o

i

n

o
=]

Prepared by:

Eng.\ Magdy Genidy
\ Abdel Razek Abdel Rahman
Eng.\ Walid Abdel Raouf



SAPZO00

INTRODUCTION

General

The most famous program used in structural analysis in the last 30 years is
Structural  Analysis Program (SAP) which designed by Computer and
Structures, Inc. company (CSI). This program had been improved from 1970
up to now. There were many versions had been edited by the company like
SAP, SOLIDSAP, SAPIF, SAP80, SAPY0, and SAP2(00.

SAP is a finite element program for soiving structures. In the finite element
solution, the structure 15 to be divided into elements mterconnected only at a
finite number of nedal pomts. The finite element theory assumes that the
behavior of a siructure is simiiar to that of an assembiage of finite elements to

which 1t 15 divided.

SAP2000 Versions and Limitations

SAP2000 may be purchased n the following four versions:

SAP2000 Standard

Capacity 1500 Nodes

Analysis Static and Dynamic Response Spectrum  Analysis

Elements FRAMI: and SHELL Eiements oniy

Design Steel (AISC-ASDE9, AISC-LRFD93, BS5950 90, CISC
93, EUROCODE 3-1992), Concrete (ACI 318-95, BS8110 89, CAN3-
A232-M84, EUROCODE 2-1991)

——
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SAP2000 Plus
Capacity No Practical Limit
Analysis Static, Dynamic Response Spectrum, Tune History and
Bridge Analysis
Elements  FRAME, SHELL, PLANE, SOLID and ASOLID Elements
Design Steel (AISC-ASD89, AISC-LRFD93, BS3930 90, CISC

935, EUROCODE 3-1992), Concrete (ACI 318-95, BS8110 89, CAN3-

AZ32-MB4, EUROCODE 2-1991)

SAP2000 Nonlinear
Capacity No Practical Limit
Analysis Static, Dynamitc Response Spectrum, Time History, Bndge

and Dynamic Nonimear Time History Analysis
Elements FRAME, SHELL, PLANE, SOLID, ASOLID, and
NLLINK ( as external Damping , Base Isolators, Gap and Hook Elements)

- v~ Ny o~ Sy~ e

Steei (AISC-ASD89, AISC-LRFD93, BS3550 90, CISC

-~

ODE 3-1992), Concrete (ACI 318-95, BS8110 89, CAN3-

-~

A232-M84, EURQCGDE 2-1991)
SAP2000 Educational

Capacity 30 Nodes

Analysis Static, Dynamic Response Spectrum, Tnme History, Bridge
and Dynamic Nonlinear Time History Anaiysis

Elements FRAME, SHELL, PLANE, SOLID, ASOLID, and
NLLINK ( as externai Damping, Base Isolators, Gap and Hook Elements)
Design  Steel (AISC-ASD89, AISC-LRFD93, BS3930 90, CISC 93,
EUROCODE 3-1992), Concrete (ACI 318-95, BS8110 89, CAN3-A23.2-
M84, EUROCODE 2-1991) N
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Advantages of SAP2Z000
Has a very simpie way to mput data.
- Ability to input the geometnical data usmg AutoCAD program.

Ability to soive any problem edited by using SAP90 program.

Ability to use a tempiaie models 1n the program and to modify it.

Solving much number of equations up to 60 000,

Abiiity to design some structurai elements.

—~
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STRUCTURAL ANALYSIS PRINCIPALS

Coordinate system

When defining any structure, it IS important to input.the joint coordinates |
values that specify the location of each joint. So it is necessary to usea
coordinate system to locate the structure elements and to define the direction of
loads, restraints, dispiacements, reactions, and the resultant forces and sfresses.
I- Global coordinate system

It is a coordinate system for all over the structure. The followme input dara i<
prepared with respect to the global coordimnate system:

1- Joint coordinate.

2- Jomt restramts.

3- joint spring supports.

4- Jomt loading.

5- Joint constraints.

The foliowing outpui data 1s referred to the global coordinate system:

I- Joint displacements.

2- Jomt reactions.

Il- Locai coordinate system

It 1s a coordinate system for each element in ne structure. The following input
data 1s prepared with respect to the iocal coordinate system:

1- Element section properties.

2- Element loading.

The foliowing output data 1s referred to the focal coordinate system:

1- Element forces.

