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

The Software is protected by United States copyright laws and various international treaties. By installing or using the Software, you agree
to be bound by the terms of this Agreement. If you do not agree with the terms of this Agreement, do not install or use the Software. This
Agreement is governed by the laws of the United States and the State of Colorado. You may not export the Software in violation of
applicable export laws.

1. DEFINITIONS

“Software” means all of the contents of the files, disk(s), CD-ROM(s), or other media with which this Agreement is provided.
“Documentation” means all of the contents of the files, printed materials with which this Agreement is provided. “End User” means you.
“CGI” means Computations & Graphics, Inc.

2. GRANT OF LICENSE

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

CGil grants you (the End User) a non-exclusive, non-transferable license to use the Software on a single computer. You may not rent, lease,
or resell the Software. You may not disassemble, decompile, reverse engineer, or modify the Software in any way. This License starts from
the date you receive the Software and will last as long as the End User complies with the terms of this Agreement.

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

CGil grants you (the End User) a non-exclusive, non-transferable license to use the Software simultaneously via the internet on a certain
number of computers for a certain subscription period. You may not rent, lease, or resell the Software. You may not disassemble,
decompile, reverse engineer, or modify the Software in any way. This License starts from the date you purchased the subscription license
and will last for the subscription period.

3. SUPPORT

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

4. COPYRIGHT
The Software and Documentation are the intellectual property of and are owned by CGI. You may make at most one copy of the Software
and/or the Documentation for backup purposes.

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

6. LIMITATION OF LIABILITY

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

7. DISCLAIMER

CGI HAS TAKEN EVERY EFFORT TO MAKE THE SOFTWARE RELIABLE AND ACCURATE. HOWEVER, IT IS THE END
USER’S RESPONSIBILITY TO INDEPENDENTLY VERIFY THE ACCURACY AND RELIABILITY OF THE SOFTWARE. NO
EXPRESS OR IMPLIED WARRANTY IS PROVIDED BY CGI OR ITS DEVELOPERS ON THE ACCURACY OR RELIABILITY OF
THE SOFTWARE.

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

9. TERMINATION OF THIS LICENSE:

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



Copyright

THE SOFTWARE CCOLUMN AND ALL ITS DOCUMENTATION ARE THE INTELLECTUAL
PROPERTY OF AND ARE OWNED BY COMPUTATIONS & GRAPHICS INC. (CGI). ILLEGAL
USE OF THE SOFTWARE OR REPRODUCTION OF ITS DOCUMENTATION IS STRICTLY
PROHIBITED.

Disclaimer

CGI HAS TAKEN EVERY EFFORT TO MAKE THE SOFTWARE RELIABLE AND ACCURATE.
HOWEVER, IT IS THE END USER’S RESPONSIBILITY TO INDEPENDENTLY VERIFY THE
ACCURACY AND RELIABILITY OF THE SOFTWARE. NO EXPRESS OR IMPLIED
WARRANTY IS PROVIDED BY CGI OR ITS DEVELOPERS ON THE ACCURACY OR
RELIABILITY OF THE SOFTWARE.

Notice

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

OpenGL® is a registered trademark of Hewlett Packard Enterprise.
Windows is a registered trademark of Microsoft Corporation.
SpColumn® is a registered trademark of StructurePoint.

cColumn is a trademark of Computations & Graphics, Inc.

Copyright 2003-2025 by Computations & Graphics, Inc. All rights reserved.

Revised Feb, 2025
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Introduction

cColumn™ is a robust Windows program designed specifically for structural engineers to perform
axial-flexural analysis and design of concrete sections (columns, walls, and beams) according to
ACI 318-2019/2014/2011/2008/2005/2002/1999. It analyzes the uniaxial- or biaxial-bending
capacity of multiple sections of various regular and generic shapes (with openings) simultaneously
in a lightning fast and user-friendly manner. Loads may be input and checked against capacity of
sections. Column slenderness may be optionally considered. cColumn is an invaluable tool to
shorten the trial-and-error concrete design process.
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Key Features
Codes: ACI 318-2019/2014/2011/2008/2005/2002/1999

Units: English, Metric, or Mixed

Section Shapes: Unlimited number of Rectangular, Circular, I, Tee, Inverse L, and Generic (with
up to 3 openings) sections are supported. Multiple rectangular and circular sections can be
parametrically generated with different section sizes and reinforcement configurations, providing a
very flexible way to design concrete sections, particularly columns. Regular sections may be
converted to generic sections at any time.



Loads: Unlimited number of load sets (Pu, Mux, Muy) may be input. Moments can be magnified
by considering column slenderness. Adequacy of each section to carry the loads is computed in
terms of simple unity ratio.

Rectangular-B Rectangular-C Inverse-L Trlangu_lar
(Generic)

Circular Tee I | with Opening
R'*-'.._:_..'-"- ..... | .. ]

Solver: Unique, blazingly fast solution algorithms can accurately solve hundreds even thousands
of sections uniaxially or biaxially simultaneously in seconds. Solution options include strength
reduction factor, tied or spiral confinement, variable number of neutral axis steps, variable biaxial
angle steps, variable axial steps for display and inclusion or exclusion of displaced concrete. The
latest solver can even take advantage of multiple CPU architecture present in today’s computers.

Diagrams: The program displays 2D P-Mx, P-My and Mx-My interaction diagram and 3D P-Mx-My
interaction surface or wire-frame. Key points are shown automatically on the interaction diagrams.
Critical input load for each section is shown with color on 2D interaction diagram and 3D
interaction surface denoting the adequacy of the section to resist loads.

P-Mx Interaction Diagram P-Mx-My Interaction Wire-Frame

Result Data: Very detailed result data is tabulated in spreadsheets. P-M result includes neutral
axis depth, maximum tensile strain and strength reduction factor, as well as axial capacity P and
moment capacity M. Result data may be copied to another spread sheet program such as
Microsoft Excel.

Report: Professional reports can be generated in the format of Microsoft Word or PDF document.



System Requirements

x64-based Windows: Windows 7, 8, 10, or 11
ARMG64-based Windows: Windows 11



Part 1

Menus



Chapter 1: File

The File main menu provides commands that are related to files. It also provides commands
related to file import and export, saving diagrams, and report generation. Input data for a model
is saved in one single text file (also called a model file in this program) and has the default
extension of “rcs”. Each input file may contain unlimited number of sections. You may save or
open model files with different extensions. The program provides Multiple Document Interface
(MDI), that is, you may open and work on multiple files at the same time. A binary result file for
a model may be optionally saved together with the input file. The result file has the same name
as the input file but with the extension of “rcr”.

The program can generate reports in plain text, Microsoft Word, and PDF file format. Various
report options are provided to customize the reports to suit your needs.

New

File | New creates a new cColumn model file.

Open

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

* Open >
€ v » ThisPC » OS(C) » CGInc » cColumnl0 » RcVerifications ~ ) Search ReVerifications »p
Organize New folder =~ O 0
v B505(C) Name Date modified Type

! Exampled01_60ksi.res
$Windows.~ W5 ! ExampleDD1_100ksi.rcs
SWinREAgent ! ExampledD2.rcs

Apps ! ExampleD028-Spiral.rcs

! Exampled03.rcs

! Exampled03_19.rcs

! Exampled04_DesignTutorial.rcs

Autodesk

| Exampled04_DesignTutorial-test.rcs

! Example0D5.rcs

Figure 1.1

Multiple Document Interface (MDI) makes it easy for you to share data and compare results
between different models. Multiple windows or views may be associated with a single file.
These windows may have different display settings with respect to zooming, panning, display or
hiding various structural entities or annotations etc. For example, you may have one window for
geometry, another window for P-Mx interaction diagram.

Close
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File | Close closes the active cColumn model file. You will be prompted to save the document
if changes have been made since it was last saved. You may close all opened documents
without exiting the program.

Save

File | Save saves the model. If the model has not been saved before, the Save As dialog box
will be displayed prompting you to enter a file name.

Save As

File | Save As saves the model under a different name. It may be used if you have never saved
the model or if you want to keep the original file.

Import Sections | From cColumn Text Files

File | Import Sections | From cColumn Text Files allows you to import one or more section files
that conforms the cColumn section text file format (refer to the details below). You have the
option to specify the material strength multiplier, coordinate multiplier, and bar area multiplier for
your imports (Figure 1.2).

Impaort cCelumn Section Multipliers X

Material Strength Multiplier:
Coordinate Multiplier: 1
Bar Area Multiplier: ,17

The multipliers here apply to all imported sections

Ok | Cancel |

Figure 1.2

To illustrate the format of the cColumn section text file, here is an example:

Materials
6 60 0
Boundary
4

-10  -12
10 -12
8 12
-8 12
Openings
1

4



-2 -6

2 -6

2 6

-2 6

Rebars

12

2.25 -7.1535 -9.1535
2.25 -6.6535 -4.57675

2.25 -6.1535 0
2.25 -5.6535 4.57675
2.25 -5.1535 9.1535

2.25 7.1535 -9.1535

2.25 6.6535 -4.57675
2.25 6.1535 0

2.25 5.6535 457675
2.25 5.1535 9.1535

225 0 -9.1535
225 0 9.1535

The Materials block includes one line of data: fc, fy, and confinement(O=tied, 1=spiral).

The Boundary block consists of a line that indicates the total number of points (N) defining the
boundary. Subsequently, N lines of point data follow, where each line specifies the x and y
coordinates of a boundary point.

The Openings block consists of a line that indicates the total number of openings (M), with a
maximum of three openings allowed. Following this line, there are M opening sub-blocks. Each
opening sub-block begins with a line specifying the number of points (N) that make up the
opening edge. Subsequently, N lines of point data follow, where each line contains the x and y
coordinates of an individual point along the opening edge.

The Rebars block includes a line specifying the number of rebars (N) within the section. This is
followed by N lines of rebar data, where each line specifies the bar area as well as the x and y
coordinates of a rebar.

Note: data on a line must be separated by spaces or tabs.

Import Sections | From spColumn Text Files

File | Import Sections | From spColumn Text Files allows you to import one or more section files
that conform to the StructurePoint’s spColumn v10 section text file format. In addition, section
text files must include both geometry and reinforcement data. You have the option to specify
the material properties, confinement, coordinate multiplier, and bar area multiplier (Figure 1.3).



Import spColumn - Section Properties X

Fe: kipin®"2
Fy: &0 kip/in"2

Confinement: | Tied hd
Coordinate

Multiplier: L

BarArea 1

tultiplier:

The properties here apply to all imported sections

Ok Cancel |

Figure 1.3

Export Sections | To cColumn Text Files

File | Export Sections | To cColumn Text Files allows you to export one or more sections to a
cColumn section text files (Figure 1.4). Exported files are saved to the same folder as the
current cColumn model file location. Therefore, you must first save the cColumn model before
export is allowed.

Select Sections To Export X

Sections:

Flect BH20oD, Fed font. BarstOaBi0, Meas. Hoe. ces o]
Rect BH20:20" 13 WED. BarsDO4HE_HH002_FYO02 cc2 375
Rect_BH20x20_fc3_E0_BarsD04#9_Nx002_Nv002_cc2.439
Rect_BH20x20_fc3_60_ BarsDOGH10_MX002_NY003_cc2 51
Rect_BH20x20_fc3_E0_ BarsDOBH1 0_MX003_NY002_cc2. 51
Fiect_BH20x20_fc3_E0_BarsD0GHE_NA002_NT003_cc2.375
Fiect_BH20x20_fc3_E0_BarsDOGHE_NA00Z_NY002_cc2.375
Fiect_BH20x20_fc3_E0_BarsDOGHI_NA00Z_NY003_cc2.439
Fect_BH20x20_fc3_E0_BarsDOGHI_MN<003_Nv002_cc2.439
Fect_BH20x20_fc3_yE0_ BarsD0SH0_MX00Z_NYO0d_cc2 51
Fect_BH20x20_fc3_yE0_ BarsD08H1 0_MX003_NYO03_cc2 51
Rect_BH20x20_fc3_yE0_ BarsD0GH1 0_MX004_NYO02_cc2 51
Fiect_BH20x20_fc3_vE0_BarsO0GHE_H<002_Nv004_cc2. 375
Rect_BH20x20_fc3_E0_BarsD0SHE_N<002_Nv003_cc2. 375
Rect_BH20x20_fc3_E0_BarsD0SHE_NX004_Nv002_cc2. 375
Rect_BH20x20_fc3_E0_BarsD0SHI_N002_Nv004_ccz. 439
Fiect_BH20x20_fc3_E0_BarsD0BHI_N003_Nv003_cc2 439
Fiect_BH20x20_fc3_E0_BarsD0BHEI_NA004_Nv002_cc2 439
Fiect_BH20x20_fc3_E0_ BarsD10810_MX003_Nv004_cc2 51
Fect_BH20x20_fc3 60 Bars10810_MX004_NYO03_cc2 51
Fect_BH20x20_fc3_E0_Bars010H#E_HX003_Nv004_cc2.375
Fect_BH20x20_fc3_E0_Bars01OHE_NX004_Nv003_cc2. 375
Fect_BH20x20_fc3_E0_Bars010#I_MNX003_Nv004_cc2.439
Fect_BH20x20_fc3_E0_Bars010#I_M<004_Nv003_cc2.439
Fiect_BH20x20_fc3_E0_ Bars01 281 0_MX004_NY004_cc2 51
Rect_BH20x20_fc3_E0_BarsD128#8_NxX004_Nv004_cc2. 375
Rect_BH20:20_fc3_E0_BarsD128#9_Nx004_Nv004_cc2.439

Select &l Clear &l | ak | Cancel

OO0O00000000000000000000000CL

Figure 1.4

Export Sections | To spColumn Text Files

File | Export Sections | To spColumn Text Files allows you to export one or more sections to
files that conform to StructurePoint’s spColumn v10 section text file format (Figure 1.4). The
exported files are automatically saved in the same folder as the current location of the cColumn
model file. It is important to note that in order to perform the export, you must first save the
cColumn model.



Notes

File | Notes prompts you with the following dialog box (Figure 1.5). You may enter a project/job
name, engineer name, and a description about the model (up to 1020 characters long).

Notes *

Project/lob : |

Engineer(z] : |

WwWirite wour notes here

(] 8 | Cancel

Figure 1.5

Report

File | Report prompts you with the following dialog box (Figure 1.6). It allows you to generate a
report for input and/or output data in a plain text, Microsoft Word, or PDF file format.

The command provides different options to control the contents of the report. For example, you
may generate a report for selected sections only. It is generally preferable to use Portrait
orientation unless you need to use larger font sizes for your reports. Please note that it may take
a long time to generate a Word or PDF report if too many sections are selected, especially when
table of contents is included.

Report X

Sections: Irput items: Output items:
actC : General Info Capacity Check Summary |
Units P-bx Positive
Rebar Databaze P-Mx Megative
Madel Settings P-My Paositive
Loads Py MNegative
Section Figure -ty
Section Information P-Mx and Py Diagram
Section Geomety -ty Diagram
Section Febars
Select Al Clear &1l [¥ Output P data details
Typs: © Plantest & word " FDF Orientation: & Portrait ¢ Landscape
Margin: |Nanow j Font size: Medium j
[ Include table of contents i | Cancel |
Figure 1.6
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Save PM Diagrams to Images

File | Save PM Diagrams to Images allows you to save PM interaction diagrams to high-
resolution image files for selected sections (Figure 1.7).

Save MM Diagrams to Images

File | Save MM Diagrams to Images allows you to save MM (Mx-My) interaction diagrams to
high-resolution image files for selected sections (Figure 1.8).

Open Containing Folder

File | Open Containing Folder takes you to the folder where the model file resides.

Print Setup

File | Print Setup allows you to set up the printing page layout.

Print Preview

File | Print Preview allows you to preview the printing layout before printing P-Mx and P-My (PM)
interaction diagram, or Mx-My (MM) interaction diagram. When the Mx-My interaction diagram
view is the active window, Print Preview will allow you to preview printing layout for MM
interaction diagrams for all sections. When you are in a Geometry, P-Mx, P-My, or P-Mx-My
interaction diagram view is the active window, Print Preview will allow you to preview printing
layout for PM interaction diagrams for all sections.

Print

File | Print prints PM or MM interaction diagram. When the Mx-My interaction diagram view is
the active window, Print will allow you to print MM interaction diagrams for all sections. When
the Geometry, P-Mx, P-My, or P-Mx-My interaction diagram view is the active window, Print will
allow you to print PM interaction diagrams for all sections. It is recommended that you run File |
Print Preview before running this command.

10
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Engineer: Date & Time: 06/18/2023 20:44
Code: ACI 318-19 Control Peints (kip, kip-in)
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Figure 1.7
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Project/Job: cColumn v10
(C) Computations & Graphics, Inc.
Engineer: Date & Time: 06/18/2023 20:46
Code: ACI 318-19 Contrel Peints (kip, kip-in)
RectCl Strength reduction: Auto
Neutral axis steps: 250 Angle P Mx My
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Figure 1.8
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Chapter 2: Settings

The Settings main menu provides commands related to settings for model data and graphical
entities in model views. Some of these settings may be applied beyond the current model,
that is, they may be saved for use in future models.

Units & Precisions

Settings | Units & Precisions prompts you with the following dialog box (Figure 2.1). You may
select different units and precisions for various physical measurements used in the model.
You may run this command as many times as you like. You may convert existing data
associated with a unit in the model by checking or unchecking the box to the right of that unit.
For example, if you mistakenly enter all geometry coordinates in a wrong length unit, you may
select the correct length unit and uncheck the conversion checkbox to correct the input.

Units and Precisions *

Check the bow ko the right of each unit to convert existing data
aggociated with that urit.

Dirnenzior: M - #.00 -

<]

Length: | ft j | #0 ﬂ v
Farce: | kip ﬂ | #0 j v
| Moment: |ki|3'ft ﬂ |tt.D ﬂ v
Modulus (E) ndin? -
| GeeniE [kipin2  =| [#00Ee00 ~|
[ Save as defaults far future use
oK | Cancel
Figure 2.1

You may set the precision for each unit in either decimal or scientific format. Precision
settings are used in displaying data in spreadsheets, diagrams, and reports.

By checking “Save as defaults for future use”, units will be saved in the registry for use in
future models.

Data Options

Settings | Data Options prompts you with the following dialog box (Figure 2.2).
The “Undo/redo levels” sets the maximum undo/redo levels which the program will perform.

