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License Agreement

End User License Agreement for CGI Software

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 A greement. 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.

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. fiDocument a
contents of the files, printed materials with which this Agreement is provided.

AEntdser 06 meyamus. ACGI 6 means Computations & Graphics, I nc

2. GRANT OF LICENSE:

CGil grants you the End User a non - exclusive 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. T he
license is not transferable unless you send a written notification to CGI. This

License starts from the date after you receive the Software and will last as long

as the End User complies with the terms of this Agreement.

The Site Version of the Softwa re is licensed for simultaneous use at a given site.

3. SUPPORT.
CGil offers 60 days free email technical support related to the installation and
uses of the Software, starting from the date of this Agreement.

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

Commercial uses of the Software only apply to the Standard, Professional and Small
Busin ess versions of the Software. 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 WHASOEVER 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,

I' T I'S THE END USEROG6S RESPONSIBILITY TO | NDEPENDENTLY VEF
RELIABLITY OF THE SOFTWARE. NO EXPRESS OR IMPLIED WARRANTY IS PROVIDED BY CGI OR

ITS DEVELOPERS ON THE ACCURACY OR RELIABILITY OF THE SOFTWARE
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Copyright

THE SOFTWARERCSECTIONSAND ALL ITS DOCUMENTATION ARE THE
INTELLECTUAL PROPERT OF AND ARE OWNED B COMPUTATIONS & GRAPHICS INC.
(CGI). ILLEGAL USEOF THE SOFTWARE OR RPRODUCTION OF ITS @CUMENTATION
IS STRICTLY PROHIBITED.

Disclaimer

CGI HAS TAKEN EVERY EFFORT TO MAKETHE SOFTWARE RELIABLE AND ACCURATE.
HOWEVER, ITISTHEEND USERGOGS REIBYTONSI Bl

INDEPENDENTLY VERIFY THE ACCURACY AND REUABLITY OF THE SOFTWARE. NO
EXPRESS OR IMPLIED VMRRANTY IS PROVIDEDBY CGI OR ITS DEVELAQPERS ON THE
ACCURACY OR RELIABILITY OF THE SOFTWARE

Notice

SINCERCSECTIONSCOMES 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 trademarkSilicon Graphicsinc. (SGI).

Windows is a registered trademark of Microsoft Corporation.

RcSectionss a trademark of Computations & Graphics, Inc.

Copyright 20032011by Computations & Graphics, Inc. All rights reserved.

RevisedJanuary 2011




A\

(B0 =NV = Y = o O TP PP PPPPPPPPPPPRPR 1l
(@ 0] = i e o 1 TP TP P PP PP PPPPUPPPPTRTPN i
DISCLAIMER. ...ttt oo oo oo oo e e e e ettt ettt eeeee et te bt ba ks oo oo 4o 42 e e e e e e eeeeeee e e e et aeebababas e e e aeaeaeeeaaaeeeeeneed Il
[N (0 [0 = OO PP PP 1
INTRODUGCTION  ceotiiiiieiiiiie it e ettt et e e e e e ettt e e e e s e sa sttt eateeeaeaaase s eeeeaeeaaaastee et et e e e e e anbebeeeeeesaanssbeeeeeameeesaannbaneeaeeaannes 1
KEYFEATURES. ...ttt e te e ettt ettt e e oo ekttt et ettt e e e e 244 e s e kbt e e ettt a2 e e e e e e e e e e aa R R b b e b e e e e et e e e e e eeeae s nnbbebe e e e e e eeeeeeesanaannnnne 1
HARDWARE ANBDFTWARHREQUIREMENTS ...t ttteettttiuuttttetteeeteeaeeesssaasstsbeeeeeetaaaeeeesaaasnsbbbbeeeeeeeeeesaesaaannbbsrneeeaeaeeesansnn 3
1 =1 N O S T PP P PP PPPPP TR PTPPI 4
L@ 0 o == B T =TSP PP PPUPUUPTRPRN 5
[N L= USSP 5

1O 07T o TP PP TP PO PPTTTRR 5

L0 o 1= P PSPPPRRRR 6
Y= 1Y =TT UPT PR 6
Yz 1Y N PPN 6
(0= T o1 (0 (= OB =T o1 o [ 0= Vo L= SO PRSPPI 7
AULO-CAPIUIE TMAGES. ... ittt ittt e e et ettt e e e et et e et e e e e e e e e s e s s an b e e e ettt e aeeeesess b rnreeneeeeeaeeeeenaannnns 7
(D=1 [ (o [ g F= o Lo ST O PU R PUPPPPPTPPPPRN 7

L g E=To LTSRS {=T oo o PP PPTPTTTUPPPPRPTP 7

[ [0 TP PP PPPPRTUPPPPRRRRY 4
B 2 U= Lo ] 4 G PO TUPPPPPR 8
T 10T (1 o SRRt 8
PIINT PIEVIBWL. ...ttt ettt oo e e e e e bbbt ettt e e e aeae e e e s e a bbb b e e e et et e e e e eesaaaannbabbeeeeeeaeeeeesannnnnns 9

[ 110 P PP U OO PUPPPPPTTUTNE 9
CHAPTER: SETTINGS ctttttttutttuuuuuaaaaasesaeeaatateteeeeeeeesaessststasaaaaaaaaaaaaaaaaaaaaaaeesanessssssssnsssnsnnnnnnssniniseseseeeeeeeeeeeeeemeennnes 10
L0 S/ o =T o 1] T LSRRI 10
(D=1 = W @ o1 1T oL~ PP OTPPR 10
(070] (o] =T U TP TP PPOP 11
REDAI DALADASE. ... ...ttt e oo e oottt et e e e e e e e e bbb e et e e e e e e e e e e e anabreeeeees 11

e (] (=TT o[l T PO O P OP PP UUPP P PR PRPRRPPP 12
)tz LU = =T PP PP PP T PP TR 13
10T ] 1o - T PSSR 13

(O 8 o 1 S 1 S 14
L TS] (0] (1Y, T | RS SSR 14

4 o Lo ] 1 PP UPPPPRRRPUPPPIN 14

A oTo] 4l o To ] 1 T = (] o | PP U TP OPPPPPPPIN 14

b oTo] 4 W 40 To] ¢ 4T VAV/ 1o To [0 1V PSP PP PP OPRPP 14

b oTo] 4o T 10T 1 1 o TR PP PPPRT 14
pdoTo] 00 B 4o To ] o £ 1@ V) PP TPPRPP 14
= 1 PSP PUPPPRPPTN 14

[ AT I e T IS od (=TT o T PP PUP PP 15

L L I I | PP RRT 15
L= T I 3o ] | TP TSP PPPPPPPPPPR 15
L=V T 1 1 o T TR PPPPPTRPT 15
PAN | DOttt e e e oo e oo oot bttt et e e ee e e e o e o s n bbb bt ettt e e e e e e e e e e R bbb b eebe et e e aeeee e e e e nrnbreeeeas 15
0] - 1 =3P PT PP PR TUPPPIN 15
o= (I I PP OTPPRP 16
0= (N PSR PPP 16
o= (N o PP PRP 16
(0] 2= 1 (= I PP TP RO PPPTT 16
[0 2= L (= I AT OPPPPPPPPRPPT 16
(0] 2= L (= PP TR 16

LR LT LI T 0=\ o T o PPN 16
Real Time Motion | REANME PaN..........uuiiiiiiieeee ettt e e e e e s s s s e e e e ee e e s e s snane e ereeeeeeeeeeesaanannnrennnees 16



\Y,

Real Time Motion | REANME ZOOML.......uuuiiiiiiieeee it ittt e e e e e e e s s s st aaee e e eeaeeesesasassaae e e reeaeaeeessssansnnrennnees 17
Real Time Motion | REANME ROLALE.............cciiiiiiiiiee e ee e e e e e e e e s s e e e e e e e e e s s s s e snrarrrereaeeeeeeeas 17
[DIE= o] r= 1o (1 1Y/ o1 S PSP PP P P OPPPPTPN 17
NS U] = To | =T A O PP TP PPP T PTPPPP PO 17
Y= Tox T ] o [= 0 o o PP EPUP RSP 17
AULO-CAPIUIE IMABGES. ....cceiiiiiitte ettt ettt e e e e e s s e ettt e e e e s e et e e et et e e e e e e sa e s e b e e reeereeeeens 18
TSR/ =Y 1= T 1 PPEPRR 18

L@ TN o = S N T PSR SR 19
STl 110 = PSPPI 19
o =T L3PPSR 22

Y [T 0 [0 (=T g LTSRS PPPURTRTRR 22
102= 1o = To] 1421 2 & (o B TP PP TP PP PPPPPPRO 23

L o [0 TR R 23
=T [ TP PRSP PP R PRRR PRSP 23
GHAPTEBR: RUN ittt e et e e e e s e s s e et e et e e e s e et bbb e e b e e e e e s e e e s s s s s bbb e e e e e 24
L 0] 10 1 S 24
L0 Y= OO P UU PR PPPPPRP 25
=T 00 PP PP PP 25

[ To 1 1= SO PP PPPPTPP 25
CHAPTER: RESULDATA ..ot tttt ittt oottt e e e e e e s oottt e e e e e e e e e e e s bbb e e ettt e e e e e e s e s e s e e e e e aaee s 26
S T=Tot (o]l (o] 1T 1= T PO OUP PP PPPPPRN 26
LY D 2 T PO PPPPPRRR 26

