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Part A. Introduction

A. Introduction

This tutorial is quite detailed. It is intended to introduce and demonstrate many of the
capabilites of SAP2000. Because we are trying to demonstrate as many different
capabilities as reasonable, the example problem is not necessarily created and the results
are not necessarily reviewed in the most efficient and expedient manner. Often with
computer programs, what is efficient for one person may not be the best method for the
next person. It isassumed that once introduced to the SAP2000 capabilities and methods
in this tutorial, users will decide which methods work best for them in their particular
circumstances. Following is an outline of this tutorial (see the Table of Contents for a
more compl ete outline):

A. Introduction
Description of Building Model
Tutorial Part 1 - Creating and Analyzing the Basic Model

Tutorial Part 2 - Pushover Analysis

mo o o

Discussion of Additional Pushover Cases

If you are not interested in the pushover portion of the tutorial, you can skip parts D and
E.

If you are only interested in the pushover tutorial, then you can read parts A and B, skip
part C, and then open the already created model (without the pushover data) named
Sapwb01c.sdb, that is located in the Tutorial directory on the SAP2000 CD, and start
with Step D.

Notee You must have SAP2000 Version 6.20 Beta or later to read files
SapwhOlc.sdb and Sapwb0ld.sdb. These files are not compatible with
earlier versions of SAP2000.

Finally, if you are not interested in working through the tutorial at this time, but want to
see the results of the pushover analysis, then you can read parts A and B, skip part C and
the first five steps of part D, and then open the already created modd (with the pushover
data) named Sapwb01d.sdb, that is located in the Tutorial directory on the SAP2000 CD.
You should then run the linear static and dynamic analysis by clicking Run on the
Analyze menu. Next select Run Static Pushover from the Analysis menu to perform the
pushover analysis. The results are now ready for viewing. See steps 6, 7 and 8 in part D

1
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for information on viewing results. See part E for additional discussion of results. Note
that for real problems (as contrasted with tutorial problems) you should always run and
review the results of a basic static analysis (and maybe also dynamic analysis, at least for
mode shapes) to verify that your model is behaving as you intend.

SAP2000 has extensive online help that can help answer many of your questions. One of
the most useful ways to access the online help is to press the F1 key on the keyboard
from within most dialog boxes. Pressing the F1 key will bring up context sensitive help
pertaining to the dialog box that is open. You may find it useful to use this option
throughout this tutorial to get more information.

If you require further technical assistance concerning this tutorial, or other aspects of
SAP2000, you can contact CSI by phone at (510) 845-2177, or by email at
support@csiberkel ey.com.
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B. Description of Building Model

The example prablem for this tutorial is a steel-frame building two bays wide by two
bays deep, and two stories high. The plans and elevation in Figure B-1 show the basic
dimensions and member sizes for the model. The building has a moment frame lateral
force-resisting system in the X-direction and a braced frame lateral force-resisting system
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Figure B-1: Example Building Plans and Braced Frame Elevation
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inthe Y-direction. All steel isFy =36 ksi. Thesecond floor is concrete over metal deck,
and is assumed to be arigid digphragm in the model. Theroof deck has no concrete, so it
is not modeled asrigid.

Per spective View Showing Frame Element L abels

Figure B-2: Views of Computer Model Showing Joint and Frame Element Labels
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Figure B-2 shows perspective views of the computer model that include joint labels and
frame dement labels. Figure B-3 includes plan views of the computer model with frame
element labels. Note that the infill beams are not specifically included in the computer
model. These figures may be useful for reference when you are working through the
tutorial.
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Figure B-3: Plan Views of Computer Model Showing Frame Element Labels

The following assumptions are used for dead and live loads:

Roof: DL =40 psf

LL =20 psf

Second Floor: DL = 80 psf
LL =50 psf

Perimeter Wall: DL = 20 psf

These |oads are assumed to include the self-weight of the structural elements. Figure B-4
shows the beam span loads that are applied to each beam in the SAP2000 mode.
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Figure B-4: Beam Span Loads Used In SAP2000 Moddl

For this model, all massisinput at the joints. Table B-1 defines the joint masses used in
the model. The bottom portion of the table defines the masses, the top portion of the
table defines which joints are referred to as the center, corner and edge joints. Note that
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no mass is assigned to joints 22 and 26 at the roof level. These are the joints at the top of
the chevron braces.