The program requires computer memory for each undo/redo level. The default levels are 100,
but you may adjust it based on the size of your model.

13
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Data Options *
Undo/redo levels: 100

P-M diagram aspect ratio: |3. 214282777

| ¥ Save results when the document is saved |

(] 8 | Cancel | I

Figure 2.2

P-M diagram aspect ratio is used to adjust the diagram aspect ratio in P-Mx, P-My, or P-Mx-My
interaction diagrams or surface

The “Save results when the document is saved” checkbox provides you with the option to
save available results to a file when saving the model input data. The result file is saved in a
binary format and shares the same name as the model input file, but with an extension of

rcr’. It's worth noting that the result file may be significantly larger in size compared to the
model input file.

Rebar Database

Settings | Rebar Database presents you with the following dialog box (Figure 2.3). It allows
you to set the proper rebar database for your model. If needed, you have the flexibility to
customize the rebar database by modifying the "cColumn.ini" file located within the cColumn
installation folder. To ensure safety, it is highly recommended to create a backup copy of the
"cColumn.ini" file before making any updates.

Rebar Database X

Database. | IIGERENS

Bar Designation D|1?;z]ater [}iﬂ‘nl’?;] -
1 oars o
5 H#a 05 0.2
3 5 025 031
. 5 075 0.44
5 7 1.875 0.6
. e 1 079
S #3 1128 1
g #io 1.27 1.27
g w1 1.41 1.56
10 H14 1693 225
1 #19 2257 4
12
4 o)
Figure 2.3
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Colors

Settings | Colors prompts you with the following dialog box (Figure 2.4). You may set the
background color of the model views to be either white or black. Color settings are always
saved in the registry for future use.

Calors s

B ackground:

QK | Cancel |

Figure 2.4

Preferences

Settings | Preferences prompts you with the dialog box below (Figure 2.5). The “Data Folder”
determines the default folder or directory when a file is saved or opened.

The “Automatic file backup period” determines how frequently the model files are saved
automatically. Enter O for no auto-backups. Backup files have the extension “rcs.rcs”.

Preferences X

DataFolder: |C. “temp2ibuildscColumnhoutput\ R elease\RcVerifications

Automatic file backup period: |0 minutes
Cycle-section interval: 0 seconds

™ Use multithreaded solver to take advantage of available CPUs
¥ Shaw grid for P-tx, P-My and M-ty curves
™ Show 30 surface [instead of 300 wire frame) for sty curve

I™ Use traditional zelection rectangle (may not work on some newer systems)

Spreadszhest row height: 14

ok | Cancel

Figure 2.5

Setting for “Cycle section interval” is used to set the timer interval for use in section slide
show (refer to View | Section Slide Show menu.

If you have a computer with multiple CPUs, you may choose to “Use multi-threaded solver to
take advantage of available CPUs”. The speed increase the solution is almost proportional to

the number of CPUs. A fair warning: the solver messages may be intertwined due to the
nature of multi-threading.
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Options are provided here also for showing grid in the 2D P-Mx, P-My and Mx-My interaction
diagrams. P- Mx-My interaction diagram may be shown in 3D surface or wire frame.

Preferences are always saved in the registry for future use.

Enable/Disable Hardware Acceleration

Settings | Enable/Disable Hardware Acceleration allows you to turn on or off OpenGL hardware
acceleration. By default, OpenGL hardware acceleration is turned on. If you encounter graphics
problems (due to faulty graphics drivers) in the software, you may want to try to disable hardware
acceleration. The graphics performance may degrade significantly but should be acceptable on most
modern systems.

This command may also be useful when using virtual Windows on Mac machine, and ARM64-based
Windows.

Status Bar

Settings | Status Bar shows or hides the status bar.

Toolbar

Settings | Toolbars shows or hides toolbars.
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Chapter 3: View

The View main menu provides commands to graphically view input such as section geometry
and loading, perform annotations, and display 2D or 3D result diagrams.

Restore Model

View | Restore restores original (internally defined) settings for the model view.

Zoom

View | Zoom pop-up menu has the following submenus.

Zoaom Exkent

Zoom window

Zoam In Chrl+Up Arrow
Zoom Cuk Chrl-+Dawn Arrow

Zoom | Zoom Extent

View | Zoom | Zoom Extent displays the entire model in the view.

Zoom | Zoom Window

View | Zoom | Zoom Window zooms in a specific part of the model by click and dragging the
left mouse button. The command remains in effect until another command is selected or right
mouse button is clicked or ESC is pressed.

Zoom | Zoom In

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

Zoom | Zoom Out

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

Pan

View | Pan pop-up menu has the following submenus.

17
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Pan-Screen

Left Left Arrow
Right Right Arrow
Up Up Arrow
Diown Diowr Arro

Pan | Pan Screen

View | Pan | Pan Screen pans (move) the model by clicking and dragging the left mouse
button. The command remains in effect until another command is selected or right mouse
button is clicked or ESC is pressed.

Pan | Left

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

Pan | Right

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

Pan | Up

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

Pan | Down

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

Rotate

View | Rotate pop-up menu has the following submenus. They are available for 3D view of P-
Mx-My interaction surface or wire frame.

+3%  Shift+Down Arrow

-#%  shift+Up Arrow

+%  shift+Right Arrow

-y Shift+Left Arrow

+Z  Chrl+-3hift+Up Ao |
-2 CrH-Shift+Down Arrow 3

18
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Rotate | +X

View | Rotate | +X rotates the model view about X by a preset positive angle (5 degrees).
You may run this command by pressing SHIFT+DOWN arrow.

Rotate | -X

View | Rotate | -X rotates the model view about X by a preset negative angle (5 degrees).
You may run this command by pressing SHIFT+UP arrow.

Rotate | +Y

View | Rotate | +Y rotates the model view about Y by a preset positive angle (5 degrees).
You may run this command by pressing SHIFT+RIGHT arrow.

Rotate | -Y

View | Rotate | -Y rotates the model view about Y by a preset negative angle (5 degrees).
You may run this command by pressing SHIFT+LEFT arrow.

Rotate | +Z

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

Rotate | -Z

View | Rotate | -Z rotates the model view about Z by a preset negative angle (5 degrees).
You may run this command by pressing CTRL+SHIFT+DOWN arrow or CTRL+SHIFT+LEFT
arrow

Real Time Motion

View | Real Time Motion pop-up menu has the following submenus.

| Real-Time Pan
Reeal-Tiirme Zoarm
Real-Time Rokate
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Real Time Motion | Real-Time Pan

View | Real Time Motion | Real-Time Pan allows you to pan the model view in real time by
clicking and dragging the left mouse button. The command remains in effect until another
command is selected or right mouse button is clicked or ESC is pressed.

Real Time Motion | Real-Time Zoom

View | Real Time Motion | Real-Time Zoom allows you to zoom in or out the model view in
real time by clicking and dragging the left mouse button up or down. The command remains
in effect until another command is selected or right mouse button is clicked or ESC is pressed.

Real Time Motion | Real-Time Rotate

View | Real Time Motion | Real-Time Rotate allows you to rotate the model view in real time
by clicking and dragging the left mouse button. The command remains in effect until another
command is selected or right mouse button is clicked or ESC is pressed. This command is
only available for 3D view of P-Mx-My interaction surface or wire frame.

Diagram Type

View | Diagram Type allows you to change the current view to another type (Figure 3.1).
They are five types of view in the program: geometry, P-Mx, P-My, Mx-My and P-Mx-My. By
default, the view is the geometry type. Other views are meaningful only after a solution is
performed. For Mx-My interaction (or contour) view, you should set the right axial force level.
For P-Mx, P-My, Mx-My and P-Mx-My interaction diagrams, you may enter an appropriate value
for P-M diagram aspect ratio.

View Diagram Type *

Section: |TRTCSTR]

Diagram: Geometry ﬂ

Auial force: E00 kip

P-td diagram aspect ratio; ~ |0.25
Ok | Cancel

Figure 3.1

Result Diagrams

View | Result Diagrams displays P-Mx, Mx-My and P-Mx-My diagrams all at once.
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Section Slide Show

View | Section Slide Show cycles through all sections on the screen. You may adjust the
timer interval for the slide show from the command Settings | Preferences.

Axes & Legend

View | Axes & Legend shows or hides the legend at the top-left window corner and the global
axes at bottom-left window corner. You may run this command by pressing F5.
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Chapter 4: Input

The Input main menu provides commands to create sections, input loads, set up slenderness
parameters and design criteria. It also includes Undo and Redo editing commands.

Section Mode

Input | Section Mode offers five different modes for section design and investigation. They
include Design Rectangular, Design Circular, Investigate Rectangular, Investigate Circular,
and Advanced.

Sections may be generated automatically and/or input individually using these commands.
Each section must obey the following rules:
1. Rebar covers (either from input or computed by the program) are all measured from
edge of the section to the center of the longitudinal rebars.
2. Duplicate rebars at the same location will be merged into one bar.
3. Two rebars with a distance of less than the radius of the smallest database bar will be
merged into one bar.
4. Rebars must be inside the section geometry and outside any openings.
5. Openings must be inside the section boundary

Section Mode | Design Rectangular

The Input | Section | Design Rectangular mode facilitates the design of rectangular sections
by providing the ability to parametrically generate multiple sections of different dimensions
and reinforcement layouts. Upon performing the solution, you will receive one or more
candidate sections for a given set of loads (Figure 4.1).

Note: In this mode, the specification for "Clear cover to tie" is utilized instead of "cover to bar
center". The program will automatically calculate the cover distance to the longitudinal bar
center for each individual section generated. Additionally, if the size of longitudinal bars is
#11 or larger, the ties size will be a minimum of #4, even if #3 ties size is specified.

You should use your sound engineering judgment to select appropriate parameters in order
to avoid generating thousands of sections each time. For square columns, make sure to
check “Square sections (bars on each side are equal)”. This will greatly reduce the number
of sections being generated.

Please be aware that executing this command will result in the removal of the existing
sections within the model.
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Rectangular Section Design X

Section Prefiz:
Fe: |3 kip/in"2 Fy [=1] kip/in"2

Section Generation Parameters

Start End Step

“width: [20 |20 |2 in
Height: [20 |20 |2 in
Bar size £ = [mo =
Top Bare
Battom Bars: |2 |‘1 |1
Left Bars
Right Bars: | |4 |1

[ Square sections [idth = Height)

[™ Equal bars on four sides

Bar cover

Clear cover to . 8 . -
toe 15 in Ties size: #3

Cover to bar center will be computed as following:
"Clear cover to ties" + "lies diameter’ + one half of “longitudinal bar diameter"
Ties zize will be at least #4 for #11 or larger longitudinal bars

Confinement | Tied ]

Cancel

L y|

Figure 4.1

Section Mode | Design Circular

The Input | Section | Design Circular mode facilitates the design of circular sections by
providing the ability to parametrically generate multiple sections of different dimensions and
reinforcement layouts. Upon performing the solution, you will receive one or more candidate
sections for a given set of loads (Figure 4.2).

Circular Section Design X
Section Prefix: E
Fc 3 kipsin“2 Fp ED kip/in“2

Section Generation Parameters

Start Erd Step
Diameter: |20 |20 2 in
Barsize: |48 > Jmo +]
Total Bars: |4 E [1
Bar cover
tco‘et;:f:we' [5 n Ties size: | #3 -

Cover to bar center will be computed as following:
"'Clear cover to ties" + "ties diameter” + one half of "longitudinal bar diameter"
Ties size will be at least #4 for #11 or larger longitudinal bars

ga’ ‘Starl 1] degiees
ngle:

Confinement: |Tied j

T | |

Figure 4.2

Note: In this mode, the specification for "Clear cover to tie" is utilized instead of "cover to bar
center". The program will automatically calculate the cover distance to the longitudinal bar
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center for each individual section generated. Additionally, if the size of longitudinal bars is
#11 or larger, the ties size will be a minimum of #4, even if #3 ties size is specified.

You should use your sound engineering judgment to select appropriate parameters in order
to avoid generating thousands of sections each time.

Please be aware that executing this command will result in the removal of the existing
sections within the model.

Section Mode | Investigate Rectangular

Input | Section | Investigate Rectangular allows you to investigate a single rectangular section
(Figure 4.3). By clicking on the “Calculate” button, you can calculate the cover to bar center
using the clear cover to ties, ties size, and longitudinal bar size (Figure 4.4).

Rectangular Section Investigation X

Secton Label: |[=rrg

Width [b): 20 in Fc |3 kipdin"2
Height [h]: 20 in Fy =] kip/in"2
Reinforcement
Bar size: #2 hd Top Bars: 2
ggrvg[etr?ler 2 in Battom Bars: |2
Calculate... Left Bars fi]
Right Bars 0
Confinement: | Tied j
Figure 4.3
Concrete Cover to Bar Center Calculator *
Clear cover to ties: in
Ties size: #3 hd
Bar size: #a -
Cover to bar center: 2 i

Apply | Cancel

Figure 4.4

Please be aware that executing this command will result in the removal of the existing
sections within the model.
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Section Mode | Investigate Circular
Input | Section | Investigate Circular allows you to investigate a single circular section (Figure

4.5). By clicking on the “Calculate” button, you can calculate the cover to bar center using
the clear cover to ties, ties size, and longitudinal bar size (Figure 4.4).

Circular Section Investigation X
Secton Label: ’m
Diameter (O [20 in Fic: ’37 kipfin™2
Fy 60 kipfin“2
Reinfarcement
Bar size: #a - Total Bars: |B
Coverto i Bar Start
Bar Center: 2 n Angle: o eu=zs
Calculate. .
Confinement: |Tied j
Figure 4.5

Please be aware that executing this command will result in the removal of the existing
sections within the model.

Section Mode | Advanced

Input | Section | Advanced allows you to add, modify, copy and delete sections of different
types (Figure 4.6). Each file may include multiple sections of different types. You can switch
to Advanced mode from one of the design or investigation modes without the existing

sections being removed.

Concrete Sections

Section | Label Add Section

1 HectC

| Generate Rectangular Sections... |

| Generate Circular Sections... |

Rectangle-C | | Circular. |

| Rectangle-B... | | Tee... |

| L [Inversed)... | | I... |

| Genetic Section.. |

todify... | Copy
Delete | Cornvert to Generic ‘
Auto Rename
oK Cancel

Figure 4.6
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“Generate Rectangular Sections” (Figure 4.7) and “Generate Circular Sections” (Figure 4.8)
may be used to generate multiple rectangular or circular sections with different dimensions
and reinforcement layouts.

Note: “Clear cover to tie” is specified here instead of “cover to bar center”. The program will
automatically calculate cover to longitudinal bar center for each individual section generated.
Additionally, if the size of longitudinal bars is #11 or larger, the ties size will be a minimum of
#4, even if #3 ties size is specified.

Generate Rectangular Sections X
Generate Circular Sections x

Section Prefis
Fe [3 kipin2 T R Y

Section Prefix E

Seclion Generation Parameters I Foo 3 el v 60 Kipein'2
Start End Step Section Generation Parameters
Wwidth |20 |20 |2 in | Start End Step
Height E] [z0 2 in | Diameter. |20 ] |2 in
Byge L |l Darsize:  |#8 T
Top Bars
Bottom Bars: |2 [+ [1
ottam Bars Total Bars: |4 |E |1
LeitBas [ [ [
Right Bars Bar cover
™ Square sections (Width = Height)
Clear cover [1.5 in Tiessizer  |#3 -
I Equal bars on four sides to ties:
Bar cover Cover to bar center will be computed as following:
"'Clear cover to ties" + "ties diameter” + one half of “longitudinal bar diameter’'
Clear coverto [175 in Tiessize:  |#3 - | Ties size will be at least #4 for #11 or larger longitudinal bars

ties:

Cover to bar center will be computed as following:

"'Clear cover to ties" + "ties diameter’’ + one half of "longitudinal bar diameter" Bar Start
Ties size wil be at least #4 for #171 or langer longitudinal bars | Angle: ] dearees

Confinement: ,h‘

Caonfinement: | Tied -
_Dk Cancel

Cancel

Figure 4.7 Figure 4.8

Rectangle Section (B-Type) X

Secton Labek

: Rectangle Section (C-Type) x | widher o W Foo 3 ka2
Sector Labek [0R] Height () [20 in o [E Kipfin“2
| Top Reinfarcement
widhbh  [20 in Fe [3 kip/in"2 | Loyerd Loper 2 Loyer3
Height ) [20 in B [@ Kipéin"2 Basze |88 <] [ =] [ ]
Reinforcement | et 2 [0 o t i
| 5 |
Bar size: 8 - TopBais: |2 | Gen o [o ‘ |
|
Covito  [2 BotonBas [T | Battom Reirforcement |
Bar Center i Laper Laper 2 Laper
_Caouate. | LeftBars |0 |
e E— s b8 | [#8 =] e <]
i 0
Right Bars Coverto [ o 3 in
| Bar Certer
Bars 2 [o [o

Confinement; | Tied -

|
| Side Coverto
Cancel B Corter B in
- P —

Figure 4.9

Figure 4.10
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Rectangular sections can be input conveniently as either Rectangle-B or Rectangle-C. There
are no essential differences between the two other than for input conveniences. Rectangle-C
type is primarily for section of column type (Figure 4.9). Reinforcement may be input for top,
bottom, left and right sides. Rectangle-B type is primarily for section of beam type (Figure
4.10). Up to three layers of reinforcement may be input for either top or bottom.

Input for Circular, Tee, Inversed L and | type are straight forward. For circular section,
different bar pattern may be arranged with the adjustment of bar start angle.

Generic type is for irregular section with boundary geometry not belonging to any of the types
above (Figure 4.11). The section may contain up to three openings. The vertices of section
and opening boundaries must be continuous in either clockwise or counterclockwise direction.
You can also use “Rectangular”, “Circular’, and “I” button to generate points in a rectangular,
circular (or ellipse), and I-shaped patterns.