2~ klement stresses.

——~—
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Types of elements

jt 15 necessary to know the different types of elements used for defining the
structure problem such as beams, frames, trusses, siabs, tanks, and rafts.
Frame element |

Two joints define this eiement. It can be used for modeling beams, trusses, and
frames.

Plate bending eiement

At least three joints are needed io define these element max four joints. It can
be used for modehng slabs (sections under simpie bending).

Membrane eiement

At least three jomts are needed to define these element max four joints. it can
be used for modeling domes and foided plates (sections under normal only).
Sheli element

At least three joints are needed to define these element max four joints. it can

be used for modeling tanks {sections under moment and normal).

Restraints and degrees of {freedom

it 1s known that every point in space have six components of freedom, which
are three dispiacements in the three directions Ux, Uy, and Uz and three
rotations about the three axes Rx, Ry, and Rz.

Existing of any displacement in any direction 1s cailed a degree of freedom
(D.O.F) and inability of displacement in a specified direction means that this

freedom 1s restrained.

.
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Frame Element

FRAME element fallaws the designer’s convention.

i Axis 1
Plane 1-2 7
Axis 2 /,// / /V
s " .. e
EndJ
z End i
A7
5 o Axis 3
e——~§>— Y
& Frame Element Local Axes ' Axis 1
X Global
Coordinates

Positive Axlal Force and JTorque

V2
/ Axis 1
. ST . ,.//7

)

Positive Moment and Shear in 1-2 Plane Positive Moment and Shear in 1.3 Plane

Frame Element Intemal Forces

——
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Shell Element

Face 6. Top (+3 face)

Axi
xS 3A Face 5: Bottomn (-3 face)
\ F .
| oo Axst Axis 2
- .

Four-Node Quadrilateral Shell Element Three-Node Triangular Shell Element
F-MIN
\ Axis 2 v . F-MAX
‘/'\4.,/
14 “.\‘:',"’;5
Forces are per unit NGLE ¢ v XIS
of in-plane length P o * AN(%/L/E/,,

—E22 LF12 , T
& : Positive shear forces and stresses
acling on positive faces
point toward the viewer

e P

i

Membrane Forces

Axis 2
»

Moments are per unit
of in-plane length

g M wey
- ST 12
X \)\ x j
s M
1Y

&

i1 j2
Plate Bending and Twisting Moments

Shell Intemai Forces

FINT = F intermediate
FUM =V{1/2[{FMAX - FINT)*2+( FMAX - FMIN}A2+{ FINT - FMIN)*2]}.

Also See:
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PROGRAM APPLICATIONS

Define Materials

I- On the Define menu, ciick Materials... Tiis will display the Materals
dialog box with defauit matenials, CONC, OTHER and STEEL hsted in the
Materials list box. |

What do you want to do? -

Add a New Concrete Matenal Type

Add a New Steel Matenal Type

Add a New Other Matenai Type

Add a New Concrete Miaterial Type
To Add a New Concrete Material :
1- In the Matenals dialog box, click on Add new Matenal button. This wili

dispiay the Materiai Property Data box.

)

- In the Matenal Property Data box

e Choose Concrete from the Design Type drop down list.

e Enter the Material name in the Material Name edit box or accept the
defauit name.

e

n the Analysis Property Data area, enter new vaiues for Mass per umit

®
]

volume, Weight per umit voiume, Moduius of Elasticity, Poisson ° s Ratio
and Co-efficient of thermal expansion, if the defauit values are not

acceptabie.
e In the Design Property area, enter the value for Reinforeing yield stress

(fy), Concrete strength (f.), Shear steel yield stress (fi5) and Concrete shear

strength (fis) or accepy the defaun vaiues.

Click OK. ' -
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3.
4 -

The new Matenial Name wiil be added to the Materials list box.

To Delete or Modify/Show Matenal, ciick on the material in the hst box

and then click on the Modify/Show Matenal or Delete Material button.

5

Click OK..

Add a New Steel Material Type
To Add a New Steel Matenal:

I- In the Matenais dialog box, click on Add new Material button. This wiil

dispiay the Material Property Data box.

2- In the Material Property Data box

L ]

L}

3-

4-

5

Choose Steel from the Design Type drop down hist.

Enter the Matenal name m the Material Name edit box or
accept the default name.

