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Introduction

This manual describes the use and the format of the input data text file. Most users
can skip this manual.

Basic Topics for All Users
e About This Manual
e Typographical Conventions

About This Manual

This manual describes the format of the input data text file for the SAP2000 struc-
tural analysis program. The graphical user interface, analysis concepts, and the de-
sign modules are described in separate manuals. S&APR000 Getting Started
manual for a description of all the manuals supplied with the program.

This manual will be of interest to users with specialized analysis needs that cannot
yet be directly defined in the SAP2000 graphical user interface. All variables de-
scribed in this manual are cross-referenced t& %2000 Analysis Reference

About This Manual 1
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Typographical Conventions

Throughout this manual the following typographic conventions are used.

Bold for Definitions

Bold roman type (e.gexamplé is used whenever a new term or concept is de-
fined. For example:

Theglobal coordinate systemis a three-dimensional, right-handed, rectangu-
lar coordinate system.

This sentence begins the definition of the global coordinate system.

Bold for Variable Data

Bold roman type (e.gexamplé is used to represent variable data items for which
you must specify values when defining a structural model and its analysis. For ex-
ample:

The Frame element coordinate anglag, is used to define element orienta-
tions that are different from the default orientation.

Thus you will need to supply a numeric value for the variabig if it is different
from its default value of zero.

Italics for Mathematical Variables

Normal italic type (e.g.examplg is used for scalar mathematical variables, and
bold italic type (e.g.examplg is used for vectors and matrices. If a variable data
item is used in an equation, bold roman type is used as discussed above. For exam-

ple:
O<da<dbs<L
Hereda anddb are variables that you specify, ahds a length calculated by the
program.
Italics for Emphasis

Normal italic type (e.g.examplg is used to emphasize an important point, or for
the title of a book, manual, or journal.

2 Typographical Conventions
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All Capitals for Literal Data

All capital type (e.g., EXAMPLE) is used to represent data that you type at the key-
board exactly as it is shown, except that you may actually type lower-case if you
prefer. For example:

SAP2000
indicates that you type “SAP2000” or “sap2000” at the keyboard.

Capitalized Names

Capitalized names (e.g., Example) are used for certain parts of the model and its
analysis which have special meaning to SAP2000. Some examples:

Frame element
Diaphragm Constraint
Frame Section

Load Case

Common entities, such as “joint” or “element” are not capitalized.

Typographical Conventions 3
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Chapter

The Input Data File

The input data file is a text file that you can prepare containing all the information
required by SAP2000 to define the structural model and its analysis.

You do not need to read this chapter if you are using the SAP2000 graphical user in-
terface to define your problem.

Basic Topics for All Users
e Overview

Advanced Topics
e |Input Data Files and the Graphical User Interface
* Importing SAP90 Input Data Files
» Characters
» Data Blocks and Separators
e Data Lines
e Continuations, Comments, and Blank Lines
e Arithmetic Operations
e Regular Array Specification

13
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* Frequently Used Keywords

* How to Prepare the Input Data File

* The Title Line

» SYSTEM Data Block .through... END Data Block

Overview

The input data file is a text file that contains all the information required by
SAP2000 to define the structural model. Such information includes the geometry,
properties, loading, and analysis parameters for the structure to be analyzed. Itis an
alternative to the model data base file created by the SAP2000 graphical user inter-
face. The input data file does not, however, contain certain information used by the
graphical user interface, such as the grids, groups, or design parameters.

The input data file can serve the following purposes:

 Itcan be edited to add advanced analysis options that are not currently available
through the SAP2000 graphical user interface

» lItis areadable text form of the analysis data

This chapter describes in detail how to prepare an input data file. Sample input data
files are provided in subdirectory EXAMPLES and are discussed iis#%i22000
Verification Manual

Most users will have no need of the input data file and can skip the rest of this chap-
ter.

Input Data Files and the Graphical User Interface

You may use the SAP2000 graphical user interface to prepare input data files, and
then use a text editor to modify the file. For example, you could define most of the
geometry graphically, then add advanced features with the editor.

The complete procedure is as follows:

1. Create or modify the model using the SAP2000 graphical user interface
2. Write the SAP2000 input data file by selectixport from theFile menu

3. Make the desired changes to the input data file using a text editor

6 Overview

14
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4. Read the modified input data file into the graphical user interface by selecting
Import from theFile menu

5. Perform the analysis
6. Review the results of the analysis
7. Check the design of the structure, if desired

This is usually an iterative process that may involve many cycles of the above se-
guence of steps.

All data present in the input data file can be imported into the graphical user inter-
face, even data that cannot be created or changed within the interface itself. The
only exception is comment data, which is discarded. All imported data can be:

e Saved in the model file (extension .SDB)
* Used by the analysis
e Exported to an input data file (.extension .S2K)

WARNING! The order and format of an input data file are not preserved when im-
porting. All comments, generations, and deletions are lost! Only the model and
analysis datas interpreted during impowgre saved. If you subsequently export to
an input data file of the same name, your original file will be overwritten. Export to
a new file if you want to preserve the original format of your input data file!

Importing SAP90 Input Data Files

Most modeling and analysis features available in SAP90 are also present in
SAP2000, and many new features have been added. Only the SAP90 heat-transfer
analysis features are not currently available in SAP2000.

SAP90 input data files (versions 5.4 and 5.5) can be imported directly into the

SAP2000 graphical user interface and automatically converted to SAP2000 mod-
els. Animported model can then be used directly in the graphical user interface, or
exported as a SAP2000 input data file for use as described in this chapter.

WARNING! Some imported data may be interpreted differently by SAP2000 than
by SAP90. For example, the interaction between end offsets and end releases is dif-
ferent between the two programs, as is the interaction between prestress load and
P-Delta analysis.

Importing SAP90 Input Data Files 7
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Be sure to check your imported model carefully! Compare the results of analyses
using both SAP90 and SAP2000 before making further use of the imported SAP90

model!

Units

When you import a SAP90 input data file, you will be asked to specify what force
and length units were used in the SAP9O0 file. These units then become the base
units for the SAP2000 model. You may convert the model to other units after im-

porting.

Upward Direction

When you import a SAP90 input data file, you will be asked to specify what direc-
tion was assumed to be upward in the SAP90 file. All coordinate-dependent quanti-
ties in the SAP90 model will be converted to conform with the SAP2000 conven-

tion that the +Z direction is upward.

The X coordinates will not be changed unle3sis upward in the SAP90 model, in
which case the Y coordinates will be left unchanged. The following table shows
how the coordinates are changed for all six possible upward directions in SAP90:

SAP90 Upward | SAP90 Direction | SAP90 Direction | SAP90 Direction
Direction for SAP2000 +X | for SAP2000 +Y | for SAP2000 +Z
+Z +X +Y +Z
—Z +X =Y —Z
+Y +X -Z +Y
-Y +X +Z =Y
+X —Z +Y +X
—X +Z +Y —X
Characters

The input data file must be a plain text file. The only characters permitted in the data
file are the standard printable keyboard characters, including the space, and the Tab

character, which is interpreted as a space.

8 Characters
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Uppercase and lowercase letters are treated the same throughout the input data file.

If you use a word-processor to prepare the file, be sure to save the file in ASCII text
format. Otherwise, the word-processor may insert special formatting characters in
the file that cannot be interpreted by SAP2000.

Each line of text in the input data file may be up to 500 characters long.

Data Blocks and Separators

The first data line of the input data file will be used aBite Line that is printed at
the top of every page of the output files. Any separators or data placed on this first
line will be ignored and will not contribute to the structural model.

All input data following the title line is organized into distindata blocks by

means of corresponding unique separator lines.sSHparator line identifies the

data block and is always the first line in the data block. Each separator contains a
prescribed title of one or two words that must be typed exactly as specified; upper-
case and lowercase are treated the same. The separator may be singular or plural,
e.g., FRAME is the same as FRAMES, and MASS is the same as MASSES. No
other data may be placed on a separator line except comment data. Data associated
with the data block immediately follows the separator line.

The input data blocks and their functions are summarized below. Only the JOINT
data block is mandatory. The need for the other data blocks in the input data file de-
pends on the problem being analyzed. For example, if the structure has no spring
supports, you can skip the SPRING Data Block completely (including the separator
line). Similarly, if the model consists only of Frame elements, you will not provide
any data associated with the SHELL, PLANE or other element data blocks.

The order in which the data blocks occur in the input file is immaterial. Data lines
within a data block are always processed by the program in the order in which they
appear in the input data file. The Title Line must be the first line in the input file.

General Data Blocks

Data Block Description

SYSTEM Overall job control information
COORDINATE Alternate Coordinate System definitions
END End of SAP2000 input data

Data Blocks and Separators 9
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Joint Data Blocks

Data Block

JOINT

LOCAL
RESTRAINT
WELD
CONSTRAINT
PATTERN
SPRING
MASS

Element Data Blocks

Data Block

MATERIAL
FRAME SECTION
SHELL SECTION
NLPROP
FRAME

SHELL

PLANE

ASOLID

SOLID

NLLINK
MATTEMP
REFTEMP
PRESTRESS
PDFORCE

Data Block

LOAD
PDELTA
MODES
FUNCTION
SPEC
HISTORY
LANE

Data Blocks and Separators

Description

Joint (node) coordinate definitions

Joint local coordinate system assignments
Joint restraint assignments

Weld definitions

Constraint definitions

Joint Pattern definitions

Joint spring assignments

Joint mass assignments

Description

Material property definitions

Section property definitions for Frame elements
Section property definitions for Shell elements
Nonlinear property definitions for Nllink elements
Frame element definitions

Shell element definitions

Plane-stress and plane-strain element definitions

Axisymmetric-solid element definitions

Solid element definitions

Nonlinear link and spring element definitions
Element material temperature assignments
Element reference temperature assignments
Prestress cable assignments for Frame elements
P-Delta force assignments for Frame elements

Load and Analysis Data Blocks

Description

Static Load Case definitions

P-delta analysis control

Modal analysis control

Time and period Function definitions
Response-spectrum analysis definitions
Time-history analysis definitions

Bridge Lane definitions

18
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Load and Analysis Data Blocks (continued)
Data Block Description

VEHICLE Bridge Vehicle definitions

VEHICLE CLASS Bridge Vehicle Class definitions

BRIDGE RESPONSE Bridge response assignments for Frame elements
MOVING LOAD Bridge Moving Load analysis definitions

COMBO Analysis combination definitions

OUTPUT Analysis output selection

The contents of a simple input data file is shown in Figure 1 (page 12).

Data Lines

All data in the data blocks is divided inttata lines Normally each data line corre-
sponds to a line of text in the input data file. However, you may continue a single
data line onto several lines of text as described in the next topic.

Data lines within a data block are always processed by the program in the order in
which they appear in the input data file.

All SAP2000 input data is prepared in free format. In other words, data on a particu-
lar data line does not have to correspond with specific column locations. Each data
line consists of one or more lists of data items separated by a comma and/or one or
more spaces. The data items may be numbers or alpha-numeric strings. All alpha-
betic characters that appear in the input data may be uppercase or lowercase.

The lists of data items are of two types:

« Keyed data lists
e Unkeyed data lists

A keyed data listis a list of data items preceded by a specified keyword and an equal
sign, such as:

X=0,10

Here the keyword is XNo spaces may separate the keyword from the equal sign.
Spaces are permitted after the equal sign.

Data Lines 11
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250 (2 Joint Labe
ement Labe
‘ /2\ Element Label
10k @ A ©)
>e W30X99 *
w14x90| A\ 12'-6
180 A\ | wi14x145
@
z Global Origin

5 T

SAP2000 Structural Model

SIMPLE PORTAL FRAME EXAMPLE

SYSTEM ; SYSTEM PARAMETERS
DOF=UX,UZ,RY LENGTH=IN FORCE=KIP ; PLANE FRAME IN X-Z PLANE

JOINT ; DEFINE JOINT COORDINATES
1 X= 0 z= 0

2 X= 0 z=18*12
3 X=25*12 z=18*12
4 X=25*12 7= 5*12+6

RESTRAINT
ADD=1,4,3 DOF=ALL

FIX BASE JOINTS

MATERIAL ; DEFINE MATERIAL PROPERTIES
NAME=STEEL
E=29500

FRAME SECTION

NAME=1 SH=W14X145 MAT=STEEL
NAME=2 SH=W30X99 MAT=STEEL
NAME=3 SH=W14X90 MAT=STEEL

DEFINE SECTION PROPERTIES

FRAME ; DEFINE FRAME ELEMENTS
1 J=1,2 SEC=1
2 J=2,3 SEC=2
3 J=3,4 SEC=3

LOAD ; APPLY FORCE AT JOINT 2

NAME=LATERAL
TYPE=FORCE ELEM=JOINT
ADD=2 UX=10

SAP2000 Input Data File

Figure 1
Typical SAP2000 Structural Model and Corresponding Input Data File

12 Data Lines
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An unkeyed data list is just a list of data items without a preceding keyword, such
as:

151

A typical data line may be a combination of keyed and unkeyed data lists, such as

1,5,1 X=0,10 Y=2,4 Z=0

Only one unkeyed data list is permitted on a data line, and it must be the first data
list. The keyed data lists can appear in any sequence. In the above example the list
1,5,1 must be first, but the list X=0,10 can be before or after the list Y=2,4. If a data
list is only partially entered, the trailing (omitted) items take on default values as
specified in the later topics of this chapter.

In format specifications, variable data items are indicated by boldface type. For ex-
ample, the format specification for the sample data line above might be given as:

j0, j1, jil X=x0, x1 Y=y0, y1 Z=z0, z1

You should substitute the appropriate values for these variables when entering a
data line into the input data file. For the above example, “0” has been substituted for
z0, but the value forl has been omitted and allowed to default.

Decimal points for whole floating point numbers are not necessary. For example,
the number 6.0 may just be entered as 6. Scientific exponential notation is also al-
lowed. For example, the number 1.5 X fy be entered as 1.5E7.

Continuations, Comments, and Blank Lines

The ampersand (&) and semicolon (;) characters indicate the end of information on
a line of text. All characters to the left of the first ampersand or semicolon on a line
of text are treated as actual data for the program; the remaining characters are
treated as comment data and are ignored.

The ampersand indicates that the data line continues onto the next line of text. The
semicolon indicates the end of the data line (no continuation). The semicolon is not
needed to end a data line having no comments.

Eachline of textin the input data file, including spaces and comment data, may con-
tain up to 500 characters.

Eachdata linemay contain up to 500 characters of data, including spaces, but not
counting comment data. Multiple continuation lines are allowed, but the sum of all

Continuations, Comments, and Blank Lines 13
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characters to the left of the comment data on all lines of text may not exceed 500
characters for a single data line.

For example, the three lines of text:

1,5,1 X=0,10 & Joint labels and X coordinates
Y=2,4 & Y coordinates
Z=0 ; Z coordinates

give the same data line as the single line of text:

15,1 X=0,10 Y=2,4 Z=0

Be sure to include a comma and/or spaces between data items across continuations.
For example, the two lines of text:

NAME=SECTO01 TYPE=B T=10&
10

would be interpreted as:

NAME=SECTO01 TYPE=B T=1010

The ampersand and semicolon have no special meaning for the Title Line. These
characters will become part of the title.

Blank lines may appear anywhere in the data file and are completely ignored, ex-
ceptthat a blank line ends continuation. A text line containing only spaces to the left
of a semicolon is considered to be a blank line. For example, the three lines of text:

ADD=101 UX=50 & Add UX load to joint 101
: Blank line
ADD=201 UX=25

gives the same two data lines as the two lines of text:

ADD=101 UX=50 ; Add UX load to joint 101
ADD=201 UX=25

Arithmetic Operations

Simple arithmetic statements are possible when entering floating-point real num-
bers in the data lists. The following types of operators can be used:

+ for addition
— for subtraction

14 Arithmetic Operations
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[ for division
O for multiplication

The operators are applied as they are encountered in the scan from left to right.

The following are examples of data entries that are possible and how they are inter-
preted by the program:

Data entered as: Is evaluated as:
11.9212 11.92 (12)
7.63/386.4 378234
6.66-1.117.66/12.2 (6.66 '112~121) 7.66

Regular Array Specification

A regular array is group of labels that increment in a regular fashion. A regular ar-
ray is specified in the input data file as a data list consisting of the starting label, the
ending labels, and the label increments. The data list may or may not be keyed, i.e.,
may or may not be associated with a keyword.

The format of the data list for specifying a regular array depends upon the dimen-
sion of the array as follows:

e Zero dimensions (a single label with no increments):
a0
* One dimension:
a0, al, ail
» Two dimensions:
a0, al, ail, a2, ai2
* Three dimensions:
a0, al, ail, a2, ai2, a3, ai3

where

Regular Array Specification 15
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» alis the starting label

e alis the ending label in the first direction

» a2is the ending label in the second direction

» aglis the ending label in the third direction

* ailis the label increment in the first direction

» ai2is the label increment in the second direction
» ai3is the label increment in the third direction

Throughout the remainder of this chapter, the format of the data list for specifying
an array of arbitrary dimension will be indicated as:

a0, al, ail...

This indicates that you should choose one of the formats above for an array of zero,
one, two, or three dimensions. In some cases, the format for an individual data line
may restrict the allowable dimensions of the array.

Although the labels and incremera8, al, ail.. have been used here to illustrate

the specification of regular arrays, other variable names may be used instead, such
asjo,j1,jil... ore0, el, eil.. No matter what variable names are used, the interpre-
tation of the starting label, ending labels, and label increments in the data list is the
same.

The following rules apply to the specification of regular arrays:

e The starting label is always required

* There may be zero, one, two, or three ending labels; the dimension of the array
is determined by the number of ending labels specified

» There is no default for starting or ending labels
» For each ending label, a label increment must be specified
» There is no default for label increments

See Topic “Regular Arrays” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Refererfoe more information.

16 Regular Array Specification
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Frequently Used Keywords

Many keywords and their associated data lists are used repeatedly throughout the
different data blocks in the data file. Some of the most frequently used keywords
are described here.

NAME Keyword

The specification:
NAME=name

is used to assign the lab@meto a new entity being defined. The type of entity be-
ing defined in a given data block is indicated by the separator. For exanguie
applies to a new Constraint in the CONSTRAINT data block, and to a new Load in
the LOAD data block.

Joints and elements do not use the NAME keyword. The labels for new joints and
elements are given at the beginning of the appropriate data lines without a keyword.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” ofSA®2000
Analysis Reference

GEN Keyword

The specification:
GEN=a0, al, ail...

is used to generate (create) new items in the specified a@agl, ail...from the
existing definition of the starting iteng0. These items may be elements, Con-
straints, or Welds. The type of item being generated in a given data block is indi-
cated by the separator. For example, Constraints are being generated in the CON-
STRAINT data block, and Frame elements are being generated in the FRAME data

block.
Several similar specifications are used to generate joints in the Joint data block,
such as:

LGEN=0, j1, jil...

See Topic “Generation” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

Frequently Used Keywords 17
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DEL Keyword
The specification:
DEL=a0, al, ail...

is used to delete (eliminate) all items in the specified ara@yal, ail...from the
model. Nonexistent items may be included in the array. These items may be ele-
ments, Constraints, or Welds. The type of item being deleted in a given data block is
indicated by the separator. For example, Welds are being deleted in the WELD data
block, and Shell elements are being deleted in the SHELL data block.

See Topic “Deletion” in Chapter “Labels, Arrays, and Generation” of8A&2000
Analysis Reference

ADD Keyword
The specification:
ADD=a0, al, ail...

is used to assign a load or property to all existing joints or elements in the specified
array,a0, al, ail...Nonexistent joints or elements may be included in the array.

Unlike the GEN keyword, the ADD keyword does not create any of the items in the
array.

The type of load or property being assigned in a given data block is indicated by the
separator and by other data on the same or previous data lines in the data block.

The type of array (joint, Frame, Shell, etc.) is determined by the type of load or
property being assigned, and sometimes by the ELEM keyword (see below).

The specification:
ADD=[]

may be used to indicate an assignment to all of the joints or element of the appropri-
ate type.

See Topic “Assignment” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference
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REM Keyword

The specification:
REM=a0, al, ail...

is used to remove (set to zero) a load or property from all existing joints or elements
in the specified arrayg0, al, ail...Nonexistent joints or elements may be included
in the array.

Unlike the DEL keyword, the REM keyword does not eliminate any of the items in
the array.

The type of load or property being removed in a given data block is indicated by the
separator and by other data on the same or previous data lines in the data block.

The type of array (joint, Frame, Shell, etc.) is determined by the type of load or
property being removed, and sometimes by the ELEM keyword (see below).

See Topic “Assignment” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

ELEM Keyword
The specification:
ELEM=elem

is used to select an element type to which subsequent ADD and REM specifications
in a data block apply. The valid values felem depend upon the particular data
block and context, but they must be from among JOINT, FRAME, SHELL,
PLANE, ASOLID, SOLID, and NLLINK. Note that joints are treated as a type of
element for this purpose.

CSYS Keyword

The specification:
CSYS=csys

is used to select a fixed coordinate system that applies to subsequent data lines in a
data block until the next CSYS specification is given. The variabjsmust be one
of:

Frequently Used Keywords 19
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» The label of an Alternate Coordinate System
e Zero, which indicates the global coordinate system
A CSYS specification only applies to subsequent data lines in the current data

block; it does not affect any other data block. The global coordinate system is used
(CSYS=0) until the first CSYS specification is encountered in a data block.

See Topic “Alternate Coordinate Systems” in Chapter “Coordinate Systems” of the
SAP2000 Analysis Reference

UX, UY, UZ, RX, RY, and RZ Keywords

The specifications:
UX=ux, UY=uy, and UZ=1z

are used to specify numeric values for translations, forces, and translational proper-
ties that act parallel to the X, Y, and Z axes, respectively, of a fixed coordinate sys-
tem.

Similarly, the specifications:
RX=rx, RY=ry, and RZ¥z

are used to specify numeric values for rotations, moments, and rotational properties
that act parallel to the X, Y, and Z axes, respectively, of a fixed coordinate system.

The fixed coordinate system may be the global system or an Alternate Coordinate
System, as indicated by the most recent CSYS specification. See the previous sub-
topic.

U1, U2, U3, R1, R2, and R3 Keywords

The specifications:
Ul=ul, U2=u2, and U3=3

are used to specify numeric values for translations, forces, and translational proper-
ties that act parallel to the 1, 2, and 3 axes, respectively, of the local coordinate sys-
tem of the joint, element, or other entity to which they apply.

Similarly, the specifications:

RX=rx, RY=ry, and RZxz

Frequently Used Keywords
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are used to specify numeric values for rotations, moments, and rotational properties
that act parallel to the 1, 2, and 3 axes, respectively, of the local coordinate system
of the joint, element, or other entity to which they apply.

See Topic “Local Coordinate Systems” in Chapter “Coordinate Systems” of the
SAP2000 Analysis Reference

How to Prepare the Input Data File

You should read all the preceding topics in this chapter for general information
about the structure and content of the input data file.

Use a text editor to create or modify the input data file. The input data filename
should have an extension of .S2K (e.g., EXAMPLE.S2K). Enter the data required
by your particular problem according to the format specifications presented in the
remainder of this chapter.

Each of the remaining topics, from “The Title Line” through “END Data Block,”
gives the detailed format of a single data block. Itis suggested, but not required, that
you prepare the various data blocks in the order in which they are presented in this
chapter.

The following information is provided for each data block topic:
» A brief description of the data block is given, and reference is made to back-

ground material that you should read before preparing the data

« A“Data Block Format” subtopic describes the types of data lines available and
their ordering in the data block; see Subtopic “Data Block Format” below

e A “Data Line Format” subtopic describes the format of the individual data
lines; see Subtopic “Data Line Format” below

e An “Examples” subtopic may be given

» A “Description of Variables” subtopic describes each of the variable data
items; see Subtopic “Description of Variables” below

* A “Notes” subtopic gives additional details about the variable data items and
provides cross-references to background material

How to Prepare the Input Data File 21
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Data Block Format

The “Data Block Format” subtopic for each data block begins with a schematic that
shows the structure of the data block. For example, the schematic for the CON-
STRAINT data block is:

CONSTRAINT Separator
CSYs= Coordinate System Data Lines
NAME= Name Data Lines
ADD= Add Data Lines
REM= Remove Data Lines
GEN= Generate Data Lines
DEL= Delete Data Lines

Each line in this schematic represents one type of data line. The name of the data
line and a typical keyword found on the data line are shown.

All data lines at a given level of indentation may be repeated and intermingled. All
data lines that are more indented may only follow the preceding data line that is less
indented. For example, Coordinate System, Name, Generate, and Delete data lines
may be arbitrarily intermingled. Each Name data line may be followed by a group
of arbitrarily intermingled Add and Remove data lines; this group ends with the
next Coordinate System, Name, Generate, or Delete data line.

The following is sample data for the CONSTRAINT data block:

CONSTRAINT
NAME=FLOORO1 TYPE=DIAPH
ADD=1011,1099,1
REM=1055,1056,1
REM=1065,1066,1
ADD=1111,1155,1
GEN=FLOORO01,FLOOR10,1 JINC=1000
DEL=FLOORO05
NAME=FLOORO5 TYPE=DIAPH
ADD=1011,1099,1

Indentation is not required in the input data file. It is used here for clarity.

22 How to Prepare the Input Data File

30



Chapter Il The Input Data File

A vertical bar to the left of a data line in the schematic indicates a required data line
that cannot be repeated. For example, the schematic for the COORDINATE data
block is:

COORDINATE Separator
NAME= Name Data Lines
X= Z Axis Data Line
X= Z-X Plane Data Line

The Name data line may be repeated as often as needed. Every Name data line is
followed by a single Z Axis data line, which in turn is followed by a single Z-X
Plane data line.

The following is sample data for the COORDINATE data block:

COORDINATE
NAME=45DEG
Z=1
X=1Y=1
NAME=60DEG
Z=1
CR=1 CA=60

Each schematic is followed by a general description of each of the data lines and
how they function in the data block.

See Topic “Data Blocks and Separators” (page 9) in this chapter for more informa-
tion.
Data Line Formats

The “Data Line Format” subtopic for each data block gives the detailed format
specifications for each type of data line. For example, one of the data line format
specifications from the JOINT data block is:

Definition Data Line — Single Joint in Rectangular Coordinates
jO X=x0 Y=y0 Z=z0

In the format specifications, bold-faced items indicate variable data items which
you will replace with specific values appropriate to the problem being analyzed.
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Items not shown in bold face should be entered literally into the data file as shown
in the format specifications.

The format specification for a given data line may sometimes be shown as several
lines of text. However, it should be entered as a single data line in the input data file,
using continuation as necessary.

For more information:

* See Topic “Data Lines” (page 11) in this chapter.

