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Geometric M odel

Start the program. The following screen pops.
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On the bottom right corner, select the units to be used in the analysis.
Click on File
Click on New Model from Template to get the following screen.
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Choose a template that fits your need. For example, to generate a two-
dimensional frame, click on the second icon in the first row. The following
information screen pops up.
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Specify the number of stories, number of bays, story height, and bay width. The
units should be consistent with those selected in the first step.

Click on OK and a basic outline of the model would appear on screen. This model
has correct coordinates of all nodes.
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To change the boundary conditions, select joints and then click on the joint
restraint icon (little triangle on the icon bar) to get the following screen.

2 e e 2 S Sl e o o e Ao e e e S e o e e e NN e e e oA oy
2 2 2 2 2 2 R 2l 2o o e e o el 2o e o el o el 2o e o e e e e o 2o e o e e B e o 2o o e

e T L TR R R R R R R



e r r i N N e rak e naR ek nab nak el e ra R e ndl T n gk ra raL g

o
o

Joint Restraints

| Restraints in Local Directions
¥ Translation 1 [T Fotation about 1
¥ Translation 2 [~ Fotation about 2

I¥ Translaton 3 [ Rotation about 3

| Fast Restraints

o | | B| °

Cancel l

Click on the appropriate Fast Restraint icon and click OK.

= e e e s S Sl S e o e S el o e B e o e o e B e o e o e e e o e
2 2 2 2 2 2 R 2l 2o e o e e 2 el 2ol o e e 2 e o el o e el 2 e o e e o el 2 e o e e e 2

R TR R R R R R i R R

=



r i i i N T TR TR R R R R R R N Nl Tl el g g T T

Material Properties

If more than one material is used, repeat the process for each new material.
Click on Define
Click on M aterial to get the following screen.

Diefine Materials

Muierinls Hick in:
AdelMewMasiinl |
OTHER
STEEL Wodifyy Show Metarns| |

The program has default properties of concrete and stedl. If you want, you can add
new materia by clicking on Add New M aterial and following the directions.

For checking or modifying properties of steel or concrete, click on M odify/Show
Material. The following screen pops up. Check to see if these material properties
are acceptable. If not, you can modify them by going to the appropriate box and re-
entering the value.

Malerial Propery Data

Material Names 1'7 Design Type I—_|
Analysis Properky Dala Design Fropary Data
blage per uni Yalume | SRR Epinforcing yield arers e [60-
“eight par uni Yolume !5 it Conorete stength. fo o
todulus of elashichy _ﬁl'-fﬁ Sheor seel yield siess s P:'
Foiszon's reio i'”— Conoele shaar srangih. ios Iqi
Coeft of thermal sxpansian 5 SO0E-06

Cancal |

CAUTION: If you specify non-zero value of weight per unit volume, the program
by default would calculate the weight of structura eements and use them in
analysis. If you specify vaue of Dead Load that contains the sdf-weight of
structural elements, specify zero unit-weight (or turn it off latter). Smilarly, if your
nodal masses contain mass due to self-weight, specify zero unit-mass.
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Element Data

Define the element view options. Click on View and then on Set Elements ... to
get the following screen.

Set Elements

Jodnte Frames Shells MLL bk Flanes{Azolids
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™ Local Axsg I Segmenls = [Aetarm
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Ophions

& Shrink Elements ' Show Exinugions ™ FillElzmeants ™ ShowEdges
Carcal |

Check all appropriate boxes under the Joint sections and Frame section.

It isalso useful to check Optionsfor Shrink Elements and Show Extrusions. The
last option is useful in visualy checking the correct orientation of beams and
columns (more later on this).

Click OK.

To define frame section properties, repeat the following process as many times as
different sections to be used in your analysis.
Click on Define and then on Frame Sections to get the following screen.
Letine Frame Sections __________________|
“Frame Sections | | Clickto: T
Fleme |Imp-:|r| I{%¥ide Flange j

[icldl Ivida Flangs |

Wlodity| Show Seclion ]

Cancel I

There is default rectangular section FSEC1. You can modify this section, or you
can Import or Add section.

