to review and change the assignments that have been made for RC
Plate Design Criteria, Cracking Factor, and the status of Inclusion/Exclusion.
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7.9

tezzage

Perform Concrete Design

The message box will indicate when the design is complete.

Analysis Status - Double precision Skyline solver

total time zpent on RC design 10 seconds

Section B of 22: Rect_BH14x14_fed feB0_Bars006HE6_Mx002_MY003 ccd 25
Section 9 of 22 Rect_BH14x14_fcd B0 Bars006H7_MX002_MNY003_cc3. 2125

Section 10 of 22:
Section 11 of 22:
Section 12 of 22:
Section 13 of 22:
Section 14 of 22:
Section 15 of 22;
Section 16 of 22;
Section 17 of 22:
Section 18 of 22:
Section 19 of 22:
Section 20 of 22:
Section 21 of 22;
Section 22 of 22;

Rect_BH14x14_fcd_fy60 BarsDOEHS Nx002_Nv¥003_cc3 375
Rect_BH14x14_fcd_fyb0 BarsODGHI_Nx002_Nv003_cc3.439
Rect_BH14%14_fcd_fy60_BarsODSHS_Nx002_NY004_cc3.1875
Rect_BH14x14_fcd_fyE0 BarsODSHE Nx002_NY004_cc3.25
Fiect_BH14x14_fcd_fyE0_BarsO0SHT_NX002_Nv004_cc3.3125
Fiect_BH14x14_fcd B0 BarsODBHE_Nx002_NvO04_ccd 375
Rect_BH14x14_fcd 60 BarsODSHI_Nx002_NvO04_cc3 439
Rect_BH14x14_fcd_fy60_BarsO10HS_Nx002_NY005_cc3.1875
Rect_BH14x14_fcd_fy60_BarsO1OHE_Nx002_NY005_cc3.25
Rect_BH14x14_fcd_fy60_Bars010H7_Nx002_NY005_cc3.3125
Rect_BH14x14_fcd_fyf0_ Bars12H5_Nx002_NYO0E_cc3.1875
Fect_BH14x14_fcd_fyE0_Barsi] 2HE_NX002_Nv006_cc3.25
Fiect_BH14x14_fcd_fyE0_ Bars14H5_Nx002_NY007_cc3.1675

tatal ime spent on BC design 10 seconds

£

Presz Ezc Key to abort

Click Concrete Design > Perform Concrete Design to initiate a Concrete Design process.
(Static analysis results must be current in order to run a concrete design.)

Statuz =

Completed

Cloze
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7.10 Concrete Design Output

7.10.1 RC Analysis Envelope

Click Concrete Design > Concrete Design Output > RC Analysis Envelope to open the
RC Analysis Envelope table.

RC Analysis Envelope O et

Load Combinatior: | 1: Defaul | []5how selected only Print... Close
tember Id Distance [%L) hl-'ln:r:;ugf] [[hlji;ijltr] Mmgir;-,':nzt]”[“k‘ial:i,.ofrt] ag}s-lgglr][l-[v'lk?é?r max Mz Comb# | min Mz Comb$ | abz Fy Combi

1 0,000 0.000 37,633 1262 1 2 2

2 0.050 0.000 37,288 1.280 1 2 2

3 0100 0.000 -36.94E 1.233 1 2 2
4 0150 0.000 36607 1.227 1 2 2
5 0.200 0.000 -36.271 1.218 1 2 2
g 0250 0.000 -35.938 1.204 1 2 2

7 0300 0.000 -35.605 1192 1 2 2
a 0350 0.000 35,282 1181 1 2 2
] 0400 0000 -34.955 1.163 1 2 2
10 0450 0.000 -3 B35 1.158 1 2 2
11 0.500 0.000 34,322 1.14E 1 2 2
12 0.550 0.000 -34.005 1.135 1 2 2
13 0.600 0.000 33698 1.123 1 2 2
14 0.650 0.000 33391 111 1 2 2
15 0700 0.000 -33.087 1.100 1 2 2
16 0780 0.000 32786 1.088 1 2 2
17 1.800 1.000 -32.488 1.077 1 2 2

After selecting the desired load combination, this table reports forces and moments at small
increments along the length of the member.

Max Mz: Maximum moment about the strong axis of the member.
Min Mz: Minimum moment about the strong axis of the member.
Abs Fy: Absolute value of the major axis shear in the member.

Max Mz Comb: Load Combination that produces the maximum moment about the strong
axis of the member.

Min Mz Comb: Load Combination that produces the minimum moment about the strong
axis of the member.

Abs Fy Comb: Load Combination that produces the absolute value of the major axis shear in
the member.
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7.10.2 RC Beam Results

Click Concrete Design > Concrete Design Output > RC Beam Results to open the RC
Beam Results table.

RC Beam Results O >
[ Show selected only Frint... Cloze
Bot-fz [in™2] Top-ds [in™2]
Member 1d Distance [%L) | fe [kipdn™2] fp [kipdin"2] | Bot-tu [kip-ft] | (-1 _D_means Top-tu [kip-ft] | [-1 .D_means
zechion too zection too
|
2 Rect12418 0.000 30 £0.0 0.000 0.62 -96.647 1.53
3 0.050 30 £0.0 0.000 062 A5.175 1.51
4 0100 30 £0.0 0.000 0.62 H3T27 1.48
5 0150 30 £0.0 0.000 062 92,3 1.46
5 0.200 30 £0.0 0.000 062 -90.838 1.43
7 0.250 30 £0.0 0.000 062 -#9.519 1.4
g 0.300 30 £0.0 0.000 0.62 BE.162 1.39
3 0.350 30 £0.0 0.000 062 -BE6.829 1.36
10 0.400 a0 £0.0 0.000 062 B5.518 1.34
1 0.450 a0 £0.0 0.000 062 B4.231 1.32
12 0.475 30 £0.0 0.000 0.62 -83.596 1.3
13 0.500 30 £0.0 0.000 062 -B82.966 1.30
14 0.550 30 £0.0 0.000 0.62 -81.725 1.27
15 0.600 30 £0.0 0.000 062 -B0.506 1.25
16 0.650 a0 £0.0 0.000 062 -19.311 1.23
17 0.62

This table reports moments and required rebar areas at small increments along the length of
the member.

fc and fy: Concrete strength and rebar yield strength.

Bot Mu: Moment producing tension on the bottom of the beam.
Bot As: Area of steel required to satisfy Bot Mu.

Top Mu: Moment producing tension on the top of the beam.
Top As: Area of steel required to satisfy Top Mu.

Tip: If Bot As or Top As indicate -1.0, that means that the section is too small for the loads.
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7.10.3 RC Column Results

Click Concrete Design > Concrete Design Output > RC Column Results to open the RC
Column Results table.

