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About the User’s Manual

This User’s Guide contains an introduction to NONLIN features and environment, including
resources available in the application for getting more out of NONLIN.

The User’s Guide uses the following notations and conventions:

Italics represent error or cautionary messages.

Bold Courier represents the input expected of the user.

Text in Ariel font represents a menu command.

Function keys and other special keys are enclosed in brackets. For example, [1], [{], [« ] and
[-] are the arrow keys on the keyboard. [F1], [F2], etc., are function keys; [BkSp]is the

Backspace key for backspacing over characters; [Del] is the Delete key for deleting characters
to the right; [Ins] is the Insert key for inserting characters to the left of the insertion point.

The symbol [ 2] and [Enter] refer to the same key.

Advanced Structural Concepts, Inc. 3/1/2004
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Welcome to NONLIN
What is NONLIN?

NONLIN! is a Microsoft Windows? based application for the dynamic analysis of single degree
of freedom structural systems. The structure may be modeled as elastic, elastic-plastic, or as a
yielding system with an arbitrary level of secondary stiffness. The secondary stiffness may be
positive, to represent a strain hardening system, or negative, to model P-Delta effects. The
dynamic loading may be input as an earthquake accelerogram acting at the base of the structure,
or as a linear combination of sine, square, or triangular waves applied at the roof of the structure.
The program uses a step-by-step method to solve the incrementally nonlinear equations of
motion. See Clough and Penzien [1] for a theoretical description of the solution technique.

While NONLIN may be used for professional practice or academic research, the fundamental
purpose of the program is to provide a visual basis for learning the principles of earthquake
engineering, particularly as related to the concepts of structural dynamics, damping, ductility,
and energy dissipation.

Program Design and Concepts

All input for NONLIN is carried out interactively through the use of the computer keyboard and
the mouse. For the current version, plots are written to the screen in several different “windows”
and tabular output information can be written to four different output file types that can be saved
to disk. These files include a text file with the .OUT extension which summarizes the latest run
and three tab-delimited files with the .XL1, .XL2 and .XL3 file extensions. These tabular data
files are intended for use with a spreadsheet program such as Microsoft Excel. This allows you
to perform further processing of the data or to graph the output data for inclusion in reports and
other documents. The .XIx files can be viewed or printed from a simple text processing program
such as Microsoft WordPad. Graphical screen plots of several different types are produced
during program execution. Hard copies of any of the screen plot windows may be obtained as
described later in this manual.

After the structural properties and loading have been input, you may obtain the following
information:

) In_put Fourier Response Con_]puted Compute_d Computed Result Animate
Loading Type 'I_'|me Amplitude Spectrum Tlmg Hysteresis ) Ene_rgy ) Summaries Structure
History Spectrum Histories Plots Time Histories Response
Wave Form u ] u ] ] | |
Earthquake ] [ [ ] ] ] [ ] [ ]
Free Vibration [ ] ] [ ] [ ] [ ]

L NONLIN, Copyright © 2003, Advanced Structural Concepts, Inc., Golden, Colorado.
2 Windows is a trademark of Microsoft Corporation, Redmond, Washington.
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System Requirements

NONLIN must be run on a 80486 or better PC compatible system using either Windows 95 or
Windows NT V4.0. The system should have a minimum hardware configuration appropriate to
the operating system you are using.

For best results, your system’s video should be set to 800 by 600 resolution, displaying not less
than 256 simultaneous colors. However, resolutions as low as 640 by 480 and as high as 1024
by 768 will work. The computer must be equipped with a Microsoft compatible mouse, trackball,
or other pointing device.

Installing NONLIN Using the SETUP Utility

To install NONLIN, run the SETUP utility provided on disk one of the program disks set. The
installation procedure is given below will work for both Windows NT V4.0 and Windows 95.

1. Insert disk one in the appropriate drive, A: or B..
2. From the Start Menu on the Taskbar, choose Run.
3. Type a:setup (or b:setup).
Or:
From the Start Menu, choose Settings.
3. Double click on the Add/Remove Programs icon. Follow the instructions of the
Wizard to select the setup program for NONLIN.
4, Follow the setup instructions on the screen. NONLIN and associated compressed

files are expanded and placed in the newly created \Program Files\Nonlin
directory by default. You can change the directory name if you choose during the
setup process.

5. You can run NONLIN from the Start button on the Taskbar, highlighting
Programs, and then clicking on the NONLIN icon,

Or:

You can drag the NONLIN program icon to your desktop. A Shortcut icon is
created in the dragging process. To run NONLIN, double click the shortcut icon.

If you choose to browse the newly created \NONLIN directory, you will notice that there are
several files that possess an .ACC file name extension. These are earthquake acceleration
records that are supplied with the program. of this help file lists the acceleration records as well
as pertinent facts about the records. The records supplied with your disk may be different from
those listed in Appendix A. The acceleration records are written in a special format, as described
in.

The SETUP utility also places several files in your \WINDOWS\SYSTEM directory. These files
MUST be present for NONLIN to run. These files include:

COMDLG32.0CX
THREEDZ20.0CX

Advanced Structural Concepts, Inc. 3/1/2004
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RICHTX32.0CX
VSVIEW20.0CX

Do not delete or move these files. If any or all of these files are accidentally deleted from the
\WINDOWS\SYSTEM directory, you will have to run SETUP again to replace them.

Also included on the distributions disks is a copy of the manual for NONLIN (NONLIN.DOC).
This file is a Word for Windows document. To view or print this file you must have Word for
Windows Version 7.0 or newer.

Advanced Structural Concepts, Inc. 3/1/2004
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NONLIN

Part One

NONLIN SDOF Systems - Program Data Input

Advanced Structural Concepts, Inc. 3/1/2004
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Description of the User Interface

After NONLIN is started, the NONLIN Version 7.05: filename window (hereafter referred to
as the “NONLIN” window) and the STRUCTURE PROPERTIES INPUT window
automatically appear. The filename is “untitled” when you first start the program and becomes
the problem file name when a problem is created or loaded from disk. These windows are shown
in Figure 1.

@ Nonlin Yersion 7.05 : untitled =10l x|
File Patameters Model Quik Quake Quik\Wawe Window “iew Help
ELE: )
RUH 0 H 7B F 1
=B @ R = )
[E] STRUCTURE PROPERTIES INPUT =10l x|

Force Units

~Dynamic Force Applied As...
" Free Vibration
" Forcing Function
[ig| -~ Fereme
- - & wi ﬂ Blast Load
METRIC feet kips ¥ Ground Acceleration

" Ine. Dynamic Analysis

Unit Type Length Units

* U.S. ¥ inches " pounds

- Constitutive Properties

| STIFFNESS K1

WEIGHT

STIFFNESS K2

|
| STRENGTH
|

STIFFNESS KG

RFERE

DAMPING

" LINEAR ANALYSIS
* NONLINEAR ANALYSIS

~Summary of Latest Run [ INCLUDE P-DELTA
Spring Force
Damping Force
Spring + Damping
Displacement
Ductility Demand

~Dynamic Properties
Period, seconds
Frequency, Hertz
Frequency, Risec

:::‘:;“em Effective K1, kin
Effective Fy, k
Damping
Mass
Gravity 3861 inisecisec

FORCING FUNCTION

Figure 1. The NONLIN and STRUCTURE PROPERTIES INPUT windows.

The NONLIN window consists of a title bar, a menu bar, and a button bar. The NONLIN
window is always open, and serves as a “container” for all other windows used by the program.
Closing the NONLIN window terminates the program, and minimizing the window reduces the
entire NONLIN environment to an icon. The title bar displays the active problem file name to
the right of the colon.

Advanced Structural Concepts, Inc. 3/1/2004
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The Menu ltems

The menu bar as shown in Figure 1 has menu items File, Parameters, Quik Quake, Quik
Wave, Window, View, and Help. These menus items are available whenever the
STRUCTURE PROPERTIES INPUT window is the active window. The underlined character
indicates that the menu may be opened by holding down the Alt key in combination with the
underlined letter. For example, the Eile menu may be opened by pressing Alt-F. Any menu item
may also be opened by clicking the item with the mouse. Some of the menu items in the
NONLIN window menu bar will change depending upon which one of several other windows is
currently the active.

The File menu displays the following submenus when the STRUCTURE PROPERTIES
INPUT window is open:

@ MNonlin Yersion 7.05 : SteelFrame02

|File Parameters Maodel Quik Quake Quik Wave ‘Window Miew Help

MNew Problem

Cpen Problem ...
Save Problem I
Save Problem As ...

Exit

Z:\Program FilestAdwvanced Structural ConceptsiionlingSteelFrame0z . nin
i \Program Filestadvanced Structural ConceptsionlingsteelFrame0l .nin
CProgram Filesiadvanced Struckural ConceptsiMonlindwaterTank, nln
Z:\Program FilesiAdvanced Struckural ConceptsiMonlind JobMo0z 34, nln
Z:\Program FilesiAdvanced Struckural ConceptsiMonlintSCOTTL.nin
C:\Program FilestAadwanced Structural ConceptsiMonlintSeattle-str,nin

You can save individual problems in separate files. You create problem files which contain all
necessary input data to run a NONLIN analysis. All problem files have the .NLN file name
extension. The first four submenus allow the creation, storage and retrieval of problem files. In
addition, the file names of past problem runs will appear below the Exit submenu as shown
above. This is typical of many Windows applications. Clicking the problem file name will load
the problem. Clicking on Exit immediately terminates the program.

If a secondary input or output window, such as those which display screen plots of acceleration,
velocity and so on, is open, the File menu changes to display one of various sub-menus,
depending upon which secondary window is open. For example, when you have opened the
Computed Time Histories or the Computed Hysteresis windows to view the structural
response, the File menu takes the following form:

Advanced Structural Concepts, Inc. 3/1/2004
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[&] Monlin Yersion 7.05 : SteelFrame02

|File Opkions  Window  Help
Print Plots |_

reate File
Exit
— 'ROPERTIES I

| RUN 1

Print Plots produces a printer plot of the open window, which usually contains one or more
plots. The Create File option, if clicked, causes an output file to be created which is stored in
the NONLIN directory. The output file is always called NONLIN.XL1 when the Summary of
Computed Results window is open. Anytime the NONLIN.XL1 file is created, it overwrites
any existing file of the same name. This file is a tab-delimited file for use with a spreadsheet
program. One use for this file and any other .XIx file is to obtain a smooth plot of the output
data for inclusion in a report using the plotting features of Microsoft Excel.

When the Summary of Computed Results window (described later) is open, the File menu
takes this form:

@ Monlin ¥ersion 7.05 : SteelFrame02
| File ‘Window Help

Print &ll Pages
Print Current Page
Create File

Exit

T ™

The two print options either print all result pages or the current result page, depending upon
which option you choose. The Create File option is the same as described above.

The Create File option is also active when the Computed Energy Plots window is open. If
you choose to create a file in this case, the NONLIN.XL2 file contains values of strain + Kkinetic,
damping, hysteretic and total energy. Anytime the NONLIN.XL2 file is created, it overwrites
any existing file of the same name. This file is a tab-delimited file for use with a spreadsheet
program.

When the EARTHQUAKE RESPONSE SPECTRUM OF INPUT window is active the
following file menu is displayed:

[E] Nonlin ¥ersion 7.05 : SteelFrameD2
| File ©Code Spectra ‘Window Help

Print Plok

Print Blank Form
Create File
Exit

T ™

| RUH 1

mnse Spectrum: 490y Grou

e | Spectral Cd

Advanced Structural Concepts, Inc. 3/1/2004
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If you choose to create a file in this case, the program writes spectral displacement, velocity, and
acceleration to the file NONLIN.XL3. Anytime the NONLIN.XL3 file is created, it overwrites
any existing file of the same name. This is also a tab-delimited file for use with a spreadsheet
program. You can also print the current plot, and if the current plot is Tripartite, you can print a
blank plot.

Anytime that you create a .XL1, .XL2 or .XL3 file, you can view the contents of the file in a
window on the screen by positioning the cursor inside the active window and clicking the right
mouse button. The tab-delimited file appears in a separate window.

When the FFT window is open, the following file menu is active. From here you have the
option of printing the total FFT plot (only).

[E] Nonlin ¥ersion 7.05 : SteelFrame02

File ‘Window Help
Print Tatal
Exit > | RUH 1

As described earlier, clicking on Exit in any form of the File menu immediately terminates the
program after asking if you are sure that you want to exit and asking if you want to save the
current problem in a file for future use.

The Parameters menu is only displayed when the STRUCTURE PROPERTIES INPUT
window is open. It contains four submenus as shown here:

[E] Monlin ¥ersion 7.05 : SteelFrame02

File | Parameters Model Quik Quake  Quik s
I-; Step Fackor =

L Calar Prinking S
Input Mass fﬁ's L m

Impuk Damping As  k

The Step Factor X submenu asks for the digitization step factor X which is used in controlling
program accuracy. Reducing X will increase solution speed, but may reduce accuracy. It is
recommended that X not be set to a value less than 50. The Color Printing menu option toggle
the color printing of plots on and off. If you do not have a color printer, this menu item is
ignored. The Input Mass As submenu asks you if you want to enter the mass of the structure as
a mass in mass units (e.g., k-sec?/in), a mass in weight (e.g., Ibs), or as a period. If you enter the
mass of the structure as a weight, the program converts the weight to mass units, and if you input
the period, the mass will be calculated (in mass units) using the assigned stiffness value K1. The
Input Damping As submenu asks for the damping either as a constant (e.g., k-sec/in) or as a

percent of critical value. Damping values are explained in more detail in the Entering Structural
Properties section.

Advanced Structural Concepts, Inc. 3/1/2004
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[&] Monlin Yersion 7.05 : SteelFramen2

File Parameters Model | Quik Quake Quik'Wave ‘Window View Help

4901, ACC
il >

4900 AT

LY teski Ju| i|EI‘|aI‘|'|E|EI'|l;|t|‘|. CiZ
r—-l . 400 ful

Unit Type IMPYAL10.ACC
IMPYALZ , ACC

-

U.s. KERM1.ACC fis

KERMZ.ACC

" METRIC
LOMA-P1.ACC
MEXCITH, ACC

MERCITZ, AiZC
newimpyall . acc
MRIDGEL AT
MRIDGES, &
MRIDGES, AT
OAEWHL AT
OAEMWHZ, AT
PACOIMAL, ACC
PACOIMAZ, MiTC
PARED40, &CC
PARELZ0,&CC

gy PHLSE.ACC
spri  RS_TEST.ACC
Dany  SHNFERMI.ACC
Spri  SAMFERNZ.ACC

Dis;  sylmarx.acc
Duc 5. MOMICL.ACC
Yiel S_MONICEACC

p————

The Quik Quake menu is only displayed when the STRUCTURE PROPERTIES INPUT
window is open. Quik Quake is a shortcut method of bringing earthquake data into NONLIN
for use in a simulation. Clicking Quik Quake displays a list of the earthquake ground
acceleration record file names supplied with the program. Clicking one of the acceleration file
names immediately loads the appropriate acceleration record to be applied to the structure. The
name of the earthquake record is displayed at the bottom of the STRUCTURE PROPERTIES
INPUT window. Choosing an earthquake acceleration automatically changes the dynamic force
to be applied as a ground acceleration for analysis by the program. The Quik Quake option will
appear in gray if no acceleration records (i.e., the .ACC files) are present in the NONLIN
directory.

A more powerful method of defining earthquake accelerations is built into NONLIN. You can
obtain time history, FFT and response spectrum plots as well as modify the accelerations of a
particular record. These features are available through the use of the Earthquake Ground
Acceleration Input window. Its features are described in a later section.
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@ Monlin ¥Yersion 7.05 : SteelFrame02

File Parameters Model Quik Quake | Quik Wave Window

. e W
5 = | |7R,,

The Quik Wave menu is only displayed when the STRUCTURE PROPERTIES INPUT
window is open. From here you can select a previously saved wave, or by selecting New Wave
you can display a separate window that allows you to define the forcing function wave. The
New Wave window is show below.

Total Time (sec) [{9.0

DT (sec) 0,04
Amplitude 1.0
Period (sec) 1.0

Duration (sec) 10.0

You can select one of three different wave types, sine, square and sawtooth by clicking on the
appropriate button. Then, within this window, you can define the Total Time of the time history
plot, the DigiTization Interval (DT), the Amplitude, the Period and the Duration that the
forcing function wave is applied to the structure. Defining a forcing function wave automatically
changes the dynamic force to be applied as a forcing function for analysis by the program.

The Quik Wave provides a quick way to define a wave forcing function. A WAVE
GENERATOR window is available to you under the Forcing Function option in the
Dynamic Force Applied as... window. This window gives you many options for creating
your own wave forcing function and saving it for future use. This option is described in more
detail later in this manual.