» See Topic “Continuations, Comments, and Blank Lines” (page 13) in this chap-
ter.

Description of Variables

The “Description of Variables” subtopic for each data block contains a table that
describes the variable data items that appear in the data line format specifications.
For example, consider the following data line format specification from the SYS-
TEM data block:

System Data Line

DOF=dofs LENGTH=length FORCE=force UP=up CYC=cyc
WARN=warn PAGE=page LINES=lines

The tabular description of the varialtdegth looks like the following:

Variable Note Default Description
length 2 [IN] Length unit used throughout the input data
file:

= MM: millimeter (mm)
= CM: centimeter (cm)
=M: meter (m)
=IN: inch (in)
= FT: foot (ft)

The columns of the table are as follows:

Variable — The variable name
Notes— References to one or more notes in the “Notes” subtopic

Default— Default values, if applicable, are shown in square brackets; see Sub-
topic “Default Values” below

How to Prepare the Input Data File
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Description — A description of the variable, including allowable values and
the units to be used; see Subtopic “Units” below

Default Values

In certain cases, the program will assign values to any variables that you do not
specify. These default values, if applicable, are shown in square brackets.

A default value shown as “[pv]” indicates that the value of the variable on the cur-
rent data line is set equal to what it was on the previous data line in that data block.
The default value used if no previous value has been given is shown in parentheses;
for example “[pv(0)]” indicates that “0” is used if no previous value was defined in
the current data block.

Units

The data in a SAP2000 input data file may be prepared using any consistent set of
units of your choice. For example, if you use meters to locate the joints and New-
tons for the force loads, then you must use Mémmodulus of elasticity.

It is important to note that mass and weight are not interchangeable. Weight has
units of force, such and Newtons or pounds. The mass of an object can be computed
by dividing its weight byg, the acceleration due to gravity, expressed in consistent
units of length and time.

Three types of angular units are used:

» Degrees are always used for geometry

« Radians are always used for specifying rotational displacements

e Cycles (per time) are always used for frequencies and rates of rotation; a cycle
is a complete revolution (360°)

The description of each variable indicates the applicable units to be used. The fol-
lowing abbreviations for units are used in this chapter:

L =Length
T =Time
M = Mass

K = Temperature
F =Force, F=ML/%
cyc = Cycles

How to Prepare the Input Data File 25
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rad = Radians, rad =rttyc
deg = Degrees, deg = 360 cyc

If no units are indicated, the quantity is dimensionless.

26 How to Prepare the Input Data File
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The Title Line

Prepare one data line that identifies the contents of the input data file. This data line
permits a descriptive title of up to 70 characters in length. This information will ap-
pear on every page of the output file created by SAP2000. Thislirsbe the first

line in the input data file.

This data block consists of only one data line and has no separator. This data line is
always mandatory.

Data Block Format

The format of the data block is summarized in the table below:

title Title Line

Data Line Format

Title Line

title

Description of Variables
Variable Note Default Description

title Title of up to 70 characters describing the
contents of the input data file

The Title Line 27
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SYSTEM Data Block

This data block defines the parameters that control the overall structural model and
analysis.

This data block is optional. Prepare data according to the format described below.

Data Block Format

The format of the data block is summarized in the table below:

SYSTEM Separator

DOF= System Data Line

Begin the data block with tHe@YSTEM separator.

Follow this by a singl&ystem data linethat defines the system parameters.

Data Line Format

System Data Line

DOF=dofs LENGTH=length FORCE=orce UP=up CYC=cyc
WARN=warn PAGE=page LINES=lines

Example

SYSTEM
DOF=UX,UY,RZ PAGE=SECTIONS

28 SYSTEM Data Block
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Description of Variables

Variable

dofs

length

force

up

cyc

warn

Note

(1)

(2)

)

®3)

(4)

()

Default Description

[ALL]

[IN]

[KIP]

[+Z]

[0]

[Y]

List of the global degrees of freedom that are
available at every joint in the model. May be
ALL, or any number of UX, UY, UZ, RX, RY
and RZ

Length unit used throughout the input data
file:

= MM: millimeter (mm)

= CM: centimeter (cm)

=M: meter (m)

=IN: inch (in)

=FT: foot (ft)

Force unit used throughout the input data file:
=N: newton (N)

= KN: kilonewton (kN = 1000 N)

= KGF: kilogram-force (kgf)

= TON: metric ton (1000 kgf)

=LB: pound (Ib)

= KIP: kilopound (kip = 1000 Ib)

Rectangular coordinate direction assumed to
be upward that is to be converted to +Z upon
import. May be any one &fX, Y, or+Z. The
sign is required

Load frequency [cyc/T units]
=0: Static analysis
> 0: Harmonic steady-state analysis

Warning output control parameter:
=Y: Output all warnings
= N: Suppress all warnings
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Variable Note Default Description
page (6) [LINES Output file page-eject control parameter:
] = LINES: Eject pages at new section
headings and whdimes
exceeded

= SECTIONS: Eject pages only at new
section headings

lines (6) [59] Maximum number of lines per page permitted

Notes
1.

in output files whempage=LINES

dofsis a list of one or more global degrees of freedom that are permitted to be
present at every joint in the model. Specifying ALL is the same as listing all six
degrees of freedom. This is the default and should generally be used for all
three-dimensional structures.

See Topic “Degrees of Freedom” in Chapter “Joints and Degrees of Freedom”
of theSAP2000 Analysis Reference

. The data in a SAP2000 input data file may be prepared using any consistent set

of units of your choice. These units do not need to be specified in the SYSTEM
Data Block except in the following cases:

e Section properties are read from a property database file, in which case
lengthis needed. See the SECTION Data Block (page 81).

» Standard vehicle loads are used for moving-load analysis, in which case
length andforce are needed. See the VEHICLE Data Block (page 179).

Section properties and standard vehicle loads are converted to the units speci-
fied in the SYSTEM Data Block.

. This parameter is only used when the input data file is being imported into the

SAP2000 graphical user interface. All coordinate-dependent quantities in the
input data file will be converted upon import to conform with the SAP2000
convention that +Z is up. X coordinates will not be changed unlpss+X, in

which case the Y coordinates will be left unchanged.

. If cycis positive, the program is put into harmonic steady-state analysis mode;

otherwise, static analysis is performed (the default).
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P-delta, response-spectrum, time-history, and moving-load analyses may not
be performed when the program is in harmonic steady-state analysis mode. As
a result, the following data blocks will be ignored wheyc is positive:
PDELTA, MODES, SPEC, HISTORY, LANE, VEHICLE, VEHICLE
CLASS, BRIDGE RESPONSE, and MOVING LOAD.

See Topic “Harmonic Steady-State Analysis” in Chapter “Static and Dynamic
Analysis” of theSAP2000 Analysis Refererfoe more information.

. If warn is setto “N”, all warning messages that are generated by the data check
phase of the program will not appear in the echo output file (e.g., EXAM-
PLE.EKO). The messages, however, will always appear on the screen, irre-
spective of the value efarn.

Warning messages generated during the execution of the analysis phase of the
program will always be printed in the log file (e.g., EXAMPLE.LOG).

. See Topic “Pagination Control” in Chapter “The Output Files” of 8&22000
Analysis Reference
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COORDINATE Data Block

This data block defines Alternate Coordinate Systems that can be used for locating
the joints; for defining local coordinate systems for joints, elements and constraints;
and as a reference for other properties and loads.

Skip this data block if there are no Alternate Coordinate Systems to be defined.
Otherwise, prepare data according to the format described below.

For More Information

See Topic “Alternate Coordinate Systems” in Chapter “Coordinate Systems” of the
SAP2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

COORDINATE Separator
NAME= Name Data Lines
X= Vertical Axis Data Line
X= Vertical Plane Data Line

Begin the data block with tHeOORDINATE separator.

Follow this by as many Name, Vertical Axis, and Vertical Plane data lines as neces-
sary to define all of the Alternate Coordinate Systems used in the model.

EachName data linebegins the definition of a new Alternate Coordinate System
and locates the origin of the new system.

Each Name data line is followed by a sinylertical Axis data line that locates a
point on the +Z half of the new Z axis.

Each Vertical Axis data line is followed by a singiertical Plane data line that
locates a point on the +X half of the new Z-X plane.

32 COORDINATE Data Block

40



Chapter Il The Input Data File

Data Line Formats

Name Data Line—Using Rectangular Coordinates

NAME=name X=x0 Y=y0 Z=z0

Name Data Line—Using Cylindrical Coordinates

NAME=name CR=cr0 CA=ca0 CZ=cz0

Name Data Line—Using Spherical Coordinates

NAME=name SB=sb0 SA=sa0 SR=srO

Vertical Axis Data Line— Using Rectangular Coordinates

X=x1 Y=yl Z=z1

Vertical Axis Data Line— Using Cylindrical Coordinates

CR=crl CA=cal CZ=cz1

Vertical Axis Data Line—Using Spherical Coordinates

SB=sbl SA=sal SR=srl

Vertical Plane Data Line—Using Rectangular Coordinates

X=x2 Y=y2 Z=z2

Vertical Plane Data Line—Using Cylindrical Coordinates

CR=cr2 CA=ca2 CZ=cz?

Vertical Plane Data Line—Using Spherical Coordinates

SB=sh2 SA=sa2 SR=sr2

COORDINATE Data Block
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Examples

(1)

(2)

()

This example considers a two-dimensional problem in the horizontal X-Y
plane. An Alternate Coordinate System can be defined that rotates the X and Y
axes 45° about the Z axis as follows:

COORDINATE
NAME=45DEG
Z=1
CR=1 CA=45

The same results could alternately be achieved using:

COORDINATE
NAME=45DEG
Z=1
X=1Y=1

This example defines an Alternate Coordinate System located at a point on the
surface of an cylinder centered on the global Z axis and of radius 10. The new X
axis is normal to the cylinder, the new Y axis tangential to the circumferential
direction, and the new Z axis parallel to the cylinder axis:

COORDINATE
NAME=CYL CR=10 CA=30 CZ=5
CR=10 CA=30CZ=5+1
CR=10+1 CA=30 CZ=5

This example defines an Alternate Coordinate System located at a point on the
surface of an origin-centered sphere of radius 10. The new X axis is hormal to

the sphere, the Y axis tangential to the latitude line, and the Z axis tangential to

the longitude line:

COORDINATE
NAME=SPH SB=45 SA=30 SR=10
SB=45-60 SA=30 SR=2*10
SB=45 SA=30 SR=10+1

34 COORDINATE Data Block
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Description of Variables

Variable Note

Name Data Line

name 1,2

x0, y0, z0 (1,3) [0]

cr0, ca0, 1,3) [0]
cz0

sb0, sa0, (1,3) [0]
sr0

Vertical Axis Data Line

x1,y1, z1 (1,3) [0]

crl, cal, (1,3) [0]
czl

sbl, sal, (14,3) [0]
srl

Vertical Plane Data Line

X2,y2,z2 (a,3) [0]

cr2, caz, (2,3 [0]
cz2

Default Description

Label of an Alternate Coordinate System
being defined

Global rectangular X, Y, and Z ordinates of
the new origin [L, L, L units]

Global cylindrical CR, CA, and CZ ordinates
of the new origin [L, deg, L units]

Global spherical SB, SA, and SR ordinates of
the new origin [deg, deg, L units]

Global rectangular X, Y, and Z ordinates of a
point on the +Z half of the new vertical axis
[L, L, L units]

Global cylindrical CR, CA, and CZ ordinates
of a point on the +Z half of the new vertical
axis [L, deg, L units]

Global spherical SB, SA, and SR ordinates of
a point on the +Z half of the new vertical axis
[deg, deg, L units]

Global rectangular X, Y, and Z ordinates of a
point on the +X half of the new Z-X plane [L,
L, L units]

Global cylindrical CR, CA, and CZ ordinates
of a point on the +X half of the new Z-X plane
[L, deg, L units]
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Variable Note Default Description
sh2, sa2, (2,3 [0] Global spherical SB, SA, and SR ordinates of
Sr2 a point on the +X half of the new Z-X plane

Notes
1.

[deg, deg, L units]

See Topic “Alternate Coordinate Systems” in Chapter “Coordinate Systems”
of theSAP2000 Analysis Reference

. Each Name data line defines a new Alternate Coordinate System. Alternate Co-

ordinate System labels do not have to be consecutive and may be supplied in
any order. Alternate Coordinate System labels may not be repeated in the data
block.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. The coordinates on each data line may be given in rectangular X-Y-Z coordi-

nates, cylindrical CR-CA-CZ coordinates, or spherical SR-SA-SB coordinates,
all measured in the global coordinate system. These coordinate types may not
be mixed on a single data line, but can differ between data lines. The default
value for all coordinates is zero.
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JOINT Data Block

This data block defines the joints that describe the geometry of the structural model
along with their associated coordinates.

This data block is mandatory. Prepare data according to the format described be-
low.

For More Information

See Chapter “Joint Coordinates” of tB&P2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

JOINT Separator
CSsYs= Coordinate System Data Lines
jO0 V= Definition Data Lines — Single Joint

j0, j1,ji1... V= Definition Data Lines — Joint Array

LGEN= Linear Generation Data Lines
FGEN= Frontal Generation Data Lines
EGEN= Edge Generation Data Lines
CGEN= Cylindrical Generation Data Lines

Begin the data block with thEOINT separator.

Follow this by as many Coordinate System, Definition, and Generation data lines as
necessary to define all of the joints in the model. The data is processed in the order it
is supplied in the data block.

EachCoordinate System data linedefines the fixed coordinate system and the
scale factor used by all subsequent Definition data lines for the purpose of locating
the joints. This fixed coordinate system and the scale factor are in effect until the
next Coordinate System data line is encountered. Generation data lines are not af-
fected by the coordinate system or the scale factor.
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EachDefinition data line defines a single joint or an array of joints. Eaébnera-

tion data line generates an array of joints from previously defined or generated
joints. Several types of generation are provided: Linear Generation, Frontal Gen-
eration, Edge Generation, and Cylindrical Generation.

Data Line Formats

Coordinate System Data Line

CSYS=csys SF=sf

Definition Data Line — Single Joint in Rectangular Coordinates
jO X=x0 Y=y0 Z=z0

Definition Data Line — Single Joint in Cylindrical Coordinates
j0 CR=cr0 CA=ca0 CZ=cz0

Definition Data Line — Single Joint in Spherical Coordinates

jO SB=sb0 SA=sa0 SR=sr0

Definition Data Line — Joint Array in Rectangular Coordinates

i0, j1, jil... X=x0, x1... Y=y0, y1... Z=z0, z1... RATIO=ratiol...

Definition Data Line — Joint Array in Cylindrical Coordinates

j0, i1, jil... CR=crO, crl... CA=ca0, cal...CZ=cz0, cz1l...
RATIO=ratiol...

Definition Data Line — Joint Array in Spherical Coordinates

j0, j1, jil... SB=sbhO0, sbl...SA=sa0, sal...SR=sr0, srl... RATIO=ratiol...

Linear Generation Data Line
LGENS0, j1, jil... RATIO=ratiol...
Frontal Generation Data Line

FGENS0, j1, ji1, 2, ji2...
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Edge Generation Data Line
EGENSO0, j1, ji1, j2, ji2...

Cylindrical Generation Data Line

CGEN4O0, j1, ji1 AXVEC=axveca, axvecbDA=da DR=dr DL=dI

Examples
(1) Define a rectangular region of uniformly spaced joints:

JOINT
1,10,1,51,10 X=0,8,0 Y=0,0,5 Z=0

(2) Define a trapezoidal region of uniformly spaced joints:

JOINT
1 X=0Y=02z=0
10 X=8 Y=0
51 X=1Y=5
60 X=6 Y=5
LGEN=1,10,1,51,10

(3) Define a cylindrical helix of constant pitch, as for modeling a helical spring:

JOINT
1,121,1 CR=10 CA=0,1800 CZ=0,20

(4) Define a grid of joints on the surface of a cylindrical shell:

JOINT
1,37,1,801,100 CR=5 CA=0,360,0 CZ=0,0,15

(5) Define two layers of joints through the thickness of one quadrant of a hemi-
spherical shell with an T8&pening at the top, using smaller elements near the
opening:

JOINT

100,109,1,170,10,200,100 SA=0,90,0,0 SB=90,90,18,90 &
SR=150,150,150,160 RATIO=1,0.5,1
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Description of Variables

Variable Note

Coordinate System Data Line

Csys 1, 4)

sf (5)

Definition Data Lines

jo (1,2,3)
i1... (1,2, 3)
jil... 1,2, 3)
X0, x1... (1, 6)
yo, y1... (1, 6)
z0, z1... (1, 6)
cro, crl... (1, 6)

cao, cal... (1, 6)

JOINT Data Block

Default Description

[pv(0)]

[pv(1)]

[pv(0)]

[pv(0)]

[pv(0)]

[pv(0)]

[pv(0)]

Fixed coordinate system for subsequent joint
coordinates:

=0: Global coordinate system

#0: Alternate coordinate system label

Scale factor for subsequent lineal (not angular)
joint coordinates, i.e., X, Y, Z, CR, SR

Label of a single joint being defined, or of the
starting joint in an array of joints being
defined

Labels of ending joints along joint array axes
1, 2 and 3, respectively, up to the dimension of
the array

Label increments along joint array axes 1, 2
and 3, respectively, up to the dimension of the
array

Rectangular X ordinates of joint, j1... [L
units]

Rectangular Y ordinates of joint, j1... [L
units]

Rectangular Z ordinates of join@ j1... [L
units]

Cylindrical CR ordinates of join{®, j1... [L
units]

Cylindrical CA ordinates of joint®, j1... [deg
units]
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Variable

cz0, cz1...

sbhO, sbl...

sao, sal...

sr0, srl...

ratiol...

Note

(1,6)

(1,6)

(1, 6)

(1, 6)

(1)

Default Description

[pv(0)]

[pv(0)]

[pv(0)]

[pv(0)]

[1]

Linear Generation Data Line

0, i1, jil...

ratiol...

Frontal Generation Data Line

0, i, jil,
2, ji2...

(1,2,3)

(1)

1, 2,3)

[1]

Edge Generation Data Line

0, i, jil,
2, ji2...

1, 2,3)

Cylindrical CZ ordinates of joint®, j1... [L
units]

Spherical SB ordinates of join, j1... [deg
units]

Spherical SA ordinates of joini8, j1... [deg
units]

Spherical SR ordinates of join j1... [L
units]

For unequal spacing of joints, ratio of the last
coordinate difference to the first coordinate
difference along joint array axes 1, 2 and 3,
respectively, up to the dimension of the array

Labels and label increments for an array of
joints having one, two or three dimensions

For unequal spacing of joints, ratio of the last
coordinate difference to the first coordinate
difference along joint array axes 1, 2 and 3,
respectively, up to the dimension of the array

Labels and label increments for an array of
joints having two or three dimensions

Labels and label increments for an array of
joints having two or three dimensions
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Variable Note Default Description

Cylindrical Generation Data Line

jo, j1, ji1 (1,2, 3) Labels and label increments for a

one-dimensional array of joints

axveca, Q) Labels of two previously-defined joints that
axvech define the axis of generation

da

dr

dz

Notes

1.
2.

1) [0] Increment in angle (around axis) between
generated joints [deg units]

Q) [0] Increment in radius (away from axis) between
generated joints [L units]

Q) [0] Increment in height (along axis) between
generated joints [L units]

See Chapter “Joint Coordinates” of tB&P2000 Analysis Reference

Each Definition data line defines a single joijtt, or an array of jointsj0, j1,

jil..., having one, two or three dimensions. Joint labels do not have to be con-
secutive and may be supplied in any order. Joints may be redefined or regener-
ated, in which case only the last definitions will be used.

See Chapter “Labels, Arrays, and Generation” of3#d>2000 Analysis Refer-
ence

. See Topic “Regular Array Specification” (page 15) in this chapter.
. All specified coordinates X, Y, Z, CR, CA, CZ, SB, SA, and SR are taken in the

most recent coordinate systarsysspecified. Ifcsys=0, the global system is
used. Otherwisesysrefers to an Alternate Coordinate System defined in the
COORDINATE Data Block (page 32). If ncsysis specified, the global sys-
tem is used.

See Chapter “Coordinate Systems” of 8&P2000 Analysis Reference

. The scale factosf multiplies all lineal coordinate values specified on subse-

guent data lines, until the scale factor is redefined. The lineal coordinates are X,

JOINT Data Block
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Y, Z, CR, CZ, and SR. The angles CA, SB, and SA are not scaled. $f iz
specified, the default value of unity is used.

. The location of the joints may be specified using rectangular X-Y-Z coordi-
nates, cylindrical CR-CA-CZ coordinates, or spherical SB-SA-SR coordinates.
These coordinate types may not be mixed on a single data line.

At least one coordinate value must be specified on each Joint Definition or
Joint Array Definition data line. The type of coordinate system (rectangular,
cylindrical, or spherical) is determined from the specified coordinate value(s).
Previous values are used for any unspecified coordinates. The previous value
refers to the last explicit definition of that coordinate value for jgihbn a

Joint Definition or Joint Array Definition data line.

For example, if only X and Y are specified on a data line, the previous value of
z0is used for Z. If only CR is specified on a data line, the previous valuea®f
andczOare used for CA and CZ.

When a constant coordinate value is being assigned to an array of joints, it is
not necessary to repeat that value on the data line; e.g., for a two-dimensional
array of joints, specifying Z=10 is the same as specifying Z=10,10,10. Omit-
ting Z altogether will assign the previous value®to all joints.
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This data block defines the local coordinate systems associated with the degrees of
freedom at the joints. The global coordinate system will be used for any joint local
coordinate system not defined in this data block. The joint local coordinate system
is notrelated to any coordinate system used to locate the joints in the JOINT Data
Block (page 37).

Skip this data block if there are no joint local coordinate systems to be defined, i.e.,
if all joint degrees of freedom are in the global coordinate system. Otherwise, pre-
pare data according to the format described below.

For More Information

See Topic “Local Coordinate System” in Chapter “Joints and Degrees of Freedom”
of theSAP2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

LOCAL Separator
CSYSs= Coordinate System Data Lines
ADD= Add Data Lines
REM= Remove Data Lines

Begin the data block with tHeEOCAL separator .

Follow this with as many Coordinate System, Add, and Remove data lines as neces-
sary to define all of the joint local coordinate systems. The data is processed in the
order it is supplied in the input data file.

EachCoordinate System data linedefines the fixed coordinate system, the coor-
dinate directions, and the local plane used by all subsequent Add data lines. These
values are in effect until the next Coordinate System data line is encountered.

EachAdd data line defines the local coordinate systems for an array of one or more
joints. EaclRemove data lineremoves the local coordinate systems from an array
of one or more joints, returning them to the global coordinate system.

LOCAL Data Block
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Data Line Formats

Coordinate System Data Line

CSYS=sys AXDIR=axdir PLDIR=pldirp, pldirs LOCAL=local

Add Data Line

ADD=j0, j1, jil... AXVEC=axveca, axvecbPLVEC=plveca, plvecb
ANG=a, b, c

Remove Data Line

REM=0, j1, jil...

Example

(1) This example applies a local coordinate system to all perimeter joiats i 6
array of joints (numbers 1 to 30). This local coordinate system has the local 1
and 2 axes rotated by 30° about the 3 (Z) axis. The local system is first applied
to all thirty joints, then removed from the inner 3 x 4 array of joints:

LOCAL
ADD=1,5,1,26,5 ANG=30
REM=7,9,1,22,5

Alternatively, the same result could be obtained by specifying each edge sepa-
rately as:

LOCAL

ADD=1,5,1 ANG=30
ADD=1,26,5 ANG=30
ADD=26,30,1 ANG=30
ADD=5,30,5 ANG=30

LOCAL Data Block 45
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Description of Variables

Variable Note

Default

Coordinate System Data Line

Csys 1, 3)
axdir 1, 3)
pldirp, 1, 3)
pldirs

local Q)

Add Data Line
jo, j1, jil... 1,2

LOCAL Data Block

[pv(0)]

][IOV(+Z)

[pV(+X,
+Y)]

[pv(31)

Description

Fixed coordinate system used to define
coordinate directionaxdir, pldirp , and
pldirs:

=0: Global coordinate system

#0: Alternate coordinate system label

Axial coordinate direction, taken at the joint in
fixed coordinate systemsys used to
determine the axis reference vector. May be
one oftX, =Y, +Z, +CR,+CA, +CZ, +SB,

+SA, or£SR. The sign is required

Primary and secondary coordinate directions,
taken at the joint in fixed coordinate system
csys used to determine the plane reference
vector. Each may be one 8X, 1Y, +Z, +CR,
+CA, +CZ, +SB,£SA, ortSR. The sign is
required. If onlypldirp is specifiedpldirs is

set equal teldirp .

Local plane (and axis) parallel to the reference
vectors:

=12: Plane 1-2 (axis 1)

=13: Plane 1-3 (axis 1)

= 21: Plane 2-1 (axis 2)

= 23: Plane 2-3 (axis 2)

= 31: Plane 3-1 (axis 3)

= 32: Plane 3-2 (axis 3)

Labels and label increments for an array of
joints being assigned joint local coordinate
systems
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Variable Note
axveca, (1)
axvecb

plveca, D
plvecb

a, b,c 1)

Remove Data Line

i0, i1, jil...  (1,2)

Notes

Default

[0, 0]

[0, 0]

[0, 0, 0]

Description

Labels of two joints that define the axis
reference vector. Either joint may be zero to
indicate the current joint in the array. If both
are zero, this option is not used

Labels of two joints that define the plane
reference vector. Either joint may be zero to
indicate the current joint in the array. If both
are zero, this option is not used

Angles that the local coordinate system is
rotated first about its 3 axig)( then about its
resulting 2 axislf), and finally about its
resulting 1 axisd) [deg units]

Labels and label increments for an array of
joints being returned to global coordinate
system

1. See Topic “Local Coordinate System” in Chapter “Joints and Degrees of Free-
dom” of theSAP2000 Analysis Reference

2. See Topic “Regular Array Specification” (page 15) in this chapter.

3. The coordinate directionaxdir, pldirp andpldirs are taken in the most re-
cently specified coordinate systersys If csysis zero, the global system is
used. Otherwisesysrefers to an alternate coordinate system defined in the
COORDINATE Data Block (page 32). If ncsysis specified, the global sys-

tem is used.

See Chapter “Coordinate Systems” of 8&P2000 Analysis Reference
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RESTRAINT Data Block

This data block defines all of the joint Restraints that are needed to support the

structure. Restraints only apply to the available degrees of freedom, as specified in
the SYSTEM Data Block (page 28). Unavailable degrees of freedom are automati-

cally restrained. Displacements of the Restraints (e.g., support settlement) may be
specified in the LOAD Data Block (page 134).

