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Chapter 1

The Basics

INTRODUCTION

Frequently, the design process involves an iterative procedure of selecting possible
proportions for structural elements, and then checking to determine whether the first
solution is the best one. This repetitive and tedious procedure may become time and
effort consuming in any structural design office.

ASDIP 4 is a collection of stand-alone programs that carefully integrate building code
provisions with proven design and analysis techniques to perform many of the
repetitive and sometimes cumbersome calculations most commonly used in
structural engineering.

ASDIP 4 is an integrated, interactive system that combines the flexibility of a fill-in-
the-blanks format with the power of the Windows environment to effortlessly develop
either an optimal design or a quick investigation.

The fill-in-the-blanks format gives the user the opportunity to change the value of any
variable and immediately obtain the result without re-entering all the input data. In
addition, the designer may perform "what if ...?" analysis, this is, appreciate the
relationship between the variables involved in a specific problem and optimize the
design with minimum effort.

All the programs have been assembled to help the designer obtain specific results
from procedures common to structural concrete, steel and masonry design.
However, they cannot replace the judgment of an experienced engineer who must
select the structural types and appropriate loads, and interpret the results obtained
adequately from the analysis of structural systems.
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DEFINITIONS

Module is a program that forms part of ASDIP 4, so we will use the terms
program, module, application synonymously throughout this Manual.

Template is a page in every module dedicated to show, in a neat and condensed
form, the input data and a selection of the most important information.

Report is a pre-formatted page in every module that shows a detailed, well
organized, ready to print information about your design.

All the modules have been protected to avoid accidental changes in formulas, with
the exception of those fields assigned for the required input data, which appear
highlighted in the programs for easier identification. The input data may be entered
directly on the templates, or using the input dialog boxes.

The input dialog boxes may be invoked by either double-clicking on the input
data fields or using the pull-down menus.

All the programs have been written to work with any of the following three unit
systems:

* US - English units, customarily used in the United States (in, ft, kip, ksi).
* Sl - The International Standard system of units (cm, m, N, MPa).
« ME - Metric units, used in Europe and Latin America (cm, m, Tn, kg/cm?).

All the programs are able to generate graphs as a design tool to help the user
visualize the design in an easier and faster way. The ASDIP 4 context-sensitive
Help System may be invoked anytime and anywhere by just pressing the [F1] key
to obtain information on any command with the extensive on-line documentation.
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FEATURES

Stand-alone programs which run in Windows XP/Vista/7. No additional
software required.
Fill-in-the-blanks format with in-field editing.
Highlighted input fields for easier identification of fields assigned for data entry.
Personalized programs with your company name on screen and printouts.
Multi-level context-sensitive help system to guide you through the use of the
programs. Simply press [F1] to obtain information on any command.
Documented calculations step-by-step on screen. This allows the designer to
follow the procedure and check any result.
Customized command tree with selective menu commands in each particular
program for easier use.
Secured fields to avoid accidental changes in formulas.
Much smaller data file than the program itself. When saving several sets of
data from the same program, it results in a 5 to 10 times disk space reduction.
Combined text-with-values output messages updated with each new change.
Three different unit systems available:

US units (in, ft, Kip, ksi)

Sl units (cm, m, N, MPa)

ME units (cm, m, Tn, Kg/cm?)
Printouts with ASCII characters and solid lines for excellent quality outputs.
Complete built-in steel sections database.
Graphics printing without leaving the program. This way you may include
graphs in your set of calculations.
Fast performance. Significant improvements due to compiled formulas, minimal
recalculation, and automatic coprocessor support.
Mouse support for quick movement of the field pointer through the screen.
Lenient hardware requirements.
Selective printing options.
Exclusive ASDIP 4 Input Validation feature to avoid invalid data or erroneous
input format, such as negative values for materials’ properties, etc.
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HARDWARE REQUIREMENTS

To use ASDIP 4, a personal computer with the following minimum hardware and
software configuration is needed:

* Microsoft Windows XP/Vista/7 32-bit only. For 64-bit, XP-mode is required.

* 16 MB installed RAM minimum.

* Hard disk with at least 25 MB of free space.

* A mouse or other pointing device supported by Windows.

INSTALLATION

1. Download the demo from our web site and follow the instructions.
2. When you order the software the license instruction will be emailed to you.

RUNNING ASDIP

Once ASDIP 4 is installed, it is ready to run. Select ASDIP from the Start |
Programs menu or simply double-click on the icon. ASDIP 4 will run in demo mode
until you validate your license. To do so follow the instructions emailed to you the
same day you place the order.

DISCLAIMER

A great effort has gone into the development of ASDIP. Although all the programs
have been thoroughly tested and used to assure the correctness of analytical
solutions, the structural engineer of record is responsible for modeling the
structure, inputting data, and applying engineering judgement to evaluate the
output. ASDIP Structural Software disclaims all responsibility for damages of any
kind resulting from the use of the information contained herein, or generated by
this document, and the accompanying computer software.
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Chapter 2

Operating ASDIP

THE MAIN MENU

ASDIP 4 uses pull-down menus to access commands that allow, among other tasks,
the manipulation of files, inputting of data, changing the look of the program window,
setting preferences, running the program, showing the graphs, and printing the
results.

File Edit Input Design Option: Mawigate Help

The File Menu | Eie

. . . . Opet.. Chrl+0
The File menu is used to transfer information between Elp;: o
files, such as_open, close and save data files, print SaveData.  CHiss
results, and exit the program. Retrieve Data..

Clear Data

File | Open Erint.. Ctrl+P
Allows you to load an ASDIP 4 program. The dialog box PG S
that appears shows you a listing of all the options E it

representing the programs that compose ASDIP 4.

Choose the program you want to open from the dialog box. A brief description of your
selection is displayed at the bottom of the list of modules. Click Open to confirm your
selection.

When you start ASDIP 4, it starts without any module window (a blank screen). Load
the program you want to work on using this command. As an alternative, use the
Open icon from the tool bar for an easier and direct selection.

ASDIP allows up to 5 open modules at a time. To toggle between open modules,
select from the list at the pull down Navigate Menu.
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V ASDIP Menu E3

Pleaze select a program:

Steel Base Plates Design ;l
Concrete Beam Deflections
Cantilever Footings Design
Compozite Beams Design {
Corbels and Beam Ledges -
Concrete Deep Beams
Rectangular Concrete Columns
Circular Concrete Columns
Any-zhape Concrete Shear Wwall
Lateral Loads Distribution ;I

en

2

Cancel

Design of composzite beams taking into
account the different loading stages.
asz per AlISC

Help

Figure 1. - The FiLE OPEN dialog box

File | Close

This command closes the program contained in the active window. If you have
made any changes, you may save your input data using File | Save Data from the
menu bar before closing. If you have only one open module and select this
command, then ASDIP 4 will not allow you close your only module and will display
a text box instead.

File | Save Data

Saves the changes made to the current data file under any filename. If a file of the
same name exists, ASDIP 4 will ask you if you want to overwrite that file. This
feature allows you to save several versions of data for the same program, not the
program itself, which results in significant disk space reduction. When you choose
the Save Data command, the dialog box of Figure 2 shows up.

» All data files corresponding to the calling module are displayed in the FILE
NAME list box. To save the data file in another drive or directory, use the DRIVES
drop-down list or the DIRECTORIES list box, respectively.

* In the FILE NAME text box, type a new filename. You do not have to supply a file
extension; since it will be appended to the specified file.

» Press ENTER or choose the Ok button.
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i Save Data File Ed

File Hame: m
Path: c:\progra~1\asdip 0K

base-pl_bdt ~ | 1.1
bm-defl_bdt [data]
cantfoot.bdt Cancel
composit_bdt
corbel bdt
deep-bm.bhdt

int-circ_bdt =
int-diag. bdt -

List Files of Type: Drives:

|BOT Files (*.bdt) |£| |[-c-] |£|

Figure 2. - The SAavE DATA dialog box.

File | Retrieve Data
Allows you to load an existing ASDIP 4 data file. This command invokes a dialog box
similar to the one shown in Figure 2.

File | Clear Data
Clears the contents of all the input data cells of the active module.

File | Print

You may obtain a predefined and preformatted printout of your project by using
File | Print from the menu bar. ASDIP 4 may print out the TEMPLATE and the
REPORT pages, as well as the generated graphs. Alternatively, use the print icon
in the tool bar. Figure 3 shows the dialog box related to this command.

Figure 3. - The PRINT dialog box.
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File | Printer Setup
This command allows you to select the active printer as specified in the Control
Panel (Refer to your Microsoft Windows manual on using the Control Panel).

File | Exit

This closes all open files and exits the program. ASDIP 4 does not prompt you to
save your data. If a module has unsaved changes, this information will be lost.
Unlike File | Close, File | Exit closes all windows in your application and shuts
down ASDIP 4.

The Edit Menu Edit

The Edit menu includes commands to manipulate input Copy Ctrl+C

data, such as Copy, Paste, and Clear. These commands Easte Lty
. Clear Diel

have effect only on the data entry cells, which appear

highlighted on the screen.

Edit | Copy

Stores the contents of a range of input cells in the clipboard. This command is very
useful to enter repetitive data in tabular form directly on the screen.

Edit | Paste

Copies data previously stored with Edit | Copy to the module page just where the
cellpointer is located. The format of the target range is not altered. ASDIP does not
use the clipboard to perform this operation, but a .TXT file internally generated with
Edit | Copy.

Edit | Clear

Erases the contents of a range of input cells.

The Input Menu [ nput

The Input menu includes commands that enable you to input ;aj'::fals
labels, enter material properties, and define geometry, Geometry. .
reinforcement, and load data. Alternatively, ASDIP 4 allows Reinforcement...
you enter data directly on the template, if you do not want to Loads..
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use the corresponding dialog boxes. However, it is recommended to use the dialog
boxes in order to validate and exert better control of your input data.
TIP: Double-click on an input cell to show the cor  responding dialog box.

IMPORTANT: If the Options | Recalculation command has been set MANUAL, you
must press the [F9] key to update the program calculations and output. Otherwise,
the results will not be correct. When the data changes, ASDIP shows a "CALC"
indicator on the status bar to remind you that the formulas need to be recalculated
in order to obtain the correct result.

Input | Labels

To keep track of data and output, ASDIP allows you to specify the project name, a
brief description, and the engineer’'s name. This information is printed with the
output and is intended to help you organize your data.

* From the Input menu, select Labels... . The dialog box of Figure 4 appears.

i Labels E3

Project: IPMB - FRAME A&

Description: IBeam BM-21

Engineer: IEng. John Doe

Figure 4. - The LABELS dialog box.

» Enter the labels in the corresponding text boxes.
* Press ENTER or choose the Ok button.

Input | Materials

Allows you to input the materials’ properties, such as concrete and steel strength.
When this command is selected, a dialog box appears, as shown in Figure 5. This
dialog box may vary depending on the program being used.
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i Material Properties

Concrete Strength f'c = |4 ksi

Steel Strength Iy = I-ﬂ ksi

Figure 5. - The MATERIALS dialog box

» Enter the concrete strength f'c in the corresponding text box (if different than
the current value).

» Enter the steel yield strength fy in the corresponding text box (if different than
the current value).

» Press ENTER or choose the Ok button.

Input | Geometry

Allows you to define the structure’s geometry. When this command is selected, a
dialog box appears, depending on the program being used. This dialog box is
shown separately for each program in the next chapters.

Input | Reinforcement

Allows you to input reinforcement data in concrete structures, such as bar size and
spacing, number of stirrups, clear cover, etc. When this command is selected, a
dialog box appears, depending on the program being used. This dialog box is
shown separately for each program in the next chapters.

Input | Loads

Allows you to input the applied loads, either service or factored, such as vertical
and horizontal, concentrated, or distributed. When this command is selected, a
dialog box appears, depending on the program being used. This dialog box is
shown separately for each program in the next chapters.

The Design Menu Desicn D

The Design menu contains commands that enable you to select Select..
the steel section to be analyzed, execute the solver portion of Units...
ASDIP 4, define the unit system, and work with the graphic output. Bzl
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Design | Select
This command allows you to access the built-in steel sections database provided
with ASDIP 4 and select the desired section to be analyzed.

* Choose Select... from the Design menu. The dialog box in Figure 6 shows up.

* From the Section drop-down list box select the section designation. ASDIP 4
shows in the adjacent window the properties of the specified selection..