In the Anaiysis Property Data area, enter new values for mass
per unit volume, Weight per unit volume, Modulus of Elasticity,
Poisson’s Ratio and Co-efficient of thermai expansion, if the
defauit vaiues are not acceptable. |

In the Design Property area, enter the value for Steel yield
stress fy, or accept the default value.

Click OK.

The new Matenai Name wiil be added to the Matenais list box.

To Delete or Modify/Show Matenal, ciick on the material m the list box

and then click on the Moedify/Show Matenai or Delete Material button.

Chick OK

-~
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indicated as design combos n the Load Combination Data dialog box will also

be included 1n the Design Combos

If other load combinations have been defined and were not mdicated as design
combos in the Load Combmation Data dialog box, they are shown under List
of Combos. The Design Combos list can be modified by removing one or more

default Combinations and/or by adding from the List of Combos.

Chckmg on the Show button will present the Load Cases and Scaje factors for

the highlighted Combo.
FRAME SECTION

Add a Frame Section by defining the dimensions and or properties manually

i- On the Define menu, click Frame Sections... This wiii display the Frame
Sections dialog box.
2

-

- In the Frame Sections dialog box ciick on the Add drop down button and
choose Add I/Wide Fiange or Channel, Tee, Angie etc. by doubie clicking on
one of the section types. Tius wili display a Section Property form that shows
the physical shape and dimensions of the section.

3- Enter the section name or accept the defauit name.

4 - Enter the physicai dimensions of the section or accept the default values.

5- Choose the matenai ivpe (¢.g. Steei, Concrete or Other) from the Mateniai
drop down list box. For Concrete sections see below.

6- It 1s possibie to fook at the section properties by clicking on Section

Properties.

——

——
2
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3 - In the 3-D view ciick on a Grid mtersection or a previously defined Jont ( a
small red ball appears to confirm that the joint has been selected ).

4- Click on another Gmid intersection or a Joint to add a FRAME element.
Every subsequent ciick on a seiected point wiil add another FRAME element
unless a double click on the same jomt is performed or the ENTER key 1s

pressed. Pressing the ESC key wiil also terminate the sequential draw and take

you out of the Draw mode.

Note: It 15 not possible 1o draw a FRAME element between any two arbitrary

points in space m the 3-D view.

LOCAL AXIS

Assign Local Axes for Frame Elements

I- Select one or more iFrame Elements to which you want to assign the same

Local Axes.

2- On the Assign menu chicks Frame and then Local Axes... in the sub-menu.

3- In the Frame Local Axis display box:

* Type in a vaiue for Angie in Degrees. This 1s an angle by which local axis

(2) of the Element wiii be rotated around locai axis 1. Local axis 1 is aiong

the length of the Element. By defauit locai axis 2 is always in the 1-Z plane

except 1f the Element s vertical and then it 1s paraliel to the global X-axis.

The defmition of the focai axes follow thé right hand ruie. The angie 1s

measured anti-clockwise as positive if local axis 1 is pointing towards you..
Check the Reverse start and end connectivity box if you want to fiip the |

and J ends of the members 1.¢. fiip the local axis 1.

e (iick the OK button

—
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Note: By defauit giobai Z 1s taken asthe 3D View Up Direction. You may
change the UP direction from the Option pull down menu. if you change the

UP direction, it will oniy affect the dispiay of the model and does not affect the

local axes definiuon m any way.

Assign Gravity Loads to Frames
This ioading method is a way to add the factored self-weight of the members in
as a force m anv of the global directions. It 1s recommended that the actual

self-weight of the structure be included in the defimtion of the Static Load
Cases.

i- Select one or more FRAMES to assign loads to.

2- On the Assign menu click Frame Static Loads and then Gravity... in the
sub-menu. This will display the Frame Gravity Loads diaiog box.

3 - In the Frame Gravity Loads dialog box:

e Select the Load Case

* Provide Cravity Muitipiiers

» Seiect from Add, Replace, Delete
o Chck OK.

The screen wili refresh with a graphicai representation of the load assigned on

the members selected.

Assign Point and Uniform Loads to Frames
i- Select one or more FRAMES to assign loads to.
2- On the Assign menu, click Frame Static Loads and then Point and

Uniform... m the sub-menu. This wiil dispiay the Pomt and Umiform Span

. Loads dialog box.