This data block is mandatory unless the model is adequately supported by springs.
Prepare data according to the format described below.

For More Information

See Topics “Restraints and Reactions” and “Degrees of Freedom” in Chapter
“Joints and Degrees of Freedom” of h&P2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

RESTRAINT Separator
ADD= Add Data Lines
REM= Remove Data Lines

Begin the data block with tiRESTRAINT separator.

Follow this with as many Add and Remove data lines as necessary to define all of
the Restraints. The datais processed in the order it is supplied in the input data file.

EachAdd data line adds Restraints to selected degrees of freedom for an array of
one or more joints. EacRemove data lineremoves Restraints from selected de-
grees of freedom for an array of one or more joints.

48 RESTRAINT Data Block
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Data Line Formats

Add Data Line

ADD=)0, j1, ji1... DOF=dofs

Remove Data Line

REM=0, j1, jil... DOF=dofs

Examples

(1) Arectangular plate in the X-Y plane is simply supported on all four sides. The

Z displacement and the rotation about the axis normal to each edge is re-
strained. The corner joints, being included in the two adjacent edges, thus have
both rotations restrained. All joints are in the global coordinate system.

RESTRAINT
ADD=1, 5,1 DOF=U3,R2
ADD=21,25,1 DOF=U3,R2
ADD=1,21,5 DOF=U3,R1
ADD= 5,25,5 DOF=U3,R1

(2) Another rectangular plate in the X-Y plane is fully clamped on all four sides.

First the Z displacement and both rotations are fixed at all joints in the plate,
then these degrees of freedom are released for the interior joints. This method
permits a simpler specification. All joints are in the global coordinate system.
RESTRAINT

ADD=1,5,1,21,5 DOF=UZ,RX,RY

REM=7,9,1,17,5 DOF=UZ,RX,RY

For both examples, either local or global degree-of-freedom specifications may
be used since all joints are in the global coordinate system.
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Description of Variables

Variable Note Default Description

Add and Remove Data Lines

jo, j1, jil... Q) Labels and label increments for an array of

joints having restraints added or removed

dofs (2) [ALL] List of degrees of freedom at the joints having

Notes
1.
2.

restraints added or removed. May be ALL,; or
any number of U1, U2, U3, R1, R2 and R3; or
any number of UX, UY, UZ, RX, RY and RZ

See Topic “Regular Array Specification” (page 15) in this chapter.

dofsis a list of one or more local or global degrees of freedom that are to have
restraints added to (restrained) or removed from (unrestrained) each joint in the
array. Local and global degrees of freedom may not be mixed on a single data
line. Specifying ALL is the same as listing all fixal degrees of freedom.

Restraints are always applied to local degrees of freedom. If global degrees of
freedom are specified, the restraints are added to or removed from the parallel
local degrees of freedom at each joint. If no local degree of freedom can be
found at a particular joint that is parallel to a listed global degree of freedom, no
corresponding restraint is added or removed.

Each available degree of freedom at each joint in the structure must be either re-
strained or unrestrained. Initially all available degrees of freedom are unre-
strained. The data lines are processed in the order that they are given. Repeated
joint degree-of-freedom specifications are allowed; the last specification (Add
or Remove) will govern.

See Topic “Restraints and Reactions” in Chapter “Joints and Degrees of Free-
dom” of theSAP2000 Analysis Reference
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CONSTRAINT Data Block

This data block defines the Constraints that are used to enforce certain types of
rigid-body behavior, to connect together different parts of the model, and to impose
certain types of symmetry conditions.

Skip this data block if there are no Constraints to be defined. Otherwise, prepare
data according to the format described below.

For More Information

See Chapter “Constraints and Welds” of 8&2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

CONSTRAINT Separator
CSsYs= Coordinate System Data Lines
NAME= Name Data Lines
ADD= Add Data Lines
REM= Remove Data Lines
GEN= Generate Data Lines
DEL= Delete Data Lines

Begin the data block with tteONSTRAINT separator.

Follow this with as many Coordinate System, Name, Add, Remove, Generate, and
Delete data lines as necessary to define all the Constraints. The data is processed in
the order in which it is given in the data file.

EachCoordinate System data linedefines the fixed coordinate system to be used
by the Constraints defined on subsequent Name data lines. The coordinate system
is in effect until the next Coordinate System data line is encountered.

EachName data linebegins the definition of a new Constraint, and may be fol-
lowed by any number of Add and Remove data lines; at least one Add data line is
required.
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EachAdd or Remove data linelists an array of constrained joints that are to be
added to or removed from the Constraint of the previous Name data line. No Add or
Remove data lines may follow a Generate or Delete data line.

EachGenerate data linegenerates an array of Constraints from a previously de-
fined or generated Constraint. Eadklete data linedeletes an array of unwanted
Constraints.

Data Line Formats

Coordinate System Data Line

CSYS=csys

Name Data Line — Body Constraint

NAME=name TYPE=BODY

Name Data Line — Diaphragm, Plate, Rod, or Beam Constraint

NAME=name TYPE=type AXIS=axis

Name Data Line — Equal Constraint

NAME=name TYPE=EQUAL DOF=dofs

Name Data Line — Local Constraint

NAME=name TYPE=LOCAL DOF4dofs

Add Data Line
ADD=|0, j1, jil...

Remove Data Line

REM=0, j1, jil...

Generate Data Line

GEN=0, i1, iil1... JINCSil...

CONSTRAINT Data Block
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Delete Data Line

DEL=I0, i1, iil...

Examples

(1) Aten-story building has an L-shaped floor plan. Each of the ten floors is to be
modeled as a rigid diaphragm, i.e., no deformation is permitted in the plane of
the floor. A DIAPHRAGM constraint is defined for the first floor, and then
generated to the other nine floors. The joint label increment between floors is
1000. All joints on a given floor lie in the same plane.

CONSTRAINTS
NAME=FLOORO1 TYPE=DIAPH
ADD=1011,1015,1,1041,10
ADD=1051,1059,1,1091,10
GEN=FLOORO01,FLOOR10,1 JINC=1000

(2) Joints 101 to 125 are to be constrained on a one-to-one basis to have the same
deflections as joints 201 to 225, respectively. This could be specified as:

CONSTRAINT
NAME=1 TYPE=BODY
ADD=101,201,100
GEN=1,25,1

This creates 25 separate constraints. Each constraint has a pair of constrained
joints. If the two joints in each constraint pair occupy the same spatial location,
these 25 constraints could alternatively be defined using the WELD Data Block
as:

WELD
NAME=1
ADD=101,125,1
ADD=201,225,1

(3) Astructure is symmetric with respect to the Y-Z plane and is loaded symmetri-
cally; thus the deflections will be symmetric. This symmetry condition can be
imposed with EQUAL constraints, thus halving the number of equations to be
solved:
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CONSTRAINT
NAME=1 TYPE=EQUAL DOF=-UX,UY,UZ,RX,-RY,-RZ
ADD=LEFTO1
ADD=RIGHTO01
GEN=1,25,1

(4) A structure is symmetric with respect to the Y-Z plane and is loadaiym-
metrically, thus the deflections will be antisymmetric. This antisymmetry con-
dition can be imposed with EQUAL constraints, thus halving the number of
equations to be solved:

CONSTRAINT
NAME=1 TYPE=EQUAL DOF=UX,-UY,-UZ,-RX,RY,RZ
ADD=LEFTO1
ADD=RIGHTO1
GEN=1,25,1

Description of Variables

Variable Note Default Description

Coordinate System Data Line

csys (1,4) [pv(0)] Fixed coordinate system used to defixés

andcdofs
=0: Global coordinate system

#0: Alternate coordinate system label
Name Data Line

name 1,2 Label of a Constraint being defined

type 1, 2) Constraint type:
= DIAPH: Rigid Diaphragm
= PLATE: Rigid Plate
=ROD: Rigid Rod
= BEAM: Rigid Beam

o4 CONSTRAINT Data Block
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Variable Note Default Description

axis (1) [0] AXis in coordinate systemsysthat is
perpendicular to the plane of the Diaphragm or
Plate Constraint, or parallel to the axis of the
Rod or Beam Constraint. May be one of 0, X,
Y or Z. If 0, the axis is automatically
determined from the joints

cdofs (1,5) [ALL] List of degrees of freedom, in coordinate
systemcsys for the Equal Constraint. May be
ALL, or any number oftUX, £UY, tUZ,
+RX, +RY, and+RZ; the “+” sign is optional

|dofs (1,5) [ALL] List of degrees of freedom, in each joint local
coordinate system, for the Local Constraint.
May be ALL, or any number afU1, £U2,
+U3, +R1,+R2, andtR3; the “+" sign is
optional

Add and Remove Data Lines

i0,j1,ji1... (1, 3, 6) Labels and label increments for an array of
constrained joints to be added to or removed
from a Constraint

Generate Data Line

i0, i1, iil... 3,7) Labels and label increments for an array of
Constraints to be generated

jil... (3,7) [Jii1..]  Secondary increments for the constrained joint
labels

Delete Data Line

i0,i1,iil...  (3,8) Labels and label increments for an array of
Constraints to be deleted
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Notes
1.
2.

See Chapter “Constraints and Welds” of 822000 Analysis Reference

Each Name data line defines a single Constraint. Constraint labels do not have
to be consecutive and may be supplied in any order. The type of Constraint be-
ing definedmustbe specified on the Name data line.

Constraints may be redefined or regenerated, in which case only the last defini-
tion or generation will be used. The Constraint type may be changed upon re-
definition or regeneration.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. See Topic “Regular Array Specification” (page 15) in this chapter.

. All specifications foraxisandcdofsare taken in the most recently specified co-

ordinate systemasys If csysis zero, the global system is used. Othervdasgs
refers to an Alternate Coordinate System defined in the COORDINATE Data
Block (page 32). If n@sysis specified, the global system is used.

. Specifying ALL is the same as listing all six positive degrees of freedom.

. Each Add and Remove data line specifies an array of one or more constrained

joints to be added to or removed from the Constraint being defined. The addi-

tions and removals are processed in the order that they are given in the data file.
Nonexistent joints may be added or removed; if added, they are retained for

generation purposes, but are ultimately removed by the program after all Con-
straints have been defined. A joint that is added more than once (e.g., in over-
lapping arrays) still counts as a single addition, and can be removed by a single,
subsequent removal.

. Each Generate data line defines an array of Constraints of the same type as the

starting Constraint0, and having the same values as the starting Constraint for
csys axis, cdofs and/ordofs.

Note that the values afsysused by the generated Constraints is that of the
starting ConstraintQ, which is not necessarily the value on the most recent Co-
ordinate System data line.

Each generated Constraint will contain the same number of joints as the start-
ing Constraint, but the joint labels will differ according to the secondary joint
label increments. Even nonexistent joints from Constriirare generated,;
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they are ultimately eliminated by the program after all Constraints have been
defined.

See Topic “Generation” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. Each Delete data line defines an array of one or more elements to be deleted.
Nonexistent elements may be included in the array.

See Topic “Deletion” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference
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This data block defines the Welds that are used to connect together different parts of
the model.

Skip this data block if there are no Welds to be defined. Otherwise, prepare data ac-
cording to the format described below.

For More Information

See Chapter “Constraints and Welds” of 82000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

WELD Separator
NAME= Name Data Lines
ADD= Add Data Lines
REM= Remove Data Lines
GEN= Generate Data Lines
DEL= Delete Data Lines

Begin the data block with th& ELD separator.

Follow this with as many Name, Add, Remove, Generate, and Delete data lines as
necessary to define all the Welds. The data is processed in the order in which it is
given in the data file.

EachName data linebegins the definition of a new Weld, and may be followed by
any number of Add and Remove data lines; at least one Add data line is required.

EachAdd or Remove data linglists an array of joints that are to be added to or re-
moved from the Weld of the previous Name data line. No Add or Remove data lines
may follow a Generate or Delete data line.

EachGenerate data linegenerates an array of Welds from a previously defined or
generated Weld. Eadbelete data linedeletes an array of unwanted Welds.

WELD Data Block
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Data Line Formats

Name Data Line

NAME=name TOL=tol

Add Data Line
ADD=j0, j1, jil...

Remove Data Line

REMS0, j1, jil...

Generate Data Line

GEN=0, i1, ii1... JINCHil...

Delete Data Line

DEL=IO0, i1, iil...

Example

(1) For most structures, a single Weld can be defined that encompasses all joints in
the model. Any two or more joints in the same location will be constrained to-
gether. For example:

WELD
NAME=ALL TOL=0.000001
ADD=*

(2) Suppose that on the first floor of a structure, joints 1001 to 1010 are to be
welded with joints 1101 to 1110, with any other coincident joints to remain un-
connected. Furthermore, similar Welds are needed on the next four floors, and
the joint numbers increment by 1000 from one floor to the next. This could be

specified as:
WELD
NAME=FLOOR1 TOL=0.000001
ADD=1001,1010,1

ADD=1101,1110,1
GEN=FLOOR1,FLOORA4,1 JINC=1000
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Description of Variables

Variable Note Default Description

Name Data Line
name 1,2 Label of a Weld being defined

tol Q) [pv Distance tolerance [L units]

(10°)]
Add and Remove Data Lines

jo, j1,ji1... (1,3,4) Labels and label increments for an array of
joints to be added to or removed from a Weld

Generate Data Line

i0, i1, iil... (3,5) Labels and label increments for an array of
Welds to be generated

jil... (3,5) [ii1..] Secondary increments for the joint labels

Delete Data Line

i0, i1, iil... (3, 6) Labels and label increments for an array of
Welds to be deleted

Notes
1. See Chapter “Constraints and Welds” of 8&2000 Analysis Reference

2. Each Name data line defines a single Weld. Weld labels do not have to be con-
secutive and may be supplied in any order. Constraints may be redefined or re-
generated, in which case only the last definition or generation will be used.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

3. See Topic “Regular Array Specification” (page 15) in this chapter.

4. Each Add and Remove data line specifies an array of one or more joints to be
added to or removed from the Weld being defined. The additions and removals
are processed in the order that they are given in the data file. Nonexistent joints
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may be added or removed,; if added, they are retained for generation purposes,
but are ultimately removed by the program after all Welds have been defined. A
joint that is added to a Weld more than once (e.g., in overlapping arrays) still
counts as a single addition, and can be removed by a single, subsequent re-
moval.

. Each Generate data line defines an array of Welds having the same values as
the starting WeldiQ, for the distance tolerance.

Each generated Weld will contain the same number of joints as the starting
Weld, but the joint labels will differ according to the secondary joint label in-
crements. Even nonexistent joints from Wéddare generated; they are ulti-
mately eliminated by the program after all Welds have been defined.

See Topic “Generation” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. Each Delete data line defines an array of one or more elements to be deleted.
Nonexistent elements may be included in the array.

See Topic “Deletion” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference
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PATTERN Data Block

This data block defines one or more joint Patterns. Each Pattern consists of a set of
numeric values, one for each jointin the structure. These Patterns can be used to as-
sign properties to the joints in the MASS and SPRING Data Blocks (pages 73 and
68, respectively), or to assign loads to the joints and elements in the LOAD Data
Block (page 134).

Skip this data block if there are no Patterns to be defined. Otherwise, prepare data
according to the format described below.

For More Information

See Chapter “Joint Patterns” of t8&P2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

PATTERN Separator

CSYs= Coordinate System Data Lines

NAME= Name Data Lines
CSYs= Coordinate System Data Lines
ADD= Add Data Lines
REM= Remove Data Lines
LMAP= Linear Mapping Data Lines
FMAP= Frontal Mapping Data Lines
EMAP= Edge Mapping Data Lines

Begin the data block with tHrRATTERN separator.

For each Pattern to be defined, prepare a data set beginning with a Name data line,
and followed by as many Coordinate System, Add, Remove, and Mapping data
lines as necessary. Data lines are processed in the order that they are supplied in the
input data file.
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EachName data linebegins the definition of a new Pattern and initializes the Pat-
tern values to zero at every joint in the structure.

EachAdd data line adds specified numeric values to the current Pattern values for
a single joint or an array of joints. Eaétemove data lineresets the Pattern values
to zero for a single joint or an array of joints.

EachMapping data line interpolates or extrapolates Pattern values from some of
the joints to the remaining joints in an array. Mappingasadditive, but overwrites
previous Pattern values. Several types of mapping are provided: Linear Mapping,
Frontal Mapping, and Edge Mapping.

EachCoordinate System data linedefines the fixed coordinate system used to de-
fine the Pattern gradient and zero point on all subsequent Add data lines. This fixed
coordinate system is in effect until the next Coordinate System data line is encoun-
tered. If this data line is omitted, the global coordinate system is assumed (e.qg.,
CSYS=0).

Data Line Formats

Coordinate System Data Line

CSYS=csys

Name Data Line

NAME=name

Add Data Line — Value for a Single Joint
ADD=j0 V=v0
Add Data Line — Values for a Joint Array

ADD=|0, j1, jil... V=vO0, v1... RATIO=ratiol...

Add Data Line — Gradient (Hydrostatic)

ADD=J0, j1, jil... VX=vx VY=vy VZ=vz X=x Y=y Z=z
SETZERO=setzero
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Remove Data Line — Single Joint
REMS0
Remove Data Line — Joint Array

REM=0, j1, jil...

Linear Mapping Data Line
LMAP=|0, j1, jil... RATIO=ratiol...

Frontal Mapping Data Line
FMAP=0, j1, jil, j2, ji2...

Edge Mapping Data Line
EMAPS|0, j1, jil, j2, ji2...

Examples

(1) Define a Pattern for hydrostatic pressure caused by a fluid with a weight den-
sity of 62.4 Ib/ff, with gravity acting in the —Z direction, and the free surface at
elevation 50 ft:

PATTERN
NAME=HYDRO
ADD=1,10,1,51,10 VZ=-62.4 Z=50 SETZERO=NEG

(2) Define a Pattern that interpolates Pattern values from the corners of a quadrilat-
eral region, but has zero values at four joints in the interior:

PATTERN

NAME=QUAD2
ADD=1 V=0
ADD=10 V=8
ADD=51 V=1
ADD=60 V=6
LMAP=1,10,1,51,10
REM=4,5,1,14,10
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Description of Variables

Variable

Note

Name Data Line

name

Coordinate System Data Line

[pv(0)]

csys

1,2

1, 4)

Add Data Line

...

vO...

ratiol...

VX, VY, VZ

X, Y,z

setzero

(1,3,5)

1,5)
1)

1, 4)

1, 4)

1, 5)

Default

[0]
(1]

[0]

[0]

[NO]

Description

Label of a Pattern being defined

Fixed coordinate system used to define
gradients on subsequent Add data lines:
=0: Global coordinate system

#0: Alternate Coordinate System label

Labels and label increments for a single joint
or an array of joints to which Pattern values
are being added

Pattern values being added to joijitsj1...

For unequal increments in added Pattern
values, ratio of last increment to first
increment along joint array axes 1, 2 and 3,
respectively, up to the dimension of the array

Gradient of Pattern values, in fixed coordinate
systemcsys

Coordinates of any point on the zero-value
surface for Pattern values defined by a
gradient, in fixed coordinate systarsys[L
units]

Key to indicate whether to set to zero any

Pattern values defined by a gradient:

=NEG: Set negative values to zero (e.g.,
hydrostatic pressure)

=POS: Set positive values to zero

=NO: Do not set any values to zero
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66

Variable Note
Remove Data Line

0... (1,3, 6)

Linear Mapping Data Line
jo, j1, jil... 1, 3)

ratiol... Q) [1]

Frontal Mapping Data Line
jo, j1, ji1, (1, 3)
j2,ji2...

Edge Mapping Data Line

i0,j1,jil,  (1,3)
2, ji2...

Notes

Default Description

Labels and label increments for a single joint
or an array of joints at which Pattern values
are being reset to zero

Labels and label increments for an array of
joints having one, two or three dimensions

For non-uniform interpolation, ratio of last
increment to first increment along joint array
axes 1, 2 and 3, respectively, up to the
dimension of the array

Labels and label increments for an array of
joints having two or three dimensions

Labels and label increments for an array of
joints having two or three dimensions

1. See Chapter “Joint Patterns” of t8B&P2000 Analysis Reference

2. Each Name data line begins the definition of a new Pattern. Pattern labels do
not have to be consecutive and may be supplied in any order. Pattern labels may
not be repeated in the data block.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

3. See Topic “Regular Array Specification” (page 15) in this chapter.

4. Pattern-value gradients and zero-surface coordinates are taken in the most re-
cently specified coordinate systerays If csysis zero, the global system is
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used. Otherwisesysrefers to an Alternate Coordinate System defined in the
COORDINATE Data Block (page 32). If ncsysis specified, the global sys-
tem is used.

. Each Add data line may refer to a single joifd, or to an array of jointg0, j1,
jil... having one, two or three dimensions.

When a constant value is being added to an array of joints, it is not necessary to
repeat that value on the data line; e.g., for a two-dimensional array of joints,
specifying V=10 is the same as specifying V=10,10,10.

The parametesetzeroonly affects Pattern-values defined by a gradient on the
current data line. It does not affect the previous values that are present at any
joint to which Pattern values are being added.

. Each Remove data line may refer to a single jghtor to an array of joint§0,
j1, jil... having one, two or three dimensions.
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SPRING Data Block

68

This data block defines all of the joint springs that support the structure. Displace-
ments at the grounded end of the springs (e.g., support settlement) may be specified
in the LOAD Data Block (page 134).

Skip this data block if there are no joint springs to be defined. Otherwise, prepare
data according to the format described below.

For More Information

See Topic “Springs” in Chapter “Joints and Degrees of Freedom” db&@2000
Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

SPRING Separator
CSYSs= Coordinate System Data Line
ADD= Add Data Lines
REM= Remove Data Lines

Begin the data block with tH8PRING separator.

Follow this with as many Coordinate System, Add and Remove data lines as neces-
sary to define all joint spring supports in the model. The data is processed in the or-
der it is supplied in the input data file.

EachCoordinate System data linedefines the fixed coordinate system used by all
subsequent Add data lines until the next Coordinate System data line is encoun-
tered. This coordinate system does not affect springs specified in joint local coordi-
nate systems. If this data line is omitted, the global coordinate system is assumed
(e.g., CSYS=0).

EachAdd data line adds spring supports to an array of joints. ERemove data
line removesall spring supports from an array of joints.

SPRING Data Block
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Data Line Formats

Coordinate System Data Line

CSYS=sys

Add Data Line— Uncoupled Springs in Fixed Coordinates

ADD=|0, j1,jil... UX=ux UY=uy UZ=uz RX=rx RY=ry RZ=rz
PAT=pat

Add Data Line—Uncoupled Springs in Joint Local Coordinates

ADD=J0, j1, jil... Ul=ul U2=u2 U3=u3 R1=r1 R2=2 R3=3
PAT=pat

Add Data Line— Coupled Springs in Fixed Coordinates

ADD=j0, j1, jil... URXYZ=ux, uxuy, uy, uxuz, uyuz, uz, uxrx, uyrx,
uzrx, rx, Uxry, uyry, uzry, rxry, ry, Uxrz, uyrz, uzrz, rxrz, ryrz, rz
PAT=pat

Add Data Line— Coupled Springs in Joint Local Coordinates

ADD=j0, j1, jil... UR123=ul, ulu2, u2, ulu3, u2u3, u3, ulrl, u2rl, u3rl,
rl, ulr2, u2r2, u3r2, rlr2, r2, ulr3, u2r3, u3r3, rlr3, r2r3, r3 PAT=pat

Remove Data Line

REM=0, j1, jil...

Examples

(1) Aflatplate inthe X-Y plane is supported transversely (in the Z direction) by an
elastic foundation. This can be represented by spring stiffness coefficients that
are proportional to the tributary area surrounding each joint. Thus the ratio of
the spring constants for joint at the corners, on the sides, and in the interior, re-
spectively, is 1:2:4. This can be specified as:
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SPRING
ADD=1, 5,1,21,5 UZ=1
ADD=2, 4,1,22,5 UZ=1
ADD=6,10,1,16,5 UZ=1
ADD=7,9,1,17,5UZzZ=1

(2) Forthe same plate, discrete rotational springs with linearly varying stiffness are
placed along all four edges. The change in stiffness is the same along parallel
edges. A Pattern is defined that interpolates values over the whole plate from
three corner values, then the interior values are set back to zero. The value at

joint 25 will be 0.6.

PATTERN
NAME=SPAT
ADD=1,5,1,21,5V=1,2,5
REM=7,9,1,17,5
SPRING

ADD=1,5,1,21,5 RX=0.1 PAT=SPAT

Description of Variables

Variable Note Default Description

Coordinate System Data Line

csys 3)  [pv(0)]

Add Data Line
jo, j1, jil... (2, 4)

ux, uy, uz (a,4) [0]

ul, u2, u3 (a,4) [0]

rx, ry, rz (a,4) [0]
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Fixed coordinate system for subsequent Add
data lines:

= 0: Global coordinate system

#0: Alternate coordinate system label

Labels and label increments for an array of
one or more joints to which springs are being
added

Uncoupled spring force per unit translation in
fixed coordinate systemsys[F/L units]

Uncoupled spring force per unit translation in
each joint local coordinate system [F/L units]

Uncoupled spring moment per unit rotation in
fixed coordinate systemsys[FL/rad units]
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Variable

r1, r2, r3

uxuy,
uxuz, uyuz

ulu2,
ulu3, u2u3

UXIX, UYrX,
.. uzrz

ulrl, u2rl,
... u3r3

IXry, rxrz,
ryrz

rir2, rir3,
r2r3

pat

Note

1, 4)

(1, 4)

1, 4)

1, 4)

1, 4)

1, 4)

1, 4)

(4, 5)

Remove Data Line

0, i1, jil...

Notes

(2, 6)

Default Description

[0]

[0]

[0]

[0]

[0]

[0]

[0]

Uncoupled spring moment per unit rotation in
each joint local coordinate system [FL/rad
units]

Coupled spring force per unit translation in
fixed coordinate systewmsys[F/L units]

Coupled spring force per unit translation in
each joint local coordinate system [F/L units]

Coupled spring force per unit rotation, or
moment per unit translation, in fixed
coordinate systerosys[F/rad = FL/L units]

Coupled spring force per unit rotation, or
moment per unit translation, in each joint local
coordinate system [F/rad = FL/L units]

Coupled spring moment per unit rotation in
fixed coordinate systewmsys[FL/rad units]

Coupled spring moment per unit rotation in
each joint local coordinate system [FL/rad
units]

Label of a Pattern of scale factors multiplying
spring stiffness coefficients on this data line. If
omitted, a unit scale factor is assumed at every
joint

Labels and label increments for an array of
one or more joints from whicall
previously-added springs are removed

1. See Topic “Springs” in Chapter “Joints and Degrees of Freedom” of the
SAP2000 Analysis Reference

2. See Topic “Regular Array Specification” (page 15) in this chapter.
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3. Translations, rotations, forces and moments for all springs that are specified in
fixed coordinates are taken in the most recent coordinate sysgsapecified.
If csys is “0”, the global system is used. Otherwesysrefers to an alternate
coordinate system defined in the COORDINATE Data Block (page 32). If no
csysis specified, the global system is used.