* Press ENTER or choose the Select button.

i Section Properties

Area = 23.20 e
Depth = 12.38 n
tw= 0470 in
bf= 12.080 in
Group: tf= 0.735 in

im= 3.31 in
*
Iw Shapes | %% = BB2 ind

Sxx= 107.0 it

Category:
AISC Standard

Section: rix= 534 in
|bmzx?9 lyp= 216.0 ind
Spyp= 3680 in

rp-py= 305 n

| Select I ‘ Cancel I | Help I

Figure 6. - The SELECT dialog box

Design | Solve

This command executes the ASDIP’s solver engine used by some of the
programs. This command is intended to provide the user with the tool to “run” the
solver at any time. Most of the modules are solved internally and, therefore, do not
have this command.

Design | Units
ASDIP 4 allows you to work with any of the following unit systems:
US - Customarily used in the United States (kip, ft, in, ksi)
S| - The International system of units (KN, m, cm, MPa)
ME - Mostly used in Europe and Latin America (Tn, m, cm, Kg/cm?)
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» Select Units from the Design menu. The dialog box in Figure 7 appears.
» Choose an option from the ratio buttons, which are mutually exclusive.
* Press ENTER or choose the OK button.

! Units

@ US units [kip. ft. in, ksi]

(" Sl units [EH. m, cm, MPa]

) EM units [Tn, m. cm. ksi]

| [1].9 I |§ancel| | Help I

Figure 7. - The UNITs dialog box

Design | Graph
Contains a cascading menu with commands that allow you to work with the output
graphs generated by ASDIP 4.

> View

Choose this option to display a graph directly onto the screen.

i Show Graphs

8 Strap Footing Yiew
) Shear Force Diagram

1 Bending Moment Diagram

| 1] 4 | |Eam::el|

Figure 8. - The GRAPH/VIEW dialog box.

* From the Design menu select Graph. From the cascading menu select
View. A dialog box appears similar to the one shown in Figure 8.

» Choose an option from the ratio buttons, which are mutually exclusive.

* Press ENTER or choose the OK button.
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» Print
Choose this option to print a graph to the active printer.

* From the Design menu select Graph. From the cascading menu select
Print. A dialog box appears similar to the one shown in Figure 8.

» Choose an option from the ratio buttons, which are mutually exclusive.

» Press ENTER or choose the Ok button.

The Options Menu

The Options menu contains commands that enable you to gptg:; =
customize ASDIP 4 according to your personal preferences and Recalculation..
needs.

Options | Data Folder

Allows you to specify the folder that ASDIP uses to save and retrieve data files. To

set a default data folder use the Settings | Data Folder command at startup.

 Choose Data Folder from the Options menu. The dialog box of Figure 9
appears.

i Data Folder Ed

Please specify your data folder:

I “projects'imatos\escuelal

| (1] I |Ean-::el| | Help I

Figure 9. - The DATA FOLDER dialog box
» Enter a folder in the text box and press ENTER.
Options | Recalculation

Allows you to specify the way ASDIP 4 recalculates the module. You set the
method: either AUTOMATIC or MANUAL.
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In automatic mode, ASDIP 4 recalculates internally all formulas when you make a
change to the contents of a field. In manual mode, it recalculates only when you
press the [F9] key or the corresponding icon in the tool bar. The default is
AUTOMATIC. Note that sometimes is useful to set the recalculation mode to MANUAL,
for example to fill a table of data directly on the template.

i Recalculation Mode

(@ Automatic [data input with dialog boxes]

) Manual [recalculates when pou press F9)

|§an-::el| | Help I

Figure 10.- The RECALCULATION settings.

Important : Unlike Automatic mode, in Manual mode you are allowed to enter data
directly on the template.

The Navigate Menu Mavigate
The Navigate menu choices let you move between il Uzmygleliz
| Go to Beport

pages in your application, and select the active module
from the open modules list.

Cantilever Foatings Dezsign
Compozite Beams Dezsign
Circular Concrete Columins

ASDIP 4 allows up to five open modules at a time. This . ¥ Cantiever Retaining/slls
. . Shear Wall: Seizmic Design

menu command contains the list of the open modules,

where you can select your active module. ASDIP 4 shows a check mark to indicate

the current active module. You may switch to another open module by left-clicking on

the desired selection.

| Help

The Help Menu Lontents

i " Search Index
Even though ASDIP 4 has been designed to be a user- | Houpal.?
friendly package and is actually very easy to use, this menu |  Keyboard
includes several options that guide you throughout the License Yalidation...
program with extensive on-line documentation. Technical Support

About ASDIP. .
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THE TOOL BAR
ASDIP uses icons to quickly access point-and-click visual interface elements that

perform some of the most common tasks within ASDIP. As a reference, the
meaning of every icon appears in the status bar at the top of the main window.

B WS 2 TR

oW

Opens a module. This is similar to File | Open

Closes the current module’s window. This is similar to File | Close

E Loads an existing data file. This is similar to File | Retrieve Data

I:'II Saves the data in a file. This is similar to File | Save Data

£
El Stores the contents of a range in the clipboard. This is similar to Edit | Copy

Retrieves the contents of the clipboard. This is similar to Edit | Paste
£l Prints the module’s template. This is similar to File | Print
E‘ Displays a graph onto the screen. This is similar to Design | Graph | View

Recalculates the formulas. This is similar to pressing the [F9] key

Displays the on-line documentation. This is similar to Help | Contents
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Chapter 3

The Modules

List of programs that compose ASDIP:

- Analysis of deflections in concrete beams and one-way slabs.
- Design of concrete corbels and beam ledges.

- Design of concrete deep beams.

- Design of circular concrete columns.

- Design of rectangular concrete columns.

- Design of any-shaped concrete shear-walls.

- Analysis of lateral-load distribution.

- Design of tall slender masonry walls.

- Design of steel beams with web openings.

- Analysis of loads on pile foundations.

- Analysis of vibrations in steel joist / concrete slab floors.
- Design of concrete beams under combined loading.

- Seismic design of shear walls (ACI-318, Chapter 21).
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Concrete Beam Deflections

Serviceability of a structure is determined by its deflection, cracking, extend of
corrosion, and surface deterioration. Excessive deflection of a beam or slab can
damage a partition below, and excessive deflection of a lintel beam above a window
opening can crack the glass panes.

This program computes the maximum deflection of a simply supported double-
reinforced concrete rectangular or T beam under the action of service loads, taking
into account the immediate and the long-term effects, according to ACI design
criteria. In addition, continuous beams or one-way slabs may also be modeled by
entering the corresponding end moments.

INPUT DATA

The required input data consists of the materials’ properties and beam dimensions.
In addition, the service dead and live loads (a distributed load and two end moments)
are required. Figure 1 shows schematically the required input data.

Effective Width

Alg
£
&2

te

As

b

Figure 1. - Required input data.

EXAMPLE
Find the maximum deflection of a uniformly loaded continuous beam with four spans
of 36 ft., a width of 14 in. and a total depth of 21-in. supporting a 4" slab. The steel

area is 4.00 in® at a depth of 18.25 in. The beam is subjected to a service dead load
Copyright © ASDIP Structural Software




Concrete Beam Deflections 4-2

of 700 plf including its self-weight and a live load of 1200 plf. Use f'c = 4 ksi and fy =
60 ksi. Assume that 50% of the live load is continuously applied.

78"
5#3 support
. o
e
o
o0 ity =: BB T
e o G449 center
249 suppert
e r i
147

Figure 2. - Example problem data.

From the Input menu select Geometry and enter the required information in the
GEOMETRY dialog box, as shown in Figure 3.

i Geometry Ed

Beam Section Width = |14 in

Flange Effective Width = I?ﬂ in

Flange Thickness = |4 in
At At

Center Support

Az top = Iﬂ— Iﬁ— ine
d= 28 [38  in
Asbot= 4 [ i
d= IW IW in

‘ Beam Clear Span Ln = |3ﬁ ft

|Ean-::el| | Help I

Figure 3. - The GEOMETRY dialog box.
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Concrete Beam Deflections 4-3

From the Input menu select Loads to enter the applied service loads in the LOADS
dialog box, as shown in Figure 4.

i Service Loads Ed

Dead Live

Distributed Load = Iﬂ-? |1-2 K/t
Left End Moment = Il] Il] k-ft
Right End Moment = I-ﬂ? |-1E? k-t

% of Live Load Continuously Applied = |5|] E

|Eam::el| | Help I

Figure 4. - The LoADs dialog box.

The program computes the section’s properties in the pre-cracking and post-cracking
stages and calculates the effective moment of inertia based on the Branson
approach. The maximum deflection is computed as the sum of the instantaneous
deflection and the long-term deflection in accordance with the ACI procedure. It is
then compared with maximum values allowed, depending on the type of structure.

OUTPUT

Figure 5 shows the template related to this program with the example problem data.
In this example, the code deflection criterion is met by conditions A and B only.
Therefore, the continuous beam is limited to floors or roofs not supporting or attached
to nonstructural elements such as partitions.

(Note: this problem is solved in Ref. 3 page 273, Example 8.4).
This program generates the beam’s bending moment diagram for the dead and live

loads. Select Graph and View from the Design menu to display the graph, as shown
in Figure 6.
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Concrete Beam Deflections

Diate:  2%-May-2005 Time:  032% PM SPECTRA Engineeting, P5C
Project:  ASDIP Reference Manual CONCRETE BEAM DEFLECTIONS ANALYSIS

Descrip:  Example MATERIALS:

Engineer. Your Name Concrete Strength fc Iksi) = 4.0
GEOMETRIC PROPERTIES: Stesl Strength fy (ksi) = 60.0

Beam Clear Span Ln ift) = 36.0 Caonc. hModulus of Elasticity Ec (ksi) = 3644

Beam Section Width bw (in) = 14.0 | Modulus of Elasticity Ratio n = 8.0

Flange Effective Width be (iny = 78.0 UNCRACKED SECTION PROPERTIES:

Flange Thickness hf (in) = 4.0 Center of Gravity Depth h lin) = 711
Reinforcement at:  Center  Support Gross Moment of Inertia g (indy= 24632

Top Steel Area A's (inf = 0.00 6.00 First Crack Maoment Mcr Ik-ft) = 9k

Top Steel Depth d° (inj= 2.8 3B CRACKED SECTION PROPERTIES:

Buott. Steel Area As (inf)=  4.00 2.00 Meutral Axis Depth ¢ [in)= 4897

Bott. Steel Depthd  {inj=  18.2 18.2 Moaoment of Inertia ler (ind) = 8744

SERYICE LOADS: DL Effective Moment of Inertia  (ind) = 16926

- DEAD LOAD (selfweight included): DL+LL Eff. Moment of Inertia (ind) = 8950

Unifarmly Dist. Load w ki) = 0.700 DEFLECTION AMALYSIS (Mote 43

Left End Moment Rl (k-ft) = 0.0 Dead Load Instant. Deflection [in) = 0.210

Right End Mament M2 (k-ft) = 97.0 Actual Al

- LIVE LoAD: Cond. Type fir) {in] Ratio

Unifarmly Dist. Load w kAt = 1.200 A Live Load 0.867 2.400 0.36

Left End Moment (k-ft) = 0.0 B Live Load 0.6e7 1.200 072

Right End Morment h2 (k-fij=  -167.0 C  Long-term 2208 0.900 2.45

% of LL Continuously Applied = 50 O Lang-term 2.208 1.800 1.23

Figure 5. - Template of the program.

_m Concrete Beam Deflections Analysis

File Edit

200

150

100

a0

Bending Moment Diagram

50
K -100
f -150
-200
-250

-300

100 150

— DL

SPECTRA Engineering, PSC

200

Distance (in)

250 300 350 400 450

LL — DL+LL

Figure 6. - Graphical view of the moment diagram
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Chapter 5

Corbels and Beam Ledges

Brackets or corbels are short-haunched cantilevers that project from the inner part of
columns to support heavy concentrated loads or beam reactions. Its design has
become increasingly important with the extended use of precast and prestressed
concrete members and larger spans, resulting in heavier shear loads at supports. A
beam ledge is a cantilever that project from a concrete column to support
perpendicular precast beams.

The program performs the design of a reinforced concrete corbel or beam ledge
subjected to vertical and horizontal combined factored loads, based on the Strut
Theory approach and the ACI Ultimate Strength Design Method. The program
designs the reinforcing steel as well as the bearing plate.

INPUT DATA

The required input data consists of the materials’ properties, the corbel o beam ledge
dimensions, the applied loads, and its position. For the reinforcement design, the bar
size and spacing for the main tension steel and the horizontal stirrups are required.
Figure 1 shows the required input data.