——

3- In the Point and Uniform Span Loads dialog box:

17
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o Select Load Case

e Choose Load Tvpe and Direction
o Provide Pont Loads and Distances
¢ Provide Unmform Load

s Select from Add, Repiace, Delete
Chick OK.

oS
1

The screen wiil refresh with a graphical representation of the ioad assigned on

the members selected.

Assign Trapezoidal L oads to Frames

i- Select one or more FRAMES to assign loads to.

Z- On the Assign menu chck Frame Static Loads and then Trapezoidal... mn the
sub-menu. This wiii dispiav the Trapezoidal Span Loads dialog box.

3- In the Trapezoidal Span Loads dialog box:

e Select Load Case

e Choose Load Tvpe and Direction

e Provide Loads and Distances

o Select from Add, Replace, Delete

4- Chick OK.

The screen wiil refresh with a graphical representation of the foad assigned on

the members selected.

—
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Assign Iframe Prestress
Assigning Frame Prestress loads is a way to model the prestress cable load on
a frame member.

1- Select the FRANMIE iZiements to which you want to assign a Prestress load.
2- On the Assign menu, click Frame and then prestress... m the sub-menu.
This wiii dispiay the Frame Prestressing Patterns dialog box.

3- In the Frame Prestressing Patterns dialog box enter:

o The Cable Tension in the text edit box

e The Start, Middie and End cable locations.

o Select from Add, Replace or Delete.

4-  Chick OK.

Note: You can assign more than one Prestress ioad to an mdividual frame
member. Once vou have assigned prestress ioads to eiements you will need to

assign the frame prestress loads to static load case.

Assign Frame Hejeases

Releases are assigned t¢ selected Frame Elements.

i- Seiect the FRAME Elements to wihich you want to apply the releases.

2- On the Assign menu click Frame and then releases... in the sub-menu. This

wili display the Frame Releases dialog box.

N

3- In the Frame Relzases dialog box:

e Tor each cnd of the FRAME Element check the type of release desired
(Axial, Shear Force 2 (Major), Shear Force 3 (Minor), Torsion, Moment
22 (Minor) and Moment 33 (Major).

e If no releases are desired then check the No Releases box.

4- Click OK.

Note: The releases specified aiways repiace the existing releases.
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Assign Frame End Offsets

frame End Offsets are asxlfvned to selected Frame Elements.

I- Sclect the MRANL [lements to which you wantto upply the Frame [:nd
Offsets.

- On the Assign menu, click Frame and then End offsets ... m the sub-menu.
This wiil display the Frame End Offsets dialog box.
3- In the Frame End Offsets dialog box:

e If you want to use User Specified End Offsets then check Define Lengths
and type in the values for the Offsets at End I and End J.

e If you want the program to caiculate the End offsets from the connectivity
of tiie model then check Update lengths from current connectivity. The
program will automatically —calcuiate the End offsets from the Depth
(Major) and Width (Minor) specified for the Frame Element properties.

e Specify a Rigid Zone Factor in the edit box. Thisisa factor used t0
define the percentage of the Zone specified through End Offsets to be taken
as fully rigid. 0 means no rigid zone and 1 means that the entire zone 15

taken as ngd.

Total Length L
- .
Clear Length L,
| D) |
Horizontal ______
l - Member “y J
ioff e End Offs»;ets———.mm joff

4\ i )

"~ Support Face -

——
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Define Joint Patterns

I- On the Define menu, ciick Jomt Patterns... This will display the Pattem
Naintes dialog box with a defauit pattern, DEFAULT listed in the Patterns list
box. |

2- To add a new pattern name type in the new name in the Patterns edit box
and click Add new Pattern Name.

3- To change a pattern name click on the name in the List box and then type
over the changes in the edit box and click Change Pattern Name.

4- To delete a pattern name click on the name m the iist box and ciick Delete
Pattern Name,

5- Click OK.

Tip: Pattern names defined here are used in Assign Joint Patterns.

I~

FYinatl ExnE 40037 Value = Ax + By + Cz + [
0

o Constant A
" = + Constant B 0
[Np]
Constant C -20
¥ . -Constant D 110

- Value D Cz

t~)
o
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Assign Joint Patterns

i- Select the Jomnts to which you want to assign the pattern.
2- On the Assign menu, clhick jont Patterns... Ti

Data dialog box.