L Y D T PRSPPI 26
Y ) T USRS RN 27
Y Y PSPPI 27
102: 1o 1= To] 11 O o =T o -GPSR UPPPPTPPPN 27
CHAPTER: WWINDOW..... ettt e e e e e e e e sttt e e e e e 444ttt e e 444444k E R e e e e e et et e e e e e o4 e ae b e e e et e eeeeeeeenesnnnnnnenneees 29
LN L AL o o SO RPEPRR 29
L g (el 7de o] v= | PP TP PR P OTPRPRON 29
BTl o : TP PO PPPUPPPPPPPPRPN 29
L OF= o To =P TSP PP T PPPRPPN 29
TECHNICAL ISSUES ittt ettt e ettt e e ettt amt e e e st et e e sata e e e e steeeeasssamteesasseeeansseeesassseeesnssamseesnnnneens 30
CHAPTER: METHOD OBOLUTION ..ttt tttiutttttseteteeeaseessasaasssbesseeeeeeeeeesassaa s ab e s e e et e e eeeeeas s e s b b e e e et e teeeeesaaannnrnnnnnnneees 31
(0ol o [T a T (IS Y (=1 o0 ET=To] o= 1 SO PP PUP PR 31
[0 F=To ES3X= TaTo [N OF= T o= T Y USRS 33
Solution AsSuMPLioNS [REEIENCE 1, 2,.3] .ceeeieiiiiiiiiiiiicie et s e s e s e e e e e e e aaaeeeeeeeaesesrnne 34
Yo 10T I 2 o o 11 0 L= 35
Capacity Ratio Calculation EXAmMPIE.........ooooiiiiiiiiiiieii s s s s e e e e e aeaaaaeeeeeeaeananaen 39
VERIFICATIONS & TUTO RIA L oottt e et e e et e e e e e e e e e e e e e e ata e e e arreeeenes 40
CHAPTERD: EXAMPLES& ATUTORIAL ..ccttet ettt ettt eee e e e e e e s e e st e ettt e e e e e e e e s e s s bbb e e ettt e e e e e e e s aaaan e r e e be e e e e eeeeenesannnnnnnne 41
Verification Example ¢ Uniaxial Analysis, Rectangular, ACI-8B8............cooiiiiiiiiiiiiiiiiee e 41
Verification Example  Uniaxial Analysis, Circular, ACI EB...........c..uuiiiiiiiiiiaaieaee e 42
Verification Example 8Uniaxial Analysis, Square, ACI-BPB05/08...........cveviiiiiiiiieiiie e 43
Verification Example g Uniaxial Analysis, Rectangular, ACI-BB8...........coouiiiiiiiiiiiiiiiiia e ee e 44
Verification Examig 5¢ Pure Bending, Tee, ACI FAD..........uiiiiiiiiie oot r e e e e e s s ssnnreene e e e e e e e e e s nnnnns 45
Verification Example § Uniaxial Design, Rectangular, ACIBBB...........uoiiiiiiiiiiiiiiiiiee e A7
Verification Example @A Tutorial, ACI 3182/05/08..........uueeiiieieeeiiiieiiiieee e e e e e e e s sssssearreeeeereeeesesannnnsenneees 50
Verification Example 8 Uniaxial Analysis, Slender Rectangular, ACIOBLS............ccevereeeiiiriciivniinireneeeeeeesnnnens 58
Verification Example § Generic Section Analysis, ACI-BREIS/08.........cccuuuiiiiiiiiiaaeiaeeee e 60
REFERENCES. ...ttt ettt e e ettt e e e e et et 4o e s e e e ettt e e e e e 44 e e e a b e e e ettt e e e e e e e e e s b e r e b e e e et e te e e e e e s nnerrnanenee e s 63
AAPPENDDX ..ttt e ettt e e e e e e ettt e e e e e e e e R e ettt e e e e e e et e e a e e et e et e e e e e e s a e arrreraeeeeaneeennanened 64
Designations, diamets and areas of Standard DAIS............ccuiiiiiiiiiri e 64
LT 00 01V =T o SOOI 64



Vi

Vi



Introduction

RcSections™ (version 2)is a powerful 3zbit Windows program designespecifically for

structural engineers to perform axixural analysis and design of concrete sections (beams,
columns or walls) according to ACI 3B® and ACI 3182/05/08 It analyzes the uniaxiabr
biaxiakbending capacity of multiple sectionswarious regular and generic shapes (with openings)
simultaneously in a fast and ugaendly manner. Loads may be input and checked against
capacity of sectionsOptionalcolumnslenderness may be consider@dSections is a great tool

for shortening th triakand-error design process in concrete column (and beam) design.
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Key Features
Codes and Units ACI 31899 and ACI 318)2/05/08English, Metric or Mixed

Section Shapes Unlimited number of Rectangular, Tee, Circular, I, Inverse L and Gematic
up to 3 openings) sectioase supportedMultiple rectangular or circular sections candueckly
parametrically generatevith differentsectionsizes and reinforcement configuratiori®egular
sections may be convertedgeneric sections.

Loads: Unlimited number of load sets (M., Myy) may be input Moments can be magnified by
considering column slendernesddequacy of each section to carry the losdsomputed in terms
of simple capacity ratio.
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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 dfaeaxis steps, variable biaxial

angle steps, variable axial steps for display and inclusion or exclusion of displaced coFfueete.

latest solvecaneventake advantage of multiple CPU architecturenostt o d @ogmusers

Diagrams: The program didpys2D P-M,, P-My and M-M, interaction diagram and 3D-W-M,
interaction surface or wirfame. Key pointareshown automatically on the eraction diagrams.
Critical input load isshown with color on the 2D/3D diagrams or surface dendtiegdeqacy of
the section to resisbads. Impressive 2D MVIx and RMy diagram may be printed.

P-M, Interaction Diagram P-M,-M, Interaction WireFrame

Result Data Very detailed result daia tabulated in spreadsheets.MPresult includes neutral

axis depth, eccentricity, maximum tensile strain and strength reduction factor, as well as axial
capacity P and moment capacity RResult data may be copied to other spread sheet program such
as Miaosoft Excel.



Hardware and Software Requirements

Computer CPU Intel Pentium based; 450 MHz or faster is recommended

Memory (RAM) Minimum 64 MB; 128 MB or more is recommended

Video Card Minimum 8 MB; OpenGL acceleration is almost essential, see Note 1

Hard Disk Depending on the model size

Operating System | Windows XP, Vista and Windows 7

Note 1: The program uses OpenGL as its graphic rendering engine. Most graphoticarusy

being soldare OpenGL accelerated. If your graphic card does not support OpenGL acceleration, the
programdés graphi cs mboyeellgourgraphpiodard is O@emGL hegelesatedoow e r .
not, go tothemenu Help | Aboutlf you can see "Installdb Client Driver” in the About dialog box,
then it is. Otherwise, it is not.
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Chapter 1: File

The File main menu provides commands that are related to files. It also provides commands® related
text and graphial reports. Input data for a model is saved in one single text file (also called a model
file in this program) rasn .&achimpstfile nmag comtaenfurdimiled e xt e
number of sectionsYou may save or open mdddées 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. It has
the same name as the inpuefil but wi t h t hte extension of fArcr

The program generates text regdar input and output, or graplatrepors for captured images in
html file format. Report files haviesinphiatexd xt en
file format. Report files may be viewed as separate windows within the program.

The File main menu changes its layout depending upon the view tyipeairrent window.
Commands related to printing behave differently dependingh@ther the current window is a model
view or report view.

Settings Yiew Input  Run

e ChrlHM
Qpen, .. ChrHO
Close ctrkQ S Edit View ‘Wwindow
Save ChrHs
Save A, . Tew Chrl+m
Qpen, .. ChrHO
Capkure Current Image F2 Close ChHQ
Auko-Capkure Images Save ChrH+3
Delete all Images Save As...
Imnage Report
d a Print Setup...
Mokes... Prink Presview
Texk Repart. .. Print... ChrH+P
Print Setup...
Print Presview .
. Exit
Print... Chr+P —

File Main Menu in Report View
Exit

File Main Menu in Model View

New

File | New creates a nelkcSectionsnodel file.

Open

File | Open opens an existiRgSectionsnodel 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) andtbkdkes
while pressing CTRL or SHIFT



¥ 100 ]
’:(-:' . —| » Computer » Local Disk (C) » temp » RcVerifications - Searct s yol
Organize » Mew folder ==~ [ \9-
Nobu_Icen - Mame - Date modified Type Size i
NVIDIA . -
i Example0l.res RC-Sections Doc.
Perflogs . - =
! Exampled1B.res RC-Sections Doc. 2=
Perforce-Backup =
X Examplel2.rcs RC-Sections Doc. 3
Program Files =
Examplel3.rcs RC-Sections Doc.
Program Files (x88)
Example0d.res RC-Sections Doc. 2
ProgramData - -
Exampled5.res RC-Sections Doc.
temp -
X Examplel.rcs RC-Sections Doc.
ajax ~
g ! Exampled7 - A Tutorial.res RC-Sections Doc. 12
ApiHook -
Example0§ - Slenderness.rcs RC-5ections Doc.
cgiSolverBlazefpple . A _
i X Example03-Generic-Section.res RC-5ections Doc.
junkjunkWebSite ~
R R IBC-2006(3)-ExampleS (shell wall).rcs w  RC-Sections Doc.
ReVerifications e -
Lrcs 11/20/201012:49 .. RC-Sections Doc. 2~
Rubberband < |[F7 = B
File name: "Exampledd.res” "Example02.res” - ‘RC Section Files (*.rcs) '|
[ Open |v| | Cancel |
Figure 1.1

Multiple Document Interface (MDImakes it easy for you to share data eochpare 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 hidmgsvari
structural entities or annotations etc. For example, you may have one window for geanwgtryry
window for P-My interaction diagram.

Close

When the current window is a model view, File | Close closeadineeRcSectiongnodel file. You

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

Save

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

Save As

When the current window is a model view, File | 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. When the
current window is a report view, File | Save Asesathe report file under a different name. For
example, you may save the text report file in a plain text file format instead of the default html file
format.



Capture Current Image

File | Capture Current Image captures the current gralphéw as it appears on screen. You may
capture up to 100 images of the same view or different views. Captured images are saved in files
under the same directory the model file resides. If you intend to print these images, theglsbeuld
approximate) the samesize. The width and height of the curremhdow is displayed on the right
most pane of the status bar. You may view and print captured imsiggsFile mage Report

Auto-Capture Images

File | AutoCapture Images automatically cycle through and capture the currenfoviellvsections.
You may want to adjust the timer interval for the capture from the command Settings | Preferences.

Delete Images

Delete Images deletes all capturedges Since image files are usually large, you may want to delete
these files when they are no longer needed.

Images Report

File | View/Print Images allows you to view the captured images iriml file. You must have
captured one or more images alrebdfore running this command.