/\'

. |-—a — -
bearing plate . | As (primary tension

Nye Vu / reinforcement)

-
4
‘[ “7 anchor bar .
h \ M
! N +
- A, (closed F n
stirrups or ties)

Framing bar to secure-1
stirrups or ties /\,

2
§d

Figure 1. - Required input data.
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EXAMPLE

As an example, design the corbel to project from a 14” square column supporting a
factored vertical load of 86.4 kips acting at a distance of 3.0 in. from the face of the
column, as shown below. Use f'¢c=4000 psi and fy=60 ksi.

4 +
~\
&
Mo. 8 Cross Bar 3,7
3-No. 7 Bars Welded 1
Weldedte — %
Bearing Flate 7/,_’ i —— .
L t Il
L t ) |
L i ,
\ P
Standard 2
Hook ———17 -
4-No. 3 ties @ 274" 0.c.
™\ and No. 3 framing bar
as shown

Figure 2. - Example problem data.

From the Input menu select Geometry to enter the dimensions in the GEOMETRY
dialog box, as shown in Figure 3.

' Geometry E3

Column Width= [14 | in
Total thickness = Ir in
Effective Depth = Ir in
Bearing Plate Width= [14 in
Bearing Plate Length = I_ in

|Ean-::el| | Help I

Figure 3. - The GEOMETRY dialog box.
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From the Input menu select Reinforcement to enter the bar size information in the
REINFORCEMENT dialog box, as shown in Figure 4.

! Reinforcing Steel

Main Steel
Ty I:TE Bars # I?_E

Hornzontal Stirrups

Tip FE Stinups # |3_E

|§ancel| | Help |

Figure 4. - The REINFORCEMENT dialog box.

From the Input menu select Loads to enter the applied loads in the LoADs dialog
box, as shown in Figure 5.

i Factored Loads E

Yertical Load = IBB.4 kip

Dizt. from Col. Face = |3 in

Hornzontal Load = |33--'-1 kip

|§ance|| | Help I

Figure 5. - The LoADSs dialog box.

OUTPUT

Once the input data is entered, the program performs the computations and checks
the adequacy of the design. The output consists of three non-dimensional numbers
indicating the limitations in shear capacity and the steel area provided. All these
ratios should be no greater than 1.0.

In addition, the program computes the required bearing plate area under the load to
avoid concrete bearing failure.
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Diate:  10-Aug-2005 Tirne:  04:10 PM SPECTRA Engineering, P5C
Froject: Reference Manual CORBEL & BEAM LEDGE DESIGH
Descrip: Example BEINFORCEMENT DESIGH:

Engineer: Your Hame - MAIN STEEL:
WATERIALS: As Required fin¥fin) = 0.126
Concrete Strength o (k=i) = 4.0 Mumber of Bars FPravided = 3
Steel Strength fy (ksi)= 60.0 hiain Steel Bar Size # = 7
SEOMETRIC PROPERTIES: Az req. S As provided Ratio = 0593
Corbel or Beam Ledge?  (C/L) = C GREAT I MAIN STEEL AREA IS OF
Column YWidth b (imy = 14.0 | - HORIZONTAL STIREUPS:
Tatal Height h (in) = 150 Ah Reguired fin¥in)= 0034
Effective Depth d (in) = 140 | Mumber of Stirrups Provided = 4
COMBIMED FACTORED LOADS: Stirrups Bar Size =3
“ertical Load “u (kip) = 864 | Ahreg /Ah provided Ratio = 054
Dist. fram Column Face  (in) = 3.0 GREAT I, HORIZ, STEEL AREA 15 OF
“u  gvn Shear Capacity Ratio = 073 BEARING PLATE DESIGN:
GREAT !, SHEAR STRENGTH IS OF Bearing Strength FPb fksi) = 22
Horizontal Force Muc (kipl = 384 | Req Bearing Plate Area  (inf)= 3941
CHECK FOR LEDGES: Bearing Plate Width (imy = 14.0
“u / @v'c Punching Shear Ratio = ML.A. Bearing Plate Length fin) = 3.0
Regd. Hanger Reinf, (inin) = N GREAT I, PLATE DIVENSIONS ARE QK

Figure 6. - Template of this program.

mtnlhel and Beam Ledge Design [_ O] x|
Fil=  Edi
SPECTRA Engineering, PSC T fo = 4000 psi
Example fy = BO00O psi
1.3.0"
3 Bare #7 #7 Cross Bar
Main Steel (¥welded)
ain Stee \ .// .

5.0"

4 Bars #3 @ 2.3"
Closed Stirrups

3 #5 Framing Bars

14" Column Width

Figure 7. — Graph generated by the program.
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Chapter 6

Concrete Deep Beams

Deep beams are structural elements loaded as beams in which a significant amount
of the load is transferred to the supports by a compression thrust joining the load and
the reaction. As a result, the strain distribution is no longer considered linear, and the
shear deformations become significant when compared to pure flexure. Floor slabs
under horizontal load, short span beams carrying heavy loads, and transfer girders
are examples of deep beams.

This program performs the design of a simply supported reinforced concrete
rectangular deep beam subjected to a uniformly distributed load and two
concentrated loads applied on its top face.

The program is based on the ACI Ultimate Strength Design Method and applies to
those flexural members having a clear span to height ratio of less than 4. The flexural
reinforcement is designed taking into account the reduced lever arm due to the non-
linearity of the strains’ distribution.

lFu P, W ]:yc
IERRRRENN RN NN
& .
Bor#—<:' =
7 [y %

‘ .[ Clear Span .[ ‘ Width

Total Length

Figure 1. - Required input data.
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INPUT DATA

The required input data includes the materials’ properties and member dimensions,
as well as the applied factored loads, not including self-weight. For the shear
reinforcement design, the vertical and horizontal bar size and spacing is needed.
Figure 1 schematically shows the required input data.

EXAMPLE

Consider the simply supported beam having a clear span of 10 ft subject to a
distributed factored live load of 146.2 k/ft on top. The beam height is 72 in. and its
thickness is 20 in. as shown in Figure 2. Design the reinforcement.

146.2 k/ft

ENNRNNENNNENNEEE

—

#4@7— 2 fo = 4 ksi

" | = ;
#3@7 o = fy G0 ksi

‘ | 10°=0 [ -8
11'—5

Figure 2. - Example data.

From the Input menu select Geometry to enter the dimensions in the GEOMETRY

dialog box, as shown in Figure 3.

From the Input menu select Reinforcement to enter the bar size information in the
REINFORCEMENT dialog box, as shown in Figure 4.
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Section Width = I'E in

in
ft
ft

Total Height =
Total Length =

Y

Clear S5pan =

| oK I |Eam::el|

Figure 3. - The GEOMETRY dialog box.

i Reinforcing Steel E3

Shear

Yertical Barz # I?E (= IH in
Honzontal Bars # ITE o I? n.

Bending

ty [+ @ saes 5

Figure 4. - The REINFORCEMENT dialog box.

From the Input menu select Loads to enter the applied loads in the LoADs dialog
box, as shown in Figure 5.

i Factored Loads E
Distributed Load = |[ETR]  k/it

Concentrated Diztance from
Loads Left Support

P1 = Il] kip L1 = Il] ft
P2 = Il] kip L2 = Il] ft

|_EI_K | | Cancel I

Figure 5. - The LoADs dialog box.
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OUTPUT

Once the input data is entered, the program automatically verifies the adequacy of
the design. The output consists basically of three messages indicating the adequacy
of the spacing of the proposed reinforcement, and five non-dimensional numbers
checking the limitations in section capacity and bar sizes suggested by the building

code. All these ratios should not be greater than 1.0.

Figure 6 shows the template related to this program with data from the example

SPECTRA Engineering, P5C
CONCRETE DEEF BEAMS DESIGH

problem.
Date:  15-Aug-2005 Time: 0202 P
Froject:  Reference Manual
Descrip:  Example
Engineer. Your Name
MATERIALS:

Concrete Strength fc (k=i = 4.0
oteel Strength fy (k=i = 60.0
GEOMETRY:
section Width b (in) = 20.0
Total Height h in) = 72.0
Total Length L (= 11.5
Clear Span Ln ifth = 10.0
Span Ln f Total Height h Ratio = 1.67
YES, THIZ IS5 A DEER BEAN !
COMBIMNED FACTORED LOADS:
Distributed Load w (k) = 146
Concentrated Load P1 (kiph = 0.0
L1 fram Left Support ifth = 6.4
Concentrated Load P2 (kip) = 0.0
LY from Left Suppart (= 10.6
=hear at Critical Section %u (kip)=  518.0
Max. %u/ a%n Ratio = 0.54
GREAT I, SHEAR CARPACITY IS OF

REINFORCEMEMT DESIGH:
- SHEAR (Maotes 1.7
Yz reg. J Vs provided Ratio = 086
SGREAT I, SHEAR DESIGN 15 0K
- “ertical Stirmups
“ertical Bar Size (# = 5
Yertical Bar Spacing Sv (in= 4.0
GREAT I, VERT BAR SFAGING IS OK
Ay min £ Ay provided Ratio = 032
SREAT I, VERT STEEL AREA IS 0K
- Horizontal Bars Each Face
Haorizontal Bar Size #H= 5
Harizantal Bar Spacing =h (inj= 4.0
GREAT I, HORIZ BAR SPACING IS OF
Ash min f Ash provided Ratio = 019
GREAT I, HORIZ STEEL AREA IS O
- BEMDIMNG (Mote 33
Fequired Steel Area As (inf) = 7.24
8 Bars # 9 atbottomhs=11.1"
As req. S As provided Ratio = 0.91
GREAT I, BENDING STEEL AREA IS QK

Figure 6. - Template of the program.

By choosing the Graph and View options from the Design menu, a graphic view of
the deep beam is displayed showing important data such as the steel reinforcement,

member dimensions, and material properties, as shown in Figure 7
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Concrete Deep Beams 6-5

mcuncrele Deep Beam Design Hi=1E3
File  Edit

#5 @ 4.0" stirrups #5@ 40" ef

at full length at full height

B-#9aths=11.1"
00" Baarn Width Main flexure steel
72.0" Bearn Height
10- 0" Clear Span

114 6" Total Length SPECTRA Engineering, PSC
Example

Figure 7. - Schematic view of the deep beam.

A detailed report may be obtained by clicking on the corresponding icon on the tool
bar or by selecting Navigate | Go to Report from the menu.
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Chapter 7

Concrete Circular Columns

Columns are structural compression members which transmit loads from the upper
floors to the lower levels and then to the soil through the foundations. Since columns
are compression elements, failure of one column in a critical location can cause the
progressive collapse of adjoining floors, and in turn, even the collapse of the entire
structure.

Although tied columns are most commonly used because of the lower construction
costs, spirally bound circular columns are also used where increased ductility is
needed, such as in earthquake zones. The ability of a spirally reinforced column to
sustain the maximum load at excessive deformation prevents the complete collapse
of the structure before total redistribution of moments and stresses is complete.

Failure in columns could occur as a result of material failure or by loss of lateral
structural stability. If a column fails due to material failure, it is classified as a short
column, as opposed to the slender column whose failure is by buckling.

This program generates the axial load vs. bending moment interaction diagram of an
unconfined circular concrete column, with uniform arrangement of non-prestressed
reinforcing bars, taking into account the slenderness effects.

The program is based on the equilibrium of forces and compatibility of deformations.
The following assumptions have been made:

1. Stresses in concrete and steel are directly proportional to the distance from the
neutral axis.

2. Maximum useable strain at extreme concrete compression fiber is 0.003 in/in.

3. The Hognestad concrete stress-strain relationship is used.

4. For reinforcing steel, the elasto-plastic model is used, taking into account the
strain hardening effect.

5. Tensile strength of concrete is neglected.
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Circular Concrete Columns 7-2

The column section has been divided in 80 layers of the same thickness. The strain,
and therefore the stress, is assumed to be constant in all the thickness of each
segment and equal to that present at its mid-depth.

The interaction diagram is generated by defining several positions of the neutral axis
and checking the external forces (P and M) for each condition that satisfies the
equilibrium of forces. The program takes into account the correction of concrete
forces for the area in the compression block displaced by vertical bars.

The program generates the diagram with the actual curve stress-strain of the
concrete rather than using the equivalent rectangular stress distribution. This is in
recognition of the fact that the Whitney's stress block, although simpler, is not
correctly applicable to non-rectangular compression areas, since the centroids of the
actual and idealized blocks do not coincide.

INPUT DATA

The required input data includes the materials’ properties, the applied factored loads
and the geometric characteristics of the section such as the column diameter and
number and size of reinforcing bars, as shown in Figure 1.

Bar #

Cover

Ty

Fu

Diameter

Figure 1. - Required input data.

