Chapter 1
Introduction

< SAP2000 is the latest and most powertful
version of the well-known SAP series of
structural analysis programs.

About This Manual

<  This manual describes the basic and
most commonly used modeling and
analysis features offered by the
SAP2000 structural analysis program.
It is imperative that you read this man-
ual and understand the assumptions and
procedures used by the program before
attempting to create a model or perform
an analysis.

< The complete set of modeling and analy-
sis features is described in the SAP2000
Analysis Reference .

¢ As background material, you should
first read chapter “The Structural Mod-
el” in the SAP2000 Getting Started
manual earlier in this volume. It de-
scribes the overall features of a
SAP2000 model. The present manual
will provide more detail on some of the
elements, properties, loads, and anal-
ysis types.

Topics

< Each chapter of this manual is divided
into topics and subtopics. Most chapters
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begin with a list of topics covered. Fol- ooboooobooo
lowing the list of topics is an Overview OoooOooooooo
which provides a summary of the chap- oooooodd

ter.

Bibliographic References oooad

< References are indicated throughout this ¢ 000000000000

manual by giving the name of the author gboboobgobgoobo
(s) and the date of publication, using 000o0ooooooo
parentheses. For example: OO0 Wilson and Tetsuji
See Wilson and Tetsuji (1983). 0 1983)
It has been demonstrated { Wilson, ~- 0000 wil-
Yuan, and Dickens, 1982) that--- son, Yuan and Dickens,
1982)

< All bibliographic references are listed in < 00000000 OO0
alphabetical order in Chapter “Bibliogra- O obobooboood
phy”. 0o



Chapter 11 0o

Objects and Elements 00000

4 The physical structural members in a < SAP20000 U DD DDD
SAP2000 model are represented by ob- booO0oooooooo
jects. Using the graphical user inter- cooomoox oo-
face, you “draw” the geometry of an oooooooooo* O
object, then “assign” properties and 0" oooooooooo
loads to the object to completely define ooooooooo

the model of the physical member.

< The following object types are available, ¢ 000000000000

listed in order of geometrical dimension: oooooooo
® Point objects, of two types: e JOUODODODOOO
v Joint objects: These are au- v OOooooooo
tomatically created at the cor- googooogad
ners or ends of all other types oooooooo
of objects below, and they can oo0oooooao
be explicitly added to model oooooood
supports or other localized be- goo
havior.
v Grounded (one-joint) link v QOOoOoooooo
objects: Used to model spe- oooooooo
cial support behavior such as oooooooo
isolators,, dampers, gaps, mui- gooooooo
tilinear springs, and more. oooooOoao
These are not covered in this ooooooao
manual . googad
® Line objects, of two types e DDODOOOODOOO
v Frame/cable objects: Used v O0o0o0ooomo
to model beams, columns, goooooooo
braces, trusses, and/or cable gooooo

members



v Connecting ( two-joint ) v OO0O0oOoooooo
link objects: Used to oooooooo
model special member be- oomooom
havior such as isolators, oomomood
dampers, gaps, multilinear ooooooono
springs, and more. Unlike ooooDoDoo
frame/cable obejcts, con- ocooooDao
nencting link objects can oooooooon
have zero length. These are oooo

not covered in this manual .

® Area objects: Used to model e 00O0OOOOODO
walls, floors, and other thin- coooboobooo
walled members, as well as two- oooooooooo
dimensional solids ( plane stress, ooooooooon
plane strain, and axisymmetric coOO0oooboooao
solids) . Only shell-type area ob- oooooa

jects are covered in this manual

®  Solid objects: Used to model e 000000000
three-dimensional solids. These ooocoooooon
are not covered in this manual. oooon

< As a general rule, the geometry of the ooooooooooo
object should correspond to that of the gboooooooooog
physical member. This simplifies the vi- Ooooooooooano
sualization of the model and helps with goobooogo
the design process.

< If you have experience using traditional oobooooobooDo
finite element programs, including earli- oooooooobooboo
er versions of SAP2000, you are proba- U0 sap000 000000
bly used to meshing physical models in- oooooobooDg
to smaller finite elements for analysis ooooooooooo
purposes . Object-based modeling largely ooooooooonono

eliminates the need for doing this. oo



< For users who are new to finite-element <> oooooooodod

modeling, the object-based concept bobooobobooon
should seem perfectly natural. oo

4 When you run an analysis, SAP2000 < 0000000 SAP2000 O
automatically converts your object- oobbooobooooo
based model into an element-based ooooooooooao
model that is used for analysis. This el- ooooOooobooooao
ement-based model is called the analysis ooooobOooOooooao
model, and it consists of traditional fi- OoooUoooog oog
nite elements and joints (nodes). Re- OooooOooobooooao
sults of the analysis are reported back oooooooo

on the object-based model.