4. Initially, all spring coefficients at all joints are zero.

Each Add data line may refer to a single jgidtor an array of joint§0, j1, jil...
having one, two or three dimensions. For each joint, the specified spring stiff-
ness coefficients are added to the current values at the joint in the following
manner:

 If a Pattern labepat is given, then all spring stiffness coefficients on the
data line are multiplied by the Pattern value at that joint;

» Spring stiffness coefficients given in joint local coordinates are added di-
rectly to the current values at that joint;

» Spring stiffness coefficients given in fixed coordinates are transformed to
the joint’s local coordinate system and then added to the current values.

5. Patterns can be used to provide scale factors for spring stiffness coefficients
that vary from joint to joint. Each Pattern applies to all spring coefficients on a
given Add data line. If different spring coefficients vary according to different
Patterns, they should be given on separate Add data lines.

6. Each Remove data line may refer to a single j@inbr an array of joint§0, j1,
jil... having one, two or three dimensions. For each joint, the entire 6x6 spring
stiffness matrix is set back to zero, overwriting the effect of any previous Add
data lines.
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MASS Data Block

This data block defines all of the joint masses and mass moments of inertia in the
structure.

Skip this data block if there are no joint masses to be defined. Otherwise, prepare
data according to the format described below.

For More Information
See Topic “Masses” in Chapter “Joints and Degrees of Freedom” GAR2000
Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

MASS Separator
ADD= Add Data Lines
REM= Remove Data Lines

Begin the data block with tHdASS separator.

Follow this with as many Add and Remove data lines as necessary to define all joint
masses and mass moments of inertiain the model. The datais processed in the order
it is supplied in the input data file.

EachAdd data line adds mass values to an array of joints. ERelmove data line
removesall joint mass values from an array of joints (the mass contributed by the
elements is not removed).
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Data Line Formats

Add Data Line—in Global Coordinates

ADD=J0, j1, jil... UX=ux UY=uy UZ=uz RX=rx RY=ry RZ=rz
PAT=pat

Add Data Line—in Joint Local Coordinates

ADD=j0, j1, jil... Ul=ul U2=u2 U3=u3 R1=r1 R2=r2 R3=r3
PAT=pat

Remove Data Line

REM=0, j1, jil...

Example

(1) Twenty-four FRAME elements are used represent the length of a bridge super-
structure running in the global X direction. The torsional mass moment of iner-
tia is considered to be important for this structure. The program automatically
generates translational masses for the FRAME element, but not rotational iner-
tia. The total torsional mass moment of inertia for each elementis 10. Hence the
torsional inertia is given in the MASS Data Block as follows:

MASS
ADD=1,25,1 RX=5
ADD=2,24,1 RX=5
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Description of Variables

Variable

Add Data Line

0, i1, jil...

ux, uy, uz

ul, u2, u3

X, ry, rz

rl, r2, r3

pat

Note

(2,3)

(1,3)

1. 3)

1,3)

(1,3)

(3.4)

Remove Data Line

0, j1, jil...

(2, 9)

Default Description

[0]

[0]

[0]

Labels and label increments for an array of
one or more joints to which mass values are
being added

Translational mass in the global coordinate
system [M units]

Translational mass in each joint local
coordinate system [M units]

Rotational mass moment of inertia in the
global coordinate system [I\/?Lunits]

Rotational mass moment of inertia in each
joint local coordinate system [I\/?Lunits]

Label of a Pattern of scale factors multiplying
mass values on this data line. If omitted, a unit
scale factor is assumed at every joint

Labels and label increments for an array of
one or more joints from whicall
previously-added joint mass values are
removed
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Notes
1.

See Topic “Masses” in Chapter “Joints and Degrees of Freedom” of the
SAP2000 Analysis Reference

. See Topic “Regular Array Specification” (page 15) in this chapter.

. Initially, all joint mass values at all joints are zero.

Each Add data line may refer to a single jgibtor an array of joint§0, j1, jil...
having one, two or three dimensions. For each joint, the specified mass values
are added to the current values at the joint in the following manner:

 If a Pattern labegbat is given, then all mass values on the data line are mul-
tiplied by the Pattern value at that joint;

e Mass values given in joint local coordinates are added directly to the cur-
rent values at that joint;

» Mass values given in global coordinates are transformed to the joint’s local
coordinate system and then added to the current values; any coupling terms
that may be generated are discarded.

Mass values must be in consistent mass units (W/g) and mass moments of iner-
tia must be in WE/g units. Here W is weight, L is length, and g is the accelera-
tion due to gravity.

. Patterns can be used to provide scale factors for mass values that vary from

jointto joint. Each Pattern applies to all mass values on a given Add data line. If
different mass values vary according to different Patterns, they should be given
on separate Add data lines.

. Each Remove data line may refer to a single jgnbr an array of joint§0, j1,

jil... having one, two or three dimensions. For each joint, all six mass values
are set back to zero, overwriting the effect of any previous Add data lines. This,
however, only affects mass values defined in this data block, not the masses ob-
tained from the elements.
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MATERIAL Data Block

This data block defines the Material properties used by the Frame, Shell, Plane,
Asolid and Solid elements. A given material defined in this data block may be used
by more than one element type. For the Frame and Shell elements, the Materials are
referenced indirectly through the FRAME SECTION and SHELL SECTION Data
Blocks (pages 81 and 87, respectively).

This data block is mandatory if there are any Frame, Shell, Plane, Asolid, or Solid
elements in the structure. Prepare data according to the format described below.

For More Information

See Chapter “Material Properties” of t8B&P2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

MATERIAL Separator
NAME= Name Data Lines
E= Property Data Lines

Begin the data block with tHdATERIAL separator .

Follow this with as many Name and Property data lines as necessary to define all
the Materials.

EachName data linebegins the definition of a new Material and defines the type of
material and the temperature-independent properties.

EachProperty data line specifies temperature-dependent material properties at a
fixed material temperature. Only one of these data lines is needed in the case where
properties are assumed not to vary with temperature.

MATERIAL Data Block 7
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Data Line Formats

Name Data Line

NAME=name TYPE=type IDES=des M=m W=w

Property Data Line — Isotropic Material

T=t E=el U=ul2 A=al

Property Data Line — Orthotropic Material
T=t E=el, e2, e3G=g12, g13, g23U=ul2, ul3, u23A=al, a2, a3

Property Data Line — Anisotropic Material

T=t E=el, e2, e3G=g12, g13, g23U=ul2, ul3, u23, ul4, u24, u34, ulb,
u25, u35, u45, ul6, u26, u36, ud6, usk=al, a2, a3, al2, al3, a23

Example

(1) Two temperature-independent Materials are defined, one isotropic and the
other orthotropic:

MATERIAL
NAME=STEEL TYPE=ISO M=0.49/1728/386.4 W=0.49/1728
IDES=S
E=29500 U=0.3 A=6.5E-6
NAME=GRATE TYPE=ORTHO M=0.05/1728/386.4 W=0.05/1728
E=3000,1000,100 U=0,0,0 G=50,1500,500
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Description of Variables

Variable Note Default Description

Name Data Line

name 1,2

type (1,3) [ISO]

ides @ [N]
(1,4) [0

w a,4) [0]

Property Data Line
t (1,4,5) [0]

el,e2,e3 (1,3,4) [0O]

012,913, (1,3,4) [0]
g23

ul2, uls, (1,3) [0]
u23

uld,u24..., (1,3) [0]
us6

al,a2,a3 (1,3,4) [0]

Label of a material being defined

Type of Material:
=S0O: Isotropic

= ORTHO: Orthotropic
= ANISO: Anisotropic

Design-type indicator:
=S: Steel

= C: Concrete

= N: Neither (no design)

Mass per unit volume [Mﬁ_units]

Weight per unit volume [Fﬁ_units]

Material temperature associated with
properties specified on this data line [K units]

Moduli of elasticity in the Material 1, 2, and 3
directions, respectively. Must be positive
[F/L2 units]

Shear moduli in the Material 1-2, 1-3, and 2-3
planes, respectively. Must be positive [%/L
units]

Standard Poisson’s ratios
Shear and coupling Poisson’s ratios

Coefficients of thermal expansion in the
Material 1, 2, and 3 directions, respectively
[1/K units]
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Variable Note Default Description
al2, al3, (1,3,4) [0] Coefficients of thermal shear in the Material
a23 1-2, 1-3, and 2-3 planes, respectively [1/K
units]
Notes

1. See Chapter “Material Properties” of tBAP2000 Analysis Reference

2. Each Name data line defines a new Material. Material labels do not have to be
consecutive and may be supplied in any order. Material labels may not be re-
peated in the data block.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

3. The format of the Property data line differs according to whether the Material is
Isotropic, Orthotropic, or Anisotropic.

4. All properties must be given in force, length, mass, and/or temperature units
that are consistent with the rest of the data file

5. The values of temperatute®n consecutive Property data lines for any particu-
lar Material must be in numerically ascending order. Only a single data line is
needed, at an arbitrary temperature, if the properties are not actually tempera-
ture dependent.
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FRAME SECTION Data Block

This data block defines the Frame Section properties associated with the three-
dimensional Frame elements that are present in the structure. For each Section that
is defined, various geometric properties are specified, and a Material is selected
from the MATERIAL Data Block (page 77). Any Section defined in this data block
may be assigned to one or more elements defined in the FRAME Data Block (page
96).

Skip this data block if there are no Frame elements in the model. Otherwise, prepare
data according to the format described below.

For More Information
See Topic “Section Properties” in Chapter “The Frame Element” oSthE2000
Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

FRAME SECTION Separator
FILE= File Data Lines
NAME= Name Data Lines
SEC= Additional Segment Data Lines

Begin the data block with ttfERAME SECTION separator.

Follow this with as many File and Name data lines as necessary to define all of the
Sections used by the Frame elements.

EachFile data line defines the name of a Section property database file that may be
used by subsequent Name data lines to extract geometric section properties. This
database file will be used until the next File data line is encountered.

EachName data linedefines all of the properties for a single prismatic Section, or
for the first segment of a non-prismatic Section. For non-prismatic Sections, the
Name data line may be followed by zero or more Additional Segment data lines.
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Data Line Formats

File Data Line

FILE=filename

Name Data Line— Prismatic Section
The general format is as follows:

NAME=name TYPE=PRISM MAT=mat A=a J5 1=i33, i22 AS=as2,
as3 MPL=mpl WPL=wpl SH=sh T=...

The specific form of the entry “T=" depends on the value of the shape tgbeas
follows. Note that the entry “T=." is not permitted for the General section or the
Database section:

Name Data Line—Prismatic Rectangular Section

NAME=name TYPE=PRISM ... SH=R T3, t2

Name Data Line—Prismatic Pipe Section

NAME=name TYPE=PRISM ... SH=P T3, tw

Name Data Line— Prismatic Solid Circular Section

NAME=name TYPE=PRISM ... SH=P T3

Name Data Line— Prismatic Box Section

NAME=name TYPE=PRISM ... SH=B T, t2, tf, tw

Name Data Line— Prismatic I-Section

NAME=name TYPE=PRISM ... SH=I T8, t2t, tft, tw, t2b, tfb

Name Data Line— Prismatic Channel Section

NAME=name TYPE=PRISM ... SH=C T3, t2, tf, tw

Name Data Line— Prismatic T-Section

NAME=name TYPE=PRISM ... SH=T T8, t2, tf, tw
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Name Data Line—Prismatic Angle Section

NAME=name TYPE=PRISM ... SH=L T3, t2, tf, tw

Name Data Line—Prismatic Double-Angle Section

NAME=name TYPE=PRISM ... SH=2L T8, t2, tf, tw, dis

Name Data Line— Prismatic General Section

NAME=name TYPE=PRISM ... SH=G

Name Data Line— Prismatic Database Section

NAME=name TYPE=PRISM ... SHsh

Name Data Line—Non-prismatic Section, Variable Length Segment

NAME=name TYPE=NONPR SECseci, secjEIVAR=eivar33, eivar22
V0L=vl

Name Data Line—Non-prismatic Section, Fixed Length Segment

NAME=name TYPE=NONPR SECseci, secjEIVAR=eivar33, eivar22
L=l

Additional Segment Data Line—Non-prismatic Section, Variable Length
Segment

SECs=seci, secjEIVAR=eivar33, eivar22 VL=Vl

Additional Segment Data Line—Non-prismatic Section, Fixed Length
Segment

SECs=seci, secjEIVAR=eivar33, eivar22 L=I

FRAME SECTION Data Block 83

91



SAP2000 Input File Format

84

Description of Variables

Variable Note Default Description

File Data Line

filename 1, 3) Name of a Section Property database file

Name Data Line

name 1, 2) Label of a Section being defined

Name Data Line— Prismatic Section
mat 1,4) [pv] Label of a Material assigned to this Section

sh Q) [G] Shape type:
= G: General section
= R: Rectangular section
= P: Pipe section or Solid circular section
= B: Box section
=1. l-section
= C: Channel section
=T: T-section
=L: Angle section
= 2L: Double-angle section
Otherwise: Shape name in the database file

t3 Q) Section depth in 2 direction [L units]

t2 (1) Section width in 3 direction [L units]

tf Q) Flange thickness in 2 direction [L units]

tw 1) Web thickness in 3 direction, or wall thickness

for Pipe sectiont(v=0 or omitted for a Solid
circular section) [L units]

dis Q) Spacing between angles in Double-angle
section [L units]

t2t Q) Top flange width in 3 direction for I-section
[L units]

FRAME SECTION Data Block

92



Chapter Il The Input Data File

Variable Note Default Description

t2b (1) [tz Bottom flange width in 3 direction for
I-section [L units]

tft D Top flange thickness in 2 direction for
I-section [L units]

tfb (2) [tft] Bottom flange thickness in 2 direction for
I-section [L units]

a 1,5) Cross-section (axial) areaz[lmits]

i 1,5 Torsional constant fLunits]

i33 1,5) Moment of inertia about 3 axis“[hnits]

i22 (1, 5) Moment of inertia about 2 axis”‘[hnits]

as2 1,5) Shear area in 2 directionz[Units]

as3 1,5) Shear area in 3 directionZ[Units]

mpl (2) [0] Additional mass per unit length [M/L units]

wpl D [0] Additional weight per unit length [F/L units]

Name and Additional Segment Data Lines Non-prismatic Section

Seci (1, 6) Label of prismatic starting Section
secj (1,6) [sec] Label of prismatic ending Section
eivar33 (0} [pv(2)] Variation ofi33 [¢1 along the segment:
=1: Linear
=2: Parabolic
=3: Cubic
eivar22 D) [pv(1)] Variation ofi22 [¢1 along the segment:
=1: Linear
= 2: Parabolic
=3: Cubic
vl @, 7) [1] Variable segment lengtht > 0
I @,7 Fixed segment length [L units]
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Notes
1.

See Topic “Section Properties” in Chapter “The Frame Element” of the
SAP2000 Analysis Reference

. Each Name data line defines a new Section. Section labels do not have to be

consecutive and may be supplied in any order. Section labels may not be re-
peated in the data block.

If the type is omitted, then a prismatic Section (TYPE=PRISM) is assumed.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. Each File data line specifies the Section property database file, filename, to be

used by all subsequent Name data lines until the next File data line is encoun-
tered. If no File data line is given, the SAP2000 database file SECTIONS.PRO
is used. The filename must be a standard Windows filename including exten-
sion; drive and directory names are not permitted.

. The labelmat refers to a Material defined in the MATERIAL Data Block (page

77). A Material must be specified for the first Name data line.

. The defaults fog, |, 133, 122, as2 andas3are zero ish=G. The defaults are the

values recovered for database shapes, or the values automatically calculated
from the Section dimensions for other shape types. If an explicit valus jor

133, 122, as2or as3is provided in the latter two cases, it overwrites the corre-
sponding recovered or calculated property value.

. Each non-prismatic Section may have one or more segments. For a Section

with a single segment, only the Name data line is required. Use Additional Seg-
ment data lines if the Section has more that one segment.

The labelseciandsecjrefer to prismatic Sections that were previously defined
in this data block. I6eciandsecjare the same, onkecineed be specified.

. For each segment, you may specify either a fixed length or a variable length,

but not both. If neither is specified, the defaulilis 1.

FRAME SECTION Data Block
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SHELL SECTION Data Block

This data block defines the Shell Section properties associated with the Shell ele-
ments that are present in the structure. For each Section that is defined, the thick-
ness and type of behavior are specified, and a Material is selected from the MATE-
RIAL Data Block (page 77). Any Section defined in this data block may be as-
signed to one or more elements defined in the SHELL Data Block (page 101).

Skip this data block if there are no Shell elements in the model. Otherwise, prepare
data according to the format described below.

For More Information

See Topic “Section Properties” in Chapter “The Shell Element” ofSA&2000
Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

SHELL SECTION Separator
NAME= Name Data Lines

Begin the data block with tHeHELL SECTION separator.

Follow this with as many Name data lines as necessary to define all of the Sections
used by the Shell elements. Ed¢ame data linedefines all the properties for a sin-
gle Shell Section.
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Data Line Format

Name Data Line

NAME=name TYPE=type, thicktype MAT=mat MATANG=a TH=th
THB=thb

Description of Variables

Variable Note Default Description

Name Data Line

type @,2) [pv( Element type:
SHELL =SHELL: Shell (Membrane plus Plate)
)] = MEMBR: Membrane behavior only

= PLATE: Plate-bending behavior only

thicktype 1,2) [pv( Thickness formulation type:
THICK = THICK: Include transverse shearing
) deformations
=THIN:  Neglect transverse shearing
deformations

mat (a,3) [pv] Label of Material for element
a Q) [pv(0)] Material angle [deg units]
th Q) [pv(1)] Thickness used for membrane behavior,

self-weight, and mass [L units]

thb (1)  [pv(th)] Thickness used for plate-bending behavior.
The default value is reset tio wheneveth is
specified [L units]

Notes

1. See Topic “Section Properties” in Chapter “The Shell Element” of the
SAP2000 Analysis Reference
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2. Each Name data line defines a new Section. Section labels do not have to be
consecutive and may be supplied in any order. Section labels may not be re-
peated in the data block.

If the types are omitted, the previous values (or SHELL and THICK) are as-
sumed.

3. The labemat refers to a Material defined in the MATERIAL Data Block (page
77). A Material must be specified for the first Name data line.
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NLPROP Data Block

This data block defines the structural properties associated with the Nllink elements
that are present in the structure. For each Nlprop that is defined, various linear and
nonlinear force-deformation relationships are specified. Any Nlprop defined in this
data block may be referenced by one or more elements defined in the NLLINK Data
Block (page 120).

Skip this data block if there are no Nllink elements in the model. Otherwise, prepare
data according to the format described below.

For More Information
See Topic “Nlprop Properties” in Chapter “The Nllink Element” of tB&P2000
Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

NLPROP Separator
NAME= Name Data Lines
DOF= Property Data Lines

Begin the data block with tHéLPROP separator.

Follow this with as many Name and Property data lines as necessary to define all of
the Nlprops used by the Nllink elements.

EachName data linebegins the definition of a new Nlprop and defines the type of
nonlinear property and the mass and weight. It may be followed by up to six Prop-
erty data lines

EachProperty data line specifies the effective stiffness, the effective damping,
and the nonlinear force-deformation relationship for one of the six internal defor-
mations. Data lines are not needed for internal deformations having zero properties.
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Data Line Formats

Name Data Line

NAME=name TYPE=type M=m MR1=mrl MR2=mr2 MR3=mr3
W=w

Property Data Line—Linear Property for Non-shear Deformations

DOF=dofl KE=ke CE=ce

Property Data Line—Linear Property for Shear Deformations

DOF=dof2 KE=ke CE=ce DJ=]

Property Data Line—Damper Property for Non-shear Deformations

DOF=dofl KE=ke CE=ce K=k C=c CEXP=cexp

Property Data Line—Damper Property for Shear Deformations

DOF=dof2 KE=ke CE=ce K=k C=c CEXP=cexp DJ=d]

Property Data Line—Gap and Hook Properties for Non-shear Deformations

DOF=dofl KE=ke CE=ce K=k OPEN-=open

Property Data Line—Gap and Hook Properties for Shear Deformations

DOF=dof2 KE=ke CE=ce K=k OPEN=open DJ=]

Property Data Line—Plasticl Property for Non-shear Deformations

DOF=dofl KE=ke CE=ce K=k YIELD=yield RATIO=ratio EXP=exp

Property Data Line—Plasticl Property for Shear Deformations

DOF=dof2 KE=ke CE=ce K=k YIELD=yield RATIO=ratio EXP=exp
DJ=d;

Property Data Line—Isolatorl Property for Non-shear Deformations

DOF=dofl KE=ke CE=ce
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Property Data Line—Isolatorl Property for Shear Deformations

DOF=dof2 KE=ke CE=ce K=k YIELD=yield RATIO=ratio DJ=d]

Property Data Line—Isolator2 Property for Axial Deformations

DOF=Ul KE=*e CE=ce K=k

Property Data Line—Isolator2 Property for Rotational Deformations

DOF=dofl KE=ke CE=ce

Property Data Line—Isolator2 Property for Shear Deformations

DOF=dof3 KE=ke CE=ce K=k FRICT=slow, fast RATE=rate
RADIUS=radius DJ=d]

Description of Variables

Variable Note Default Description

Name Data Line

name 1, 2) Label of an NIprop being defined

type 1, 3) Type of nonlinear behavior:
= Damper: Nonlinear viscous damper
= Gap: No positive force or moment
= Hook: No negative force or moment

= Plasticl: Uniaxial plasticity
= Isolatorl: Biaxial shear plasticity
= Isolator2: Biaxial shear friction-pendulum

m Q) [0] Total mass of element [M units]
mrl, mr2, (1) [0] Total element rotational mass moments of
mr3 inertia about the element local 1, 2, and 3

axes, respectively [I\/ﬁ.units]

w Q) [0] Total weight of element [F units]
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Variable Note Default

Property Data Line

dofl Q)

dof2 (1)

dof3 (1)

ke (1,8)

ce 1 [
k 1,8)

dj 1) [

Description

Non-shear deformation:

=Ul: Axial

=R1: Torsion

=R2: Pure-bending in 1-3 plane
= R3: Pure-bending in 1-2 plane

Shear deformation:
=U2: Shearin 1-2 plane
=U3: Shearin 1-3 plane

Non-shear deformation:

=R1: Torsion

= R2: Pure-bending in 1-3 plane
= R3: Pure-bending in 1-2 plane

Linear effective stiffness for linear degress of
freedom and for linear analyses of nonlinear
degrees of freedonRequiredon all Property
data lineske = 0 [F/L or FL/rad units]

Linear effective-damping coefficient for linear
analysesee =0 [FT/L or FLT/rad units]

Stiffness for nonlinear force-deformation
relationship Requiredon all nonlinear
Property data linesNot permittecbn linear
Property data linek > 0[F/L or FL/rad units]

Distance from joinj to shear springlj=0[L
units]

Property Data Line — Nonlinear Damper Property

c (1,4

cexp 1 [l

Nonlinear damping coefficiert>0[
F(T /L)*“*? orFL(T / rad) “*®? units]

Nonlinear damping exponemrexp >0
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Variable Note Default Description
Property Data Line — Nonlinear Gap and Hook Properties

open (1, 5) Initial gap or hook openingpen =0 [L units]

Property Data Line — Plasticl and Isolatorl Properties

yield (1, 6) Yield force or momenyield >0 [F or FL
units]
ratio Q) [0] Ratio of post-yield stiffness to elastic stiffness

(k): 0 < ratio<1

Property Data Line — Plasticl Property

exp 1) [2] Yielding exponentexp =1

Property Data Line — Isolator2 Property

slow @, 7 Friction coefficient at zero velocitglow >0
fast (1,7) [slow] Friction coefficient at fast velocityfast >0
rate Q) [0] Inverse of the characteristic sliding velocity:

rate = 0[T/L units]

radius (1) [0] Radius of sliding contact surfaces [L units]:
= 0:Flat, infinite radius
> 0:Curved, finite radius

Notes

1. See Topic “Nlprop Properties” in Chapter “The Nllink Element” of the
SAP2000 Analysis Reference

2. Each Name data line defines a new Nlprop. Nlprop labels do not have to be con-
secutive and may be supplied in any order. Nlprop labels may not be repeated in
the data block.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference
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. The type of Nlprop must be specified on the Name data line. If strictly linear
behavior is desired, any type may be specified and all corresponding nonlinear
parameters omitted from the Property data lines.

. There is no default value far If present, damping behavior is modeled for the
specified deformation during nonlinear time-history analysis. If absent, a linear
spring of stiffnes&e is assumed.

. There is no default value fapen If present, Gap or Hook behavior is modeled
for the specified deformation during nonlinear time-history analysis. If absent,
a linear spring of stiffnedee is assumed.

. There is no default value fgield. If present, plasticity behavior is modeled for
the specified deformation during nonlinear time-history analysis. If absent, a
linear spring of stiffneske is assumed.

. There is no default value fatow. If present, frictional behavior is modeled for
the specified deformation during nonlinear time-history analysisloiv and
radius are both absent, a linear spring of stiffnéssis assumed. Onlglow
need be specified if the friction coefficient is independent of velocity.

. Linear effective stiffneske mustalwaysbe specified, even if zero. For linear
degrees of freedom, onke, ce, anddj (for shear deformations) may be speci-
fied.

Stiffnessk is only used for nonlinear deformational degrees of freedom and
then only during nonlinear time-history analysis. Stiffnessiustalwaysbe
specified for nonlinear degrees of freedarayerfor linear degrees of freedom.
Note that DOF=UL1 for the Isolator2 property is always nonlinear.
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This data block defines all of the general three-dimensional Frame elements that
exist in the model. All elements defined in this data block reference Frame Sections
defined in the FRAME SECTION Data Block (page 81).

Skip this data block if there are no Frame elements to be defined. Otherwise, pre-
pare data according to the format described below.

For More Information

See Chapter “The Frame Element” of 8®P2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

FRAME Separator
CSYs= Coordinate System Data Lines
e J= Definition Data Lines
GEN= Generation Data Lines
DEL= Delete Data Lines

Begin the data block with tHteRAME separator.

Follow this with as many Coordinate System, Definition, Generate and Delete data
lines as necessary to define all of the Frame elements in the model. The data is proc-
essed in the order it is supplied in the input data file.