Advanced Structural Concepts, Inc. 3/1/2004



NONLIN User’s Manual Page 12

[E] Nonlin ¥ersion 7.05 : SteelFrame02
File Parameters Model Quik Quake Quik Wave | Window Yiew Help
m Cascade
=1 2 | L Tile
Arrange Icons
@ STRUCTURE PROPERTIES INPUT ?
1 STRUCTURE PROPERTIES INPIIT
Unit Type Length Units v PRATERT
IV [ 2 Computed Time Histories

The Window menu contains the sub-menu items Cascade, Tile, and Arrange Icons. These
items indicate how the active windows or icons will be displayed. The Window menu will also
list the names of all windows that are currently open, with a check mark to the left of the window
that is currently active. To access a non-active window (including one that has been minimized)
click on the name of the window in the window list.

@ Nonlin Yersion 7.05 : SteelFrame02

File Parameters Model Cuik Quake CQuikwave Window | Yiew Help
m P | RUN 1 @ v Summary of Lakesk Run -l
e o) | [V ]| L2 [ PR o

The View menu has a single item, which when clicked which will display (or remove) a small
panel showing a brief summary of the latest analysis results. This small panel is located between
the columns of the structure, under the mass icon. Figure 1 shows the structure window with the
results panel activated. Note that the View menu is available only when the STRUCTURE
PROPERTIES INPUT Window is active.

@ Monlin ¥Yersion 7.05 : SteelFrame02

File Parameters Model Quik Quake Quik'Wave ‘Window View | Help

m ax ﬂ?a? Conkents

= P | RUN 1 Fﬁﬁﬁ i Seatch for Help an ...
How bo use Hel

@ STRUCTURE PROPERTIES INPUT s

About MOMLIM

I —

cUnit Type———  LengthlUnits ———  -Force Units

The Help menu contains only contains four submenu topics. Selecting Contents from the Help
menu displays an alphabetical list of the contents of this help file. You can also search for a
specific help topic by selecting Search. How to use Help displays the standard Windows Help
on Help text for users unfamiliar with the Windows help system. The last item in this menu is
About NONLIN. Click on this menu item to contain basic information about the program.
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The Button Bar

The button bar contains seven buttons, each of which is briefly described below:

i

Structure Restore Button

Press this button to restore the STRUCTURE PROPERTIES INPUT window if it has been
closed. In most cases, you will keep this window open at all times.

al [

NO GO/GO Analysis Buttons

When NONLIN is first loaded, the NO GO button shown at the left will appear with a red square
in the center. This indicates that not all of the required data has been input. If the button is
pressed before the data is completely entered, the program will provide a window that lists the
portions of data that are missing.

Once all of the data has been correctly entered, the red NO GO button will change to a green
triangle, the GO button, indicating that the program is ready to perform an analysis run. Once
the button has been pressed, the analysis will proceed, and results will be available for viewing.

The green GO button also appears when you have loaded a problem file with the Open
Problem... option in the File menu or highlighting a problem name in the lower potion of the
File menu.

To the right of the GO/NO GO button is the RUN frame which displays the number of the latest
analysis run executed by NONLIN.

HE

| A

View Computed Time Histories Button

After the analysis has been run, you may click the Time History button to display the computed
time-histories of displacement, spring force, and yield event codes, with additional plot types
available as explained later. This button is inactive when the Start Analysis button contains a red
square. If the structure data, units, or loading has changed since the last run, NONLIN will
request that the Start Analysis button be clicked before reviewing plots.

When the time history window is the active window, selecting the menu options File and then
Print Form will send a copy of the plots to a printer.
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fi7d
)

View Computed Hysteresis Plots Button

After the analysis has been run, you must click this button to display the computed hysteresis
curves. Three hysteresis curves are displayed: inertial force versus displacement, damping force
versus displacement, and spring force versus displacement, with additional plot types available
as explained later. If the structure data, units, or loading has changed since the last run,
NONLIN will request that the green GO button be clicked before reviewing plots.

When the hysteresis plot window is the active window, selecting the menu options File and then
Print Form will send a copy of the plots to a printer.

Press this button to display the relative or absolute dissipated energy time history plot. This plot
shows how the earthquake input energy is dissipated through structural kinetic, recoverable
strain, damping, and hysteretic energy. By moving the mouse laterally while the plot is
displayed, the relative percent of structural energy for each structural energy type is displayed.
For a reference on computing energy time-histories, see Uang and Bertero [2].

View Computed Energy Plots Button

If the structure data, units, or loading has changed since the last run, NONLIN will request that
the green GO button be clicked before reviewing plots.

When the energy window is the active window, pressing the menu options File and then Print
Form will send a copy of the plots to a printer.

REGULIS

k=333

Foid- B

Review Summary of Computed Results Button

Press this button to obtain a summary of computed results. The window displayed shows the
current contents of the NONLIN.OUT output file. When the summary window is the active
window, you can obtain a hardcopy of the output file contents. An example of the Summary of
Computed Results Window is shown in Part Two of this manual.

Animate Button

Press this button to view an animated representation of the structure displacing from side to side.
This represents the response of the structure to the ground acceleration or forcing function wave.
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B
Response Spectrum Plot Button

Pressing this button opens the EARTHQUAKE RESPONSE SPECTRUM OF INPUT
window. You do not need to load an earthquake file first, however, you will only have access to
Code Spectra plots if you do not. You can open an earthquake either through the Quick Quake
menu or via the EARTHQUAKE GROUND ACCELERATION INPUT window.

Displacement Ductility Spectra Plot Button E'

Pressing this button opens the DISPLACEMENT DUCTILITY SPECTRA plot window. This
form can be activated through this button only after the user has entered the structural properties.
The seismic resistance coefficient versus time period plots are generated for eight pre-defined
ductility factors. The desired period range, additional variables, and the ductility factors can be
changed through input provisions provided on the form.
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Entering Structural Properties

The structural properties are entered through the STRUCTURE PROPERTIES INPUT
window, which is shown in Figure 1. This window contains seven parts or frames:

The Unit Type input frame

The Length Units input frame

The Force Units input frame

The Dynamic Force Applied as... input frame

The Constitutive Properties input frame (which includes the structure diagram)
The Dynamic Properties output frame

The Summary of Latest Run output frame

The Unit Type, Length Units and Force Units Frames

These three frames are input frames - you are expected to click on the appropriate buttons within
these frames. NONLIN can operate in either U.S. Customary or metric units. Unit types are
toggled by the two option buttons in the Unit Type frame. For U.S. Customary units, lengths
may be entered in the Length Units frame as inches or feet and forces may be entered in the
Force Units frame in pounds or kips. When metric units are selected, lengths are centimeters or
meters and forces are either Newtons or kilo-Newtons. You may switch from one unit type to
another at any time. Data that has already been entered is automatically converted as soon as you
select the appropriate units.

When the applied dynamic force is an earthquake ground acceleration, NONLIN automatically
converts the acceleration units into units which are expressed as a fraction of the acceleration due
to gravity. The acceleration of gravity in the current computational units is always shown on the
Gravity line (the last line) of the Dynamic Properties frame. Note that these units automatically
change when the computational units are altered via the option buttons in the Unit Type, Length
Units and Force Units frames.

If a wave type forcing function is used, the forcing function amplitude is assumed to be in units
of force consistent with the unit types selected using the Unit Type, Length Units and Force
Units frames.

The Constitutive Properties Frame

This frame includes both the Constitutive Properties frame and the structure diagram. Six
general items of input corresponding to five large icon buttons and one small button, are
expected in order to analyze your problem.

The structure is idealized as a single degree of freedom system, as shown schematically in Figure
1. For linear analysis, the following properties are required:
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> MASS
> DAMPING
> INITIAL STIFFNESS K;

For nonlinear analysis two additional properties are required:

> SECONDARY STIFFNESS K;
> YIELD STRENGTH Fy

Structural properties are entered by clicking the three structure stiffness buttons located within

the Constitutive Properties frame and the mass and damping buttons located above and below the
structure mass in the structure diagram. Data input is described for each button as follows:

m | | &S| [

Structural Mass/Weight/Period Button

This button either represents a mass with an “M” in the icon, a weight with a “W” in the icon, or
a sine wave. NONLIN changes the icon to match the Input Mass As choice that you made in
the Parameters menu. To enter structural mass or weight, press the MASS/WEIGHT icon. An
input window will open to prompt for the appropriate data. The structural mass or weight must
be greater than zero.

If you choose mass units, the weight of the structure is displayed in the next to last line of the
Dynamic Properties frame. If you choose weight units, the mass is displayed on this line.
Masses are derived from weights by dividing the weight by the acceleration due to gravity.
NONLIN converts the units internally once the mass or weight has been input.

Example: If a structure has a weight of 55 kips, NONLIN will internally calculate
the mass by dividing by 32.2 ft/sec® times 12 inches per foot as follows:

mass = 55.0 / 386.1 = 0.142 kip-sec?/inch
Sometimes it is useful to enter a structure with a known period. This option allows this to be

done by entering the period on the MASS box. When the STIFFNESS is entered, this is used
together with the period to compute a corresponding mass value.

1

Structural Damping Button

To enter structural damping, press the DAMPER icon. Damping can be input either as a percent
of critical or as a damping constant. The Damper icon will display a small % or a “c” to indicate
which case is active. Critical damping is defined as the smallest amount of damping required to
prevent an oscillatory motion (no zero displacement crossings) after a system is given an initial
displacement and then released. Critical damping is mathematically defined as follows:
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C. =2Mmo

where m is the system mass (in mass units), and @is the structural circular frequency in
radians/second, computed as

_ K
@ =\

and K is the initial stiffness of the system, as described in the following section.

In NONLIN, a non-dimensional damping value & is entered as
&= 100c/c,

The 100 in the above equation converts the damping into a percent. NONLIN will allow
damping values from 0 to 100 percent critical. However, damping values of 2 to 7 percent
critical are commonly used for analysis of structures responding to earthquake ground motions,
where it is anticipated that the response will go into the nonlinear (inelastic range). Note that
lower values of damping may be appropriate for computation of the response of systems which
are intended to remain elastic. High damping values (20 to 30% critical) may be used to
represent structures with added viscous damping.

Example: Assume a structure has an initial stiffness of 70 kips/inch, and a weight of 55
kips. The mass of the structure is 55/386.1 = 0.142 kip-sec’/inch. The circular frequency
o =[70/0.142]°° = 22.2 radians/sec. If a damping of 5 percent critical is desired, enter
5.0 at the prompt. The damping coefficient ¢ used in the analysis is (5.0/100)c. =
0.05(2)(0.142)(22.2) = 0.315 kip-seconds/inch.

As previously mentioned, the damping constant may be entered directly.

Structural Stiffness Ky Button |&

To enter the initial structural stiffness, press the STRUCTURAL STIFFNESS icon. The initial
stiffness Ko is illustrated below. Ky has units of force/length. For nonlinear analysis, the
unloading stiffness is assumed to be equal to the initial stiffness.

Force

1.0

\J

Displacement
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After both the mass and the initial stiffness have been entered, NONLIN will compute and
display the structure’s dynamic properties, which include the circular frequency
(radians/second), the cyclic frequency f (Hertz) , and the period of vibration T (seconds).

| o |5
Structural Strain Hardening Stiffness K, Button

The secondary stiffness is the first of two properties required for nonlinear analysis. To enter the
secondary stiffness, press the SECONDARY STIFFNESS icon and respond to the prompt. The
secondary stiffness is the slope of the post-yielding portion of the force-displacement response of
a structure. The value may be positive, representing strain hardening, or zero, representing an
elastic-perfectly plastic response. The secondary stiffness K, is illustrated below. Note that K,
must be less than the initial stiffness of the structure and must be greater than or equal to zero.

Force
|

Strain Hardening

Elastic-Plastic

Displacement

P-Delta Stiffness Kg Button El

The P-Delta stiffness Kg needs to be supplied if the user chooses to include P-Delta effects in the
analysis. The choice to include the P-Delta effect in the analysis is made by checking/unchecking
the checkbox named INCLUDE P-DELTA. To input the P-Delta stiffness, press the P-DELTA
STIFFNESS icon and respond to the prompt. Even though this stiffness is entered as a positive
quantity, it is converted to a negative value in the display as an indication of the P-Delta effect.

Based on the P-Delta stiffness value supplied by the user, the program automatically adjusts the
initial stiffness and the yield strength to include such effects. This is accomplished as explained
below.

Assume a structure without P-Delta effects considered has an initial stiffness K,, a yield strength
Fyo, and a strain hardening stiffness of zero. (Yield strength is described in the following
section.) The structure is shown in the figure on the next page.
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P
+ FOFACG Without P-Delta
Fol r/ With P-Delta
Fy _
h <
TS RN .

Displacement

Under gravity force P (compression positive), the structure has an initial stiffness K;=K,+Kg,
where Kg, the P-Delta stiffness, is computed as follows:

For this structure, the effective initial stiffness is calculated as K; =K,-(P/h. If the yield strength
of the structure without P-Delta effects is Fy,, the effective yield strength Fy , is calculated by the
program as follows:

P
Fy= B 1-——
g ”[ Kuk]

Example: Assume a structure in absence of a vertical force P has an initial
stiffness of 50 kips/inch, and after yielding at a lateral force of 20 kips, has a
strain hardening stiffness of zero. If the column height h is 10.0 feet, and the total
vertical force P is 480 kips, determine the initial stiffness, the secondary stiffness,
and the yield strength to be used for a nonlinear P-Delta analysis.

P-Delta stiffness K¢ = - P/h = -480/(10x12) = -4.0 kips/inch
Effective initial stiffness Ko+ Kg = 50 +(-4) = 46 kips/inch

Effective yield Strength = Fy = Fyo(1-P/(Koh))
= 20(1-480/(50x23x10)) = 18.4 k/in
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Yield Strength F, Button [~

The system yield strength is the second of two properties required for nonlinear analysis. To
enter the yield strength, press the YIELD STRENGTH icon and respond to the prompt. The
yield strength, which is illustrated below, is given in force units.

Yield
Strength

\j

Displacement

Linear/Nonlinear Analysis Options

Just below the Yield Strength button are two small buttons (also called radio buttons) which you
can use to define whether you want a linear or nonlinear analysis of the defined structure. If you
choose a linear analysis, the secondary stiffness and yield strength buttons are disabled because
they do not apply to a linear analysis. The frame for this selection is shown below.

- Constitutive Properties

L= 34.00 Kin
23.00 kiin
| 50.00 k
E . 4.00 Kin

& L INEAR ANALYSIS:
" NONLINEAR ANALYSIS

v INCLUDE P-DELTA
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Dynamic Properties Output Frame

This frame is located in the lower right corner of the STRUCTURE PROPERTIES INPUT
window. The frame echoes the structure properties input values. Except for the Gravity line, the
frame will contain no values until the structure properties have been defined either by defining a

new problem or loading a problem file.

-Dynamic Properties

Period, seconds 0.392
Frequency, Hertz 2.553
Frequency, Risec 16.044
Effective K1, kin 30.000
Effective Fy, k 44113
Damping 0.199 k-secin
Mass 0. 117 k-=ec2in
Gravity 386.1 in/secisec

Summary of Latest Run Output Frame

This frame is located inside the structure diagram in the STRUCTURE PROPERTIES INPUT
window. It provides several items of output data that are updated after every run. The frame

contains no values until an analysis run has been executed.

| 5.00 % critical

Spring Force
Damping Force
Spring + Damping
Displacement
Ductility Demand
Yield Events
Energy

- Summary of Latest Run
30.384

2.598
30.515

1.013

H.A.
H.A.

64.388
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Dynamic Force Applied as... Input Frame

As previously mentioned, the forcing function may be either a prerecorded earthquake, a linear
combination of up to five sine, square, or triangular waves, or a free vibration. As shown in
Figure 1, the type of dynamic force is toggled by clicking on the appropriate option button in the
Dynamic Force Applied as... input frame.

-Dynamic Force Applied As...
" Free Vibration
f" Forcing Function

i Blast Load

{* Ground Acceleration

" Inc. Dynamic Analysis

Defining a Ground Acceleration

You can bring an earthquake acceleration record into NONLIN through the Quik Quake menu
option or you can use the more sophisticated Ground Acceleration input function. When the
Ground Acceleration button is activated, the icon in the Dynamic Force Applied as... input
frame resembles an accelerogram. Clicking on this icon, shown below, opens a special frame for
inputting and plotting data associated with the selected ground motion.

bkl g |

Upon pressing the accelerogram icon, the EARTHQUAKE GROUND ACCELERATION
INPUT frame appear as illustrated in Figure 2 ahead.

In Figure 2, the STRUCTURE PROPERTIES INPUT window has been minimized so that
only the NONLIN window and the EARTHQUAKE GROUND ACCELERATION INPUT
windows frames are visible.