Joint L abels at Center, Edge and Corner Joints

Leve Center Joint Edge Joints Corner Joints
Roof 24 20, 23, 25, 28 19, 21, 27, 29
Second 14 11, 13, 15, 17 10, 12, 16, 18

Joint Masses at Center, Edge

and Corner Joints (k-sec® / ft)

Leve Center Joint Edge Joints Corner Joints
Roof 0.72 0.48 0.30
Second 1.45 0.90 0.55

Table B-1: Joint Masses Used In Computer Model

The lateral earthquake loads are assumed to be 17 kips (0.0074ksf) at the roof level and
16 kips at the second leve for the X-direction (moment frame direction), and 26 kips
(0.0113 ksf) at the roof level and 23 kips at the second level for the Y-direction (braced
frame direction). These forces are assigned as shell static uniform loads at the roof level
and as joint loads at the second level. The second level forces are broken down into joint
loads as shown in Table B-2.

Joint L cads at Center, Edge and Cor ner Joints (k) For Second L evel
Earthquake Center Joint Edge Joints Corner Joints
Dir ection 14 11, 13, 15, 17 10, 12, 16, 18
EQX 2.67 2.00 1.33
EQY 3.83 2.88 1.92

Table B-2: Joint Forces Used In Computer Modd For Static Earthguake L oading At

Second Floor Level In X and Y Direction
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C. Tutorial Part 1 - Creating, Analyzing and
Designing the Basic Model

This tutorial steps through setting up the model geometry both from a built-in template
(step 1a), and from scratch (step 1b). It is not necessary to do both of these steps, in order
to complete the tutorial; one or the other is sufficient. However, it may be helpful to see
the process and techniques used in completing both steps. We recommend that to obtain
additional information during the course of this tutorial you refer liberally to the online
help available in SAP2000 by pressing the F1 key from within almost any dialog box to
obtain context-sensitive help.

Step 1a: Setting Up the Model Geometry From a Template

1. Click the drop down box in the status bar to change the units to kip-ft. | Kipt v|'

2. From the File menu select New Model from Template.... This displays the Model
Templates dialog box.

3. In this dialog box:
* Click on the Space Frame templa H This will display the Space

Frame dialog box (see Figure C-1)

In this dialog box:
v Change the Number of Bays along X to 2.
v Check the Restraints box if it is not already checked.
v Check the Gridlines box if it is not already checked.
v" Accept the remainder of the default values.
v" Click theOK button.

4. The screen will refresh and display a 3-D and a 2-D (XY Plane @ Z=24) view of the
model in vertically tiled adjoining windows.

5. Note that the default restraints provided when the Restraints box is checked in the
Space Frame dialog box are pinned supports.

Step la 9
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Figure C-2: Initial Screen From Space Frame Template

10 Step la
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6.

10.

11.

12.

Click in the window labded X-Y Plane @ Z=24 to make sure it is active. Note when
the window is active, its title bar will be highlighted.

Click the yz 2D View button il on the main toolbar to change the view to an
elevationinthe YZ plane. Notethat thetitle of the window reads YZ Plane @ X=24.
This same title also occurs on the left-hand side of the status bar at the bottom of the
SAP2000 window.

Click the roof level beam on the |&ft side of the elevation to select it. From the Edit
menu, click Divide Frames...to display the Divide Selected Frames dialog box.

Accept the default values in this dialog box and click the OK button. The roof beam
is divided into two beams, thus providing a node for the top of the chevron brace.

Click the Draw Frame Element button ™| on the side toolbar, or sdect Draw
Frame Elementfrom the Draw menu. The programis now in Draw Mode.

Note: If you hold the pointer over a toolbar button for a few seconds, a text box
including the name of the button will appear.