EachCoordinate System data linedefines the fixed coordinate system and the co-
ordinate directions used by all subsequent Definition data lines for the purpose of
defining the element local coordinate systems. The coordinate system and direc-
tions are in effect until the next Coordinate System data line is encountered.

EachDefinition data line defines a new element. EaGenerate data linegener-
ates an array of elements from a previously defined or generated elemenDé&ach
lete data linedeletes an array of unwanted elements.

FRAME Data Block
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Data Line Formats

Coordinate System Data Line

CSYS=sys PLDIR=pldirp, pldirs LOCAL=local

Definition Data Line

e J4,] SEC=sec NSEG=seg PLVEC=plveca, plvecb ANG=ang
IOFF=off JOFF5off RIGID=rigid IREL=irels JRELSrels

Generate Data Line

GEN=e0, el, eil..lINC=iil... JINCHi1...

Delete Data Line

DEL=e0, e1, eil...

Description of Variables

Variable Note Default Description

Coordinate System Data Line

csys (1,4) [pv(0)] Fixed coordinate system used to define
coordinate directionpldirp andpldirs:
=0: Global coordinate system
#0: Alternate coordinate system label

pldirp, (1,4) [pv(+Z, Primary and secondary coordinate directions,
pldirs +X)] taken at the element center in fixed coordinate
systemcsys used to determine the reference
vector. Each may be one 8X, =Y, +Z, +CR,
+CA, £CZ, +SB,£SA, ortSR. The sign is
required. If onlypldirp is specifiedpldirs is
set equal tldirp

local D [pv(12) Local plane parallel to the reference vector:
] =12: Plane 1-2
=13: Plane 1-3
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Variable

Note

Definition Data Line

e
[
j
sec

nseg

plveca,
plvecb

ang

ioff

joff

rigid

irels

jrels

Generate Data Line

e0, el, eil...
il...
jil...

FRAME Data Block

(1,2)
(1,5)
(1,5)
(1, 6)
(1)

(1)

(1)

(1)
(1)
(1)
(1)

(1)

3,7)

3.7
3.7

Default

[pv]
[pv(2)]

[0, 0]

[0]

[0]

[0]
[pv(0)]

[i1...]
[eil..]

Description

Label of an element being defined
Label of joint at end |

Label of joint at end J

Label of Frame Section for element

Number of output segments, i.e., the number
of spaces between internal-force output points

Labels of two joints that define the reference
vector. Either joint may be zero to indicate the
element center. If both are zero, this option is
not used

Angle that the local 2 and 3 axes are rotated
about the positive local 1 axis to determine the
local coordinate system [deg units]

End offset length for end | [L units]
End offset length for end J [L units]
Rigid-end factor

List of released degrees of freedom at end |.
May be any number of U1, U2, U3, R1, R2
and R3

List of released degrees of freedom at end J.
May be any number of U1, U2, U3, R1, R2
and R3

Labels and label increments for an array of
elements to be generated

Secondary increments for joints at end |

Secondary increments for joints at end J
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Variable Note Default Description
Delete Data Line

e0, el, eil... (3,8) Labels and label increments for an array of
elements to be deleted

Notes
1. See Chapter “The Frame Element” of 8&P2000 Analysis Reference

2. Each Definition data line defines a single element. Element labels do not have
to be consecutive and may be supplied in any order. Elements may be redefined
or regenerated, in which case only the last definition or generation will be used.

When an element is redefined the previous definition is completely lost; all un-
specified variables use the standard default values, and “previous-value” de-
faults refer to values on the previous Definition data line, not to the previous
values for the element being redefined.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

3. See Topic “Regular Array Specification” (page 15) in this chapter.

4. The coordinate directionpldirp and pldirs are taken in the most recently
specified coordinate systersys If csysis zero, the global system is used. Oth-
erwisecsysrefers to an alternate coordinate system defined in the COORDI-
NATE Data Block (page 32). If nosysis specified, the global system is used.

See Chapter “Coordinate Systems” of 8#®&P2000 Analysis Refererfos the
definition of the various coordinate directions.

5. Jointsi andj must have been defined in the JOINT Data Block (page 37). The
two joints must not share the same location in space.

6. The labekecrefers to a Frame Section defined in the FRAME SECTION Data
Block (page 81). A Section must be specified for the first Definition data line.

7. Each Generate data line defines an array of elements having the same values as
the starting elemengQ, for Frame Section, number of segments, coordinate-
system specifications, end offsets, and end releases. Only thei jaimdpwill
differ according to the secondary joint label increments.
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Note that the values a@ys pldirp , pldirs, andlocal used by the generated ele-
ments are those of the starting eleme®twhich are not necessarily the values

on the most recent Coordinate System data line. The valydsexda plvecb,
andang for the starting element are also used by all generated elements. This
does not mean, however, that all generated elements will have the same local
coordinate system as the starting element, since the axes depend upon the spa-
tial location of the joint$ andj.

See Topic “Generation” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. Each Delete data line defines an array of one or more elements to be deleted.

Nonexistent elements may be included in the array.

See Topic “Deletion” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference
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SHELL Data Block

This data block defines all of the general three-dimensional Shell elements that ex-
ist in the model. Three-dimensional plate-bending or membrane elements are con-
sidered as special cases of this general element. All elements defined in this data
block reference Shell Sections defined in the SHELL SECTION Data Block (page
87).

Skip this data block if there are no Shell elements to be defined. Otherwise, prepare
data according to the format described below.

For More Information

See Chapter “The Shell Element” of t88P2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

SHELL Separator
CSsYs= Coordinate System Data Lines
e J= Definition Data Lines
GEN= Generation Data Lines
DEL= Delete Data Lines

Begin the data block with tfeHELL separator.

Follow this with as many Coordinate System, Definition, Generate and Delete data
lines as necessary to define all of the Shell elements in the model. The data is proc-
essed in the order it is supplied in the input data file.

EachCoordinate System data linedefines the fixed coordinate system and the co-
ordinate directions used by all subsequent Definition data lines for the purpose of
defining the element local coordinate systems. The coordinate system and direc-
tions are in effect until the next Coordinate System data line is encountered.

EachDefinition data line defines a new element. EaGenerate data linegener-
ates an array of elements from a previously defined or generated elemenDé&ach
lete data linedeletes an array of unwanted elements.
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Data Line Formats

Coordinate System Data Line

CSYS=sys PLDIR=pldirp, pldirs LOCAL=local

Definition Data Line — Quadrilateral

e J91, )2, j3, j4 SEC=sec PLVEC=lveca, plvecbh ANG=ang

Definition Data Line — Triangle

e J91, |2, j]3 SEC=sec PLVEC=plveca, plvecb ANG=ang

Generate Data Line

GEN=e0, e1, eil..JINCSHil...

Delete Data Line

DEL=e0, el, eil...

Description of Variables

Variable Note Default Description

Coordinate System Data Line

csys (2,4) [pv(0)] Fixed coordinate system used to define
coordinate directionpldirp andpldirs:
=0: Global coordinate system
#0: Alternate coordinate system label

pldirp, (1,4) [pv(+Z, Primary and secondary coordinate directions,

pldirs +Y)] taken at the element center in fixed coordinate
systemcsys used to determine the reference
vector. Each may be one ®X, Y, +Z, +CR,
+CA, +CZ, +SB,£SA, or£SR. The sign is
required. If onlypldirp is specifiedpldirs is
set equal t@ldirp . Settingpldirp to zero
instead activates the special backward
compatibility option
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Variable Note

local (1)

Definition Data Line

e 1. 2)
11,j2,13,j4  (1,9)
sec (1, 6)
plveca, D)
plvecb

ang 1)

Generate Data Line

e0, el,eil... (3,7)

jid... (3,7)

Delete Data Line

e0, el, eil... (3,8)

Notes

Default Description

[pv(32)

]

[0]

[eil..]

Local plane parallel to the reference vector:
= 31: Plane 3-1
= 32: Plane 3-2

Label of an element being defined
Labels of 3 or 4 joints defining the element
Label of Shell Section for element

Labels of two joints that define the reference
vector. Either joint may be zero to indicate the
element center. If both are zero, this option is
not used

Angle that the local 1 and 2 axes are rotated
about the positive local 3 axis to determine the
local coordinate system [deg units]

Labels and label increments for an array of
elements to be generated

Secondary increments for element joints

Labels and label increments for an array of
elements to be deleted

1. See Chapter “The Shell Element” of tBAP2000 Analysis Reference

2. Each Definition data line defines a single element. Element labels do not have
to be consecutive and may be supplied in any order. Elements may be redefined
orregenerated, in which case only the last definition or generation will be used.
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When an element is redefined the previous definition is completely lost; all un-
specified variables use the standard default values, and “previous-value” de-
faults refer to values on the previous Definition data line, not to the previous
values for the element being redefined.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. See Topic “Regular Array Specification” (page 15) in this chapter.

. The coordinate directiongldirp and pldirs are taken in the most recently

specified coordinate systersys If csysis zero, the global system is used. Oth-
erwisecsysrefers to an alternate coordinate system defined in the COORDI-
NATE Data Block (page 32). If nosysis specified, the global system is used.

See Chapter “Coordinate Systems” of 8#&P2000 Analysis Refererfoe the
definition of the various coordinate directions.

. Jointsj1, j2, j3, andj4 must have been defined in the JOINT Data Block (page

37).

. The labelsecrefers to a Shell Section defined in the SHELL SECTION Data

Block (page 87). A Section must be specified for the first Definition data line.

. Each Generate data line defines an array of elements having the same values as

the starting elementQ, for Shell Section and coordinate-system specifica-
tions. Only the joints will differ according to the secondary joint label incre-
ments.

Note that the values afys pldirp , pldirs, andlocal used by the generated ele-
ments are those of the starting eleme®twhich are not necessarily the values

on the most recent Coordinate System data line. The valyasexa, plvech,
andang for the starting element are also used by all generated elements. This
does not mean, however, that all generated elements will have the same local
coordinate system as the starting element, since the axes depend upon the spa-
tial location of the element joints.

See Topic “Generation” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. Each Delete data line defines an array of one or more elements to be deleted.

Nonexistent elements may be included in the array.

SHELL Data Block

112



Chapter Il The Input Data File

See Topic “Deletion” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference
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This data block defines all of the plane-stress and plane-strain elements that exist in
the model. All elements defined in this data block reference Materials defined in the
MATERIAL Data Block (page 77).

Skip this data block if there are no Plane elements to be defined. Otherwise, prepare
data according to the format described below.

For More Information

See Chapter “The Plane Element” of 8&P2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

PLANE Separator
e J= Definition Data Lines
GEN= Generation Data Lines
DEL= Delete Data Lines

Begin the data block with tHeLANE separator.

Follow this with as many Definition, Generate and Delete data lines as necessary to
define all of the Plane elements in the model. The data is processed in the order it is
supplied in the input data file.

EachDefinition data line defines a new element. EaGenerate data linegener-
ates an array of elements from a previously defined or generated elemenDé&ach
lete data linedeletes an array of unwanted elements.

PLANE Data Block
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Data Line Formats

Definition Data Line — Three-node Triangle

e J51, 3, j7 TYPE=type MAT=mat MATANG=a TH=th

Definition Data Line — Four-Node Quadrilateral

e J51,j3, 7,9 TYPE=ype MAT=mat MATANG=a TH=th

Definition Data Line — Four- to Nine-Node Quadrilateral

e J951, j2, i3, j4, j5, j6, j7, j8, j9 TYPE=type MAT=mat MATANG=a
TH=th

Definition Data Line — Regular Nine-Node Quadrilateral

e J9R51, j2, j4 TYPE=type MAT=mat MATANG=a TH=th

Generate Data Line

GEN=0, €1, eil..JINCHil...

Delete Data Line

DEL=e0, el, eil...
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Variable Note

Definition Data Line

e 1, 2)
ji1L3,j7,19 (1,4
j1,j2,]3, (1,4)
j4,15, 6,

j7,18, ]9

12,4 (1,4)
type 1)
mat (1, 5)
a 1)
th (1)

Generate Data Line

e0, el, eil... (3,6)

jid... (3, 6)

Delete Data Line

e0,el,eil... (3,7)

PLANE Data Block

Description of Variables

Default Description

[pv (
STR-
AIN)]

[pv]
[pv(0)]
[pv(1)]

[eil..]

Label of an element being defined
Labels of all joints for a 3- or 4-node element

Labels of all joints for a 4- to 9-node element

Labels of 3 representative joints for a 9-node
element with regular joint increments

Element type:
= STRAIN: Plane-strain
= STRESS: Plane-stress

Label of Material for element
Material angle [deg units]

Element thickness [L units]

Labels and label increments for an array of
elements to be generated

Secondary increments for element joints

Labels and label increments for an array of
elements to be deleted
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Notes
1. See Chapter “The Plane Element” of 8&P2000 Analysis Reference

2. Each Definition data line defines a single element. Element labels do not have
to be consecutive and may be supplied in any order. Elements may be redefined
orregenerated, in which case only the last definition or generation will be used.

When an element is redefined the previous definition is completely lost; all un-
specified variables use the standard default values, and “previous-value” de-
faults refer to values on the previous Definition data line, not to the previous
values for the element being redefined.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

3. See Topic “Regular Array Specification” (page 15) in this chapter.

4. In general, a Plane element is defined by specifying nine joints using the J9
identifier as:

J9491, j2, i3, j4, 5, j6, j7, ]8, |9

These joints must have been defined in the JOINT Data Block (page 37). The
four corner jointg1, j3, j7 andj9 are mandatory when using the J9 identifier.
The other five joints are optional; a value of zero should be given to indicate an
omitted joint. For example, a four-node quadrilateral may be specified as:

J9s1, 0,3, 0, 0, 047, 0,9

A simplified input option for defining four-node elements is available by using
the Jidentifier in place of J9. By this method a four-node quadrilateral is speci-
fied as:

J51,3,j7, 9

Three-node triangular elementannotbe specified using the J9 option but
must be specified as:

J51, 13, j7

For the best accuracy, the use of the nine-node quadrilateral is recommended.
Full nine-node elements that have regular joint increments in both directions
can be defined easily by using the J9R identifier. By this method a nine-node
element can be defined as:
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JORSL, j2, j4

The remaining joint labels are assumed to be as follows:

j3=j2 +j12
j5=j4+j12
j6=j5+j12
j7=j4+j14
j8=j7 +j12
j9=j8 +j12

wherejl2=j2 —j1 andjl4=j4 —|1.

Only one of the J, J9 or JI9R identifiers may exist on a single Definition data
line.

. The labelmat refers to a Material defined in the MATERIAL Data Block (page

77). The Material must be specified for the first Definition data line.

. Each Generate data line defines an array of elements having the same values as

the starting elemeng0, for element type, material properties, material angle,
and thickness. Only the joints will differ according to the secondary joint label
increments.

See Topic “Generation” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. Each Delete data line defines an array of one or more elements to be deleted.

Nonexistent elements may be included in the array.

See Topic “Deletion” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

PLANE Data Block
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ASOLID Data Block

This data block defines all of the axisymmetric solid elements that exist in the
model. All elements defined in this data block reference Materials defined in the
MATERIAL Data Block (page 77).

Skip this data block if there are no Asolid elements to be defined. Otherwise, pre-
pare data according to the format described below.

For More Information

See Chapter “The Asolid Element” of t8B&AP2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

ASOLID Separator
e J= Definition Data Lines
GEN= Generation Data Lines
DEL= Delete Data Lines

Begin the data block with th®SOLID separator.

Follow this with as many Definition, Generate and Delete data lines as necessary to
define all of the Asolid elements in the model. The data is processed in the orderitis
supplied in the input data file.

EachDefinition data line defines a new element. EaGenerate data linegener-
ates an array of elements from a previously defined or generated elemenDé&ach
lete data linedeletes an array of unwanted elements.
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Data Line Formats

Definition Data Line — Three-node Triangle

e J91,j3,j7 MAT=mat MATANG=a ARC=arc

Definition Data Line — Four-Node Quadrilateral

e J91,j3,j7,j9 MAT=mat MATANG=a ARC=arc

Definition Data Line — Four- to Nine-Node Quadrilateral

e J951, j2, |3, j4, 5, 6, i7, j8, j9 MAT=mat MATANG=a ARC=arc

Definition Data Line — Nine-Node Quadrilateral, Regular Joint Increments

e J9RF1, j2, 4 MAT=mat MATANG=a ARC=arc

Generate Data Line

GEN=e0, e1, eil..JINCSHil...

Delete Data Line

DEL=e0, el, eil...

112 ASOLID Data Block
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Variable Note

Definition Data Line

e 1,2
L3879 (1,4
11, J2, 3, (1, 4)
j4,15, 6,

i7,18, ]9

12,14 (1, 4)
mat 1,5)
a 1)
arc (2)

Generate Data Line

e0, el, eil... (3,6)

jil... (3, 6)

Delete Data Line

e0,el,eil... (3,7)

Description of Variables

Default

[pv]
[pv(0)]
[pv(0)]

[eil..]

Description

Label of an element being defined
Labels of all joints for a 3- or 4-node element

Labels of all joints for a 4- to 9-node element

Labels of 3 representative joints for a 9-node
element with regular joint increments

Label of Material for element
Material angle [deg units]

Element arc. Zero indicates one radian, i.e.,
arc=0 is the same awc=180f1[deg units]

Labels and label increments for an array of
elements to be generated

Secondary increments for element joints

Labels and label increments for an array of
elements to be deleted
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Notes
1.
2.

See Chapter “The Asolid Element” of tBAP2000 Analysis Reference

Each Definition data line defines a single element. Element labels do not have
to be consecutive and may be supplied in any order. Elements may be redefined
or regenerated, in which case only the last definition or generation will be used.

When an element is redefined the previous definition is completely lost; all un-
specified variables use the standard default values, and “previous-value” de-
faults refer to values on the previous Definition data line, not to the previous
values for the element being redefined.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. See Topic “Regular Array Specification” (page 15) in this chapter.

. In general, a Asolid element is defined by specifying nine joints using the J9

identifier as:
J991, j2, 3, j4, |5, j6, 7,8, ]9

These joints must have been defined in the JOINT Data Block (page 37). The
four corner jointgl, j3, j7 andj9 are mandatory when using the J9 identifier.
The other five joints are optional; a value of zero should be given to indicate an
omitted joint. For example, a four-node quadrilateral may be specified as:

J941, 0,j3, 0, 0, 0§7, 0,j9

A simplified input option for defining four-node elements is available by using
the Jidentifier in place of J9. By this method a four-node quadrilateral is speci-
fied as:

J51,j3,j7,]9

Three-node triangular elementannotbe specified using the J9 option but
must be specified as:

J51,J3, j7

For the best accuracy, the use of the nine-node quadrilateral is recommended.
Full nine-node elements that have regular joint increments in both directions
can be defined easily by using the J9R identifier. By this method a nine-node
element can be defined as:
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J9R41, j2, j4
The remaining joint labels are assumed to be as follows:
j3=j2+j12
5=j4+j12
j6=j5+j12
j7=j4+j14
8 =j7+j12
j9=j8+j12
wherejl2=j2 —j1 andj14 =j4 —j1.

Only one of the J, J9 or JI9R identifiers may exist on a single Definition data
line.

. The labelmat refers to a Material defined in the MATERIAL Data Block (page
77). The Material must be specified for the first Definition data line.

. Each Generate data line defines an array of elements having the same values as
the starting elemeng0, for material properties, material angle, and arc. Only
the joints will differ according to the secondary joint label increments.

See Topic “Generation” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. Each Delete data line defines an array of one or more elements to be deleted.
Nonexistent elements may be included in the array.

See Topic “Deletion” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference
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SOLID Data Block
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This data block defines all of the three-dimensional Solid elements that exist in the
model. All elements defined in this data block reference Materials defined in the
MATERIAL Data Block (page 77).

Skip this data block if there are no Solid elements to be defined. Otherwise, prepare
data according to the format described below.

For More Information

See Chapter “The Solid Element” of t88P2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

SOLID Separator
e J= Definition Data Lines
GEN= Generation Data Lines
DEL= Delete Data Lines

Begin the data block with tHeOLID separator.

Follow this with as many Definition, Generate and Delete data lines as necessary to
define all of the Solid elements in the model. The data is processed in the order itis
supplied in the input data file.

EachDefinition data line defines a new element. EaGenerate data linegener-
ates an array of elements from a previously defined or generated elemenDé&ach
lete data linedeletes an array of unwanted elements.

SOLID Data Block
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Data Line Formats

Definition Data Line — General Joint Increments

e J51, j2, i3, j4, 5, 6, j7, j8 MAT=mat MATANG=a, b, ¢ I=i

Definition Data Line — Regular Joint Increments

e JR31,j2,j3,j5 MAT=mat MATANG=a, b, ¢ I=i

Generate Data Line

GEN=e0, el, eil..JINCSHil...
Delete Data Line

DEL=e0, el, eil...

Description of Variables

Variable Note Default Description

Definition Data Line

e (1,2 Label of an element being defined

11,2, 13, 1,4 Labels of all joints for an element

4,15, 6,

j7,18

i1,j2,j3,j5 (1,4) Labels of 4 representative joints for an
element with regular joint increments

mat 1,5 [pv] Label of Material for element

a, b, c D [pv(0)] Material angles [deg units]

i (2) [pv(Y)] Incompatible-mode flag:
=Y: Include incompatible modes
=N: Do not include incompatible modes
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Variable Note
Generate Data Line

e0, el, eil... (3,6)

jid... (3, 6)

Delete Data Line

e0, el, eil... (3,7)

Notes

Default Description

[eil..]

Labels and label increments for an array of
elements to be generated

Secondary increments for element joints

Labels and label increments for an array of
elements to be deleted

1. See Chapter “The Solid Element” of t8&P2000 Analysis Reference

2. Each Definition data line defines a single element. Element labels do not have
to be consecutive and may be supplied in any order. Elements may be redefined
or regenerated, in which case only the last definition or generation will be used.

When an element is redefined the previous definition is completely lost; all un-
specified variables use the standard default values, and “previous-value” de-
faults refer to values on the previous Definition data line, not to the previous
values for the element being redefined.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

3. See Topic “Regular Array Specification” (page 15) in this chapter.

4. In general, a Solid element is defined by specifying all eight joints using the J

identifier as:

J491, )2, 3,j4,5,]6, )7, |8
These joints must have been defined in the JOINT Data Block (page 37).

Elements that have regular joint increments in all three directions can be de-
fined easily by using the JR identifier. By this method an element can be de-
fined as:

JRH1,j2,]3,j5
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The remaining joint labels are assumed to be as follows:
j4=j2 +j13
j6 =j2 +j15
j7=j3 +j15
8 =j4 +j15
wherej13=j3 —j1 andj15=j5 —j1.
Only one of the J or JR identifiers may exist on a single Definition data line.

. The labelmat refers to a Material defined in the MATERIAL Data Block (page
77). The Material must be specified for the first Definition data line.

. Each Generate data line defines an array of elements having the same values as
the starting elemente0, for material properties, material angles, and
incompatible-mode flag. Only the joints will differ according to the secondary
joint label increments.

See Topic “Generation” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. Each Delete data line defines an array of one or more elements to be deleted.
Nonexistent elements may be included in the array.

See Topic “Deletion” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference
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NLLINK Data Block

This data block defines all of the nonlinear Nllink elements that exist in the model.
All elements defined in this data block reference Nlprops defined in the NLPROP
Data Block (page 90).

Skip this data block if there are no Nllink elements to be defined. Otherwise, pre-
pare data according to the format described below.

For More Information

See Chapter “The Nllink Element” of ti8\P2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

NLLINK Separator
CSYs= Coordinate System Data Lines
e J= Definition Data Lines
GEN= Generation Data Lines
DEL= Delete Data Lines

Begin the data block with théLLINK separator .

Follow this with as many Coordinate System, Definition, Generate and Delete data
lines as necessary to define all of the Nllink elements in the model. The data is proc-
essed in the order it is supplied in the input data file.

EachCoordinate System data linedefines the fixed coordinate system and the co-
ordinate directions used by all subsequent Definition data lines for the purpose of
defining the element local coordinate systems. The coordinate system and direc-
tions are in effect until the next Coordinate System data line is encountered.

EachDefinition data line defines a new element. EaGenerate data linegener-
ates an array of elements from a previously defined or generated elemenDé&ach
lete data linedeletes an array of unwanted elements.

120 NLLINK Data Block
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Data Line Formats

Coordinate System Data Line

CSYS=sys AXDIR=axdir PLDIR=pldirp, pldirs LOCAL=local

Definition Data Line — Single-Joint Elements (Grounded Springs)

e J§ NLP=nlp AXVEC=axveca, axvecbPLVEC=lveca, plvech

ANG=ang

Definition Data Line — Two-Joint Elements (Links)

e J4, ] NLP=nlp AXVEC=axveca, axvecbPLVEC=plveca, plvecb

ANG=ang ZERO=zero

Generate Data Line

GEN=0, el, eil..lINC=iil.

Delete Data Line

DEL=e0, el, eil...

Description of Variables

Variable Note Default

Coordinate System Data Line

csys (1,4)  [pv(0)]

axdir 1,4) [pv(+2)
]

.. JINCHjil...

Description

Fixed coordinate system used to define
coordinate directionaxdir, pldirp and
pldirs:

=0: Global coordinate system

#0: Alternate coordinate system label

Axial coordinate direction, taken at the
element center in fixed coordinate system
csys used to determine the axis reference
vector. May be one afX, =Y, +Z, +CR,
+CA, +CZ, +SB,£SA, or+SR. The sign is
required
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Variable Note Default
pldirp, 1,4) [pv(+Z,
pldirs +X)]

local 1) [pv(12)
]

Definition Data Line

e 1, 2)

i (1, 5)

j (1,9)

nip (1,6) [pv]
axveca, Q) [0, O]
axvech

plveca, () [0, O]
plvecb

ang (1) [0l
zero Q) [0.001]

NLLINK Data Block

Description

Primary and secondary coordinate directions,
taken at the element center in fixed coordinate
systemcsys used to determine the plane
reference vector. Each may be oneXf 1Y,
+Z,+CR,+CA, +CZ, +SB, +SA, or+SR. The
sign is required. If onlpldirp is specified,

pldirs is set equal tpldirp

Local plane parallel to the reference vector:
=12: Plane 1-2
=13: Plane 1-3

Label of an element being defined
Label of joint at end | of a two-joint link

Label of joint at end J of a two-joint link, or
the only joint of a one-joint grounded spring

Label of an Nlprop property

Labels of two joints that define the axis
reference vector. Either joint may be zero to
indicate the element center. If both are zero,
this option is not used

Labels of two joints that define the plane
reference vector. Either joint may be zero to
indicate the element center. If both are zero,
this option is not used

Angle that the local 2 and 3 axes are rotated
about the positive local 1 axis to determine the
local coordinate system [deg units]

Length tolerance for determining if two-joint
elements are considered to have zero length [L
units]
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Variable Note
Generate Data Line

e0,el, eil... (3,7)

il... (3, 7)
ji... (3, 7)

Delete Data Line

e0, el, eil... (3,8)

Notes

Default Description

[i1...]
[eil..]