Captured images are contained in tables in the htmlITitex graphial reportwill be displayed in a
reportview within the program or in a web browser outside the progrdou may set your report
viewer from Settings | Bferences.

Notes

File | Notesprompts you with th following dialog box (Figure.2). You may enter a model name,
your name and a description about the model (up to 1020 characters long).

Model Hame: : ||

Engineer(z] : |

wirite yaur notes here

(] 8 | Cancel

Figure 1.2



Text Report

File | Text Report prompts you withe following dialog box (Figure 3). It allows you to generate a
report for inputand/oroutput data ira plain text orhtml file format.

The command provides different options to control the contents of the report. For example, you may
generate a report for selectsettionsonly. The report may be in a plain texthdml text format. The

table width is used to set the horizontal extd#rihehtml text. After clicking the OK button,the

graphical report will be displayed in a report view within the program or in a web browser outside the
program. You may set your report viewer from Settings | PrefereNocesmaythenuse Save As to

save the text report mplain text file format.

Model Mame : ||

Engineer(z] : |

Write your notes here

(] 8 | Cancel

Figure 1.3

Print Setup

File | Print Setup allows you to agt the printing page layout{Figure 14).

Name: HF Photosmart C8100 series - Properties...

Status: Ready

Type: HP Photosmart C8100 series
Where:  IP=132.168.1.119 Host=HPD93F5BA
Comment:

Paper Criertation

Size: |M (¥ Portrait

L,
Source: |A|.rtomatic:alh' Select (" Landscape

Metwork... QK | Cancel

Figure 1.4



Print Preview

File | Print Preview allows you to preview the printing laycefobe printing(Figure 1.5) It is always
a good idea to run this command beftireprinting to make surthereport will be printed properly.

(¥ Re-Sections - 68
Z Ple Seftngs View Input Eun ResyftOata Window Help =[[=]x]
DEF@ & - SRR GG RN Y so PRl clOS 0 A
CEA|_pet Page |_Preg Pooe rePage | Zoomn | ZoomQu Qlose.

v2
1€} Compuiatons & Graphia, inc:
g Deie/Time 912111 20 5208

I

T T
P
7
/
/
A
2
W
Ay
NS
i
\
AY
\

Figure 1.5

Print

File | Print prints a text or graplalreport. It is recommended that you run FileihPPreview before
running this command.
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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 cooalf that is, they may be
saved for use in future models.

Units & Precisions

Settings | Units & Precisions prompts you with fibkowing dialog box (Figure 2)1 You may select
different units and precisions for various physical measurements ugedmodel. 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 allgeometrycoordinatesn a wrong length unit, you malect the correct length unit and
uncheck the conversion checkbox to corteetinput.

" Urits and Precisions S =3/

Check the box to the right of each unit to convert existing data
asgociated with that unit.

Dimenszion: _ - #.00 -

Length: |ft j |ﬁ.|:I

=l
Force: |kip j |3'*'-D j
=l
3

toment: |kil3'" j |ﬁ.D

Modulus (E) kindin™2 #.00E+00
Stress (Fo, Fy): | e J | :

i~
v
v
v
v

[ Save as defaults for future use

ok, | Cancel

Figure 2.1

You may setheprecision for each unit in either decimalszientific format. Precisiosettings are
used indisplaying data in spreallees, diagrams, and reports.

By checking fAnSave as defaul ts fsoyfordseihfutuare useo,
models.

Data Options

Settings | Dat®ptionsprompts you with théollowing dialog box (Figure.2).
T h d&Jndd/redo leveldses the maximum undo/redo levels which the prograith perform. The

program requires computeremory for each undo/redo levélhe defaullevels arel00, but you may
adjust it based on the size of yonodel.

1C
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Undo/redo levels:

P-M diagram aspect ratio: |3.240

¥ Save results when the document iz saved

ok, | Cancel |

Figure2.2

P-M diagram aspect ratio is used to adjust the diagram aspect ratid,infPMy or P-M,-M,,
interaction diagrams or surface

Thehheckbox fASave results when the document i s s
available)to a filewhen the modehputdata is savedThe esult file is a binary file and has the same

file name as model inputél, but wi t h anThewesultdélamuldbe muskirgerthanc r
themodel input file.

Colors

Settings | Colors prompts youittwvthe following dialog box (Figure 3). You may sethebackground
color ofthemodel views to be either white or black.

Bycheckngi Us e whi t e backgr o,awhide backgrounavihbegqigedfocthept ur e s 0
captured image evenafblack background is used in the model views. This optidirreduce the
amount of ink required to print the images

Color settings are always saved in the registry for future use.

Rebar Database

Settings | Rebar Database prompts you with the follgwialog box (Figure 2). It allows you to set
the right rebar database in the model. This is going to be useful in the future when design Codes other
than ACI 318 are implemented.

11
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Ear Designation Dia[li?;]ata
- - 0.375
#4 05
Backgound. [T~ " vezs
#E 0.75
¥ Use white background for image captures #7 0.575
#8 1
ak | Cancel | # 1128
1.27
— 141
1.693
Figure 23 '
Cancel | oK. I
Figure 24
Preferences

Settings | Preferencesompts you with the diog boxbelow(Figure 2.5. Thei Dat a Fol der o
determines thdefaultfolder or directory when a file is saved or opened.

TheA Aut omatic file backup Iythenmodetfites aleesavedramomatieadly. h o v

~

Enter Ofor no autebackups. Backugfl es have rcdiced ext ensi on A

Data Folder: |E:\lel'n|3

Autamatic fle backup period: |30 minutes
Cycle-section interval: 3 zeconds

W Use multithreaded solver to take advantage of available CPUs

[ Show grid for P-Mu, P-bly and Mu-tdyp curees

I~ Show 30 surface (instead of 30 wire frame] for P-Mx-by curve
[ Use the extermal HTML viewer (2.0. Internet Explorer)

[ Use traditional selection rectangle [may not waork on some newer spstems)

Ok | Cancel
Figure 2.5

Set t i 6yle dedion infervalis used to set the timer interval for use in section slide show or
autocapture images. Thesemmands can be found in View menu.

fyou have a computer with mul t itjrdaded ©OlPeUtetakey o u mz:

advant age of TBhespeet iacbehse thesBluliends.almost proportional to the number of
CPUs. A fair warning: the solver messagmay be intertwied due to the nature of muttireading.

12
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Options are provided here also for showing grid in2beé>-My, P-My and M-My interaction diagrams.
P- My-My interaction diagram may be shown in 3D surface or wire frame.

By default, an internal HTML viewer issed to view text and graphical repor¥ou may use an
external HTML viewer such as Internet Explorer instead.

Preferences are always sawedhe registry for future use

Status Bar

Settings | Status Bar shows or [stlee status bar.

Toolbar

Settings | Toolbars shows or hideolbars.

13
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Chapter 3: View

The View main menu provides commands to gragdhiziew input such asectiongeometry and
loading performannotations and display 2D or 3D result diagrams.

Restore Model

View | Restore restores originaternally definedyettings fothe model view.

Zoom

View | Zoom popup 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 Exterdisplaysthe entire model in the view.

Zoom | Zoom Window

View | Zoom | Zoom Window zooms inspecificpart 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 bypaesetfactor (1.25). You may run this commaloyg
pressingCTRL+UParrowor CTRL+RIGHTarrow.

Zoom | Zoom Out

View | Zoom | Zoom Out zooms out the model lpresetfactor (1.25). You may run this command
by pressingCTRL+DOWN arrowor CTRL+LEFT.

Pan

View | Pan popup menu has the following submenus.

14
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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 commanskiected or right mouse button is clicked or ESC
is pressed.

Pan | Left

View | Pan | Left pans the model to the left by a preseterdistance. You may run this commayg
pressingCTRL+LEFT arrow.

Pan | Right

View | Right pans the model to the right by a prese¢erdistance. You may run this commaloyl
pressingCTRL+RIGHT arrow.

Pan | Up

View | Pan | Up pans the model to the top by a peeseerdistance. You may run this commaoyl
pressingCTRL+UP arow.

Pan | Down

View | Pan | Down pans the model to the bottom by a psesstrdistance. You may run this
commandoy pressingCTRL+DOWN arrow.

Rotate

View | Rotate pojup menu has the following submenddiey are available for 3D view ot y-M,
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

15
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Rotate | +X

View | Rotate | +X rotates the model view about X lpyesetpositive angle (5 degrees). You may run
this commandy pressingHIFT+DOWN arrow.

Rotate | -X

View | Rotate {X rotates the model vieabout X by gresemnegative angle (5 degrees). You may run
this commandy pressingSHIFT+UP arrow.

Rotate | +Y

View | Rotate | +Y rotates the model view about Y Ipyesetpositive angle (5 degrees). You may run
this commandy pressingSHIFT+RIGHT arrow.

Rotate | -Y

View | Rotate }Y rotates the model view about Y byeesemnegative angle (5 degrees). You may run
this commandy pressingSHIFT+LEFT arrow.

Rotate | +Z

View | Rotate | +Z rotates the model view about Z pyesetpositive angle (5 degrees). You may run
this commandy pressingdCTRL+SHIFT+UP arrow or CTRL+SHIFT+RIGHT arrow

Rotate | -Z

View | Rotate }Z rotates the model view about Z bpesetnegative angle (5 degrees). You may run
this commandy pressingCTRL+SHIFT+DOWN arrow or CTRL+SHIFT+LEFT arrow

Real Time Motion

View | Real Time Motion pojip menu has the following submenus.

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

Real Time Motion | Real-Time Pan

16
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View | Real Time Motior) ReaiTime Pan allows you to pan the model view in real timelizking
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 Motiorj ReaiTime Zoom allows you to zoo 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 | Redlime 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 presgeid.command isnly availablefor 3D

view of RMy-My interaction surface or wire frame.

Diagram Type

View | Diagram Type allows you to change the current view to anothe(fypare 3.1) They are
five types of view in the program: geometryMR, P-My, M,-My and RM,-My. By default, the view
is the geometry type. Other views are meaningful only after a solution is perfoFmei-M,
interaction (or contour) view, you should set the right axial force level. by, P-My, M,-M, and R
Mx-My interaction diagrams, you may enterappropriate value for-Rl diagram aspect tia.