Generic Section X
Secton Label  |EEREIEE Fo |3 kipdin®2 Fy. |B0 kipdin®2
Geometry [Wertices must be continuous Fiebars [Duplicate individual bars will be merged):
#-Coordinate ‘r-Coordinate E »1 1 X2 2 Bar Sizeltt Murnber of
fin] lin] fin] fin] lin] lin] arSizelk) | g
L] [
2 2
3 3
4 4
5 5
E E
7 7
g 8
7| DT
Fiectangular, | Circular... ‘ l.. | Circular... |
Dptional Opening 1: Optional Opening 2 Optional Opening 3:
#-Coordinate ‘(-Coordinate E s Coordinate “-Coordinate E ¥-Coordinate ‘r-Coordinate E
[in] [in] [in] [in] [in] [in]
2 2 2
] 3 ]
4 4 4
5 5 5
6 [+ 5 6
Hactangular..| Circular... ‘ I... | Haclangular..| Circular... | I... ‘ Heclangular..| Circular.. | I... |
Confinement: |Tied j Cancel

Also, the section and opening boundaries must not be self-intersecting. For example, the
solution will fail in the following cases:
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For input convenience, bars are entered as uniformly distributed along a line. Single bar can
be input by placing it on a line where both two end points coincide. If duplicate bars exist on
different bar lines at the same location, they will be automatically merged.

You may “Copy”, “Modify” and “Delete” existing sections. You may also convert any regular
section to a generic section. Conversion of a circular section to a generic section may result
in a minor loss of accuracy due to the approximation of a circle with a polygon. The “Auto
Rename” button allows you to rename all sections as Section_1, Section_2, etc.
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Loads

Input | Loads allows you to input loads Pu, Mux, Muy at column top and bottom (Figure 4.12).
Loads must be calculated beforehand by the code-specified factored load combinations,
including overall second-order (P-A) effects. The program may consider slenderness (P-0)
effects along individual column length. B4 and Cm are used in the moment magnification
calculation in the program. The Bd (Bdns Or Beta_d) is the ratio of maximum factored axial
sustained load over maximum factored axial load associated with the same load combination. It must
be less than 1.0. The term Cm is an equivalent moment correction factor. For members without
transverse loads between supports, Cm =0.6 + 0.4 * (M1/M2) . If a value of O is entered for Cm, the
program will calculate Cm according to this formula. Cm must be greater than 0.4. It is generally
recommended that a value of 1.0 is used for Cm.

Factored Load Data X

Beta_d iz the ratio of maximum factored asial sustained load to maximum factored axial load associated with the same load combination
Crn will be computed automatically (06 + 0.4 * M1/M2]if a Crn valueof O is entered.

I»

Pu Mus-Top | Mux - Battom | Muy-Top | Muy - Bottam
[kip] [kip-t] [kip-ft] [kip-it] [kip-ft]

1 5204 1.7 E25 0 0 0.94 0az 1

2

Beta-d Crn= Cmy

-

] DIW
| Generate From Service Loads... | Import From spCalumn Service Loads... |
I Mew Rows Frirt.. oK Cancel
Figure 4.12

You have the option to let the program automatically generate factored loads from service
loads (Figure 4.13). You must specify axial load, Mx at the top and bottom of the column, My
at the top and bottom of the column for Dead, Live, Wind, Earthquake, and Roof Live (or
Snow, or Rain) load cases.
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Service Load Data X

Serwce loads includes Dead, Live, Wind, Earlhquake and Hool Lwe [orSan orHaln] Factored loads including Beta_d (ie.
a_dnis), Crax, Cray will be automatically calculated based on ntly selected AC1 318 code.

F
Mx- Top M - Bottormn My-Top My - Bottorn | ==
Load Case [kip] Tkipeft] Tkip-ft] hipeft] ki)

Live
Wind
Earthquake

L A

Ruoof Live [Snow, Rain)

[

0k Cancel
'l

Figure 4.13

The program will automatically calculate the factored loads, B4, Cmx, Cmy for different load
combinations based on the currently selected ACI 318 code.

For ACI 318-11, 14, and 19, the following load combinations will be used.
U=14D
U=1.2D+1.6L + 0.5(Lror SorR)
U=12D+1.6(Lror SorR) + 1.0L
U=1.2D +1.6(Lror SorR)+ 0.5W
U=12D+1.6(Lror S orR)-0.5W
U=12D+1.0W+1.0L+0.5(Lror SorR)
U=1.2D-1.0W+ 1.0L +0.5(Lror SorR)
U=12D+1.0E+10L+0.2S
U=1.2D-1.0E+1.0L+0.2S
U=0.9D + 1.0W
U=0.9D - 1.0W
U=0.9D + 1.0E
U=0.9D- 1.0E

For ACI 318-02, 05, and 08, the following load combinations will be used. cColumn currently
does not support load cases for fluid weight/pressure (F), temperature (T), or soil
weight/pressure (H).

U=14D

U=12D+1.6L+0.5(rorSorR)

U=1.2D+1.6(Lror SorR) + 1.0L

U=1.2D+1.6(Lror SorR) + 0.8W

U=1.2D+1.6(Lror SorR)-0.8W

U=12D+1.6W+1.0L+0.5(LrorSorR)

U=12D-1.6W + 1.0L + 0.5(Lror S or R)

U=12D+1.0E+1.0L+0.2S

U=12D-1.0E+1.0L+0.2S

U=0.9D + 1.6W

U=0.9D - 1.6W

U=0.9D+1.0E

U=0.9D- 1.0E
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For interoperability purpose, cColumn provides the option to import loads from one or more
text files that conform to spColumn service load text file format. You also have the option to
specify force and moment multipliers in cases different units are used or moment signs need
reversal (Figure 4.14).

Import spColumn Loads Multipliers X

——

Farce Multiplier:

b oment Multiplier:

The rultipliers here apply to all imported loads

o]

Cancel

Figure 4.14

A Service Loads to Factored Loads Example

Service Loads

P Mx - Top Mx - Bottom My - Top My - Bottom

Dead 718 79 40 89 -30

Live 80 30.3 15.3 50 -12

Wind 8 1.1 4.3 15 -2.3

Earthquake 15 5 10 12 -3

Roof Live (Snow, Rain) 12 2 3 4 -6

Factored Loads According to ACI 318-08
Mux - Muy -

Pu Mux - Top Bottom Muy - Top Bottom Beta-d Cmx Cmy
1005.2 110.6 56 124.6 -42 1 0.802532 0.465169
995.6 144.28 73.98 188.8 -58.2 0.865408 | 0.805101 0.476695
960.8 128.3 68.1 163.2 -57.6 0.896753 | 0.812315 0.458824
887.2 08.88 56.24 125.2 -47.44 0.971145 | 0.827508 0.448435
874.4 97.12 49.36 101.2 -43.76 0.985361 | 0.803295 0.427036
960.4 127.86 71.68 182.8 -54.68 0.897126 | 0.824245 0.48035
934.8 124.34 57.92 134.8 -47.32 0.921694 | 0.786328 0.459585

959 130.5 73.9 169.6 -52.2 0.898436 | 0.826513 0.476887

929 120.5 53.9 145.6 -46.2 0.927449 | 0.778921 0.473077

659 72.86 42.88 104.1 -30.68 0.980577 0.83541 0.482113
633.4 69.34 29.12 56.1 -23.32 1 0.767984 0.433725
661.2 76.1 46 92.1 -30 0.977314 | 0.841787 0.469707
631.2 66.1 26 68.1 -24 1 0.757337 0.459031

Factored Loads According to ACI 318-19
Mux - Muy -
Pu Mux - Top Bottom Muy - Top Bottom Beta-d Cmx Cmy
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1005.2 110.6 56 124.6 -42 1 0.802532 0.465169
995.6 144.28 73.98 188.8 -58.2 0.865408 | 0.805101 0.476695
960.8 128.3 68.1 163.2 -57.6 0.896753 | 0.812315 0.458824
884.8 98.55 54.95 120.7 -46.75 0.973779 | 0.823034 0.44507
876.8 97.45 50.65 105.7 -44.45 0.982664 | 0.807901 0.431788
955.6 127.2 69.1 173.8 -53.3 0.901632 | 0.817296 0.47733
939.6 125 60.5 143.8 -48.7 0.916986 0.7936 0.464534

959 130.5 73.9 169.6 -52.2 0.898436 | 0.826513 0.476887

929 120.5 53.9 145.6 -46.2 0.927449 | 0.778921 0.473077
654.2 72.2 40.3 95.1 -29.3 0.987771 | 0.823269 0.476761
638.2 70 31.7 65.1 -24.7 1 0.781143 0.448233
661.2 76.1 46 92.1 -30 0.977314 | 0.841787 0.469707
631.2 66.1 26 68.1 -24 1 0.757337 0.459031

Slenderness

Input | Slenderness allows you to consider slender column (P-0) effects in major and/or minor
axes along the column length (Figure 4.15). The unbraced length of a column, Lu, is taken
as the clear distance between floor slabs, beams, or other members capable of providing
lateral support in the direction being considered. Where column capitals or haunches are
present, Lu is measured to the lower extremity of the capital or haunch in the plane
considered.

The effective length factor K may be calculated by alignment charts in ACI 318 Code or by other
approximate methods. It is generally recommended to use a value of 1.0 for K. You have the
option to consider minimum factored moment Mmin = Pu * (0.6 + 0.03h). In the calculation of
critical column load capacity (Pc), the stiffness (El) may be taken as one of the following two
values, the first of which is more accurate.

Bl = (0.2E¢Ig+Eslse) or ] = 0.4Elg
1+ Bqa 1+ B4
Slenderness *
Slenderness in the program only accounts for mament magnification in a nonsway frame member or along the length
of a sway frame member. [t is assumed that a P-Delta analysis has been perfomed on sway frames beforehand.
Hoduis s
: [~ Consider slendemess
Unbraced length [Lux]: 21.33 It Unbraced length [Luy] 0 ft
Effective length factor [Kx): |0.86 Effective length factor [Ky): |1
[v Consider minimurn moment (W min] [~ Consider minimurn moment (W min]
El for critical colurnn load Pe:
|El =[0.2Ec *Ig+Es *1s2) / (1 + Beta_d) |
(] 8 | Cancel
Figure 4.15
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Design Criteria

Input | Design Criteria defines the minimum and maximum reinforcement ratios, preferred
unity ratios, bar selection method, and minimum clear spacing between bars (Figure 4.16).
The reinforcement ratio normally is between 1% and 8%. A unity ratio of less than 1.0 means
the section is safe to resist the loads. During or after the solution, sections with unity ratios
outside the limits may be optionally eliminated. The bar section method is used in ranking
the sections for design. The section ranking algorithm first check for unity ratio range and
reinforcement ratio range (pass/failure), then sort sections based on section areas in
ascending order, then sort sections based on areas of steel in ascending ordering or clear
spacings between bars in descending order. The minimum clear spacing between bars can
be specified here to replace the code requirement of 1.5 inches.

Design Criteria X
Reinforcement R atio
Minirnurn: «100%
M admum: 0.03 *100%
Preferred Unity R atio
Minirruim: 025
b aximim: 1

Ear Selection Method

(¢ Based on area of steel

" Based on clear spacing between bars

Minimum bar ,157 B

clear spacing:

Cancel

Figure 4.16

Note: At least one section will be kept even if unity ratios are outside the minimum and
maximum unity ratios for all sections.

Undo

Input | Undo undoes the previous command. By default, you may undo up to 100 levels. You
may set a different number of undo levels by running Settings | Data Options. Some
commands such as zooming or panning may not be undone. More undo levels requires
more computer memory.

Redo

Input | Redo reverses the previous undo command.
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Chapter 5: Run

The Run main menu provides commands to set solver options, run the solver or generate a
text report for input and output.

Options

Run | Options allows you to set important solver options (Figure 5.1). It is highly
recommended that you read the method of solution in the technical part of this document in
order to understand these options. You should run this command before running the solver.

Run Options x

ALl Code:

Strength reduction factar: * Auta 7 Always uze 1.0
Meutral axis steps for accuracy [must be > 20) 250

Biawial angle steps [must be multiple of 4]

[abways use 4 for uniaxial): 18

Axial capacity steps for display [must be > 5] 20

¥ Exclude concrete displaced by steel

Unity Ratio Method: | Use marimum of axial and moment demand/zapacity ratioz j

[~ Delete sections that do not meet the design criteria set in Input | Design Criteria

[~ Rank sections based on the design criteria set in Input | Design Criteria

Solve | oK | Cancel

Figure 5.1

Design Code

Specifies design codes. Currently the program supports ACI
318-2019/2014/2011/2008/2005/2002/1999.

Strength reduction
factor

Auto — strength reduction factor will be based on the selected
Code.

Always use 1.0 — No strength reduction is applied. Capacity is
the nominal strength. You must not use this option in actual
engineering designs.

Neutral axis steps for
accuracy

Neutral axial steps affect the solution accuracy and speed. A
value of 250 ~ 500 for neutral axis steps is sufficiently accurate
for most sections. The adequacy of neutral axis steps can be
determined by smoothness of the P-Mx and/or P-My interaction
diagrams.

Biaxial angle steps

Biaxial angle affects the solution accuracy and speed. For
biaxial problems, steps must be multiple of 4. A value of 16 or
32 is sufficiently accurate for most sections. The adequacy of
biaxial angle steps can be determined by smoothness of the Mx-
My interaction diagram. For uniaxial runs about X or Y axis,
biaxial angle steps should be set to 4. This will give P-Mx (+) at
0 degree angle, P-Mx (-) at 180 degrees angle, P-My (+) at 90
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degree angle, P-My (-) at 270 degrees angle.

Axial capacity steps for
display

Specifies the number of axial steps for the display of interaction
diagrams / surfaces and result data in the spreadsheet. This
value should be smaller than neutral axis steps. A value of 20
to 50 is usually adequate.

Exclude concrete
displaced by steel

Should almost always be checked. This option is provided for
verifications with textbooks only!

Unity ratio method

This sets the method to calculate the unity ratio. There are two
options:

1). Use maximum of axial and moment demand/capacity ratios
2). Use moment demand/capacity ratio (not recommended)

Delete sections that do
not meet the design
criteria

If this option is set and the model is in a design or advanced
mode, sections that do not meet the limits of reinforcement
ratios, unity ratios, and clear spacing between bars specified in
the Input | Design Criteria will be deleted during solution. This
allows you to pick a desired section for design more easily.

Note: At least one section will be kept in the model.

Rank sections based
on the design criteria

If this option is set, the solver will re-arrange the order of the
sections according to whether they meet the design criteria, the
section sizes, the area of steel or clear spacing between bars,
and the capacity ratios.

The best candidates for design will be place at the top of the
section list.

Solve

Run | Solve perform the solution for each section. It starts with checking the validity of all
input. If there are any errors, the solution stops. You may also stop the solver during the
solution process by pressing [ESC] key.

Report

Run | Report command is the same as File | Report. It is provided here for conveniences

only.

Log File

Run | Log File command allows you to view solution messages that is saved in the log file.

Concrete Cover Calculator
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Run | Concrete Cover Calculator is a utility that allows you to calculate the concrete cover to
the longitudinal bars based on clear cover to ties, ties size, longitudinal bar size (Figure 5.2).

Concrete Cover to Bar Center Calculator x
Clear cover to ties: 1.5 in

Ties size: #2 hd

Bar size: #3 -

Cover to bar center: 2439 in

Close

Figure 5.2
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Chapter 6: Result Data

The Result Data main menu provides commands to view result data in spreadsheets.

Section Properties

Result Data | Section Properties displays the section properties such as the coordinates of
section centroid, section area and moment inertias about X and Y axes, radii of gyration
about X and Y axes as well as moment of inertia of reinforcement about centroidal axis of
member cross section Ise-x and Ise-y. It is important to point out that loads (Mx, My) and
moment inertias (Ix, ly) are based on the section centroid. Moment inertias for a generic
section are approximately calculated by dividing the section into 100 by 100 small rectangles.
For practical applications, this approximation is sufficiently accurate. (Figure 6.1).

Section Properties x

el i Fiit.. Closz | |

Ed) il

Ag I Iy 1 w [ ey 12
Section Label Jin] [in] "2 [in"4] [in"4] [in] [in] [in"4] [in"4]

1 ReciC1 I 0.0000¢ 0.0000 288000  13824.000  3456.000 £.9282 34641 942,599 223753

[«

e DI |
Figure 6.1
P-Mx (+)

Result Data | P-Mx (+) displays the P-Mx result data in a spreadsheet, with positive moment
about the section major axis (at biaxial angle of O degree) (Figure 6.2).

P-Mx (-)

Result Data | P-Mx (-) displays the P-Mx result data in a spreadsheet, with negative moment
about the section major axis (at biaxial angle of 180 degrees).
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P-My (+)

Result Data | P-My (+) displays the P-My result data in a spreadsheet, with positive moment

P-Mi(+), Compression on Top x
Eecton © P Close
e iary S Pl Matimu Stesl Tensie Sirain Phi 3
1 6306 00 0m -0.00300 0880
2 17.62 5906 1040 161 0.00039 0.650
3 17.82 8305 1040 181 -0.00038 0650
4 1695 £56.0 1208 22 000025 0850
5 1608 5215 1361 263 -0.00010) 0.650
3 1556 5397 1409 290 -0.00000 0850
7 1556 5997 1449 290 -0.00000 0.650
8 1556 5997 1489 290 -0.00000 0850
9 1556 599.7 1449 290 0.00000 0.650
10 1525 567.0 1497 305 0.00008 0850
11 1443 524 1617 351 0.00024 0650
12 1362 517.9 1723 399 0.00043 0650
13 1327 5028 1785 421 0.00082 0850
14 1327 5028 1765 421 0.00052 0.650
15 1327 5028 1785 421 0.00082 0850
16 1327 5026 1765 421 0.00052 0.650
17 1263 4534 1816 451 0.00084 0850
18 1207 48,9 1838 507 0.00087 0.650
Ll I3

Figure 6.2

about the section minor axis (at biaxial angle of 90 degrees).

P-My (-)
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Result Data | P-My (-) displays the P-My result data in a spreadsheet, with negative moment
about the section minor axis (at biaxial angle of 270 degrees).

Mx-My

Result Data | Mx-My displays the Mx-My result data for a given axial load in a spreadsheet

(Figure 6.3).