To select a pre-recorded earthquake, click the File Open icon which resides in the upper left of
the window. The icon looks like this:

All of the pre-recorded earthquake files have a name in the format FILENAME.ACC, where
FILENAME is a one to eight character name, and ACC is the default extension for the
accelerograms.  When installing NONLIN, several acceleration files were copied to the
NONLIN directory of the hard disk. In Figure 2, the file which has been opened is
NRIDGEL1.ACC.
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For NONLIN to be able to read an acceleration record, it must be in a special format. This
format is described in detail in Appendix B of this documentation.

After the file has been opened, NONLIN displays a description of the file, and shows the
pertinent aspects of the record, including the number of points in the record, the digitization
interval, the duration, and minima and maxima of acceleration, displacement, and velocity, if
present in the record. NONLIN also shows the units at which the record was loaded. As
mentioned earlier, the record will be non-dimensionalzed by dividing by the appropriate
acceleration of gravity before being sent to the computational unit of NONLIN.

-] ARTHQUAKE GROUND ACCELERATION INPUT = |EI|5|
-Acceleration Data

File Hame m

C:\Program Files\Advanced Structural Concepts'Honlin'Sanferni.acc
. USE for ANALYSIS
Description

SAN FERHANDO EARTHQUAKE - 5244 ORION BLVD. -
FEBRUARY 9, 1971, 0600 PST
CORRECTED ACCELEROGRAM, DEGREES 90, CALTECH NC043

SOURCE: NISEE, U.C. BERKELEY, CALIFORNIA LI

Humber of Points Digitization Interval Duration

2975 0.02 seconds 59.48 seconds

Acceleration Velocity Displacement

Maximum = 1747.000 MM/sec/sec Maximum = 26.730 CM/sec Maximum = 10.310 CM

at Time = 6.78 seconds at Time = 6.88 seconds at Time = T.50 seconds

Minimum = - 2500.000 MM/sec/sec Minimum = - 29.745 CM/sec Minimum = - 14789 CM

at Time = 12.54 seconds at time = 9.80 seconds at Time = 10.30 seconds
-Revise Accelerations for use in HOHLIH ~Plot

™ Maximum (Acceleration) I Use G Units Acceleration, Velocity, Displacement |

2501 Ii}.255

I MM/secisec q Response Spectra |

[~ Humber of Data Points [~ Duration in sec

I._}'}.‘r5 W Fourier Amplitude Spectrum |

[ Digitization Interval (seconds) i+ Plot Original Data

Irl}.rl}‘_l RESET to Original | " Plot Revised Data

Figure 2 The EARTHQUAKE GROUND ACCELERATION INPUT window

The acceleration record may be used as-is, or may be revised by changing the maximum
acceleration, reducing the number of points to be included in the NONLIN analysis, or changing
the discretization interval. In Figure 2, these quantities have been changed to 400 mm/sec, 2000
points, and 0.01 seconds, respectively. The revised values will be used by NONLIN unless the
RESET to Original button is clicked prior to clicking the USE for ANALYSIS button. When
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the USE for ANALY SIS button is clicked, the EARTHQUAKE GROUND ACCELERATION
INPUT window is minimized, and NONLIN will be ready to run (if all structural properties have
been previously entered).

Before describing the plotting options, it is very important to note that changing the digitization
interval of a record does not rediscretize the accelerogram. The effect is to compress or expand
the time scale, as shown below.

c
k=l
)
(401 .
> ! ! ! ! ! ! ! Time, Sec.
g 0.02 0.04 \0.06 008/ 0.10 0.12 0.14
(&)
<
Original Record
c
i=l
)
(441 .
> ! ! ! ! ! ! ! Time, sec.
g 0.01 0.02 \0.03 0.04/ 005 0.06 0.07
(&)
<

Revised Record

It should be noted that the velocity and displacement time histories are also affected by a change
in the discretization timestep.

There are two circumstances where you may want to change the digitization interval. The first is
to change the frequency content of the earthquake ground. The second reason to change the
accelerogram is for dimensional similitude as required in model studies. For a true scale model
with a dimensional scale factor of n (n = 5 for a 1/5 scale model), the time digitization interval
should be divided by the square root of the scale factor.
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Displaying Ground Acceleration Plots

Using the plotting options, you may plot the ground acceleration, velocity, and displacement,
develop an elastic response spectrum, or plot a Fourier amplitude spectrum. The plots are
obtained by clicking one of the three buttons in the lower right hand corner of the
EARTHQUAKE GROUND ACCELERATION INPUT window. Note that either the original
or the revised data may be plotted. Recall however, that if the ground motion characteristics have
been revised, the revised motion will be used by NONLIN unless the Reset To Original button
has been clicked.

The acceleration, velocity, and displacement plots are self explanatory, and will not be described
further. Is should be noted, however, that hard copies of the plot may be obtained by clicking the
File menu, and then clicking the Print Form menu item. The form in which ground acceleration,
velocity, and displacement are displayed is shown in Figure 3.

% Ground Acceleration Time Histories ﬂ
>
"g"' SAH FERHANDO EARTHQUAKE - 8244 ORION BLVD. Acceleration Units
Acceleration MM/sec/sec 2500.00 at 58.20 =R G

2500000 o N N N N N N B 000 :
1250.000 NN R R S S E S :
- I | O I ) [N I S

s

%)
=
=

o000 MOV 1L, TS PPN PO PN N PV AP R
a1 4410l o i MM RS IR :
1250000 N 41 N A 1 S N N I S R " INCHES
-000 | LI .| O A R S S
2500, 000 N I R S S S S S  FEET

o 59 11.9 17.8 238 20.7 35T H.6 47.6 535 29.5

Time, seconds
Velocity MM/sec at e

30000

L I, { T P
o0 g TP INTAAR 1 PR  CO T Y  F ul E
Wy W oS P

5.9 11.9 17.8 23.8 29.7 35T ¥1.6 47.6 53.5 59.5

Time, seconds
Displacement MM A2.76 at 53.35 e

0.0 5.9 11.9 173 23.3 29.7 35.T 41.6 47.6 53.5 59.5
Time, seconds

Figure 3 Ground Acceleration, Velocity, and Displacement Plots
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Generating and Displaying Response Spectrum Plots

By selecting the Response Spectra box, response spectra will be plotted for up to six different
damping values. The damping values are selected from the Damping Values frame that appears
after you have pressed the PLOT DATA button. After pressing the button, the input frame on the
left side the Earthquake Response Spectrum of Input window as shown in Figure 4
appears.

EEarthquake Response Spectrum: SAN FERNANDDO EARTHQUAKE - 8244 ORION BL = |E||i|
-Compute/Plot Values Spectral Coordinates:
Period, seconds Frequency, Hertz Displacement, mm Velocity, mm/s Acceleratlon g
a o TR [T

~Damping Values (% Critical) —— -Response Damping —
o0 [ 15 : [ 2.50 %
25 ¥ 100 10000.00 Pseudo Velocity, mm/s I 5.00 %
[¥ 50 [ Other [0.00 R : 1 10.00 %

rPlot Type Pts.Decade —
" Separate 10 80
' Tripartite 200 160
" Demand a0 320

1000.00 =
-For Separate Plots .. -
' Loglog
) Log-Anthmetic
L Anthmetic-Arthmetic

-Plot Spectral Quantities vs... ——
' Period (Seconds)
" Frequency (Hertz)

-Length Units
" inches ' mm
. . . ;
feet cm 10.00 2 P
0.01 L] 1.00 10,00
I” | overlay Gode Spectra Period, Seconds

I | Gapacity Curve

™| Clipjat |5-'"“‘ Seconds

Figure 4 Earthquake Response Spectrum of Input Window.

The five damping values shown, plus one additional value may be used. The response spectrum
is plotted on a logarithmic plot, with either 10, 20, 40, 80, 160, or 320 equally spaced points
being plotted per logarithmic decade (points per decade) Click the appropriate check boxes and
radio buttons, and then click the COMPUTE SPECTRUM button shown below.

ﬁ

Pressing the COMPUTE SPECTRUM button computes the spectrum for the selected damping
values. The spectrum is plotted versus structural period, or structural frequency, at your option.
The plot type is by default Tripartite, as shown in the center of Figure 3. On this logarithmic plot
type, logarithmic axes for displacement and acceleration are superimposed at an angle to the
orthogonal period and velocity axes. This is a common method of presenting the spectrum.
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While the spectrum is being computed, a progress bar is displayed for each damping value
selected. The spectra are computed by a piecewise exact integration scheme per Chopra.[3].

After the spectrum has been computed, the Compute Spectrum button changes to the Plot
Spectrum button. You can change plot types and display the corresponding plot. The spectrum
does not have to be recomputed as long as you do not change the damping values. If you do
change the damping values, you must re-compute the spectrum.

You will notice that if you drag the cursor through the Tripartite plot, the Spectral Coordinates in
the frame at the top of the window change to indicate the values at the cursor location.

If you choose the Create File menu option at this point, the NONLIN.XL3 file is written to disk.
This is a tab-delimited file that can be manipulated with a spreadsheet program. Any of these
types of Response Spectrum plots may be printed by selecting the Print Plot option from the File
menu. Note that you also have the option of printing a blank tripartite plot.

By choosing the Separate Plot Type option, the program displays three plots: displacement
versus period, pseudo velocity versus period and pseudo acceleration versus period. The Separate
Plots may be Log-Log, Log-Arithmetic or Arithmetic-Arithmetic. Example Separate Plots are
shown in Figure 5.
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Figure 5 Separate Plots of Sample Spectrum
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As with the Tripartite plot, the Spectral Coordinates in the frame at the top of the window change
to indicate the values at the cursor location if you drag the cursor through any of the plots.

Generating and Displaying Demand Spectrum Plots

The third type of plot available from this screen is the Demand Spectrum plot. A demand
spectrum is an elastic response spectrum plotted with the spectral displacement on the horizontal
axis, and the pseudoacceleration on the vertical axis. Radial lines represent the square of the
circular frequency, but for convenience are labeled as period values. The structure’s force-
deformation response (capacity spectrum) may be superimposed on the demand spectrum to
provide useful design information. Demand-Capacity spectra are a major feature of the ATC-33
Recommendations for Rehabilitation of Existing Buildings. An example of this type of plot is
show in Figure 6.

E Earthquake Response Spectrum: SAN FERNANDO EARTHQUAKE - 8244 OR =10 ﬂ

Compute Plot Values Spectral Coordinates:
Period, seconds Frequency, Hertz Displacement, mm Velocity, mm/s Acceleration, g

@ +
1'9+ 11.296 0.089 _ 247.895 0.014

Damping Values (% Critical} Response Damping
00 [ 75 _ 1 2.50%
v 25 v 10.0 Pseudo Acceleration, {g) I 5.00 %
v 50 [ Other L ks

Plot Type Pts.Decade
" Separate 100" 80
" Tripartite 2010 160
{* Demand (+ 40 (" 320

For Separate Plots ...
{+
i
i

Plot Spectral Quantities vs...
{+
i

Length Units
" inches * mm
" feet " em

0.0 -
0.00 138.00 276.00 414.00 552.00 690.00
B Displacement, mm

=

[ Clip at Seconds

Figure 6 Example Demand Spectrum Plot

Any of these types of Response Spectrum plots may be printed by selecting the Print Plot option
from the File menu. Note that you also have the option of printing a blank tripartite plot.

You can toggle between acceleration in g units and in acceleration units by pressing the
Acceleration toggle in the upper right hand corner of the plot.
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Code Spectra Plots

[&] Nonlin ¥ersion 7.05 : untitled
File | Code Spectra  Window  Help

E v UBC 94 ...
UBC 97 ...
Tom MEHRP 9L ..,
L MEHRP 94 ... m
O MEHRP 97 ...
FEMA 273 ...
E Mewmark-Hall ..

Through the Code Spectra Menu on the Response Spectrum window, you have access to seven
different types of Code spectra plots, 1994 and 1997 UBC, 1991, 1994, and 1997 NEHRP,
FEMA 273, and the Newmark-Hall method. Select the code that you wish to examine from this
menu, and a parameters box for this code will be displayed. Set the parameters that fit your
analysis and press OK. Below is an example of the parameters for the Newmark-Hall type of
spectra.

x
—Damping
Maximum Acceleration, mm/sec/sec |  One Sigma i* Median
2500.00 Acceleration Factor = [ 368
Velocity Facto =|
Maximum Velocity, mm/sec el 2.59
297 .45 Displacement Factor = 2.01
& 0.5% = 5.0%
Maximum Displacement, mm - 1.0% - 7.0%
|14?.39
i 2.0% = 10.0%
Ductility Factor (Use 1.0 for Elastic) ® L ® Il
|1 " Other |.|].
0K Cancel |

To see the plot press the compute code spectrum button shown below.

N

After your chosen code spectra is computed, you have all of the same plots available as you did
with the Earthquake response spectrum. These include tripartite, separate and capacity demand.
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Some of the code spectra plots, particularly UBC, can be seen well by only displaying the first 5
seconds of the plot. This is available by checking the appropriate box in the lower left corner of
the window.

E Earthquake Response Spectrum: SAN FERMANDO EARTHQUAKE - 8244 ORION B - | Ellﬂ
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¥ Tripartite 200 160
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~For Separate Plots ..
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[~ Clipjat IG-*}{I Seconds

Figure 7 Newmark-Hall Spectra

If you have computed both a code spectra and an earthquake response spectrum you have the
option of overlaying the two curves in the same plot. Again, you have the option of viewing a
tripartite plot, separate plots, or a capacity demand plot.

Generating and Displaying Fourier Amplitude Spectrum Plots

As mentioned previously, a Fourier amplitude spectrum (FAS) can also be generated and printed.
In NONLIN, the transform is normalized to have a maximum value of 1.0. The frequency that
has a Transform ordinate of 1.0 is the dominant frequency in the ground motion. The plot is
useful in viewing the energy content of a forcing function wave or earthquake at different
frequencies. For example, the majority of the energy of the Imperial Valley Earthquake as
measured at EI Centro in May 1940 was focused between 1 and 2.25 Hertz.

A Fourier transform (often referred to as FFT, which is technically incorrect because the FFT is a
method, whereas the transform itself is a result) converts a time function into a frequency
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function. A Fast Fourier Transform (FFT) is a preferred numerical method to compute the
Fourier transform. An FFT requires that the number of time-amplitude data points passed to the
routine be a power of 2. This is automatically taken care of in NONLIN.

Different segments of an earthquake may have different frequency content. The Traveling FFT
provides a method for determining the frequency content of segments of the ground motion (or
computed response) consisting of 128, 256, or 512 contiguous points in the motion. An example
of this screen is show in Figure 8.
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Figure 8 Fourier Amplitude Spectrum and Traveling FFT Window

Dragging the cursor through the total FFT plot shown in the FOURIER AMPLITUDE
SPECTRUM OF INPUT window changes the values of frequency and amplitude shown in
separate boxes. You can also obtain a printed output of the total FFT plot using the Print Plot
option in the File menu.

Fine tuning of the upper and lower frequencies of the display is possible by entering values in
either or both of the text boxes in the middle left side of the form. To do this, uncheck the box
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named AUTOMATIC and then supply the upper bound and lower bound for the frequency range
to display. Similarly, you can specify the amplitude range to display.

Different segments of an earthquake may have different frequency content. The Traveling FFT
provides a method for determining the frequency content of segments of the ground motion (or
computed response) consisting of 128, 256, or 512 contiguous points in the motion. The FAS of
the entire response is shown in the large plot at the upper right of the FAS window, and to the
left of this is a small plot showing the entire time-history (see Figure 8). This time-history has
a small traveling window, whose position is controlled from the VCR type controls on the
button bar at the right of the window. Across the bottom of the form are three smaller FAS
plots representing three intervals of wither 128, 256, or 512 contiguous points from the original
record. You select the number of points to use from the “# of Points” frame on the window.
Note that the center plot on the bottom of the window represents the time range shown in the
moving window. The plots to the left (previous) and right (next) represent the windows to the
left and right of the traveling (current) window. Note that the three adjacent windows overlap
as shown in the figure below. The smaller the number of points used in the traveling FAS

window, the coarser the resolution in the plot.
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- - | _
5 0075 I ” :@ Next Window ]
c I | ]
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The FFT algorithm used by NONLIN requires that the number of points passed to the routine
be a power of two. For the original time-history, a portion of zero amplitude response is
appended to the record to provide the required number of points. For example, if the
input/output record contains 1200 points, the number of points sent to the FFT routine would be
2048, 1200 points of data and 848 points of zero amplitude data.

The frequency range (maximum recoverable frequency) in a FAS plot is given by:

0.5
f =—f = (0.5/dt
range = . 'range ( )

where At is the digitization time step of the original record. The maximum recoverable
frequency frange is also known as the Nyquist frequency. This is equal to one half of the

sampling frequency. For example, to fully recover a sine wave with a frequency of 1.0 Hz, you
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must measure at twice this frequency, or 2.0 Hz. The FFT routine provide amplitudes at n/2
discrete frequencies within this range, where n is the number of points passed to the FFT routine.