View Diagram Type 1L x .-I

Sectoin:  |FEGETER|

Diagram: |5 eametny ﬂ

il force: kip
P-M diagram aspect ratio:  [3.2400357584

Ok | Cancel

Figure 3.1

Result Diagram

View | Result Diagram displays®x, Mx-My and RMx-My diagrams all at once.

Section Slide Show

View | Section Slide Show cydéhrough all sections on the screen. You may adjust the timer interval
for the slide shovirom the command Settings | Preferences.

17
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Auto-Capture Images

View | Auto-Capture Images is the same command as in the File niteisiprovided here for
conveniees only.

Axes & Legend

View | Axes& Legendshows or hides the legeatlithe topleft window cornerandthe global axes at
bottomtleft window corner. You may run this command by pressing F5.

18
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Chapter 4: Input

The Input main menprovides commands to create sections, ihpads, set up slenderness parameters
and capacity ratio limitdt also includes UndandRedo editing commands.

Sections

Input | Sections allowgou to add, modify, copy and delete sectigigyure 4.1) Each file may
include multiple sections of different type

Each section must obey the following rules.

Rebar covers (either from input or computed by the progeampll measured from edge of the
section to the center of the rebars.

Duplicate rebars athlte same location will be merged into one bar.

Two rebars witha distance ofess than the radius of the smallest databasendthbe merged into one
bar.

Rebars must be inside the section geometry and outside any openings.

Openings must be inside the sactgeometry

Section | Label Add Section

1 RectCl

| Generate Rectangular Sections. .. |

| Generate Circular Sections... |

Fectangle-C... | Circular. .. |

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

| L (Inverzed)... | l.. |

| Generic Section... |

Modify... | Copy |

Delete | Convert to Generic |

Figure 4.1

fGenerate Rectangw aandettGenesat ¢ FCgRB)enayybdr Sect
used to generate multiple rectangular or circular sections with different dimensions and bar layouts.

This is especially usefuhithe column design where tedious taald-error process is the norm. One

caveat: you should use your sound engineering judgment to select appropriate parameters in order to
avoid generating thousands of sections each time. For square columns, makdsar check A Sq
sections (bars on each sdudahe namber ofesectioasibging . Thi s
generated.

19
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Generate Rectangul
Section Prefix =90
Fe |3 kipdin™2 Fy [=ta] kipdin"2
Generation Parameters
Start End Step
width: |20 |20 2 in
Height 20 20 [2 in
Bar size: ‘#8 j |3ﬂ 1] j
TopBars
Bottom Bars: ‘2 |4 |‘I
Left Bars
Right Bars: ‘2 |4 |1
[ Square sections [Width = Height]
[~ Equal bars on four sides
Bar cover
Etﬁ;ﬁ:::to ’157 in Stirmup size: m
Cover to bar center is computed az follawing:
"eover bo stimup” + stirup diameter + one half of Mlongitudinal bar diameter'
Ok

Cancel ‘

Figure 4.2

— ===

Generate Circular Sections

- -—
Section Prefix: |STENE]
Fe: |3 kipdin“2 Fy £0 kipdin™2
Generation Parameters
Start End Step

Diameter: |2D |2D |2 in

Blar size: |118 j | #10 j

Total Bars: |4 |8 |‘I
Bar cowver

E:tPVE' to 15 in Stimup size: | #3 -

stirmup:

Bar Start
Angle:

Cover to bar center iz computed as following:
“'cover to stirup' + 'stirup diameter” + one half of "longitudinal bar diameter

1] degrees

o]

Cancel

Figure 4.3

It is important to note that cover to bar center is computed by the program since diffegéntinal
bar sizes may be used during the section generation.

Rectangular sections can be input conveniently as either RecBuwoglRectangleC. There are no

essential differencesetween the twother than for input conveniences.

RectangleC type is primarily for section of column tygEigure 44). Reinforcement may be input for

top, bottom, left and right side&ectangleB type is primarily for section of beam tyféigure 45).

Up to three layers of reinforcement may be input for etibyior bottom.

——

Rectangle Section (C-Type)

S

Secton Label: |F|ec:tE2
wihdth [b]: 20 in Fe: |2 kipdin™2
Height [h]: 20 in Fy =1} kipdin™2
Rieinforcemnent

Bar size: #8 - Top Bars: 2
gg??&ﬁer 2 in Bottom Bars: |4

Left Bars 0

Right Bars 0

Ok | Caneel |

Figure 4.4

IrRectangIe Section

Secton Label: [EPETER]

width [b]:

Height ()

Bar size:

Coverta
Bar Center:

Bars:

Bar size:

Coverta
Bar Center:

Bars:

Bar Center:

E

Side Cover to

Top Reinforcement

Bottom Reinforcement

,207 in F'c: ’37 kipdin™2
L Fy [e0 kipdn"2
Layer 1 Layer 2 Layer 3
te - Jus = fe ~|
|2 o i in
0 0 0
Layer 1 Layer 2 Layer 3
IR I T B
2 o o in
o [ [
2 in Ok |

Cancel | [

Figure 4.5
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Input for Circular, TeeJnversed L and typeare straight forwardFor circular section, different bar
pattern may be arranged with the adjustment of bar start angle.

Secton Label: |RectCl Fe |5 kip/in2 Fy |80 kip/in®2
Geometry [Vertices must be continuous | Rebars [Duplicate individual bars will be merged):
% Caordinate |1-Coordinate| —| #1 1 #2 Ya Bar Sizef#] Nurmber of |~
fin] fin] | fin] fin] [in] fin] il Bars ||
1 10 1 7.625 7625 7625 7625 #a 3
2 10 -0 2 -7.625 7625 7E25 -7.625 EH] 3
3 10 10 3 7625 7625 -7.625 7625 Hi 3
4 -0 10 4 7E25 7625 7E25 7.625 Ha ]
5 ]
B B
7 7
g 2
q s q s
4 [»[] [« | »[]
Optional Dpening 1: Optional Opening 2: Optional Opening 3:
%-Coordinate |v-Coordinate |- %-Coordinate |v-Coardinate |-~ %-Coordinate |v-Coardinate ||
[in] [in] B [ir] [in] B [in] [in] B
[ ] [ L
2 2 2
9 3 3
4 4 4
5 |3 ] Cancel
B E &
4 |+ [T] ] [+ [ |« |+ [] Ok |
Figure 4.6

Generic type is for section with geometry not belonging tocditlyetypes abovéFigure 46). In

addition, up to three openings may be optionally added to the seSimtion or opening vertices

must be input continuously in either clockwise or cotaibekwise direction. For input convenience,

bars are entered as uniformly distributed on a line. Single bar can be input with one bar located on a
line of whichtwo end points coincideSectionf regular types can be converted to generic type.

You may fACopyo, AModi fyo and fAiDeleted existing

to a generic sectionConversion of a circular section to a generic section may tiasulninor loss of
accuracy due to the approximation dafiecle witha polygon.

21
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Loads

Input |Loads allows you to input loads,Myy, Myy at column top and bottofrigure 47). Loads
must be calculatebeforehandy the codespecified factored load combinations, includowgrall
secondorder (Ree) e f The pragesn mayconsider slendernegB-i) effects along individual
column length by and Cm are used in the moment magnification calculation in the program.

by (Beta_d is the ratioof maximum factored axial sustained load or@ximum factoedaxial load
associated with the same load combination. It must be less than 1.0.

The term Ghis an equivalent moment correction factor. For members without transverse loads between supports,
Cm =0.6 +0.4*(M1/M2). If avalue of 0 is entered f@m, the program will calculat€maccording to this
formula. Cm must be greater than 0.K4.is generally recommended that a value of 1.0 is use@rfor

Beta_d iz the ratio of maximum factored axial sustained load to maximum Factored awial load associated with the same load combination.
Crn will be computed automatically [0.6 + 0.4 * M1/M2] if a Cm valueof O iz entered.

Pu Mux - Top bux - Bottom | Muy - Top | Muy - Bottom Betad
[kin] [kip-H] [kipt] [kip-ft] [kipt] #a

1200 300 1} 125 1} 06

4

1 Mew Rows

Figure 4.7

Slenderness

Input | Slendernesallows you to consider slender columni{Peffectsin major and/or minor axes
along the column lengthThe unbraced lengthf 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 cafstor haunches are present, Lu is measured to the lower
extremityof the capital or haunch in the plane considered.

The effective length factd€ may be calculated bglignment chartin ACI 318 Chapter 10r by other
approximate methad It is generally recommended to use a value of 1.0 for K.

You have the option to consider minimdactoredmomentMmin = Pu* (0.6 + 0.03h)

In the calculation of critical column loazpacity (Pc), the stiffness (El) may be takeoraes of the
following two values, the first of which is more accurate.
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00— s400->—

Slenderness it the program only accounts far mament magnification in a nonsway frame member or along the length
of a sway frame member. Itis assumed that a P-Delta analysis has been performed on sway frames beforehand.

oAz Y-Auiz

[ Consider slendemess

Unbraced length [Lus): 21.32 ft Unbraced length [Luy): 0 ft

Effective length factor [Kx): |0.86 Effective length factor [ky): |1

Iv Congzider minimum moment [bmin) [ Congider minimum moment [k mir)

El for critical column load Po:

|El = [0.2E6 * g +Es *lse] / [1 + Beta_d] ~|

ak. | Cancel

Figure 4.8
Capacity Ratio

Input |Capacity Ratiaefines the minimum and maximum capacity ratios. During or after the solution,
sections with capacity ratios outside the limits may be optionally elimin&eapacity ratio of less
than 1.0 means the section is safe to resist the loads.

[Capacity Fatio Lt " )

Section capacity ratio iz a measure of section adequacy against loads.
Capacity ratio < 1.0 means the design strength > the required strength.

Minimum capacity ratio:  [7.8

M arimum capacity ratioc |1

Ok, | Cancel

Undo

Input | Undo undoes the previous command. By default, you may undo O levils. 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 sgeaemte &extreport
for input or output

Options

Run| Optionsallows you to set important solver optigiisgure 5.1) You are encouraged to read the
methodof solution in theechnical part of this document in order to understand these options. You
should run this command before running the solver.