RC Column Results O X
Load Combination: | 2 Combination_1 ~ | [ Show selected anly Frirt,.. Close
; Unit Dist Mz [kipft] My |MzFacto My-Fact =
Member Id  Section Chzlcyk Combi I?o/ji]]ce P [kip] z [kip] [kip-f-ltrl"2] = [aco # [aco Beta-d Crnx Crry
1 2_cc3.3?5 0.080 2 000 22570 2182 1838 1000 1008 0807 0400 0400
2 B 12cc33E 0047 2 noo0 18058 1716 1445 1000 1005 0607 0600 OEOO
3 7 12.0c3375 0060 2 noo 22870 2182 1838 1000 1008 0607 0400 0400
4 B 12.cc3IE 0047 2 000 18058 1716 1445 1000 1005 0607 0600 OOGOO
||
4] [+]

This table reports design results for each column member.

Tip: This table only reports results for the controlling load combination for each column. The
Load Combination selector is provided in this table only as a convenience to help the user
relate the load combination number to the actual load combination itself.

Section: A descriptor generated by the program that uniquely identifies the reinforcing
pattern used.

Unity Check: The highest utilization ratio for all load combinations used in concrete design.
Comb: The load combination that produces the highest utilization ratio.

Distance: The location along the length of the member where the highest utilization ratio
occurred. A value of zero indicates the starting end of the member. A value of 1.0 indicates

the ending end. A value of 0.25 means 25% of the way from starting node to ending node.

P: The design axial load at the specified distance.
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Mz: The design strong axis moment at the specified distance.
My: The design weak axis moment at the specified distance.
Mz Factor: The B1 moment magnification factor for Mz.

My Factor: The B1 moment magnification factor for My.

Beta d: The ratio of maximum factored axial sustained load to maximum factored axial total
load. The factor Beta d accounts for the effects of creep. Generally:

Factored Dead Load
® " Factored Dead Load + Factored Live Load

Cmx and Cmy: The Equivalent Moment Factor:
Cm=1.0ifM1=00orM2=0
Cm = 1. 0 if transverse load exists

M,

i 5
-

C,=06+04 =04

If only end moments exist, then:
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7.10.4 Member Shear Results

Click Concrete Design > Concrete Design Output > Member Shear Results to open the
Member Shear Results table.

Member Shear Results O >
Load Combination: | 1: Dafault | [ Shaw selected only Frirt... Close
Distance S fys Stirmuptie-z Stirup/tie- ’ AT S“"L."p"'lti!a's ; )
Member Id L) fc [kipin™Z] [kindin”2] o s Shear [kip] Axial [kip] pa}cb|lr;a£n] phifc [kip]  Combd
1 |
2 Rect12:18 0.000 an G0.0 #3 2 21.443 0.000 77 1528 1
3 0.050 an G0.0 #3 2 21.443 0.000 77 1523 1
4 0100 a0 50.0 #3 2 21.443 0.000 7 1828 1
5 0150 30 50.0 #3 2 21.443 0.000 7 1828 1
E 0.200 a0 E0.0 #3 2 21.443 0.000 w78 1528 1
Fi 0.250 a0 60.0 #3 2 21.334 0.000 77 1828 3
8 0.300 an E0.0 #3 2 20,975 0.000 778 16281 3
3 0.350 an 50.0 #3 2 20616 0.000 778 1523 3
10 0.400 an G0.0 #3 2 20,257 0.000 77 1528 3
11 0.450 an G0.0 #3 2 19.898 0.000 77 1523 3
12 0.475 a0 50.0 #3 2 19.719 0.000 7 1828 3
13 0.500 a0 50.0 #3 2 19.529 0.000 7 18281 3
14 0.550 a0 E0.0 #3 2 19.181 0.000 w78 1828 3
15 0.600 a0 60.0 #3 2 18.822 0.000 78 1828 3
16 0.650 an E0.0 #3 2 18,463 0.000 778 16281 3
17 (0.700 a0 50.0 2 18.104 0.000 775 15281 3

This table reports shear design results for each member. Beam shear is based on the shear
envelope, so results for specific load cases are not available.

Member ID: Lists the member number and indicates the section used for the member.

Distance: Reports incremental locations along the member, starting at the starting end and
ending at the ending end.

fc: The compressive strength of concrete.

fys: The yield strength of the shear reinforcing.
Stirrup/Tie Size: The size of the stirrup or tie.
Stirrup/Tie Legs: The number of legs per stirrup or tie.
Shear: The design shear force to be resisted.

Axial: The design axial force.

© 2026 ENERCALC, Inc.



170

ENERCALC 3D Training Manual

Stirrup/Tie Spacing: The spacing of stirrups or ties.

phiVc: The shear strength of the concrete only.
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7.10.5 Wood-Armer Moments
To see a table of Wood-Armer moments click Concrete Design > Concrete Design
Output > Wood-Armer Moments. The Wood-Armer Moments table appears.
Wood-Armer Moments O e
Load Combination: | 1: Default | [ Show selscted only Prinit... Close
Shell 1d Nads 1 Bot-Mus Bot-bduy Top-tdus Top-kuy Bot-bus Bot-buy Top-tux Top-tdup  F—
i 222 [kip-ftst] [keip-FtAEt] [kip-ftet] [keip-FtFt] Comb# Comb# Combi Comb#

1 Center 0,000 2740 54599 603 3 3

2

& 2 Center 0.000 18.757 -40.245 -3.896 3 3

4

5 3 Center 0.000 13315 -11.388 0.000 3 3

5

7 4 Certer 0.000 19.081] 2063 0,000 3 3

g

9 5 Center 0.000 11.856 -51.082 15327 3 3

10

11 [ Center 0.000 9.492 -18.269 0.000 ] 3

12

13 7 Center 0.000 3578 -10.933 -4.339 3 3

14

15 g Certer 0.000 1.054 £.141 2621 3 3

15

17 Center 0.000 1.553 -5.532 -1.214

Tip: This table only reports results for the controlling load combination for each moment
location and direction. The Load Combination selector is provided in this table only as a
convenience to help the user relate the load combination number to the actual load

combination itself.

Choose whether the table should display results for the selected entities or for all entities.

Tip: Specify the force and moment locations to be at the nodes and/or the center of each shell

by clicking Settings > Data Options.

The table reports top and bottom moments for the desired shells.

Tip: Be sure to have a thorough understanding of the meaning of the "top" and "bottom" of a
plate before interpreting the results in this table!

Bot Mux: Wood-Armer design moment on the x edge of the plate (about the local y axis) for
sizing bottom rebar parallel to the plate local x axis.
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Bot Muy: Wood-Armer design moment on the y edge of the plate (about the local x axis) for
sizing bottom rebar parallel to the plate local y axis.

Top Mux: Wood-Armer design moment on the x edge of the plate (about the local y axis) for
sizing top rebar parallel to the plate local x axis.

Top Muy: Wood-Armer design moment on the y edge of the plate (about the local x axis) for
sizing top rebar parallel to the plate local y axis.