Mix-My

Section:

X

Print Close

131.4
1238
1125

67

00
767
1128

1238

1314

1238

1128
TRT
on
TRF
128
1238

phi * Mry Heutral Axis Depth
[in]

oo
767
1125
1238
1314
1238
11285
767
Rili]
767
1125
1238
1314
1238
1125
TEF

Figure 6.3

238
585
748
585
238
585
746
585
238
585
746
685
238
685
746
685

Mawimum Steel Tensie Strain

001658
0.00743
000585
0.00743
001658
0.00743
000585
000743
001658
000743
000565
000743
001658
000743
0.00585
000743

Neusl s Angle | =]
[Deares]

oo
225
450
B7.5
900
1125
1350
1575
1800
2025
2250
2475
2700
2825
350
3375
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Capacity Check

Result Data | Capacity Check displays unity ratio for each section against all loads. Sections
with unity ratios less than 1.0 are adequate to resist the loads (Figure 6.3). Sections with
unity ratios greater than 1.0 are inadequate to resist the loads. For definition of unity ratios,
refer to the method of solution in the technical issues part of this documentation.

Capacity check also includes other useful design parameters such as reinforcement ratio
calculated as total steel area (As) divided by section gross area (Ag); minimum clear spacing
between longitudinal bars; critical load number for which unity ratio is calculated. Mcx and Mcy
denote the magnified Mx and My moments of the critical load. The moment magnification
factors can be computed Mcx / Mxand Mcy / My.

A row is colored red if the section unity ratio is more than 1.0 or outside the range of
preferable unity ratio specified in the Input | Design Criteria; A row is colored orange if the
section reinforcement ratio or clear spacing between bars is outside the range specified in the
Input | Design Criteria.

Capacity Check X

& seefion is marked red i its unity ratios is greater than 1.0 or outside the preferied minimum and masimum unity ratios, 4 section s marked Close:

arange i reinforcement ratio or minimum bar clear spacing is outside the normal range [(sse Input | Desian Criteria)

Seotion Label Unitp Ratio | | C1hcel “:f;;‘t] [x;ﬁ] Ficinf, Fiatio [‘:‘52] [‘:‘52] S%::Tr'\g 3
1 Rect22x22_fch_fuB0_12#3_MN=4_Nv4_cc2 564 I 0,959 1 300.0 125.0 2.479% 12.00 4840 450
2 Rect22x22 fch_ B0 _BHT1_MX3 NY3 cc2 705 0935 1 300.0 1250 2579% 12.48 4840 6,88
3 FlectZ2622_fcf_(yB0_12410 N4 _NY4_co2 635 D845 1 3000 1260 3148 15 4340 e
: Riec24424_(o5_yB_4411_NK2_NY2_co2 705 0825 1 3000 1250 1.083% 624 w0 1713
5 Rect20<20_fch_fyB0 489 NxZ NYZ_ccZ 564 1.787 1 300.0 1250 1.000% 4.00 400.0 1374
5 Riect20420_(o5_B0_4410_NK2_NY2_co2 635 173 1 300 1250 1270% 505 4m0 1346
7 Riec20420(o5_yB0_4411_NK2_NY2_co2 705 1687 1 3000 1250 1560% 624 a0 133
8 Rect20<20_fch_fyB0 B#I_Nx3_NY3_ccZ 564 1712 1 300.0 1250 2.000% 8.00 400.0 B3
3 Riect2020c5_fyE0_310_NK3_NY3 ce2 635 1643 1 3000 1260 280 e 4000 810
10 Riect20420_(o5_yB0_1243_NX4_NY4_co2 564 1633 1 3000 1250 a000%  12o0 4000 383
b Rect20x20_fch_ B0 _BHT1_MX3 NY3 cc2 705 1.572 1 300.0 1250 3120% 12.48 400.0 588
12 Rect20:20_fch_fyB0 12#10_NxX4_NY4_cc2 B35 1.294 1 300.0 1250 3810% 16.24 400.0 364
13 Fiect20:20_fcf_(p60_12811_N4_NY4_co2 75 1083 1 3000 1260 4gax|  1am2 4000 345
14 Rect22422_fch fyB0 489 NxZ NYZ_ccZ 564 1.362 1 300.0 1250 0.826% 4.00 4840 15.74
15 Rect22x22_fc5_ B0 _4H#10_MX2 NY2 cc2.635 1.398 1 300.0 125.0 1.050% 5.08 484.0 15.46
1 Riect22422_(o5_yB_4411_NK2_NY2_co2 705 1267 1 3000 1250 1.209% 624 40 1513
17 Rect22422_fch fyB0 BHI_Nx3_NY3_ccZ 564 1167 1 300.0 1250 1.653% 8.00 4840 3
18 Rect22x22 fch B0 _BH10_MX3 NY3 cc2 B35 1.040 1 300.0 1250 2.099% 10,16 4840 710
4] [r]

Figure 6.3

Rank Sections

Result Data | Rank Sections will re-arrange the order of the sections according to whether
they meet the design criteria, the section sizes, the area of steel or clear spacing between
bars, and the capacity ratios. The best candidates for design will be placed at the top of the
section list.
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Chapter 7. Window

The Window main menu provides commands to create new windows and arrange existing
windows. A window may be used interchangeably with a view. The program has two types
of views: model view and report view. The model view contains the graphical display of the
input in a model. The report view contains text or graphical report in the html format for the
input or output in a model.

New Window

Window | New Window creates a new window or view based on the current view. You may
create different model views with different display settings with respect to zooming, panning.
You may create as many views as you want. However, too many views may clutter the view
area and make graphic display sluggish.

Tile Horizontal

Window | Tile Horizontal arranges all opened windows horizontally.

Tile Vertical

Window | Tile Vertical arranges all opened windows vertically.

Tile Cascade

Window | Cascade arranges all opened window in overlapped manner
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Chapter 8: Method of Solution

Coordinate System - Geometry

1. Geometry coordinate system (GCS) is a 2D plane X-Y rectangular coordinate system.
Axis X points from left to right while axis Y points from bottom to top. GCS is used to
define section geometry and reinforcing rebar locations.

. .
. . )
. .
. .

2. For regular sections such as rectangular and tee sections, the program automatically
generates section vertices and rebar locations based on simple input through dialog
boxes. The program can parametrically generate multiple rectangular or circular sections
based on parameters such as section dimensions, rebar sizes, numbers, and rebar layout.
This is very useful in concrete column design where tedious trial-and-error process is the
norm.

3. For a generic or irregular section, vertices and rebar locations may be input manually in
spreadsheets. Vertices of a section must be continuous in either clockwise or
counterclockwise direction. Up to 3 openings may be defined in a generic section.

4. The geometry and rebar locations of any regular section may be converted to a generic
section from where you can make modifications such as adding openings or unusual
rebar layout.

5. Each section must obey the following rules:
Rebar covers (either directly from input or computed by the program) are all measured
from edge of the section to the center of the (longitudinal) rebars.
Duplicate rebars at the same location will be merged into one bar.
Two rebars with a distance of less than the radius of the smallest database bar will be
merged into one bar.
Rebars must be inside the section geometry and outside any openings.
Openings must be inside the section geometry

6. For columns, minimum concrete cover to ties is 1.5 inches (Ref. 2). Minimum sizes of ties
are #3 for longitudinal bars #5 to #10, and #4 for #11, #14 or #18 longitudinal bars.
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Minimum depth from nearest faces to center of longitudinal bars

Bar Size

#5

#6

#7

#8

#9

#10

#11

#14

#18

Depth (in)

2.1875

2.25

2.3125

2.375

2.439

2.51

2.705

2.8465

3.1285

Since different longitudinal bar sizes may be used during automatic section generation, the

program computes concrete cover to bar center based on the following formula:
“cover to ties” + ‘ties diameter” + one half of “longitudinal bar diameter”
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Loads and Capacity

1. Axial force P acts perpendicular to the section. Moments Mx and My acts about section
X and Y axis respectively. They have the following sign conventions.

Axial Force P: positive for compression; negative for tension

Moment Mx: Positive when section top most fiber is under compression.

Moment My: Positive when section rightmost fiber is under compression.

\1.-»-""""
2. All moments are referenced about the geometric centroid of the gross section.

3. Unlimited number of factored load sets can be input via spreadsheet. Loads are the
required strength computed by the code-specified factored load combinations using either
hands or analysis program such as Real3D. It is assumed that an overall 2" order P-
Delta (P-A) analysis has been performed on a sway structure. If desired, the program
uses ACI 318 moment magnification procedure to calculate the P-delta (P-0) effect, which
accounts for slenderness of columns in non-sway structure or for slenderness along the
lengths of columns in sway structure.

4. Unity ratio is computed for each section based on the magnified factored loads and the
capacity of the section. Unity ratio equal or less than 1.0 means the design strength is
greater than the required strength and the section is adequate. Unity ratio greater than
1.0 means the design strength is less than the required strength and the section is
inadequate.
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Solution Assumptions

1. The strain in reinforcement and concrete is directly proportional to the distance from
the neutral axis (ACI 318-19/14 22.2.1.2, ACI 318-11/08/05/02 10.2.2).

2. The maximum usable strain at the extreme concrete compression fiber is equal to
0.003 (ACI 318-19/14 22.2.2.1, ACI 318-11/08/05/02/ 10.2.3).

3. The stress of steel is fs = Es * €s but fs <= fy where Es = 29000 ksi, ¢s is steel strain and
fy is the yield strength of steel (ACI 318-19/14 20.2.2.1, ACI 318-11//08/05/02 10.2.4).

4. The tensile strength of the concrete is neglected in flexural calculation (ACI 318-19/14
20.2.2.2, ACI 318-11/08/05/02 10.2.5).

5. A uniformly distributed stress of 0.85fc is assumed over an equivalent compression
zone bounded by the edge of the cross section and a line parallel to the neutral axis at
a distance a = 31* c where c is the distance from extreme compression fiber to neutral
axis.
B1=0.85-0.05* (fc- 4) and 0.65 <= B1 <= 0.85 and f¢ unit is ksi (ACI 318-19/14
22.2.2.3,22.2.2.4, ACl 318-11/08/05/02 10.2.7.1).

6. Reinforcement ratio p should be 1% <= p <= 8% for column sections (ACI 318-19/14
10.6.1.1, ACI 318-11/08/05/02 10.9.1). You can override this limit in the design criteria.

Solution Algorithms

1. Biaxial Solution
All sections are solved biaxially based on the solution assumption above. Each section is solved based

on the following steps.
)5 AN

b

Binwial
.ﬂ\HgLe

L L

2. Nominal Strength Calculation (Pn, Mnx, Mny)

2a. The nominal capacity of a section is computed at successive choices of biaxial angles.
The choices of angles are based on the user input for biaxial angle steps found in the
command Run | Options. Biaxial angle steps affect the solution accuracy and speed. For
biaxial problems, steps must be multiple of 4. A value of 16 ~ 32 is sufficiently accurate for
most sections. The adequacy of biaxial angle steps can be determined by smoothness of the
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Mx-My interaction diagram. For uniaxial problems, biaxial angle steps should be set to 4.
This will give P-Mx (+) at O degree angle, P-Mx (-) at 180 degrees angle, P-My (+) at 90
degree angle, P-My (-) at 270 degrees angle.

Run Opticns X

ACI Code:

Strength reduction factor: * futa " Alwaps use 1.0
MNeutral axis steps for accuracy [must be > 20): 250

Biaxial angle steps [must be multiple of 4]

[always uze 4 for uniaxial): 18

Axial capacity steps for display [rmust be > B): 20

Iv¥ Exclude concrete displaced by steel

Unity Ratio Method: |Use maximum of axial and moment demand/capacity ratios j

v Delete sections that do not meet the dezign criteria set in Input | Design Criteria

[~ Rank zections bazed on the design criteria et in lnput | Design Criteria

Solve | 0K | Cancel |

Biaxial angle steps is analogous to the number of sides in a polygon used to approximate a
circle or ellipse. A uniaxial solution in the program is therefore analogous to using a square
to approximate a circle; or a rectangle to approximate an ellipse. A biaxial solution with 16
angle steps is analogous to using a 16-sided polygon to approximate a circle or an

ellipse. Obviously, the 16-sided polygon is more accurate to approximate a circle than a
square. The moral of this comparison is that a low value of biaxial angle steps tends to give
more conservative biaxial capacity for the section.

2b). For each biaxial angle, Pn, Mnx, Mny, and maximum tensile steel strain €: are computed at
successive choices of neutral axis distance (c) using strain compatibility and stress-strain
relations to establish bar forces and the concrete compressive results. The nominal
moment capacity is found by summing the moments of all the internal forces about the
geometric centroid of the section because this is the axis about which moments are
computed in a conventional structural analysis. The choices of ¢ (neutral axis distance)
are based on the neutral axial steps found in the command Run | Options. Neutral axial
steps affect the solution accuracy and speed. A value of 250 ~ 500 for neutral axis steps is
sufficiently accurate for most sections. The adequacy of neutral axis steps can be
determined by smoothness of the P-Mx and/or P-My interaction diagrams. In addition, the
program always computes several control points. They are maximum Pn (compression),
minimum Phn (tension), fs =0; 0.25fy; 0.5fy and 1.0fy (balanced condition). Concrete displaced
by steel may be optionally included or excluded (default).

2c). Mnx-Mny contour curves are computed for successive choices of axial forces. This is
achieved through interpolation on the Pn, Mnx and Mny already calculated for each biaxial
angle in the procedure above. The choices of axial forces are based on the neutral axial
steps found in the command Run | Options.
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3. Design Strength Calculation (¢Pn, @Mnx, ¢Myy)

3a). ACI 318-19
Design strength according to ACI 318-19 is obtained by multiplying Pn, Mnx and Mny of each
biaxial angle by applying strength reduction factor ¢ as determined in the following:
®c = 0.65, a = 0.80 for tied confinement
®c =0.75, a = 0.85 for spiral confinement
For (et <= gy)
Q= D
For (et >= gy + 0.003)
¢ =0.90
For (ey <e&t<gy+ 0.003)
¢=®Dc+(0.9-Dc)* (er -€)/0.003
where €t is maximum tensile steel strain for the biaxial angle and ¢y is steel yield strain (at
balanced condition)

In addition, ¢ Pn must be always less than ¢ Pn, max

®c*a*[0.85*fc * (Ag— As) + fy * As] if concrete displaced by steel is excluded or
®c*a*[0.85*fc * Ag + fy * As] if concrete displaced by steel is not excluded

It is important to note that fy is limited to 80 ksi when calculating Pn, max

3b). ACI 318-02/05/08/11/14

Design strength according to ACI 318-02/05/08/11/14 is obtained by multiplying Pn, Mnx and
Mny of each biaxial angle by applying strength reduction factor ¢ as determined in the
following:

®c =0.65, a =0.80 for tied confinement

@ =0.70, a =0.85 for spiral confinement for ACI 318-02/05

®c =0.75, a = 0.85 for spiral confinement for ACI 318-08/11/14

For (et <= ¢gy)
Q= (O
For (et >= 0.005)
¢ =0.90
For (ey <&t <0.005)
¢ = Pc + (09 - q)c) * (ﬁt - £y) / (0005 - Ey)
where €t iIs maximum tensile steel strain for the biaxial angle and gy is steel yield strain (at
balanced condition)

In addition, ¢ Pn must be always less than
®c*a*[0.85*fc * (Ag— As) + fy * As] if concrete displaced by steel is excluded or
®c*a*[0.85*fc * Ag + fy * Ag] if concrete displaced by steel is not excluded

3c). ACI 318-99

Design strength according to ACI 318-99 is obtained by multiplying Pn, Mnx and Mny of each
biaxial angle by applying strength reduction factor ¢ as determined in the following:

@ =0.70, a = 0.80 for tied confinement

®c =0.75, a = 0.85 for spiral confinement

For tension and pure flexure (Pn <= 0)
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¢ =0.90
For compression (Pn > 0)
Pn1 = smaller of 0.1 * f¢' * Ag / ®c and Prb
Where Aq is the gross section area and Pnp is the nominal strength at balanced
condition for the biaxial angle.
If Pn > Pn1then ¢ = ®c
If Pn <= Pn1then ¢ = ®c + (0.9 - ®c) * (Pn1 - Pn) / Pn1

In addition, ¢ Pn must be always less than

®c*a*[0.85*fc * (Ag— As) + fy * As] if concrete displaced by steel is excluded or
®c*a*[0.85*fc * Ag + fy * As] if concrete displaced by steel is not excluded

4. Unity Ratio

Unity ratio is computed for each section based on the loads and the capacity of the section.
There are two methods to calculate the unity ratio:

1). Use maximum of axial and moment demand/capacity ratios

For a given load set (Pu, Mux, Muy), find the section capacity Mx-My contour at ¢Pn= Pu. The
unity ratio for the load set is larger of the following two demand/capacity ratios:

JM, )2 +(M,,)? P

u

JOM )2+ (@M )? (PPrma)

Where (@Mnx,max, @Mny, max) is the interaction point between the line from point (Mux, Muy) to
point (0, 0) and Mx-My contour line. ¢P, .. is the maximum compression or tension capacity of

n,max

the section, depending on the positive or negative sign of Pu. If Py is outside maximum
compression or tension capacity, a unity ratio of 99.9 is assigned.

The unity ratio of a section is the maximum unity ratio for all input load sets. Unity ratio equal
or less than 1.0 means the design strength is greater than the required strength and the
section is adequate to resist all input loads. Unity ratio greater than 1.0 means the design
strength is less than the required strength and the section is inadequate to resist all input
loads.

2). Use moment demand/capacity ratio (not recommended)

This option is similar to the first option except Pu/ ¢P

n,max

Is not considered. This option is not
as accurate as the first option above and is therefore not recommended.

It is important to realize that unity ratio defined in the program is just a measure of section
adequacy against loads. It should not be regarded as the factor of safety.

5. Unity Ratio Calculation Example
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To illustrate the calculation of unity ratio in the program, see the following example.

For a given load set (Pu, Mux, Muy) = (333 kip, 180 ft-kip, 125 ft-kip), a Mx-My capacity contour
at oPn = 333 kip is obtained as shown below. In addition, the maximum compression
capacity ¢P, ..=1050.2 kip. Use maximum of axial and moment demand/capacity ratios

Section 1 of 2 500 kip-ft
Label RectC1
4000
Type:]| Wu-hly
P=7330 kin 300
! 00,2748
200 =
] (R » P
P M, Muy) A7
100} .
r u,
A-352)7, 0.0) I , (352.7, 0.0}
-500 -4000, -300 -200 -100 0 100 200 SDD’-" 400 a00 kip-ft
-100
-200
T |pa s
-300
-4000
5000

The interaction point between the line from point (180 ft-kip, 125 ft-kip) to point (0, 0) and the
contour line is obtained as (214.1 ft-kip, 148.7 ft-kip)

JM, )2+ (M) J(180)% + (125)?
= =0.841
JOM ) + (oM, )2 (214.0) +(148.7)°
P, 333 0.317

(PP, ) 10502

Therefore, the unity ratio corresponds to the load set is 0.841. The section is adequate to
resist this load.