ACICode:  |ACI 31808

Strength reduction factar; * Hutg " flways uze 1.0

Canfining reinforcement: * Tied ~ Spiral )
[cirular section]

Meutral axiz steps for accuracy [must be > 20 260
Biaxial anagle steps [must be multiple of 4]

[always use 4 for uniaxial]: 16
Auial capacity steps for display [must be > 5] 20

¥ Euclude concrete displaced by steel

Delete sections that have capacity ratios outside the: minimum
and masimum capacity ratios

Solve | ak. | Canicel
Figure 5.1 "

Specifies design codes. Currently the program supports AG8918

DesignCode and ACF31802/05/08

AutoT strength reduction factor will be based on the selected.Cod
Strength reduction factor Always use 1.D No strength reduction spplied Capacity is the
nominal strength.

Confining reinforcement | Can be either tied or spiral. Spiegdplies to circular sections only

Neutral axial steps affect the solution accuracy and speed. A vali
Neutral axis steps for 250 ~500 for neutral axis steps is sufficiently accurate for most
accuracy sections. The adequacy of neutral axis stepdeatetermined by
smoothness of the-® and/or PM, interaction diagrams.

Biaxial angle affects the solution accuracy and speed. For biaxia
problems, steps must be multiple of 4. A valu&é®br32 is
sufficiently accurate for mésections. The adequacy of biaxial ang
Biaxial angle steps steps can be determined by smoothness of taklMnteraction
diagram. For uniaxial problems, biaxial angle steps shaluldysbe
setto 4. This will give My (+) at O degree angle; ¥ (-) at 180
degrees agle, RM, (+) at 90 degree angle; M, (-) at 270 degrees
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angle.

Specifies the number of axial steps for the display of interaction
Axial capacity steps for | diagrams / surfaces and result data in the spreadshi@stvalue

display should be smaller than neutral axis steps. A value of 20 to 50 is
usually adequate.

Exclude concrete Should almost always be checkedhisToption is provided for

displaced by steel verificationswith textbooks only!

Delete sections that ha
capacity ratios outside tf
minimum and maximum
capacity ratios

During the solution, sections with capacity ratios outside the minir
and maximum capacity ratios will be deleted. This allows you to |
a desired section for design more easily.

Solve

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

Report

Run|Repat command is the same as File | Text Report. Itis provided hererfeeniencesnly.

Log File

Run |Log Filecommand allows you to view solution messages that is saved in the log file
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Chapter 6: Result Data

TheResult Datanain menu provides commandsview result data in spreadsheets or display result
diagrams.

Section Properties

Result Data | Section Properties displays the section properties such as the coordinates of section
centroid, section area and moment inerdibgut XY axes radii of gyration about XY axes as well as
moment of inertia of reinforcement about centroidal axis of member cross deetioand Isey. It is
important to point out that loads (MVly) and moment inertia@y, ly) are based on theection centroid.
Moment inertia for a generic sectioareapproximagly calculated by dividing the section into 100 by
100 small rectanglesFor practicahpplications, this approximation is sufficiently accurgtéigure

6.1).

[ section Properties

. Centroid-= Centroid-y' Agrozs [F3 Iy I W lse-u lse-y =
Section Label fin] fin] 2] 4] 4] fin] fin] 4] [ ]

1 RectC1 I 0o 0.oo 400.00 1333332 1333333 577 5.77 275.59 275,

Figure 6.1
P-Mx (+)

Result Datg P-Mx (+) displays the RMy result datan a spreadsheetjith positive moment about the
section major axisa biaxial anglef 0 degreg(Figure 62).

P-Mx (-)

Result Data | Mx (-) displays the BM result data in a spreadsheet, with negative moment about the
section major axis (at biaxial angle of 180 degrees).
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Sectain: | FRETERTR] Pint Clase
(=] »[ﬂ“:]\s et pI}L;an pla:‘;hf'l?x Eccml]lic\ly Maximum Steel Tenzile Strain Phi - i
1 12412 00 0.00 £.00000 0gs
2 21.87 1241.2 200.3 1.94 0.00000 0EE
3 2078 1178.2 2308 235 0.00000 fiY:
4 18.70 M7 258.0 277 0.00000 0EE
5 1864 1065.0 2816 320 0.00000 0EE
5 17.63 934.4 301.4 3.64 0.00000 0EE
7 1760 58330 3018 365 0.00000 0EE
] 16.58 930.9 318.8 411 0.00019 0EE
] 1559 868.9 3332 460 000039 06|
10 15.03 833.7 340.2 4.90 0.00052 0EE
11 1462 806.6 345.0 513 000062 [iY:
12 1368 744.7 354.4 5.71 0.00087 06E
13 1311 7.2 359.3 5.05 0.00103 068
14 1269 5827 362.4 5.37 00017 06E
15 11.82 5206 368.2 712 000147 068
16 10.99 558.6 3728 8.01 0.00181 06F
17 [Balanced] 10.43 514.5 756 B.76 0.00207 068
18 9.74 4965 386.0 9.33 0.00243 0EE
- - - T i ST
Figure 6.2

P-My (+)

Result Data | My (+) displays the RM, result data in a spreadsheet, with positive moment about the
section mino axis (at biaxial angle of 90 degrees).

P-My (-)

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

Capacity Check

Result Data Capacity Checkomputes capacity ratio for each section against all loads. Sections with
capacity ratios less than 1.0 are adequate to resist the(fogde 63). Sections with capacity ratios
greater than 1.0 are inadequate to resist the Idaaisdefinition of capcity 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 (A divided by section gross areagAminimum clear spacing among section bars;
critical load number for which capacity ratio is calculated.

Each row is colored red if section capacity ratio is more thaarloQtside the minimum and

maximum capacity ratio limitscolored yellow if sectin reinforcement ratio is outside the range of
1%~8% and colored black if the section is ok.
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A section is marked red if its capacity ratio is greater than 1.0 or autside the minimum and maximum capacity ratios. A sections is marked

arange if reinforcement ratio iz outside the normal range.

Section Label

Capacity Fatio

Critic.al Load No.

L=
[kip-ft]

Moy
[kip-t]

Reinf. Ratio

Agross
[in"2]

Clear Spaciri
[in]

FectCl

0.742

2241

i1} 1.580%

4000

I

Figure 6.3
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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 interchangeabligh 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 contans text or graphical report in tieéml 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 settingghwespect to zooming, panniny.ou may

create as many views as you want. However, too migws 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 plas¢é réctangular 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 reinforcingebarlocations.

. .
. . )
. .
. .

2. For regular sections sh 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 paraneters
section dimensias rebar sizes and numbers. This is very useful in concrete column désgsn
tedious trialanderror process is the norm.

3. Forageneric section, vertices and rebar locations may be input manually in spreadsheets. Vertices
of a sectiormust be continuous in either clockwise or counterclockdiiseztion 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 camake modicationssuch as adding opirgs or unusual rebar layout

5. Each section must obey the following rules
Rebar covers (either directly fronmput or computed by the program@e all measured from
edge of the section to the center of {bagitudinal) 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 databas#l barmerged
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 factscenter 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

32

Since different longitudinal bar sizes may be used during automatic section generation, the program
computes concrete cover to bar cei@sed on théollowing formula
+ Asti

fcover t o

stirrupo

rrup

di amet er o

+

32
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Loads and Capacity

1. Axial force P acts perpendicular to the section. Momentard M, acts about section X and Y
axis respectively. They have the following sign conventions.

Axial Force P: positive for compression; negative for tension

Moment M.: Postive when section top most fiber is under compression.

Moment M,: Positive when section righiost fiber is under compression.

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

3. Unlimited number ofactored load setsan be input via spreadsheet. Loads are the required
strength computed by the cedpecified factored load combinations using either hands or analysis
program such aReal3DAnalysis. It is assumed that an overalf@rder PDelta (Ree) anal ysi s
has been performed on a sway structufelesired, he program uses ACI 318 moment

magnification procedure twalculatethe Rdelta (RU Effect, which accounts falendernesef

columns innonway stucture or for slendernessong the lentis of columns in sway structure

4. Capacity ratio is computed for each section based anafaified factoredbads and the

capacity of the section. Capacity ratio equal or less than 1.0 means the design strength is greater
than the required strengéimd the section is adequate. Capacity 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 [Reference 1, 2, 3]

wn

The strain in reinforcement and concrete is directly rignal to the distance from the neutral
axis.

The maximum usable strain at the extreme concrete compression fiber is equal to 0.003
The stress of steel is$ Es* U butfs <= f, where E= 29000 ksi[l is steel strain ang fs the
yield strength of steel.

The tensile strength of the concrete is neglected in flexural calculation

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 paoaited neutral axis at a distance a =
b1* c where c is the distance from extreme compression fiber to neutral axis.

b1=0.851 0.05*(f.-4) and &= ®85andf=unitls ksi
Reinforcement rati o fprcdumosedtichs.be 1% <= |}
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Solution Algorithms

1. All sections are solved biaxially based on the solution assumption abo¥ach section is
solved based on the following steps.
X

NI

Y

Biaxial
Angle

L *

2. Nominal Strength Calculation (P, Mnx, Mqy)

2a.Thenominal 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 anglestepsaffect the solution accuracy and spe€or biaxial problems, steps must be

multiple of 4. A value ofl6 ~32 is sufficiently accurate for most sections. The adequacy of biaxial
angle steps can be determined by smoothness of .\ Nteraction diagram. For uniaxial problems,
biaxial anglesteps should be set to 4. This will givévR (+) at O degree angle; M, (-) at 180

degrees angle,-Nl, (+) at 90 degree angle; My (-) at 270 degrees angle.

Run Options @

AL Code: v ECT99 ¢ a0l 2002

Strength reduction factor: " Always uze 1.0

~ Spiral

Confining reinfarcement: - .
[cirlar gection)

Meutral axis steps for accuracy [rust be > 201|500
Biawial angle steps [must be multiple of 4)

[always uze 4 for uniaxiall: 16
Aial capacity steps for display [must be » B); 20

v Exclude concrete displaced by steel

Run Analvsis 0K | Cancel |

Biaxial angle steps is analogous to the number of sides of a polygon used to appraxincdteor

ellipse. A uniaxial solution in the program is therefore analogous to using a square to approximate a
circle or a rectangle to approximate a ellipgebiaxial solution with 16 angle steps is analogtmus

using a 16sided polygon to approxiate a circle oanellipse. Obviously, the 1&ided polygon is

closer or more accurate to approximate a circle than a sqtlaeemoral of this comparison is that a

low value of biaxial angle steps tends to give more conservative biaxial capacity $ectios.