The program also allows optional input where clear cover other than 1.5 inches, or
where other than minimum size #3 or #4 circular ties or spirals are desirable. Thus,
the results are directly applicable for precast columns with small cover or where
severe exposure requires more concrete protection for reinforcement.
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The actual layout of vertical bars has been conservatively selected as least effective
overall to produce the lowest value in moment for steel areas. Figure 2 shows the
actual bar patterns used where N<=8 bars, as opposed to the equivalent thin cylinder

used to represent the sum of actual bar areas where N>8.

il -
7 (1 .
g

<R

R | cR

\_|*/
45 - 60

4—EAR S5—-BAR §—BAR

514"
ki
1287 [Xise \ET.S
*\ % 843 &\ Je75

¥

=

cR

cR

T-BAR G—BAR

Figure 2. - Arrangement of vertical bars.

EXAMPLE

As an example, consider an 18" diam, 12-ft long spirally reinforced round column
subject to an axial load of 165 k and a bending moment of 110 k-ft. It is reinforced
with seven #8 vertical bars equally spaced as shown in Figure 3. Generate the
interaction diagram and find out if the section is adequate. f'c = 4 ksi and fy = 60 ksi.

|
7H#8 i
E fo = 4 ksi
5 fy = 60 ksi
w0
i, P = 165 K
tMu = 110 k—ft
#3 Spiral

Figure 3.- Example data.
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Circular Concrete Columns 7-4

From the Input menu select Geometry to enter the dimensions in the GEOMETRY
dialog box, as shown in Figure 4.

\ Geometry Ed

Column Diameter = I'lﬂ in

Reinforcement

Tiy FE Longitudinal Bars # FE

® Ties
! Spirals

Confinement Bar S5ize = I:i_E
Clear Cover = |1-4 in

Confinement Type:

|Ean-::el| | Help l

Figure 4.- The GEOMETRY dialog box.

From the Input menu select Loads to enter the applied loads in the LoADs dialog
box, as shown in Figure 5.

i Factored Loads E3
Axial Load = I'lﬁﬁ kip

Bending Moment @ Bott. @& Top

Gravity Load = I?ﬁ Iﬁﬂ k-ft
Lateral Load = |35 |25 k-t

|Eam::el| | Help I

Figure 5.- The LoADs dialog box.
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Circular Concrete Columns

OUTPUT

7-5

Once the input data has been completed, choosing the Solve option from the
Design menu can generate the tabulation of the interaction diagram. Figure 6 shows

the program’s template.

Date:  15-Aug-2005 Time: 0308 P
Project:  ASDIP Reference Manual
Descrip: Example 1

Engineer.  Your Name

SPECTRA Engineering, PS5C
CIRCULAR COLUMN DESIGHN

GEOMETRIC PROPERTIES:
Colurmn Diameter D {in) =
7 Longitudinal Bars # 8

18.0

Reinforcement Ratio Rho (%)= 217
GREAT ! STEEL AREA 15 QK !

- Transverse Reinforcement:

Ties or Spirals Used ? (1= = T

Ties Bar Size # = 3

Reinforcement Clear Cover (in= 14

MATERIALS:
Concrete Strength fc (ksi) = 4.0
oteel Yield Strength fy (ksii=  60.0

(NTEREACTION DIAGEAM (Mote 1)

COMBINED FACTORED LOADS:

Axial Load Pu kiph= 165
Bending Moment hu i@ Bott. @& Top
- Gravity Load (k- = 75.0 500
- Lateral Load (k-ff1= 350 25.0
ALl Under-strength s-Factor = 070
SLEMDERMESS:
Sweay or Monsway Column? (SN = 8
Clear Colurnn Length Lu = 12.0
Effective Length k-Factar = 1.0
Slendermness Ratio kLufr = 320
Euler Critical Axial Load Pc (kipl= 1219

SLENDERNESS MUST BE CONSIDERED |
Beta-d Sustained Load Factor = 0.7
story Axial Load Sigma Pu (kipib= 165
story Crtical Load Sigma Pc (kipy= 1219
delta-ns Factor = MA | delta-s Factor=1.22
Fufs = 236 kip MWufs = 168 k-fi

AXIAL P MOMENT Mn
(kip) (f-ft)
1178.2 0.0
942 6 127.1
5046 140.6
8643 153.7
8208 185.9
7731 177.2
7230 187.6
B70.3 196.9
B15.4 205.0
5579 2120
497 4 217.9
433.2 2229
3641 2272
297 B 227 4
239.4 2202
176.9 211.0
107.9 199.3
51.1 183.4
0.0 163.6

GREAT I COLUMN CARPATITY IS OF

QUERY WALUES (Mote 31
Meutral Axis Location k1=c/d = 0.437
Prn=2357 kip , Mn=2197 k-t

Figure 6.- Template of the program.
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Circular Concrete Columns 7-6

To determine a specific point of interest not tabulated in the interaction diagram,
enter a “k-Factor” value on the template, where the corresponding axial load and
bending moment are calculated for a specified neutral axis position.

The program applies the appropriate ACI under-strength Phi factor to the applied
loads in order to be compared with the nominal strength of the section.

A graphic view of the interaction diagram and the applied loads may be displayed by
choosing the Graph and View options from the Design menu, as shown in Figure 7.

mtilculal Column Design
File  Edit
1400 Pn - Mn Interaction Diagram

SFECTRA Engineering, PSC
1200

Example 1

A fo= 4.0 ksi
)i" fy = BO.0 ksi
5 1000 08 Fo Diarm. = 18 in
| 7 Bars #8
L &m0
]
=]
d

BO0
(
K
i
p 400
)

200

0 40 80 120 160 200 240
Bending Moment (k-

Figure 7.- Schematic view of the interaction diagram.

In this example, the section is adequate to carry the imposed loads, since the point
representing the acting loads appears into the useable area delimited by the
interaction diagram and the coordinate axes.

A detailed report may be obtained by clicking on the corresponding icon on the tool
bar or by selecting Navigate | Go to Report from the menu.
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Chapter 8

Concrete Rectangular Columns

This program generates the Pn-Mn nominal interaction diagram for a rectangular
concrete column with up to five layers of reinforcing steel, and calculates the capacity
of a member when subjected to bending moment and axial load. The slenderness
effect or secondary moments owing to the lateral deflection response under load are
also considered.

The following assumptions have been made:
1. Strains in reinforcement or concrete are directly proportional to the distance from
the neutral axis.

2. Maximum useable strain at extreme concrete compression fiber is 0.003 in/in.
3. The Whitney rectangular stress distribution for concrete is used.

4. The elasto-plastic stress-strain relationship for reinforcing steel is used.

5. Tensile strength of concrete is neglected.

INPUT DATA

The input data required by the program includes the geometric characteristics of the
section, the materials’ properties and the applied combined ultimate loads, as shown
in Figure 1.

pst— | ———y |2l
da
i1 3|
Asz——1 o . —F |
ds
Asz L la . S
LRCT: E— T . S
Azsg —+ | . " S
23

Figure 1. - Required input data.
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EXAMPLE

As an example, consider the section shown in Figure 2 subjected to a bending
moment of 200 k-ft and an axial load of 450 kips. f'c = 3000 psi, fy = 50000 psi. Find
out if the section is adequate.

348
O
“Tl'
oY
. fc = 3 ksi
2 fy = 50 ksj
&
. . (w]
348
15"

Figure 2.- Example problem data.

From the Input menu select Geometry to enter the dimensions and reinforcement
information in the GEOMETRY dialog box, as shown in Figure 3.

\ Geometry Ed

Width Depth

Column Size = |15 x |24 in

Reinforcement

Asl = [237 i dl= 24 in
As2= [0 i d2=8  in
As3= [0 i® d3= 16 in
Asd4= [0 i? dd= 20 in
AsG= 237 i d5= 216 in

|Ean-::el| | Help I

Figure 3. - The GEOMETRY dialog box.
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From the Input menu select Loads to enter the applied factored loads in the LOADS
dialog box, as shown in Figure 4.

i Factored Loads E3
Axial Load = |45l1 kip

Bending Moment: @ Bott. @ Top

Gravity Load 200 100 k-ft

Lateral Load Ill Iﬂ k-t

|Ean-::el| | Help I

Figure 4. - The LoADs dialog box.

OUTPUT

Once the input data has been completed, choosing the Solve option from the
Design menu can generate the tabulation of the interaction diagram. Figure 5 shows
the program’s template.

The program applies the appropriate ACI under-strength Phi factor to the applied
loads in order to be compared with the nominal strength of the section, and estimates
a capacity ratio based on the position of these loads in the interaction diagram. This
ratio should not be greater than 100%. To determine a specific point of interest in the
interaction diagram, enter a “k-Factor” value in the template, where the
corresponding moment is calculated for a specified axial load.

In this example, the section is adequate to carry the imposed loads, since the point
representing the acting loads appears into the useable area delimited by the
interaction diagram and the coordinate axes.

A graphic view of the interaction diagram and the applied loads may be displayed by
choosing the Graph and View options from the Design menu, as shown in Figure 6.

Copyright © ASDIP Structural Software



Rectangular Concrete Columns

Date:  0%-Jun-2005 Time:  04:50 P SPECTRA Engineering, PSC
Project:  ASDIP Reference Manual RECTANGULAR COLUMN DESIGN
Descrip: Example MATERIALS:

Engineer.  Your Name Concrete Strength fc (ksi) = 3.0
GEOMETRIC PROPERTIES: Steel Yield Stress fy (ksij=  50.0
Column Width b {im=15.0 INTERACTION DIAGHEAM (Mote 1)
Colurnn Total Depth h (inj= 24.0 AXIAL Pr RAOMEMT hn
Asl (inf) = 237 d1 (in) = 24 (kip) (k-ft)
As2 (inf) = 0.00 d2 (in)= 9.0 11429 0.0
As3 (in?) = 0.00 d3 (inj=  16.0 914.3 189.8
Asd (in?) = 0.00 dd (inj=  20.0 860.6 2266
Agh (in?) = 2.37 da (inj=  21.6 805.6 260.4
COMBINED FACTORED L OADS: 748.9 291.4
Axial Load Pu {kipj= 450 B590.3 32000
Bending Moment Mu @ Bott. @ Top B29.4 346.5
- Gravity Load (k-fti=200.0  100.0 565.5 371.3
- Lateral Load {k-ft) = 0.0 0.0 497.9 395.1
ALl Under-strength s-Factor = 070 4316 4138
SLEMDERMESS: 358.6 409.8
Sweay or Monsway Column? (SN = 8 3457 401.7
Clear Column Length Lu {fty="10.0 3028 3|97
Effective Length k-Factor = 05 2898 3736
Slenderness Ratio kLu/r = 87 21849 3536
Euler Critical Axial Load Pc (kip) = B4311 172.3 3281
SLENDERNESS MAY BE NEGLECTED | 100.2 2786
Beta-d Sustained Load Factor = 0 0o 206.4
Story Axial Load Sigma Pu (kip) = 2000 GREAT I, COLUMN CAPACITY 15 OF
Story Critical Load Sigma Pc (kip) = 32000 GUERY %ALUES (Mate 3):
delta-ns Factor= MNA |, delta-s Factor=1.00 Meutral Axis Location kl=c/d = 0.738
Pufe =643 kip ,  Mu/s = 286 k-ft Prn=6425kip , hn=341.0 k-ft

Figure 5.- Template of the program.

_[ﬂﬁectangulal Column Design

File  Edit
1o Pn - Mn Interaction Diagram
SPECTRA Engineering, PSC
Exarmple
AmDD fo=23.0ksi
% 08 Fo fy = 50.0 ksi
|
=]
| 800
L
)
3 BO0
It
(
:" 400
R
)
200
il
0 50 100 150 200 250 300 380 400 450

Bending Momert (k-f)

Figure 6.- Graphic view of the interaction diagram.
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Chapter 9

Concrete Shear Walls

This program generates the Pn-Mn nominal-capacity interaction diagram for any-
shape concrete section with any arrangement of non-prestressed reinforcing steel.

The program is entirely based on the equilibrium of forces and compatibility of

deformations. The following assumptions have been made:

1. Strains are directly proportional to the distance from the neutral axis.

2. Plane sections before bending remain plane after bending.

3. For concrete, the Hognestad stress distribution is used.

4. For reinforcing steel, the elasto-plastic model is used, taking into account the
strain hardening effect.

The section is divided in horizontal layers, or segments of the same thickness, whose
number is defined by the user. The strain, and therefore the stress, is assumed to be
constant throughout the thickness of each segment, and equal to that present at its
mid-depth.

The interaction diagram is generated by first defining the position of the neutral axis.
The strain and stress in each segment are then computed, and the equilibrium of
forces checked. This way, one point in the interaction diagram is found. The
procedure is repeated changing the neutral axis to another position, and so on, until
the diagram is completed.