Defining a Wave Forcing Function

When Forcing Function is activated, the icon in the Dynamic Force Applied as... frame
resembles a complex wave form. Clicking on this icon, shown below, opens a special window
for inputting and plotting a forcing function which consists of a linear combination of simple
sine, square, or triangular waves.

Il
~

The WAVE GENERATOR window is shown in Figure 9.

128 WAVE GENERATOR -0l x|
-Startup Ramp —Point of Application — - Signal Length and Digitization: ———

G5z i By I—ﬂ  DOF1 Length of signal (seconds): I 20,00
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-Frequency Data

Force (k) Period (sec) Phase (sec) Duration (sec) Generate Signal

Wave #
H Ii ul |3n.un |3.nn |n.nu |1 0.00
2] m ul |zn.un |2.nn |1.nu |1 0.00 *-"'v'{u*v*-
3] B ul |25.uu |n.su |n.nu |1u.uu Time-History Plot
m EEH | | | |
B £ HI | | | | FFT Plot
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32.92 | -32.92
" Plot Total Wave Onhy | USE for ANALYSIS

ISampIe Wave Form

’—Signal Description:

Figure 9 The WAVE GENERATOR Window

The WAVE GENERATOR window consists of six frames plus four buttons.
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After you have defined a wave form, you can save it via the Wave form menu as show below.
You can also load an existing wave form, rename the current wave form, or start a new one.

@ Monlin ¥ersion 7.05 : untitled

Waveform Window  Help

Mew Wavelorm

Cpen Waveform ...
Save Waveform

Save Waveform As ...

Exik
-Il—'-....-.. A —

In the Signal Length and Digitization Frame, you enter the total wave duration and the
discretization interval. The number of time steps is then automatically computed and displayed.

To create a signal, move to the Frequency Data Frame, and select the wave type for each
component of a one to five part wave. Individual wave components may be sine, square, or
triangular in type. At least one wave must be active at all times.

For each wave activated, the Period, the Amplitude, the Phase Lag, and the Duration of each
wave component must be specified. The duration of any or all waves may be set to a value less
than the total length of the signal. The phase lag shifts the entire wave to the right by an amount
equal to the time entered. The phase lag must be set to a value less than the period for the
particular wave. If all waves are shorter in duration than the total wave length, the structure will
enter into free vibration once all the signals have terminated.

In the Startup Ramp Frame, you may enter a value between 2 and 100 to gradually increase
(from zero) the magnitude of the wave form over the initial portion of the total time period
selected. For example, a 10 second signal with a startup ramp of 20% will cause a gradually
increasing wave over the first two seconds of the function. The last eight seconds of the signal
will not be affected by the ramp.

In the Random Noise Frame, you may superimpose a random noise on the combined wave
form. The maximum magnitude of the random noise may be from O to 50 percent of the
maximum wave amplitude (without noise).

The Signal Description input frame is used to enter a title for the wave form. This title will
appear on all plots produced by the program.

The Point of Application frame is used to specify the degree-of-freedom to which the signal is
to be applied.

You also have the option of applying the forcing function as a ground motion. When this box is
checked, the forcing function is treated as a ground motion during the calculations (only). The
amplitude is then taken as an acceleration represented as a fraction of gravity. This is useful to

Advanced Structural Concepts, Inc. 3/1/2004



NONLIN User’s Manual Page 36

when trying to model specific ground motion characteristics that are not present in the
earthquake files supplied with NONLIN.

Displaying Wave Generator Plots

After all wave parameters have been set, click on the Generate Signal to create the waveform.
When the wave is ready, the Time-History Plot and the FFT Plot buttons become active, and
when clicked, cause the program to display the corresponding plot. The Time-History plot
shows the force amplitude versus time. If the Plot Total Wave Only box is checked, the
intermediate waves will not be plotted. The FFT (Fast Fourier Transform) plot transforms the
wave from the time domain to the frequency domain so that the normalized energy content of the
wave versus frequency can be seen.

To obtain a hard copy of a plot, click the Eile menu, followed by the Print Form menu.

When you are ready to use the waveform in response computation, press the USE for
ANALYSIS button, at which time the WAVE GENERATOR window will automatically
minimize. If all structural data has been previously input, you are now ready to proceed with an
analysis of the structure. Part Two of this manual describes the execution of the program to
obtain analysis results.

Free Vibration

The free vibration option imposes an initial unit displacement on the structure, and then releases
the structure. NONLIN assumes that all free vibration problems are linear. The resulting free
vibration trace may be used to verify the program’s accuracy by comparing the computed period
and damping value with the theoretical values. The damping computed by NONLIN may be
obtained from the rate of decay (logarithmic decrement) of the free vibration trace.

When Free Vibration is activated, the icon in the DYNAMIC FORCE APPLIED AS... frame
resembles a free vibration wave Clicking on this icon, shown below, opens a window for
adjusting some of the starting properties.

Here you can set the starting displacement and velocities, as well as adjust the length of the
signal. If you do not enter any properties in this box, the program will select appropriate ones for
you.
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B Free ¥ibration x|

Starting Displacement,in : |

Starting Velocity,in/sec : ||:|

Maximum Duration, sec: g
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0K Cancel |
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NONLIN

Part Two

NONLIN SDOF Systems - Program Result Output
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Program Execution Results

NONLIN’s primary function is to model the response of a single degree of freedom structural
system to a dynamic loading. To this point, this manual has described the process of providing
input data to NONLIN in order to run the program to obtain numerical and graphical output
describing the response. A brief summary of typical input actions follows:

Define the units
Define the properties of the model structure
Define the forcing function by choosing an earthquake or defining a wave forcing function
Define the type of analysis desired, that is, linear or nonlinear

or
e Open a problem file in which input information has been saved and make modifications, if
necessary

This section of the manual addresses the actual running of the program to produce the output
results.

Running the Analysis

Running the analysis of the model structure to obtain the dynamic response is very simple. After
you have entered all data necessary input data, the red NO GO button gives way to the green GO
button. The presence of the GO button gives you an indication that necessary and sufficient
input data has been entered.

To produce an analysis run, simply click the GO button.

A progress bar will appear at the bottom of the STRUCTURE PROPERTIES INPUT window
to indicate that the run is progressing. The speed of progression depends largely on the speed of
your computer, the length of the record and step factor. When the analysis is complete, a run
number indicator in the NONLIN window increments, e.g., RUNO is replaced with RUN1 and so
on. The Summary of Latest Run frame in the STRUCTURE PROPERTIES INPUT window
is updated. You are now ready to view, save and/or print the computed time histories plots, the
computed hysteresis plots, the computed energy plots and/or the summary of computed results.
You can also view an animated representation of structural displacement.
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Click on:

to view the COMPUTED TIME HISTORIES plots.

to view the COMPUTED HYSTERESIS PLOTS.

to view the COMPUTED ENERGY PLOTS.

to view the SUMMARY OF COMPUTED RESULTS.

to view an ANIMATION of the structural response.

Each of these output features is described in more detail in the following sections.
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Computed Time Histories

Perhaps the first item of interest after running the analysis is to view the COMPUTED TIME
HISTORIES plots. You can open this window by clicking the appropriate button as described
above. The window always displays three plots which default to displacement, velocity and
yield code versus time. Example time histories plots are presented in Figure 10.
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Figure 10 Example COMPUTED TIME HISTORIES Window

You can change any of the plots to one of nine different time histories by clicking the buttons
above each plot. If you change one or more of the time histories, the plots will be automatically
updated with the new information.

Both the COMPUTED TIME HISTORIES window and the COMPUTED HYSTERESIS
PLOTS window have one icon button in the upper left corner of the their respective windows.
This button performs the same function in either window, as follows:
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T_1 The RESIZE button expands the plots to the limits of the graph so that maximum values
are readily apparent. If you click on the RESIZE button again, the vertical and horizontal
axes unit values change back to convenient values beyond the maxima.

Both the COMPUTED TIME HISTORIES window and the COMPUTED HYSTERESIS
PLOTS window possess an additional feature. When either of these two windows is the active
window, the menu bar in the NONLIN window presents an Options menu item. A Plot Points
submenu is presented when the Options menu item is clicked. You can choose to have every
point, every second point, every fourth point, every sixth point or every eight point plotted. Your
choice here does not effect the screen plotting of the time histories or the hysteresis plots. The
feature is added to NONLIN to allow for a smaller plot file to be transferred to your printer in the
event that your printer cannot handle the amount of data sent with a “plot every point” plot. You
may have to experiment to find the largest number of points (i.e., the highest resolution) that
your printer can handle.

The COMPUTED TIME HISTORIES plots possess a helpful feature. If you drag the cursor
across any of the three plots, the cursor becomes a double headed arrow with a vertical line
through the middle. You will notice that changing data values are given above each plot that
corresponds to the position of the cursor.

You can obtain a hardcopy of the plots by clicking the File menu and choosing Print Form. If
you choose the Create File menu option, the NONLIN.XL1 tab-delimited file is written to disk.
Uses for this file are the same as the other .XIx files already described.

Additionally, for all time history results except Yield Codes you can view the time history
calculated as a Fourier Transform in the FFT window by clicking the FFT button to the right of
each plot.
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Computed Hysteresis Plots

Generally, the next output view of interest are the COMPUTED HYSTERESIS PLOTS. The
plots are useful to view various forces in the system versus displacement, acceleration or
velocity. Clicking the appropriate button opens the window which always displays three plots.
The plots show inertial force, damping force and spring force versus displacement by default.
An example of the hysteresis plots are presented in Figure 11.
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Figure 11 Example of COMPUTED HYSTERESIS PLOTS.

You can change the ordinates to one of five different force types and the abscissas to
displacement, acceleration or velocity by clicking the down-arrow boxes above and below each
plot. If you change any of the values, the plots will automatically be updated.

The COMPUTED HYSTERESIS PLOTS window contains the RESIZE button. The function
of this button is identical to the function described in the COMPUTED TIME HISTORIES
section above.

You can obtain a hardcopy of the plots by clicking the File menu and choosing Print Form.
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Computed Energy Plots

This plot shows the total energy dissipated over the time span of the earthquake or forcing
function event. The energy contributions of the kinetic+strain, damping and hysteretic energies
as well as the total energy are shown. An example of the energy plot is shown in Figure 12.
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Figure 12 Example Computed Energy Plots Window

The dark vertical line in the example plot indicates the position of the cursor. Note that the
percentages of the energy types change as you drag the cursor through the plot. The vertical blue
lines in the hysteretic energy are the yield events. If the analysis is based on an earthquake and is
nonlinear, you can view either the relative (default) or the absolute energies. The energy time
histories allow for the input energy to be computed on the basis of relative velocities or total
absolute velocities.  This affects the magnitude of computed kinetic energy, as well as the
magnitude of total energy. It has been shown in a paper by Uang and Bertero ["Evaluation of
Seiemic Energy in Structures”, Earthquake Engineering and Structural Dynamics, pp 77-90, Vol.
19, No. 1, 1990] that for structural period ranges of about 0.3 to 4.0 seconds, relative and
absolute energy maxima are almost identical. Significant differences can occur for very low or
very high period structures. These differences can be very important when computing energy
spectra and using these spectra for design.
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The thin blue line at the top of the plot is the total energy calculated separately. If the blue line
does not closely follow the top the cumulative energy curve, set the Step value in the Parameters
menu to a higher value. Note that this total energy line does not show up on the printed output of
the energy plot.

Note that if the analysis is based on a user defined wave for the forcing function (even if that
forcing function is being treated as a ground motion), or a linear analysis is being used, you will
only be able to view the relative energy.

You can obtain a hardcopy of the plot or create the .XL2 file by clicking the File menu and
choosing Print Plot or Create File, respectively.

It is worth noting that the hysteretic energy is an indication of structural damage resulting from
the application of the dynamic loading. The higher the percentage contribution of the hysteretic
energy to the total energy, the greater the damage to the structure.
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Summary of Computed Results

The Summary of Computed Results window is provided to give you a summary of
numerical results from your analysis runs. Clicking the appropriate button as described above
opens the window. The problem filename, analysis type (linear or nonlinear), structural
properties, forcing function properties and a summary of response maxima are presented.

The window shows the current contents of the filename.OUT output file. When the window is
opened, the file is positioned to the last run executed. Use the scroll bar at the right of the
window to view the results of earlier runs. The scroll bar moves in discrete jumps from run
summary to run summary, not in a continuously smooth, scrolling manner.

When the summary window is the active window, clicking the File menu and then Print All
Pages or Print Current Page will send the appropriate portions of the .OUT file to the printer.
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Figure 13 Example Summary of Computed Results Window.
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As previously mentioned, the Create File menu option writes the NONLIN.XL1 file to disk
when this window is active.

Animation

A unique feature of the program is the Animation Window. When opened by clicking the
animation button, a representation of the model structure and five plots are produced and
displayed in time increments. You can control the display progress and speed through the use of
a recorder control in the upper left corner of the window. The recorder control looks like this:

REWERSE TO FAST REVERSE
STAHT\x\ f;ff - REVERSE FAST FORWARD
Ty
I \ I~ Formmro To END

\ \ FORWARD
AlrIMILZE

WMDY STOP

You can stop, start, reverse, fast reverse, fast forward the progress of the simulated response.
You can also reverse to start and forward to end. A separate Animation Speed slider is provided
to control the speed of the simulation. A Time Value slider is also provided so that you can
move to any point in time in the duration of the simulation. The Time Value slider moves to
indicate the relative point in time in the progressing simulation.

By default, the structure roof displaces but the structure foundation remains fixed. Note that the
Relative Displacement radio button is set. By choosing the Total Displacement radio button, you
can change the display to simulate ground motion as well as structure motion. Clicking on the
Undeformed Shape check box in the upper right corner of the window produces a stationary
reference shadow representing the original position of the structure before the application of the
dynamic loading.

Three time history plots of Input Ground Acceleration, Displacement and Yield Code versus
time are constantly updated and displayed in the center portion of the window. To right of the
time histories plots, you see two hysteretic plots: Damping and Spring force versus
displacement.
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Figure 14 Example ANIMATION Window.

A yellow line appearing at the top or bottom of the two structure columns indicates yielding of
the structure.

A printed of the animation window is not directly available. However, if you press Print Screen
on your computer keyboard, the current screen image is saved to the Windows Clipboard. If you
close or minimize NONLIN and open a drawing program such as Paint, you can Paste the image
to the drawing program workspace by using the Edit menu. From this point, you can modify the
image, print it or save to a file.
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NONLIN

Part Three

NONLIN MDOF Systems- Advanced Modeling
Capabilities
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Introduction

Version 7.05 of NONLIN has new capabilities that allow you to model more complicated
structures, with more complex hysteretic properties. The basic model is a three degree of
freedom system, with the capability to analyze base isolated structures and structures
incorporating passive energy devices. P-Delta effects are included directly as a structural
parameter. The new hysteretic models allow simple bilinear behavior, complex multilinear
behavior including strength degradation, stiffness degradation, and pinching. An advanced
smooth hysteretic model with strength and stiffness degradation and pinching is also included®.

The new capabilities are provided in a special module of NONLIN referred to herein as MDOF-
NONLIN. The material presented in this section of the NONLIN documentation refers almost
exclusively to MDOF-NONLIN.

Theoretical Description
Structural Idealization

NONLIN analyzes the three degree of freedom system pictured in Figure 15.

-

—» Ul

Frame

Isolator us3

Figure 15 Basic Model used in MDOF-NONLIN

In this structure, the frame, device, and isolator may have nonlinear force-deformation
relationships, and the brace is always assumed to be linear. In addition, the device and the

® Source code for the multilinear and smooth hysteretic models was provided by A.M. Reinhorn and M.V.
Sivaselvan of the Multidisciplinary Center for Earthquake Engineering Research (MCEER), State University of
New York, Buffalo, New York. The models are completely described in the report “Hysteretic Models for Cyclic
Behavior of Deteriorating Inelastic Structures”. The MCEER Technical Report Number (to be published in 1999)
was unassigned at this writing.
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isolator may have linear or nonlinear viscous damping. The elastic/inelastic spring and damping
components of the device and the isolator are assumed to act in parallel. P-Delta effects may be
included in the solution if desired.

The inelastic behavior of the frame, device, and isolator may be described by three different
models; simple bilinear, multilinear, and smooth. A linear elastic model is also available. The
simple bilinear model provides strength degradation. The multilinear and smooth models allow
for degradation of stiffness and strength, with or without pinching. The assumed hysteretic
behavior of these elements is described in detail later.