To modify the existing section, sdlect FSEC1 and then click on Modify/Show
Section to get the following screen.

e e e e e e e e e e e e o e U L
2 2 2 e 2 S R el 2o e o 2ol o e e 2o e o 2o o e e e e o 2ol o e e o e o el o e e e e o e )

6

WAl AL WLWL YW WD W LW AW YW WAL W AW W A4

=



r i i i N T TR TR R R R R R R N Nl Tl el g g T T

Fectangular Sechon

Section Nome [FSECT
Froparies |
Secton Froparias | Modificsiion Fasions i Wotena) |STEEL :I'
Dimensions 3
Depih (1) H
Wedictt [ 1] 10
2

Specify a name for your section in Section Name box.
Select the appropriate M aterial. The material propoerties were defined earlier.
Modify the Depth and Width.

View the calculated properties of the section by clicking on Section Properties.
Propertyfate |

Soction Hame F=ED

Froperies
Cross-sa clion (mxisl area 1Ed. Section modubis oot 3 oz 24l
Tarsanel canetant ENEE DG Secion modubls sbout 2 awiz EI]

Moment of In=dia sbaut 3 awi= AB60 Flasbic modulus about 1 axs= B10

Moment of Inedia about 2 axis 1500 Fleshc modulus ahout £ s 450
Sheorareain 2 directian 150, Facling of Gyration about 3 iz EREL

151,

Radiuz o Gyration about 2 ewis EHES

Shesrareain 3 diredtion

If you want to modify the properties, you can do so by clicking on M odification
Factor and specifying the appropriate multipliers. The properties shown are based
on gross section. For reinforced concrete, it is usual to consider moment of inertia
to be a fraction of the gross intertia. That fraction could be enetered as Property
Factor in the Modification Factor screen.
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Analysis Propery Modification Factors

Section Name  [F5ECT

" Property Factors

Crazs-g=chon (axal) aras i

Torsions I constard L

tormant of Inaris abaw 3 asis 1

tomer o Inedie about 2 axig L
|1_

Shear aren in £ dirachon

Sheararemin 3 diraction 1
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Y ou can also import one of the predefined sections, such as AI1SC standard section.
For this purpose, go to the import drop box and click on a section type. For
example, clicking on Import/Wide Flange gives the following screen

cheapZiilehaisc.pro

Zecion Tupa |I."q‘q'|de Flarae
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[ ok | Concel |

Choose the appropriate section, and click OK. If you are doing this for the first
time, the program would ask you to choose from standard data files. For example,
AISC properties are in aisc.pro.

You can view the section from the Modify/Show option of the Define Frame
Section box.

To assign section properties to each frame member, select al elements to which
you want to assign the same section.
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Click on Assign, then on Frame Section to get the following screen.

Choose the frame section that you want to assign to he selected frame elements
and then click OK.

Define Frame Seclions

“Frame Sections | | Clickt:
Hema |Imp-:|r| I{w¥ide Flange j

[ el Ivida Flangs |

WlodityShow Seclion ]

Cancel ]

Completing the process gives you, for example the following structura modd.
Note that SAP by default places frame elements for strong axis bending.

The axis can be changed by the following process, which is described by changing
the local axis for one of the columns,

Py

Select the element you want to change the local axis for.

Click on Assign then on Frame and then on Local Axes to get the following
screen

[ Angledrom Defauli Direction

Angisin Degraes |5'

[T Rewversestad and end conne iy

oE Cancal |
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To rotate the angle from default direction, say by 90 degrees, enter the desired
Anglein Degreesand click OK.

Y ou would see the change in the direction of the columns as shown below.

e T

1
Firm drn Dy EH!I:I_ dengn Apsbere  [epley Design Cptore Heip

D@ 0 B Y 2P T e e I I e P
[t

|

=

2

=~

|

o

0 Vi =

After you have specified all elements and checked the orientation, it is useful to go
back to the line digarm. This can be done by clicking View then Set Elements and
then clearing the Show Extrusion box.