Bot Mux Comb: The load combination responsible for producing Bot Mux.
Bot Muy Comb: The load combination responsible for producing Bot Muy.
Top Mux Comb: The load combination responsible for producing Top Mux.

Top Muy Comb: The load combination responsible for producing Top Muy.
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7.10.6 RC Plate Results

Click Concrete Design > Concrete Design Output > RC Plate Results to display a table
of plate design results for the controlling load combination. The RC Plate Results table

appears.
RC Plate Results O e
[ Show selected anly Frint... Cloze
Shellld | Modeld DesignH| f_cA ) f_!,JA Bat-Mux | Bot-Muy | Top-ux | Top-Mup BD}E-.QSH BD}E-AS_',J 'I'_DE-.-’-\SH 'I'_DE-.-’-\S_I,I B

in] [kipdinT 2] [kipdin© 2] [kip-fAe] | kip-fedie] | [kip-feAe | [kip-fedie] | [inT2)00 | [in" 240 | [in"2]40 | [in~ 2]t

1 Center 1200 an ED.O 0000 2740 -B4E93  -BBO3 0259 0289 1411 0149

2

8 2 Center 1200 an EO.O, 0000 18757 -40245 -3B89 0253 0435 045991 0.087

4

5 3 Center 1200 a0 B0.O, 0000 13315 -11.388 0000 0289 0305 02600 0000

g

7 4 Center 1200 20 E0.O) 0000 18081 -20636 0000 0259 0419 0481 0.000

8

] 5 Center 1200 an ED.O, 0000 11856 -B1.082 -1532F 0283 0271 1.301 0.353

10

1 5 Center 1200 an ED.O, 0000 94582 18263 0000 0283 0289) 0424 0000

12

13 7 Center 1200 a0 ED.O. 0000 3578 10933 4339 0289 0289 0243 0097

14

15 a8 Center 1200 20 E0.O. 0000 1054 -B141 2B 0253 0253 0138 0083

16

17 Centsr _12.00 30 {1 0000 1553 8532 1214 0255 0253 0.147

Choose whether the table should display results for the selected entities or for all entities.

Tip: Specify the force and moment locations to be at the nodes and/or the center of each shell
by clicking Settings and Tools > Data Options.

The table reports top and bottom moments for the desired shells.

Tip: Be sure to have a thorough understanding of the meaning of the "top" and "bottom" of a
plate before interpreting the results in this table!

Design H: The plate thickness.
fc: The compressive strength of concrete.
fy: Yield strength of rebar.

Bot Mux: Controlling design moment on the x edge of the plate (about the local y axis) for
sizing bottom rebar parallel to the plate local x axis.
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Bot Muy: Controlling design moment on the y edge of the plate (about the local x axis) for

sizing bottom rebar parallel to the plate local y axis.

Top Mux: Controlling design moment on the x edge of the plate (about the local y axis) for

sizing top rebar parallel to the plate local x axis.

Top Muy: Controlling design moment on the y edge of the plate (about the local x axis) for

sizing top rebar parallel to the plate local y axis.
Bot Asx: Area of steel required to resist Bot Mux.
Bot Asy: Area of steel required to resist Bot Muy.
Top Asx: Area of steel required to resist Top Mux.

Top Asy: Area of steel required to resist Top Muy.
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7.10.7 Flexural/Axial Interaction

7.10.7.1 Sections

Click Concrete Design > Flexural/Axial Interaction > Sections to open the Sections

dialog.
Sections X
S ection Latel width (b in
1 Rect BH12 . fyE0_EarsO04H#8_M+002 ) :
- |18
2 Rect BH12416_fc3_fy60_BarsOORHE_NXO02_NYDO3_cod 375 Height [hL - m
3 Rect_BH14x14_fe3_wE0_BarsO04#8_MX002_MYD0Z_cc3.375 i 3 Kipdin®2
4 Rect_BH14x14_fc3_fyE0_BarsO0GHE_MX002_MYD03_co3.375
5 Rect BH14x14 fe3 fyE0_BarsO0BHE_NX002_MYD04_cc3.375 fy: kip/in2
Cover to bar :
center: S i
Bar size:
Top bars: B
Bottom bars:
Left bars: B
Right bars:
As: 316 in"2
Reinf. ratio: [ E4

This lists the various sections that met the specified RC Column Design Criteria and were
tried as potential candidates for the solution to one or more members in the model.

Clicking on any section in the list will display all of the numerical data for that section in the
labeled fields on the right side of the dialog.
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7.10.7.2 P-Mx (+)

Click Concrete Design > Flexural/Axial Interaction > P-Mx (+) to open the table named P-
Mx (+), Compression on Top.

P-Mzx(+), Compression on Top x

Sectior |1: Rect_BH12+18 _fc3 fuB0_Bars004#3_Nx002_Nv00Z2_cc3 375 v Fiint.. Cloze
Meutral &zis Depth phi * FPn phi * Mnx Eccentricity M aximum Steel Phi | 4|

[in] [kip] [kip-ft] [in] Tenzile Strain

1 | [Pure Compreszion] I 3|0.a1s 0.000 0.00 0.000a0 0.650

2 1816 380.816 53522 169 000000 0.650

3 17.25 31777 52985 209 000000 0.650

4 1E6.25 2736 71.365 250 0.00000 0.650

5 1539 323695 78,862 292 0.00000 0.650

E 14.62 30E.259 g5.028 333 0.00000 0.650

7 14.56 304.654 25,562 337 0.00007 0.650

a 1374 285613 91.504 384 000014 0.650

| 1312 270,455 95.755 475 000035 0.650

10 12.96 2BB.572 96.813 436 0000339 0.650

1 1247 254,492 99.877 471 0.00052 0.650

12 1220 247.532 101.542 492 0.00060 0.650

132 11.48 228.491 105.804 556 0.00082 0.650

14 11.08 216,896 108.204 599 0.00097 0.650

15 1088 212044 109178 E18 nooos 0.650

16 10.78 209.450 109.543 B.28 noomaoy 0.650
<I1F" 1019 190,409 112,051 706 00031 DE?D’ b

For the section selected in the dropdown list box at the top, this table presents interaction
results for various neutral axis depths. The results include phiPn, phiMn, Eccentricity,
Maximum Steel Tensile Strain, and the value of Phi.

Other selections are available to view P-Mx (-), P-My (+), P-My (-) and P-Mx-My.
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7.10.7.3 Print Diagrams

Click Concrete Design > Flexural/Axial Interaction > Print Diagrams to allow diagrams to
be printed for all sections considered in the current model.
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The diagrams include a section diagram, section data, an interaction diagram, and data for
the control points on the interaction diagram.

These diagrams can be zoomed and printed.

Click the Close button to return to the regular program display.

© 2026 ENERCALC, Inc.



Concrete Design 179

7.11 Concrete Design Diagrams

7.11.1 RC Member Envelope Diagram

To view member diagrams on the screen click Concrete Design > Concrete Design

Diagrams > RC Member Envelope Diagram. The RC Member Envelope Diagram dialog
opens.