3- Click on the Pattern Name drop downs box and choose a previously defined
pattern name by ciicking on it.

4.- Type i the values n the edit boxes for Constants A, B, C and D, relevant

1 ~

to definmg the Value of Ax+By+Cz+D (x,yandz are joint coordinates

relative to the origin of the current coordinate system). It 1s this Vaiue that will

be assigned to the Joints. it can define the vanation of Temperature for Frame

Elements and variation of Pressure for Shell Elements. These Values are then

subsequentiy muiiipiied by the Temperature vaiues assigned from the Frame

Static Loads or Pressure values assigned from the Shell Static Loads. For

instance if you want to assign a patfern which represents the vanation of soil

pressure on a wali:

5 - Options

e To add compuied Vaiues from Constants to existing Vaiues from
previously assigned patierns, click on Add to existing valnes under Options.

* To repiace computed Values from Constants to existng Vaiues from
previously assigned patierns, click on Replace exi.stixﬁlg values under
Options. |

» To delete previousiy assigned patterns, click on Delete existing vaiues
ander Options.

6 - Depending on the pattern you are trying to define select either:

e Use all values il all values are desired

e Zero Negatives Vaiues 1f negative vanation 1s not desired.

e Zero Positive Values if positive vanation is not desired.

7- Chick OK.

.
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Note: Once you have assigned the pattern you will still need to assign a load
to that pattern by selecting from the assign menu, Shell Static Loads...

Pressure....

SHELL SECTION

Add a Sheii Section by defiming the dimensions and / or properties

i- On the Define menu, ciick Sheli Sections... Tins wiil display the Shell
Sections dialog box.

2- In the Shell Sections dialog box click on the Add New Section button. This
will display Shell Secuons Data dialog box.

3- In the Sheii Sec sata dialog box

e Enter the Section Name or accept the defauit name.

o Select the material ivpe by clicking on the Material drop down box.

¢ [Enter the Membrane and Bendimng Thickness.

¢ (hoose the sheli type to be Shell, Membrane or Plate.

e C(Click OK.

4- The new section name will be added to the Shell Sections list box.

3- To Delete or Modity/Show Section, click on the Section name m tie jist box
to select 1t and then ciick on the Modifv/Show Section or Deiete Section
button.

6- Click OK.

Add a Sheil Section by defining the dimensions and / or properties

I- On the Define menu, click Sheli Sections... Tius wiil display the Sheil
Sections dialog box.

2- In the shell Sections dialog box click on the Add New Section button. This
will dispiay Sheii Sections Data diaiog box.

3- In the Shell Sections iata diaiop box ~
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o Enter the Secuion Name or accept the defauit name.

e Select the matenai tvpe by clicking on the Matenal drop down box.

e Enter the Membrane and Bendmg Thickness.

e (Choose the sheli tvpe 1o be Sheil, Membrane or Plate.

e (Click OK.

4- The new section name will be added to the Shell Sections list box.

5- To Delete or Modifv/Show Section, click on the Section name 1 the list
box to select it and then click on the Modify/Show Section or Delete Section
button. |

o- Click OK.

Draw a Sheil Element between 4 Joints

Draw in 2-D

I- On the View menu click Show Grids. This puts a check mark next to it and
works as a toggie to turn on or off the Gnids.

2- Select 2-D Plane m which vou want to draw the member.

3- Click on to switch to drawing a SHELL element between 4 Joints.

4- Click on a Grid intersection, a previously defined Joint or any point in that
plane.

5- Chick agam on 3 other points either clockwise or counterclockwise to add a

SHELL element.

Note: If you want to add a uiangular element the fourth point clicked should be

the same as the first.

Draw in 3-D
1- On the View menu, ciick Show Grids. This puts'a check mark next to it and-

works as a toggle to turn on or off the Gnids.
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2- Click on to switch to drawing a SHELL element between 4 Jomnts.
3--In the 3-D view ciick on a Grid intersection or a previously defined Joint (a
small red ball appears to confirm that the pomt has been selected).

4- Click on 3 other simiiar points either clockwise or counterclockwise to add

a SHELL element.