6. Slenderness

It is assumed that an overall 2"9 order P-Delta (P-A) analysis has been performed on a
sway frame prior to using cColumn. The program has the option to consider slenderness
to account for 2nd order effect on columns in non-sway frames as well as the 2nd order (P- d)
effect along lengths of columns in sway frames. Most of structural analysis programs today
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are capable of P-A analysis to evaluate magnification of the end moments. However, to
account for moment magnification (P- & effect) along the length of a compression member, it
is generally required to subdivide the member into multiple segments. The ACI 318 moment
magnification method, implemented in the program, eliminates the need to artificially breaking
up the physical member into multiple segments to account for the P- & effect along the
member length.

The moment magnification & is calculated as following.

b - w2El

¢ (kLy)?
0.2E.1,+E.I 0.4E.1
— ( clgTEs se) r E] = clg
1+ ﬁd 1+ ﬁd

El

The term Cr, is an equivalent moment correction factor. For members without transverse loads
between supports,

M,

Cn =06+ A =>04but <1.0
2

If a value of 0 is entered for Cm, the program will calculate Cm according to this formula. Cm must be

greater than 0.4 but less than or equal to 1.0. It is generally recommended that a value of 1.0 is used
for Cm.

The term B4 is the ratio of maximum factored axial sustained load to maximum factored axial load
associated with the same load combination. It must be less than or equal to 1.0. For example, for the
load combination 1.2*Dead + 1.6*Live load combination, P = 230 kip under unfactored dead
(sustained) load, P = 173 under unfactored live load. B4 is calculated as

1.2 %230

1.2%x230+1.6%173

Ba

You must enter B4 explicitly as part of load input in the program.
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Part 3

Verifications & Tutorial
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Chapter 9: Examples

Verification Example 001 — Uniaxial Analysis, Square, ACI 318-19

52

[Ref. 10, Example 7.11 and Example 7.12, “Design
Guide on the ACI 318 Building Code Requirements for
Structural Concrete” 1st Edition, Concrete Reinforcing

Steel Institute, 2020]

Uniaxial Analysis, Square, ACI 318-19

section 18x18 inch, concrete cover 2.44 inch,
4#9, f . =4 ksi, fy = 60 ksi and fy = 100 ksi, tied
confinement

Exclude concrete displaced by steel

£o.00

{19.00, 9.00)

9 W) @DD, 9.0

#

° )
5.56, -5.55)

(3.00, -9.00)

Note: Rectangular column may be created from Input | Section Mode | Investigate

Rectangular or Input | Section Mode | Advanced.

Comments:

This example was solved manually first in Example 7.11 for fy = 60 ksi and in Example 7.12

for fy = 100 ksi in the reference. The following comparison between cColumn and the

reference shows almost identical results.

For fy = 60 ksi
Neutral axis depth (in) ©Pn (kip) ¢Mn (ft-kip)

magt:zir:]sne cColumn Ref. cColumn Ref. cColumn Ref.

max capacity 17.82 * 690.6 690.6 104.0 *
es=0 15.56 15.56 599.7 599.9 144.9 144.8
es = 0.50fy 11.57 11.57 425.8 425.6 194.6 194.7
es =1.00 fy 9.21 9.21 307.0 307.1 214.8 214.8

Tension 5.79 * 247.3 * 252.8 *

controlled

pure flexure 2.38 2.38 0 0 131.4 132.1

* Denotes that the value is not given in the reference

For fy = 100 Kksi
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Neutral axis depth (in) ¢Pn (kip) @M (ft-kip)
ma;(t:gir;]sne cColumn Ref. cColumn Ref. cColumn Ref.
max capacity 18.48 * 732.2 732.2 103.5 *
es=0 15.56 15.56 617.1 617.3 154 .4 154 .4
es = 0.50fy 9.88 9.88 349.9 350.0 213.3 213.3
es =1.00 fy 7.24 7.24 185.3 185.3 230.5 230.5
Tension 4.94 * 124.4 * 271.4 *
controlled
pure flexure 3.19 3.19 0.0 0 210.3 210.4

* Denotes that the value is not given in the reference
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Verification Example 002 — Uniaxial Analysis, Circular, Tied, ACI 318-19

54

[Ref. 10, Example 7.13, “Design Guide on the ACI 318
Building Code Requirements for Structural Concrete” 1st T
Edition, Concrete Reinforcing Steel Institute, 2020] s S
Uniaxial Analysis, Square, ACI 318-19 [ o .|
section diameter 20 inch, concrete cover 2.44 inch, (10.0d,0.00) (10.0, 0.00)
4#9, f ¢ = 4 ksi, fy = 60 ksi, tied confinement ® /

'\__‘ ) ._ ...._r;‘
Exclude concrete displaced by steel gfflj?'ff;)

Note: Circular column may be created from Input | Section Mode | Investigate Circular or
Input | Section Mode | Advanced.

Comments:

This example was solved manually first in Example 7.13 in the reference. The following
comparison between cColumn and the reference shows almost identical results.

Neutral axis depth (in) @Pn (kip) @Mn (ft-kip)
max tepsﬂe cColumn Ref. cColumn Ref. cColumn Ref.
strain
max capacity 18.51 * 673.2 673.2 88.9 *
es=0 17.56 17.56 636.8 637.1 104.1 104.3
es = 0.50fy 13.06 13.06 435.0 435.1 156.0 156.1
es =1.00 fy 10.39 10.39 297.8 297.5 168.0 168.0
Tension 6.53 x 126.3 x 185.1 x
controlled
pure flexure 4.52 4.52 0 0 137.9 137.9

* Denotes that the value is not given in the reference
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Verification Example 002B — Uniaxial Analysis, Circular, Spiral, ACI 318-19/14

55

[Ref 8, CD/4-15, “CRSI Handbook 2008” 10" Edition,
Concrete Reinforcing Steel Institute, 2008]

Uniaxial Analysis, Circular, ACI 318-19/14

section diameter 20 inch, concrete cover 2.439 inch, 6#9,

f ¢ =6 ksi, fy = 60 ksi, Spiral confinement

Exclude concrete displaced by steel

Comments: The following shows identical results between cColumn and the reference using

ACI 318-14. For this example, there is no code provision difference between ACI 318-08,

ACI 318-11, and ACI 318-14.

@Pn (kip) ¢Mn (kip-inch)
max tensile strain cColumn Ref. cColumn Ref.
max capacity 1231.4 1231 1490.9 1491
es=0 909.8 910 2870.1 2870
es = 0.25fy 735.9 736 32234 3223
es = 0.50fy 603.7 604 3361.2 3361
es =1.00 fy 384.3 384 3377.8 3378
es = 0.005 111.3 111 2949.0 2949
pure flexure 0 0 2353.4 2353

The following shows the almost identical results between cColumn results using ACI 318-19

and ACI 318-14 code. Note that the tension controlled strains for ACI 318-14 and ACI 318-

19 are 0.005 and 0.00507 respectively, causing the slight difference of results at these points.

¢Pn (kip) ¢®Mn (Kip-inch)

max tensile strain ACI 318-14 ACI 318-19 ACI 318-14 ACI 318-19
max capacity 1231.4 1231.4 1490.9 1490.9
es=0 909.8 909.8 2870.1 2870.1
es = 0.25fy 735.9 735.9 3223.4 3223.4
es = 0.50fy 603.7 603.7 3361.2 3361.2
es =1.00 fy 384.3 384.3 3377.8 3377.8
Tension controlled 111.3 105.3 2949.0 2927.6
pure flexure 0 0 2353.4 2353.4
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Verification Example 003 — Uniaxial Analysis, Rectangular, ACI 318-19/14

[Ref. 8, pp. 3-6, “CRSI Handbook 2008” 10" Edition,
Concrete Reinforcing Steel Institute, 2008]

Uniaxial Analysis, Rectangular, ACI 318-19/14
section 12x24 inch, concrete cover 2.8465 inch,
10#14, f . = 6 ksi, fy = 60 ksi, tied confinement

Exclude concrete displaced by steel

{+6.0000,12.0000)
{31535, 3.1435)

[ ] ®
® & —
@ L

(5.0000, -12.0000)

Comments:

The reference is a very reputable publication with over 60 years of history. This example was
done manually in the reference which gives exact solution. The following shows identical
results between cColumn and the reference using ACI 318-14. For this example, there is no
code provision difference between ACI 318-08, ACI 318-11, and ACI 318-14.

cColumn vs the Reference - Major Axis

Neutral axis depth (in) ©Pn (kip) @Mn (kip-inch)

magt:gir;]sne cColumn Ref. cColumn Ref. cColumn Ref.
max capacity 27.3088 27.3088 1406.1 1406 2723.7 2724
es=0 21.1535 21.1535 1092.2 1092 4472.6 4473

es = 0.25fy 18.0427 18.0427 880.9 881 5211.6 5212
es = 0.50fy 15.7295 15.7295 708.2 708 5745.9 5746
es =1.00 fy 12.5194 12.5194 375.4 375 6588.2 6588
es = 0.005 7.9326 7.9326 -111.1 -111 8276.4 8276
pure flexure 8.6460 8.6460 0 0 8124.6 8125

cColumn vs the Reference - Minor Axis

@Pn (kip) ¢Mn (kip-inch)
max tepsﬂe cColumn Ref. cColumn Ref.
strain
max capacity 1406.1 1406 1370.5 1370
es=0 947.2 947 2667.0 2667
es = 0.25fy 723.1 723 2934.3 2934
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es = 0.50fy 519.6 520 3141.6 3142
es = 1.00 fy 149.1 149 3500.9 3501
es = 0.005 -173.5 -174 3726.6 3727
pure flexure 0 0 3599.3 3599

The following shows the almost identical results between cColumn results using ACI 318-19

and ACI 318-14 code. Note that the tension controlled strains for ACI 318-14 and ACI 318-

19 are 0.005 and 0.00507 respectively, causing the slight difference of results at these points.

Also note that the slight moment difference at pure flexure is due to the difference in

interpolating strength reduction factors in ACI 318-14 and ACI 318-19 code.

cColumn ACI 318-19 vs ACI 318-14 - Major Axis

Neutral axis depth (in) @Pn (kip) ®Mn (kip-inch)

ma;(t:gir;]sne ACI 318-14 ACI| 318-19 ACI 318-14 ACI| 318-19 ACI| 318-14 ACI| 318-19
max capacity | 27.3088 | 27.3088 1406.1 1406.1 2723.7 2723.7
£s =0 21.1535 | 21.1535 1092.2 1092.2 4472.6 4472.6
es = 0.25fy 18.0427 | 18.0427 880.9 880.9 5211.6 5211.6
es = 0.50fy 15.7295 | 15.7295 708.2 708.2 5745.9 5745.9
gs = 1.00 fy 125194 | 12.5194 375.4 375.4 6588.2 6588.2
Tension 7.9326 7.8648 1111 -122.4 8276.4 8236.4

controlled

pure flexure 8.6460 8.6460 0 0 8124.6 8081.7
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Verification Example 004 — A Column Design Tutorial, ACI 318-19

[Ref 3, pp. 7-46, “Notes on ACI 318-02 Building Code Requirements for Structural Concrete”,
8! Edition, Portland Cement Association, 2002]

Biaxial Square Column Design, ACI 318-19

Design a square tied column size and reinforcement for the load set
Pu = 1200 kips, Mux = 300 ft-kips, Muy = 125 ft-kips

f ¢ =5Kksi, fy = 60 ksi

Step 1:
From Settings | Units and Precisions, make sure the units are set correctly.

Units and Precisions X

Check the box to the right of each unit to convert existing data
aszociabed with that urit

Dimension: R ~ #.00 -

K

Length: [ | w0 -
Force [kip = w0 = W
Moment [kt x| [0 =
gﬂhﬂf:;lfgﬂyl [kipin2 =] [wooE«m0 +] W
I Save as defaults for future use

Cancel

Step 2:
From Settings | Rebar Database, make sure the rebar database is set correctly.

Rebar Database X

Database: | ERTYIGTEENENET]

Blar Designation D\a[ri'v:;tar [;it]'f;] i
1 pams gl
7 T 05 0.2
3 H5 0625 0.3
a 5 0.75 0.44
5 7 0875 0B
. A 1 079
= #3 1128 1
g #10 127 1.27
2 #11 141 1.56
10 #14 1693 225
1 #18 2257 4
12
[
4 DN
Cancel

Step 3:
From Input | Section Mode | Advanced, launch the Concrete Sections dialog box. Note: you
can also use Input | Section Mode | Design Rectangular command instead.
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Concrete Sections x
Section | Label | Type | Add Section
| Generate Aectangular Sections. . |
| Generate Circular Sections |
Rectangle-C... | Circular... |
Rectangle-B... | | Tee.. |
| L (Inversed... | l... |
| Generic Section... |
tdodify. | Copy ‘
Delste | Corwert bo Generic ‘
Auto Rename
oK | Cancel ‘

Step 4:

As this is a design problem where the precise column size and reinforcement layout are
uncertain, it becomes necessary to explore various column sizes and reinforcement
arrangements. To facilitate this process, the software provides a highly capable "Generate
Rectangular Sections" command within the Concrete Sections dialog box. This command
empowers us to automatically generate multiple sections parametrically, saving us valuable
time and effort. To proceed, simply click on the "Generate Rectangular Sections" button
within the Concrete Sections dialog box and input the parameters as shown below.

Generate Rectangular Sections X

Section Prefis: ‘F\ect

Fe |5 kip/in"2 Fy 50 kip/in"2

Section Generation Parameters

Start End Step
wiicth: 20 20 |2 in
Height: [20 [20 [2 in
Bar size = B |
TopBars
Botlom Bars. |2 |+ h
Left Bars
Right Bars: ‘2 |4 |1
v Square sections [Width = Height]
v Equal bars on four sides
Bar cover
Dearcoverio [f5— n Tiessie =
Caver to bar center will be computed ag follawing:
"Clear cover ta ties” + "ties diameter” + one half of “longitudinal bar diameter'*
Ties size will be at least #4 for #17 or larger longitudinal bars
Confinement: | Tied j
L d

This dialog box plays a crucial role in the design of rectangular sections. It allows for the
generation of numerous sections with varying sizes and reinforcement layouts, ranging from
a few to potentially thousands. While the program boasts a remarkably fast solver, it is
always beneficial to limit the number of sections to be solved. Drawing upon your expertise, it
is advisable to select reasonable parameters to avoid an excessive number of generated
sections.
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In the case of designing a square column, like in the provided example, ensure that both
"Square sections" and "Equal bars on four sides" options are selected. This will significantly
reduce the number of sections generated. Using the parameters as illustrated above will

result in the generation of 49 sections.

Step 5:

Concrete Sections

Section | Label | Type

26 Rect24=24 fc5_fyB0 BH11_M3_MY3_cc2 705 Fectangle-C
27 Rect24x24 fc5_fE0_BHI_NX3 N3 cc2BE4 Rectangle-C
28 Rect26<26_fc5_fyE0_12#10_Mx4_Nvd4_ccZ 635 Fectangle-C
29 Rect26x26_fc5_RE0 12811 _Mxd_NYd_ccZ 705 Rectangle-C
it} Rect26:26_fc5_fyE0_12#3_M+<4_MNY4_cc2 564 Rectangle-C
N Rect26226_fc5_fyE0_ 4B10_M=<2_MYZ_cc2 635 Fectangle-C
32 Rect?6x26_fe5_fB0_dB11_M<2_MYZ_cc? 705 Rectangle-C
33 Rect26:26_fc5_fyE0 BH10_M3_MY3_cc2.635 Fectangls-C
34 Rect26x26_fch_ B0 28811 M3 MNY3 cc2 705 Rectangle-C
35 Rect26:26_fc5_fE0_BHI_NX3 N3 cc2 BE4 Rectangle-C
36 Rect28x28_fc5_fE0_12H#10 _M=4_Nv4_ccZ 635 Fectangle-C
kr Rect28x28_fe5_RB0_128#11_Mxd_NYd_cc 705 Rectangle-C
38 Rect28:28 fc5_RE0 12#9_M:4_MNY4_cc2 BE4 Rectangle-C
39 Rect28=28 fc5_fyB0 4B11_Mx<2_MYZ2_cc2 705 Fectangle-C
40 Rect28x28 fc5_RE0 BH10_MA3_MNY3_cc2 B35 Rectangle-C
41 Rect28:28_fc5_fyE0_SH11_Mx<3_MY'3_cc2 705 Fectangle-C
42 Rect28x28_fc5_E0_BHI_NX3 Nv3_cc2 564 Rectangle-C
43 Rect30:30_fc5_RE0 12810 Mx4_NY4_cc2 635 Rectangle-C
44 Fect30=30_fc5_fE0_12#17_Mx4_NY4_cc2 705 Fectangle-C
45 Rect30x30_fc5_fE0_12H9_M<4_MNY4_cc2 564 Rectangle-C
46 Fect30=30_fc5_RE0 4B11_M+<2_MYZ_cc2. 705 Fectangls-C
47 Rect30x30_fch_fwe0 28810 M3 MNY3 cc2 B35 Rectangle-C
48 Rect30:30_fc5_RE0 BH11_M+<3_MNY3_cc2 705 Rectangle-C
43 Fect30x30_fc5_fED_BHI_NAX3 MNv3_cc2 564 Fectangle-C

Add Section

Generate Rectangular Sections I

Generate Ciroular Sections... |

Fectangle-B.. | | Tee... |
L (Inversed)... | | ... |

| Rectangle-C.. | | Circular.. |

Generic Section... |

Madify... | Copy |
Delete | Corwert to Generic |

Auto Rename
ok | Cancel |
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From Input | Loads, bring up the Load Data dialog box. Click on the button “New Rows” and
enter the load set as shown.