The base structure may be configured into a variety of types:

Simple rigid frame

Braced frame

Braced frame with device
Base-isolated frame

Base-isolated braced frame
Base-isolated braced frame with device

While certain of the models may appear to be one or two degree of freedom systems, MDOF-
NONLIN treats each internally as a three degree of freedom structure. For example, when the
base isolator is “removed” from the system, its stiffness is set to a large value, and its mass and
damping are set to very low values. When the device is removed, but the Chevron brace
remains, the device stiffness is set to a large value, and its mass and damping are set to very low
values. When the brace is to be eliminated, the device stiffness is set to a very low value. Table
1 summarizes the modelling procedures.

Table 1 MDOF-NONLIN Element Properties

Model PROPERTIES
Frame Brace Device Isolator
Simple Frame k = 10E10 k = 10E-10 k = 10E10
User Defined m = 10E-10 m = 10E-9 m = 10E-9
c=0.0 c=0.0 c=0.0
Braced Frame k = 10E10 k = 10E10
User Defined User Defined m = 10E-9 m = 10E-9
c=0.0 c=0.0
Braced Frame with k =10E10
Device User Defined User Defined User Defined m = 10E-9
c=0.0
Base Isolated Frame k =10E10 k =10E-10
User Defined m = 10E-10 m = 10E-9 User Defined
c=0.0 c=0.0
Base Isolated Braced k =10E10
Frame User Defined User Defined m =10E-9 User Defined
c=0.0
Base Isolated Braced
Frame with Device User Defined User Defined User Defined User Defined
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The (tangent) stiffness matrix for the structure consists of five parts:
K=K +Kg+Ky+K, +Kg

where the subscripts refer to Frame, Brace, Device, Isolator, and Geometric stiffness
components, respectively.

Because mass and damping are not assigned to the brace, the mass and damping matrices for the
structure consist of only three parts each:

M=M.+My+M,
C=C.+C,+C,

The components of the stiffness matrix are as follows:

ke 0 —k, 0 0 0 ky, -k, O 00 0
Ke=| 0 0 0 Ke=[0 kg —kg Ko=|-k, ko O Kye=[0 0 0
k. 0 k. 0 —ky kg 0 0 0 0 0 Kk
and
~W./h. 0 W, /h.
Ke=| 0 0 0

W./h. 0 —W./h.—(W, +W,)/h,

In the above, kg, kg, kp, and k; are the incremental tangent stiffnesses of the frame, brace, device,
and isolator components. Wk is the weight of the frame, W, is the weight of the isolator
(including first floor slab), he is the height of the frame above the isolator, and h, is the height of
the isolator level. Note that the geometric stiffness matrix does not include the weight of the
device nor the weight of the brace. Both of these are assumed to be small in comparison with the
weight of the frame and the weight of the isolator (actually the weight of the floor slab at the
isolator level). P-Delta effects remain constant throughout the analysis.

The mass is assumed to be lumped, producing a diagonal mass matrix:

m. O
M=l 0 m,
0 0

3 o o

The damping components of the damping matrix are as follows:
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cc 00 ¢, —-¢C, O 00 O
Cc=/0 0O Co=|-¢ ¢, O C,=/0 0 O
0 00 0 0 0 0 0 c

Note that the frame’s contribution to damping is assumed to be mass proportional. Stiffness
proportional frame damping would be

¢ 0 —c;
Cc={ 0 0 O
-c. 0 ¢

When the isolator is disabled, the same results would be obtained regardless of the form of frame
damping chosen. When the isolator is active, the two different damping assumptions could give
slightly different results. However, the frame damping when used in association with a device or
an isolator will be very small (less than 5% critical), so the differences in computed results
would be negligible.

Hysteretic Modeling

For each of the structural components (except for the brace which is always linear elastic), you
may select from four different force-deformation relationships:

1) LINEAR elastic

2) BILINEAR with strain hardening or strain softening

3) MULTILINEAR with stiffness degradation, strength degradation, and pinching

4) SMOOTH hysteresis with stiffness degradation, strength degradation, and pinching

There are no restrictions as to how the models may be used in a structure. For example, a
bilinear model may be used for the frame, with a smooth model for the device, and a multilinear
model for the isolator.

The linear model is straightforward, with member force always being proportional to
deformation. The backbone curve of the force-deformation relationship for the bilinear model is
shown in Figure 16 ahead.
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K1
i)

K1 - Inital (Elastic) Slope
K2 - Secondary Slope

K3 - Secondary Slope

Yp - Positive Yield Force
Yn - Negative Yield Force

Figure 16 Bilinear Hysteretic Model

In this model, the positive and negative yield values may be different, as well as the positive and
negative strain hardening slopes. The strain hardening slopes may be greater or less than zero,
but should not exceed the initial slope. The model loads and unloads along the initial slope. If
different positive and negative strain hardening slopes are used, the model will produce
unreasonable results at deformations beyond the point where the strain-hardening lines cross.

The multilinear model is rule based, and can represent quite complex behavior. There are three
sub-types for this model:

1) Simple bilinear
2) Trilinear with Bauschinger effect and pinching
3) Vertex oriented

The backbone curve for the simple bilinear multilinear model is identical to that shown in Figure
2, with the exception that the multilinear model does not allow strain hardening slopes less than
zero. For simplicity, the user should use the bilinear model in lieu of the multilinear model if
only simple bilinear behavior is desired.

For this version of MDOF-NONLIN, the trilinear multilinear model has been forced to behave in
a bilinear fashion, but advanced behavior including degradation and pinching is allowed. The
backbone curve is identical to that shown in Figure 16. Four additional parameters may be used
to control the response, as shown in Table 2.
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Table 2 Parameters for MULTILINEAR model

Parameter Purpose Value for Minimal Effect | Value for Extreme Effect
ALPHA Stiffness Degradation 100 5
BETA1 Strength Degradation 0.01 1.0
(Ductility Based)
BETA2 Strength Degradation 0.01 1.0
(Energy Based)
GAMMA Pinching 1.0 0.2

In addition to the above values, the user must also enter the maximum positive and negative
deformations. If the computed deformations exceed these values the element is assumed to
“break”, losing all strength and stiffness. In MDOF-NONLIN, these deformations are entered as
maximum positive and negative ductility limits. It is recommended that these ductility values be
kept in the range of 10 to 15.

To obtain simple bilinear behavior, set ALPHA=100, BETA1=0.01, BETA2=0.01, and
GAMMA=1.0. As explained later, MDOF-NONLIN provides tools for testing the effects of the
various parameters prior to analysis. In lieu of describing these effects here, the user is
encouraged to experiment with the parameters.

The smooth model provides smooth transition into yielding, rather than abrupt transitions as in
the multilinear model. This allows for more realistic modeling of certain types of structural
components, such as shear links in eccentrically braced frames, and yielding metallic “fuses” in
ADAS type passive energy systems.

The smooth model uses the same backbone parameters as shown in Figure 16, except that a
strain hardening stiffness less than zero is not allowed, and the positive and negative strain
hardening slopes must be equal.

The parameters used to control the smooth model are described in Table 3. As with the
multilinear model, it is recommended that the user experiment with the smooth model parameters
before using them in an analysis.
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Table 3 Parameters for SMOOTH model

Parameter Purpose Value for Minimal Effect | Value for Extreme Effect
ALPHA Stiffness Degradation 100 5
BETA1 Strength Degradation 0.01 1.0

(Ductility Based)
BETA2 Strength Degradation 0.01 1.0

(Energy Based)
GAMMA Not Used N.A. N.A.
NTRANS Yielding Transition 1.0 10.0

smoothness (smooth transition) (sharp transition)
ETA Unloading slope/shape 0.5

(parallel to initial slope)

NGAP Gap Closing Exponent 1.0 4.0
PHIGAP Gap Closing Curvature 3 4
RS Pinching Parameter 0.0 0.40
LAMBDA Pinching Parameter 0.0 0.50
SIGMA Pinching Parameter 0.05 0.4 (set to 1.0 for no slip)
KAPPA Gap  Closing  Spring 2.0 5.0

Multiplier
Damping

As mentioned earlier, the viscous damping behavior for the device or the isolator may be either
linear or nonlinear. The damping behavior is described as follows:

F,=C |v| *Psign (V)

Where Fp is the force in the device, C is a damping coefficient, v is the deformational velocity
across the device, and exp is an exponent, typically between 0.4 and 2.0. For exp = 1.0 the
device behaves as a linear viscous dashpot For low values of exp the device is “force limited”,
meaning that at high velocities the device produce an almost constant force. For exp of 2, the
device is often known as a kinetic energy damper, and will efficiently dissipate energy due to
sudden impact. In earthquake engineering applications, exp is typically between 0.4 and 1.0.
Because MDOF-NONLIN does not iterate on equilibrium unbalances, it is recommended that a
very small time step be used when analyzing structures with nonlinear damping devices.

The damping in the frame is strictly linear. For analysis of structures incorporating passive
energy devices or highly damped base isolators it is recommended that the damping in the frame
be set to no more than one or two percent critical. There is no damping contribution from the
chevron brace.
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Loading

The structure may be subjected to load histories or ground accelerations. Load histories, when
used, may be applied to any active degree of freedom, including the base of the structure.
Earthquake ground motions are always applied at the base of the structure. As described later,
MDOF-NONLIN provides two similar sets of utilities for loading the structure.

Solution

The dynamic equilibrium equations are solved incrementally in the time domain using the
Newmark constant average acceleration technique. The user may control the solution time step
by dividing the loading time step into a number of sub-increments. Warning: The MDOF-
NONLIN program does not iterate on equilibrium error. It is up to the user to verify the
accuracy of the results by reanalyzing with various sub-step assumptions until the solution
converges. Regardless of the time step used, MDOF-NONLIN saves results at the digitization
interval of the loading function.
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Using MDOF-NONLIN
Accessing the MDOF-NONLIN Model

The new modeling capabilities are accessed by clicking Model on the main menu bar, and
selecting MDOF Model from the drop down list:

[E] Monlin ¥ersion 7.05 : untitled
File Parameters | Maodel Quik Quake Quikave Window Wiew Help

] v SDOF
| MDOF RUI 0

[E] STRUCTURE Pt

Figure 17 Accessing MDOF-NONLIN Capabilities

After selecting the MDOF model, the familiar NONLIN model is replaced by the 3-DOF model,
as shown in the following figure:

[E] Nonlin Yersion 7.05 : untitled -0l x|
File Parameters Units Model Quik Quake Quik'Wave ‘Window Help

[E]STRUCTURE PROPERTIES INPUT

x|
i~ Structure Type
SIMPLE
FRAME
FRAME | H
BRACED
FRAME .
BRACED
" " FRAME with
DEYICE
ISOLATED
FRAME
ISOLATED
 BRACED
FRAME
ISOLATED
+ BRACED
FRAME “with
= DEVICE
; | DOF 3
~Dynamic Force Applied As... — F
& Ground Acceleration
- Forcing Function

Figure 18 The MDOF-NONLIN Main WINDOW
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The MDOF-NONLIN window shown in Figure 4 contains five parts:

A Menu bar

A Tool Bar

The Frame Type Selection Box (the left most panel)
The Structure Box

A Load Selection Box (lower left panel)

As may be seen, the Structure Box portrays a picture of the structure similar to that shown in
Figure 1.

The Menu Bar

The menu bar has 7 items:

File Save model or open previously saved model
Parameters Toggle on/off P-Delta Effects

Units Set Units

Model Toggle between SDOF and MDOF models
Quik Quake Quickly load earthquake

Quik Wave Quickly load forcing function

Window Window Manipulation

Help NONLIN Help System

With the exception of Parameters and Units, these menu items are self-explanatory. (Please
refer to the NONLIN manual for information on the use of Quik Quake and Quik Wave.)

The Parameters item is used toggle on or off P-Delta effects. When turned on, a P-Delta input
box appears in the lower left hand of the MDOF-NONLIN window (below the load selection
panel). When the P-Delta button is clicked, a data entry form is opened, where you are required
to enter the height of the frame columns, and if the isolator is activated, the height of the base
isolator. Also enter the gravity multiplier if you want P-Delta effects to be based on gravity
forces larger than obtained those from the mass alone. The P-Delta entry form is shown in
Figure 19. After the correct values have been entered, click SET to save the value to memory,
and USE to close the box. Click CANCEL to close the box without making a change.

P-Delta effects are based on the weight of the frame and the weight of the isolator only.
Because masses are typically used for these quantities, NONLIN will convert to weight by using
the acceleration of gravity constant that is set by opening Units on the menu bar.
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&2|P-DELTA PROPERTIES x|

—GRAYITY LOAD PROPERTIES

MULTIPLIER [1-000
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ISOLATOR HEIGHT f24

| NOTE: MUST BE HONZERD

CANCEL | SET | use |

Figure 19 The P-Delta Data Entry Box

The structure may become unstable due to P-Delta effects. This is particularly true when the
isolator is used. To prevent this type of instability, the stiffness of the isolator must be as
follows:
G (m. +m,)

hl
Where mg and r, are the masses of the frame and isolator, h; is the height of the isolator, and G is
the acceleration of gravity. If this condition is not satisfied, MDOF-NONLIN will issue an error
message prior to computing dynamic properties or prior to performing an analysis.

k, >

Units

MDOF-NONLIN requires you to use consistent units throughout the analysis. You can not
automatically switch units as you can in the NONLIN SDOF model. Clicking on Units on the
main menu opens the Units box, shown in Figure 20. In the current version of the program, only
U.S. customary units may be specified. The length and force units you choose are used only to
label the plots produced by the program. The acceleration of gravity is used in converting
weight to mass (or mass to weight) when required by the program. It is also used in setting true
acceleration units (length/sec®) when earthquake time-histories are used as loading. This will be
explained in more detail in the Loads section of this documentation. MDOF-NONLIN
automatically enters the acceleration units when you switch from inches to feet. NONLIN will
automatically open the units box if you attempt to perform an operation requiring the
acceleration of gravity units with out first setting the units.
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=

Mote: Y'ou must uze conziztent units throughout this program.
Thiz program makes no unit conversions.
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" Feet * Kips
Acceleration of Grawvity |3BE'1 L

k. | Cancel

Figure 20 The Units and Acceleration of Gravity Box

The Tool Bar

The NONLIN Toolbar contains eight buttons

1 2 3 4 5 6 7
= ] | (DYHRHIC 14 SRR T
Fl [ S8 | i b
St | S C-B8.13

The buttons are described below:

1)
2)
3)
4)
5)
6)
7)

Restore the main structure screen after it has been closed

Set analysis parameters and compute response

Display Structure Property Matrices

Compute and Display Dynamic Properties (Frequencies, Damping values, etc.)
Plot time-history results

Plot hysteretic results

Show summary table

Note that one or more of these buttons will be inactive if all the required data has not been
entered, or if an analysis has not been completed.
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Structure Type Panel

The structure type panel allows you to select the type of model to be analyzed. Either click the
picture of the structure, or click the adjacent option button to select the structure type. After the
type is selected, the picture will be shown with a red border, and the frame picture will change to
reflect the selection. Figure 21 below shows the Braced Frame with Device as being selected,
and to the right, the re-drawn structure is shown. Note that the isolator and first floor slab has
been removed from the structure.

2
2
3

SIMPLE
e
FRAME
FRAME | [T
DOF 1
e BRACED

FRAME

BRACED
{® FRAME with
DEYICE

|SOLATED
* FRAME

|SOLATED
" BRACED
FRAME

ISOLATED
BRACED
FRAME with
DEYICE

5 o o o o2

Figure 21 Structure Type Panel and Resulting Model

The properties of the frame are entered after clicking the FRAME... button. The small box to
the right of the FRAME... button shows a question mark "?". After the frame properties have
been properly entered, the question mark changes to an exclamation point "!" to indicate that the
data has been set.

Entering Structural Properties

The frame properties panel shown in Figure 22 is available after clicking the FRAME... button.
This box is divided into sub-panels, each designed to enter a specific portion of the data.

At the top of the main panel, a sub-panel is provided for mass entry. This mass may be entered
in mass units (force-sec?/length), or in weight (force) units if the appropriate box is checked.
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The Hysteresis panel is used to set the hysteretic model type, and to enter the backbone curve
properties shown in Figure 16. If the model is symmetric (same positive and negative values),
data entry is simplified by checking the Symmetric box. If the model type is Linear, the data

entry boxes for all inelastic properties are disabled.