RC Member Envelope Diagram >

Select diagrams to dizplay:

Concrete Member Moment Envelope W

Diagram mode:

Diagrams on all members e

Show walues [ 5how units

Center diagram values at member ends

Plat szale: I

MHote: Base scales can be set from Settings-» Graphic Scales

Carcs

Remember that these are envelope diagrams. They are not specific to any one load
combination.

Select Diagram to Display: Select from Concrete Member Moment Envelope, Concrete

Member Shear Envelope, Required Flexural Reinforcement, or Required Shear
Reinforcement.

Diagram mode: Options include Diagrams on all members, Diagrams on selected
members, or Erase existing diagrams.

Miscellaneous options include: Show values, Show units, and Center diagram values at
member ends.
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7.11.2 RC Plate Envelope Contour

To view plate contours on the screen click Concrete Design > Concrete Design Diagrams
> RC Plate Envelope Contour. The RC Plate Envelope Contour dialog opens.

RC Plate Envelope Contour x
Ervelope type: whood-Armer plate rmoments ~
Lacation-direction: Etharm- H
Display mode: lza-Surface and W alue w
() Uze 16 colors for conkour (®) Uze 8 colors for contour

[]Usze gray scale

[ ] 5how contouwr on selected elements only,

Cancel
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Envelope type: Select from Wood-Armer plate moments or Required plate reinforcement.
Location-direction: Select from Bottom-X, Bottom-Y, Top-X, or Top-Y.

Tip: Remember that these directions describe moment on the X or Y edge of the plate or
reinforcement parallel to the plate local x or y direction.

Display mode: Options include Iso-Surface and Value, Iso-Surface only, Value only, or
None/Erase.

Miscellaneous options include: Use 8 or 16 colors, Use gray scale, Show contour on
selected elements only.

© 2026 ENERCALC, Inc.



182 ENERCALC 3D Training Manual

7.12 Concrete Design Tools
7.12.1 Rebar Database

Click Concrete Design > Concrete Design Tools > Rebar Database to open the Rebar
Database table.

Rebar Database x
Database: A5Th_B15[ENGLISH] e
: : Diameter Area |4
B ar Designation [in] fin2]
1 #3' 0.375 011
2 B4 05 nz
3 5 0625 0.3
4 HE 0.75 0.44
5 7 0.875 e
B Ha 1 0.79
7 H#3 1128 1
] #10 1.27 1.27
q f#11 1.41 1.56
10 14 1.693 2.25
11 #13 2267 i |-
4] [»
Print... Cancel

Select the desired database to view bar designations, diameters, and areas.
7.12.2 K Calculator

Click Concrete Design > Concrete Design Tools > K Calculator to open the Compute
Effective Length Factor K dialog.
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K Calculator b4
Relative shffneszs ratios at the top and bottom jointz of the colunmn

Z f Jfarcolumn members

=
> % for beam members

(2 Column Top:
(@ Column Battom;

Braced k.
Unbraced k. Cloze

Compute

The dialog collects a value of Psi Top and Psi Bottom and then returns the calculated value of
K for a braced and for an unbraced condition.

7.12.3 Quick Rectangular Beam Flexural Design

Click Concrete Design > Concrete Design Tools > Quick R-Beam Flexural Design to
open the Quick R-Beam Flexural Design dialog.

Cuick R-Beamn Flexural Design >

Flerural reinforcement of rectangular beam according to ACI318-02, -05, -08, -17 and

‘width (1] i fe: kipdin"2
Height [h] in fu: kipi”2
Top cover in Mu: kip-t
Bottom cover: -

Compute minimum reinforcement [ 1 Singly reinforced anly

A 3.484 in"2
Agt 0702 in"2 Clase

Compute

This dialog collects the width, height, clear cover, fc, fy, and Mu, and then returns the required
area of steel for either a singly reinforced or doubly reinforced beam.
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7.12.4 Quick Tee Beam Flexural Design

Click Concrete Design > Concrete Design Tools > Quick T-Beam Flexural Design to
open the Quick T-Beam Flexural Design dialog.

Cuick T-Bearn Flexural Design et

Flew=ural reinforcement of rectangular beam according to ACI318-02, -05, -08, -17 and

Width [b i fe: kip/in"2
Height [k in fy: kipdin™2
5333 |

Flange i M 5333 kip-ft

Web width 1
Compute minimum reinforcement

T L8]
o
=F

Bottorn cover: |2 in

Compute A E.45E in"2

Cloze

This dialog collects the width, height, flange thickness, web width, clear cover, fc, fy, and Mu,
and then returns the required area of steel for a singly reinforced tee beam.
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7.12.5 Unity Check
Click Concrete Design > Unity Check to view the Unity Check diagram on the model itself.

Tip: The Unity Check can only be displayed after steel or concrete design commands have
been applied.

If steel or concrete design has been performed, the Unity Check diagram will show bold blue
lines on members that have a unity ratio less than or equal to 1 (passing), and bold red lines
on members that have a unity ratio greater than 1 (failing).
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8 Steel Design

187
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8.1

Steel Materials

Steel Design > Steel Materials opens the Steel Materials table. (This will list any materials
that have been defined in the model, not just steel materials.)

Steel Materials hd
F9
b aterial |d Label Fu [kipdin™2] Fu[kipdn™2] [
o 2 Cohcrete30 =] 1]
3 3 Steel_AR72 a6 Fa
||
4] IC
Apply Cancel

This table contains the materials that have been defined in Tables > Materials, but it lists
their steel design related properties as opposed to their analysis properties. The purpose of
this table is to specify values for yield strength and ultimate strength for any steel materials
that are involved in a design.

Tip: The materials have probably already been assigned to the members in order to get an
analysis. So at this point, there is no need to Assign anything specific to members. It is only
necessary to specify the material strength values for any materials that are actually involved

in a steel design.
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8.2 Steel Design Criteria
8.2.1 Steel Design Criteria

Click Steel Design > Steel Design Criteria > Steel Design Criteria to open the Steel
Design Criteria dialog. This dialog controls many aspects of the steel design process.

Steel Design Criteria >
Design code: | AISC 14th Edition [360-10] LRFD -

[] Use Direct Design Method

onzider moment magnification factor
Conzid b fication factar B1
-delta effect aszociated with individual member curvature
[P-delta effect ted with individual b ture|

[ ] &hways use 1.0 far Cm [Uncheck this box bo compute automatically]

[ ] Check capacity at column ends only

[ ] Only use zections defined in Design » Steel Section Pool
Connector distance for double

b asirmum number of steel section 10

I,

Total lnad deflection denominatar 240
£.0. 240 meanz the total deflection will be limited to L/240;

Live lnad deflechon denominatar 360
&.0. J360 means the total deflection will be limited to L/2360;

Adjust deflection ratiog for each member based on the ratio of analysis
zechion |x over design candidate section [«

Corcl

Design Code: Select the desired code.