Step 6:

Factored Load Data X
Beta_d iz the ratio of maximum factored axial sustained load to marimumn factored axial load azsociated with the same load combination.
Crn will be computed automatically (05 + 0.4 = M1/42) if a Cm walueof 0 is entered
Pu Muz-Top | Mux-Bottom | Muy-Top | Muy - Bottom |~
fkip] [kip-t] kint] Ikip#] ki) Bl L Emy
1 1200 200 200 128 128
]
< [v]

Generate From Service Loads...

| Import From spColumn Service Loads..

1 New Rows Frint

A

Cancel

d

From Input | Slenderness, do not consider slenderness. Do not consider minimum moments

either.
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Slenderness *

Slendemesz in the program only accounts for moment magnification in a nonsway frame member or along the length
of & sway frame member. |t iz azzumed that a P-Delta analysiz has been performed on sway frames beforehand.

Heduis Az

™ Consider slendemess

Unbraced length [Lux]: i ft Unbraced length [Luy]: 0 ft
Effective length factor (K= |1 Effective length factor Kyl |1

[ Consider minimum mament (Mmir) [~ Consider minimum marment (Mmir)

El for critical column load P

|El =(0.2Ec *lg+Es *Ise] /[1 +Beta_d] |

(] 8 | Cancel

Step 7:
From Input | Design Criteria, input the parameters as shown below. In particular, we set our
preferred unit ratio to be within range of [0.8, 1.0] (The default range is [0.25, 1.0]).

Design Criteria x

Reinforcement Ratio

Mirimurn: 0.m ¥100%
I awimurn: 0.08 x100%

Preferred Unity Fatio
Minimum: n.e
b awimnum: 1

Bar Selection Method

* Based on area of steel

" Based on clear spacing between bars

Minimurmn bar 15 i
clear spacing: =

Step 8:

From Run | Options, bring up the Run Option dialog box before we proceed with the solution.
Make sure ACI 318-19 is selected. It is important to point out that the neutral axis steps and
biaxial angle steps directly affect the accuracy and speed of our solution. Here we need to
balance the solution accuracy and solution speed. You are encouraged to try different
settings to see the differences. If you are solving thousands of sections simultaneously, you
may want to choose less accurate and faster solution in the first run, delete most of the
sections based on unity ratios (say 0.8~1.0 due to the conservative solution) and then
perform a more accurate and slower solution in the second run.
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In this case, a value of 250 for neutral axis steps is adequate for our problem. Since this a
biaxial problem, biaxial angle steps is set to 16. Axial capacity steps for display is set to 20

Run Opticns *
ALl Code:

Strength reduction factor: i Auto " Always use 1.0

Meutral awiz steps for accuracy [must be > 20 2580

Biazial angle steps [must be multiple of 4] 1

[ahways uze 4 for uniaxial):

Auial capacity steps for display [must be > 5] 2

¥ Exclude concrete displaced by steel

Unity Ratio Method: | Use maximum of axial and morment demand/capacity ratios j

[~ Delete zections that do not meet the design criteria et in Input | Design Criteria

[ Rank sections based on the design criteria st in [nput | Design Criteria

——

Cancel
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(far less than 250) so that we do not crowd our graphical and numerical display of result data.
Note “Exclude concrete displaced by steel” should almost always be checked. This option is
provided only for checking example problems in textbooks!

Click on “Solve” to start the solving process.

Step 9:

From Result Data | Capacity Check, bring up the Capacity Check dialog box. Here each of

the 54 sections is checked against the loads (one set in this case). Those sections with unity

ratios less than 1.0 are safe while those with unity ratios greater than 1.0 are unsafe.

Capacity Check

A gection is marked red if its unity ratios is greater than 1.0 or outside the preferred minimum and maximum unity ratios. & section is marked

arange if reinforcement ratio or minimum bar clear spacing is outside the normal range (zee Input | Design Criteria)

B

Close

Section Label Unity R atic nggcﬁlo_ [kip‘::?t] “:‘fpc_ﬁ] Reinf. Ratio [ir’?"SZI [i?PE] S%E?r;g 3
1 Rect20-20_fch_fy60_12H10_NX4_Nv4_cc2 635 1.294 1 300.0 1250 3.610% 15.24 400.0 364
2 Rect2020_fc5_fyE0 12811 _Nx4_Nvd_cc2 705 1.093 1 300.0 1250 4.660% 18.72 400.0 3.45
3 Rect20x20_Fc5_fyBE0_12HI_M<4_Nv4_cc? 5E4 1633 1 300.0 1260 3.000% 12.00 400.0 383
4 Rect20-20_fch_fyB0_4#10_NX2_NY2_ccZ 635 1.736 1 300.0 1250 1.270% 5.08 400.0 13.46
5 Rect20x20_fcS_fyB0 4#11_NX2_NY2_cc2 705 1.667 1 300.0 1250 1.560% £.24 400.0 1318
B Rect20420_tch_fyE0_4H3_Mx2_NY2_cc? BE4 1.787 1 300.0 1260 1.000% 4.00 400.0 1374
7 Rect20-20_fch_fyB0_8#10_NX3_NY3_ccZ 635 1.643 1 300.0 1250 2.540% 1016 400.0 6.10)
8 Rect20x20_fcS_fyB0 BH11_NX3_NY3_cc2 705 1.572 1 300.0 1250 3120% 12.48 400.0 5.89
El Rect20420_tch_fyB0_BHI_MX3_NV3_cc? BE4 1.712 1 300.0 1260 2.000% 82.00 400.0 B3
10 Rect22422_fch_fyB0_12810_NX4_Nv4_ccZ 630 0.845 1 300.0 125.0 3.149% 16.24 4840 431
1 Rect22x22_fc5_fyb0_12H11_NX4_Nv4_cc2 705 0.755 1 300.0 1250 3.868% 18.72 484.0 412
12 Rect22:22_fch_fyB0 12H3 Nx4_NY4_cc2 BES 0.959 1 300.0 1250 2.479% 12.00 4840 450
13 Rect22x22_fch_fpB0_4#10_Mx2_NY2_cc? B35 1.352 1 300.0 1260 1.060% 5.08 4840 15.46
14 Rect2222_fch_fyb0_4#11_NX2_NY2_cc2 705 1.267 1 300.0 1250 1.269% £.24 484.0 1518
15 Rect22422 fch_fyB0_4#3 Mx2 NY2 cc2 564 1.362 1 300.0 1250 0.826% 4.00 4340 15.74)
16 Rect22x22_fcb_fyB0_B#10_MKX3_NY3_cc2 B35 1.040 1 300.0 1260 2.099% 1016 4340 710
17 Rect2222_fch_fy60_B#11_NX3_NY3_cc2 705 0.935 1 300.0 1250 2.579% 12.48 484.0 6.86
18 Rect22422 fc5_fyB0_BH#I Mx3_WY3 cc2564 1.167 1 300.0 1250 1.653% 8.00 484.0 ]l
[l D
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In order to pick our final section size and reinforcement easily, we can run the Result Data |
Rank sections menu. This will automatically rank our sections based on the design criteria
set from Input Data | Design Criteria.

Capacity Check X

l Close

A section is marked red if its unity ratios is greater than 1.0 or outside the prefened minimum and maximum unity iatios. 4 section i marked
orange if reinforcement ratio or minimum bar clear spacing is outside the nomal range (see Input | Design Criteria]

Section Label Uity Ratio LEQ::‘IDBTL. [x;a] [x;ﬁ] Reint. Ratio [”ffz] [ﬁ“gZ] S%}?g =
1 Rect22:22_fch_fyf0_1243 Nx4_Nvd_cc2 564 I 0953 1 3000 1250 2.478% 1200 484.0 450
2 Rect22:22 fcf fyB0_B#11_Nx3_Nv3_cc2 705 0935 1 300.0 1250 2579% 1248 484.0 688
3 Rect22x22_fc5_yE0_12H10_Nx<d_MY4_cc2 B35 0.845 1 3000 1250 3.143% 15.24 484.0 431
4 Rect24x24_fel_fub0_4811_NxX2_Nv2Z_cc2 705 0.825 1 3000 1250 1.083% 6.24 576.0 17.18
@ Rect20«20_fch_fyB0_4H3_Nx<2_Nv2_cc2 564 1.7a7 1 a00.0 1250 1.000% 4.00 400.0 1374
B Rect20:20_fe5_fyb0 4410 Nx2_NY2_cc2 B35 1.736 1 a00.0 1250 1.270% 5.08 400.0 1346
7 Rect20:20fol_fyB0_4#11_Nxz_Nv2_cc2 705 1.687 1 3000 1250 1.560% 6.24 400.0 1318
g Rect20x20_fch_fyE0_BH3_Nx3_Nv3_cc2bed 1.712 1 2000 1250 2.000% a.00 400.0 B3
g Rect20:20 fel_fubl 8410 NX3_NY3_cc2 B35 1.643 1 2000 1250 2540% 10718 400.0 E10
10 Rect20:20_fe5_fyb0 1243 Nx4_Nvd_cc2 564 1633 1 3000 1250 3.000% 1200 400.0 383
1 Rect20:20_fe5_fyB0_8#11_Nx3_Nv3_cc2 705 1572 1 300.0 1250 3120 1248 400.0 588
12 Rect20:20_fch_wE0_12H10_Mx4_NY4_cc2 B35 1.294 1 2000 1250 3810% 16.24 400.0 264
12 Rect20:20_fcS_we0_12H11_Mx4_NY4_cc2 705 1.092 1 2000 1250 4 BB0% 1a72 400.0 245
14 Rect22x22_fch_fyE0_4H3 Nx2 _Nv2_cc2 664 1.362 1 3000 1250 0.826% 4.00 484.0 1674
15 Rect22:22 fef fyB0_4#10_Nx2_Nv2_cc2 B35 1.398 1 300.0 1250 1.050% 508 484.0 15 45
16 Rect2222_fel fub 4811_Nxz_Nv2_cc2 705 1.267 1 3000 1250 1.289% 624 484.0 1518
17 Rlect22x22_fch_fyB0_SH3_Mx3_Nv3_cc2 5ed 1167 1 2000 1250 1.E62% 200 484.0 71
18 Rect22x22_fch_fybl 8410 NX3_NY3_cc2 B35 1.040 1 3000 1250 2055% 1016 4840 710
] D]

We also have the option to delete the sections that do not meet our design criteria altogether
by running the Input | Design Criteria menu again. Since the sections have been solved, you
will be prompted with the message “Sections have been solved. Do you want to delete the
sections that do not meet the design criteria?”. Click “Yes” to proceed. Now go to the Result
Data | Capacity Check, we will only see the sections that meet the design criteria.

Capacity Check X

Close

A section iz marked red if its urity ratios is greater than 1.0 or outside the preferred minimum and masimum unity ratios. A section is marked
orange if reinfarcement ratio or minimum bar clear spacing is outside the normal range [see Input | Design Criteria)

it Clear =
Critical Mex My Az Ag &
Section Label Uniy Ratia || =550 tKimd] k) | RentRatio i [ Spﬁﬂng

1 Rect2222_fch_yB0_12H3_Nrxd_Nv4_cc2 564 I 0.953 1 300.0 125.0 2.479% 12.00 484.0 450

2 Rect22+22_fch_fy60_8H11_Nx3_NY3_cc2 705 0.935 1 300.0 1250 2.579% 12.48 484.0 .83

3 Rect22:22_fch_f60_12#10_Nx4_NY4_cc2 635 0.845 1 300.0 125.0 3.143% 15.24 484.0 4.3

4 Rect24n24_fe5 fyE0_4H#11_Nx2_NY2_cc2. 705 0.825 1 300.0 1250 1.083% £.24 576.0 17.18

5
-]
4] [v]

Another way to rank the sections and/or delete unwanted sections is to check the following
options on the Run | Options dialog box prior to solution:

“‘Rank sections based on the design criteria set in Input | Design Criteria”

“Delete sections that do not meet the design criteria set in Input | Design Criteria”.
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After filtering out the sections that do not meet our design criteria, we have only four sections
left as our final candidates. We can pick “Rect24x24 fc5 fy60_ 4#11 NX2 NY2_cc2.705”
(width=24 inch, height=24 inch, 4#11 bars) as our final section which happens to be the one
used by the reference [Ref 3, 7-46].

Note: The biaxial solutions given in the reference [Ref 3, 7-46] are based on some
approximate methods such as Bresler Reciprocal Load Method and PCA Load Contour
Method. The solution given by cColumn is an exact solution. The former is tedious and
approximate while the latter is easy and exact.

This concludes our tutorial.
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Verification Example 005 — Pure Bending, Tee, ACI 319-19

[Ref. 4, pp. 116, Leet & Bernal, “Reinforced
Concrete Design” 3" Edition, McGraw-Hill, 1997]

0.0,20.0) e} o) 0

Pure Bending Analysis, Tee, ACI 318-19 00150 7o ke erolEm@n. 50
Section width=28, height=20, flange height=4 and
web width=14 inch, concrete cover 2.0 inch,
3#11, f . = 5 ksi, fy = 60 ksi . .
(14.0,2.0)
7.0,00 210,0.0)

Do not exclude concrete displaced by steel

Note: Tee section must be created from Input | Section Mode | Advanced

Tee Section X
Secton Labek
Width (b): 28 in Fe: |25 kipdin“2

Run Opticns X

AL Code:

Strength reduction factor: @ Auto 7 Always uze 1.0
Height [h}: 20 in Fv: |60 kipdin™2 ¥
web Width [bw): ,14— i | Meutral axis steps far accuracy (must be » 20): 250
. . | Biaxial angle steps [must be multiple of 4)
geoaslyeingllnig]4 n [always use 4 far uniasial): 4
Reinforcement | Arial capacity steps for display [must be > 5] 20
Bar size: a1 e Top Bars: 0 I | [T Exclude cancrete displaced by steel |
Cover ta
2 n Battom Bars: |3 | Unity Fatio Method |Use mavirnurn of axial and moment demand/capacity ratios j

Bar Center:

Calculate:

[ Delete sections that do not meet the design criteria st in Input | Design Criteria

[~ Rank sections based on the design criteria set in Input | Design Criteria

Solve oK. Cancel
| |

Confinement; | Tied -

Comments: The comparison between the program and the reference is excellent
cColumn: @ @Pn =0, Mn = 328.2 (kip-ft)
References: @ ¢Pn =0, pMn = 328.25 (kip-ft)

Although this is a pure flexure (uniaxial) problem, the program still solves it biaxially. Itis
sufficient to set the biaxial angle steps of 4. The only point that we are interested in is @ @Pn
= 0. By running View | Result Diagrams, we can view the P-Mx interaction diagram. Notice
the diagram is skewed as shown below. This is typical for unsymmetrical sections and is due
to the fact that the moments are taken about the geometric centroid and forces in
unsymmetrical bars generate a net moment about the centroid. This is particularly true for
the condition of the maximum axial load capacity where the whole section is under uniform
strain 0.003 or for the condition of “pure tension” where concrete is ignored altogether.

You may convert this Tee section to a generic section. The results would be the same.
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& P-hc: Tee [= er]f=]
Section 1 of 1
BO0 kip
Label: Teel
Type: P-Mx 5 k : A
ve 21735178 LH05,8173)
Code: ACI318-19 ‘,” —
Unity ratio 0,00 (<= 10, 0
nity ratio ( ] ] -
1
k! -
hY ‘\i-.\
A 300) Su,
EN ~
e .
‘ = ™
[~ N
100) .
. [245.3, B9.B)
g o) ez
-260 -200 -150 -100 -50 [ - 50 100 150 200 250 3D|}" 350 kip-ft
~| t.
-100] ~.
P - (1244, -183.1) e
200
| I \ 1965, -252.7)
i -300]

We can also save our P-Mx and P-My interaction diagram to a high resolution png file from
File | Save PM Diagrams to Images as shown in the following page.
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Project/Job: cColumn v10
(C) Computations & Graphics, Inc.
Engineer: Date & Time: 06/18/2023 20:54
Code: ACI 318-19 Control Points (kip, kip-£ft)
Teel Strength reducticn: Aute
Neutral axis steps: 500 PT P Mx (+) max es
Biaxial angle steps: 4 =0 | = === smeemmmecemeee memmmmmmmee mmmmeeeee
Axlal capacity steps: 20 PO 517.30 -40.47 -0.00067
Excl. displ'd cencrete: No P1 373.21 68.04 0.00000
P2 206.09 168.55 0.00103
b x h: 28 x 20 in P3 69.93 245.33 0.00207
bw x hf: 14 x 4 in P4 6.69 329.96 0.00507
fe: 2.50 kip/in”~2 P5 -0.00 328.23 0.00544
fy: 60.00 kip/in~2 Pmin -252.72 196.586 0.20000
Cover (t.c): 2 in
Bars: 3 # 11 PT P My (=) max es
Ceonfinement: Tied | mmmm mmmmmmemes meeeees meeee o
Bg: 336.00 in"2 PO 517.30 -58.21 -0.00062
v As: 4.68 in~2 Pl 361.09 -104.27 0.00000
Rch: 1.39% P2 179.45 -111.70 0.00103
\_ O O O Ix: 12394.7 in™4 P3 44,50 -100.22 0.00207
X Iy: 10976 in~4 P4 -156.02 -63.25 0.00507
X0: 14.00 in P5 -0.00 -82.73 0.00261
¥0: 11.33 in Pmin -252.72 0.00 0.20000
Clear spacing: 3.59 in
Section 1 of 1

Axial Force (kip)

P-Mx and P-My Interaction Diagram
600 HTITTITITTTIToIrproearTIorrrprIrTrp rIrorTryrTe’”T \\\\‘\\\\ IIII|IIII Illllllll IIII|III| TTTTITTITT T T Irr T rrrTrIorrrprImTITprnmTi]
PO PO ]
N\ \ 7
Pl ]
Pl ]
300 \ A .
- { N\e: ]
200 N 5 es=0 \ ]
lOO: N\ es=0.5ey \ 3
= \ N \33 ]
— P3 \ o~
- es=ey. ]
0 - P5 tension ctrl \I‘;‘gﬂ ]
-100 \ /! =
E pd \ -
i \// :
,3OO:IIII|IIII Leor it erpnveberrrtrventoerrirrrriueeg IIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIIIIIIIIIIIIIII:
-250 -200 -150 -100 -50 0 50 100 150 200 250 300 350
Moment (kip-ft)
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Verification Example 006 — Uniaxial Analysis, Slender Rectangular, ACI 318-19

[Ref 6, pp. 11-24, “Notes on ACI 318-08 Building Code Requirements for Structural Concrete”,
10t Edition, Portland Cement Association, 2008]

Uniaxial Slender Rectangular Column Analysis, ACI 318-19

Design a square tied column size and reinforcement for the load set Pu = 920.4 Kips, top Mux
=111.7 ft-kips, bottom Mux = 62.5 ft-kips. Try Section 20 x 20 in. 8#8 bars

f =6 ksi, fy = 60 ksi, cover to the center of main bars = 2.375 in,

Unbraced length = 21.33 ft, unbraced length factor K = 0.86, C,,= 0.82, 5; = 0.94

The following are relevant input and output in the program. Since the column is designed
uniaxially, we do not consider slenderness and minimum moment about the minor axis of the
section. The moment magnification factor can be calculated as & = Mcx / Mux = 224.1 / 111.7
= 2.006 (The referenced value 2.01) where Mc is the critical magnified X-moment. We can
create the rectangular column by using Input | Section Mode | Investigate Rectangular or
Input | Section Mode | Advanced | Rectangle-C.