—MassWeight

&|FRAME PROPERTIES x|

[ Input a3 WEIGHT MASS [DOF 1] [N

—Hysteresis

" Linear + Muttilinesr
" Bilnear " Smocth
INITIAL STIFFNESS K1
SECONDARY STIFFHESS K2
SECONDARY STIFFHESS K3
POSITIVE YIELD STRENGTH
HEGATIVE YIELD STRENGTH

[ Symmetric

fEmn
T
r—
E—
E—

—Common Parameters for Multilinear and Smooth Models ——

Poz. Uktimate |1 £ 000 Meg. Utimate |1 R

Druactility: Duactility:

Alpha |1 00.000

)
Beta-1 ||:|.5|:|c| )
Beta-2 |n.3|:|c| )

—Multilinear Model - —Smooth Model

AL,
ID'EDEI M-Trans |1 oo Lambdaln_mn
.J. 70000000 Eta ||:|_3|3|:| M-Gap |2.Eu:u:|

Bilinear Type: Sigma |1 a0 Phi-Gap |3_[||:||:|
" Bilinear

Rs Kappa
o Fnetiins ID.1 oo P IZ.DDD
= Wertex
—Damping

% CRIICAL  [5.000 COMPUTEDC |

—Testing

% Hysteresis ) Damping

TE=T] |

CANCEL

SET | UsE |

Figure 22 The Frame Properties Box
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For the Bilinear model only, negative values may be entered for secondary stiffness K2 and K3.
Otherwise, all other values should be entered as positive. The sign for the negative yield strength
is set internally within NONLIN.

If the Multilinear model is selected, the panels labeled "Common Parameters for Multilinear and
Smooth Model”, and "Multilinear Model™ are activated. It is here that the controlling variables
listed in Table 2 are provided. Where available, slider bars may be used to change the properties.
Sliders positioned to the left create standard hysteretic shapes. Sliders moved to the right
increase the degrading stiffness, degrading strength, and pinching effects.

For the Smooth model, the "Smooth Model" panel is activated, and the "Multilinear" panel is
disabled. Enter the desired smooth model parameters in the boxes provided. Recall that a
description of the properties was given in Table 3. For the Smooth model and the Multilinear
model, NONLIN will not let you enter invalid controlling values in the boxes.

For the Frame property only, damping is entered as percent critical. The damping coefficent cg is
then computed on the basis of the mass and frame stiffness provided. For this computation, the
frame is considered to be fixed at its base.

Once all the data has been entered, it is recommended that the hysteretic properties be tested.
This is particularly true for the Multilinear and Smooth models. To test the properties, first set
the data by clicking the SET button, and then press TEST. After clicking TEST, the Frame
panel expands as shown in Figure 23.

[E]FRAME PROPERTIES 5||
i —Loading Function

‘ I~ Input as WEIGHT MASS [DOF 1] o000 ‘ Fulse Period | — StepsperPuke fiio |
— Pulses per Segment [ NootSegments 5

" Linesr @ Mullinesr I~ Symmetric Initial Pulse Amplitude [0 Segmert Increment [7.2

" Bilnesr " Smocth I~ = Utimate Deformation

INITIAL STIFFHESS K1

25 000 creatELORD | e

SECONDARY STIFFNESS K2 |1D oo

SECONDARY STIFFHESS K3 10,000
POSITIVE YIELD STRENGTH =0.000
HEGATIVE YIELD STRENGTH 50,000

i~ Common Parameters for Multilinear and Smooth Models —— | Test Results

Pos. Utimete [15.000 Meg. Utimate  [15.000 FERFORM TEST Force Amplitude

Ductifty Ductifty
Alpha W _—
Beta-1 W —
Beta-2 e

~Multilinear Model | [ Simooth Model

Ganma Deformatian Force
0.600 N-Trans [7 000 Lambea [0 200
v Bta [oaon | MGap [z

Bilinear Type sigma [1.000 Phi-Gap [3.000

" Bilinear
Rz [0400 Kappa |2.000

@ Pinching
 Verex

RRKE

pi

]
‘ % CRITICAL 5000 coMPUTEDC oo ‘

Testing

’7 & Hysteresis) £ Damping TEST ‘

CANCEL SET | USE |

Figure 23 Frame Properties Panel with Test Panels Visible
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Two new panels are provided. The Loading Function panel allows you to create a deformation
history to subject the model to. This history consists of a number of sine pulses of increasing
amplitude. A pulse is one full sine wave. Each pulse is divided into a number of steps. A pulse
with a period of 1 second, if divided into 100 steps, would have a digitization interval of 1/100 or
0.01 seconds. A segment of loading may have more than one pulse, and the total load history
consists of a number of segments. The total number of points (steps) in the generated wave is

N = segments * pulses/segment * steps/pulse
The amplitude of the initial pulse is defined, and the amplitude of subsequent pulses depends on
the segment increment value. If the segment increment is less than 1.0, the amplitude of the

segments (not the individual pulses) increases arithmetically. The amplitude of all pulses in
segment n will be:

A=A +(n-DAS
In the above, A, is the initial amplitude, and S is the segment increment.

For example, if the initial amplitude is 2.0, the segment increment is 0.2, and there are 5
segments, the segment amplitudes would be:

Segment Amplitude

1 2.0
2 2.4
3 2.8
4 3.2
5 3.6

If the segment increment is greater than 1, subsequent pulses grow geometrically according to
the following relation:

A = AS™

If the initial amplitude is 2.0, and the segment increment is 1.2, the segment amplitudes would
be:

Segment Amplitude

1 2.000
2 2.400
3 2.880
4 3.456
5 4.147

If the ultimate deformation box is checked, the initial pulse amplitude is automatically computed
to give a final deformation equal to the yield deformation times the ductility limit. This forces
the element to be exercised through its entire range.
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Once the load parameters are set, click CREATE LOAD, and then PERFORM TEST to
exercise the element. A typical result is shown in Figure 24.

If the hysteretic properties as tested are not as desired, simply change the modelling parameters
and re-test. Once you are satisfied with the model, click SET to save the parameters, and then
USE to close the form. If you would like to simply exit without making any changes, click
CANCEL. If you choose CANCEL, all the data written to the properties panel will be lost, and
the data that was originally set (perhaps by default) is restored.

=] FRAME PROPERTIES x|
MassMWeight —Loading Function
’VI_ Input s WEIGHT MASS [DOF 1] Im ‘ Pulze Period |1 Steps per Pulse |1 oa
_ resis Pulses per Segmernt |2 Mo.of Segments |5
(" Linear 0 Muttilinear [ Symmetric Initial Pulze Amplitude |1 0 Segment Increment ID 2
 Biinear " Smacth [~ = Utimate Deformation
INITIAL STIFFHESS K1 |
e CREATE LOAD | Deformation Ampltude [ 1 713
SECONDARY STIFFHESS K2 I1|j_D|jD ;

SECOHDARY STIFFHESS K3 I1U_DUD
POSITIVE YIELD STRENGTH ISD.DDD
HEGATIVE YIELD STRENGTH ISD_DDD

—Common Parameters for Multilinear and Smooth Models —— - TestR its
Pos. Uktimate |1 5000 Meg. Uttimate |1 5 000 PERFORM TEST | Force Ampl'rtudel 45.710
Duactility Duactility
&pha 100000 1 AT T 7
Bleta-1 Ig,sgg }
Beta-2 Joz00 I;
—Multilinear Model - —Smooth Model
GAMBA Deformation | 1791 Force | _36.150
ID'EDD M-Trans |1 noo Lambda |D.4DD
} Tononooonn Bta |o.300 M-Gap |2 000
Bilinear Type: Sigma |1 oo Phi-Gap |3 oo
WD Rz o100 Kappa 2000
* Pinching I : I :
" Wertex

Damping

’7% CRITICAL IS_DUD COMPUTED C E_DU ‘

Testing
’7 % Hysteresis | Damping TEST |

CANCEL | SET | USE |

Figure 24 Frame Form with Test Performed on Multilinear Model

Entering properties for the Device (or Isolator) is done in a similar fashion. The properties panel
is identical to that of the Frame, except for the damping properties. Because the damping may be
nonlinear, a damping constant C and a velocity exponent exp is required. The test panel allows
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you to test the properties of the damper, by plotting damper force vs displacement or damper
force vs velocity. An example of the device properties input panel with the damper tested vs
displacement is shown in Figure 25.

F

MassMWeight Loading Function
[ Inpt &z WEIGHT MASS [DOF 2] m Pulze Period i Steps per Pulze  [100
eresis Pulses per Segment |2 Mo.of Segments |5
" Linesr " Multilinesr [ Symmetric Initial Pulze Amplitude |1 0 Segment Increment g2

{+ Bili " Smooth
o Bl me [~ = Utimate Deformation

INITIAL STIFFNESS K1 fogoo
SECONDARY STIFFHESS K2 loon w e
SECOHDARY STIFFHESS K3 oo A A e T I I
POSITIVE YIELD STRENGTH foooooo
HEGATIVE YIELD STRENGTH [ioooom0
Test Results

Eoiiﬁltimate [1s000 gegt._lhlltimate [15000 PERFCRRS TEET Farce Amplitude [ 73 075

Lty UCTTy

Alpha 10,000 )
Beta-1 0.010 }
!

Beta-2 0.0M0
G bl 2, Crefarmation 0833 Farce -93.534
0300 M-Trans |1 000 Lambda o 400

} 700000000 Eta |0.300 N-Gap 2,000
Bilinear Type: Sigma | 000 Phi-Gap {3 000

{*+ Bilnear

R= Happa

) G 0.100 PpE 2000

™ Werex
Damping

WEL. COEFF. C [20.000 “EL. EXPORENT 0600
Testing

" Hysteresis {* Damping

CANCEL ‘ SET ‘ USE |

Figure 25 Device Properties Panel with Test Performed on Nonlinear Damper
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The properties for the brace are much simpler to enter because the brace is linear elastic. The
Brace properties panel is shown in Figure 26. Because the properties are linear, no testing
procedure is necessary. Note that the brace stiffness to be entered is the horizontal stiffness of
the chevron brace, not the stiffness of the individual brace elements.

X
—BRACE PROPERTIES

BRACE STIFFMESS K1 |‘IEIEI.EIEIEI

| NOTE: THIS IS THE TOTAL LATERAL STIFFMESS

CANCEL SET USE

Figure 26 Brace Properties Panel
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Reviewing Properties Prior to Analysis

After all the structural properties have been set, you may proceed with the definition of loading,
and then analysis. Before doing so, it is advisable to review the properties that have been set,
and to compute the dynamic properties of the structure. MDOF-NONLIN provides several tools
for the review of the data. These tools are provided through buttons 2, 3, and 8 on the toolbar.

The Display Matrices Button, button 2, displays the initial stiffness matrix, the geometric
stiffness matrix (for P-Delta effects), the total stiffness matrix, the mass matrix, and the damping
matrix. An example of the Matrices Window is shown in Figure 27.

2| MATRICES |
ELASTIC STIFFNESS MASS

I 1.35E+02 I -1.00E+01 I -1.25E+02 I 5_00E-+00
I -1.00E+01 I 1.10E+02 I -1.00E+02 I 1.00E+00
I 1.25E+02 I -1.00E+02 I 1.00E+11 I 1.00E-09

GEOMETRIC STIFFNESS DAMPING
_I 0.00E+00 I 0.00E+00 I 0.00E-+00 i _I 2.25E+01 I -2.00E+01 I 0.00E-+00 |
I 0.00E+00 I 0.00E+00 I 0.00E-+00 I -2.00E+01 I 2.00E+01 I 0.00E+00

I 0.00E+00 I 0.00E+00 I 0.00E-+00 I 0.00E-+00 I 0.00E+00 I 0.00E-+00
TOTAL STIFFNESS

_I 1.35E+02 I -1.00E+01 I -1.25E+02 i

I -1.00E+01 I 1.10E+02 I -1.00E+02

I -1.25E+02 I -1.00E+02 I 1.00E+11

Figure 27 The Matrices Window
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Dynamic Properties

MDOF-NONLIN computes both the damped and undamped dynamic properties of the model.
These values are obtained by clicking the Dynamic Properties button on the toolbar. The
dynamic properties include frequencies, mode shapes, and damping values for each of the three
modes of response. The three-mode dynamic values are provided regardless of the type of model
chosen.

Undamped modes and frequencise are computed by standard procedures. These values are then
used to estimate the equivalent viscous damping in each mode. Damping values are computed
using the modal strain energy approach.

Because the damping matrix for the MDOF-NONLIN model is typically non proportional, a
complex eigenvalue solver is used to obtain the damped frequencies, and damping values. In
most cases, the damped and undamped dynamic properties should be similar. In some highly
nonproportional cases, the damped quantities can be significantly different from the undamped
quantities. An example of the dynamic properties results are shown in Figure 28.

| DYNAMIC PROPERTIES o [=[ o3|

UNDAMPED DYNAMIC PROPERTIES:

Eigenvalues of K. and M [rad/sec)"2:
267597 31635682 110.240268233068 1.00000000225E +20

Circular Frequencies of K and M [rad/zec):
5.17298092357608 10.4395365723001 10000000011.25

Cyclic Frequencies of K. and M [Hertz):
0.823306179324191 1.6710545571351 1591550777.03488

Periods of K. and M [zeconds]
1.21461495660348 0.598424507285043 6.28317339293142E10

Eigervectors of K and M

0.446569560999236 -2.39922318459556E-02  -7.90569413263313E15
0.053648261339492 0.998559895076523 316227 765305325E-14
B.11860211211851E-10 9.685696030859803E-10 31622 7766016838

MODAL STRAIN ENERGY BASED DAMPING WALUES

Generalized D amping Matrix C:

3.58630388655366 -B.06243571471146 1.77852630902887E13
-8.06243571471146 20.9136961134463 -4.84564572891024E13
1.77952830902887E13 -4.54564872891024E-13 1.14062499486719E-26
Generalized b ass Matrix M:

1 a

1] 1 0

n n 1

[ramping ratioz [percent critical):
34.6638035161596 99.55934247641978 57031 24967915992E-35

COMPLEX FREQUENCY and DAMPING WALUES

Madal frequencies [rad/zec)

Figure 28 The Dynamic Properties Results Window
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Summary Tables

At any point in the development of the model, a summary table may be displayed which shows
the state of the model, loading, and results. The summary table is accesses by clicking the
Summary Table button on the toolbar. Summary table information may be printed at any time.
An example of the summary table is shown in Figure 29. This table represents the properties in a
model using only bilinear properties, but without loading or results.

Ef suMMARY of INPUT QUANTITIES x|
'Eummary of Structural Froperties as= Input =]
STRUCTURE TYFE: 3
FRAHE PROFPERTIES: 1
Ha=z= H = 5
Danping Constant C = 2.5
Initial Stiffness=s E1 = 125
Secondary Stiffness Ez =10
Secondary Stiffness E3 =10
Fozitiwe Yield Strength F¥YP = 250
Hegatiwe Yield Strength F¥H = —-250
LEVICE FROFERTIES: 1 |
Ha== M =1
Damnping Constant Z = 20
Initial Stiffne== Kl = 10
Secondary Stiffness Ez =1
Secondary Stiffness Ei =1
Pozitive Yield Strength FYFP = 1000
Hegatiwe Yield Strength F¥H = -1000
ISOLATOR PEOFERETIES: 1
Mass M = 0.000000001 =l

B

Figure 29 The Summary Table
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Establishing Loading Functions

MDOF-NONLIN provides three methods for entering loading functions into the model:

1) Simple impulsive loads, more complex load histories, as well as ground accelerations, may be
entered through the use of the loading panel at the bottom left of the main MDOF-NONLIN
window as shown in Figure 30 below. These functions are identical to those used in the SDOF
environment of NONLIN. The advantage of this method is that response spectra and Fourier
amplitude spectra may be obtained for the input records

-Dynamic Force Applied As...
ik &+ Ground Accelerstion

(8 Forcing Function

Figure 30 The Loading Panel for Establishing Load Functions

2) As with the SDOF version of NONLIN, the Quik Quake and Quik Wave items on the tool
bar may be used as a shortcut to method (1) above.

Both the methods are thoroughly discussed in Part 1 of this manual.
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Running the Analysis I_I

After all the structural and loading information has been set, the analysis may be carried out. To
do so, click the analysis button on the toolbar. The analysis box then opens, as shown in Figure
3L

=]50LUTION 1ol

~SOLUTION PARAMETERS
% Constant Average Acceleration ¥ Incremental
= LineanAcceleration
LOAD TYPE I EARTHOUAKE
FOIMT OF LOAD APPLICATION I GROUMD
LOADING TIMESTEP [Seconds) I 0.0200
HUMEER OF LOADIMG TIMESTEPS I 3000
LOADING DURATION [Seconds) I B0.00
AMALYSIS SUBSTEP PER LOADSTEP |25
AMALYSIS DUBATION IBU.DD
ANALYSIS TIMESTER [Seconds] I 00008
MUMEER OF AMALYSIS TIMESTEPS I Fa000

COMPUTE

i AMALYSIS

‘PARAMETERs/| RESPONSE

Figure 31 The Solution Data Box

The only data to enter are the number of substeps per loadstep, and the analysis duration. By
default, the number of analysis substeps is set to 5. The analysis timestep should not be greater
than about 1/10 the highest mode to be used in the analysis. For nonlinear analysis, it is
recommended that the analysis timestep be not greater than about 0.002 seconds. For a loading
with a 0.01 second digitization interval, the number of substeps required would be 5. After the
data is entered, click SET ANALYSIS PARAMETERS, and then COMPUTE RESPONSE.
A progress bar will indicate that the analysis is being performed. When the analysis is done,
close the analysis box and review the results

AIJ|||{”.I.|‘_.'.I
Viewing the Results ;ﬁl

After the analysis has been completed, you may plot time histories or force-deformation results.
These plots are accessed through the appropriate buttons on the tool bar. Example plots are
shown in Figures 32 and 33. The items to be plotted are controlled by option buttons on the
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plotting panel, or by using the plot captions shown in the list boxes. Plots may be printed by use
of the File menu item.