Use Direct Design Method: Selecting this option affects the calculation of moment
magnification factor B1 See AISC Eq. (A-8-3), Eq. (A-8-5), Eq. (C2-2a) and Eq. (C2-2b). It
does not create notional loads.

Consider moment magnification factor B1: B1 is moment magnification factor for small p-
delta along the member length. With this flag on, you do not need to break a member into
multiple members in order to consider small p-delta effect.

Always use 1.0 for Cm: Forces Cm = 1 as opposed to using equation (A-8-4).

Check capacity at column ends only: |f this is not selected, the steel design procedure will
check columns at every analysis segmental point along the member (more calculation time).
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Only use sections from the Section Pool: [f this is not selected, the steel design
procedure will not limit itself to sections in the Section Pool. Instead, it will stay within the
family specified by the Section Prefix specified in Member Design Criteria.

Connector distance for double-angle members: Distance between intermediate
connectors in double-angle members for use in Eq. (E6-2b).

Maximum number of steel sections to solve for: Tells the steel design routine how many
passing sections to search for.

Total load deflection denominator: Total load deflection will be limited to span length/Total
load deflection denominator.

Live load deflection denominator: Live load deflection will be limited to span length/Live
load deflection denominator.

Adjust deflection ratios...: This item should be checked to prevent the situation where no
candidate section is available when critical ratio in design for a member is caused by
deflection limits.

8.2.2 Steel Member Design Criteria

Click Steel Design > Steel Design Criteria > Steel Member Design Criteria to open the

Steel Member Design Criteria table. This table controls many aspects of the steel design
process.

Steel Member Design Criteria =

Mate: Enter O for Lu, Luy or Luz if you want to use the member length as any of them. Enter O for Chif pou want the program to calculate it automatically.
Mote: Enter O far Lb if the rmember iz nat continuously braced laterally and wou want ta use the member lenagth far Lb, ar if the member i@ continuausly braced laterally.

i i Continuous Man z
oA Label [85;%”;{;';”4] WSway? [ Y-Sway?| Lb | Braced?| Cb | Luw (]| Lu [ Luz [ Ko | Ky | Kz | Capaciy [
i ’ [ft] R atio
1 1 Default Wwild Yes Yes i Mo 1 il il o1 1 1 1
2 2 Caluring wiid fes fes il Mo 1 il il o1 1 1 i
3 3 Beams W10 Tes  Yes 1 No 1 2 2 2 1 1] 1
4 lIIBraces Hss| es{w| Yes{w 3 & (=1 1 il il o1 1 1 1
K
4] [v]
[1} Mew Rows Print... [] &ssign active criteria bo selected members | Apply | Cancel
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You can create as many Steel Member Design Criteria as you need to satisfy the
requirements of your design. Once created, you can assign Steel Member Design Criteria to
members graphically.

Label: A freeform text descriptor that has meaning to you.

Section Prefix: Tells the program what family (and optionally what size class) to select from
when designing.

X-Sway & Y-Sway: X-sway and Y-sway flags designate if a member is a part of a sway
frame in member strong/weak direction, respectively. These flags are only used for checking
the validity of Kx and Ky values. For example, if X-sway flag is on and Kx is less than 1.0, the
program will give a warning.

Lb & Continuously Braced: These are controls for the unbraced length for bending. If
Continuously Braced is set to Yes, then the beam is considered to be continuously braced
against flexural buckling, and the value in the Lb column should be specified as zero, because
the program is not going to do anything with the value.. If Continuously Braced is set to No,
then the program will use the value of Lb as the unbraced length.

Tip: If Continuously Braced is set to No, and the value of Lb is set to zero, then the program
will use the full member length as the unbraced length.

Cb: Establishes the value to use for Cb (Lateral-torsional buckling modification factor for
nonuniform moment diagrams).

Lux, Luy, Luz, Kx, Ky, and Kz: Length and effective length factors for buckling capacity
about all three axes.

Tip: The values with the x subscript refer to buckling about the strong axis of the member
(the x axis in AISC nomenclature). The values with the y subscript refer to buckling about the
weak axis of the member (the y axis in AISC nomenclature).

Max Capacity Ratio: Establishes the maximum capacity ratio that will be allowed when
selecting passing members.

Tip: It is often helpful to use a value of Max Capacity Ratio somewhat less than one when
starting to optimize a model, because loads will change when member stiffnesses change
and the analysis is rerun. Limiting the Max Capacity Ratio is one way to "pad" the design a
little, to allow for some inevitable stress redistribution.

Tip: Use View > Query to check a member's Steel Member Design Criteria.
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8.2.3 Steel Section Pool

Click Steel Design > Steel Design Criteria > Steel Section Pool to open the Steel
Section Pool dialog.

Steel Section Pool

Sectiohz can be added to the zection poaol by copying section columns from
AISC Table or by updating zections from the steel design results.
[ ] Only uze sections from the Section Poal during design

Section Pool [one section per
/44335 AISC Table...

Cancel

This dialog offers a way to create a list of preferred sections. There is also an option to ONLY
select sections from the Steel Section Pool during a design.

Tip: The Steel Section Pool can be populated with preferred sections, but it will have no effect
unless the option is selected to ONLY select sections from the Steel Section Pool during a
design.
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Tip: If a Steel Section Pool is used, be sure that it includes some sections from the family
indicated in the Section Prefix column of the Steel Member Design Criteria table, or else the
optimization routine will not be able to select any qualifying members.

8.2.4 Exclude Steel Elements

Click Steel Design > Steel Design Criteria > Exclude Steel Elements to open the
Exclude Steel Elements dialog.

Exclude Steel Elerments ot

i Include selected elements for steel design

(®) Exclude selected elements from steel design

Corca

This dialog offers a way to explicitly exclude selected elements from any steel design. There
is also an option to INCLUDE selected elements in a steel design.
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8.3

Steel Member Design Properties

Click Steel Design > Steel Member Design Properties to open the Assign Steel Member

Design Properties dialog.

Design Criteria:

Dezsign Exclusion:

Uze All

Steel Member Design Properties

Clear ze

X
1: Default vl [JUse
Included v| [Use

Azzign entries to curently selected members

Cancel

This is a convenience dialog that allows the assignment of Steel Member Design Criteria
and/or Steel Member Design Exclusion, both of which are explained in the section on Steel

Design > Steel Design Criteria.
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8.4 Steel Member Input
Click Steel Design > Steel Member Input to open the Steel Member Input table.

Steel Member Input
Steel design criteria: | 2 Columns W Apply to Selected Rows
Y
tember |d Dezign Criteria E wcluzion

1 19 I 4 Included

2 a0 4 Included

3 | 4 Incliuded

4 an 4 Included

5 o3 4 Incliuded

E a4 4 Included

7 ol 4 Incliuded

] o6 4 Included

q ri 4 Inciuded

10 a0 4 Included

11 og 4 Incliuded

12 an 4 Included

13 | 4 Incliuded

14 a2 4 Included |+
1] [»

Print... Cancel

This is a convenience table that lists Member ID, Steel Member Design Criteria, and the
assignment of Steel Member Design Exclusion.