35



36

2b). For each biaxial angles,Mn, Myand maxi mum t eqa®computedat eel str a
successive choices of neutral axis distance c using strain compatibility aneésamseelations to

establish bar forces and the concrete compresssults. The choices of ¢ are based on the neutral

axial steps found in the command Run | Options. Neutral axial steps affect the solution accuracy and
speed. A value d?50 ~500 for neutral axis steps is sufficiently accurate for most sectiores. Th

adequacy of neutral axis steps can be determined by smoothness-& tlem&or PM, interaction

diagrams. In addition, the program always computes several control points. They are maximum P
(compression), minimumgRtension), §=0; 0.25§f; 0.5f, and 1.0§ (balanced condition). Concrete

displaced by steel may be optionally included or excluded (by default).

2c¢). My-Mpy contourcurves are computed for successive choices of axial fofides is achieved

through interpolation on the,PMnx andM,yalready calculatetbr each biaxial angla the procedure
above. The choices of axial forces are based on the neutral axial steps found in the command Run |
Options.

3. Design Strength Calculation(i B, &M §)M
3a). ACI 31899
Design strengit according to ACI 3189 is obtained by multiplying£Mnx andM, of each biaxial
angleboyappl ying strength reduction factor G4 as det
.= 0.70, U 0.80 0 tied confinement
Uc= 0. 765, U 0. 85 o] spiral confi nement
Fortension and pure flexure {R= 0)
ad = 0.90
For compression (& 0) X
Pn1 = smaller of0.1 *f°* Ag/ 0 andPyp
WhereAq is the gross section area &pg is the nominal strength at balanced condition for the
biaxial angle.
fP,>Put hen 0 = 10
If Ph<=Put hen 608 0Q*(Pn-Py)/Pu

for
for

I n ad dR,mustdealways less than
uc* U = P* (By1 B+ fy* Adfif concrete displaced by steel is excluded or
Ue* U *  [P* AQ+f@*3\J if confcrete displaced bsteel is not excluded

3a). ACI 31802/05/08
Design strength according to ACI 308/05/08is obtained by multiplying £ Mnx andM,y of each
biaxial anglebya ppl yi ng strength reduction factor G as

c= 0. 65, U dconfinemerl@ 0 f or ti e
dc= 0.70, U = 0. 8 HrACIl3180%0%5i r al confinement
.= 0.75, U = 0.85 for-08piral confinement for
For<=Qp
G = 0
F o r>Q.005)
G4 = 0.90

For () < <D.005)
G =+@9-0o -4 00.005 G)
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w h e giemaximum tensile steel strafior the biaxial angla n dis stkel yield sin (at balanced
condition

I n ad dR,mustdealways less than
uc* U = P* (By1 B+ fy* Adfif concrete displaced by steel is excluded or
ue* U *  [P* AQ+ f@*3\J if confcrete displaced by steel is not excluded

4. Capacity Ratio

Capacity ratio is computed for each section based on the loads and the capacity of the section. lItis
defined as the following:

For a given load s€P,, My, Myy), find the section capag M,-Myc o n t o w* P, a'khe cap&eity

ratio for the load set is larger of:

o

& (M) +(M,)° P, 3§

(E;%\/(/'\/lnx,max)2 +(/Mny,max)2 (/ anax)@
Wh e r ennbxl M, My is the interaction point between the linem point (Myx, Myy) to point (O,
0) andMx-My contourline. / B, ...is maximum compression or tension capacity of the section,

depending on thpositive or negativeign of R. If P, is outside maximum compression or tension
capacity, a capacity ratio of 99.9 is assigned.

The capcity ratb of a section is the maximum capacity ratiodthinputload sets. Capacity ratio

equal or less than 1.0 means the design strength is greater than the required strength and the section is
adequateo resist all input loadsCapacity ratio grater than 1.0 means the design strength is less than

the required strength and the section is inadedaoatesist all input loads

It is important to realize that capacity ratiefined in the program is justraeasure of section
adequacy against loads. It should hetregarded aghe factor of safety.

5. Slenderness

It is assumed that an overall > order P-Delta(P-2e) anal ysis has been perf
frame prior to using RcSections The program hathe option to considettenderness to accoufar

2nd order effecion columns in nonsway frames as well as thd @der(P- U)) effect along lengthof

columns in sway framedMost of structural analysis programs today are capalffesef andd y si s
evaluate magnification of the end momenitéowever, to account feanoment magnification (i

effect)along the lengthfoa compression membet s generally required to subdividee member

into multiple segments. The AGILL8 moment magnification medtl, implemented in the program,
eliminates the need to artificially breaking up the physical member into multiple segments to account
fortheRU ef fect along the member | ength.

The moment magnificatioiis calculated as following.
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00— s400->—

The termCy,is an equivalent moment correction factor. For members without transverse loads between supports,
o Y s
0 L)) o T8 WO 0 P8t

If a valueof O is entered for @, the program will calculat€m according to this formulaCm must be greater

than 0.4but less than or equal to 1.@ is generally recommended that a value of 1.0 is usednfior

The terny 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 t&dr.@xamplefor the load combination
1.2*Dead + 1.6*Live load combination, P = 230 kipden unfactored deg@ustained)oad, P = 173 under
unfactored live load. is calculated as

pRzZgom
™ ww
T PEZC o TMPHZp X O

You must enter explicitly as part of load input in the program.
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Capacity Ratio Calculation Example

To illustrate thecalculation of capacity ratio in the program, see the following example.
For a given load set (PMuy, Myy) = (333 kip, 180 fkip, 125 ftkip),aM-Myc apaci t y
= 333 kip is obtained as shown below. In addition, the maximum compression capagity

1050.2 kip.

Section 1 of 2 500 kip-fi
Labell Rect1
4008
Type| Mx-hdy
P=3730kin 300
' 100, 2728
~ o T
[ [ R L N
- Mz, Muy)
1008 )
rd u,
38207, 0.0y 0 N (3627, 0.0
-500 -4008, -300 -200 -100 0 100 200 SDD’-" 400 a00 kip-ft
L /n’
-100)
-200
| @a-27ee)
-3000
-400)
-500)

3¢

gont ou

The interaction point between the line from point (18Kift 125 ftkip) to point (O 0) and the contour
line is obtained as (214.1Kip, 148.7 ftkip)

JM)Z+(M,,)2

_ (1807 +(125?

=0.841

JUM )+ M) (214,97 +(148.97

P, _ 333

u

(P, 10502

=0.317

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

load.
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Chapter 9: Examples & a Tutorial

Verification Example 17 Uniaxial Analysis, Rectangular, ACI 318-99

[Ref 1,pp.274]
Uniaxid Analysis, Rectangular, ACI 3189
section 12x20 inch, concrete cover 2.5 inch, (,E,'m;f 0y
4#9,"Q = 3.5 ksi, fy =50 ksi (3575 (575
Do not exclude concrete displaced by steel.
For reason of comparison, do not apply strength reduction fag
Use a large number (say 2000, not the default250) for both @ @
neutral axis steps and axial capacity steps for_displayesoa/m S AR A
compare neutral pandMswithiitleeo as 5. 10) &.10)
reference.
, . (Run Opti |
Rectangle Section (C-Type) - ﬁ “P'u”—
Secton Label, [F05] ACICode:  |ACI 318393
Strength reduction factar: ™ Auto

el 12 " Rl i Confining reinforcement: &+ Tied {~ -F .

Heightth [0 in Fe [0 kindn2 Citlabection)

Reinforcement Meutral axis steps for accuracy [must be = 20): 2000

Bar size: #3 - Top Bars: ’27 L [B;m:!saﬂsg;e;:z?zr[giﬁlfe muliple of 4)

ggfﬁ;ﬁen 25 in Bottom Bars: |2 | Avial capacity steps for display [must be > 5

Left Bars : [ Exclude concrete displaced by stesl
Fiight Bars |2 . . . . .
r Delete sections that _have_capamty ratiog outgide the minimum
and masimum capacity ratios
Ok | Cancel
Solve | ’TI Cancel

The comparison between the program and the reference is excellent.

P, (kip) M, (Kip-ft)
Neutral axis(inch) RcSections| Reference | RcSections| Reference
c = comxentrically loaded 914.0 914.0 0 0
c=5.0 138.9 139 216.6 217
c=11.11 (balanced) 337.2 337 273.3 273
c=18.0 651.2 650 166.4 167




Verification Example 21 Uniaxial Analysis, Circular, ACI 318-99

[Ref 2,pp.4-17]

Uniaxial Analysis, CircularACI 31899

section diameter 14 inch, conete cover 2.515 inch,

7#10,/Q =5 ksi, fy = 60 ksi

Exclude concrete displaced by steel

i 7|0
@

-
Circular Section

[S5e)

Secton Label [FEEE

Reinforcement

Diarneter [D): |14 in

Bar size: #10 -
Cover bo
Bar Center, 2515 "

Fe |5 kipdin®2
Fy =] kipdin®2

Total Bars: |7

Bar Start ] deqrees
Angle: g

o]

Cancel

ACI Code: ACI 31893 ﬂ

Strenath reduction factor: " Alwayz uze 1.0

Canfining reinforcement; ¢~ Spiral )
[cinular section)
Meutral axiz steps for accuracy (must be » 200

Biaxial angle steps [must be multiple of 4]
[always use 4 for uniaxial]:

Auial capacity steps for display [must be » 5):
¥ Exclude concrete displaced by steel

— Delate sections that have capacity ratioz outside the minimurm
and maximum capacity ratios

Ok | Cancel

Solve |

The comparison between the program and the reference is excellent.

a R(kip) G M (kip-inch)