< You have control over how the meshing ¢ 000000000003

is performed, such as the degree of re- oooooooooooo
finement, and how to handle the con- OooDooOooooooag
nections between intersecting objects. ooooooooooo
You also have the option to manually ooooooo

mesh the model, resulting in a one-to-
one correspondence between objects and
elements.

<4 In this manual, the term “element” will <
be used more ofien than “object” , since
what is described herein is the finite-ele-
ment analysis portion of the program that
operates on the element-based analysis
model. However, it should be clear that
the properties described here for ele- goobbooooon
ments are actually assigned in the inter- ooooOoooooo
face to the objects, and the conversion oooooooo
to analysis elements is avtomatic.
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Chapter III
Coordinate Systems

<

Each structure may use many different
coordinate systems to describe the loca-
tion of points and the directions of
loads, displacement, internal forces,
and stresses. Understanding these differ-
ent coordinate systems is crucial to be-
ing able to properly define the model
and interpret the results.

Topics
®  Overview
® Global Coordinate System

® Upward and Horizontal Directions
® ] ocal Coordinate Systems

Overview

<

Coordinate systems are used to locate
different parts of the structural model
and to define the directions of loads,
displacements, internal forces, and
stresses .

< All coordinate systems in the model are

defined with respect to a single, global
X-Y-Z coordinate system. Each part of
the model (joint, element, or con-
straint) has its own local 1-2-3 coordi-
nate system. In addition, you may cre-
ate alternate coordinate systems that are
used to define locations and directions.
All coordinate systems are three-dimen-
sional, right-handed, rectangular (Carte-
sian) systems.
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<>

SAP2000 always assumes that Z is the
vertical axis, with + Z being upward.
The upward direction is used to help de-
fine local coordinate systems, although
local coordinate systems themselves do
not have an upward direction.

For more information and additional fea-
tures, see Chapter “Coordinate Systems”
in the SAP2000 Analysis Reference and
the Help Menu in the SAP2000 graphical
user interface.

Global Coordinate System

4

The global coordinate system is a
three-dimensional, right-handed, rect-
angular coordinate system. The three
axes, denoted X, Y, and Z, are mutu-
ally perpendicular and satisfy the right-
hand rule. The location and orientation
of the global system are arbitrary .

Locations in the global coordinate sys-
term can be specified using the variables
X, y, and z. A vector in the global co-
ordinate system can be specified by giv-
ing the locations of two points, a pair of
angles, or by specifying a coordinate
direction. Coordinate directions are in-
dicated using the values X, Y, and Z.
For example, + X defines a vector par-
allel to and directed along the positive X
axis. The sign is required.

All other coordinate systems in the mod-
el are defined with respect to the globai
coordinate system.
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Upward and Horizontal
Directions

<

SAP2000 always assumes that Z is the
vertical axis, with + Z being upward.
Local coordinate systems for joints, ele-
ments, and ground-acceleration loading
are defined with respect to this upward
direction. Self-weight loading always
acts downward, in the — Z direction.

The X-Y plane is horizontal. The pri-
mary horizontal direction is + X. An-
gles in the horizontal plane are measured
from the positive half of the X axis,
with positive angles appearing counter-
clockwise when you are looking down at
the X-Y plane.

Local Coordinate Systems

&

Each part (joint, element, or con-
straint) of the structural model has its
own local coordinate system used to
define the properties, loads, and re-
sponse for that part. The axes of the lo-
cal coordinate systems are denoted 1,
2, and 3. In general, the local coordi-
nate systems may vary from joint to
joint, element to element, and con-
straint to constraint.

There is no preferred upward direction
for a local coordinate system. Howev-
er, the joint and element local coordi-
‘nate systems are defined with respect to
the global upward direction, +Z.
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<4 The joint local 1-2-3 coordinate system

is normally the same as the global X-Y-
Z coordinate system.

For the Frame and Shell elements, one
of the element local axes is determined
by the geometry of the individual ele-
ment. You may define the orientation of
the remaining two axes by specifying a
single angle of rotation.

The local coordinate system for a Dia-
phragm Constraint is normally deter-
mined automatically from the geometry
or mass distribution of the constraint.
Optionally, you may specify one global
axis that determines the plane of a Dia-
phragm Constraint; the remaining two
axes are determined automatically.

<4 For more information:

® See Topic “Local Coordinate Sys-
tem” in Chapter “The Frame Ele-
ment.”

® See Topic “Local Coordinate Sys-
tem” in Chapter “The Shell Ele-
ment.”

® See Topic “Local Coordinate Sys-
tem” in Chapter “Joints and Degrees
of Freedom.”