To change Steel Member Design Criteria, select one or more rows, choose the desired Steel
Design Criteria from the dropdown list box at the top of the table, and click Apply to Selected
Rows.

To change the Steel Member Design Exclusion, click in a cell and use the dropdown arrow to
select the desired status.
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8.5 Perform Steel Design

Click Steel Design > Perform Steel Design to initiate a Steel Design process. (Static

analysis results must be current in order to run a steel design.)

The message box will indicate when the design is complete.

Analysis Status - Double precision Skyline solver

total time spent on steel dezign 13 seconds

100%

Meszage

STaRT CHECKING STEEL IMPUT
FIMISHED CHECKIMG STEEL INFUT
taotal time zpent on steel dezign 13 seconds

Status

ak.

Completed

Press Ezc Key to abort

Cloze
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8.6 Steel Design Results

Click Steel Design > Steel Design Results to open the Steel Design Results table.

Steel Design Results u]

D X

Total Tok

Member | Length Cilcal Ll M b 1Dy LiveDy | PhiPn | Phibine | Phibng Phivins | Privng 10 L Dell
T e Section Status | e D:g?“nuu D:;;\;?D\u Pulkipl | picty | ey | Vel Vil T SR TR O R el | el 2

ola
y v ive
1] kil | [pf] | Kiph] | (kpl | [kip] DE"WL”"“ Limit [in]
T[] ss WIS Y| Ok 0951604 Defauit 00951604 02613 0 0 0] 5.29955 148977 0313028 0 0 039412 157681 3978 1134 192009 0275018333
2 2 55 WIS 0K 0174728 Defeuit 00.1747281.0424705 0 0 0] 5.24745 -26.4888 0/ 481615 0 0 039412 157681 3978 1134 192009 0275018333

AxiaBen
Digtarcs Shear | Shear
Losdfamtination g S99 Raio | Rato

[«]

Print Show Caloulation Procedure. [JAdd section candidates to Seciion Pool Update Sections | | Cancel

This table presents the results of the most recent Steel Design process. Each line
represents a member in the model and presents the following data:

Member ID: The ID of the member.
Length: The actual member length, not the unbraced length for flexure or for Euler buckling.
Section: The AISC section for which design results are displayed.

Tip: Click the dropdown arrow in the Section cell to view a list of other sections selected by
the Steel Design routine subject to the limitations of the Section Prefix and the Section Pool.

Tip: Selecting a different section will invalidate the analysis results due to changes in
stiffness. So be sure to reanalyze the model and rerun the Steel Design after making any
section changes.

Status: Indicates an OK or NG status to show whether the selected member satisfies code
requirements or not.

Critical Ratio: Reports the highest ratio found after running all of the required steel code
checks on the member considering Axial & Bending, Shear, and Deflection.

Load Combination: Indicates the Load Combination responsible for producing the Critical
Ratio.

Distance: Reports the location where the critical design was found to occur. 0 indicates that
the critical design location was at the starting end of the member. 1 indicates that the critical
design location was at the ending end of the member. A decimal indicates a location
somewhere in between starting and ending end.
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Axial-Bending Ratio: Indicates the highest ratio that occurred on the member due to
combined axial and flexural design when subjected to the load combination that produced the
Critical Ratio.

Shear-X Ratio: Indicates the highest ratio that occurred on the member due to strong
direction shear when subjected to the load combination that produced the Critical Ratio.

Shear-Y Ratio: Indicates the highest ratio that occurred on the member due to weak
direction shear when subjected to the load combination that produced the Critical Ratio.

Total Deflection Ratio: Calculated as controlling Total Load Deflection/(Span/Total Load
Deflection Denominator) when subjected to the load combination that produced the Critical
Ratio.

Live Deflection Ratio: Calculated as controlling Live Load Deflection/(Span/Live Load
Deflection Denominator) when subjected to the load combination that produced the Critical
Ratio.

Pu: Axial load at the controlling distance when subjected to the load combination that
produced the Critical Ratio.

Mux: Moment about the strong axis at the controlling distance when subjected to the load
combination that produced the Critical Ratio.

Muy: Moment about the weak axis at the controlling distance when subjected to the load
combination that produced the Critical Ratio.

Vux: Shear in the strong direction at the controlling distance when subjected to the load
combination that produced the Critical Ratio.

Vuy: Shear in the weak direction at the controlling distance when subjected to the load
combination that produced the Critical Ratio.

Total Dy: Total Load strong axis deflection.
Live Dy: Live Load strong axis deflection.
PhiPn: Axial capacity.

PhiMnx: Strong axis moment capacity.
PhiMny: Weak axis moment capacity.
PhiVnx: Strong direction shear capacity.
PhiVny: Weak direction shear capacity.

Total Deflection Limit: Span/Total Load Deflection Denominator.
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Live Deflection Limit: Span/Live Load Deflection Denominator.
Cb: Lateral-torsional buckling modification factor for nonuniform moment diagrams.
Cmx: Coefficient accounting for nonuniform moment about the strong axis.

Cmy: Coefficient accounting for nonuniform moment about the weak axis.
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8.7 Steel Tools

8.7.1 K Calculator
Click Steel Design > Steel Tools > K Calculator to open the K Calculator.

K Calculator p. 4

Relative stiffiess ratios at the top and bottom jointz of the column

Ei

Z - Jarcalumn members

=
b % Jor beam members

@ Column Top:
(@ Column Eottom;

Braced k:
Unbraced k. Cloze

Compute

The dialog collects a value of Psi Top and Psi Bottom and then returns the calculated value of
K for a braced and for an unbraced condition.
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8.7.2 Section Check
Click Steel Design > Steel Tools > Steel Section Check to open the Steel Section Check

dialog.
Steel Beam-Column Check
Code: AMSIAAISC 36010 LRFD b Consider Moment Magnification
Section: W1 ZA26 AI5C Table... IUze Direct Design Method Steel Yield Stress 50 ksi
Geometry
Length: |14 f L |14 f 1 e | f
Lue |14 f Luy: 14 f bz 114 ft
K 1 Ky 1 Kz 1
Load Effects &
Pu Fus Fuy W W phi-Pn | phi-tng | phisbnyg | phitne | phiyig Critical
ki) (ki) | dpf | ki) el | E™ 0 B Twinl kipd | ki) ki) | il D% | B Rahg t
1 e 1 14 1 1 10138813 924712 306375 8418 133175 10428 19393 0.9271
2
3
4
5
B
7
8
3
0
i o
[ ]
Show Procedure Cloge

This tool allows the specification of member section, length, bracing, material properties, and
loading and then performs a code check with those parameters.