Note: It 1s not possibie o draw a SHELL element between any 4 arbitrary

points m space in the 3-D view,

Assign T ocal Axes for Siell Elemenis

i- Select one or more Sheil Elements to which you want to Assign the same

Local Axes. |

7- On the Assign menu, cihick Sheil and then Local Axes... in the sub-menu.

3- In the Sheil Local Axis dispiay box:

+ Type in a value for Angle m Degrees. This 1s an angle by which local axis
(2) of the Element wiil be rotated around local axis 3. Local axis 3 1s normal
to the surface of the SHELL Element. By defauit local axis 2 is aiways m
the 3-Z plane (and iies in the piane of the SHELL) except if the Element 13
honzontal and then it is paraliei to the global Y-axis. The definition of the
focal axes foliow the ngit hand rule. The angle 1s measured anti-clockwise

as positive if local axis 3 is pointing towards you.

o (Check the Reverse direction of normal box if vou want to flip the
direction of local axis 3.

e Click the OK button

Note: The positive direction of the local axis 3 is determined by the definition

of the SHELL connectivity. See Sign Convention for more info.

26
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Assign Gravity Loads to Shells |
This loading method is a way to add tlie factored self-weight of the members n
as a force 1n any of the global directions. it is recbmmendéd that the actual
seif-weight of the structure be included in the defimition of the Static Load
Cases.

i- Select one or more SHELLS to assign loads to.
2- On the Assign menu, click Shell Static Loads and then Gravity... m the -
sub-menu. This wiii display the Shell Gravity Loads dialog box.

3- In the Shell Gravity Loads dialog box:

o Select the Load Case

¢ Provide Gravity Multipliers

o Select from Add, Repiace, Delete

4- Click OK.

The screen wiii refresh with a graphical representation of the load assigned on

the members selected.

Assign Uniform Loads io Shells

t- Select one or more SHELLS to assign loads to.

2- On the Assign menu, click Sheil Static Loads and then Uniform... in the
sub-menu. This wili display the Sheil Uniform Loads diaiog box.

3- In the Shell Uniform Loads dialog box:

* Select Load Case

e Provide Umform Load value and Direction

e Select from Add, Replace, Delete

4- Click OK.

The screen will refresh with a graphical representation of the load assigned on

the members selected.
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Assign Pressure Loads to Shells
i- Select one or more SHELLS to assign loads to.
2- On the Assign menu, ciick Shell Static Loads and then Pressure
sub-menu. This will dispiay the Shell Pressure Loads dialog box.
3- In the Shell Pressure i.oads dialog box:
o Select Load Case
e Choose if pressure will be applied by Element or by Joint Pattern
o Ifby Element, then specify pressure value
o Ifby Jomt Pattern | then choose the pattern and muitipher
s Scleet from Add, Repinee, Delete
4 - Click OK.

.. mthe

The screen wiil refresh with a graphical representation of the load assigned on

the members selected.

Assign Temperature Leads to Shells
1- Select one or more SHELLS to assign ioads to.

Z- On the Assign menu, click Sheil Static Loads and then Temperature

sub-menu. This wili display the Sheil Temperature Loadmg dialog box.

3- In the Sheli Temperature Loading dialog box:

e Select Load Case

... inthe

e (Choose the tvpe of Temperature Loading, 1.e. Temperature or Gradient

e Choose if temperature to be applied by Element or by Jomt Pattern

* if by Element, then specify temperature value
e [fby Joint Pattern, then choose pattern and multiplier
o Select from Add, Replace, Delete

4- Chck OK.
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Reshape Element
Reshape Element option 1s used to edit element forms or shapes. With the help
of this option 1t 1s possible to move FRAME or SHELL elements, stretch or
shrink FRAME elements and reshape SHELL elements. To move or reshape

an element do the foilowmg:

Add in 2-D

1- On the View menu, ciick Show Gnds. This puts a check mark next to it and
works as a toggle to turn on or off the Grids.

2- Select 2-D Plane in which you want to reshape the member.

3- Click on to switch to Reshape Element mode.

4- Click once on a FRAME or a SHELL eiement to select it. This wall display
the member end handies.

5- Grabbing one of the handles of the element and 1110vin§ 1t will stretch,
shrink, rotate or reshape the element.

6- Crabbing the element (any pomnt away from the handies) and dropping it at

another location will aliow you to move the element.