Rectangular Section Investigation X

Secton Label: [ZET

Width [b] lzu— in Fe |5— kipdin"2
Height [h]: lzu— in Fy ,EU— kipin"2
Reinforcament

Bar size; Ha - Top Bars: ,3—

Coverto 2375 5 T
Eiar Center, n Eottom Bars: ,—

% Left Bars ,3—
Right Bars ’37

Confinement;  |Ted =]

Factored Load Data s
Beta_d is the ratio of maximum factored axial sustained load to maximum faclured axla\ Inad associated with the same load combination.
Crn will be: computed automatically (06 + 0.4 * M1/M2] if a Cm valueof 0 is
Mux-Top | Mus-Bottom | Muy-Top | Muy - Bottom |+
(i fkiot] ] Kot | lpn | Bed Em e
1 3204 17 825 0 0 034 oe ]
kd
4 [v]
Generate From Service Loads... | Impart From spCalumn Service Loads.. |
[ New Fiows Fiirl... Cancel
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From Input | Slenderness:

Slenderness

gt

Slenderness in the program only accounts for moment magnification in a nonsway frame member or along the length
of a sway frame member. |t iz assumed that a P-Delta analysiz has been performed on sway frames befarehand,

X

v Consider slendemess
Unbraced length (Lux) |21 33 fit

Effective length factor [Kx]: |0.96

¥ Consider minimum mament [bmin]

A
[~ Consider slenderess

Unbraced length [Luy): 0 ft
Effective length factor (Ky]: |1

I~ Consider minimurn moment [bmin]

El for critical column load Po:

[E1=(02Ec*1g+Es*1se) /1 + Bata_d) ~|

Cancel |

From Run | Options and then Solve:

Run Opticns X

ALl Code:

Strength reduction Factor: i Auto 7 Always uze 1.0

Meutral axiz steps for accuracy (must be > 20): 250

Biarial angle steps [must be multiple of 4] lm—

[abvays use 4 for uniaxial):

Avial capacity steps for display [must be > 5] 20
¥ Exclude concrete displaced by steel

Unity R atio Method: IUse maximum of axial and moment demand/capacity ratios LI
I Delete sections that do not mest the design critenia set in Input | Design Critenia
[~ Rank sections based on the design criteria set in Input | Design Criteria

Solve Ok I Cancel

From Result Data | Capacity Check:

Capacity Check

A gection iz marked red if its urity ratios is greater than 1.0 or outside the preferred minimum and maximum unity ratios. A section iz marked
orange if reinforcement ratio or minimum bar clear spacing it autside the normal range [zee Input | Design Criteria)

Close

Unity Ratio

Critic:al
Load Mo,

[E[=1 Mey

Ag
[kip-ft] [kip-ft]

Feinf. Ratio

Ag

Clear -

FectC] 0.742

2241 oo 1.580%
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Verification Example 007 — Generic Section Analysis, ACI 318-19

[Ref 1, pp. 304-307, Authur H. Nilson, “Design of Concrete Structures” 13™" Edition,
WCB/McGraw-Hill, 2004]

Uniaxial Slender Rectangular Column Analysis, ACI 318-19

Design a square tied column size and reinforcement for the load set

Pu =553 kips, top Myy = 158 ft-kips, bottom Myy = 175 ft-kips

f =4 ksi, fy = 60 ksi, cover to the center of main bars = 2.51 in

Section 18 x 18 in. 4#10 + 4#9 bars

Unbraced length = 13 ft, unbraced length factor K = 0.87, C,,= 0.96 (auto-calculated), 5, =
0.50

-9.00| 9.00 00,9.00
¢ )#’ND # #10 P )

[ 4& 43) 0.00,5.49) ® 4&49)

# #

(6.4370.00) 5.49,0.00)

#0 #10

0
(6 4& 43 0 DD!.AB) [ 4&.49)

(-9.00, -2.00) (8.00,-9.00)

The following are relevant input and output in the program. Since the column is designed
uniaxially, we do not consider slenderness and minimum moment about the major axis of the
section. It is important to point out that the generic section is used due to different rebar
sizes are used in the section. C,,may be automatically calculated if a value of O is entered.

The magnified moment given by cColumn is 200.9 ft-kips. The magnified moment given by
the reference is 201 ft-kips.

Generic section must be created from Input | Section Mode | Advanced.

Concrete Sections X

Add Section

Generate Rectangular Sections... |

Generate Circular Sections... ‘
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Click on “Generic Section” button on the dialog above:

Generic Section

Secton Labek Fo |4 kip#in™2 Fy B0 kipdin™2

Geometry [Vertices must be continuas Rebars (Duplicate individual bars will be merged):

*r-Coordinate bl 2 2 Blar Sizeft Murnber of
firl [in] 5 irl ai Size(H) e

1 -3 3 1 -6.43 E.43 £.43 E.43 #10 2
2 9 g 2 -6.49 -6.49 6439 -6.49 #10 2
3 ] g 3 0 -6.43 0 E.43 HI 2
4 -9 g 4 -6.49 1] 6439 1] x| 2
5 5
E E
7 7

Rectangular Circular Circular

Optional Dpering 1: Optional Opening 2 Optional Opening 3:

-Coordinate i Y-Coordinate -Coordinate
[in] [in] [in]

1 1 1
2 2 2
El 3 El
4 4 4
B 5 B
B [ B

Rectangular, | Circular... | Heclamgulal...l Circular... Rectangular.. | Circular... | . |

Corfinement. | Tied =] Cancel |

From Input | Loads:

Factored Load Data

Crn will be computed automatically (0.6 + 0.4 * M1/M2] if a Cm valueof O iz entered.

Beta_d is the ratio of maximum factored axial sustained load to maximum factored axial load associated with the same load combination.

Mux - Top | Mux - Bottorn | Muy - Top | Muy - Bottam
[kip-it] [kip-ft] [kip-ft] [kip-ft]

Crmy

158 175

| Generate From Service Loads... i Impart From spColumn Service Loads...

|1 Mew Rows Frint... |

(] 8 Cancel
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From Input | Slenderness:

From Run | Options:

Slenderness

Slendemess in the pragram only accounts for mament magnification in a nonsway frame member ar along the length

of & sway frame member. |t is assumed that a P-Delta analysis has been performed on sway frames beforehand.

i

i

onzider slendemess

Unbraced length [Lux):

IU ft
Effective length factar [Kx]: IT

[~ Consider minirum moment [Mrin)

-
¥ Consider slendemess
Unbraced length [Luy):

I'IE) ft

Effective length factor [Ky) |0.87

¥ Conzider minirmurm morment [ rmin)

El for critical column load Pc:

JEI=(04EC *1g) /11 + Beta_d) |
oK I Canicel
Run Optiens X
ACI Code:

Strength reduction factor:

& Auto

Meutral axis steps for accuracy [must be > 20

Biawxial angle steps [must be multiple of 4]
[always uze 4 for uniaxial):

Aial capacity steps for display [must be > 5]

V¥ Exclude concrete displaced by steel

7 Always uze 1.0

260
|1E
|2D

Unity Fatio Method: IUSe mawimum of axial and moment demand/capacity ratios j

[~ Delete sections that do not meet the design criteria set in Input | Design Criteria

[~ Rank sections bazed on the design criteria set in [nput | Design Criteria

Salve | 0K I Cancel
Capacity Check X
A section is marked red i its unity ratios is greter than 1.0 or outside the preferred minimum and masimum urity rafios. A section is marked oese |
orange if reinforcement ratio or minimum bar clear spacing is outside the nomal range (s Input | D esign Criteria) = 2
Crical Mex Moy o As g Clear
Unity R atio Load Mo kipt] kipf] Rieinf. Ratio [in°2] 2l Spiai;":ing
1 Generic-Section 0.910 1 oo 200.9 2.802% 9.08 3240 529
2
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Comments: We used generic section due to two different bar sizes are used in the section.
The comparison between the program and the reference is excellent. The unity ratio given
by cColumn is 0.91. The section is adequate against the input load condition.
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Verification Example 008 — Generic Section with Openings, ACI 318-19

Investigate the following trapezoid section with opening, according to ACI 318-2019. The
section top and bottom widths are 16 and 20 inches respectively. The section height is 24
inches. The opening is 4 x 12 inches rectangle. The figure below shows the vertex
coordinates of the section.

Find the section capacity (¢Pnand ¢Mn) corresponding to 50% tension at the bottom steel
bars.

Material properties: f .= 6 ksi, fy = 60 ksi
Concrete cover to the center of main bars = 2.8465 inches.
Reinforcement bars: 12 #14 as shown below.

(-8.0,'.12.0) (B.D,.IHZD)

(2.0 ‘K—E.Dj 2 D"—E 0
® ® ®

10,0, -12.0) (10.0, -12.0)

Solution:

Step 1: Calculate the neutral depth c at 50% tension. The distance to row 5 bars from
extreme compression surface Ds5 = 24 — 2.8465 = 21.1535 in.

The tensile stress in row 5 bars = 0.5 * 60 = 30 ksi.

The neutral depth ¢ = 211535 = 15.7295 in.
1+30/(29000%0.003)

Step 2: Calculate the centroid of the net section.

Whole section area Awhole = 16;20 x 24 = 432 in?

20+16%2
3 (16+20)

Whole section centroid distance from base Ywhole = * 24 = 11.555556 in?

Opening area Aopen = 4 * 12 = 48 in?

Distance to the net section centroid from the section base

—48%12+432%11.555556 .
Ynet = = 11.5in?
432—48
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Step 3: Calculate the intercepted section and opening properties at the depth a, where
a=P1*c=0.75*15.7295=11.7971 in.

Intercepted trapezoid base x = —=22222 4 16 = 17.96618 in

0.003
(B0 20y B 20
a=11.7971"
g Rojl
@ [T @& c=15.7295"
X
(-20,-6000 (20, B.0)
. . . 0.0010345
(=100, -1:2.00) {100, -12.0)
. 16+17.96618 .
Intercepted trapezoid area: Ai_whole = —, 117971 = 200.35121in?

Distance to the centroid of the intercepted trapezoid from section top:

2%¥16+17.96618

Yi_whole = 11.7971 — 3+(16+17.96618)

*11.7971 = 6.0124 in

Intercepted opening area: Ai open = (11.7971 — 6) * 4 = 23.1884 in?

Distance to the centroid of the intercepted opening from section top
Yi open = 6 + (11.7971 — 6) /2 =8.8986 in

Intercepted net area Ai net = Ai_whole - Ai open = 200.3512 — 23.1884 = 177.1628 in?

Step 4: Calculate concrete force and moment about the net section centroid (distance from
the section base is Ynet=11.51in).

Cc=0.85*f.*Ainet=0.85*6*177.1628 = 903.53 kips

Mc_whole = 0.85 * ¢ * Ai_whole * (12 - 6.0124 + 0.5)

=0.85*6*200.35 * (12 - 6.0124 + 0.5) = 6628.9 in-kips
Mc_opening = 0.85 * f . * Ai open* (12 - 6.0124 + 0.5)
=0.85*6*23.1884 * (12 — 8.8986 + 0.5) = 425.9 in-kips
Mc = Mc_whole - Mc_opening =6628.9 —425.9 = 6203 in-kips
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Step 5: Calculate steel bar forces and moments about the net section centroid (distance from
the section base is Ynet=11.5in). For bars located in the compression zone (Dsi < a), the
bar compressive force is reduced by compressive force of the displaced concrete (see Note 1
and 2 below).

Signed Distance to

Steel Stress Force Net Section Moment

Row Dsi (in) | Steel Strain | (ksi) (kips) Centroid (in-kips)
1] 2.8465| 0.0024571 60 370.575* 9.6535 3577.3
2| 7.4233| 0.0015842 45.942 | 183.789** 5.0767 933.0
3 12| 0.0007113 20.628 92.826 0.5 46.4
41 16.5768 | -0.0001616 -4.686 -21.087 -4.0768 86.0
5(21.1535 | -0.0010345 -30 -202.5 -8.6535 1752.3
Total Total
423.6 6395.1

Note 1: * Steel force is reduced by 0.85 * 6 * 3 * 2.25 = 34.425 Kips
Note 2: ** Steel force is reduced by 0.85 * 6 * 2 * 2.25 = 22.95 Kkips

Step 6: Calculate the section capacity.
Pn=903.53 + 423.6 = 1327.1 Kips;
Mn= 6203 + 6395.1 = 12598.1 in-kips; ®Mn=0.65 * 12598.1 = 8188.8 in-kips

Comments:

The manual computation above is verified exactly by cColumn. The control point P2 (Pu =

¢Pn=0.65*1327.1 = 862.6 kips

862.64 kip, Mux = 8188.84 in-kip) in cColumn P-Mx and P-My interaction diagram below
corresponds to 50% tension for bottom bars.
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Project/Job: cColumn v10
(C) Computations & Graphics, Inc.
Engineer: Date & Time: 06/18/2023 20:56
Code: ACI 318-19 Control Points (kip, kip-in)
RectC1l Strength reducticn: Aute
Neutral axis steps: 50 PT P Mx (+) max es
Biaxial angle steps: 32 | = === mmemmmmmmmmm mmmmmmmmem mmmee o
(:) (:) (:> Axlal capacity steps: 50 PO 1789.16 4012.93 -0.00073
Excl. displ'd ceoncrete: Yes P1 1321.59 6683.36 0.00000
P2 862.64 8188.84 0.00103
Generic P3 471.81 9218.14 0.00207
O O fc: 6.00 kip/in2 P4 -20.23  11360.36  0.00507
T fy: 60.00 kip/in”~2 P5 0.00 11337.94 0.00496
Bars: 12 # 14 Prin -1458.00 -729.00 0.20000
O - O Confinement: Tied
Ag: 384.00 in”2 PT P My (-) max es
As: 27.00 in~2 ] mmmm mmmmommoooo ms mommoeo
Rech: 7.03% PO 1789.16 -2862.59 -0.00072
O @) Ix: 20054 in~4 Pl 1314.62  -5169.57  0.00000
Iy: 11744 in~4 P2 893.43 -6622.91 0.00103
¥0: 0.00 in P3 507.98 -7560.64 0.00207
O O O Y0: -0.50 in P4 -82.59 -8674.84 0.00507
Clear spacing: 2.91 in P5 0.02 -8584.11 0.004e1
Pmin -1458.00 0.00 0.20000
Section 1 of 1
P-Mx and P-My Interaction Diagram
2000
:|||||III||||‘|III||||1|||||||||||||III|||\HIIIIIIII:
= PO PO =
1500 [— / \ —]
= Pl Pl .
1000 — —
— P2 P2 ]
— es=0 —
— - =
500 — 7 es=0.5ey ‘D\ 1 2
= o=
— 08
— = — 5
— I uw
— 18
o [— PS5 tension ctrl P35 ] é
— 4, —
00| \ / —
-1000 — d —
,1500—|IIIIIIIIII|IIIIIIIIIII‘\[‘<IIII|IIIIIIII|I\HIIIIIIII—
-15000 -10000 -5000 0 5000 10000 15000

Moment (kip-in)
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Verification Example 009 — Shear Wall (Metric Unit), ACI 318-19
Investigate the following shear wall according to ACI 318-2019.

Material properties: f .= 35 MPa, fy = 420 Mpa
Confinement: tied

Section Boundary

Point # X Y Point # X Y Point # X Y
mm mm mm mm mm mm
1 0.00 0.00 2 600.00 0.00 3 600.00 200.00
250.00 200.00 5 250.00 1450.00 6 600.00 1450.00

600.00 1650.00 8 0.00 1650.00

Section Rebars

Area X Y Area X Y Area X Y
mm”2 mm mm mm”2 mm mm mm”2 mm mm
129.03 40.00 30.00 129.03 210.00 30.00 129.03 380.00 30.00
129.03 550.00 30.00 129.03 40.00 180.00 129.03 210.00 180.00
129.03 380.00 180.00 129.03 550.00 180.00 129.03 40.00 240.00
129.03 40.00 407.14 129.03 40.00 574.29 129.03 40.00 741.43
129.03 40.00 908.57 129.03 40.00 1075.71 129.03 40.00 1242.86
129.03 40.00 1410.00 129.03 210.00 240.00 129.03 210.00 407.14
129.03 210.00 574.29 129.03 210.00 741.43 129.03 210.00 908.57
129.03 210.00 1075.71 129.03 210.00 1242.86 129.03 210.00 1410.00
129.03 40.00 1470.00 129.03 210.00 1470.00 129.03 40.00 1620.00
129.03 210.00 1620.00 1006.45 380.00 1620.00 1006.45 550.00 1620.00
1006.45 380.00 1470.00 1006.45 550.00 1470.00
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The following shows almost identical results between cColumn and spColumn v10. Please
note that the sign convention for Mx are reversed between cColumn and spColumn.