After filling in the parameters in the input fields at the top of the screen, populate the loading
values in the columns for Pu, Mux, Muy, Vux, Vuy, Cmx and Cmy. (Each row can be thought
of as the resulting factored loads for a load combination.)

Then click the Compute button and the program will complete the design and report the
results in the remaining columns.

The Show Procedure button can be used to view and print the detailed calculations.

© 2026 ENERCALC, Inc.



202 ENERCALC 3D Training Manual

8.7.3 Section Design

Click Steel Design > Steel Tools > Steel Section Design to open the Steel Section

Design dialog.
Steel Section Design *
Code: ANSI/4ISC 35010 LRFD v
Shape: W ~
Section Filter Criteria [0 ptional) Use Direct Design Method
Section Prefixes W12 ] Consider M t b agrificati
(Comma delimited list, &.q. W12, W1 4}! Snsier Hement Hagniieston
" - - : Mawimum Nurnber of  [15
Leaiontin EI i Section bax Section Candidates:
Section Min EI in Section Max Steel Yield Stress ksi
Loads: Fu Mus My il u Geometry
[kip) kip-ft] kip-ft] [kip] [kip] -
Length: ft
1 180 48 12 24 5
3
. Ly vk
g
Lb 14 ft Ch: 1
. 1]
8 ] Connector Distance [for double angles anly) EI it
2l DI
Section -
Candidates Section Critical B atio Critic:al Load
1 w250 I 0.8882 1 Detail Check. ..
2 W1Z<53 0.6568 1
g W1Z<58 0.5887 1
4 W1 Z<E5 0.4677 1
5 W1ZxF2 0.4168 1
B W1Z2<73 0.3768 1
7 Wi 2187 0.2594 1
a W1 Z2296 0.2321 i Close
2l [

This tool allows the specification of member section prefix (like W12), length, bracing,
material properties, and loading, and then performs a design with those parameters.

After filling in the parameters in the input fields at the top and right side of the screen, populate
the loading values in the columns for Pu, Mux, Muy, Vux, Vuy, Cmx and Cmy. (Each row can
be thought of as the resulting factored loads for a load combination.)

Then click the Compute button and the program will complete the design and report the
Section Candidates and results in the remaining columns.

The Detail Check button can be used to open the Steel Section Check dialog, where
individual load combinations can be investigated for intermediate values, and detailed
calculations can be viewed and printed.
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8.8 Unity Check
Click Steel Design > Unity Check to view the Unity Check diagram on the model itself.

Tip: The Unity Check can only be displayed after steel or concrete design commands have
been applied.

If steel or concrete design has been performed, the Unity Check diagram will show bold blue

lines on members that have a unity ratio less than or equal to 1 (passing), and bold red lines
on members that have a unity ratio greater than 1 (failing).

>~
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9.1

Prepare a Report

Click Reporting > Print Options. This will open the Print Options dialog.

Print Options >

General: Geometry: Loads

] General Info r Modes A | Modal Loads

] Units Members | Member Point Loads
] Matgnals Shells | Member Linear Loads
] Sections Bricks | Shell Surface Loads
] Thicknesses Supports | sdditional M aszes
|Load Cases | Nodal Springs | trea Loads

[+ L':_'a'j Combinations Line Springs | Thermal Loads

[+ Mizcelaneous W Surface Springs W
Loads cases: Loads combinations:
D efanlt D ef anlt

Combination_1
Combination_2

Cutput iterns:

A Wodal Dizplacements

| Support Reactions ST Liseyi]

= : ;

W miﬂ;pél:g E;;zzzms [ Selected nades or elements only

| Member Seamental Forces :

| bember Seamental Deflections Table width

~| Line Spring Feactions ]

| Shell Bending Forces and Moments () Plain text (@) HTML tewt

| Shell Bending Principal Forces and kMomentz

| Shell Membrane Forces

| Shell Streszes

Cancel

This dialog offers a variety of input and output options to choose from for inclusion in the

report.
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Once the desired options are selected click OK. The report will display. To dismiss the
report preview, click the X at the right end of the tab:

-E3- - ENERCALC 3D

B rc et AgenceaMesning  Mody  View  Tables  Anabsis  AmapsisResuls  ConaeteDesign  SteelDesign | Reporting | SettingsandTools  Help Style -
Prnt Text Print Envelope Print Current _Print Print RC print Steel
ort few  Options | Design Report | Design Report
Anaiysis
bsOwjvaswund vz.ESD * m;mm.m,u.nuj a + | 'DataTables -]
= N Input Data
INPUT Contents e
Sections
 Genecal: [Ganeca Info] [Mterials) [Ssctioas] [Shell Thickussses] [Load Cases] [Load Comtinations] PMiscelznsons] T
* Geometry: [Nodes] [Members] [Shells] [Supports] Nodes
® Loads: [Nodal Loads] [Point Loads] [Line Loads] [Member Thermal Loads] [Surface Loads] [Shell4 Thermal Loads] [Area Loads] M
Shells
OUTPUT Contents
Bricks
3 Supports
 Nodsl: [Nodal Dislacements] [Sopport Reactions] -
Releases
* Members: DMember Ené Forces] [Mermber Sepmuental Forces] [Mermber Sepmental Deflstions] v
i _ Diaphragms
« Shels: [Shell Bending Foreas and Momments] [Shell Bending Prineipl Forees and Moments] [Shell Sl Steeses] [Shet
Load Cases
Principal Strasad]
Load Combs
Nodal Loads
P Point Loads
Line Loads
ltem. Valne Ares Loads
Project Name. My Project Nama .
Model Name My Model name Aifnilas
Enginesr ‘Eagineer's Name| ghts
Notes These sse my notes
. Drift Nodes
Materials
Output Data
Uaits: Youags Modstus (E), £, &, s lipfa2]; Weight Demsity (We) [0°3] NodsI Disp
‘Thermal Coefficient (Tc) [1F]
Story Drift
No. Label E Poisson Ratio We Te fo y fys Supt Reactions
1 Default 25000.000 03 489.0 0.0 3.000) 60.000 60.000 Member M&V
2 Coneatsso 3153920 015 1450 00 3000 60.000 s0om0 S
3 Steel AS72) 25000.000 03 489.0 0.0 3.000 36.000 58.000 Shell M&)
ell M&Y

Sections Shell Prin M&V

Shell Top-Stresses
Shell Bot-Stresses

Units: Tz, Ty, ] [im™4]: A, Ay, Az [in2]

ShellPrin Stresses
No. Label =z Iy I A Ay Az Shell Resultants
1 Defait 100 100 100 100 100 100
2 W10K30 17000 1670 82 8.8t 315 454 b
3 Reetizas 583200 239200 6085.12 21600 13000 13000 Brick Prin-Stresses
4 Recltals 320133 320133 541025 19600 16333 16333 o e

Eigenvectors

Zero range for contour 3D Frame Shell (6-DOF) Vi - Default Soived
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9.2

Print a Report

Click Reporting > Print Text Report. A preview of the report is displayed.

