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Chapter 1
Introduction

< SAP2000 is the latest and most powerful
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
atternpting 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- BEFHLINEARFEHAE
lowing the list of topics is an Overview FH, THZEABIELR
which provides a summary of the chap- FTARNER,

ter.

Bibliographic References £E LK

< References are indicated throughout this | ¢ K 33590 3] A 64 £ 4 Lk,

manual by giving the name of the author EREF OB LA RR B
(s) and the date of publication, using | B, A#ESET, 4.
parentheses. For example: %3 Wilson and Tetsuji
See Wilson and Tetsuji (1983) . (1983)
It has been demonstrated (Wilson, | -+ --- &3 1E 8 (Wil-
Yuan, and Dickens, 1982) that-:- son, Yuan and Dickens,
1982)
< All bibliographic references are listed in | ¢ A7 % % Lk KB HF L
alphabetical order in Chapter “Bibliogra- " — F P I F BOR 5 7
phy”. o,




Chapter II
Objects and Elements

<

The physical structural members in a
SAP2000 model are represented by ob-
jects. Using the graphical user inter-
face, you “draw” the geometry of an
object, then “assign” properties and
loads to the object to completely define
the model of the physical member.

The following object types are available,
listed in order of geometrical dimension:

® Point objects, of two types:

v

Joint objects: These are au-
tomatically created at the cor-
ners or ends of all other types
of objects below, and they can
be explicitly added to model
supports or other localized be-
havior.

Grounded (one-joint) link
objects: Used to model spe-
cial support behavior such as
isolators, dampers, gaps, mui-
tilinear springs, and more.
These are not covered in this
manual.

® Line objects, of two types

v

Frame/cable objects: Used
to model beams,
braces, trusses,
members

columns,
and/or cable

F=%
3§ A 7

<

<

MR R RARIRL, B
AHR@, A parah”
st F 6 JUATHAE, RE“H
R HBABEE AR L,
TR R R AR,

BEPOATHNEER,
VAJUFTIR 5 i

o sxE, &A8FE:

v VPESE.8FE
VAT BT A A % 8
R X
T VA BR AR 3 Ao N
FE A By B
Hh,

v o oR(EL) #8
*t % A RAE I
I ARKN, ol
BER MESB 4
.3 LR E
F,AEF S
TREAR,

e Za%, a4FE:

v ORRIRS RN R
MM A LH,
HRF & T,



SAP2000 % #3447 ) BA # 42

v Connecting ( two-joint ) v #RE(AE) L.
link objects: Used to T AL B4 Bk My 4
model special member be- MM, iR E R
havior such as isolators, UR-N 3 NS T2
dampers, gaps, multilinear REF. 54
springs, and more. Unlike KRR, &4
frame/cable obejcts, con- SNETARERK
nencting link objects can Bo AH R B4
have zero length. These are Pi g S

not covered in this manual .

®  Area objects: Used to model ® @R R

walls, floors, and other thin- BRI H A T RE M 1
walled members, as well as two- AT o AR (R
dimensional solids ( plane stress, L2 N2 BN R I v N
plane strain, and axisymmetric HAREKR) KR
solids) . Only shell-type area ob- et ET,

Jects are covered in this manual

®  Solid objects: Used to model ® ZHE.ARMM=

three-dimensional solids. These ®FEKR, KB R oA
are not covered in this manual . TEARE,

< As a general rule, the geometry of the | ¢ 5 4 — % & 1, R RSP

object should correspond to that of the IR S L %R — 5,
physical member. This simplifies the vi- XT3 IR AR A # T AL -
sualization of the model and helps with A TFikititsg,

the design process.

< I you have experience using waditional | < 4o F tk A 4 B 45 4 HIRA

finite element programs, including earli- RAGZE, 630K
er versions of SAP2000, you are proba- AH) SAP2000, T £k @, 5 18
bly used to meshing physical models in- Th ALY 5 4 F )
to smaller finite elements for analysis MEARAT M, £ Tt
purposes . Object-based modeling largely FHEEXKEBR T XML
eliminates the need for doing this. £,
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< For users who are new to finite-element

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

When you run an analysis, SAP2000
automatically converts your object-
based model into an element-based
model that is used for analysis. This el-
ement-based model is called the analysis
model, and it consists of traditional fi-
nite elements and joints (nodes). Re-
sults of the analysis are reported back
on the object-based model.

You have control over how the meshing
is performed, such as the degree of re-
finement, and how to handle the con-
nections between intersecting objects.
You also have the option to manually
mesh the model, resulting in a one-to-
one correspondence between objects and
elements,

In this manual, the term “element” will
be used more often 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-
ments are actually assigned in the inter-
face to the objects, and the conversion
to analysis elements is antomatic.
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Chapter III
Coordinate Systems

<4

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

®  (Gicbal Coordinate System

® Upward and Horizontal Directions
® Local 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, aithough
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

< 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-
tem 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 global
coordinate system.

<

SAP2000 ¥ Z Rk Z A %
EFxd,+Z& L, REA
HEFEAFEAR LF
%, 126 Léy Z F T Ak
B E LB HAKF R,

£ S EARL
(SAP2000 o #7 # & ) ¥ 4
“HARERT —F, & SAP2000
AERPFFaeHshEe,

eI X

.

&

EREKERREF =Y
BHARAR,TH X Y. Z, =
NEEIMABEE A, HR L
FiEM, £AH LA
B et &,

EREFATHEERT
Ex.y.z KT, 284
APHEFTABL G
A —SAER—A2H
IR L, AAFF ER X,
Y. Z3HE, B, + X £ 5
NPT XHAKEGE
X756E8k®, L2 ER
F AL,

AT Lt dr A2
RBAERAAE T,