Ma;rtgirrl]sne RcSections Reference RcSections Reference
max capacity 643.9 644 6045 605
Q=0 497.9 498 10121 1012
Q= 0.25f, 3931 393 1179.2 1180
4 = 0.50f 3011 301 1285.9 1287
1=1.00 f 129.3 130 1398.6 1400
flexural only 0 0 1670.9 1672
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Verification Example 31 Uniaxial Analysis, Square, ACl 318-02/05/08

[Ref 3,pp. 6-34] — —
. . . (4,8 8.8
Uniaxial Analysis, Square, ACI 31&/05/08 P °
. . . (6.62,562) (5.62,562)
section 16x16 inch, concrete cover 2.38 inch,
A#8,"Q = 4 ksi, fy = 60 ksi
Do not excludeoncrete displaced by steel # ®
® @
(562, 562) (5.62, 562)
('E..-B) (3..'5)
7 — —
Rectangle Section (C-Type) —— @ Run Qptions @
Seeton Label. [PRTH] ACICode:  |acCiziaoz ~]
Width (bl ’157 n Fo |47 Kip/ir2 Strength reduction factor: > Autcz ™ Always use 1.0
it : 5 T Spiral
Height hp |16 n o e Ml Confining reinforcement 9 Tz " foitular section)
R eirfarcamert Meutral axis steps for accuracy [must be > 20): 500
i [© = e F IEetrrlmoeod
Cover to ; . g ; : b
Bar Center: 238 in Battom Bars: |2 Avial capacity steps for display [must be » 5] 20
Left Bars 2 ™ Exclude concrete displaced by steel
Fiight Bars 2

o]

Cancel

= Delete sections that have capacity ratios outside the minimum

and maximum capacity ratios

Solve

-

Cancel

The comparison between the program and the reference is excellent.

U R(kip) G M (kip-ft)
Ma;rtsir;]sne RcSections Reference RcSections Reference
Q=0 471.0 471.1 104.3 104.3
= 0.5f 335.2 335.3 137.0 136.9
Q= 1.0f, 242.3 242.3 150.1 150.1
1= 0.005 193.3 193.4 174.2 171.5
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Verification Example 41 Uniaxial Analysis, Rectangular, ACI 318-99

[Ref. 2,pp. 3-6] e ]

Uniaxial Analysis, Rectangular, ACI 3139 ] O e s

section 1224 inch, concrete cover 8465inch, e o

10#14,°Q = 6 ksi, fy = 60 ksi o Le !l
o e

Exclude concrete displaced by steel
* o

{5.0000, -12 0000

Rectange Section (170 L ] | rncptons | =
Secton Label: |E1ETE A0 Code: |."-\EI 35493 j
Strength reduction factar: + Aotc Al 1.0
widh(t) [z n Fo [ L = s e
Confining reinforcement:  Tied ¢ Spial !
Height hl  [24 in Fo [eo kip/in"2 [cirular section]
Reinforcement | Meutral axis steps for accuracy [must be > 20
. Biaxial angle steps [must be multiple of 4)
Bar size: #14 hd Top Bars: 2 I [always use 4 for uniaxial):
ggrgetnoter' 2 84E5 in Bottom Bars: |2 [ Axial capacity steps for display [must be > 5);
5 )
Left Bars ¥ Exclude concrete displaced by steel
Right Bars |5 - Delete sections that have capacity ratios outside the: minimum
and marimurn capacity ratios
Ok | Cancel | Salve | oK, | Cancel

The comparison between the program and the reference is excellent

Major Axis
Neutral axis deptkin) G R(kip) G M (kip-inch)
ma;rtgirr:sne RcSections  Ref. RcSections Ref. | RcSectiong  Ref.

max capacity 27.3088 | 27.3088 1514.3 1514 2933.2 2933

=0 21.1535 | 21.1535 1176.2 1176 4816.7 4817

(= 0.25f 18.0427 | 18.0427 948.6 949 5612.5 5612

(= 0.50 15.7295 | 15.7295 762.7 763 6187.9 6188

= 1.00 f 12.5194 | 12.5194 404.2 404 7095.0 7095

pure flexure| 8.6460 8.6460 0 0 8666.8 8667
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Verification Example 51 Pure Bending, Tee, ACI 319-99

[Ref. 4,pp. 116]

Pure Bending Analysis, Tee, ACI 388

Section width=28, height=20, flange height=4 and well . 5 colso ero[EneED. 50y
width=14 inch, concrete cover 2.0 inch,

3#11,’Q =5 ksi, fy = 60 ksi

Do not exclude concrete displaced by steel

0 u,%u.u) e} o) 0

#11

@
(14.0, 2.0y
7.0,00) 21.0,0.0)

Tee Section —‘e

==

Secton Label: [jros]

Width [b]: i
Height (h): ’207
Webwidth (el [14
Flange Height (hf: [4

Reinforcement

Bar size: #11 hd

Covver to .
Bar Center: 2 n

Fe. [25 kipdin“2

Fw: g0 kipdin™2
TopBars: 0

Bottorn Bars: |3

]

Cancel |
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ACI Code: |40 21899 ~|

Strength reduction factar: " Always uge 1.0

Confining reinforcement; i ~ Spiral )
[irular gection)

Meutral axiz steps for accuracy [must be » 20 B00
1
20

Biawial angle steps [must be multiple of 4)
[abways use 4 far uniawial):

Huwial capacity steps for display [must be > B

[ Exclude concrete displaced by steel

r Delete zections that have capacity ratios outzside the minimum
and marimum capacity ratios

Saolve | (]9 | Cancel

The comparison between the program and the reference is excellent
0 ,, = d2B12 (kipft)
= @2B125 (Kipft)

RcSections: @i R =
References: @ R =

Oil"I

B0 kip

(234

1, 5571

(438, F57.1)

bon_

400)

300

100]

L4200

LR TR

T~ (32612, 0.0)

-300

=260

-200

-150

-100

-50

-100]

E:

100

180 200 250 306 350 kip-ft

-200

-300]

N |nse s, 4527
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Note:

1. Although this is a pure flexure problem, the program still solves it biaxially. The only point
that we ar e i pt@ Naicethe idteraction diagran@s slkewed, which is
typical for unsymmetrical sectionhis is due to the fact that the moments are taken about the
geometric centroid anfdrces inunsymmetrical bar generate a net moment about the centroid.
This isparticularly true for the condition of the maximum axial load capacity where the whole

section is under uni form strain Ocofickteisor f ol
ignored altogether.

2. You may convert this Tee section to a generic sectithe results would be the same.
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Verification Example 6 i Uniaxial Design, Rectangular, ACI 318-99

[Ref. 1, pp.283

Uniaxial DesignRectangularACI 31899
Select reinforcement for a rectangulalumnof width=16, height=20inch
concrete cover B.inch, "Q = 4ksi, fy = 60 ksi

Factor load combinations Pu =561kips, Mx = 327 ftkips
Factor load combinations 2u = 379kips, Mx = 327 ftkips

Exclude concrete displaced by steel

1. Generate sections and enter factored loads

Concrete Sections =
[ seation [ Label [ Type [ Add Section
~ Generate Rectangular Sections... |
Generate Rectangular Sections I@ |
| Generate Circular Sections. . |
Section Prefix: |F|ect
o o Rectangle-C... | | Circular... ‘
F'c: 4 kipdin”2 Fy B0 kip/in™2
Generation Parameters Rectangle-B... | | Tee... ‘
Start End Step
. o L d| | I ‘
Widh: [i& [i& B in | ]
Height: |20 |20 |2 in | Generic Section. |
Bar size: |ﬁ5 j |Lﬂ'\ j ‘ |
Top Bars Muodify.. Copy
Bottam Bars: |2 |1U |1
Delete ‘ Convert to Generic: |
Left Bars B [0 [
Right Bars:
™ Square sections [width = Height)
[ Equal bars on four sides
(Ber G Cancel | 0K |
Coverto f S -
S 15 imup size; M - [l
Cover ta bar center is computed as following:
“'cover to stimup” + “stirup diameter” + one half of "longitudinal bar diameter”

Factored Load Data

— )

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

Pu tux - Tap Mus - Bottomn | Muy - Top | Muy - Bottor -
[kip] Ikip-H] lkip-H] kipH] Tkip] B L =
1 561 327 a 0 1 1 1
2 73 327 0 0 1 |
‘ [»[]
Frint... ak | Cancel |

1 Mew Rows
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2. Do notconsider slenderness$et reasonable capacity ratio limits.

r

Slenderness

S

Slendemess in the program only accounts for moment magnification in a nonsway frame member or along the length
of & sway frame member. [tis azsumed that a P-Delta analysiz haz been performed on sway frames beforehand.

Heduis s

™ Consider slendemess ™ Consider slendemess

Unbraced length [Lux): 0 ft Unbraced length [Luy]: 0 ft
Effective length factor [Kx]: |1 Effective length factor Kyl |1

[~ Consider minimum maoment [kmin] [~ Conzider minimurn maoment [Fmink

El for critical column load Pe:

[El = [0.2Ec*1g+Es *lse] / 1 + Beta_d) |

(] 8 | Cancel

Capacity Ratio Limits @

Section capacity ratio iz a measure of zection adequacy againzt loads.
Capacity ratio < 1.0 means the design strehgth > the required strength.

imimum capacity ratio; [0.]
Marimum capacity ratio; |1

Ok | Cancel |

48

3. Set biaxial angle steps to 4 for uniaxéalumnsolution Unwanted sections will be deleted
during solution process.

F |
Run Options . . ‘ @

ACICode: |&C1218.99 =]
Strength reduction factor: * Auta ™ Always use 1.0
Canfining reinforcement; & Tied Spiral

[cimular section]

Meutral axiz steps for accuracy [rust be > 20 280
Biaxial angle steps [must be multiple of 4]

[alveays uze 4 for uniaxial]: 4
Auial capacity steps for dizplay [must be > B]; 20

¥ Exclude concrete displaced by stesl

v {Delete sections that have capacity ratios outside the minimum ;
tand masimunm capacity ratios

Solve | ak. | Cancel

4. Picka sectiorfor design
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[ Capacity Check -'! . -.t _: @1
A section iz marked red if its capacity ratio iz greater than 1.0 or outside the minimum and maximum capacity ratios. A sections is marked Fririt... | Cloge |
orange if reinforcement ratio i outzide the nomal range,