Labels and label increments for an array of
elements to be generated

Secondary increments for joints at end |

Secondary increments for joints at end J

Labels and label increments for an array of
elements to be deleted

1. See Chapter “The Nllink Element” of ti#AP2000 Analysis Reference

2. Each Definition data line defines a single element. Element labels do not have
to be consecutive and may be supplied in any order. Elements may be redefined
orregenerated, in which case only the last definition or generation will be used.

When an element is redefined the previous definition is completely lost; all un-
specified variables use the standard default values, and “previous-value” de-
faults refer to values on the previous Definition data line, not to the previous
values for the element being redefined.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

3. See Topic “Regular Array Specification” (page 15) in this chapter.

4. The coordinate directioraxdir, pldirp , andpldirs are taken in the most re-
cently specified coordinate systerays If csysis zero, the global system is
used. Otherwisesysrefers to an alternate coordinate system defined in the
COORDINATE Data Block (page 32). If ncsysis specified, the global sys-

tem is used.

See Chapter “Coordinate Systems” of 8&P2000 Analysis Reference

5. Jointsi andj must have been defined in the JOINT Data Block (page 37).
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6. Propertynlp must have been defined in the NLPROP Data Block (page 90). A

value fornlp must be specified on the first Definition data line.

See Topic “Nlprop Properties” in Chapter “The Nllink Element” of the
SAP2000 Analysis Reference

. Each Generate data line defines an array of elements having the same values as

the starting elemeng0, for Nlprop properties and coordinate-system specifi-
cations. Only the jointsandj will differ according to the secondary joint label
increments.

Note that the values afsys axdir, pldirp , pldirs, andlocal used by the gener-

ated elements are those of the starting elera@nwhich are not necessarily the
values on the most recent Coordinate System data line. The valagseaifg

axvech plveca plvecb, andang for the starting element are also used by all
generated elements. This does not mean, however, that all generated elements
will have the same local coordinate system as the starting element, since the
axes may depend upon the spatial location of the joartd].

See Topic “Generation” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. Each Delete data line defines an array of one or more elements to be deleted.

Nonexistent elements may be included in the array.

See Topic “Deletion” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

NLLINK Data Block
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MATTEMP Data Block

This data block assigns material temperatures to the elements. These are the tem-
perature at which temperature-dependent material properties are evaluated for the
elements (see the MATERIAL Data Block, page 77). Elements not included in this
data block will be assigned a material temperature of zero.

Skip this data block if all Materials are temperature-independent, or if all element
material temperatures are zero. Otherwise, prepare data according to the format de-
scribed below.

For More Information

See Topic “Element Material Temperature” in Chapter “Material Properties” of the
SAP2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

MATTEMP Separator
ELEM= Element Data Lines
ADD= Add Data Lines
REM= Remove Data Lines

Begin the data block with ttdATTEMP separator .

Follow this with as many Element, Add, and Remove data lines as necessary to de-
fine the material temperatures for all elements in the model. The data is processed
in the order in which it is given in the data file.

EachElement data linedefines the type of element to which subsequent Add and
Remove data lines apply, until the next Element data line is encountered.

EachAdd data line adds specified temperature values to the current material tem-
peratures for a single element or an array of elements. Raatove data linere-
sets the material temperatures to zero for a single element or an array of elements.
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Data Line Formats

Element Data Line

ELEM=elem

Add Data Line
ADD=e0, €1, eil..T=t PAT=pat

Remove Data Line

REM=e0, el, eil...

Example

(1) All Shell elements in a model are made of a temperature-dependent material.
For a given analysis, the reference temperature is 20°C and the load tempera-
ture in one Load Case is 40°C. The load temperature is unspecified in the other
Load Cases (i.e., it is equal to the reference temperature). A material tempera-
ture of 30°C is chosen to be representative for all Load Cases:

MATTEMP
ELEM=SHELL
ADD=* T=30

Description of Variables

Variable Note Default Description

Element Data Line

elem Type of element to which subsequent Add and
Remove data lines apply. May be any one of:
FRAME, SHELL, PLANE, ASOLID, or
SOLID.

Add Data Line

edeleil... (2,3 Labels and label increments for an array of
one or more elements to which temperatures
are being added
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Variable Note Default Description
t (1,3) [0] Temperature value [K units]
pat 3) Label of a Pattern of scale factors multiplying

temperature values. If omitted, a unit scale
factor is assumed at every joint

Remove Data Line

e0,el, eil... (2,4) Labels and label increments for an array of
one or more elements for which temperatures
are being reset to zero

Notes

1. See Topic “Element Material Temperature” in Chapter “Material Properties”
of theSAP2000 Analysis Reference

2. See Topic “Regular Array Specification” (page 15) in this chapter.

3. The material temperatures defined on this data line are added to the current val-
ues at the joints of each element in the array. If no Pattern is specified, then the
temperature added to each joint is judf a Pattern labgpat is given, then the
temperature added to a joint is equat taultiplied by the Pattern value at that
joint. A single material temperature for the element is computed as the average
of the joint temperatures.

4. For each element in the array, the material temperature is set back to zero. This
overwrites the effect of any previous Add data lines.
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REFTEMP Data Block

This data block assigns reference temperatures to the elements. These are the tem-
peratures at which the unloaded elements are assumed to be stress-free. Elements
not included in this data block will be assigned a reference temperature of zero.

Skip this data block if no Temperature Load is to be applied, or if all element refer-
ence temperatures are zero. Otherwise, prepare data according to the format de-
scribed below.

For More Information
See Topic “Reference Temperature” in Chapter “Load Cases” oS5tie2000
Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

REFTEMP Separator
ELEM= Element Data Lines
ADD= Add Data Lines
REM= Remove Data Lines

Begin the data block with ttREFTEMP separator.

Follow this with as many Element, Add, and Remove data lines as necessary to de-
fine the reference temperatures for all elements in the model. The data is processed
in the order in which it is given in the data file.

EachElement data linedefines the type of element to which subsequent Add and
Remove data lines apply, until the next Element data line is encountered.

EachAdd data line adds specified temperature values to the current reference tem-
peratures for a single element or an array of elements. Raatove data linere-
sets the reference temperatures to zero for a single element or an array of elements.
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Data Line Formats

Element Data Line

ELEM=elem

Add Data Line

ADD=e0, el, eil..T=t PAT=pat

Remove Data Line

REM=e0, el, eil...

Example

(1) All SHELL elements in a model have a reference temperature of 20°C:

REFTEMP
ELEM=SHELL
ADD=* T=20

Description of Variables

Variable Note

Element Data Line

elem

Add Data Line

e0eleil... (2,3

t (1, 3)

Default Description

Type of element to which subsequent Add and
Remove data lines apply. May be any one of:
FRAME, SHELL, PLANE, ASOLID, or

SOLID.

Labels and label increments for an array of
one or more elements to which temperatures
are being added

Temperature value [K units]
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Variable Note Default Description

pat 3 Label of a Pattern of scale factors multiplying
temperature values. If omitted, a unit scale
factor is assumed at every joint

Remove Data Line

e0, el, eil... (2,4) Labels and label increments for an array of
one or more elements for which temperatures
are being reset to zero

Notes

1. See Topic “Reference Temperature” in Chapter “Load Cases” @#&R2000
Analysis Reference

2. See Topic “Regular Array Specification” (page 15) in this chapter.

3. The reference temperatures defined on this data line are added to the current
values at the joints of each element in the array. If no Pattern is specified, then
the temperature added to each joint is justa Pattern labgbat is given, then
the temperature added to a joint is equat toultiplied by the Pattern value at
that joint. The reference temperature field over the element is interpolated from
the values at the joints.

4. Foreach elementin the array, the reference temperature is set back to zero. This
overwrites the effect of any previous Add data lines.
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PRESTRESS Data Block

This data block defines the prestressing cables that act on each Frame element. The
actual application of the resulting loads is specified in the LOAD Data Block (page
134).

Skip this data block if there are no prestressing cables acting on any of the Frame
elements in the structure. Otherwise, prepare data according to the format described
below.

For More Information
See Topic “Prestress Load” in Chapter “The Frame Element” ofSA&2000
Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

PRESTRESS Separator
ADD= Add Data Lines
REM= Remove Data Lines

Begin the data block with tFRRESTRESS separator

Follow this with as many Add and Remove data lines as necessary to define all of
the prestressing cables that act on the Frame elements in the structure. The data is
processed in the order in which it is given in the data file.

EachAdd data line adds a prestressing cable to each element in an array of one or
more Frame elements. Ea&temove data lineremoves all prestressing cables
from an array of one or more Frame elements.
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Data Line Formats
Add Data Line
ADD=e0, el, eil..D=di, dc, dj T=t

Remove Data Line

REM=e0, el, eil...

Example

Each of twelve FRAME elements has a single prestressing cable of the same ge-
ometry and tension.

PRESTRESS
ADD=1,12,1 D=0.25,0.50,0.5 T=100

132 PRESTRESS Data Block
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Description of Variables

Variable

Add Data Line

e0, el, eil... (1, 2, 3)

di

dc

dj

t

Remove Data Line

e0,el,eil... (2,4)

Notes

(1)

(1)

(1)

(1)

Note

Default Description

[0]

[0]

[0]

[0]

Analysis Reference

Labels and label increments for an array of
one or more Frame elements to which a
prestressing cable is being added

Upward (+2 direction) cable drape at element
end | [L units]

Downward (-2 direction) cable drape at
element center [L units]

Upward (+2 direction) cable drape at element
end J [L units]

Cable tension [F units]

Labels and label increments for an array of
one or more Frame elements from which all
prestressing cables are being removed

. See Topic “Prestress Load” in Chapter “The Frame Element” oShie2000

. See Topic “Regular Array Specification” (page 15) in this chapter.

For each element in the array, the specified cable is applied in addition to any
other cables that may already be acting on the element.

For each element in the array, all previously-added prestressing cables are re-
moved. This overwrites the effect of any previous Add data lines.
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LOAD Data Block

134

This data block defines the basic Load Cases used for the analysis. Each Load Case
is a spatial distribution of forces, displacements, temperatures and other effects that
act upon the structure.

Skip this data block if there are no Loads to be defined. Otherwise, prepare data ac-
cording to the format described below.

For More Information

See Chapter “Load Cases” of t88P2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

LOAD Separator
CSYs= Coordinate System Data Lines
NAME= Name Data Lines
CSYs= Coordinate System Data Lines
TYPE= Type Data Lines
CSYSs= Coordinate System Data Lines
ADD= Add Data Lines
REM= Remove Data Lines

Begin the data block with tHeOAD separator.

Follow this with as many Coordinate System, Name, Type, Add, and Remove data
lines as necessary to define all the Loads. Data lines are processed in the order that
they are supplied in the input data file.

EachName data linebegins the definition of a new Load Case, and may be fol-
lowed by as many Type, Add, and Remove data lines as necessary to define the
Load Case. Self-Weight Load, if any, is specified on the Name data line.

EachType data line begins the application of a specified type of load on a speci-
fied type of joint or element. Type data lines may be given in any order, and may be

LOAD Data Block
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omitted if no loads of that type are present for the Load Case being defined. The
type of load is specified using one, two, or three parameters as follows:

e The general load type, such as GRAVITY or TEMPERATURE. This parame-
ter is always present;

* The elementtype to which the loads apply: JOINT, FRAME, PLANE, SHELL,
ASOLID, SOLID, or NLLINK. Note that for loading purposes, JOINTS are
treated as a type of element. This parameter is not used when the general load
type can only apply to a single element type;

* The part of the element being loaded, such as Face 1. This parameter is not used
when the load type applies to a whole element.

Thus, for example, Gravity Load applied to Frame elements is considered to be dif-
ferent from Gravity Load applied to Shells, and these would be defined using two
separate Type data lines.

The general load-type names may be quite long. Only the first four characters need
be supplied to identify the load; these characters are shown as underlined in the data
line formats that follow. Thus GRAMY may be abbreviated as GRAV, and
RESTRAINT DISPLACEMENT may be abbreviated as REST. Additional charac-
ters may be supplied if desired, but they will not be read by the program. The ele-
ment type and element part must be fully supplied.

Each Type data line is followed by as many Add and Remove data lines as neces-
sary to apply all loads of a given type acting in given Load Case.

EachAdd data line adds loads to a regular array of one or more elements.[Each
move data lineremoves all load of the given type in the given Load Case from a
regular array of one or more elements.

Coordinate System data linesnay be use@dnywherein the LOAD Data Block.

Each Coordinate System data line defines the fixed coordinate system used by all
subsequent Add data lines until the next Coordinate System data line is encoun-
tered. If this data line is omitted, the global coordinate system is assumed (e.qg.,
CSYS=0).
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Data Line Formats

Coordinate System Data Line

CSYS=csys
Name Data Line
NAME=name SW=sw
Force Load on Joints

Type Data Line
TYPE=FOR®E

Add Data Line—Fixed Coordinates

ADD=|0, j1, jil... UX=ux UY=uy UZ=uz RX=rx RY=ry RZ=rz
PAT=pat

Add Data Line— Joint Local Coordinates

ADD=j0, j1, jil1... Ul=ul U2=u2 U3=u3 R1=rl R2=r2 R3=3
PAT=pat

Remove Data Line

REM=0, j1, jil...

Restraint Displacement Load on Joints

Type Data Line
TYPE=RESTRAINT DISPLACEMENT

Add Data Line—Fixed Coordinates

ADD=J0, j1, jil... UX=ux UY=uy UZ=uz RX=rx RY=ry RZ=rz
PAT=pat
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Add Data Line—Joint Local Coordinates

ADD=j0, j1, jil... Ul=ul U2=u2 U3=u3 R1=rl R2=r2 R3=3
PAT=pat

Remove Data Line

REMS0, j1, jil...

Spring Displacement Load on Joints
Type Data Line

TYPE=SPRNG DISPLACEMENT

Add Data Line—Fixed Coordinates

ADD=e0, el, eil..UX=ux UY=uy UZ=uz RX=rx RY=ry RZ=rz
PAT=pat

Add Data Line—Joint Local Coordinates

ADD=e0, el, eil..Ul=ul U2=u2 U3=u3 R1=1 R2=r2 R3=3
PAT=pat

Remove Data Line

REM=e0, el, eil...

Gravity Load
Type Data Line
TYPE=GRAVITY ELEM=elem

Add Data Line

ADD=e0, el, eil..UX=ux UY=uy UZ=uz

Remove Data Line

REM=e0, el, eil...
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ncentrat nlL n Frame Element

Type Data Line
TYPE=CONCGENTRATED SPAN

Add Data Line—Fixed Coordinates

ADD=e0, el, eil..RD=rd (or D=d) UX=ux UY=uy UZ=uz RX=rx
RY=ry RZ=rz

Add Data Line—Element Local Coordinates

ADD=e0, el, eil..RD=rd (or D=d) Ul=ul U2=u2 U3=u3 R1=1
R2=r2 R3=3

Remove Data Line

REM=e0, el, eil...
Distri nL n Frame Elemen

Type Data Line
TYPE=DISTRIBUTED SPAN

Add Data Line— Fixed Coordinates

ADD=e0, el, eil..RD=rda, rdb (or D=da, db) UX=uxa, uxb UY=uya,
uyb UZ=uza, uzb RX=rxa, rxb RY=rya, ryb RZ=rza, rzb

Add Data Line— Fixed Coordinates, upon Projected Length

ADD=e0, el, eil..RD=rda, rdb (or D=da, db) UXP=uxpa, uxpb
UYP=uypa, uypb UZP=uzpa, uzpb RXP=rxpa, rxpb RYP=rypa, rypb
RZP=rzpa, rzpb

Add Data Line—Element Local Coordinates

ADD=e0, el, eil..RD=rda, rdb (or D=da, db) Ul=ula, ulb U2=u2a,
u2b U3=u3a, u3b R1=rla, r1b R2=2a, r2b R3=3a, r3b
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Remove Data Line

REM=e0, el, eil...
Prestress Load on Frame Elements

Type Data Line
TYPE=PRESRESS

Add Data Line
ADD=e0, el, eil..Pp

Remove Data Line

REM=e0, el, eil...
Uniform Load on Shell Elements

Type Data Line
TYPE=UNIFORM

Add Data Line—Fixed Coordinates

ADD=j0, j1, jil... UX=ux UY=uy UZ=uz

Add Data Line— Fixed Coordinates, upon Projected Area

ADD:JO, Jl,]ll UXPZUXp UYP:uyp UZP:UZp

Add Data Line—Element Local Coordinates

ADD={0, j1, jil... Ul=ul U2=u2 U3=u3

Remove Data Line

REMS0, j1, jil...
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Surface Pressure Load

Type Data Line
TYPE=SURIACE PRESSURE ELEMelem FACE=face

Add Data Line

ADD=e0, el, eil..P=p PAT=pat

Remove Data Line

REM=e0, el, eil...
Pore Pressure L oad

Type Data Line
TYPE=POREPRESSURE ELEMelem

Add Data Line
ADD=e0, el, eil..P=p PAT=pat
Remove Data Line

REM=e0, el, eil...

Temperature Load
Type Data Line
TYPE=TEMFERATURE ELEM=elem

Add Data Line—Frame Elements

ADD=e0, el, eil..T=t T2=t2 T3=t3 PAT=pat

Add Data Line— Shell Elements

ADD=e0, el, eil..T=t T3=t3 PAT=pat
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Add Data Line—Plane, Asolid, and Solid Elements

ADD=e0, el, eil..T=t PAT=pat

Remove Data Line

REM=e0, el, eil...
Rotate Load on Asolid Elements

Type Data Line
TYPE=ROTATE

Add Data Line

ADD=e0, el, eil..R=r

Remove Data Line

REM=e0, el, eil...

Example

A structure modeled entirely with Frame elements is loaded by dead load in one
Load Case, by a series of Concentrated Span Loads in a second Load Case, and by
support settlement in a third Load Case:

LOAD
NAME=DL SWw=1
NAME=CONC
TYPE=CONCENTRATED SPAN
ADD=101,125,1 RD=0.25 UZ=-2.34
ADD=101,125,1 RD=0.75 UZ=-2.34
ADD=101,125,1 RD=0.5 UZ=-4.68
NAME=SETTLE
TYPE=RESTRAINT DISPLACEMENT
ADD=3 UZ=-0.67
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Description of Variables

Variable Note Default

Name Data Line
name 1, 2)

sw 1) [0

Coordinate System Data Line

csys (1,4)  [pv(0)]

Type Data Line
elem (1, 5)

face (1, 6)

Add Data Line
joj1ijil... (3,7)

edeleil... (3,7)

Add Data Line — Force Load

ux, uy, uz (2,8) [0]

LOAD Data Block

Description

Label of a Load Case being defined

Scale factor that multiplies the self-weight of
every element in the structure, applied in the
global downward direction

Fixed coordinate system used by subsequent
Add data lines:

=0: Global coordinate system

#0: Alternate coordinate system label

Type of element that is to be loaded. See Note
5 for allowable values

Face of an element that is to be loaded. See
Note 6 for allowable values

Labels and label increments for an array of
one or more joints to which loads are being
added

Labels and label increments for an array of
one or more elements to which loads are being
added

Forces, in fixed coordinate systasys[F
units]
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Variable Note Default Description

rx, ry, rz (1,8) [0]

ul, u2, u3 (1,8) [0]

r1, r2,r3 (1,8) [0]

pat (1, 8)

Moments, in fixed coordinate systersys[FL
units]

Forces, in each joint local coordinate system
[F units]

Moments, in each joint local coordinate
system [FL units]

Label of a Pattern of scale factors multiplying
force and moment values. If omitted, a unit
scale factor is assumed at every joint

Add Data Line — Restraint Displacement Load and Spring Displacement Load

ux, uy, uz (1,9 [0]

rx, ry, rz (1,9 [0]

ul, u2, u3 1,9 [0]

r1, r2,r3 (2,9 [0]

pat 1,9

Add Data Line — Gravity Load

ux, uy, uz Q) [0]

Translations, in fixed coordinate systesys
[L units]

Rotations, in fixed coordinate systasys[rad
units]

Translations, in each joint local coordinate
system [L units]

Rotations, in each joint local coordinate
system [rad units]

Label of a Pattern of scale factors multiplying
translation and rotation values. If omitted, a
unit scale factor is assumed at every joint

Scale factors that multiply the self-weight of
each element, in fixed coordinate sysiesys

Add Data Line — Concentrated Span Load

d 1)
rd 1)

Distance from element end | to loads [L units]

Relative distance from element end | to loads.
Range is 0 (atend ) to 1 (at end J)
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Variable Note Default

ux, uy, uz Q) [0]

rx, ry, rz Q) [0]

ul, u2, u3 D) [0]

rl, r2,r3 Q) [0]

Description

Forces, in fixed coordinate systesys[F
units]

Moments, in fixed coordinate systersys[FL
units]

Forces, in each element local coordinate
system [F units]

Moments, in each element local coordinate
system [FL units]

Add Data Line — Distributed Span Load

da, db (1, 10)

rda, rdb (1,10) [0, 1]

uxa, uxb, (1, 10) [0, uxa,

uya, uyb, 0, uya,
uza, uzb 0,uzd]

rxa, rxb, (1,10) [0, rxa,

rya, ryb, 0,rya,
rza, rzb 0,rza]
uxpa, (1,10) [0,
uxpb, uxpa,
uypa’ Ol
uypb, uypa,
uzpa, uzpb 0,

uzpal
rxpa, rxpb, (1,10) |0,
rypa, rypb, rxpa, 0,
rzpa, rzpb rypa, 0,

rzpa]

LOAD Data Block

Distances from element end | to beginning and
end of loads [L units]

Relative distances from element end | to
beginning and end of loads. Range is 0 (at end
[)to 1 (at end J)

Force intensities at beginning and end of load,
in fixed coordinate systewsys[F/L units]

Moment intensities at beginning and end of
load, in fixed coordinate systecsys[FL/L
units]

Force intensities at beginning and end of load,
in fixed coordinate systewsys Will be scaled
by the sine of the angle between the element
and the direction of load [F/L units]

Moment intensities at beginning and end of
load, in fixed coordinate systecsys Will be
scaled by the cosine of the angle between the
element and the direction of load [FL/L units]
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Variable Note Default Description

ula, ulb, (1,10) [0,ula Force intensities at beginning and end of load,

u2a, u2b, 0,u2a, ineach element local coordinate system [F/L
u3a, u3b 0,u3a] units]

rla, rlb, (1,10) [0,r1a, Moment intensities at beginning and end of
r2a, r2b, 0,r2a, load, in each element local coordinate system
r3a, r3b 0,r3a] [FL/L units]

Add Data Line — Prestress Load

p (a,11) [0] Prestress scale factor

Add Data Line — Uniform Load

ux, uy, uz D) [0] Force intensities, in fixed coordinate system
csys[F/L2 units]

uxp, uyp, D [0] Force intensities, in fixed coordinate system

uzp csys Will be scaled by the cosine of the angle

between the Shell element normal and the
direction of load [F/E units]

ul, u2,u3 (2) [0] Force intensities, in each Shell element local
coordinate system [F?Lunits]

Add Data Line — Pore Pressure Load and Surface Pressure Load
p (1,12) 0] Pressure value [F%lunits]

pat (1,12 Label of a Pattern of scale factors multiplying
the pressure value. If omitted, a unit scale
factor is assumed at every joint

Add Data Line — Temperature Load

t (1, 13) [See Temperature value [K units]
Note]
t2 (1,14) 0] Temperature gradient in local 2 direction,

Frame elements only [K/L units]
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Variable Note Default
t3 (1, 14) [0]
pat (13, 14)

Add Data Line — Rotate Load

r (a5) [0]

Remove Data Line

0, i1, jil.. (3, 16)

e0, el, eil... (3, 16)

Notes

Description

Temperature gradient in local 3 direction,
Frame and Shell elements only [K/L units]

Label of a Pattern of scale factors multiplying
temperature and temperature gradient values.
If omitted, a unit scale factor is assumed at
every joint

Angular velocity for rotation about the axis of
symmetry of the element [cyc/T units]

Labels and label increments for an array of
one or more joints from which
previously-added loads are being removed

Labels and label increments for an array of
one or more elements from which
previously-added loads are being removed

1. See Chapter “Load Cases” of tBAP2000 Analysis Reference

2. Each Name data line begins the definition of a new Load Case. Load labels do
not have to be consecutive and may be supplied in any order. Load labels may
not be repeated in the data block.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

3. See Topic “Regular Array Specification” (page 15) in this chapter.

4. All load components that are specified in fixed coordinates are taken in the
most recently specified coordinate systesys If csysis zero, the global sys-
temis used. Otherwisesysrefers to an Alternate Coordinate System defined in
the COORDINATE Data Block (page 32). If msysis specified, the global

system is used.
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5. The available combinations of load type and element type are indicated by the
entries “Yes” in the table below:

Load Type Frame  Shell Plane Asolild Solid Nllink
Gravity Yes Yes Yes Yes Yes Yes
Temperature Yes Yes Yes Yes Yes

Surface Pressure Yes Yes Yes Yes

Pore Pressure Yes Yes Yes

6. For Surface Pressure Loading, the paramftee indicates the element face
upon which the pressure is acting. Legal values for Shell and Solid elements are
from 1 to 6. Legal values for Plane and Asolid elements are from 1 to 4.

7. Each Add data line may refer to a single joiji, or an array of jointsjo, j1,
jil..., having one, two or three dimensions; or to a single elensghgr an ar-
ray of elements0, el, eil.,.having one, two or three dimensions.

Additional parameters on the Add data line define a load that acts upon the ele-
ments. This load is added to the load defined on previous Add data lines for the
current load type, in the current Load Case. The current Load Case is that de-
fined on the most recent Name data line. The current load type is that defined
on the most recent Type data line.

8. Foreachjoint, the specified forces and moments are added to the current values
at the joint in the following manner:

» IfaPattern labgpat is given, then all force and moment values on the data
line are multiplied by the Pattern value at that joint;

e Force and moment values given in joint local coordinates are added di-
rectly to the current values at that joint;

» Force and moment values given in fixed coordinates are transformed to the
joint’s local coordinate system and then added to the current values.

9. For each joint, the specified translations and rotations are added to the current
values at the joint in the following manner:

» IfaPattern labgbat is given, then all translation and rotation values on the
data line are multiplied by the Pattern value at that joint;
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10.