® See Topic “Diaphragm Constraint”
in Chapter “Joint Constraints.”
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Chapter 1V
The Frame Element

<

The Frame element is used to model
beam-column and truss behavior in pla-
nar and three-dimensional structures.
The frame element can also be used to
model cable behavior when nonlinear
properties are added (e. g., tension
only, large deflections). Although ev-
erything described in this chapter can
apply to cables, cable-specific behavior
is not discussed.

Topics

Overview

Joint Connectivity

Degrees of Freedom

Local Coordinate System

Section Properties

Insertion Point

End Offsets

End Releases

Mass

Self-Weight Load

Concentrated Span Load

Distributed Span Load

Internal Force Output

Overview

<%

The Frame element uses a general, three
dimensional, beam-column formulation
which includes the effects of biaxial
bending, torsion, axial deformation, and
biaxial shear deformations. See Bathe
and Wilson (1976) .
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¢ Structures that can be modeled with this ooooooooooo

element include: 4+ 0O

® Three-dimensional frames o LHOD

® Three-dimensional trusses o ULUDOO

® Planar frames o ULOOD

® Planar grillages e LODOD

® Planar trusses e 0OOOO

® (ables o OO

4 A Frame element is modeled as a ooooooboOoooo

straight line connecting two points. In ¢ 000000000 0o0
the graphical user interface, you can ooooooooooobon
divide curved objects into multiple coooooooo
straight objects, subject to your speci-
fication.

4 Each element has its own local coordi- Ooooooooooo
nate system for defining section proper- ¢ DooooooDOO0O00
ties and loads, and for interpreting out- ooooboobooo
put.

¥ Each Frame element may be loaded by oooooooooooo
self-weight,  multiple  concentrated ooooooooooo
loads, and multiple distributed loads. an

% Insertion points and end offsets ae , DO DODDOOODODOO

available to account for the finite size oooooooooo
of beam and column intersections. End ooooooooooo
releases are also available to model dif- gooboboooooobon
ferent fixity conditions at the ends of oooDmomodm
the element.

< Element internal forces are produced at ¢ U0OO0DOO0OO0O0O0OO0O0OO0
the ends of each element and at a user- goooooooood
specified number of equally-spaced out- gooood
put stations along the length of the ele-
ment.



<4  Cable behavior is modeled using the < DODononoooond
frame element and adding the appropri- podoooooooon
ate features. You can release the mo- gooooooooooon

ments at the ends of the elements. al- podoooooooD
though we recommend that you retain poooodoooaod
small, realistic bending stiffness in- obodooooooad
stead. You can also add nonlinear be- 00000 P-Delta DO ODO
havior as needed, such as the no-com- uoooooooood
pression property, tension stiffening goboogobooooooo
(P-Delta effects), and large deflec- oo

tions . These features require nonlinear
analysis, and are not covered in this
manual .

< For more information and additional fea- ¢ 00000000 OOO

tures, see Chapter “The Frame Element” (sap000 000000 O
in the SAP2000 Analysis Reference . ooo” ooo

Joint Connectivity 0,000

<$ A Frame element is represented by a ¢ 00 0000COOOO0
straight line connecting two joints, i oomoooooo o
and j, unless modified by joint offsets ooooooogoooao
as described below. The two joints must oooooooooooo
not share the same location in space. oooooo 1o J,.

The two ends of the element are denot-
ed end I and end J, respectively .

¢ By default, the neutral axis of the ele- ¢ 000000000000

ment runs along the line connecting the uooooooooon
two joints. However, you can change goooooooooad
this using the insertion point, as de- O ooo"oon
scribed in Topic “Insertion Point” .

Joint Offsets 7.4

¢ Sometimes the axis of the element can ¢ 000000000000
not be conveniently specified by joints ooooooooogoo



that connect to other elements in the
structure. You have the option to speci-
fy joint offsets independently at each
end of the element. These are given as
the three distance components (X, Y,
and Z) parallel to the global axes,
measured from the joint to the end of
the element (at the insertion point. )

< The two locations given by the coordi-

nates of joints i and j, plus the corre-
sponding joint offsets, define the axis of
the element. These two locations must
not be coincident. It is generally recom-
mended that the offsets be perpendicular
to the axis of the element, although this
is not required.

Offsets along the axis of the element are
usually specified using end offsets rather
than joint offsets. See topic “End Off-
sets” .End offsets are part of the length
of the element, have element properties
and loads, and may or may not be rigid.
Joint offsets are external to the element,
and do not have any mass or loads. In-
ternally the program creates a fully rigid
constraint along the joints offsets.

Joint offsets are specified along with the
cardinal point as part of the insertion
point assignment, even though they are
independent features.