Make sure that the Snap to Joints and Grid Pointsbutton | =it | on the side tool bar

is depressed. Place the mouse pointer on the joint labeled “A” in Figure C-3 and
click on the left mouse button. Note that when the mouse pointer is near the joint, it
shaps to the joint, and a text box that says “Grid Intersection” appears. This is the
effect of theSnap to Joints and Grid Points feature.

Note: Other snap options included in SAP2000 include Shap to Midpoints and
Ends, Shap to Element Intersections, Snap to Perpendicular, and Shap to
Lines and Edges. The buttons for these features are located on the side
toolbar just below the Snap to Joints and Grid Points button. Note that all
of the snap features can also be accessed through the Snap To...option on
the Draw menu. For more information on the snap capabilities of SAP2000,
refer to the topic titled Shap Tools in the SAP2000 online help. Click on the
Help menu and select the Search for Help on...option to access the online
help in SAP2000.

Place the mouse pointer near the joint labeled “B” in Figure C-3 and note that in this
case the Snap To option text box just says “Point” because the joint does not occur at
a grid intersection. Click on the left mouse button to draw the chevron brace
element.

Step la 11
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Figure C-3: Joint Labds For Drawing Chevron Brace

Note: I you wanted to, at this point you could just click on point C in Figure C-3
to draw the second brace element. If we were to do that, the start point for
the brace would be at the top (point B) and the bottom point would be at the
bottom (point C). Though not necessarily a problem, this would be
inconsistent with how we input the first brace. In this example we will opt
for consistency.

Note: If you wanted to, at this point you could move the mouse pointer into the
3D View window, and select the second joint for the next frame element
there. Try moving the mouse pointer over the 3D View window, but for this
example don’t actually click to define the second frame member.

13. Pressthe Enter key on the keyboard to stop drawing the second frame member. Note
that the Draw Frame Element button is still depressed, i.e., the program is still in
Draw Mode and ready to draw another frame element.

14. Click on the joint labeled “C” and then the joint labeled “B” in Figure C-3, and then
press the Enter key on the keyboard to draw the second chevron brace member.

12 Step la
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15.

16

17.

18.

19.

20.

21.

22.

Click the Quick Draw Frame Element button | on the side toolbar. Then click
in the area labeled “D” in Figure C-3 to enter the X-braces. The model now appears
as shown in Figure C-4.

Note: The X-braces could also have been entered using the same technique that
was employed for the chevron braces.

Note: Both the Draw Frame Element and the Quick Draw Frame Element
options are also available on the Draw menu.

Note: The Quick Draw Frame Element option works two different ways. You
can click on a grid segment to quickly draw a single frame element between
the two adjacent perpendicular grid lines. Alternatively, you can click in a
space bounded by four grid lines to quickly draw a cross brace as was done
here.

Click theDown One Gridline buttonlil on the main toolbar twice to display the
YZ elevation at X=-24. Note the window title changes to Y-Z Plane @ X=-24. The
model appears as shown in Figure C-5.

We will use a different method to locate these chevron braces. CliGnapeto
Midpoints and Ends button _<| to activate this snapping option. Click Dnew
Frame Element button |=.| on the side toolbar, or selBcaw Frame Element
from theDraw menu. The program is now in Draw Mode.

Place the mouse pointer on the joint labeled “A” in Figure C-5 and click on the left
mouse button.

Move the mouse pointer over to the center of the beam element at the point labeled
“B” in Figure C-5. When the Snap To feature text box appears saying “Midpoint”
click the left mouse button to input the brace element. Then press the Enter key on
the keyboard.

Click theSnap to Midpoints and Ends button IT to deactivate this snapping
option. ’

Click on the joint labeled “C” and then the joint labeled “B” in Figure C-5, and then
press the Enter key on the keyboard to draw the second chevron brace member.

Click theQuick Draw Frame Element button “=| on the side toolbar. Then click
in the area labeled “D” in Figure C-5 to enter the X-braces.

Step la 13
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23.
24,

25.

26.

27.

28.

29.

30.

31.

32.

Figure C-5: Modd Ready To Draw Second Set of Braces

Click the Pointer button ﬁl to exit Draw Mode and enter Select Mode.

Click the roof beam at the top of the braced frame to sdlect it. Also click the joint at
the top of the chevron brace (center of braced frame roof beam) to select it.