£ MDOF Time History Results x|
Displacemert (in) Time: o Veem [ gm |

Ay

240 G600

Time, seconds

Plot Options Minimum [ 224
= DOF 1 " Frame @Tme [ 140
~ DOF 2 (" Device :
=  chevran Maximum [ 242

r @ Time 1426

Figure 32 A Typical Time-History Plot

185 x¥-Plots x|
{El=ti

HEEERV/ann
HERV/ZEan
HENy/anEn
IRV Enun
HRV/anNN
.

-4.00 i}

Plot Op‘tlon
¥ e 242 Deformation (in) -

&
ki 2 - E:vr:.:e

" Chewron
i hai 254 22 [ﬁ

* Min -252.40

Figure 33 A Typical Hysteresis Plot
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Saving Data to File

Any MDOF-NONLIN session may be saved to disk upon exiting the program. Similarly,
existing models may be restored by opening the appropriate file. The save/open options are
accessed through the File menu.

Returning to NONLIN SDOF Environment

You may switch back to the original NONLIN SDOF environment by clicking SDOF on the
Model menu item. Note that there is no data sharing between NONLIN SDOF environment and
MDOF-NONLIN.
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NONLIN

Part Four

NONLIN - Incremental Dynamic Analysis
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Introduction

The Incremental Dynamic Analysis Tool (IDA) allows a single structure to be analyzed for one
to twelve earthquakes, with each ground motion being systematically scaled to increasing
intensities. For each ground motion considered, X-Y plots and response histories are provided of
some response measure versus the intensity measure. The IDA procedure is described in detail
by Vamvatsikos (2002a, 2002b).

Accessing the IDA Environment

The IDA environment is accessed in NONLIN by selecting “Inc. Dynamic Analysis” from the
bl

main NONLIN form and then pressing the = command button. The frame to accomplish
this is shown in Figure 34.

-Dynamic Force Applied As...
" Free Vibration

f Forcing Function

" Blast Load

" Ground Acceleration

¥ Inc. Dynamic Analysis

Figure 34 Selection od IDA tool from the main NONLIN window

The Incremental Dynamic Analysis form available upon following the above steps is shown in
Figure 35. This form consists of three main parts:

1. A ground motion selection and scaling tool (Figure 36)

2. A Structural Properties Input Tool (Figure 37)

3. APlotting Region, which is the gray area shown at the bottom of the Main IDA
form, Figure 35.
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ncremental Dynamic Analysis ;IEIEI'

silable Earthouakes: Selected EarthQuakes: Scaling Parameters System Properties (Used for Analys\s)
430LY ACT - Earthquakes |Factor| P [ Ptz [ Target Accel, o I0.000 WEIGHT e STIFFNESS K1
49011 ACC [m] Target Period, 5 j0 000 —
480 vtestingfienemeen: | = ] e 3| [sTFFHESS K2
IMPYALT.ACC Target Multiplier Poo STRENGTH
P AL10 ACC = g s

Mo. of Increments Hi
IMPY AL2.ACC ] [STIFFNESS Ka |
KERKT ACC = O % Use System Parameters
HERM2 ACC J O LI " Use Target Scaling Parameters DAMPlNG " Linear Analysis
LOMA-P1.ACC = —— - ot % Man Linear Analysis
ystem
e | Run | Updste Plot | Clesr, List S 'MD: Period, sec I nclude P-Delta

Figure 35 Main form for Incremental Dynamic Analysis in NONLIN

ncremental Dynamic Analysis
Available Eatthoguakes:

Selected EanthGuakes:

4901 ACC

49011 ACC

490 vtestingfilenameleng
WPy LT AT

WP L1080
WPy 2L 2 ACC
KERM1.ACC

KERM2.ACC

LOmMA-P1 ACC

[

Ao Scale | L

| LlpdateF‘Iotl iZlear List |

Ploty

-

Earthguakes |Fact0r| PGA |

R= Blot

—5Scaling Parameters

Target Accel., g 0.000
Target Period, s 0.000
Target Damping, 500
Target Muttiplier 2.00
Ma. of Increments 10

%' Use System Parameters

 Use Target Scaling Parameters
Ductility Limit
Damage Factor

10
0.40

Figure 36 Ground motion selection and scaling for IDA analysis

— System Properties (Used for Analysis)

I WEIGHT ISTIFFNESS K1

{_
-
N T ISTlFFNESS K2
| [ streEnGTH
ISTlFFNESS [o1+}
| DARPING " Linear &nalysis
et ' Mon Linear Analysis
watem
Period, sec. I [ Include P-Detta

Figure 37 Structural parameters input
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Data Input for IDA Analysis

The first step in any IDA analysis is to select the ground motions. Ground motions are simply
selected by clicking on the desired motion in the “Available Earthquakes” list to the left, and
using the arrow izl to move the motion to the “Selected Earthquakes” list on the right. If it is
desired to remove a particular earthquake from the selected list move it back to the left using the

button. All of the motions may be moved to the left at once using the button. Figure
38 shows an updated list with five ground motions selected, but not yet scaled. The default scale
factor of 1.0 is shown together with the peak ground acceleration for each earthquake.

Before scaling the ground motions the Target Scaling Parameters must be entered. The basic
target scaling parameters are:

e Target Acceleration (g)
e Target Period of Vibration (seconds)
e Target Damping (percent critical)

The Target Acceleration is specified by the user. A good value for this would be the design level
pseudo-acceleration from a code-based (e.g. ASCE 7) response spectrum.

Available Earthouakes: Selected Earthuakes: —=caling Parameters
PACOIMAZ ACC | Earthouskes Factor| PGA | Piot?  [a| | TargetAccel,g 0400
PARKO40.ACC - 4901y ACC 1.000 0280 Target F'Eril:llﬂ, = 0000
PARKT30.AC =1 KERM1 ACC 1000 0158 Target Damping, s 00
PULSE &CC Target Multiplier .00
RS TEST.ACC o | MRIDGET .ACC 1000 0604
S_MONIC2 ACC OAHWHIACC 1.000 0.276 ies @y neieiais [
SAMFERMT ACC = | S_MOMICT ACC 1.000  0.553 {* Use System Parameters
=AMFERMZ ACC O  Uze Target Scaling Parameters
aylmar: . acc b — ;I
Doactility Limit 10
Auto Scale | Rl | Update Flat | Clear List RS Plot | Close | Damage Factor  [g40

Figure 38 IDA environment showing five earthquakes selected but not yet scaled

Scaling factors are determined such that the peak pseudo-acceleration for a linear SDOF system
with the specified target period and specified target damping will be exactly equal to the target
spectral acceleration. The Target Period and the Target Damping may be specified by the user,
but it is preferred to use the same properties as will be used in the structural analysis. This is the
default, and is consistent with the recommendation of Shome and Cornell (1998).

The scaled ground motions are shown in Figure 39. The scale factors are based on the structural
parameters shown in Figure 40. Note that the parameters are entered exactly as in the main
NONLIN program. If the parameters were entered on the main NONLIN form before invoking
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cremental Dynamic Analysis
Available Earthguakes: Selected Earthuakes: —=caling Parameters
PACOIMAZ ACC | Earthojuakes Factor| PGA | Plot? |« Target Accel., o 0400
PARK1 30.ACC =l KERM1 ACC 1311 0204 Tt epng, G
PULSE.ACC Target Multiplier 200
RS TEST.ACT == | MRIDGET AT 0332 020 =
S_MONIC2 ACC OAHWHIACC 0.851 | 0.235 Fa. @ Ineemens [
SAMFERMT . ACC = | S_MOMICT ACC 0.B05 0.535 % Use System Parameters
SAMFERMNZ ACC O " U=e Target Zcaling Parameters
sylmar: acc b — ;I
Ductility Limit 10
Ao ScEle | Update Flat | Clear List | R= Plot | Close | Damage Factor  [oan0

Figure 39 IDA environment showing five earthquakes scaled to a target acceleration of 0.4g

— =ystem Properties (Used for Analysis)

[s000k :4_ | 2500 kin
-
" + | 2.00 kfn
*e, | 20.00 k
n ISTIFFNESS M

I 5.00 % critical " Linear &nalysis

* Mo Linear Analysis

System
F':rind — 5_452 [ Include P-Detta

Figure 40 Structural parameters used for scaling

IDA, the properties will be automatically moved to the IDA form. Similarly, all properties
entered on the IDA form will be automatically copied to the main NONLIN form.

The two additional parameters in the ground motion scaling frame are

e Target Multiplier
e Target Increments [maximum = 50]

If, for example, the target acceleration is 0.4G, the target multiplier is 2.0, and the number of
increments is 10, ten response histories will be run as follows:

Run 1: Original Motion x Scale Factor x 2.0 x (1/10)
Run 2: Original Motion x Scale Factor x 2.0 x (2/10)
Run 3: Original Motion x Scale Factor x 2.0 x (3/10)
Run 4: Original Motion x Scale Factor x 2.0 x (4/10)
Run 5: Original Motion x Scale Factor x 2.0 x (5/10)
Run 6: Original Motion x Scale Factor x 2.0 x (6/10)
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Run 7: Original Motion x Scale Factor x 2.0 x (7/10)
Run 8: Original Motion x Scale Factor x 2.0 x (8/10)
Run 9: Original Motion x Scale Factor x 2.0 x (9/10)
Run 10: Original Motion x Scale Factor x 2.0 x (10/10)

Note that if a linear analysis is executed for run 5, and if the scaling is consistent with the

structural parameters, the peak pseudoacceleration from the analysis will be exactly equal to the
target acceleration.

Running the IDA Analysis and Interpreting the Results

The IDA analysis is initiated by clicking the o command button.

After doing so a progress bar will appear for each ground motion. Once all of the analyses have
been completed, the IDA graphics are presented as shown in Figure 41. The IDA graphics
include a large IDA plot and three small response-histories.

The main IDA plot shows the target acceleration on the Y axis and a response measure on the X
axis. Currently, the available response parameters are:

Peak Displacement

Peak Ductility Demand

Peak Base Shear

And Peak Residual Deformation

The first two response histories are fixed, but the third allows the user to plot a variety of items,
including yield code.

One of the most useful aspects of the main IDA plot is that the individual response histories from
which the IDA values were derived can be viewed by clicking on the IDA plot. The individual
response histories may also be advanced by using VCR type buttons:

KL

The final aspect of IDA analysis noted here is that in some cases the displacements from an
individual analysis may be extremely large (due to dynamic instability). While this information
is useful, for plotting purposes it is necessary to limit the range of the X-axis. This is the purpose
of the “Ductility Limit” shown below the scaling frame. The default for this parameter is 10.
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The data produced from the IDA analysis may be saved to a tab-delimited file, or the IDA plot
may be printed. Use the “Plot” menu on the IDA form to accomplish these tasks. Note that
only the main IDA plot is printed. A color plot may be produced if “Color Printing” has been
selected from the main NONLIN Parameters menu item.

ncremental Dynamic Analysis =]

Available Earthoguakes: Selected EanthGuskes: Scaling Parameters —————— —System Properties (Used for Analysis) ————
PACOIMAZ ACC -] Earthquakes |Factor| P3a | Piot? [« | Taroetdccel.a  oa0o E [ 25.00kim
PARKO40.ACC 490LY ACT 0700 0496 Target Period, 5 0452 — I—
= I b : : . 2.00 kiin
Eﬁfgé cz\oégcc KERN1.ACC 1311 0204 Target Damping, |5 00 T
AR e NRIDGE1 ACC 0.332 0201 Target Multiplier |2 00 | [ 2000k
S_MONIC2.4CC OAKIHI ACC 0851 0235 to. of inerement= 1o [STFFIESS kg
SAMFERMT.ACT | S_MOMICT ACC 0606 0535 ' |se System Parameters
SANFERNZ ACC O LI  Use Target Scaling Parameters 5.00 % critical { Linear Analysis
sylmars. acc — Ductiity Limit o S ' Mon Linear Analysis
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Figure 41 Completed IDA analysis and graphics presentation of results
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NONLIN

Part Five

NONLIN — Dynamic Response Tool
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Introduction

The Dynamic Response Tool (DRT) is a utility used to illustrate (in real time) the fundamental
concepts of structural dynamics. This illustration is carried out with a multistory shear frame
subject to sinusoidal ground excitation. Both the properties of the shear frame and the ground
motion may be altered by the user to see how such parameters effect dynamic response.

Accessing the DRT Environment

The DRT tool is accessed by selecting the DRT option from the Model menu command as
shown below.

8| Nonlin Yersion 7.05 : untitled

File Parameters | Model Quik Quake Quik Wave Window View Help

=] v SDOF
MOOF ———

Launching the utility opens the form shown in Figure 42. Four types of data are required to
define the shear frame: the number of stories, the stiffness of each story, the mass of each story,
and the damping in each mode. All of these values are defined in the Fundamental Properties
section located on the left-hand side of the form.

Ebynamic Response Tool ;lglﬁl
—F Properties " ~ .
Number of Stoties: |3— Maode | Period (sec) | Freg (Hz) | Freq (radizec) | - Displacement Magnification
- 1 : 4 v Jron
Story | Sliffness | Mazs |
1 500.00 250 —Load

2 500.00 250
E:| 500.00 250

2
3 =
IS
¥ “ary with forcing frequency

r—Load Fri

Mode Damging (% critical) |
1 200
2 200
3 200

] |
<|> Freguency (Hz): |D.75

Compute u Lock Fundamental
Fundamentsls Propeties
—Results Display —————————————————

% Show Response
| Show Mode Shapes

r Show root displacement
titne kistory:

Animate
Response

Stop |

Figure 42 Appearance of the DRT Tools at Stsrtup
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Input Parameters for DRT Tool

The number of stories should be defined first, as this variable sets the number of rows in the two
tables on the left. After the number of stories has been defined, use the grid controls to specify
each story's stiffness and mass as well as the damping associated with each mode.

Compute
Fundamentals

Once all of the fundamental values are declared, press the button to continue.
Pressing this button locks the basic properties of the model and computes the natural periods of
the structure. The table in the middle of the form lists the natural periods and an image of the
structure is drawn in the large plotting window. Results may also be viewed, as indicated by the
change in status of various controls on the form.

Viewing the Results

Two types of results may be reviewed: natural mode shapes and response to ground excitation.
Response to ground motion is the default item to review. As the controls on the right side
indicate, the ground motion will have frequency equal to the fundamental frequency of the
structure and amplitude that varies with the forcing frequency.

The frequency of the loading function may be adjusted by moving the slider bar. Note that a
yellow line moves across the plot window as the slider bar is repositioned. This yellow line
indicates the frequency of the forcing function while the green lines correspond to the structure's
natural frequencies. Loading frequencies may vary from one-half the lowest natural frequency
of the structure to twice the largest natural frequency of the structure.

The two VCR style buttons immediately below the slider bar are used to set resonant loading
conditions. These buttons should be used to enforce resonant loading as the slider bar may not
provide enough accuracy to induce true resonance. Note that the yellow line indicating the
forcing frequency turns red whenever resonance is occurring.

By default, the amplitude of the ground excitation varies with the frequency of the forcing
function. This variation is nonlinear, as the amplitude increases as the square of the forcing
frequency. To manually set the amplitude, remove the check mark in this frame and enter a value
in the amplitude text box.