Add in 3-D
In 3-D, the element editing works the same way as Z-D except that the handie

may only be dropped at another pre-defined JOINT or Grid intersection.

Note: Only one Element at a time may be moved or reshaped through this

option.

Add Special Joints
In building a modei m SAP2000 1t 1s not necessary to pre-define Joints. The

Joints are automaticaliv added to the ends or corners of the elements. Speciaj
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Joints are those Joints, which are added by the user. These joints may be
necessary to add n rare cases such as at one end of an NLLmnk Element - an
end where there is no other element present and hence no automatically

generated Joint. To add a Special Joint do the following:

Add'in 2-D

1- On the View menu, click Show Gnids. This puts a check mark next to 1t and
works as a toggle to turn on or off the Gnds.

2- Select 2-D Plane 1 winch you want to add a Joint.

3- Chick on to switch ta Add Speeial Toint mode.

4- Click on a Grid mtersection or any other point int that plane to add a Joint.

Add in 3-D

I- On the View menu, click Show Grids. This puts a check mark next to it and
works as a toggie to turn on or off the Grnids.

2- Click on to switch to Add Special Jomt mode.

3- In the 3-D view, click on a Gnid intersection to add a Joint.

Note: The Joints may only be added at grid intersections i 3-D view.
Right Click on a joint wiii open jomt information edit box. You may edit the
Jomt location in tiis edit box to locate the Joint precisely m the desired

location.

Edit Grids

After defining your coordinate system you can edit the Jocation of the
mdividual grids in the active coordinate system.

1- On the Draw menu, click Edit Gnid or double click on a gnd line i the

—~

oraphics screen.
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2- In the Modify Grids dialog box, Select Direction of the grids you want to
edit.

3-In the location area:

To Move a Grid
o Select the grid location from the hist.
¢ Edit the gnid ° s iocation in the text edit box.

o Click the Move Gnid Lme button.

To Add a new Grid
» Enter the grid ° s location 1n the text edit box.

o Click the Add Gnid Line button.

To Delete a Grid

¢ Seiect the grid location from the list.

o Click the Delete Grid Line button.

4- The Delete All button will delete ail the grids in the coordmate system.
5- Check the Lock Grnid Lines if you want to lock the grid lines from being
moved using the method discussed n the note below.

6- Check the Snap te Grid lines 1f vou want the feature on.

7- Check Glue Joints to Gnid Lines if you want the joints to move with the
ids. This is a very powerful way to quickiy edit the structure without having
to redefine jomnt iocations.

8- Click OK when fimished.

Note: From the display screen with the Reshape Element option set, you can
add a new grid line by holding the CTRL-kev down and clicking on an existing

enid line and draggeing away a duplicate.
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Assign Joint Springs

Springs are added to selected joints.

1- Select the Joints to which you want to apply springs.

2- On the Assign menu, ciick Joint and then Springs... in the sub-menu.

This will display the Jomt Springs dialog box.

3- In the Joint Springs diaiog box:

e Type in the Spring Stiffness vaiues in the iocal directions for the
three Translations and the three Rotations.

* Inthe Options area select the appropniate option - Add to existing
springs, Replace existing springs or Delete existing springs.

e Ifrequired specify the upper haif of the Coupled 6X6 spring matrix,
accessed by ciicking the advanced button.

4 Click OK.

Equai Constraini

An Equal Constramt causes ali of 1fs constramed joints to move together
with the same (or opposite) displacements for each selected degree of
freedom, taken 1n the constramt iocal coordinate system. The other

degrees of freedom are unaffecied.

The Equal Constraint differs from the ngid-body types of Constraints in
that there 1s no coupling between the rotations and the translations. This
Constramt can be used to:
e Model symmetiy and anti-symmetry conditions with respect to a
piané
. Partially_ confiect together different parts of the structural model,

such as at expansion jomts and hinges

——
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e For fully connecting meshes, it is better to use the Body Constraint

when the constrained joints are not in exactly the same location.

Joint Connectivity

Each Equal Constraint connects a set of two or more joints together. For a
given Constraint, if any of the selected degrees of freedom are negative
(1.e., opposite), only two constrained joints are allowed for that
Constraint. Otherwise any number of constrained jomts are permitted.