You may also want to check on Frame Release to be able to view any member
end releases. Shown below is the two dimensional model.
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By default, SAP also considers that both ends of the frame member have rigid
connections. A pin connection at any or both end, can be specified by selecting an
element, then clicking on Assign then on Frame and then on Releases to get

Frame Feleases

| Frama Heleasos
Siar
A Load -
Shear Fores 2 Major)
Shear Foree 3 [Minon
Torzion
komerd 22 (MWinor)

End

[

-

-

-

-
tormert 33 (Majar] [

LN B )

' hlo Releases

cancel |

Pin at ends can be introduced by releasing the moment in appropriate direction. It
Is also possible to release other quantities from the same screen. Following figure
shows moments released at starting end of the beam at second story of first bay.
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Static Analysis

Define static load cases by clicking on Define and then on Static L oad Caseto get
the following screen.

Define Static Load Case Mames

Lineuids Click fo:
Eaf Weight
Locezidd Type Muhialisn Add e Load
Lo DEAD =i

Change Load

Cancel |

Y ou can specify a name for your load (e.g., DL, LL, EQ etc.) in the L oad box and
specify the load type in the Type box.

Caution: If your specified load values include sdlf-weight of the eements, you
should specify Self Weight Multiplier to be zero. Otherwise, the self weight
would be counted twice.

Y ou can add as many load types as you need for your analysis.

Load cobminations can also be specified. For this purpose, click on Define and
then on Combination to get the following screen.

Define Load Combinations

Covmbinations Click o2

[ Add Mew Cambo |

Add Detauk Dasign Camba |

Define as many combinations as desired.
To add anew combination, click on Add New Combo to get the following screen.
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Load Combination Data

Load Combination Mame

Lomd Comkination Type ﬁD -

THe ClhkiE1

Define Combination
Case Mams Seole Facion

LOAD Laad Case =] 14

LOAD] Load Casa
LOADZ Load Case il
Kodify
Lizlete
[ Usetor Skeel Dasign
7 Use for Concmabe Desian
Cancel

specify the multiplier.

Specify a L oad Cobination Name.
From the Case Name drop box, select the load case and from the Scale Factor

Built up your load combination by adding other load case. The figure shows a
selectionof 1.4° Load 1+ 1.2" Load 2.

To specify loads at joints, select the joint, click on Asign, click on Joint Static
L oads, and click on For ces to getthe following screen.

Load Case Mame

Lonad=

FarcaGiobel D
Foice Global v |['-
Foice Global 2 [0
Mernent Glakolx |7
homentSlabalyy 0
MerremtGiakaizz D

Oipdiones
& Ao o essling loacs

™ Replace exiatng Dada

™ Delete exising Ioads

Cancel

axis direction.
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Input the load value in appropriate box. Note that positive force is along positive
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Select the L oad Case Name from the drop box to associate the specified valuesto
aparticular load case.

You can aso modify an existing load by adding to it, replacing it, or deleting it by
checking the appropriate box.

Click OK to finish specifying load at the selected joint.
Repeat the process for al joints that have applied |oads.

Static analysis can be performed by clicking on Analyze and then on Run or by
clicking on the P> icon from the toolbar.

By default, SAP displays the deformed shape for the first load case. Displacements
a ajoint can be displayed by selecting the joint and then right clicking on the
mouse.

Joint Displacements

Jaim (D 2

kS i 2
Trans 034141 onnnn n.n0n743
Rln 0.0 000326 n.nnmnon

To display other quantities, click on Display and picking the desired option.

To display element forces, click on Display, Show Element For ces/Str esses, and
Frame to get the following screen.