P-Mx (Positive) Control Points

79

Neutral axis depth

(mm) ®Pn (kN) @®Mnx (KN-m) ®Mny (KN-m)
cColumn | spColumn | cColumn | spColumn | cColumn | spColumn | cColumn | spColumn
Pmax 1836.27 1836 10097.3 10097.3 2430.3 -2430.27 21.0 20.95
fs=0 1620.00 1620 9099.8 9099.9 2980.8 -2980.79 64.7 64.70
fs=0.5Fy 1199.92 1200 7225.1 7225.5 3586.5 -3586.47 184.4 184.35
balanced 952.84 953 6006.4 6006.9 3742.3 -3742.36 254.2 254.14
Tension control 599.96 600 5999.9 6000.4 4850.1 -4850.38 520.5 520.55
Pure bending 97.13 97 -0.1 0.0 1329.5 -1329.58 129.4 129.46
Pure tension 0.00 0 -2887.4 -2887.4 -955.2 955.19 -364.2 -364.23
P-Mx (Negative) Control Points
Ne“”a('rﬁﬂi depth ®Pn (kN) ®Max (KN-m) @My (kN-m)
cColumn | spColumn | cColumn | spColumn | cColumn | spColumn | cColumn | spColumn
Pmax 1906.65 1907 10097.3 10097.3 -1190.3 1190.42 -90.8 -90.83
fs=0 1620.00 1620 8272.9 8273.0 -2299.0 2298.92 -153.6 -153.58
fs=0.5Fy 1199.92 1200 5941.3 5941.7 -3235.3 3235.22 -154.5 -154.55
balanced 952.84 953 4265.7 4266.2 -3721.7 3721.74 -205.3 -205.37
Tension control 599.96 600 3440.7 3441.1 -4917.9 4918.04 -155.1 -155.07
Pure bending 177.56 178 -0.1 0.0 -3119.3 3119.40 -89.8 -89.76
Pure tension 0.00 0 -2887.4 -2887.4 -955.2 955.19 -364.2 -364.23
P-My (Positive) Control Points
Ne“”a('rﬁ’r:fl? depth ©Pn (kN) M (KN-m) ©Mny (KN-m)
cColumn | spColumn | cColumn | spColumn | cColumn | spColumn | cColumn | spColumn
Pmax 673.27 673 10097.3 10097.3 627.7 -627.80 630.5 630.51
fs=0 560.00 560 6989.0 6989.3 595.2 -595.24 900.4 900.38
fs=0.5Fy 414.79 415 3327.1 3327.5 527.4 -527.49 899.3 899.37
balanced 329.38 329 2320.8 2321.2 459.7 -459.73 856.2 856.27
Tension control 207.39 207 1321.0 1321.2 402.3 -402.34 913.6 913.63
Pure bending 138.06 138 0.2 0.0 -3.6 3.68 615.4 615.41
Pure tension 0.00 0 -2887.4 -2887.4 -955.2 955.19 -364.2 -364.23

P-My (Negative)

Control Points
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eure s dePh OPx (KN) @M (KN-m) @My (KN-m)

cColumn | spColumn | cColumn | spColumn | cColumn | spColumn | cColumn | spColumn
Pmax 518.52 519 10097.2 10097.3 77.3 -77.29 -486.7 -486.68
fs=0 550.00 550 10097.3 10396.1* 127.8 -127.88 -417.7 -417.65
fs=0.5Fy 407.38 407 8956.7 8957.0 -139.4 139.31 -715.2 -715.20
balanced 323.49 324 7835.2 7835.6 -431.0 430.94 -908.9 -908.91
Tension control 203.69 204 5965.8 5966.4 -955.2 955.19 -1400.3 -1400.30
Pure bending 58.98 59 0.1 0.0 -955.2 955.19 -863.4 -863.43
Pure tension 0.00 0 -2887.4 -2887.4 -955.2 955.19 -364.2 -364.23

* There is a discrepency for Pn at fs = 0 between cColumn and spColumn.

any points.

Section Properties

In cColumn, @Pn cannot be greater than Pmax at

cColumn spColumn
Total Section Area (Ag), mm”2 552500.00 552500
Total Steel Area (As), mm”2 7638.69 7639
Reinforcement Ratio (Rho) 1.383 % 1.38%
Moment of Inertia of Section Ix, mm"4 1.67640+011 1.6764e+011
Moment of Interia of Section ly, mm~4 1.298484+010 1.29848e+010
Centroid-X (X0), mm 201.02 201.018
Centroid-Y (Y0), mm 825.00 825
Clear Spacing between Bars, mm 47.30 47
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Verification Example 010 — Circular Section with Opening, ACI 318-19

Investigate the following circular section with an opening according to ACI 318-2019.
Material properties: f .= 4.5 ksi, fy = 60 ksi

Section diameter: 40 in

I-shaped opening: width x height x web width x flange height =15x15x2 x 3 in
Rebars: 11 # 10

Confinement: tied

Cover to rebar center: 3 in

Consider slenderness: Lux = Luy = 30 ft

Dead Loads: Pu:750 kip, Mux_top:250, Mux_bot:175, Muy_top: 80, Muy_bot: 145 kip-ft
Live Loads: Pu:500 kip, Mux_top:240, Mux_bot:165, Muy_top: 70, Muy_bot: 235 Kip-ft

From Input | Section Mode | Advanced menu, bring up the Concrete Sections dialog

Concrete Sections X

Section | Label Tppe Add Section

1 Genencl

‘ Generate Rectangular Sections. .. |

‘ Generate Circular Sections... |

‘ Fectangle-C... | | Circular... |

Fectangle-B... | | Tee... |

‘ Generic Section... |

‘ L [Inversed)...

Madify... | Copy |
Delete | Corvert to Generic |
Auto Rename
0K | Cancel |
|
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Click on the “Generic Section” button and enter the material properties fc and Fy on the Generic

Section dialog

Generic Section X
Secton Label: [Gengric2 S E| kipdin'2 Fy: B0 Kip/in"2
Geometry [Vertices must be continuous Rebars [Duplicate individual bars will be merged):

#-Coordinate | -Coordinate E 1 71 »2 2 Bt Sie(] MNumber of
i fin] fin] fin] fin] CEL Bars
[ (N
2 2
3 3
4 4
& )
B B
7 7
4 DN
Rectangular... | Circular... | l.. | Circular.. |

Optional Opering 1

Optional Opening 2.

Optional Opening

-Coordinate -Coordinate
i i

[i
1

1
2
€l
4
5
3

[in]

=8 %Cooinate | Y-Coordinate | =]

¥ Comdinate | Y-Coordiate | |~)
[in

@ ;e w =

Fiectangular..|  Cicalar.. | | | Rectangur. | Circular.. | | | Fectanquisr..|  Croutr.. | | |
Confinement. | Tied ~| Cancel
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Click on the “Circular” button under the Geometry data grid to generate circular pattern points of the

section boundary

Click on the “Circular” button under the Rebars data grid to generate circular pattern rebars

Circular Pattern Generation

Center = ID in
Center'r': IU in
Radius: |2E‘ in
Radius 2 Igg in
[for ellipse]:

Start &ngle: IU deg
End &ngle: 360 deg
Segments: 4

=1
o
B

x

Cancel |
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Circular Pattern Generaticn X

Center % 0 in

Center': 0 in

Radius: 17 in

Radius 2 17 in |
[for ellipse]. |
Start Angle; a deg

End Angle: 360 deg
Segments: ,12—

Bar size -

Click on the “I” button under the Optional Opening 1 data grid to generate the I-shaped opening

| Pattern Generation X

Center X 0 in
Center . 0 in
Width 15 in

Height; ,157 n
“wheb Wwidth: 2 in

Flange Height: |3 in

Cancel

The finished generic section input is shown below

Generic Section XT
Secton Label:  [Generic2 e |45 Kip/in™2 Fe [0 kipin2 ‘
Geometry (Vertices must be continuous | Fiebars [Duplicate individual bars will be merged) ‘
|
*-Coordinate ‘Y-Coordinate 1 1 X2 Y2 Bar Sizalt] Number of ‘
[in] [in] [in] [in] [in] [in] Bars
1 0 1 0 17 i #10 1
2 1974 320823 2 14,3013 913083 14.3013 913083 #10 1
3 18.9707 £.33336 3 7.06208 15.4637 7.06208 15,4637 #10 1
4 17.7091 9.20446 4 241935 16.827 -2.41935 16.827 #0 1
5 15.9889 120m4a 5 111326 12.8477 111326 128477 #10 1
[ 13,8545 14.424 [ 163114 478945 163114 4.78945 #10 1
7 11.3613 16.4557 7 163114 -4.78345 163114 -4.78345 #10 1
A7385 18063 111326 1284 111326 1284 #10 1
4] [T [0 DI
Rectangular | Ciclar | 1 | i |
Optional Opening 1 Optianal Dpening 2: Optional Dpening 3
»-Coordinate “f-Coordinate #-Coordinate Yv-Coordinate #-Coordinate ‘¥-Coordinate
[in] [in] in] in] [in] n|
2 75 7.5 2 2
3 75 45 3 3
4 1 4.5 4 4
) 1 45 5 [}
[ 75 45 3 [
] DI [T D [ I
Rectangular... ‘ Circular... | l.. I Rectangular... | Circular... ‘ I.. ‘ Rectangular... ‘ Circular... ‘ . |
\
Confinement: | Tied =] & %
i

From Input | Loads menu, bring up the Factored Load Data dialog



Factored Load Data X

Beta_d is the ratio of maximum factored axial sustained load to maximum factored axial load associated with the same load combination.
Crn will be computed automatically (0.6 + 0.4 = M1/M2)if & Cm valueof Ois entered

Pu Mux-Top | Mux-Battom | Muw-Top | Muy - Bottom &
[kip] [kip-] [kip-] Kipett] Tkip-H] Betad Emx Cmy

LI

<«

Generate From Service Loads... ‘ Import From spColumn Service Loads. . ‘

1 New Rows Frint - Cancel

Click on the “Generate From Service Loads” button and enter the dead and live loads.

R

Service Load Data X

Service lnads includes Dead, Live, Wind. Earthquake. and Roaf Live [or Snow, o Rain). Factored loads including Beta_d(ie..
Beta_dns), Cmix. Cry will be automatically calculated based on the currently selected ACI 318 cade,
P Mz -Top M - Battom My - Top My - Bottam =l
Load Caze kin] ki) Tkipi] Teipit] Tkipt]
1 Dead 750 250 175 o 145
2 Live 500 240 165! 70 235
[ i 0 ——4 h
| 4 Earthquake 1} 1} 1} 1} 0
5 Roof Live [Snow, Rain) [t} [t} [t} [t} 0
I~
« [v]
Print... - Cancel
Factored loads will be automatically calculated as shown below
Factored Load Data *
Beta_d iz the ratio of maximum factored awial sustained load to masimurn factored avial load associated with the same load combination.
Crn will be computed automnatically (0.6 + 0.4 * M1/M2) if a Crm valusof Uiz entered.
Fu Mux-Top | Mux-Bottorn | Muy -Top | Muy - Bottom =
[kin] Tkipt] iceit] [kipt] Ticeit] Betad Emx Cmy
1 1050 350 245 12 203 1 0.88 0.82063
2 1700 B84 474 208 550 0529412 0877193 0.751273
g 1400 540 378 1EE: 404 0642857 0877e7e 0.762347
4 300 200 210 96 174 1 nsg 0.82069
5 300 300 210 96 174 1 0.8g 0.82063
B 1400 540 375 1EE 409 0.642857 0877778 0.762347
7 1400 540 375 1EE 404 0642857 0877778 0.762347
g 1400 540 378 1EE 404 0.642857 0877778 0.762347
g 1400 540 et 1EE: 4049 [0.642857 0877eve 0.762347
1o £76 228 1875 T2 1305 1 nsg 0.82069
11 675 225 1575 72 1305 1 0.8g 0.82063
12 £75 225 1575 72 1305 1 0.88 0.82063
13 £75 225 1575 72 1305 1 n.ag 0.82063
14
7]
4] [+]
Generate From Service Loads.. | Irnpart Fram spCalumn Service Loads...
1 Mew Rows Prit... Cancel
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From the Input | Slenderness menu, enter the slenderness parameters

Slenderness X

Slenderness in the program only accounts for moment magnification in a nonsway frame member or along the length
of a sway frame member. |t is assumed that 8 P-Delta analysis has been performed on sway frames beforehand.

Hedis Y-Fiis

Iv Consider slenderness
Unbraced length [Lus]: 30 ft Unbraced length [Luy): 30 ft
Effective length factor [Kx]: |1 Effective length factar Kyl |1

[v¥ Congider mirirmurm morment [trmin) [+ Consider minimurn moment [Mmin)

El for critical column load Pe:

[EI=10.2Ec " 1g+Es~Ise) /(1 + Beta_dl -l

Cancel

From the Run | Options, enter the solver options

Run Options x
AL Code:
Strength reduction factar; v Auto ™ Always uze 1.0
Neutral axis steps for accuracy [must be 3> 20): 250
Biaxial angle steps [must be multiple of 4] 15
[always uze 4 for uniazial);
Avial capacity steps for display [must be » 5] 20
| ¥ Exclude concrete displaced by steel
Unity Ratio Method: |Use moment demand/capacity ratio [not recommended) j
[~ Delete sections that do not meet the design criteria set in Input | Design Criteria
[ Rank zections bazed on the design ciiteria set in [nput | Dezian Criteria
Sokve | Ok Cancel
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The following shows almost identical results between cColumn and spColumn v10. Please
note that the sign convention for Mx are reversed between cColumn and spColumn.

P-Mx (Positive) Control Points

Neutral axis depth

(mm) ©Pn (kN) @®Mnx (KN-m) ©Mny (KN-m)
cColumn | spColumn | cColumn | spColumn | cColumn | spColumn | cColumn | spColumn
Pmax 38.30 38.30 2681.9 2681.9 775.1 -775.08 -0.8 -0.79
fs=0 36.81 36.81 2565.5 2565.5 880.3 -880.31 -0.0 -0.03
fs = 0.5 Fy 27.37 27.37 1831.6 1831.6 1306.4 -1306.41 2.3 -2.34
balanced 21.79 21.79 1262.3 1262.3 1416.8 -1416.80 0.4 0.36
Tension control 13.69 13.69 784.8 784.8 1671.4 -1671.45 2.2 2.20
Pure bending 7.56 7.57 -0.0 0.0 984.7 -984.69 -0.9 -0.87
Pure tension 0.00 0.00 -754.4 -754.4 0.0 0.00 0.0 0.00
P-Mx (Negative) Control Points
Neutral axis depth ®Pn (kN) @M (KN-m) @My (kN-m)
(mm)
cColumn | spColumn | cColumn | spColumn | cColumn | spColumn | cColumn | spColumn
Pmax 38.30 38.30 2681.9 2681.9 -775.1 775.08 -0.8 -0.79
fs=0 36.81 36.81 2565.5 2565.5 -880.3 880.31 -0.0 -0.03
fs=05Fy 27.37 271.37 1831.6 1831.6 -1306.4 1306.41 -2.3 -2.34
balanced 21.79 21.79 1262.3 1262.3 -1416.8 1416.80 0.4 0.37
Tension control 13.69 13.69 784.8 784.8 -1671.4 1671.45 22 2.20
Pure bending 7.56 7.57 -0.0 0.0 -984.7 984.69 -0.9 -0.86
Pure tension 0.00 0.00 -754.4 -754.4 0.0 0.00 0.0 0.00
P-My (Positive) Control Points
Ne”“a('rﬁ’r‘ri? depth OPn (KN) @My (KN-m) OMny (KN-m)
cColumn | spColumn | cColumn | spColumn | cColumn | spColumn | cColumn | spColumn
Pmax 38.35 38.35 2681.9 2681.9 0.0 0.00 777.0 776.97
fs=0 36.31 36.31 2526.7 2526.7 -0.0 0.00 912.7 912.72
fs = 0.5 Fy 27.00 27.00 1750.6 1750.7 0.0 0.00 1344.1 1344.10
balanced 21.49 21.49 1272.9 1272.9 -0.0 0.00 1446.7 1446.69
Tension control 13.50 13.50 750.2 750.2 -0.0 0.00 1655.9 1655.92
Pure bending 7.77 7.77 0.0 0.0 -0.0 0.00 993.5 993.46
Pure tension 0.00 0.00 -754.4 -754.4 0.0 0.00 0.0 0.00
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P-My (Negative) Control Points
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Ne”“a('rﬁ’éi? depth OPn (kN) OMux (KN-m) @May (KN-m)
cColumn | spColumn | cColumn | spColumn | cColumn | spColumn | cColumn | spColumn
Pmax 38.25 38.25 2681.9 2681.9 0.0 0.00 -773.5 -773.52
fs=0 36.94 36.94 2579.1 2579.1 0.0 0.00 -867.1 -867.06
fs=05Fy 27.46 27.46 1799.6 1799.6 0.0 0.00 -1332.8 -1332.79
balanced 21.86 21.86 1313.3 1313.3 0.0 0.00 -1441.5 -1441.46
Tension control 13.73 13.73 802.3 802.3 0.0 0.00 -1679.4 -1679.43
Pure bending 7.45 7.45 -0.0 0.0 0.0 0.00 -981.1 -981.18
Pure tension 0.00 0.00 -754.4 -754.4 0.0 0.00 0.0 0.00
Others
cColumn spColumn
Total Section Area (Ag), in"2 1143.21 1143.21
Total Steel Area (As), in"2 13.97 13.97
Reinforcement Ratio (Rho) 1.222 % 1.22%
Moment of Inertia of Section Ix, in"4 121151.78 121152
Moment of Interia of Section ly, in"4 122886.91 122887
Centroid-X (X0), in 0.00 0
Centroid-Y (Y0), in 0.00 0
Clear Spacing between Bars, in 8.31 8.31
Critical Axial Force Pu, kip 1700 1700
Magnified moment Mcx, kip-ft 858.5 858.48
Magnified moment Mcy, kip-ft 272.8 272.78
Unity Ratio * 0.679 0.67

*In order to compare with spColumn, we used the moment demand/capacity ratio method (not
recommended) to compute the unity ratio. In general, the maximum of axial and moment
demand/capacity ratios method is recommended for unity ratio calculation.
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Appendix

Designations, diameters and areas of standard bars

#3 0.375 0.11 #10 9.5 71
#5 0.625 0.31 #16 15.9 199
#11 1.410 1.56 #36 35.8 1006
#18 2.257 4.00 #57 57.3 2581

Unit Conversions

1lin = 25.4 mm 1mm = 0.03937 in

1llb = 4.44822 N 1IN => 0.22481 Ib

1 Kip-in => 0.112985 kKN-m 1 kKN-m => 8.85073 kip-in

1 Ib-in => 0.112985 N-m 1 N-m => 8.85073 Ib-in

1 Ib/in"2 => 0.00689476 N/mm”"2 1 N/mm”2 = 145.04 Ib/in"2
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