Of course, the greater the number of segments, the more precise the results
obtained. The designer’s judgement plays an important role in deciding how accurate
are the results obtained. The maximum number of segments allowed is 100.
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Any-shaped Concrete Shear Walls 9-2

INPUT DATA

The data required includes the materials’ properties, the ultimate concrete strain, the
total section length, and the number of segments in which that section length will be
divided. In addition, the program requires the width and steel area of each defined
segment. The required input data is presented schematically in Figure 1.

O by, Asy
@ by, As,
)] Bes Asy
| @ b4_, AS4
S ti
f,@ @ b5, AS:, @ egrment |
o ® by, As, bi Width of seg. i
c @ b, As, Asl Steel area in seq. |
:'3 By, ASg ¢
a £
2 by . Asg ¢
Y
bH}’ ASH} EC
@ b11, Asﬂ P o
| | ® brov ASy, | b
| by | )
Figure 1.- Required input data.
EXAMPLE

As an example, consider the channel section shown below reinforced as indicated,
and subjected to a moment about its weak principal axis causing tension at the web
and compression at the ends of the flanges. Find the capacity interaction diagram of
the section.

From the Input menu select Geometry to enter the dimensions in the GEOMETRY
dialog box, as shown in Figure 3.
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Figure 2. - Example data.

' Geometry E3

Shear Wall Length = IE in

Mumber of Lapers = I;E

| (1].9 | |Ean-::el|

Figure 3. - The GEOMETRY dialog box.

Once the number of segments has been defined, enter the width and reinforcement
of each individual segment in the REINFORCEMENT dialog box as shown in Figure 4,
or, if you prefer, directly in the table provided below the template. TIP: Take
advantage of the ASDIP spreadsheet-like format and use the Copy and Paste
commands from the Edit menu to enter the numbers onto this table.
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i Reinforcement Ed

Layer # 33 Laver ‘wWidth As
Width=216  in )20 0.8 :I
As=  [141a i |3 280 028
4 280 028
5 280 028
6 280 028
7 280 028
8 30,0 0.28
9 280 028
10 280 028
11 280 028
12 280 028 =~
(o] (o]

Figure 4. — The REINFORCEMENT dialog box.

From the Input menu select Loads to enter the applied factored loads in the LOADS

dialog box, as shown in Figure 5.

: Factored Loads [ x|

Axial Load =

Bending Moment = Im_

2000 kip

| ok |

| Cancel I

k-t

Figure 5. - The LoADs dialog box.

OUTPUT

In this example the section was divided into 36 layers, 2 in. thick each, whose
properties are shown in Fig. 2. When all the data has been entered, choose the
Solve option from the Design menu to generate the interaction diagram.

This program’s template with the example data is shown in Figure 6. (Note: this

example appears solved in Ref. 5 page 653).
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Date:  0%-Jun-2005 Tirne: 0428 PM SPECTRA Engineering, PSC
Project.  ASDIP Reference Manual INTERACTION DIAGRE AN
Descrip: Example AXIAL Pn WIOWENT Mn

Engineer: Your Name ikips) (k-1
ANY-SHAPED CONC. SHEARWALL DESIGN 166619 0.0
MATERIALS: 13327 1 49177
Concrete Strength fc (ksi) = 11493.0 67441
Steel Yield Stress fy (ksi) = 89146 92847
Max. Useable Concrete Strain = 0.003 6137 .4 115081
GEOMETRIC PROPERTIES: 46364 119583
Shear Wall Length L (iny = 7386 1MB92.5
Mumber of Layers (100 max) = 206852 110188
Layer Thickness h (in) = 2ME57 97858.5
COMBIMNED FACTORED LOADS: 14453 g168.3
Axial Load Pu (kip) = 2000 7297 61457
Bending Mament hu (k-ft) = 3000 on 3785.0
AL Under-strength s-Factar = Meutral Axis k-Factor = 0574
Pufs = 28357 kip | Mu/s = 4266 k-ft Pn= 28569 fin = 110062

Figure 6. - Template of the program

9-5

A graphic view of the interaction diagram and the acting loads may be obtained with
the Graph and View options from the Design menu, as shown in Figure 7.

_m Concrete Shear Wall Design

IS[=] E3

File Edit

18000

16000

14000

Pn - Mn Interaction Diagram

SPECTRA Engineering, PSC
Example

A,

X
{12000
a

|
10000

G000

oW o

( B0
K
' 4000
p
)

2000

a

0 2000 4000 G000

G000 10000

Bending Moment (k-ft)

12000

Figure 7. - Graphic view of the interaction diagram.
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Chapter 10

Lateral Load Distribution

This program performs the distribution of lateral loads among the shear walls in a
structural floor, taking into account the torsional moment generated due to an
eccentricity between the center of mass and the center of rigidity.

The following assumptions have been made:

1. The horizontal diaphragm is infinitely rigid in its plane, so all the walls deflect the
same amount and the forces are distributed in proportion to their rigidities.

2. The walls are assumed to be fixed at its base, and either fixed or pinned at its top.

Wall deformations are computed as the sum of the bending shear effects.

4. All the walls are oriented in such a way that the principal axes are parallel to the
coordinate axes.

w

INPUT DATA

The input data required by this program include the floor dimensions in plan, the
applied horizontal loads in two perpendicular directions, and its position with respect
to an arbitrary origin of coordinates. The point of application of the external loads
must be the geometric centroid or the center of mass of the structure in plan.

If the structure is not rectangular in plan, the required dimensions are the maximum
and minimum dimensions in plan. The program computes an accidental torsional
moment as the larger applied force by an eccentricity of 5% of the longer plan
dimension.

In addition to the (x, y) position of its centroid, its dimensions in X and Y directions,
and its height are required for each individual wall. The program also considers
whether the wall is fixed or cantilevered at top. The required input data is shown
schematically in Figure 1.
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i
Flan Width
[
e
'
= = Mz
a A=
Fx o
- |:v .é o - 1 E
b Xi—Dim 2
L
L [
c
[ ]
e 3
= - G TD
2 Y Wall
; |
Fy
4
Origin 4/ Ki—Coor
x—Distance

Figure 1. - Required input data.

EXAMPLE
As an example, consider the structure subjected to a lateral load of 500 plf along the

long side, whose plan view is shown in Figure 2. All the walls are 1'-0" thick and
12'-0" high. Find the loads resisted by each wall.
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Sg 100" 30'=0"
| I - X
Wall B "Clj
o)
”n? LY
: Wall A
= Rigid Diaphragm vl G

500 plf.

b= 1—0"
h = 12'-0"

Figure 2. - Example data.

From the Input menu select Geometry to enter the dimensions in the GEOMETRY
dialog box, as shown in Figure 3.

: Geometry Ed

Coord. Dims.
walp:c P X -
X-Coor= 59 Rt T Ty e R
Y-Coor= [45 Rt C 530 45 1.0 100 120
XDim= 1 n
Y-Dim= [0 R

Height = 12 #t

Figure 3. - The GEOMETRY dialog box.

(Note: This problem appears solved in Ref. 7, page 229, Example 7-6.)

From the Input menu select Loads to enter the applied loads in the LoADs dialog
box, as shown in Figure 4.
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i Lateral Loads Ed

Horizontal Distance
Force from Origin

Hodir. = Il] kip Y= [0 ft
¥-dir. = I:il] kip X= |30 ft
Exterior Moment = Ill k-ft

! Fixed
(@ Cantilever

Fixity at Top:

|Ean-::el| | Help I

Figure 4. - The LoADS dialog box.

OUTPUT

The program automatically computes the wall rigidities, the position of the rigidity
center, and performs the distribution of the lateral loads showing the contribution of
the direct load and the torsional effect separately. As recommended by most of the
building codes, when the torsional moment reduces the load taken by a wall, this
effect is neglected. Figure 5 shows the graph generated by this program.

Figure 6 shows the template related to this program with the structure analyzed in the
example.

mLalelal Load Distribution Analysis
File  Edit

Lateral Load per Wall (Kip)

20
18 153

N
12
g
4
L N I ATERELINN

A B C
Wall 1D
(4 A-Dir Y-Dir

Figure 5. - Graph generated by the program.
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Date:  10-Jun-2005 Tirne:
Froject: Reference Manual
Descrip:  Example

Engineer. Your Name

041 PM

SPECTRA Engineering, PSC
LATERAL LOAD DISTRIBUTION

APPLIED LATERAL LDADS:
Horizontal Force ¥-Dir. (kip) = 0.0
f-Distance fram Origin ift) = 0.0

Horizontal Force ¥-Dir. (kip) = 30.0
#-Distance from Origin ifth = 30.0
Exterior Moment iz (k-ft) = 0.0
Torsional Moment Tp (k-ft) = 541

STRUCTURE STIFFMESS:

Fixed / Cantilever at Top ? (F/C) = C
#-Stiffness KW/E ift) = 0.099
Y-Stiffness Ky/E it = 0.472
Torsional Stiffness Jp/E It = 264.7
RIGIDITY CENTER LOCATIOMN:
*-Coordinate from Origin ift) = 11.597
¥-Coordinate from Origin (fty = 0.34

Coordinates Dimensions | Wall ¥ - DIR. FORCES ¥ - DIR. FORCES
Wall o A o Y | Height| Shear Total Shear  Tarsion  Total
D | ) (ft) (ft) (ft) (ft) (kip] kip) (kip] kip) (kip]
A 0.0 9.5 1.0 20,0 12.0 0.o 0.0 238 2.1 239
B 245 00 10.0 1.0 12.0 0o 0.1 0.1 0o 0.1
C 5.0 45 1.0 10.0 12.0 0.o 0.0 6.0 9.1 15.2

Figure 6. - Template of the program.
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Chapter 11

Masonry Walls

This program performs the design of a tall slender reinforced masonry wall when
subjected to a vertical load per unit length and a horizontal load per unit area
perpendicular to its plane. The design complies either with UBC '97 or IBC '03.

The ultimate moment, computed by taking into account the P-Delta effect, is

compared to the nominal moment times the appropriate phi factor. The service load

deflection is compared to the allowable deflection. The axial stresses are also
checked against the allowable limits. The following assumptions are made:

1. The strain in reinforcing steel and masonry is directly proportional to the distance
from the neutral axis.

2. The maximum strain at the extreme masonry compression fiber is 0.003 in/in.

The elasto-plastic stress-strain relationship is used for the reinforcing steel.

4. The tensile strength of masonry is neglected in flexural calculations for nominal
and ultimate strength. However, it is considered in calculating deflections for the
uncracked and cracked section.

5. Under factored loads, masonry stress distribution is considered rectangular and
uniform, with a maximum value of 0.85 f'm.

w

f'm

i fy

e
£ =
T W
J T
| e Wall Face
= % Thickness
2| o .
[ ja [ib]

= 5. /

b4 =0

= =

‘ Bar Spacing ‘

Figure 1. - Required input data.
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INPUT DATA

The input data required by the program includes the wall dimensions, the reinforcing
bar size and spacing, the materials’ properties, and the applied loads. In addition, it
is necessary to specify if the wall is supported only at the base, if it is solid grouted,
and if inspection is provided. Figure 1 shows schematically the required input data.

The program uses the maximum lateral load for the wind loading given as data and
the seismic loading computed with the specified seismic factor. Masonry type is
concrete hollow block of normal weight (135 pcf) and the thicknesses available are 6,
8, 10 and 12 inches. Bar spacing must be in multiple of 8 inches and are located
either at the blocks’ mid-depth or at the outer edge.

EXAMPLE

Determine the adequacy of a 6" concrete block wall that is 21'-6" between horizontal
supports, as shown in Figure 2. The wall is solid grouted and special inspection is
provided. Try bars #5 @ 16". Check per UBC 97 code.

= f'rm = 1.35 ksi
fy = 40 ksi

190 psf

NERRRERNRNEN

251_0»
2 =

Figure 2. - Example data.

From the Input menu select Geometry to enter the dimensions and reinforcement
information in the GEOMETRY dialog box, as shown in Figure 3.
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' Geometry Ed

Properties

Hominal Wall Thickness = IE_E n.

[~ Supported Only at Baze

Total Wall Height = |25 It
Unsupported Height = I21.5 ft

Reinforcement

TyBars# s [ @ |16 [ in

(8 Center
! Dutside Edge

Barsz Location:

| (1] l |Ean-::el| | Help l

Figure 3. - The GEOMETRY dialog box.