From the Edit menu select Divide Frames... to display the Divide Selected Frames
dialog box.

In this dialog box:
» Select the Break At Intersections With Selected Frames and Joints option.
» Click the OK button.

Note: This completes inputting of the frame element geometry. Now we will
input shell element geometry. We will use shell elements to model the roof
diaphragm. We will demonstrate three different options for inputting the
shell elements.

Click the xy 2D View button |i|on the main toolbar to change the view to a planin
the XY plane. Notethat thetitle of the window reads XY Plane @ Z=24.

Click the Quick Draw Rectangular Shell Element button El on the side toolbar
(or select Quick Draw Rectangular Shell Element from the Draw menu).

Click in the area labeled “A” in Figure C-6 to input the first shell element. Note that
a quick Shell element is drawn by clicking in a grid space, bounded by four grid

lines.

Note that just the outline of the shell element is shown. Sometimes when working
with shell elements it is easier if you can view the shell element filled in. Click the

Set Elements button |§| on the main toolbar (or sel8et Elements...from the
View menu). This displays the Set Elements Dialog box.

Check the box labeled Fill Elements and click the OK button to display the shell
elements filled.

Click in the area labeled “B” in Figure C-6 to input a second shell element. Note that

this element will be reshaped in a subsequent step.

Step la 15
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Figure C-6: Shell Element Input

33. Click the Draw Rectangular Shell Element button E‘ on the side toolbar (or
select Draw Rectangular Shell Element from the Draw menu). Make sure that the
Snap to Joints and Grid Points button Fl on the side tool bar is sdected

(depressed).
34. Click on the point labeled “C” in Figure C-6 and then click the point labeled “D” to

input the next shell element. Note that a rectangular Shell element is drawn by

clicking to define two corners that are diagonally opposite of each other.

35. Click theDraw Quadrilateral Shell Element button E on the side toolbar (or
selectDraw Quad Shell Element from theDraw menu).

36. Click on the points labeled “E”, “F”, “G” and “H” in Figure C-6, in that order, to
draw a quadrilateral shell element.

37. Click on the points labeled “H”, “G”, “C” and “H” in Figure C-6, in that order, to
draw a triangular shell element.

Note: Shell elements may be either four-sided, or three-sided. In general, four-
sided €lements are recommended.

16 Step la
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38. Click the Reshaper button & | on the side toolbar (or sdect Reshape Element
from the Draw menu). T

39. Click once on the shell element in the lower right-hand corner (drawn in item 29 in

the area labeled “B” in Figure C-6) to highlight it. Note that member end handles

appear on the shell element as shown in Figure C-7.
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Figure C-7: Reshape Shell Element

40. Click on the point labeled “A” in Figure C-7, and while holding down the left mouse
button, drag the member end handle to point “B”.

41. Click theRefresh Window button _;?H[ on the main toolbar (or sel&sfresh
Window from theView menu) to see the results of reshaping the element.

42. Click theDraw Quadrilateral Shell Element button E‘ on the side toolbar (or
selectDraw Quad Shell Element from theDraw menu). Then click on the points
labeled “C”, “A”, “B” and “C” in Figure C-7, in that order, to draw a triangular shell
element.

43. Click thePointer buttonﬁl to exit Draw Mode and enter Select Mode.

Step la 17
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44. Now we will return the shell element view to unfilled dements. Click the Set
Elements button |§| on the main toolbar (or select Set Elements...from the View
menu). This displays the Set Elements Dialog box.

45. Uncheck the box labeled Fill Elements and click the OK button to display the shell
elements not filled. The display should appear as shown in Figure C-8.
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Figure C-8: Modd With All Geometry | nput

46. From the File menu choose Saveand input a new name to save your file.
Note: Itisagood idea to save your file often.
This completes the input of the model geometry. Now you can do one of the following:

* |If you started the model from a template, and do not want to try starting the
model from scratch, then skip to Step 2.

* If you started the moddl from a template and now want to try starting it from
scratch, then continue on to Step 1b.