< For more information :

®  See Topic “Insertion Point” in this
chapter.
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® See Topic “End Offsets” in this o K¥F“miAppA" LA
chapter .
Degrees of Freedom oo
& The Frame element activates all six de- ¢ 00000000000
grees of freedom at both of its connected opobooooooon
joints. If you want to model truss or ca- opoboooooooo
ble elements that do not transmit mo- omoooooood
ments at the ends, you may either:
® Set the geometric Section properties e LUODOoooono j.i33
j»i33, and 122 all to zero (a is non- 02000 a0000
zero; as2 and as3 are arbitrary), or a2 0 230 0 00
® Release both bending rotations, R2 ¢ JO0UobOogooboooo
and R3, at both ends and release the 000 rRO RBINOO
torsional rotation, R1, at either end. oooogog ri.
< For more information: ¢ oooooo
® See Topic “Degrees of Freedom” in e " J0O0O0ooOOr 00
Chapter “ Joints and Degrees of OO 0o0o"00
Freedom.”
® See Topic “Section Properties” in e 0DrODOOOOO
this chapter.
® See Topic “End Releases” in this ¢ 0O 0000 00
chapter.
Local Coordinate System oooddd
< Each Frame element has itsownelement ¢ O O0O0O0O0O0O0O0DOOO
local coordinate system used to de- 0000Do0o0oooooo
fine section properties, loads and out- gooooooooood
put. The axes of this local system are goooooog 1,20 30
denoted 1, 2 and 3. The first axis is di- ooiooooooooo
rected along the length of the element; ooooOoooooooo
the remaining two axes lie in the plane ooooooocooood
perpendicular to the element with an ori- goooooo

entation that you specify.



4 OO0ODO0oOoobOoOobOboo
gobooooboooog
gobooooooog

< 1t is important that you clearly under-
stand the definition of the element local
1-2-3 coordinate system and its relation-

ship to the global X-Y-Z coordinate sys- ooooOoooooooo
tem. Both systems are right-handed co- oooooobooooo
ordinate systems. It is up to you to de- ooooooooo

fine local systems which simplify data
input and interpretation of results.
¢ In most structures the definition of the < 0U0UOO0OOO0OOOOO

element local coordinate system is ex- voooooooood
tremely simple using the default ori- poboooooooog
entation and the Frame element co- ooooooooooo
ordinate angle. Additional methods uooooo
are available.
< For more information: 4+ 0DOOD0O0OODO
®  See Chapter “Coordinate Systems” e “UID0DO"ODDDOOO
for a description of the concepts ocoooooboooao
and terminology used in this topic. ooo
® See Topic “Advanced Local Coor- ® (sap000 000000
dinate System” in Chapter “ The “gUooor'oor o
Frame Element” in the SAP2000 gooogoor o
Analysis Reference . ad
® See Topic “Joint Offsets” in this e 00000000
chapter.
Longitudinal Axis [ K] 44 1
¢ Local axis 1 is always the longitudinal ¢ 00000 100000
axis of the element, the positive direc- oooooooo (og g
tion being directed from end I to end J. ooo
< Specifically, end Iis jointi plusitsjoint ¢ OOO0OOO0OO0 1000 iO
offsets (if any), and end J is joint j plus 0000000 D0o0ODOoboOo
its joint offsets (if any) . The axis is de- 00,000 jO000O0
termined independently of the cardinal ocooooOooooooan
point; see Topic “Insertion Point” . 0o0o0ooooooo* o

go” oood



Default Orientation

&

The default orientation of the local 2 and 3

axes is determined by the relationship be-

tween the local 1 axis and the global Z axis:

® The local 1-2 plane is taken to be
vertical, i.e., parallel to the Z
axis

® The local 2 axis is taken to have an
upward  + Z) sense unless the ele-
ment is vertical, in which case the
local 2 axis is taken to be horizontal
along the global + X direction

® The local 3 axis is always horizon-
tal,i.e., it lies in the X-Y plane

An element is considered to be vertical if
the sine of the angle between the local 1

axis and the Z axis is less than 107°.

The local 2 axis makes the same angle
with the vertical axis as the local 1 axis
makes with the horizontal plane. This
means that the local 2 axis points verti-
cally upward for horizontal elements.

Coordinate Angle

<4

The Frame element coordinate angle,
ang, is used to define element orienta-
tions that are different from the default
orientation. It is the angle through
which the local 2 and 3 axes are rotated
about the positive local 1 axis from the
default orientation. The rotation for a
positive value of ang appears counter-
clockwise when the local + 1 axis is
pointing toward you. '
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4 For vertical elements, ang is the angle
between the local 2 axis and the hori-
zontal + X axis. Otherwise, ang is the
angle betwecn the local 2 axis and the
vertical plane containing the local 1 ax-
is. See Figure 4-1 for examples.
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Section Properties

< A Frame Section is a set of material
and geometric properties that describe
the cross-section of one ot more Frame
elements. Sections are defined indepen-
dently of the Frame elements, and are
assigned to the elements.
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