From the Input menu select Loads to enter the applied loads in the LoADs dialog
box, as shown in Figure 4.

i Service Loads Ed

Roof Dead Load = 250 plf
Roof Live Load = I?ﬂ plf
Wind Load on Wall = |15 psf

Wind Load on Parapet = |2ll psf
Seizmic Coefficient Ca = Il].:iﬁ

Importance Factor Ip = |1

|Ean-::el| | Help I

Figure 4. - The LoADSs dialog box.
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OUTPUT

When the input data is entered, the program automatically performs the calculations
The output consists basically of four messages
indicating the adequacy of the design in amount of reinforcement, axial capacity,

and shows the analysis results.

bending capacity, and deflections.

Figure 5 shows the template related to the program, with the example problem.

SPECTRA Engineering, PSC
TALL SLENDER. MASONRY WALL DESIGHN

Date:  17-Jun-2005 Time: 0424 P
Froject:  Reference Manual
Descrip:  Example
Engineer. Your Name
Design Code . UBC 97
GEOMETRY:
Maminal Wall Thickness (inf= 6.0
supported Only at Base ¥ (Y/N) = N
Total Wall Height fty= 25.0
Lateral Support Height ifti= 215
Solid Grouted ? (M) = Y
Equivalent Thickness finf= 56h&

Wall Face Thickness fimi= 1.0
GREAT ! GEOMETRY IS QK

REINFORCEMEMNT DESIGMN:
Reinfarcing Bar Size (# = 5
Bar Spacing (Maote 3) fin) = 16
Bars at Center or Edge? (C/E) = C
Bars Effective Depth d fn= 275
Feinfarcement Ratio rho = [0.0035

GREAT ! REINFORCEMENT RATIONNE OF !

AdlAL CAPACITY CHECK:

Wall Selfweight (psf) = A3
Axial Load at Max. Mom. (pif) = 1146
Allowable Axial Load (pifi = 4032

GREAT ! AXIAL CAPACITY IS OF !

bATERIALS:
Masonry Strength (ksiij= 1.5
oteel Yield Strength fy (ke = 400

APPLIED SERVICE LOADS:

“ert. Hoof Dead Load iplfi = 250
“ert. Hoof Live Load iplfy = 70
Wind Load on Wall (psfl= 150
Wyind Load on Parapet (p=sfl= 200

Seismic Coeff. Ca (Table 16-0) = 0.36
Importance Factor Ip = 1.00

BEMDIMNG CAPACITY CHECK:

YWall  Parapet
Max. Maoment (lb-ftf)= 1630 431
Moment Capacity (lb-ftft)= 1724 1556

GREAT ! STRENGTH IS OK |

SERYICEABILITY CHECHK:

YWall  Parapet
Maximum Deflection (in)= 0839 0.003
Allowable Deflection  (in)= 1.806 0.294

GREAT ! DEFLECTION 15 OK |

Figure 5. - Template of the program.

In this example, the design is correct since the bending capacity exceeds the
maximum moment, the axial load and the deflection are under the allowable values,

and the reinforcement ratio is ok.

Figure 6 shows the generated graphic view.
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mTaII Slender Masonry Wall Design
File  Edit

3.5

21.5ft

SFECTRA Engineering, P3C
Example

Roof Dead Load = 250 plf

Roof Live Load = 70 plf

Wind Load on Wall = 15 psf
Wind Load on Parapet = 20 psf
Seismic Coefficient Ca =036

frm = 1.5 ksi
fy = 40.0 ksi

B" CMU w5 i@ 16"

ISI=1 E3

Figure 6. — Graphical view of the masonry wall.

A detailed report may be obtained by clicking on the corresponding icon on the tool
bar or by selecting Navigate | Go to Report from the menu.
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Chapter 12

Web Openings in Beams

Height limitations are often imposed on multistory buildings based on zoning
regulations, economic requirements, and aesthetic considerations, including the need
to match the floor heights of existing buildings. Web openings can be used to pass
utilities through beams and, thus, help minimize story height. A decrease in building
height reduces both the exterior surface and the interior volume of a building, which
lowers the operational and maintenance costs. On the negative side, web openings
can significantly reduce the shear and bending capacity of steel or composite beams.

This program calculates the combined bending and shear capacity of steel and
composite beams with web openings. Composite members may have solid or ribbed
slabs. Ribs may be parallel or perpendicular to the steel beam. Openings may be
reinforced or unreinforced. The procedures are compatible with LRFD of the AISC:
the applied loads must be factored (generally 1.2 for DL and 1.6 for LL) and the
program applies internally the resistance factors to both moment and shear
capacities at the opening (0.90 for steel members and 0.85 for composite).

This program also determines the capacity ratio based on the position of the applied
loads in the moment-shear interaction diagram. For the design to be adequate, this
ratio must not be greater than 1.0. In addition, the program performs the design
check based on limitations and guidelines that must be followed in order to ensure
that the design equations used by the program are fully applicable. When
reinforcement for the opening is required, it consists of horizontal bars above and
below the opening, at both sides of the web. The program calculates the length of the
bars beyond the opening edge, and designs the continuous weld on both sides of the
bar to be used.

INPUT DATA

The input data required by this program includes the steel beam and concrete slab
information, the opening dimensions, and eccentricity measured from the beam mid-
depth, positive downward, and the factored applied loads at opening location, as
shown in Figure 1.
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(c)

Figure 1. - Required input data.

EXAMPLE

An A36 W18x60 steel beam supports a 5%/," concrete slab in composite construction.
The slab is cast on metal decking with 3" deep ribs parallel to the 40-ft long beams,
which are spaced 40 ft apart. The design calls for pairs of */, x 5" shear studs
spaced every foot and normal weight concrete with f'c = 4 ksi, as shown in Figure 2.
How much reinforcement is required for a concentric 10 x 24" opening if the factored
loads at that location are Vu = 46 k and Mu = 300 k-ft?

Figure 2. - Example data.

From the Input menu select Geometry to enter the dimensions and properties in the
GEOMETRY dialog box, as shown in Figure 3.
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Opening Deck and Studs
Opemng Height = |1l] in Deck Ribz Height = |3 in
Opening Width = |24 in Ribs Orientation - . Transverse
@ Longitudinal

Eccentricity e = I_ .
Positive Upward (L Studs Diameter = |3I4“ E
Reinf. Area Ar = Iﬂ-?ﬁ in®

# of Studsz to Support = IEE

Slab
Effective Width = |12ll in

Slab Thickness = |5.5 in

|§ance|| | Help I

Figure 3. - The GEOMETRY dialog box.

From the Input menu select Loads to enter the applied loads in the LoADs dialog
box, as shown in Figure 4.

+ Factored Loads at Opening Ed
Shear Force = |4ﬁ kip

Bending Moment = 300 k-it

|Eant:el| | Help l

Figure 4. - The LoADSs dialog box.

OUTPUT

Once the input data is entered, the program calculates the bending and shear
capacities, and generates the interaction diagram. If any reinforcement is specified,
the bar length and type of weld are calculated. Figure 5 shows the template of the
program with the example data. This example is solved in Ref. 22 example 4(2).
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Date:  17-Jun-2005 Time: 0523 PM SPECTRA Enginearing, PSC
Project: Reference Manual WEB OPENINGS ANALYSIS
Descrip:  Example COMCRETE SLAB DATA:
Engineer: Your Hame Effective Slab Width (Maote 5) (imy= 120.0
oTEEL BEAN DATA: Concrete Slab Thickness (in) = 5.5
Designation (Double-clickl = W18x60 | Metal Deck Ribs Height (in) = 3.0
Composite Beamn ? (M) = Y Transverse or Long. Ribs ? (Tl = L
Resistance Factor w = 0.85 | Shear Studs Diameter fin) = 34"
Opening Height ho {in) = 10.0 # of Studs from Opening to Suppart = 14
Cpening Width ao {in) = 24.0 BEMDIMNG CAPACITY:
Eccentricity & (Mote 4) (in) = 0.0 Plastic Moment Mp (k-ft) = 7472
hATERLALS: Max. Moment Capacity ehm  (k-ft) = 4777
Concrete Strength fc (k=i = 4.0 SHEAR CAPACITY:
oteel Strength Fy (ksi) = 36.0 | Top Tee Shear Capacity ikip) = 495
FACTORED LOADS AT OPEMIMG: Bottomn Tee Shear Capacity ikip) = 17.9
shear Force Wu ikip) = 46.0 | Max. Shear Capacity  &%m ikipj= 573
Bending Moment Mu (k- = 300.0 BEMDIMNG-ZHEAR INTERACTION:
DESIGHN CHECK: Pure Bending Mu / sbdm Cap. Ratio = 0623
Comp. Flange Local Buckling  ---- 2% | Pure Shear %o/ e%'m Cap. Ratio = 0803
Opening Parameter Po - ¥ | Comb. Loading Capacity Ratio = 09,5
Opening Aspect Ratio - L SREAT ! SECTION CAPACITY 15 QK
Maxirmum Opening Height  -------- O EEINFORCEMENT DESIGH:
Minirmum Tee Depth —---eemmmmeee- e Force in Reinforcement (kipl = 2r0
hax. Tee Aspect Ratio - ¥ | Reinforcement Area T&B Ar (infl = 0.75
Mazx. Mominal Shear Capacity i2F | Extensions Beyond Opening (in) = 6.0
SREAT ! DESIGN CHECH 15 OF Weld Thickness for EFOXA {in) = 3B

Figure 5. - Template of the program.

Figure 6 shows graphically the moment-shear interaction diagram generated by the

program and the point representing the applied loads.

For the design to

be

satisfactory, this point must fall within the useable area delimited by the capacity
diagram and the coordinate axes. Select Graph and View from the Design menu to
display the graphs generated by the program.

Figure 7 shows the specified W-beam with information related to the design.
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_[HAnal_vsis of Beams with Web Openings

File  Edit

SHEAR-MOMENT INTERACTION DIAGRAM

Reference Manual
Exatnple
08
0.5
o7
I 06
U
05
;
u] 04
h
I 03
1l
m 02
04
i}
0 04 0z 03 04 0.5 0.6

WU PRI

Figure 6. - Graphic view of the interaction diagram.

mnnal}lsis of Beams with Web Openings

File Edit
W1 S0
d=18.201n. Opening Height = 10"
A=17.60in2 . b A
= 193 ind Opening Width = 24
Sw =501 in3 Eccentricity =0°
Le=7-12 Fy = 36 ksi
Lu=13-4"
i

SPECTRA Engineering, PSC

Example

0.7510n2 x 36 in. long
steel bar welded to beamn

Figure 7. - Graphic view of the W-beam.
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Chapter 13

Loads on Pile Groups

This program computes the axial load, shear force and bending moment carried by
each individual vertical or batter pile in a piles group foundation when subjected to a
vertical load, bending moment and horizontal load, based on the Hrennikoff approach
(Ref. 20).

The following assumptions have been made:

1. The pile cap is infinitely rigid and rotates about the mass center of the piles group.

2. The origin of the coordinate axes is always located at the point of application of
the vertical load.

3. The load carried by each pile is proportional to the displacement of the pile head.

4. The problem is two-dimensional, that is, all the pile movements take place in the
same plane.

The structure is first modeled in the plane, defining pile lines containing one or more
piles with the same coordinate and batter. The sign convention for loads,
coordinates, and batter is positive as shown in Figure 1.

INPUT DATA

The required input data includes the acting service loads applied at the piles top
level, and the pile properties such as diameter, inertia, axial stiffness, and modulus of
elasticity. The program also allows modeling the piles as fixed or pinned at top, and
analyzes the foundation either in sand or clay.

The axial stiffness of the piles may be calculated based on the following formula in
absence of a more detailed procedure: n = AE/L for bearing piles, and AE/2L for
friction piles.

The horizontal modulus of subgrade reaction is required just as provided in the soil
report; this is, without taking into consideration the effect of pile diameter, with units of
force per cubic length. For preloaded clays, the program assumes the horizontal
modulus of subgrade reaction to be uniform along the pile length, and is called ko.
For sands and normally loaded clays, the horizontal modulus is assumed to vary
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linearly with depth and is called n,. Most of the soils encountered in practice are of
this latter type.

b X
s ¥, Ciam
|
i id =
H
 — HV X i
L _/ _/ L Ko
o, B, 1, 9 &
1 2 3 n

Figure 1. - Required input data.

In addition, a tabular format is required for each pile line: an identification (numbers or
letters), the number of piles in that line, the X-coordinate of the pile tops with the
origin at the point of application of the vertical load, and the batter, if any, as the
angle in degrees with the positive X-axis. Figure 1 shows the required input data.