The joints may have any arbitrary location in space, but for best results all
joints should sharc the same location m ypace if used fur connecting
meshes. Otherwise, moments may be generated that are restrained by the
Constraint, which unreaiisticaily stiffens the structure. If this happens, the
constraint forces printed 1n the output file may not be in equilibrium.

Such restrained moments may aiso be generated when Equal Constraints
are used for symmetry purposes. They are necessary to enferce the
desired symmetry or anti-svmmetry of the displacements when the apphed

loads are not correspondingiy symmetric or anti-symmetric.

Local Coordinate Sysiem
Each Equal Constraint uses a fixed coordinate system, csys, that you
spectfy. The default for csys is zero, indicating the global coordinate

system. The axes of the fixed coordinate system are denoted X, Y, and Z.

Seiected Degrees of Freedom
For each Equal Constraint you may specify a list, cdofs, of up to six
degrees of freedom in coordinate system c¢sys that are to be constrained.

The degrees of freedom are indicated as UX, UY, UZ, RX, RY, and RZ.

——
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A negative sign indicates a degree of freedom that 1s constrained to be

oppostte, e.g., -UX.

Add Joints to an existing Constraint
1- Select the Joints you want to add to an existing Constraint.
2- On the Assign menu, click Joint and then Constraints... in the sub-
menu. This will display ihe Constramnts dialog box.
3- In the Constramnts dialog box:
e Choose the existing Constraint from the Constraints list box
*+ Click OK

4 The Jowmnts wili be added to the existing Constraint.

Assign Joint Constraints

Constraints are applied to selected joints.

1- Select the Joints fo which you want to apply Constraints.

2- On the Assign menu, click Jomt and then Constrainis... in the sub-

menu. This will display the Coﬁstraints dialog box.

3- In the Constraints diaiog box:

e FEither select defanit names for different types of Constraints such as
Beam, Body, Diaphragm, Equal, Local, Plate, Rod or Weld or

e Add a new Constramt by chicking on the Add drop down list and
selecting the appropriaie type of constraint. Type in the new name or
accept the defauit name, choose the axis (X, Y or Z) or Auto to define
the direction of the constraint and then click OK.

4- Click OK.

—~
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Assign Options

Clicking on any of these buttons

properties, loads and restraints/constraints to your selection. Members or Joints have to be selected first in order to make an

assignment.

BEEEEEr

Select various Assign options by clicking as follows:

To Assign

Supports or Restraints to Joints

Sections to Frame Elements

Thickness to Shell Elements

Loads on Joints

Span and Point Loads on Frame Elements Click on

Uniform Loads on Shelt Elements Click on

Do this

Click on

Click on

Click on

Click on

from the

—

allows you to Assign
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Draw Mode

Clicking on any of these buttons L: f 'Qi fromthe - . puts SAP2000 in the Draw
mode.

The Draw mode aliows for drawing of new members and editing one element or a joint at a time.

Draw Mode is also the defaull mode when a NEW model is started.

Select various Draw options by clicking as follows:

To Draw or Edit Do this

Edit/Shape/Move Element Click on ==l and click on a joint or Element. Use the handles
to move or stretch.

An extra or Special Joint Click on and click on any point to add a Joint

A Frame Element (joint to joint)

Quick draw Frame Elements

A Shell Element (joint to joint)

Quick draw Shell Elements

-~
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Display Opﬂbns

Clicking on any of these buttons
allows you to Display your selection with varied options.

2] from the or some buttons from the Toplbar

‘Select various Display options by clicking as follows:

To Display '

Undeformed geometry
Isometric view (toggle)

2-D View (XY, XZ or YZ plane)

3-D View *
Deformed Shape

Element Stress Diagram

Joint, Frame or Shell Loads
Patterns
Tabular Input

Mode Shapes

Tabular Output

Response Spectrum

Time History

Shrunken Elements {toggle)

Selective Elements

Do this

Click on L

Click on

Click on any one of the buttons L
that specific plane.

to display an elevation view in

Click on Lt

Click on or Display menu and Show Deformed Shape

Click on @: or Display menu and Show Element Stress Diagram.
Right click will show the details.

Click on Display menu and Show Loads.

Click on Disptay menu and Show Patterns.

Click on Display menu and Show Input Tables.

Click on or Display menu and

Click on or Display menu and
Click on Display menu and
Click on Display ment and

Click on =} and sefect shrink.

Click on Il or View menu and

—~