-E3-- = | ENERCALC 3D - o x
B - cete dancedMeshing  Modfy  View  Tables  Analsis  AnaysisResuls  Concrete Design Style +
Print Text Print Envelope Print Curent _Print Print RC Print Steel
po View  Options | Design Report | Design Report
Analysis
bsOwjvadwuhd vzE3D © ~  bsOwjvadwuhd vz.ntm EJ w | DataTables a
Input Data
General Info o)
Materials
Project Neme My Project Yame
Model Nare: My Model nama
Engineer Engineer's Nams
Noses: These aze my noves.
Units
Zengen Supports
Dimension Releases
Tozce
Linear Force B
Moment Load Cases
e Mazrse st Load Combs
Surfece Pressure
Translational Displacement Nodal Loads
Rotational Displacement Point Loads
Terpezatuze
T Line Loads
Weight Density Area Loads
Reinforcement Area
stress
Nodsl Translationsl Spring
Nodsl Rotatiemal Spring
Line Trenslevienel Spring
Surface Translscionsl Spring Diift Nodes
3 Output Data
Materials
Nodal Disp
Units: Young's Modulus (E), €eo, fy, fys [kip/in~2]; Weight Density (We) [lb/ft~3] Story Drift
Thermal Cosfficient (Tc) [1/F] Supt Reactions
Material Label £ Peisson v We Te fe fy fys Member M&V
———————— Segmental M&Y
1 Defauls  2.500e404 0.3 185.0 0.0 3.000e+00  6.000et01  6.000e+01 e
2z Concrete3g 3.156e+03 0.15 145.0 0.0 3.000e+00 6-000e+01 6.000e+01 - e
3 Steel AS72 2.900e+04 0.3 483.0 0.0 3.000e+00 3.600e401 5.800e+01 Shell Prin M&V
Shell Top-Stresses
Shell Bot-St
po— Shell Prin Stre:
Shel Resultants
Units: Iz, Iy, J [4n°417 3, Ry, Az [in-2] Brick Stre:
Brick Prin-Stre:
Seccien Lebel 1z £ T a 2y Az
,,,,,,,, v Eigenvalues
1 Dassule 1.00 1.00 1.00 00 w0 1.00 B
Zeto range for contour 3D Frame Shell (6-DOF V- Defautt Solved

To print the report, right-click on the screen and click Print. To dismiss the report preview,
click the X at the right end of the tab.
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9.3 Printan Envelope Report

Reporting > Print Envelope Report provides a way to print graphs of the envelope of

forces on members. The Print Envelope Report dialog offers the controls to set up what gets
printed in the Envelope Report.

Print Envelope Report >

Envelope name: Envelope

Select load combinations:

0 efaul

Combination_1
Combination_2

Select Al Clear &ll Faor zelected elements only

Specify hwa charts ta be printed on each page

Chart one: Chart o
Mz - Moment [k ajar] ~ Wiy - Shear Force [Major]
Cancel

An Envelope name can be entered to help identify its purpose.
Any and all load combinations can be included.

There is an option to report on selected elements only. If this is deselected, the Envelope
Report will be created for all members in the model.
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This report includes two charts on each page. Options include shears, moments, torsion and
axial forces.

Page 1

ooy Prokecs EMERCALC 30

() ENERCALC NG

Engiinear Dot Tz 120020 16 2204235

mectarc 427 xda-l: ITL xda~3: 172
smkzarisl: Coooresesc Emcrics: mmczlizds zecgTe: 36.866 {fr]

o man {Major) Erpeiope

Momenl ikip -1

Shear Foros (Major) Ermelops

i
Foree kip)

© 2026 ENERCALC, Inc.



Reporting

9.4 Print RC Design Report

211

Click Reporting > Print RC Design Report to open the Print RC Design Report dialog.

Print RC Design Report

Include flesural design far concrete beams

Include awial-fexural design for concrete columns

Inchude shear design for concrete beams and columns

[ ]Far selected elements anly

Cancel

it

This dialog is used to generate a printed report for concrete beam and or column designs.

It starts by offering options:

Include flexural design for concrete beams

Include axial-flexural design for concrete columns
Include shear design for concrete beams and columns
Include designs for selected elements only.
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When you click the OK button, the report is generated and shown in preview.

Page 1
Comparmy/Project: My Proec Name / My Model rame ENERCALC 3D
Engineer: Enginees's Mame DrastexTirner: Fril Jan 22 1022904 2021 [ FNERCAIC INC
Mamtmrz 1 Mode-1z 1 Mocks -2z 3
Matsari al: Concrats 50 Crackimg Fastar: 10000 Moo Jmx: . 1EmédE [kipfam™2 )
¥ 439 |kipfim Lkig fim
Nttt Coverz 2,53 | 53|
ar 1 x 1} x i
st Facom 154 gt Facs Lt
Eirr 3 tirrup mize: 3
Conorede Design Moment Ervelope
mi B85k max = .0 ad
%50 AR AL R b T S T R B o ] e e e B MY a5 REAs BT
soaf 3
E I 3
saaf [T———d
18
EE
150 F
iaaf 3
Frviitinn i 1 [EETE RUTTE FEREE FRRTE FARTE| ETE RTET L Livalaal E
1 i % C B2 bz 1
Disstarcoe oL
Fresquired Fexural Fesnforosman
- max = 1. 9%
%]
of @
E £
g
X 2
1 T P L 1 AT ilisas 1 AT TP |
c % 5 E
Dristarce (36l

You can zoom, move through pages, and print if desired.

Click Close to return to the model view.
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Click Reporting > Print Steel Design Report to open the Steel Design Results window.

Steel Design Results

o

AviclBen Tal ve
Member | Length Cilcal Dist Shear | Shear'? M b Tol
e E[ﬁ Section Status | e Load Combination [;:;gg; R.j:‘i el Bt D:Rm n ctio| Pu[kin] [k‘p“f,x[] [k‘p“f,{] Wux [kip] W [kip] “'[
T[] ss WIS L | g 0951604 Detaul 00351604 026133 0 0 0 52935 148,977 0 319028 0
2 2 55 ey OK 0174728 Default 001747281 0424705 i 0 0] 524745 -26 4866 0 461615 0

al
in]

Dy LiveDy
[in]

i
0

PhiPn | Phitine | Phibng | Phivi | Privey 100 L Dol
kil | [pf] | Kiph] | (kpl | [kip] DE"WL”"“ Limit [in]

0 383412 157681 3978 1134/ 192003 02750183333
0 383412 157681 3378 1134/ 192003 02750183333

D

[«]

Show Caloulation Procedure. [J Add section canddstes to Section Pocl

Update Sestions | | Cancel

To print concise results in tabular form, just click the Print button.

To print detailed calculations, click Show Calculation Procedure and then print from the

resulting window.
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10 Advanced Topics

e Modeling Accidental Eccentricity for seismic loads
¢ Modeling mat foundations
e Working with meshes of plates
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