51_[:]?’ 79_Dsr

7' —f" -0 Diam, = 9"

L%

173 k—ft |
E = 1500 ksi
1131 kﬂ <:.39'4 k * "
[ : j /. n = 2685 k/in
Ko = Q.3 pci
108.4 / 108.4 / 108.4 20 a0 P

1 ] 3 4 )

Figure 2. - Example data.

EXAMPLE

As an example, consider the piles group foundation shown below and subjected to a
vertical load of 113.1 kips, a bending moment of 173.4 k-ft, and a horizontal load of
39.4 kips. Find out the forces in each individual pile.
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From the Input menu select Materials to enter the pile and soil information in the
MATERIALS dialog box, as shown in Figure 3.

i Material Properties [ x|

Pile
Pile Diameter or Side = |9 in
Moment of Inertia = 322 ind
Modulus of Elasticity = 1500 ksi
Anal Stffness = kfin
wiyatTop: @ IS
Fixity at Top : O Pinne
Soil
Sand
Matenal Type : % E.?:P

g'l?g;llgﬁeuheactiun = Ill-3 pci

| aK | |§ancel| | Help |

Figure 3. - The MATERIALS dialog box.

From the Input menu select Loads to enter the applied combined service loads in
the LoADs dialog box, as shown in Figure 4.

i Service Loads E

Yertical Load = |113 kip
Horizontal Load = I'39-3 kip

Bending Moment = |-173.4 k-ft

|Ean-::el| | Help I

Figure 4. - The LoADS dialog box.

OUTPUT
Once the data is entered, choose the Solve option from the Design menu. The
program will automatically calculate the axial, shear and bending forces taken by
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each pile. The output forces and displacements given by the program may then be

used to evaluate if the applied loads are resisted by the foundation.

Figure 5 shows the template related to this program with the example data.

Subgrade Reaction ko fpcij= 0.3

COMBINED SERWICE LOADS:

Bending Mornent i k-fty= -173.4

“ertical Load (kip)=  113.0
Horizontal Load H kipp= -394
Bending Maoment W k-ftl= 1734
TOP DISPLACEMEMTS:
“ertical Displ. Delta ¥ finy= -0.081
Horizontal Displ. Delta X finy= -0.841
Rotation Alpha irad)= 000139
STATIC CHECHK:

Yerical Load v (kipl= 113
Horizontal Load H (kipp= -39.4

Date:  17-Jun-2005 Time: 0641 PM SEOMETRY LOADS PER PILE (Mate 4]
Project:  ASDIP Reference Line  #aof ¥ Batter Aial Shear  Morment
Descrip:  Example I Piles ift) ideq) (kip) (kip) ik-t)

Engineer: Your Name 1 1 5.0 108.4 29.0 0.4 3.2
SPECTRA Engineering, PSC 2 1 25 108.4 39.5 0.4 3.2
LOADS ON PILE FOUNDATIONS AHALYSIS | 3 1 0.0 106.4 499 0.4 3.2
FILE PROFPERTIES: 4 1 3.0 90.0 -8.3 0.4 3.2
File Diameter or Side im= 9.0 3 1 7.0 90.0 8.3 0.4 3.2
Mament of Inertia find) = 322
Modulus of Elasticity E  (ksi)= 1500
Axial Stiffness n {kfiinj= 265
Fixed or Pinned Head? (FiF = F
SOIL PROPERTIES:
Piles in Sand or Clay (=)= C

Figure 5. - Template of this program.

In this example the maximum axial load carried by an individual pile is about 50 kips,

and the pile cap displacements are very small.

Figures 6 to 9 show the graphs generated by the program with the example problem

data. Note: This problem appears solved in Refs. 13 and 20.
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mLoads on Pile Foundations Analysis

File Edit

Soil Type = CLAY

Pile Diarmeter = 9 in. Wodulus of Subgrade
Moment of Inertia = 322 ind Reaction ko = 0.3 pci
Mod. of Elasticity = 1500 ksi

Axial 5tiffness = 265 kin wertical Load = 113 kip
Pile Top Condition = FIXED Harizontal Load = -39 kip

Bending Mament = -173 k-ft

Origin

1 2 3 4 3

SPECTRA Engineering, PSC
Exarnple

Figure 6. - Graph generated by the program.

m Loads on Pile Foundationz Analysis
File  Edit

Axial Load per Pile (Kip)

50 B2
40 9.8
30 e

20

Line ID

Figure 7. — Graph generated by the program.
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mLoads on Pile Foundations Analysis

File Edit

Shear Load per Pile (Kip)

04 04 D4 04 D4
D — —

-04

-0.45
Line 1D

Figure 8. — Graph generated by the program.

m Loads on Pile Foundationz Analysis
File  Edit

Moment per Pile (k-ft)

3.5

I
o
8

23

0.s

Line ID

Figure 9. — Graph generated by the program.
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Chapter 14

Vibration in Joist Floors

Steel beams or joists supporting large open floor areas tend to show motion
problems. Impact from human activity, such as walking, jumping, dancing, etc., will
excite a floor system in such a way that it vibrates. Vibration caused by human
activity is transitory, and as such, is different from vibration caused by rotating
machinery or other sources of steady-state vibration. Transient vibrations, in which
the occupants are, at the same time, the source and sensor, cannot be isolated and
must be controlled by the structure itself.

All floor systems, regardless of the type of construction, are flexible, and as such they
respond by vibrating when impacted. The problem arises when the vibration is of an
intensity that annoys the occupants. Very few steel joist-concrete slab floor systems
exhibit annoying vibrations, except those with wide spans over relatively large areas
without partitions. No vibration investigation is required for roofs.

Based on the Lenzen Method (Ref. 6), this program checks the adequacy of a steel
joist-concrete slab floor system in relation to human perceptibility to vibration, when
subjected to an impact from human activity.

INPUT DATA

The input data required by the program consists of slab thickness, concrete strength,
unit weight, the unsupported joist span and spacing, and the uniformly distributed
design live load. In addition, the percentage of live load acting, and the weight of
insulation and flooring are required. Figure 1 shows schematically the required input
data.

EXAMPLE

As an example, consider a 3.5" normal-weight concrete floor slab supported by 20K5
steel joists spaced 3'-0" on centers and 33'-0" long, as shown in Figure 2. Check if
the transient vibrations are tolerable for human comfort. Design live load is 35 psf.
Weight of insulation is 5 psf and live load acting is 10%. f'c=3 ksi.
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Joist Spacing

fe
Concrete
Slab |
| |
=
o YRR e owm Ve o oo _'0_‘-}
% T._q.__d_._ﬂ. P T
% 5 [
i)
= b}
|
Steel =
Joist
Figure 1.- Required input data.
7_g”
Concrete
Slak \
| - e
i s T
g_? %4 s L % -
i a | [ |
e
ol uwy _ . o
é i = 45 é e = R ol
™ ) b & &
I
20KE il

Figure 2.- Example data.

From the Input menu select Geometry to enter the dimensions and properties in the
GEOMETRY dialog box, as shown in Figure 3.

From the Input menu select Loads to enter the applied service loads in the LOADS
dialog box, as shown in Figure 4.

Copyright © ASDIP Structural Software



Floors Vibration Analysis 14-3

' Geometry E3

Joists Span = |33 ft
Joizts Spacing = |3 ft
Slab Thicknesz = |3-5 in

Figure 3. - The GEOMETRY dialog box.

i Service Loads Ed

Flooring/Ceiling Weight = Iﬁ p=f
Deszign Live Load = |35 psf
% of Live Load Applied = HE

|Ean-::el| | Help I

Figure 4. - The LoADs dialog box.

OUTPUT
To specify the joist to be analyzed, choose the Select option from the Design menu
or double click the joist designation cell in the template. Once the input data has been
completed, the program computes the properties of the composite section and
evaluates human perceptibility by relating joist displacement and frequency of
vibration.

Figure 5 shows the template related to the program. This problem is solved in Ref. 6
page 39.

By choosing the Graph and View options from the Design menu, the modified
Reiher-Meister plot, which relates the frequency of vibration and displacement, is
displayed showing the ranges of human perceptibility found experimentally, as well
as the location of the point computed in the analysis, as shown in Figure 6.
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Date:  Z&-Jun-2005 Time: 0306 PM SPECTRA Engineering, P5C
Froject: HReference Manual Example FLOOR VIBRATION ANALYSIS
Descrip: Beam BM& COMCRETE SLAR DATA

Engineer.  Your Hame Concrete Strength fc (k=i = 3.0
STEEL JOIST DATA Slab Thickness t {in) = 35
Designation (double-click) = 20KS Caoncrete Unit Weight (pcfl = 145
Unsupported Length L (= 33.0 COMPOSITE SECTION PEOPERTIES:
Joists Spacing = (ft) = 3.0 Effective Slab Width fin1 = 36.0
Steel Strength fy k=il = 50 Meutral Axis from Taop fin] = 3.32
Joist Selfweight iplfi = 8.2 Total Area A (in®1 = 152
Total Allowable Load wt  (pifi= 254 Mament of Inertia | (indl= 328
WARNING: INCREAZE JOIST SIZE 1 HUMAN PERCEPTIBILITY:
SERVICE LOADS: Excitation Dizpl. Freq. Hurman
Flooring/Ceiling YWeight ipsfl = 5.0 Type iin] icps)  Response
Design Live Load wl ipsfi= 35.0 Impactaor 0.0052 524 Il
% of Live Load Applied  (10-25) = 10 Hurnan Heel 00092 524 Il
Figure 5. - Template of the program.

m Steel Joists Vibration Analysis
File  Edit

VIBRATION
HUMAN P

ON FLOORS
ERCEFTIBILITY

A =ZmMZMokrrrOw—03

SLIGHTLY

OCH—rmrTE >

MOT
PERCEPTIBLE

SPECTRA Engineering, PSC
Reference Manual Example

HUMAM HEEL O
MPACTOR B8

STROMGLY

DISTINCTLY

FREQUENCY

Figure 6. - Graph generated by the program.
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Chapter 15

Concrete Beams

This program performs the design of a non-prestressed T or inverted-T concrete
beam when subjected to a combination of bending, torsion and shear loading, based
on the latest ACI torsion design criteria and the Ultimate Strength Design Method.

After the 1995 ACI Code, the contribution of concrete to torsional strength (Tc) is
disregarded. Thus, Vc is unaffected by the presence of torsion. Design for torsion is
based on a thin-walled tube, space truss analogy. The interaction of bending with
shear and torsion is accounted for by adding the torsion longitudinal steel to that
required by flexure.

INPUT DATA

The required input data consists of the materials’ properties, the beam type (either T
or inverted-T), the cross section dimensions, the applied factored loads, and the
reinforcing bar sizes. T-beams may be either edge or interior, and inverted-T beams
may be easily modeled as L. The input data required by this program is shown in
Figure 1.

e ] ] [ =
e oy

i

i

i

£

0

i

(B ] L L]

Left Flange Section Right Flange

Figure 1. - Required input data.
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EXAMPLE

Design the reinforcement for a 42-ft long spandrel beam in a cast-in-place concrete
office building. The beam dimensions are 20” x 32” and is cast monolithically with a
6” thick slab. Figure 1 shows the shear, bending moment, and torsional moment

diagrams for the beam. Assume f'c=4,000 psi and fy= 60,000 psi.

© 743K 74.3K )
1.6%
e (LT T T T T T T [T T T 1o
] 14' 14 14' 1
42" ‘
107.9% 107.9K
107.9 102.6
| 85.5
[
[
Shear ! 1.2
(kips) ] [ s 1.2
85.5
107.9
926, 837 926

Bending moment

|

|

(ft-kips) :
*

|

| Column 367

725

Torsional moment
(ft-kips)

9.2'

|

72.5

Figure 2. - Example data.
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From the Input menu select Geometry to enter the edge beam type and dimensions
in the GEOMETRY dialog box, as shown in Figure 3.

' Geometry E3

® iEdge or Interior Beam
! L-shaped or T-invented

Type:

Left Flange Width [0 in
BeamWebWidth  [20  in
Right Flange Width  [24  in
Beam Total Height I32— in
Flange Thickness Iﬁ_ in

| 1] 4 I |Eam::el| | Help I

Figure 3. - The GEOMETRY dialog box.

From the Input menu select Materials to enter the material properties and bar size
information in the MATERIALS dialog box, as shown in Figure 4.

: Material Properties E

Concrete Strength Fc = |4 kzi
Main Steel Strength fp = Iﬁﬂ kzi

Stirrups Strength fy = Iﬁﬂ kzi

|Ean-::el| | Help I

Figure 4. - The MATERIALS dialog box.