Member Force Diagram for Frames

Loed L2AD Lond Cres "i

Componemnt
™ Axial Force  Torsion

T Shesr2s C Momerd 2-2

T BheerF 3 e Komam 31

Sealing
LT o]

 Scele Facor

 Fill Dimgram
F - Sheawirslirmne] DEmre:

Ceneel |

Select the load case or cobmination and the component for which you want to
display the element forces. For example, to display bending moment about strong
axis, select Moment 3-3 to get the following diagram on screen.
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To display numerical vaues, sdect an element and then right click on the mouse to
get a smalle screen as shown below.

i Moment 3-3 Diagram

Frame Element|D Fi

End| End.J

distancs [0 " uelie 413181

boee Ccurzor cvaar diggreom o values

Values at different location can be displayed by moving the red dot adong the
element length.
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Masses in Local Diredions

|
Hirecton 1 L
Direction 2 u

Direction 1 lui
Maom. of Inertia in Local Directions

Fioetion about |7

Fiotetion akbcut 2 Iui

Foiehion about 3 rﬂ-—

Opdiomns
& Add o exishng masses
™ Beplace ewsting masges
" Delele edisling messes

Dynamic Analysis

Specify lumped masses at joint. For this purpose, click on Assign, Joint, and
M asses to get the following screen.

ok | Cancel |

Enter appropriate mass values. The units should be consistent with the units
specifed for youe analysis. Do not specify mass in units of kips; the units should be
kips-sec®/inch (or any other appropriate value).

You can add this mass to eisting mass, replace existing mass, or delete existing
mass from the same screen.

To get the mode shapes and frequencies, click on Analyze and then on Set
Options to get the following screen.
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Analyeie Oplions

“Available DOFs
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Sdlect the Available DOFs ether by individualy checking on various DOF or by
clicking on Fast DOFs option. For example, for anaysis of a frame in two
dimensions, you would select Plane Frame.

Check the box for Dynamic Analysis and then click on Set Dynamic Parameters
to specify the number of modes to be determined.

Cynamic Analysis Parameters

Humber of Modes b

Type of Anakysis
& Eigereacion . Ritz vechars

Eigenvialue Forometers

Fracuancy Bhitl {Centat) u
Culofl Frecquancy (Fadiug] 0

Fulalie tolemancs 1 D00E-0S
TAlading Rifz Mactnns
Li=t o Loads Fitz Loed Wechars
o 2] |

Carcal I

Run the model to get mode shapes and frequencies.
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Y ou can change the mode shape that is displayed on screen from the Display tool
or from clicking on the ®» symbol at the bottom right corner of the screen.
For dynamic response spectrum analysis, Define the Response Spectrum

Function and then Response Spectrum Case using the procedure smilar to that
for static case.

In dynamic analysis, it is useful to display base shear and base overturning moment
for comparison with results from equivalent gatic analysis. This can be done as
follows.

Define a group consisting of joints at the base and all eements connected to these
joints.
Click on Define and Groups to get the following screen.

Define Groups

Groups [ Click 10

|_"-I' Add Naw Gmoup Mame |

| |
Canral

Specify a name for the group in the Groups box and click on Add New Group
Name.

Click OK.

Select a group of joints and the elements directly connected to only one side of
them. For example if the base shear for a structure is required, the group should
consist of the joints at the base of the structure and the frame elements above them
that are directly connected to them.

Click on Assign and Group Name to get the following screen.

19
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Sdlect the namein the Groups box that needs to be assigned to the selected group.
Click OK.

To display results for this group, after the analysis has been completed, click on
Display and Show Group Joint Force Sum. The following screen would display
the results.

HGROUP JOINT FORCE SUMMATION
Bl
EBROUE Liary r-x A r-2 H-X H-¥ H-Z

BASE (Sum at X=0 ¥=0 z=0)
SPEC 1.353 [T 1. 781ie-04 0. 000 131 B00 0. oo
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M odifying M odel

After you have run the anaysis once, the model should be unlocked from the
toolbar. Thiswould cause al the analysis results to be del eted.

Make whatever changes are necessary and rerun the mode.
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