11.

12.

13.

14.

» Translation and rotation values given in joint local coordinates are added
directly to the current values at that joint;

e Translation and rotation values given in fixed coordinates are transformed
to the joint’s local coordinate system and then added to the current values.

For each force or moment component, a single intensity value may be given if
the load is uniformly distributed. Two values are needed if the load intensity
varies linearly over its range of application.

The prestress scale factpron an Add data line multiplies the prestress load
created by all prestressing cables that act on an element. These cables are de-
fined in the PRESTRESS Data Block (page 131).

The pressure field is interpolated over each element (for Pore Pressure) or ele-
ment face (for Surface Pressure) from the specified pressure values at the ele-
ment joints. If no Pattern is specified, then the pressure at each joint s jist

a Pattern labgbat is given, then the pressure at a joint is equgl taultiplied

by the Pattern value at that joint. This interpolated pressure field is added to the
current field for the element.

The load temperature field is interpolated over each element from the specified
temperature values at the element joints. If no Pattern is specified, then the tem-
perature at each joint is justlf a Pattern labebat is given, then the tempera-

ture at ajointis equal tomultiplied by the Pattern value at that joint. This inter-
polated load temperature field is added to the current field for the element.

The default load temperature for each element is the reference temperature. A
Remove data line returns the element to its reference temperature. Thus a load
is produced for a given element only if load temperature is added to the element
following the last Remove data line (if any) for the element. However, note that
the load temperatures add from zero, not from the reference temperature.

The load temperature-gradient field is interpolated over each element from the
specified temperature-gradient values at the element joints. If no Pattern is
specified, then the temperature gradient at each joint ig3ustr t2). If a Pat-

tern labelpat is given, then the temperature gradient at a joint is equa! tor

t2) multiplied by the Pattern value at that joint. This interpolated load
temperature-gradient field is added to the current field for the element.

The reference temperature gradient is always taken to be zero. A Remove data
line returns the element to its reference temperature gradient of zero.
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15. The angular velocities from all Add data lines that refer to a given element are

16.

added together. The load on the elementis computed from this total angular ve-
locity.

Each Remove data line may refer to a single jgilt,or an array of jointsjo,
j1,jil..., having one, two or three dimensions; or to a single elena@gr an
array of element®0, el, eil., having one, two or three dimensions.

For each joint or elementin the array, all loads of the current type, in the current
Load Case, are set back to zero. This overwrites the effect of any previous Add
data lines. The current Load Case is that defined on the most recent Name data
line. The current type is that defined on the most recent Type data line.
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PDFORCE Data Block

This data block defines the directly specified P-Delta axial forces acting on the
Frame elements. The PDELTA Data Block (page 154) is not needed if these are the
only P-Delta axial forces present in the structure.

Skip this data block if there are no directly specified P-Delta axial forces in the
Frame elements. Otherwise, prepare data according to the format described below.

For More Information

See Chapter “P-Delta Analysis” of t8&\P2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

PDFORCE Separator
CSYs= Coordinate System Data Line
ADD= Add Data Lines
REM= Remove Data Lines

Begin the data block with trRDFORCE separator.

Follow this with as many Coordinate System, Add and Remove data lines as neces-
sary to define all the directly specified P-Delta axial forces in the model. The data is
processed in the order it is supplied in the input data file.

EachCoordinate System data linedefines the fixed coordinate system used by all
subsequent Add data lines until the next Coordinate System data line is encoun-
tered. If this data line is omitted, the global coordinate system is assumed (e.g.,
CSYS=0).

EachAdd data line adds P-Delta axial forces to an array of Frame Elements. Each
Remove data lineremoves P-Delta axial forces from an array of Frame Elements.

150 PDFORCE Data Block

158



Chapter Il The Input Data File

Data Line Formats

Coordinate System Data Line

CSYS=csys

Add Data Line
ADD=e0, el, eil..P=p PX=px PY=py PZ=pz

Remove Data Line

REM=e0, el, eil...

Example

(1) The horizontal (X) component of the tension in the two main cables of a sus-
pension bridge is known to be 10 000 kips. This is specified to be a P-Delta ax-
ial force as:

PDFORCE
ADD=101,125,1 PX=10000
ADD=201,225,1 PX=10000
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Description of Variables

Variable Note Default Description

Coordinate System Data Line

Csys (2,3) [pv(0)] Fixed coordinate system for subsequent Add
data lines:
=0: Global coordinate system
#0: Alternate coordinate system label

Add Data Line

e0, el, eil... (1, 2, 4) Labels and label increments for an array of
one or more Frame elements to which P-Delta
axial force is being added

p (1,4) [0] P-Delta axial force [F units]

px (1,3,4) [O] Projection of the P-Delta axial force upon the
X axis of coordinate systeosys[F units]

py (1,3,4) [0] Projection of the P-Delta axial force upon the
Y axis of coordinate systeosys[F units]

pz (1,3,4) [0] Projection of the P-Delta axial force upon the
Z axis of coordinate systeosys[F units]

Remove Data Line

e0, el, eil... (2,5) Labels and label increments for an array of
one or more Frame elements from which
P-Delta axial force is being removed
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Notes
1. See Chapter “P-Delta Analysis” of t8B&P2000 Analysis Reference
2. See Topic “Regular Array Specification” (page 15) in this chapter.

3. Projectiongx, py, andpz are taken in the most recently specified coordinate
systencsys If csysis zero, the global system is used. Othervasgsrefers to
an Alternate Coordinate System defined in the COORDINATE Data Block
(page 32). If nasysis specified, the global system is used.

You must not specify a projection upon an axis that is perpendicular to the local
1 axis of the element. For example, if the element is parallel to the Z axis in co-
ordinate systerasys you may not specify values fpxk or py.

4. Foreach elementinthe array, the specified P-Delta axial forces are added to the
existing values. Normally only one @f, px, py, or pz is applied to each ele-
ment, but this is not required.

5. Foreach elementin the array, the specified P-Delta axial forces are set to zero.
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PDELTA Data Block

154

This data block defines the parameters that control an iterative P-Delta analysis.
This data block is not needed if all of the P-Delta axial forces are directly specified
in the PDFORCE Data Block (page 150). Itis needed if any P-Delta axial forces are
to be computed from the P-Delta load combination.

Skip this data block if no iterative P-Delta analysis is to be performed. Otherwise,
prepare data according to the format described below.

For More Information

See Chapter “P-Delta Analysis” of t8&\P2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

PDELTA Separator
ITMAX= Iteration Data Line
LOAD= Load Data Lines

Begin the data block with tHeDELTA separator.

Follow this with a singldteration data line that specifies the control parameters
for the iterative analysis.

Follow the Iteration data line with as many Load data lines as necessary to define
the P-Delta load combination. Eatlbad data line specifies a single Load Case
that is to be included in the combination and the scale factor by which it is to be
multiplied.
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Data Line Formats

Iteration Data Line

ITMAX=itmax TOLD=told

Load Data Line

LOAD=load SF=sf

Example

Suppose that Load Cases DL and LL are dead load and live load, respectively. The
following data specifies the P-Delta load combination to be 1.2 times the dead load
plus 0.5 times the live load. No other Load Cases are included.

PDELTA
ITMAX=5 TOLD=0.0001
LOAD=DL SF=1.2
LOAD=LL SF=0.5
Description of Variables

Variable Note Default Description

Control Data Line
itmax (1) [1] Maximum number of additional iterations

told D [.001] Relative displacement convergence tolerance

Load Data Line
load 1,2 Label of a Load Case

sf 1,2) [1] Scale factor multiplying Load Cassad
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Notes
1. See Chapter “P-Delta Analysis” of t8&P2000 Analysis Reference

2. The labelload refers to a Load Case defined in the LOAD Data Block (page
134). The P-Deltaload combination is defined as the sum of the specified Load
Cases, each multiplied by the specified scale faftor

Each Load Case should be specified at most once. If a Load Case is repeatedly
specified, the scale factor from the last specification is used. Any Load Case
that is omitted here is not added into the P-Delta load combination.

156 PDELTA Data Block

164



Chapter Il The Input Data File

MODES Data Block

This data block defines the parameters that control the calculation of the Vibration
Modes of the model. The Modes may be computed either by eigenvector analysis or
Ritz-vector analysis, but not both.

This data block is required if response-spectrum and/or time-history analyses are to
be performed, and is optional otherwise.

Skip this data block if no Vibration Modes are to be calculated. Otherwise, prepare
data according to the format described below.

For More Information

See Topics “Eigenvector Analysis” and “Ritz-vector Analysis” in Chapter “Static
and Dynamic Analysis” of thEAP2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

MODES Separator
TYPE= Type Data Line
ACC= Acceleration Data Lines
LOAD= Load Data Lines
NLLINK= Nonlinear Deformation Load Data Line

Begin the data block with ttHdODES separator.

Follow this with a singld'ype data linethat specifies the type of analysis to be per-
formed (eigen or Ritz) and the analysis parameters.

If Ritz-vector analysis is specified, follow the Type data line with as many Accel-
eration, Load, and Nonlinear Deformation Load data lines as necessary to specify
all starting load vectors to be used. Edditeleration data linespecifies an Accel-
eration Load in the global coordinate system. Elachd data line specifies a Load
Case. Asingl®&onlinear Deformation Load data line is permitted; it specifies all
nonlinear deformation loads. Starting load vectors may not be repeated.
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If no starting load vectors are specified, the program will automatically use the
three Acceleration Loads as the starting load vectors.

Data Line Formats

Type Data Line — Eigenvector Analysis

TYPE=EIGEN N= RESMASS=*esmass SHIFT=shift CUT=cut
TOL=tol

Type Data Line — Ritz-vector Analysis

TYPE=RITZ N=n

Acceleration Data Line

ACC=acc NCYC=ncyc

Load Data Line

LOAD=load NCYC=ncyc

Nonlinear Deformation Load Data Line

NLLINK= 0 NCYC=ncyc

Example

(1) Twenty eigen-modes are requested with frequencies not to exceed 30 Hz:

MODES
TYPE=EIGEN N=20 CUT=30

(2) Twenty Ritz modes are requested for a seismic analysis. The three ground ac-
celerations are automatically used as starting load vectors:

MODES
TYPE=RITZ N=20

(3) Twenty Ritz modes are requested for a Time-History analysis. The two lateral
ground accelerations and a Load Case named “2” are used as starting vectors:
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MODES

TYPE=RITZ N=20

ACC=UX
ACC=UY
LOAD=2

Description of Variables

Variable Note

Type Data Line

n 1,2
resmass D
shift (1)
cut (1)
tol (1)

Default Description

(1]
[N]

[0]
[0]

[107]

Acceleration Data Line

acc (2)

Load Data Line

load 2)

Number of Modes requested

Whether to calculate residual-mass modes
=Y: Calculate residual-mass modes
= N: Do not calculate residual-mass modes

Eigenvalue shift frequency [cyc/T units]

Eigenvalue cutoff frequency radius [cyc/T
units]

= 0: Infinite frequency radius — no limit
> 0: Finite frequency radius

Relative convergence tolerance on eigenvalues

Direction, in global coordinates, of an
Acceleration Load to be used as a Ritz starting
load vector. May be UX, UY, or UZ

Label of a Load Case to be used as a Ritz
starting load vector

Acceleration, Load, and Nonlinear Deformation Load Data Lines

ncyc (2)

[0]

Maximum number of generation cycles to be
performed for the specified starting vector(s):
=0: Unlimited

>0: Maximum number
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Notes

1. See Topic “Eigenvector Analysis” in Chapter “Static and Dynamic Analysis”
of theSAP2000 Analysis Reference

2. See Topic “Ritz-vector Analysis” in Chapter “Static and Dynamic Analysis” of
the SAP2000 Analysis Reference
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FUNCTION Data Block

This data block defines the Functions used by the SPEC Data Block (page 165) and
the HISTORY Data Block (page 169). Although the definition of the Functions is
the same for both cases, the use of the Functions differs in some details. See the two
data blocks for more information.

Skip this data block if there are no Functions to be defined. Otherwise, prepare data
according to the format described below.

For More Information
See Topic “Functions” in Chapter “Static and Dynamic Analysis” of $#&°2000
Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

FUNCTION Separator
NAME= Name Data Lines
to fo... Function Value Data Lines

Begin the data block with tHeUNCTION separator.

Follow this with as many Name and Function Value data lines as necessary to de-
fine all the Functions.

EachName data linebegins the definition of a new Function and indicates whether
Function Value data lines follow the Name data line or are to be read from a sepa-
rate file, and how the Function Value data lines are formatted.

EachFunction Value data line specifies the value of the function at one or more
time points. The format is the same whether the data lines follow the Name data line
or are in a separate file.
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Data Line Formats

Name Data Line — Function Values Follow the Name Data Line

NAME=name DT=dt NPL=npl PRINT=print

Name Data Line — Function Values are in a Separate File

NAME=name DT=dt NPL=npl PRINT=print FILE=filename

Function Value Data Lines — Function Values at Equal Intervaldt >0

.f

npl-1

Function Value Data Lines — Function Values at Unequal Intervalét =0

bty ot f, oty f
t f

npl-1

npl npl *°*

Examples

(1) A response-spectrum curve with unequal period intervals and one pair of val-
ues per data line is specified in the input data file:

FUNCTION
NAME=ACCSPEC NPL=1
.30
.35
.70
.90
.6 .90
1.0 .60
2.0 .50
100. .00

o

;N R

(2) An acceleration record with equal time steps and three values per data line is
stored in file named EQVERT:

FUNCTION
NAME=ELCENT DT=0.002 NPL=3 FILE=EQVERT
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Description of Variables

Variable Note Default Description

Name Data Line

name 1,2

dt (1,3) [0]
npl (4)

print (5) [N]
filename (6)

Function Value Data Line

fo, f1, fo... 1)
to, t1, to... 1)
Notes

Label of a Function being defined

Time or period interval spacing for function

values [T units]:

=0: Arbitrary time or period values supplied
with function values

> 0: Equal spacing, starting at t=0

Number of function values, or time and
function-value pairs, defined per Function
Value data lineppl > 0

Print flag for function values:
=Y: Print values
= N: Do not print values

Optional name of a file containing Function
Value data lines

Function values at time or peritgl t1, t2...

Time or period values

1. See Topic “Functions” in Chapter “Static and Dynamic Analysis” of the
SAP2000 Analysis Reference

2. Each Name data line begins the definition of a new Function. Function labels
do not have to be consecutive and may be supplied in any order. Function la-
bels may not be repeated in the data block.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference
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3. If dt > 0 the program reads only function valuesdtf= 0 the program reads
pairs of time and function values; each function value must be specified on the
same data line as the corresponding time value.

4. Parametenpl must be specified and must be positive.

5. The function values and corresponding times are not echoed in the output file if
print is left as “N”.

6. If filename is not specified the program expects to read the Function Value
data lines from the input data file immediately after the Name data line.

If filenameis specified, it must be a standard Windows filename including ex-
tension; drive and directory names acg permitted.
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SPEC Data Block

This data block defines the response-spectrum analyses to be performed. Multiple
analyses may be requested. Each analysis is called a Spec.

Skip this data block if there are no Specs to be defined. Otherwise, prepare data ac-
cording to the format described below.

For More Information

See Topic “Response Spectrum Analyses” in Chapter “Static and Dynamic Analy-
sis” of theSAP2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

SPEC Separator
CSsYs= Coordinate System Data Lines
NAME= Name Data Lines
ACC= Acceleration Data Lines

Begin the data block with tHfePEC separator

Follow this with as many Coordinate System, Name, and Acceleration data lines as
necessary to define all the response-spectrum analysis cases.

EachCoordinate System data linedefines the coordinate system used by all sub-
sequent response-spectrum analysis cases until the next Coordinate System data
line is encountered. A Coordinate System data line may only precede a Name data
line, not an Acceleration data line.

EachName data linebegins the definition of a response-spectrum analysis and in-
dicates the type of modal and directional combinations to be performed. It may be
followed by one, two, or three Acceleration data lines.

EachAcceleration data linedefines the response-spectrum curve to be used in one
of the three directions of ground motion.
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Data Line Formats

Coordinate System Data Line

CSYS=csys

Name Data Line

NAME=name ANG=ang MODC=modc DAMP=damp F1=f1 F2=2
DIRF=dirf

Acceleration Data Line

ACC=acc FUNC=func SF=sf

Examples

(1) A Response-Spectrum Case uses the same response spectrum for both lateral
directions (U1 and U2), and two-thirds as much for the vertical (U3) accelera-
tion. The default CQC method with 5% damping is used for modal combina-
tion, and default SRSS method is used for directional combination:

SPEC
NAME=RESPEC1 DAMP=0.05
ACC=U1l FUNC=ACCSPEC SF=386.4
ACC=U2 FUNC=ACCSPEC SF=386.4
ACC=U3 FUNC=ACCSPEC SF=386.4*0.67

(2) A Response-Spectrum Case uses the same response spectrum for both lateral
directions (U1 and U2). The CQC method with 5% damping is used for modal
combination. The directional combination uses the maximum of: 100% of the
local 1 response plus 30% of the local 2 response, and 100% of the local 2 re-
sponse plus 30% of the local 1 response:

SPEC
NAME=RESPEC1 ANG=30 DAMP=0.05 DIRF=0.3
ACC=U1l FUNC=ACCSPEC SF=386.4
ACC=U2 FUNC=ACCSPEC SF=386.4
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Description of Variables

Variable

Coordinate System Data Line

[pv(0)]

csys

Note

1,3)

Name Data Line

name

ang

modc

damp

f1

f2

dirf

1.2

(1)

(1)

(1)

1)

(1)

(1)

Default

[0]

[CQC]

[0]

(1]

[0]

[0]

Description

Coordinate system used to define acceleration
directions:

=0: Global coordinate system

#0: Alternate coordinate system label

Label of a Response-Spectrum Case being
defined

Coordinate angle between the
response-spectrum local 1 axis and the +X
axis ofcsys

Modal combination type:

= CQC: Complete quadratic combination

= GMC: General modal combination

= SRSS: Square root of the sum of the
squares

= ABS: Sum of the absolute values

Damping value for CQC and GMC modal
combinations: & damp< 1

First rigid-response frequency for GMC modal
combinationfl > 0 [cyc/T units]

Second rigid-response frequency for GMC
modal combinationf2 > f1 [cyc/T units]:
=0: Infinite frequency

>f1. Actual frequency

Directional combination scale factor:

=0: Square root of the sum of the squares

> 0: Scale factor for secondary directions
using sum of the absolute values: 0 <
dirf <1
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Var

iable Note Default Description

Acceleration Data Line

acc (2) Direction of ground Acceleration Load, in
response-spectrum local coordinates. May be
U1, U2, or U3

func (a,4) [0] Function defining response spectrum curve:
= 0: Constant unit acceleration response
#0: Function label

sf Q) [1] Positive scale factor multiplying acceleration
(ordinate) values of Function [L?‘IUnits]

Notes
1. See Topic “Response Spectrum Analyses” in Chapter “Static and Dynamic

168  SPEC

Analysis” of theSAP2000 Analysis Reference

. Each Name data line begins the definition of a new response-spectrum analysis

case. Spec labels do not have to be consecutive and may be supplied in any or-
der. Spec labels may not be repeated in the data block.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. The response-spectrum local coordinate system is defined with respect to the

most recently specified coordinate systesys If csysis zero, the global sys-
temis used. Otherwisesysrefers to an Alternate Coordinate System defined in
the COORDINATE Data Block (page 32). If resysis specified, the global
system is used.

. The shape of the response-spectrum curve is given by a Function defined in the

FUNCTION Data Block (page 161). All values for the abscissa and ordinate of
this function must be zero or positive.

If no function is specified, a constant function of unit value for all periods is as-
sumed.
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HISTORY Data Block

This data block defines the time-history analyses to be performed. Multiple analy-
ses may be requested. Each analysis is called a History.

Skip this data block if there are no Histories to be defined. Otherwise, prepare data
according to the format described below.

For More Information

See Topics “Time-History Analyses” and “Nonlinear Time-History Analyses” in
Chapter “Static and Dynamic Analysis” of t8&P2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

HISTORY Separator
CSsYs= Coordinate System Data Lines
NAME= Name Data Lines
MODE= Damping Data Lines
CSYs= Coordinate System Data Lines
ACC= Acceleration Data Lines
LOAD= Load Data Lines

Begin the data block with tHéISTORY separator.

Follow this with as many Name, Damping, Coordinate System, Acceleration, and
Load data lines as necessary to define all the time-history analysis cases.

EachName data linebegins the definition of a History analysis case and indicates
the type of analysis, the time steps, and overall modal damping to be used.

EachDamping data line specifies any modal damping that may differ from the
overall modal damping given on the Name data line.

EachCoordinate System data linedefines the coordinate system used by all sub-
sequent Acceleration data lines until the next Coordinate System data line is en-
countered.
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EachAcceleration data linedefines the time history of an Acceleration Load act-
ing in a single direction upon the structure for the current History being defined.

EachLoad data line defines the time history of a Load Case acting upon the struc-
ture for the current History being defined.

Data Line Formats

Name Data Line — Linear Transient Analysis

NAME=name TYPE=LIN NSTEPsstep DT=dt DAMP=damp
ENVE=enve PREV=rev

Name Data Line — Periodic Analysis

NAME=name TYPE=PER NSTEPmstep DT=dt DAMP=damp
ENVE=enve

Name Data Line — Nonlinear Transient Analysis

NAME=name TYPE=NON NSTEPastep DT=dt DAMP=damp
ENVE=enve PREV=prev FTOL=ftol ETOL=etol DTMAX=dtmax
DTMIN=dtmin ITMAX=itmax ITMIN=itmin CF=cf TSTAT=tstat

Damping Data Line

MODE=mO0, m1, mil DAMP=damp

Coordinate System Data Line

CSYS=csys

Acceleration Data Line

ACC=acc ANG=ang FUNC=func SF=sf TF=tf AT=at

Load Data Line

LOAD=load FUNC=func SF=sf TF=tf AT=at
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Examples

(1) Astructure is subjected to to 30 seconds of seismic ground acceleration in three
directions:

HISTORY
NAME=LPRIET TYPE=LIN NSTEP=30*200 DT=1/200 DAMP=0.05
ACC=U1l FUNC=LPRNS SF=386.4
ACC=U2 FUNC=LPREW SF=386.4
ACC=U3 FUNC=LPRVERT SF=386.4

(2) Load Case “1”is applied to the structure in a triangular pulse with a half-second
duration. This is done by using the built-in unit ramp function twice, first to
ramp up and then to ramp down:

HISTORY
NAME=TPULSE TYPE=LIN NSTEP=100 DT=0.05 DAMP=0.05
LOAD=1 FUNC=0 SF=10 TF=0.25
LOAD=1 FUNC=0 SF=-10 TF=0.25 AT=0.25

Description of Variables

Variable Note Default Description

Name Data Line

name 1, 3) Label of a History being defined

nstep (1) [1] Number of output time steps

dt 1) [1] Output time-step size [T unitgdt > 0

damp (1,4) [0] Modal damping ratio for all Modes:
0<damp<l

enve 1) [N] Whether or not to calculate response

envelopes for this History:
=Y: Calculate envelopes
=N: Do not calculate envelopes
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Variable

prev

ftol

etol

dtmax

dtmin

itmax

itmin

cf

tstat

Note

(1,5)

(2)

(2)

(2)

(2)

(2)

(2)

(2)

(2)

Damping Data Line

mO0, m1, 1, 4)

mil

damp 1, 4)
HISTORY Data Block

Default Description

[0]

[10°7]
[10°7]
[dl]
[107 x
dtmax]

[100]

[2]

[1]

[0]

[0]

Previously-defined History to use for initial

conditions:

=0: Zero initial conditions

#0: Label of a previously-defined History of
the same type (LIN or NON)

Relative force convergence tolerance for
nonlinear analysidtol >0

Relative energy convergence tolerance for
nonlinear analysistol >0

Maximum allowed substep size for nonlinear
analysis [T units]o< dtmax < dt

Minimum allowed substep size for nonlinear
analysis [T units]0< dtmin < dtmax

Maximum number of force iterations for small
substeps in nonlinear analysignax > 2

Maximum number of force iterations for large
substeps in nonlinear analysis:
2 < itmin < itmax

Convergence factor for nonlinear analysis:
cf >0

Period at which and below which modes are
treated as static [T unitdstat =0

First Mode number, last Mode number, and
Mode number increment

Modal damping ratio for Mode®0 to m1 by
mil: 0 < damp<1

180



Chapter Il The Input Data File

Variable Note Default Description
Coordinate System Data Line

csys (2,6) [0] Coordinate system used to define Acceleration
Load directions:
=0: Global coordinate system
#0: Alternate Coordinate System label

Acceleration Data Line

acc (1, 6) Direction of ground Acceleration Load, in
acceleration local coordinates. May be U1,
U2, or U3

ang (1,6) [0] Coordinate angle between the acceleration

local 1 axis and the +X axis ofys

func 1, 8) Function defining time variation of ground
acceleration:
=0: Built-in unit ramp function
#0: Function label

sf D) [1] Scale factor multiplying ordinate values of
Function [L/12 units]

tf D [1] Scale factor multiplying time (abscissa) values
of Function [T units]tf >0

at D) [0] Arrival time for Function [T units]

Load Data Line

load @7 Label of a Load Case
func (2,8) [0] Function defining time variation of Load
Case:

= 0: Built-in unit ramp function
#0: Function label

sf (2) [1] Scale factor multiplying ordinate values of
Function
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Variable Note Default Description
tf 1) [1] Positive scale factor multiplying time
(abscissa) values of Function [T units]
at QD) [0] Arrival time for Function [T units]
Notes
1. See Topic “Time-History Analyses” in Chapter “Static and Dynamic Analysis”

of theSAP2000 Analysis Reference

. See Topic “Nonlinear Time-History Analyses” in Chapter “Static and Dy-

namic Analysis” of th6sAP2000 Analysis Reference

. Each Name data line begins the definition of a new time-history analysis case.

History labels do not have to be consecutive and may be supplied in any order.
History labels may not be repeated in the data block.

The type of History being definedustbe specified on the Name data line.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. The damping ratio specified on the Name data line applies to all modes unless

overridden on a subsequent Damping data line. If the damping for a particular
Mode is specified on more than one Damping data line, the last specification
governs.

. The parameteprev must be the label of a History defined earlier in this data

block. Both Historieprev andnamemust be of the same type (LIN or NON).

. For each Acceleration data line, the anaifgyis used to define a separate accel-

eration local coordinate system with respect to the most recently specified co-
ordinate systerasys If csysis zero, the global system is used. Othervasgs
refers to an Alternate Coordinate System defined in the COORDINATE Data
Block (page 32). If n@sysis specified, the global system is used.