* If you started the model from scratch, and do not want to try starting the model
from a template, then skip to Step 2.
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* If you started the model from scratch, and now want to try starting it from a
template, then return to the beginning of Step la.
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Step 1b: Setting Up the Model Geometry From Scratch

This tutorial steps through setting up the model geometry both from a built-in template
(step 1a), and from scratch (step 1b). It is not necessary to do both of these steps in order
to complete the tutorial; one or the other is sufficient. However, each of them has some
unique information.

1. Click the drop down box in the status bar to change the units to kip-ft. [Kip- -l

2. From the File menu select New Model....

Definition dialog box.

3. Inthisdialog box:

Select the Cartesian tab.

Set the Number of Grid Spaces in X
direction to 2.

Set the Number of Grid Spaces in Y
direction to 4.

Set the Number of Grid Spacesin Z direction
to 2.

Set the Grid Spacing in the X direction to 24.
Set the Grid Spacing inthe Y directionto 12.
Set the Grid Spacing in the Z direction to 12.

Click the OK button to accept the grid
definition.

This displays the Coordinate System

Coordinate System Definition

Cartesian I Cylindrical
System Hame IGLDEAL
" Humber of Grid Spaces ]
# direction |2
' direction |4
< direction |2—
| Grd Spacing ]
# direction |24
¥ direction |1 2
Z direction |121
OF. I Cancel |

4. The screen will refresh and display a 3-D and a 2-D (XY Plane @ Z=24) view in
vertically-tiled adjoining windows.

5. Click inthe window labded X-Y Plane @ Z=24 to make sureit is active. Note when
the window is active, itstitle bar will be highlighted.
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6. Click the Quick Draw Frame Element button | on the side toolbar (or select
Quick Draw Frame Element from the Frame menu).

Note: If you hold the pointer over a toolbar button for a few seconds, a text box
including the name of the button will appear.

7. Inthe window labded X-Y Plane @ Z=24, to enter a beam element click on a grid
line. The Quick Draw Frame Element tool will then create a beam element on that
grid line spanning between the closest perpendicular grid lines on either side of the
point where you clicked. Thus click the ten locations designated by an O in Figure
C-9 to draw some of the roof level beams.

Note: If you miss dightly when clicking on a grid line, the program may assume
you wer e attempting to input two diagonal braces in the bay bounded by the
grid lines. If this happens, simply click the Undo button | on the main
toolbar twice, or select Undo Frame Add from the Edit menutwice.
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Figure C-9: Quick Drawing Roof L evel Beams

8. Click the Draw Frame Element button | on the side toolbar. The program is
now in Draw Mode.
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9. Make surethat the Snap to Joints and Grid Points button I:l on the side tool bar
is depressed. Place the mouse pointer on the joint labeled “A” in Figure C-10 and
click on the left mouse button. Note that when the mouse pointer is near the joint, it
snaps to the joint, and a text box that says “Grid Intersection” appears. This is the
effect of theSnap to Joints and Grid Points feature.

Note: Other snap options included in SAP2000 include Shap to Midpoints and
Ends, Shap to Element Intersections, Shap to Perpendicular, and Shap to
Lines and Edges. The buttons for these features are located on the side
toolbar just below the Snap to Joints and Grid Points button. Note that all
of the snap features can also be accessed through the Snap To...option on
the Draw menu. For more information on the snap capabilities of SAP2000,
refer to the topic titled Shap Tools in the SAP2000 online help. Click on the
Help menu and select the Search for Help on...option to access the
SAP2000 online help.
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Figure C-10: Drawing Remaining Roof Level Beams

10. Place the mouse pointer near the joint labeled “B” in Figure C-10 and Click on the
left mouse button to draw the roof beam element.
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11.

12.

13.

14.

15.

16.

17.

18.

24

Note: We couldn’t use theuick Draw Frame Element tool to draw this beam
because the beam crosses a grid line.

By default the program is now ready to draw another frame element starting from
point “B”. Press the Enter key on the keyboard to stop from drawing the second
frame member at this location.

Place the mouse pointer on the joint labeled “C” in Figure C-10 and click on the left
mouse button. Click in sequence on joints “D” and “E” and then press the Enter key
to draw the next two roof beams.