The response to the specified loading may be viewed by pressing the Animate Response button.
Pressing this button animates the displacement time history of the frame in the main plot
window. The small plot window on the bottom, right-hand side of the form displays the
instantaneous Fourier Amplitude Spectrum of structural response. Since the FFT algorithm
requires an input vector of 256 points, the spectrum cannot be computed until 128 solution points
have been calculated. Once 128 solution points have been computed, the FFT is performed
using the past 128 points and the upcoming 128 points. The green lines in the Fourier Amplitude
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Spectrum correspond to the structure's natural frequencies. Figure 43 illustrates what the utility
will look like when animating response.

ol
Fu?ﬂ:jrg;n::;:rio::mei:? Mode | Period (sec) | Free (HZ) | Freq (racizec) | - Displacement Magnification
. 1 0.998 1,002 5.294 m | [
Story | Sfiffness |  Mass | 2 0.356 2807 17 635
1 500,00 250 3 0.247 4056 25,453 ~Load Amplitude
2 | s0000 250 o
3 | 50000 250

[V “ary with forcing frequency

—Load Frequency

Mocle Dramping (3% critical)
1 2.00
2 2.00
3 2.00

[

Carmpute

Lock Funcamertal
Fundamentals I

Froperties
—Results Display

{* Show Response

" Show Mode Shapes

u hiov Foot dizplacement
time history

Animate
Response

Stop |

Exit

Figure 43 Appearance of the program when animating dynamic response

The Dynamic Response Tool can also animate the displacement time history of the roof.
Activate this feature by placing a check mark in the box entitled "Show roof displacement time
history"”. Checking this box replaces the grid showing natural periods and frequencies with a
black plot window. A trace of the roof displacement is plotted in this window when the user
animates the displacement response. Figure 44 shows a snapshot of the program with this feature
active.
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EDynamic Response Tool

— Fundamental Properties

Mumker of Staries: |3

=101 =]

—Dizplacement Magnification

- IESEN | 3 [

Story | Stiffness | Mass
1 200,00 240 - —Load Amplitude
2 200,00 240 |5
3 200,00 240

v “ary with forcing frequency

—Load Frequency

Mode Damping (% critical) |
1 2.00
2 2.00
3 2.00

| [
< >-| Frequency (Hz): |1 00169

Carmpute v Lock Fundamertal
Fundamentsls Fropetties

—Results Display
{* Show Response
" Show Mode Shapes

v Showy roof displacement
litne: history

Animate
Response

Stop |

Exit

Figure 44 Appearance of the program when animating dynamic
response and the roof displacement

In addition to animating the response to ground excitation, this utility can also display the natural
mode shapes. First select the Show Mode Shapes option in the Results Display frame. Next use
the two VCR-style buttons to cycle through the mode shapes. One button displays the next mode
shape and the other button displays the previous mode shape. To animate any of the mode
shapes, press the Animate Modes button below the text box. Figure 45 shows the utility during a
mode animation sequence.
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EDynamic Response Tool =|g|5|
— Fundamental Properties _ _ _
Murmber of Stoties: I3— Mode | Period (sec) | Freg (Hz) | Freq (rad/zec) | ~Displacement Magnification
1 0.995 1.002 5.294 lI_J ﬂ |1 o0
Story | Sfiffness |  Mass | 2 0.356 2807 17 635
1 500.00 2,50 5 0.247 4 056 25483 —Load Amplitude
2 S00.00 250 IS
3 500.00 250

Mocle Cramping (% critical) |
1 2.00
2 2.00
3 2.00

Compute I Lock Fundamertal
Fundsmentals Froperties

—Results Display
{* Show Response
i~ Show Mode Shapes

Bhovw roof displacement :
fime history i
Arimate
S | Fezponze
Exit

W “ary with forcing frequency

—Load Frequency

[ _ [

ﬂ;l Fregquency (Hz): 4055754

Figure 45 Appearance of the program when animating mode shapes. Animation of the third

mode shown here.
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Appendix A

Summary of Ground Motion Records Supplied with NONLIN

Filename

Description

Max.
Accel.
[cm/sec?]

Max.
Veloc.
[cm/sec]

Max.
Displ.
[em]

Number
of Points

Duration
[sec]

impvall.acc

Imperial Valley
El Centro

May 18, 1940
270 degrees

3417.0

32.323

10.86

2688

53.74

impval2.acc

Imperial Valley
El Centro

May 18, 1940
180 degrees

2101.0

-36.473

-19.783

2674

53.46

loma-pl.acc

Loma Prieta

Oakland Outer Wharf
October 17, 1989

270 degrees

270.361

-37.574

-7.999

2000

39.98

mexcitl.acc

Mexico City
Station 1
September 19, 1985
270 degrees

-97.965

38.739

19.123

9006

180.1

mexcit2.acc

Mexico City
Station 1
September 19, 1985
180 degrees

-167.92

-60.499

21.936

9006

180.1

nridgel.acc

Northridge

Sylmar County Hosp.
January 17, 1994

90 degrees

592.639

-76.936

-15.217

3000

59.98

nridge2.acc

Northridge

Santa Monica, City Hall

Grounds
January 17, 1994
90 degrees

-865.97

41.751

-14.316

3000

59.98
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Summary of Ground Motion Records Supplied with NONLIN (continued)

Filename

Description

Max.
Accel.
[cm/sec?]

Max.
Veloc.
[cm/sec]

Max.
Displ.
[cm]

Number
of Points

Duration
[sec]

nridge3.acc

Northridge

Avrleta and Nordhoff Fire
Station

January 17, 1994

90 degrees

337.318

-40.362

8.878

3000

59.98

oakwhl.acc

Loma Prieta

Oakland Outer Wharf
October 17, 1989

270 degrees

270.361

-37.574

-7.999

2000

39.98

oakwh?2.acc

Loma Prieta

Oakland Outer Wharf
October 17, 1989

0 degrees

-215.50

-35.378

8.871

2000

39.98

pacoimal.acc

San Fernando
Pocoima Dam
February 9, 1971
196 degrees

1054.9

-57.499

-10.801

2086

41.70

pacoima2.acc

San Fernando
Pocoima Dam
February 9, 1971
286 degrees

-1148.1

-113.23

37.538

2091

41.80

Park040.acc

Parkfield
Cholame, Shandon
June 27, 1966

40 degrees

-232.60

10.842

441

1310

26.18

Park130.acc

Parkfield
Cholame, Shandon
June 27, 1966

130 degrees

-269.60

11.759

-3.933

1308

26.14

sanfernl.acc

San Fernando
8244 Orion Blvd.
February 9, 1971
90 degrees

-250.0

-29.745

-14.789

2975

59.48
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Summary of Ground Motion Records Supplied with NONLIN (continued)

Filename

Description

Max.
Accel.
[cm/sec?]

Max.
Veloc.
[cm/sec]

Max.
Displ.
[cm]

Number
of Points

Duration
[sec]

sanfern2.acc

San Fernando
8244 Orion Blvd.
February 9, 1971
180 degrees

-131.7

23.933

13.843

2980

59.58

S_monical.acc

Northridge

Santa Monica City Hall
Grounds

January 17, 1994

90 degrees

-865.97

41.751

-14.316

3000

59.98

S_monica2.acc

Northridge

Santa Monica City Hall
Grounds

January 17, 1994

0 degrees

-362.93

24.910

6.525

3000

59.98

whittOl.acc

Whittier

Eaton Canyon Park
October 1, 1987

90 degrees

-157.88

-4.832

-.510

2000

39.98

whitt03.acc

Whittier
Fremont School
October 1, 1987
180 degrees

286.159

-21.718

-2.443

2000

39.98

Note: The distribution diskette that came with your version of NONLIN may have more or less
earthquake records than are indicated in this table.
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Appendix B

Format of NONLIN Acceleration Records

NONLIN comes with a selection of earthquake accelerograms taken from a variety of sources.
Each acceleration record consists of the following lines of data:

ntitles
“title 17
“title 27

“title ntitles”

nacc dtacc nplacc unitacc

nvel dtvel nplvel unitvel

ndis dtdis npldis unitdis

Acceleration header

nacc acceleration values, nplacc values per line
Velocity header

nvel velocity values, nplvel values per line
Displacement header

ndis displacement values, npldis values per line

The first line contains the entry ntitles, which designates how many title lines follow. Each title
line must be in double quotation marks. NONLIN uses the first title line as a descriptor for each
plot produced.

Following the title lines are three lines listing the number, timestep, number of values per line,
and length units used for the following acceleration, velocity, and displacement data blocks
which are listed below. Each data block begins with a header, which is read but otherwise
ignored by NONLIN.

An partial listing of the file LOMAP1.ACC is given ahead. The lines with *.” in column 1
indicate data that was eliminated from the record for brevity.

Advanced Structural Concepts, Inc. 3/1/2004



NONLIN User’s Manual

Page 95

Example Acceleration Record for Loma Prieta Earthquake:

4
""LOMA PRIETA EARTHQUAKE - OAKLAND OUTER HARBO
""OCTOBER 17, 1989, 17:04 PDT"

R WHARF"

""CORRECTED ACCELEROGRAM, CHANNEL 1, 270 DEGREES, CDMG QL89A472 ™

" SOURCE: NISEE, U.C. BERKELEY, CALIFORNIA™
2000 0.02 8 CM
2000 0.02 8 CM
2000 0.02 8 CM

2000 POINTS OF ACCEL DATA EQUALLY SPACED AT
-2.257 -.708 .339 -.139
-1.153 -4.317 -5.423 -6.067 -

9.006 6.764 3.293 3.135
3.088 5.707 1.915 -3.141 -7.087
2000 POINTS OF VELOC DATA EQUALLY SPACED AT

-.106 -.136 -.139 -.137

.060 .006 -.091 -.206
-.072 .086 .188 .253
.395 .484 .561 .550

2000 POINTS OF DISPL DATA EQUALLY SPACED AT

-.021 -.023 -.026 -.029

-.034 -.033 -.034 -.037

-.065 -.065 -.062 -.058

-.025 -.016 -.005 .006
End of File

.020 SEC.
1.199
4.769
1.264

-10.550

.020 SEC.

-.126

-.313
.297

.449
.020 SEC.
-.032
-.042
-.052

.016

(UNITS: CM/SEC/SEC)

3.213 3.521
-.936 3.444
.210 1.797
-11.959 -11.184
(UNITS: CM/SEC)
-.081 -.014
-.370 -.344
.313 .334
.274 .049
(UNITS: CM)
-.034 -.035
-.049 -.056
-.046 -.040
.024 .027

2.
7.

479
283
.486

.047
.236
.358

.182

.035
.062
.032

.026
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Index

.NLN file - 7
XL1-2
XL2 -2, 47
XL3:2

A

acceleration - 17, 25, 26, 27, 28, 98
acceleration records - 11
accelerogram - 2, 25, 26, 27
amplitude - 89

Amplitude - 2, 11, 37

ANIMATE BUTTON - 15
Animation - 49, 50, 51

B

backbone curve - 57
Base-isolated braced frame - 54
Base-isolated braced frame with device - 54
Base-isolated frame - 54
Bauschinger effect - 57
Bilinear - 57, 67

BILINEAR - 56

brace - 72

Braced frame - 54

Braced frame with device - 54
Button Bar - 13

C

Chevron brace - 54

Compute Spectrum - 30

Computed Energy Plots - 8, 14
Computed Hysteresis Plots - 2, 14
COMPUTED HYSTERESIS PLOTS - 42, 44, 45
Computed Time Histories - 2, 7, 14
constant average acceleration technique - 60
Constitutive Properties - 16, 17
CREATE FILE - 8

Create File option - 8

CREATE LOAD - 70

Critical damping - 18

D

damping - 2, 8, 10, 14, 17, 18, 19, 28, 29, 30, 38, 45, 46, 54, 55, 56, 59, 68, 70, 73, 74, 83, 88, 89
Damping - 59
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DAMPING - 10, 17, 18

damping coefficent - 68

Device - 70

diagonal mass matrix - 55
displacement - 14, 18, 20, 25, 27, 28, 98
DRT - 5, 88, 89

Ductility Limit - 86

Duration - 11, 37, 95, 96, 97
dynamic - 2, 11, 12, 17, 19, 24, 41, 50
dynamic equilibrium equations - 60
Dynamic Force - 16, 24, 36
Dynamic Force Applied As - 12
Dynamic Properties - 74

Dynamic Response Tool - 88

E

earthquake - 2, 10, 14, 17, 19, 24, 25, 27, 35, 97, 98
Effective initial stiffness - 21

Effective yield Strength - 22

elastic/inelastic spring - 54

energy dissipation - 2

Energy Plots - 46

Entering Structural Properties - 10
equilibrium - 59

F

FAS - 35

FFT - 35, 36, 90

FFT Plot - 38

Eilemenu - 7, 8,9, 13, 28, 38, 44, 46, 47, 48
Force Units - 16, 17

Fourier Amplitude Spectrum - 90

free vibration - 24, 37, 38

Free Vibration - 38

frequency content - 27

Fundamental Properties - 88

G

GO/NO GO - 13
Ground Acceleration - 24, 27
ground motion - 35

H

HELP menu - 13
Hysteretic Modeling - 56
hysteretic models - 53

IDA - 5, 81, 82, 83, 84, 85, 86
Incremental Dynamic Analysis - 5, 80, 81, 82, 93

Advanced Structural Concepts, Inc. 3/1/2004



NONLIN User’s Manual Page 98

initial stiffness - 18, 19, 20, 21
INITIAL STIFFNESS - 17, 19
INPUT DAMPING AS - 10
INPUT MASS AS - 9
isolator - 55

Isolator - 70

L

Length Units - 16, 17

linear - 2, 17, 22, 24, 36, 41, 48
LINEAR - 56

linear viscous dashpot - 59
Linear/Nonlinear Analysis - 22
Load Functions - 76

Load histories - 60

Loading Functions - 76
Loading Panel - 76
logarithmic plot - 29

M

m - 54

mass - 10, 12, 17, 18, 19, 54, 55, 56, 63, 64, 66, 68, 73, 88, 89

MASS - 9, 17, 18

MDOF-NONLIN - 5, 53, 54, 57, 58, 59, 60, 61, 62, 63, 64, 73, 74, 76, 79, 94
Menu Items - 7

Microsoft Windows - 2

mode shape - 91

multilinear - 53, 54, 56, 57, 58, 94

Multilinear - 68, 70

MULTILINEAR - 56

N

Newtons - 17
NONLIN -1,2,4,5,6,1,2,3,4,5/6,7,8,9,
51,52, 53, 60, 61, 63, 5
NONLIN.OUT - 2, 15, 48
NONLIN.XL1 - 8
NONLIN.XL2 - 8
nonlinear - 2, 17, 19, 20, 21, 22, 41, 48
Nyquist frequency - 36

18, 19, 24, 25, 26, 28, 30, 33, 34, 35, 38, 40, 41, 44, 49,
, 94, 95, 96, 97, 98

P

Paint - 51

PARAMETERS - 7,9, 18

P-Delta - 4, 2, 20, 21, 53, 54, 55, 62, 63, 73
P-Delta effects - 2, 21, 53

P-Delta stiffness - 21

P-Delta Stiffness - 20

Peak Base Shear - 85

Peak Displacement - 85

Peak Ductility Demand - 85

Peak Residual Deformation - 85
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PERFORM TEST - 70

Period - 11, 37

pinching - 57

Plot Spectrum - 30

plots - 35

Point of Application - 38

Print Form - 14, 15, 28, 38, 44, 46
PRINT FORM - 14, 15, 28, 38
pseudo velocity - 30

Q

QUIK QUAKE - 7, 10
QUIK WAVE - 7, 11, 12

R

radio button - 50

Random Noise Frame - 37
RESIZE - 44, 45

response - 15, 19, 20, 27, 28, 29, 38
response spectra - 28

Results - 8, 15, 41, 49, 51

RUNO - 41

S

scaled ground motions - 84

SDOF - 4, 5, 40, 62, 64, 76, 79, 83
secondary stiffness - 2, 20, 21, 22
SECONDARY STIFFNESS - 17, 20
Signal Description - 37

Signal Length - 37

Simple bilinear - 57

slider - 50

SMOOQOTH hysteresis - 56

Spectral Coordinates - 30, 31

START ANALYSIS BUTTONS - 13
Startup Ramp Frame - 37

STEP FACTOR X - 9

stiffness matrix - 55

strain hardening - 2, 20, 21

Strain Hardening Stiffness - 20

structural energy - 14

Structural Properties - 66
STRUCTURE PROPERTIES INPUT - 6, 12, 13, 16, 23, 25, 41
STRUCTURE RESTORE BUTTON - 13
Structure Type - 65

Summary of Computed Results - 8, 15

T

tangent stiffnesses - 55
Target Acceleration - 83
Target Damping - 83
Target Increments - 84
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Target Multiplier - 84

Target Period of Vibration - 83

the EARTHQUAKE GROUND ACCELERATION INPUT frame - 25
The Menu Bar - 62

the STRUCTURE PROPERTIES INPUT - 7, 9, 10, 11

Tool Bar - 65

Trilinear - 57

Tripartite - 29, 30, 31

U

Units - 63, 64

Vv

VCR style buttons - 89
VCR type buttons - 85
velocity - 25, 27, 28, 98
velocity exponent - 71
Vertex oriented - 57
VIEW menu - 12

w

Wave Forcing Function - 36

WAVE GENERATOR - 12, 36, 37, 38
window - 35

WINDOW menu - 12

Windows Clipboard - 51

WordPad - 2

Y

YIELD STRENGTH - 17, 22
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