From the Input menu select Loads to enter the applied factored loads as per the
loading diagrams of Figure 2 in the LoADS dialog box, as shown in Figure 5.
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OUTPUT

! Factored Loads

Shear Force =
Bending Moment = 837 k-t

Torsional Moment =

[103 " kip

T2.5 k-ft

|Eance|| | Help I

Figure 5. - The LoADS dialog box.

When the data is entered, the program automatically performs the computations and
shows the analysis results. Figure 6 shows the template of this program .

SPECTRA Fngineering, PSC
CONCRETE BEAM DESIGN

Date:  Z2-Jun-2005 Tirne: 0217 PM

Froject.  ASDIP

Descrip: Reference Manual Example
Engineer. Your Name

SECTION GEOMETREY:

Beam Section Type  (Maote 1) = 1
Left Flange YWidth fim= 0.0
Bearn Web Width finy= 20.0
Right Flange YWidth = 24.0
Bearn Total Height fim=32.0
Flange Thickness inl= 6.0

COMBINED FACTORED LOADS:

EEINFORCEMENT DESIGH:

Clear Concrete Cover (infl= 1.25

- TRANSYERSE:

Transwerse Reinf. Afs (in¥finfleg) = 0.0406
Stirrups # 4 il 49 in.

- LOMNGITUDINAL:

Bending Longitudinal Reinf. (in®) = 7.0

Bending Reinforcement Ratio Rho = 0.0113

Torsional Longitudinal Reinf. (in®) = 208
Use 2 DBars # 5  at each Side
Use 6B Bars #& 10 Top or Bottom

EENDIMNG CAPACITY CHECK:
Minimum Bending Moment (k-fth = 266
Allowable Bending Moment k-t = 1369

GREAT I, BENDING CAPACITY IS5 OF 1

SREAT I

Shear Farce wu (kipy= 103.0
Bending Mament hu (k-ff1= 837.0
Tarsional Mament Tu (k-ff1= 725
MATERIALS:

Concrete Strength fc iksij= 40

bain Steel Strength fy (ksi)= 600
Stirrups Strength fyh iksi)=  60.0

SHEAR CAPACITY CHECK:

Shear Taken by Conc. ste (kip)=  5B6.2
Shear Taken by Steel ot's (kip)=  46.8
Max. Allow. Shear Force  (kipl=  191.2

SHEAR CARPACITY 15 QR

TORSION CAPACITY CHECK:
Morment to Meglect Torsion  (k-ft1 = 16.0
TORSION EFFECT MUST BE CONSIDERED

Max. ShearTorsion Stress (psi)=  257.2

Max. Allowable Stress ipsij= 474.3

Shear-Tarsion Stress Ratio = 0.54
GREAT I BEAM DIMENSIONS ARE OF !

Figure 6. - Template of the program.
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By choosing the Graph and View options from the Design menu, a graphic view of
the beam section is displayed on the screen. Additional data, such as dimensions,
materials properties and steel reinforcement, is also shown. Figure 7 shows the
graph generated by the program.

Note: This problem is solved in Ref. 23 page 4-1.

mcuncrele Beam Design M=l
File Edit
SPECTRA Engineering, PSC
Reference Manual Example
6 Bars #10 (Top or Bott.) 1.28" Clear Cover
A
| e |
6.0 Bars #4 @ 4.9
S Closed Stirrups
b L
3 Bars #5 $.08.|n2 | IR:o_nglinudlnal t
Each Face orsional Reinforcemen
26.0"
3 L
7.01 in2  Longitudinal
Flexural Reinforcement
| & Fy r'y a
L.
| 200" L 24.0" L e = 4000 psi
7 7 7 Fy = B0000 psi

Figure 7. - Schematic view of the beam section.

A detailed report may be obtained by clicking on the corresponding icon on the tool
bar or by selecting Navigate | Go to Report from the menu.
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Chapter 16

Seismic Design of Shear Walls

This program performs the design of a concrete shear wall subjected to any
combination of vertical and horizontal loads and bending moment, according to the
ACI design criteria for structures in seismic zones (ACI 318 Chapter 21).

This program computes and checks the maximum shear stress in the wall and
designs the shear reinforcement. In addition, the program designs, if necessary, the
size and reinforcement of the boundary members.

INPUT DATA

The required input data includes the total wall length and thickness, boundary

member dimensions and reinforcement, materials’ properties, and combined factored
loads, as shown in Figure 1.

Wall Total Length

— EEm—
A
L %
Wall Thickness
Boundary
tMember
Steel Areg

4 —
JLE)

s
|

| \LBM

Member Length

Member Width

Figure 1. - Required input data.
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EXAMPLE

As an example, consider the shear wall subjected to an overturning moment of
15,000 k-ft, a vertical load of 1,600 k, and a horizontal force of 617 k, as shown
below. Use f'c =4 ksi and fy = 60 ksi.

25r_0n

— —

.}
20"
Eoundary

Member

36"
]
P |
J
My

5011

Figure 2. - Example data.

Per ACI, structural walls subjected to combined flexural and axial loads shall be
designed to satisfy two basic conditions: static equilibrium and compatibility of
strains. This procedure is essentially the same as that commonly used for
columns. Reinforcement in boundary elements and distributed in flanges and webs
must be included in the strain compatibility analysis. Such a procedure may be
performed using the “Concrete Shear Wall Design” module in ASDIP 4.

Figure 3 shows the template and figure 4 shows the graph of the shear wall
interaction diagram, generated as explained above. From the template, the neutral
axis k-factor is 0.11, therefore c=kL=0.11x300=33 in. and Mn=50853 k-ft.

From the Input menu select Geometry to enter the wall and boundary member
dimensions shown above in the GEOMETRY dialog box, as shown in Figure 5.
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Date:  23-Aug-2005 Time: 1241 PM SPECTHA Engineering, P5C
Froject:  ASDIP Reference Manual [MTERACTION DIASEAM
Descrip: Example AXIAL Pr FAOREMT M

Engineer. Your Name ikips) k-t
ANY-SHAPED CONC. SHEARWAL L DESIGH 28091.5 0.0
MATERIALS: 22473.3 B9234.5
Concrete Strength fc (ksi) = 4.0 201286 878220
Steel Yield Stress fy (ksi)= 60.0 18107 .3 9958026
Max. Useable Concrete Strain = 0.003 162243 107160.4
GEOMETEIC PROPERTIES: 14268 .65 112014.8
Shear WWall Length L {in) = 300.0 12266.0 113803.5
Mumber of Layers (100 max) = 60 10377.8 1103487
Layer Thickness h (i) = 5.00 84899 102441 .8
COMBINED FACTORED LOADS: B471.4 2996248
Axial Load Pu (kip) = 1600 37363 BBE5S. 1
Bending Moment Mu (k-ft1= 12000 0.0 313327
AC| Under-strength s-Factor = 0.79 Meutral Axis k-Factor = 0.110
Fufe = 2013 kip Mufs = 18374 k-ft Pn=201582 fn = 503528

Figure 3.- Interaction diagram of the shear wall.

m Concrete Shear Wall Design

File  Edit

32000

28000

424000

Pn - Mn Interaction Diagram

Ed
i
20000
|
L16000
u]
a
%2000

(
k
| 8000
p

4000

P=2013
M I = 15874

SPECTRA Engineering, PSC
Example

20000 40000 50000

Bending Mament (k-tt)

80000 100000

120000

Figure 4.- Interaction diagram of the

shear wall.
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! Geometry [ x|

Shear W all

Wall Thickness Tw = IZI] in

Total Length Lw = |25 ft
Total Height Hw = |35 ft

Lateral Displacement = |2 n

Boundary Members

Analysziz Method: C' Displacement
® Stress

Member Width = I:iﬁ in
Member Length = |5|] in

|§an-::el| | Help I

Figure 5. - The GEOMETRY dialog box.

From the Input menu select Reinforcement to enter the bar size and spacing
information in the REINFORCEMENT dialog box, as shown in Figure 6.

Shear Wall
veticalBars# s ] @ 2 [ in
Horizontal Bars t s 5] @ [12 [ in
Mumber of Curtains = |2 5]

Boundary Members

Use FE Longitudinal Bars # I!I_E
Stirrups Bar Size # IS_E @ IS_E in

Concrete Clear Cover = |1.5 in

|§ancel| | Help I

Figure 6. - The REINFORCEMENT dialog box.
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From the Input menu select Loads to enter the applied factored loads in the LOADS
dialog box, as shown in Figure 7.

i Combined Factored Loads
Yertical Axial Force Pu = Imnn kip
Horizontal Shear Force Yu = Iliﬁ kip
Bending Moment Mu = 15000 k-It

|Ean-::e|| | Help I

Figure 7. - The LoADSs dialog box.

Date:  23-Aug-2008 Tirne:  11:30 Ab SPECTRA Engineering, P5C
Project:  ASDIP Reference Manual SHEAR WALLS SEISMIC DESIGN
Descrip:  Example FLEXURE AMD AxlAL LOAD DESIGH:
Engineer: Your Hame Generate the interaction diagram of the wall

COMBIMED FACTORED LOADS: section using the INT-WALL program.
Yertical Axial Force Pu fkipj= 1600.0 | To open, select Design | Interaction Diagram
Haorizontal Shear Force “u (kip) = 617.0 Meutral Axis Positionc=kL  (in)= 33.0
Owerturning Morment Mu [k-ft) = 15000 Mom. Bending Strength Mn - (k-ft) = 50853

GEOMETRY: BOUNDARY WMEMBER DESIGH (Mate 1):
Wall Thickness Tw fin) = 20.0 Displ. or Stress Method?  (DI3) = 5
Wall Total Length L ift) = 230 c/ LwfBO0(du/Hw)) Displ. Ratio = 046
Wall Total Height Huw ift) = 350 Max. Stress /0.2 fo Ratio = 108
Lateral Displacement du (in) = 2.0 SPECIAL BOUNDARY MEMBERS REQLD |
MATERIALS: Boundary Member Width fin) = 36.0
Caoncrete Strength fic (ksi) = 4.0 | Boundary Member Length fin) = 50.0
MWain Steel Strength fy (ksi) = 60.0 | Minimum Member Length [in) = 462
Ties Steel Strength fyh (ksi) = 60.0 GREAT I, MEMBER LENGTH [5 OK !
SHEAR DESIGM: - LONGITUDIMAL STEEL:
2 Acw (fo)¥e Parameter (kipj= 7539 Langit. Reinf. = 14 Bars # 9
Mumber of Curtaing  (Regd : 1) = 2 Langitudinal Steel Area [inF= 140
Max. Allow. Bar Spacing finj= 180 Reinforcement Ratio Rha = [0oovs
Bar spacing  AsminfAs | Reinf. Ratio Rho = 400/fy = 0.00&7
Size # fin] Ratio GREAT !, STEEL AREA 15 QK !
“ertical 5 @ 12.0 097 - CONFINEMENT STEEL:
Harizontal b @ 120 097 Concrete Clear Cover fin) = 1.5

GREAT !, STEEL AREA 15 QK ! Stirrups Bar Size #= H]
Hw/Lw Aspect Ratio= 1.4 | Alfac=30 Stirrups Max. Vert. Spacing  (in) = 4.8
Under-Strength s Factor = 0.75 Stirrups Vertical Spacing sy (inj= 5.0
Design Shear Strength g%n - (kip) = 1551 Ash (inf) Legs  sh(in)
%o/ a%n Shear Capacity Ratio = 0.40 | Long Direction 0.57 4 10.8

GREAT !, SHEAR CAPACITY 1S5 QK ! Short Direction 1.39 5 1.6

Figure 8. - Template of this program.
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OUTPUT

Once the data is entered, the program automatically computes the maximum stress
and determines whether boundary members are required or not, as per the ACI
requirements. The shear design is performed, and the shear capacity checked.

In addition, a complete design of the boundary members, if needed, is carried out
including the steel ratio and axial capacity check as well as the design of the
confinement steel. The template related to this program with the example data is
shown in Figure 8.

By choosing the Graph and View options from the Design menu, the graph
generated by the program with the designed wall is displayed, as shown in Figure 9.

m Shear Wall Seismic Design
File  Edit

WALL DIMERSIONS BOUNDARY MEMBERS MATERIALS

Wall Thickness = 20.0" MWember Width = 358.0" fo = 4000 psi

Total Length =250 f Wermber Length = 50.0" fy = B0 ksi

Total Height = 35.0 ft Steel Area = 14.0 in2 fwh = 60 ksi
#5@ 5"

#4@ 12" vert.

hoops
\ /#5@12" har.
[ .—1

SFECTRA Engineering, P3C
Example

Figure 9. - Graph generated by the program.

A detailed report may be obtained by clicking on the corresponding icon on the tool
bar or by selecting Navigate | Go to Report from the menu.
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