Section Label Capacity Ratio Gulcalleadic “:‘;1;;] [E?;ﬁ] Reinf. R atio [i:le .f?larfzs]s Elear[?np]acirL
1 ct_BH1Ex20_fcd_fuB0_Bars008H10_NX002_Nv004_cc2 0.9a2 1 32r0 i1} 1016 3200 2.
2 |ct_BH1Ex20_fcd_fuB0_BarsO03H11_MX002_Nv004_cc? 0.858 1 32r.0 0.0 3.900% 12.48 3200 21
3 ct_BH1Ex20_fcd_feB0_BarsQ03H11_NKX003_Nv003_cc2 1.000 1 32r0 i1} 3.900% 12.48 3200 4.1
4 ct_BH16x20_fcd_fuB0_Bare010810_MNX002_Nv005_cc? 0.841 1 32r.0 0.0 3.969% 12.70 3200 1.
5 ct_BH1Ex20_fcd_feB0_Bars010H10_NX003_Nv004_cc2 0.950 1 32r0 i1} 3969% 12.70 3200 2.
£ |ct_BH1Ex20_fcd_fuB0_Bars010811_MX003_Nv004_cc? 0.823 1 32r.0 0.0 4.875% 15.60 3200 21
7 ct_BH1Ex20_fcd_feB0_Bars010H11_NX004_Nv003_cc2 0.9ze 1 32r0 i1} 15.60 3200 3t
8 ct_BH1Ex20_fcd_fuB0_Bars01083_MN>002_NY005_cc2 .« 0.987 1 32r.0 0.0 10.00 3200 1.1
9 ct_BH1Ex20_fcd_feB0_Bars012H10_NX003_Nv005_cc2 n.ate 1 32r0 i1} 15.24 3200 1.
10 |ct_BH16x20_fcd_fue0_Bars0124#10_NX004_Nv004_cc2 0.894 1 32r.0 0.0 15.24 3200 2!
11 |t _BH16x20_fcd_fuB0 Bars01 2810 _NX005_NY003_cc2 0982 1 32r0 i1} 15.24 3200 2.
12 |ct_BH16x20_fcd_fuB0_Bars012411_NX005_Nv003_cc2 0.864 1 32r.0 0.0 5.850% 18.72 3200 21
13 |t BH16x20_fcd_fuB0 Bars01 2811_NX006_NY002_cc2 0.96E 1 32r0 i1} 5.850% 18.72 3200 1.7
14 |ct_BH16x20_fcd_fuB0_Bars01 249 Mx<003_NY005_cc2. 0.960 1 32r.0 0.0 3.750% 12.00 3200 11
15 |ct_BH16x20_fcd_fuB0 Bars014810_NXO05_NY004_cc2 0842 1 32r0 i1} 5.556% 17.78 3200 2.
16 |ct_BH16x20_fcd_fuB0_Bars0144#10_NX006_Nv003_cc2 0.918 1 32r.0 0.0 586 17.78 3200 1
17 et BH16x20_fcd_fuB0 Bars014811_NX006_NvY003_cc2 0.805 1 32r0 i1} £.825% 21.84 3200 1!
18 |ct_BH16x20_fcd_fuB0 _Bars0144#3 Mx004_NY005_co?.: 0912 1 32r.0 0.0 4.3?52 3200 11 -

To design this colummweused he pr ogr ambs p o wdacilityud helsus generaten g e r
59 different reinforcement layouts. We alset minimum and maximum capacity ratios to filter out
unwanted sectionguring the solution In the end, we hav& candidate sections telect from. The

three highlighted sections are all plausible choices. The reference only gives the midd@@0¢

as the answer.

8#10(10.16 in"9) 10#10(12.70 in"2) 10#9(10.00 in"2)
(—E.DD,.Waﬂ) . | o (0, 10.00) 0100 o | o F°[M00 (-Bnn,lmn.n) o . o gm,'mm)

* & o 0 e & o @ o o 00 0

(-3.00, -10.00; {8.00, -10.00) (-8.00, -10.00) (8.00, j1|j.DD) {-8.00,-10.00 (8.00, -10.00)
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5C

Verification Example 71 A Tutorial, ACI 318-02/05/08

[Ref 3,pp. 7-46]

Biaxial Square Column Design, ACI 302/05/08

Designa square tied column size and reinforcement for the load set
Pu = 1200 kips, M= 300 ftkips, M,y = 125 ftkips, according to ACI@2
"Q =5Kksi, fy =60 ksi

Step 1:
From Setting | Units and Precisions, make sure the units are set correctly.
f Units and Precisions @1
Check the box ta the right of each unit to convert existing data
azgociated with that unit.
Dimenzior: R ~|  |#o0 - v
Length: [it | |0 - W
Force: |kip j |#.D ﬂ ¥
Marment: |kip'ﬂ j |#-D ﬂ 4
fiosall, oo =1 o =1 ¥
I™ Save as defaults for future use
Ok | Cancel
Step 2:
From Setting | Rebar Database, make sure the rebar database is set correctly.
I Rebar Database ﬁ1
D atabase:
Bar Designation Dia[li'rn:]ater ['?r:fza] =
1 0.375 o
2 #4 0s |
3 HE 0.625 0.
4 HE 0.75 0.
5 H7 0.875 |
E #a 1 0.
7 #3 1.128 -
g #10 1.27 1.
g #11 1.4 1.
10 #14 1.633 2w
< | »[]
L! Cancel | oK |
Step 3:

From Input | Sections, launthe Concrete Sections dialog box

5C



Concrete Sections

st

Section

Type

Add Section

Generate Rectangular Sections... |

Generate Circular Sections.. |

Rectangle-C

Circular |

L [Inversed...

| | Tee.. |
I

| Fectangle-B...

Generic Section... |

Madify...

|__on |

Delete

| Corwert to Generic |

Canicel

[

Step 4:

51

Since this is a design problem and the exact column size and reinforcement layout are not known, we
need to try different column sizes and reinforcement layout. The program presents a very powerful

NnGeneeatan®ul ar

Secti

onso

command

on

t he

Concr ¢

parametrically generate multiple sections automatically on our behalf. So click on the button

fiGener at e
shown.

Rectangul ar Sectionso
Generate Rectangular Sections @
Section Prefix: |F|ect
F'z: |5 kipdin™2 Fy [=01] kipin™2
Generation Parameters
Start End Step
wdict |20 |30 2 in
Height: |20 [20 2 in
Bar size; |43 | [am | I
Top Barz
Bottom Bars: |2 |4 |1 ]
Left Bars
Riight Bars: |2 |4 |1 N
¥ Square sections (width = Height)
[+ Equal bars on four sides
Bar cover
Cover to - i e |[EER -
i 15 in inp size: - |EERRINN

Cover to bar center is computed as Following:

"cover ko stirup” + “stirup diameter + ane half of "longitudinal bar diameter”

(o]

Cancel |

This is a very important dialog bor the design of rectangular sectioriBens, hundreds, even
thousands of sections with different sizes and reinforcement layout can be generated from this dialog
box. Although the programels a blazingly fast solver, it is always to your advantage to limit the

number of sections to solve. Here your experience comes handy in selecting reagarexbling

otha patameters@o ncr et «

parametes so that you do not end up with thousands of sections being gendfated are designing
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asquare columams in this example

52

ma k esquare acters (bars on each side are eqaallhis

will greatly reducethe number of sections to be generatkdthis case, 54ections are generated.

Step 5:

From Input | Loads, bringp the Load Data dialog boxC | i ¢ k

load set as shown.

on t

he

bandenter the i N e w

Factored Load Data [&J
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 autornatically (0.6 + 0.4 = M1/42) if a Cm valueof 0 is entered.
Pu Mus - Top Mus - Bottarm | Muy-Top | Muy - Bottom =
[kip] kip-H] [kip-t] kipi] Tkip-] Betad Crie Crmy
1 1200 300 300 125 125 1 1 1
1 [ v []
1 MNew Rows Frirt... 1]8 | Cancel |

Step 6:

FromInput| Slendernesslo not consideslendernes Do notconsidemrminimum momerg either.

-
Slenderness

)

KAz

[ Consider slendemess

Unbraced length [Lus): 0 ft
Effective length factor [Kx): |1

[ Congider minimurn mameat [Mmin)

El far critical column load Pe:

|EI =[02Ec*lg+Ez*le]/[1 +Beta_d)

=

Slenderness in the program only accounts for moment magnification in a nonsway frame member or along the length
of a sway frame member. [tiz azsumed that a P-Delta analvsis has been performed on sway frames befarehand.

Y-ARis

[ Consider slendemess

a f
Effective length factor [Ky]: |1

[ Consider minimum moment [Mmink

Unbraced length [Luyl:

Cancel

]

Step 7

From Input | Capacity Ratio Limits, e minimum and maximum capacity ratio limits.
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Capacity Ratio Limits S

Section capacity ratio iz a meazue of sechion adequacy againzt lnads.
Capacity ratio < 1.0 means the design strength > the required strength,

Minirum capacity ratio: 0.5
b awimum capacity ratio; |1

Ok | Cancel |

b J

Step 8

From Run | Options, bring up the Run Option dialog box before we proceed with the solution. Make
sure ACI 31802/05/08is selected. It is important to point out that the neutral axis steps andl bia
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 diameously, pu may choose less accurate

and faster solution in the first run, delete most of the sections based on capaci{gagt@8~2.0 due

to the conservative solutioand then perform a more accurate and slower solution in the second run.

In this case, a value of @3or neutral axis steps is adequate for our problem. Since this a biaxial
problem,biaxial angle steps is set to.18xial capacity steps for displas set to 20 (far less than@5
so that we do not crowd our graphical anagnerical display of result data.

Note fiExclude concrete displaced by steel 06 shot
only for checking example problems in textbooks!

Click on ASolved to start the solving process.

Step 9

From Result @ta | Capacity Check, bring up the Capacity Check dialog box.

Here each of thB4 sections is checked against the loads (one set in this case). Those sections with
capacity ratios less than 1.0 are safe while those with capacity ratios greater tr@uh$afe.
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