Itis generally recommended, but not required, that the same coordinate system
be used for all Acceleration data lines in a given History.

. The labelload refers to a Load Case defined in the LOAD Data Block (page

134).

HISTORY Data Block

182



Chapter Il The Input Data File

8. The time-variation of each applied Load Case or Acceleration Load is given by
a Function defined in the FUNCTION Data Block (page 161). If no function is
specified, the built-in ramp function is used.
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LANE Data Block

This data block defines the traffic Lanes that are required for bridge moving-load
analysis. This data block alone is sufficient to produce influence lines.

Skip this data block if there are no Lanes to be defined. Otherwise, prepare data ac-
cording to the format described below.

For More Information

See Topic “Roadways and Lanes” in Chapter “Bridge Analysis” ofSA¢2000
Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

LANE Separator
NAME= Name Data Lines
PATH= Path Data Lines

Begin the data block with tHeANE separator.

Follow this with as many Name and Path data lines as necessary to define all the
traffic Lanes. EaciName data linebegins the definition of a Lane. EaBlath data

line specifies one or more Frame elements that contribute to the Lane. The Path
data lines and the elements specified on them must be given in the sequence that a
Vehicle travels along the Lane.
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Data Line Formats

Name Data Line

NAME=name

Path Data Line

PATH=eO0, el, eilECC=ecc

Example

Two Lanes are defined. The element sequence for the first Lane is 1-2-3-4-5-6-7-8.
For the second Lane, the sequence is 11-10-9-5-4-3:

LANE

NAME=1
PATH=1 ECC=0
PATH=2 ECC=3
PATH=3,5,1 ECC=6
PATH=6,8,1 ECC=0
NAME=2
PATH=11,9,-1 ECC=0
PATH=5,3,-1 ECC=-6

Description

Variable Note Default

Name Data Line

name 1,2

Path Data Line

e0,el,eil (1,3,5)

ecc (4,5 [0]

Description

Label of a Lane being defined

Labels and label increment for a single Frame
element or a one-dimensional array of Frame
elements that are part of the Lane

Constant eccentricity [L units]
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Notes
1.

5.

178 LANE

See Topic “Roadways and Lanes” in Chapter “Bridge Analysis” of the
SAP2000 Analysis Reference

. Each Name data line begins the definition of a new Lane. Lane labels do not

have to be consecutive and may be supplied in any order. Lane labels may not
be repeated in the data block.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. This array may be one-dimensional at most.

See Topic “Regular Array Specification” (page 15) in this chapter.

. The order in which the elements are specified on the Path data lines is impor-

tant. The Lane begins with elemeasion the first Path data line and ends with
elementelon the last Path data line, giving the following path:

e0 {e0+eil, e0+ 2eil, ...,el} First Path data line

e0 {eO+eil, e0+ 2eil, ...,eL}... Second Path data line

e0 {e0+eil, e0+ 2eil, ...,el}... Intermediate Path data lines
e0 {e0+eil, e0+ 2eil, ...,el} Last Path data line

The elements shown in braces ({}) are optional on each Path data line. This
path should be nearly contiguous and progress in a consistent direction.

Each element in the array is assigned the same eccentricity.

Data Block

186



Chapter Il The Input Data File

VEHICLE Data Block

This data block defines the Vehicle loads that are required for bridge moving-load
analysis. Vehicles are always referenced using Vehicle Classes defined in the VE-
HICLE CLASS Data Block (page 184).

Skip this data block if there are no Vehicles to be defined. Otherwise, prepare data
according to the format described below.

For More Information

See Topic “Vehicles” in Chapter “Bridge Analysis” of tiEAP2000 Analysis Ref-
erence

Data Block Format

The format of the data block is summarized in the table below:

VEHICLE Separator
NAME= Name Data Lines
W= Wheel Data Lines

Begin the data block with théEHICLE separator .

Follow this with as many Name and Wheel data lines as necessary to define all the
Vehicles.

EachName data linebegins the definition of a Vehicle. General-type Vehicles are
followed by as manyVheel data linesas necessary to define the concentrated and
uniform loads that make up the vehicle. Standard-type Vehicles do not require
Wheel data lines.
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Data Line Formats

Name Data Line — Standard-type

NAME=name TYPE=type IM=im

Name Data Line — General-type

NAME=name TYPE=GEN SUPMOMsupmom INTSUP=intsup
OTHER=other

Wheel Data Line — Leading Uniform Load and First (Front) Axle
W=w P=p
Wheel Data Line — Intermediate Uniform Loads and Subsequent Axles

W=w D=dmin, dmax P=p

Wheel Data Line — Trailing Uniform Load and Single Floating Axle
W=w PX=px

Wheel Data Line — Trailing Uniform Load and Pair of Floating Axles

W=w PM=pm PXM=pxm

Examples

(1) Two identical vehicles are defined. The first uses a built-in standard type, the
second defines the same loading explicitly using the general type. Units are
kips and feet.

VEHICLE
NAME=HL93K1 TYPE=HL-93K
NAME=HL93K2 TYPE=GEN
W=0.64 P=8
W=0.64 D=14 P=32
W=0.64 D=14,30 P=32
W=0.64

(2) Two British Standard train loads are defined explicitly using the general type.
Units are kilonewtons and meters.
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VEHICLE
NAME=RU TYPE=GEN

W=80
D=0.8 P=250
D=1.6 P=250
D=1.6 P=250
D=1.6 P=250
D=0.8
W=80

NAME=RL TYPE=GEN

W=25
W=50 D=100
W=25 PX=200

Description

Variable Note

Name Data Line

name

type

(1,2
(1)

(1)

Wheel Data Line

W

dmin

dmax

(1,3)
1,3

1, 3)

Default Description

[GEN]

[0]

[0]

[dmin]

Label of a Vehicle being defined

Vehicle type:
= GEN: General, to be explicitly defined by
Wheel data lines

# GEN: Built-in standard type

Dynamic load allowance for HL-93 standard
Vehicle types only [percentage]

Uniform load [F/L units]

Minimum distance between the current and
preceding axles. Required on all Intermediate
Wheel data linesddmin > 0O [L units]

Maximum distance between the current and
preceding axleOnly one Intermediate Wheel
data line may havdmax > dmin. All others
must havelmax = dmin. Usedmax = 0 to
indicate infinite maximum distance [L units]
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Variable Note Default Description

p (1,3) [0] Concentrated axle weight [F units]

pX (1,3) [0] Floating concentrated axle weight [F units]
pm (a,3) [0] Floating concentrated axle weight for span

moments in Lane elements only [F units]

pxm (2,3 [0] Floating concentrated axle weight for all
response quantities except span moments in
Lane elements [F units]

supmom D) [Y] Whether or not this Vehicle is to be used for
negative span moments in Lane elements over
the supports:
=Y: Yes
=N: No

intsup Q) [Y] Whether or not this Vehicle is to be used for
vertical forces at interior piers in Frame
elements, reactions, and/or spring supports:
=Y: Yes
=N: No

other 1) [Y] Whether or not this Vehicle is to be used for
response quantities other than those listed for
supmomandintsup:
=Y: Yes
=N: No

Notes

1. See Topic “Vehicles” in Chapter “Bridge Analysis” of tigAP2000 Analysis
Reference

2. Each Name data line begins the definition of a new Vehicle. Vehicle labels do
not have to be consecutive and may be supplied in any order. Vehicle labels
may not be repeated in the data block.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference
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3. An axle is the location of a concentrated load or a change in uniform load, or
both. Axles are specified in order from the front to the rear of the vehicle. The
floating axles have no fixed position with respect to the other axles.

The number of Wheel data lines permitted is:

e Zero or one Leading data line
e Zero or more Intermediate data lines
e Zero or one Trailing data line

You must specifydmin on all Intermediate Wheel data lines. You may not
specifydmax > dmin on more than one Intermediate Wheel data lines, i.e., at
most one pair of axles may have a variable distance between them.
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VEHICLE CLASS Data Block

184

This data block defines the Classes, or groups, of Vehicle loads that are required for
bridge moving-load analysis.

Skip this data block if there are no Vehicle Classes to be defined. Otherwise, pre-
pare data according to the format described below.

For More Information

See Topic “Vehicle Classes” in Chapter “Bridge Analysis” of 8/&P2000 Analy-
sis Reference

Data Block Format

The format of the data block is summarized in the table below:

VEHICLE CLASS Separator
NAME= Name Data Lines
VEHI= Vehicle Data Lines

Begin the data block with théEHICLE CLASS separator.

Follow this with as many Name and Vehicle data lines as necessary to define all the
Vehicle Classes.

EachName data linebegins the definition of a Vehicle Class. Ea¢ahicle data
line specifies a Vehicle that belongs to the Class being defined by the most recent
Name data line.

Data Line Formats

Name Data Line

NAME=name

Vehicle Data Line

VEHI=vehi SF=sf
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Example

A Class is defined that contains the AASHTO HS20-44 Truck and Lane Loads and
the Alternate Military Load. These Vehicles must have been previously defined in
the VEHICLE data block:

VEHICLE CLASS
NAME=HS2044
VEHI=HS2044
VEHI=HS2044L
VEHI=AML
Description

Variable Note Default Description

Name Data Line

name 1,2 Label of a Vehicle Class being defined

Vehicle Data Line

vehi 1, 3) Label of a Vehicle being added to the Class
sf 1) [1] Scale factor multiplying Vehicle loackhi
Notes

1. See Topic “Vehicle Classes” in Chapter “Bridge Analysis” of ®8&P2000
Analysis Reference

2. Each Name data line begins the definition of a new Vehicle Class. Class labels
do not have to be consecutive and may be supplied in any order. Class labels
may not be repeated in the data block.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

3. The labelvehi refers to a Vehicle defined in the VEHICLE Data Block (page
179). A Vehicle may be included in more than one Class.
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BRIDGE RESPONSE Data Block

This data block allows you to selectively control for which joints and elements the
computationally-intensive moving-load analysis is to be performed. Only the re-
sults specifically requested in this data block will be calculated.

Skip this data block no moving-load analysis results are desired or if no Moving
Load cases have been defined. Otherwise, prepare data according to the format de-
scribed below.

For More Information

See Topic “Moving Load Response Control” in Chapter “Bridge Analysis” of the
SAP2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

BRIDGE RESPONSE Separator
ELEM= Element Data Lines
ADD= Add Data Lines
REM= Remove Data Lines

Begin the data block with trBRIDGE RESPONSE separator

Follow this with as many Element, Add, and Remove data lines as necessary to
specify all of the analysis results desired.

EachElement data linedefines the element type and the response types that apply
to the subsequent Add and Remove data lines until the next Element data line is en-
countered. For the purposes of this data block, joints are treated as a type of ele-
ment.

EachAdd data line lists a regular array of joints or elements for which the selected
response types are to be calculated. BRemove data linelists a regular array of
joints or elements for which the selected response typerai® be calculated.
Data lines are processed in the order they are supplied in the input data file.
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Data Line Formats

Element Data Line — Joints

ELEM=JOINT TYPEstypes

Element Data Line — Frame Elements

ELEM=FRAME

Add Data Line
ADD=e0, €1, eil...

Remove Data Line

REM=e0, el, eil...

Examples

(1) To calculate all possible moving-load response, specify:

BRIDGE RESPONSE
ELEM=JOINT TYPE=DISP,REAC,SPRING
ADD=*
ELEM=FRAME
ADD=*

(2) To get only the Frame element forces, specify:

BRIDGE RESPONSE
ELEM=FRAME
ADD=*

BRIDGE RESPONSE Data Block
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Description of Variables

Variable Note Default Description

Element Data Line

jtypes Q) One or more response types at the joints. May
be any of the following:
= DISP: Displacements
= REAC: Reactions
= SPRING: Spring forces

Add Data Line

e0, el, eil... (2,3) Labels and label increments for an array of
one or more joints or elements for which the
selected output is to be output

Remove Data Line

e0, el, eil... (2,4) Labels and label increments for an array of
one or more joints or elements for which the
selected output is not to be output

Notes

1. See Topic “Moving Load Response Control” in Chapter “Bridge Analysis” of
the SAP2000 Analysis Reference

2. See Topic “Regular Array Specification” (page 15) in this chapter.

3. Each Add data line may refer to a single elem&or an array of elementD,
el, eil...having one, two or three dimensions. All elements are of the type
specified on the most recent Element data line. For the purposes of this data
block, joints are treated as being a type of element.

4. Each Remove data line may refer to a single elera@rtr an array of elements
e0, el, eil..having one, two or three dimensions. All elements are of the type
specified on the most recent Element data line. For the purposes of this data
block, joints are treated as being a type of element.
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MOVING LOAD Data Block

This data block defines the Moving Load cases that determine the response to the
Vehicles in the Vehicle Classes moving along the traffic Lanes.

Skip this data block if there are no Moving Loads to be defined. Otherwise, prepare
data according to the format described below.

For More Information
See Topic “Moving Load Cases” in Chapter “Bridge Analysis” of ®&P2000
Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

MOVING LOAD Separator
CORR= Control Data Line
NAME= Name Data Lines
CLASS= Assignment Data Lines

Begin the data block with tfdOVING LOAD separator .

Follow this with a single Control data line, and then as many Name and Class data
lines as necessary to define all the Moving Load cases.

TheControl data line is optional, and specifies parameters that control the moving
of Vehicles along the Lanes.

EachName data linebegins the definition of a Moving Load. This is followed by
one or moré\ssignment data lineghat each assign a Class to one or more Lanes.
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Data Line Formats

Control Data Line

CORR=corr QUICK=quick TOL=tol

Name Data Line

NAME=name RF=f1, rf2, rf3...

Assignment Data Line

CLASS=lass LANE=lanes SF=sf LMIN=Imin LMAX=Imax

Examples
All of the following examples assume a four-Lane bridge.

(1) A single Moving Load is defined that assigns a single Vehicle Class to any
number of the Lanes

MOVING LOAD
NAME=HS20 RF=1,1,0.9,0.75
CLASS=HS20

(2) A single Moving Load is defined that assigns an overload Vehicle Class to any
one Lane, and an ordinary Vehicle Class to zero or one other Lane:

MOVING LOAD
NAME=OVER RF=1,1,0.9,0.75
CLASS=0VER LANE=* LMIN=1 LMAX=1
CLASS=HS20 LANE=* LMIN=0 LMAX=1

(3) Two Moving Loads are defined. The first assigns an overload Vehicle Class to
Lane 1, the second to Lane 4. In both cases, the Lane adjacent to the overload is
empty, and ordinary Vehicles may occupy the remaining two Lanes:

MOVING LOAD
CORR=Y QUICK=0
NAME=OVER1 RF=1

CLASS=OVER LANE=1 LMIN=1
CLASS=HS20 LANE=3,4
NAME=OVER4 RF=1
CLASS=OVER LANE=4 LMIN=1
CLASS=HS20 LANE=1,2
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Description

Variable Note Default Description

Control Data Line

corr 3) [N] Whether or not to calculate the other force
components corresponding to the maximum
and minimum Frame element forces:
=Y. Calculate correspondence
= N: Do not calculate correspondence

quick 4) [0] Parameter controlling the Quick or “Exact”
methods of response calculation:
=0: Use the “Exact” method
> 0: Degree of approximation for the Quick

method

tol (5) [.0001] Relative tolerance for simplifying influence
lines

Name Data Line

name (1, 2) Label of a Moving Load being defined

rfl, rf2, (1,6) [1,rfL, Multiple-lane scale factors applied to the

rf3... rf2...] Moving Load case if the number of loaded
Lanes is onerfl), two (f2), three (f3), and
SO on.

Assignment Data Line

class @, 7 Vehicle Class that loads Lankesies

lanes (1,8) [O List of one or more Lanes loaded tigss

UselJto indicate all Lanes (the default)

sf D) [1] Scale factor multiplying the Vehicle loads in
class
Imin (2,9 [0] Minimum number of Lanes to be loaded by

classfor this assignment
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Variable Note Default Description

Imax (1,9 [0] Maximum number of Lanes to be loaded by

Notes

classfor this assignment:
=0: All of Laneslanes
=Imin: Specified maximunimax

. See Topic “Moving Load Cases” in Chapter “Bridge Analysis” of §&P2000

Analysis Reference

. Each Name data line begins the definition of a new Moving Load case. Moving

Load labels do not have to be consecutive and may be supplied in any order.
Moving Load labels may not be repeated in the data block.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. See Topic “Correspondence” in Chapter “Bridge Analysis” of &P2000

Analysis Referender more information ormorr.

. See Topic “Exact and Quick Response Calculation” in Chapter “Bridge Analy-

sis” of theSAP2000 Analysis Refererioe more information ormjuick.

. See Topic “Influence Line Tolerance” in Chapter “Bridge Analysis” of the

SAP2000 Analysis Refererfoe more information orol.

. All omitted values default to the last specified multiple-lane scale factor on the

current data line. If none are specified, all reduction factors default to unity.

. The labeklassrefers to a Vehicle Class defined in the VEHICLE CLASS Data

Block (page 184).

. Any number of Lanes defined in the LANE Data Block (page 176) may be

listed. No Lane should be listed more than once. If no Lanes are listed, the de-
fault is to consider all Lanes.

A maximum of ten Lanes may be listed on a single assignment data line. If
more than ten Lanes are needed for a single assignment, you may use additional
data lines that contain only the specification LAN&=res Each of these addi-
tional data lines may list up to ten Lanes. The CLASS=, SF=, LMAX=, and
LMIN= specifications are not permitted.
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9. Parameteimax must be greater than or equal ltnin, unlessimax is zero
which indicates that all listed lanes may be loaded.
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COMBO Data Block

194

This data block defines various types of combinations of Load Cases, Vibration
Modes, Specs, Histories, Moving Load Cases, and other Combos. Multiple Com-
bos may be defined.

Skip this data block if there are no Combos to be defined. Otherwise, prepare data
according to the format described below.

For More Information

See Topic “Combos” in Chapter “Static and Dynamic Analysis” of 8&22000
Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

COMBO Separator

NAME= Name Data Lines
LOAD= Load Data Lines
MODE= Mode Data Lines
SPEC= Spec Data Lines
HIST= History Data Lines
MOVE= Moving Load Data Lines
COMB= Combo Data Lines

Begin the data block with tHeOMBO separator.

Follow this with as many Name, Load, Mode, Spec, History, Moving Load, and
Combo data lines as necessary to define all the Combos.

EachName data lineidentifies the Combo being defined and its type.

EachLoad data line specifies the contribution of a Load Case to the Combo. Each
Mode data line specifies the contribution of a single Vibration Mode to the
Combo. EaclSpec data linespecifies the contribution of a Response-Spectrum
Case to the Combo. Eattistory data line specifies the contribution of a Time-
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History Case to the Combo. Eabloving Load data line specifies the contribu-
tion of a Moving-Load Case to the Combo. EaCbmbo data line specifies the
contribution of a previously-defined Combo to the Combo being defined.

Data Line Formats

Name Data Line

NAME=name TYPE=ype

Load Data Line

LOAD=load SF=sf

Mode Data Line

MODE=mode SF=sf

Spec Data Line
SPEC=pec SF=sf

History Data Line
HIST=hist SF=sf

Move Data Line

MOVE=move SF=sf

Combo Data Line

COMB=comb SF=sf
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Example

Suppose that Load Cases DL and WIND are dead load and transverse wind load, re-
spectively, and that a response-spectrum analysis named EQ has been performed.
The first Combo combines the dead load with the Response Spectrum Case, auto-
matically accounting for both positive and negative senses of the Spec. The second
and third Combos combine the dead load with the wind load acting in two opposite

directions. The fourth Combo takes the envelope of the first three Combos to find
the most severe response:

COMBO

NAME=DLEQ TYPE=ADD
LOAD=DL SF=1
SPEC=EQ SF=1
NAME=DLWIND1 TYPE=ADD
LOAD=DL SF=1
LOAD=WIND SF=1
NAME=DLWIND2 TYPE=ADD
LOAD=DL SF=1
LOAD=WIND SF=-1
NAME=WORST TYPE=ENVE
COMB=DLEQ SF=1
COMB=DLWIND1 SF=1
COMD=DLWIND2 SF=1

Description of Variables
Variable Note Default Description

Name Data Line

name 1,2 Label of a Combo being defined
type 1) [ADD] Type of Combo:
= ADD: Algebraic sum of the contributing
cases

= ABS: Sum of the absolute values of the
contributing cases

= SRSS: Square root of the sum of the
squares of the contributing cases

= ENVE: Envelope of the contributing cases

COMBO Data Block
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Variable Note
Load Data Line

load (1,3
sf (CON Y

Mode Data Line
mode 1, 4)
sf 1 [

Spec Data Line
spec 1,5)
sf 1 [l

History Data Line
hist (1, 6)
sf @ [l

Moving Load Data Line
move @, 7

sf OO Y

Combo Data Line
comb (1, 8)
sf 1 [

Default Description

Label of a Load Case

Scale factor multiplying Load Cassad

Vibration Mode number

Scale factor multiplying Vibration Mode
mode

Label of a Spec

Scale factor multiplying Response-Spectrum
Casespec

Label of a History

Scale factor multiplying Time-History Case
hist

Label of a Moving Load

Positive scale factor multiplying Moving Load
Casemove

Label of a previously-defined Combo

Positive scale factor multiplying Comlsomb
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Notes
1.

See Topic “Combos” in Chapter “Static and Dynamic Analysis” of the
SAP2000 Analysis Reference

. Each Name data line begins the definition of a new Combo. Combo labels do

not have to be consecutive and may be supplied in any order. Combo labels
may not be repeated in the data block.

See Topic “Labels” in Chapter “Labels, Arrays, and Generation” of the
SAP2000 Analysis Reference

. The labelload refers to a Load Case defined in the LOAD Data Block (page

134).

. The Vibration Mode numbenodemay be any number from 1 to the number of

modes requested in the MODES Data Block (page 15moldeis greater than
the number of modes that were actually calculated, the contribution to the
Combo is zero.

. The labekpecrefers to a response-spectrum analysis defined in the SPEC Data

Block (page 165).

. The labelhist refers to a time-history analysis defined in the HISTORY Data

Block (page 169).

. The labelmove refers to a Moving Load analysis defined in the MOVING

LOAD Data Block (page 189).

. The labelcomb refers to a Combo that was previously defined in this data

block.
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OUTPUT Data Block

This data block allows you to specify the joint and element results to be written to
the results output (.OUT) file.

Skip this data block if no joint or element results are to be written out. Otherwise,
prepare data according to the format described below.

For More Information

See Topic “Joint and Element Output Control” in Chapter “The Output Files” of the
SAP2000 Analysis Reference

Data Block Format

The format of the data block is summarized in the table below:

OUTPUT Separator
ELEM= Element Data Lines

Begin the data block with tHeUTPUT separator.

Follow this with as many Element data lines as necessary to specify all of the analy-
sis results desired.

EachElement data linedefines the response types and analysis cases to be printed
for a given element type. For the purposes of this data block, joints are treated as a
type of element. A given element type may be repeated on different Element data
lines in order to specify different combinations of response types and analysis
cases.

Data Line Formats

Element Data Line — Joints

ELEM=JOINT TYPEdtypes LOAD=loads MODE=modes SPEC=pecs
HIST=hists MOVE=moves COMB=combs
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Element Data Line — Frame Elements

ELEM=FRAME TYPE-Hrtypes LOAD=loads MODE=modes
SPEC=specs HIST=hists MOVE=moves COMB=combs

Element Data Line — Shell Elements

ELEM=SHELL TYPE=shtypes LOAD=loads MODE=modes
SPEC=pecsHIST=hists COMB=combs

Element Data Line — Plane Elements

ELEM=PLANE TYPE=9ltypes LOAD=loads MODE=modes
SPEC=pecsHIST=hists COMB=combs

Element Data Line — Asolid Elements

ELEM=ASOLID TYPE=pltypes LOAD=loads MODE=modes
SPEC=pecsHIST=hists COMB=combs

Element Data Line — Solid Elements

ELEM=SOLID TYPE=ltypes LOAD=Iloads MODE=modes
SPEC=pecsHIST=hists COMB=combs

Element Data Line — Nllink Elements

ELEM=NLLINK TYPE=frtypes LOAD=loads MODE=modes
SPEC=pecsHIST=hists COMB=combs

Example

Suppose Load Cases “DL”, “LL", and “WIND” have been defined, as well as
Response-Spectrum case “EQ”. Joints displacements are requested for all Load
Cases. Jointreactions and Frame element internal forces are requested for the Spec:

OUTPUT
ELEM=JOINT TYPE=DISP LOAD=*
ELEM=JOINT TYPE=REAC SPEC=EQ
ELEM=FRAME TYPE=FORCE SPEC=EQ
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Description of Variables

Variable Note

Element Data Line

jtypes 1)
frtypes (1)
shtypes (1)
pltypes (1)
loads 1,2

modes 1,2,3)

specs 1,2
hists (1,2
moves 1,2

Default

Description

One or more response types at the joints. May

be any of the following:

= DISP: Displacements

= APPL: Applied and Inertial loads

= REAC: Restraint, Constraint, Spring,
and Nllink forces

One or more response types for the Frame and
Nllink elements. May be any of the following:

= FORCE: Internal forces

=JOINTF: Joint forces

One or more response types for the Shell
elements. May be any of the following:

= FORCE: Internal forces

= STRESS: Stresses

= JOINTF: Joint forces

One or more response types for the Plane,
Asolid, and Solid elements. May be any of the
following:

= STRESS: Stresses

= JOINTF: Joint forces

Labels of one or more Load Cases,«3ifor
all Load Cases

Enter #” for all Modes

Labels of one or more Specs, ot for all
Specs

Labels of one or more Histories, &f for all
Histories

Labels of one or more Moving Loads, et “
for all Moving-Loads
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Variable Note Default Description
combs 1, 2) Labels of one or more Combos, et for all
Combos
Notes

1. See Topic “Joint and Element Output Control” in Chapter “The Output Files”
of theSAP2000 Analysis Reference

2. There is a maximum of 10 entries per case-type keyword (e.g., LOAD= or
SPEC-=) permitted on a single Element data line. If more than 10 entries are
needed for a particular case type, use multiple Element data lines.

3. Only MODE=Jis permitted. Individual modes cannot be selected. If individual
modes are desired, place them in a Combo and select the Combo.
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END Data Block

This data block indicates the end of data to be read by SAP2000 from the input data
file. All data lines following the END Data Block are ignored by the program. This
may be used to place extensive comment data at the end of the file, or to place data
that is to be read by other programs that use a SAP2000 input data file.

This data block is not needed in the usual case where SAP2000 is to read all data in
the file.

Data Block Format

The format of the data block is summarized in the table below:

END Separator

This data block consists only of the END separator.
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