We will now edit the grid lines so that we can useQhick Draw Frame Element
tool to enter the last roof beam that will span from point “F” to point “G” in Figure
C-10.

From theDraw menu selecEdit Grid... . This displays the Modify Grid Lines
dialog box.

In this dialog box:

* ClicktheY optioninthe Direction area.

* Highlight -12 inthe Y Location list box and click the Delete Grid Line button.
» Highlight 12 inthe Y Location list box and click the Delete Grid Line button.
» Click the OK button.

Click the Quick Draw Frame Elementbutton ™| on the side toolbar (or select
Quick Draw Frame Elementfrom the Frame menu).

Click on the grid line between points “F” and “G” in Figure C-10 to enter the last
roof beam. The model now appears as shown in Figure C-11.

Select all of the roof level frame elements and joints in the X-Y Plane @ Z=24 by
“windowing.” To do this:

e Click thePointer button t%l on the side toolbar to activate the Select Mode.
» Move the pointer above and to the left of the frame elements and joints.

* Click and hold the left mouse button.
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*  While holding, move the pointer below and to the right of the frame e ements and
joints. A “rubber-band” window will show the region selected.
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Figure C-11: Model After All Roof Level Beams Have Been Drawn

* Release the left mouse button to select all elements in this window.
19. From theedit menu, choos€opy.

20. From theEdit menu, choos®aste. This will display the Paste Coordinates dialog
box.

21. In this dialog box inpud for Delta X,0 for Delta Y and-12 for Delta Z.
22. Click theOK button and the geometry for the roof level is copied to the second level.

23. Click theDown One Gridline button |i| on the main toolbar to display the plan
view at the second floor level, Z=12. Note the window title changes to X-Y Plane @
Z=12. The model now appears as shown in Figure C-12.

Note: The second level beams at the braced frames do not need a joint at the
center to receive a brace. Thuswe will delete the center joints.
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24,
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Click the second level beams labeled “A” and “B” in Figure C-12 to select them.

£ 3D View M[=1E3}| & %-¥ Plane @ z=12 _[ofx

O Plane @2=12 K370 Y2753 21200 |Kip-lt -

25.

26.

27.

28.

29.

30.

26

Figure C-12: Model After All Roof Level Beams Copied To Second Level

From theedit menu selecloin Frames to combine these two elements into a single
element and remove unused joints left over from the joining process.

Click anywhere on the combined frame member to select it. Note that the entire
member is highlighted thus verifying that the members have been joined.

Click theClear Selection buttor{il on the side toolbar (or selébtar Selection
from theSelect menu) to deselect the beam.

Click the second level beams labeled “C” and “D” in Figure C-12 to select them.
From theEdit menu selecioin Frames to combine these two elements into a single
element.

Click in the window labeled X-Y Plane @ Z=12 to make sure it is active. Note when
the window is active, its title bar will be highlighted.

Click theyz 2D View button il on the main toolbar to change the view to an
elevation in the YZ plane. Note that the title of the window reads YZ Plane @ X=24.
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This same title also occurs on the left-hand side of the status bar at the bottom of the
SAP2000 window. The model appears as shown in Figure C-13.

£ 3D View M[=1E3|| 5 v-Z Plane @ x=24 i [=] 3

lhw

Z Plane @ x=24 ¥24.00 Y842 Z-12.44 Kip-ft -

31.

32.

33.

Figure C-13: Y-Z Elevation

Click the Draw Frame Element button E on the side toolbar. The program is
now in Draw Mode. -

Make sure that the Snap to Joints and Grid Points button | -i4 |on the side tool bar

is depressed. Place the mouse pointer on the joint labeled “A” in Figure C-13 and
click on the left mouse button. Note that when the mouse pointer is near the joint, it
snaps to the joint, and a text box that says “Grid Intersection” appears. This is the
effect of the Snap to Joints and Grid Points feature.

Place the mouse pointer near the joint labeled “B” in Figure C-13 and note that in this
case the Snap To option text box just says “Point” because the joint does not occur at
a grid intersection. Click on the left mouse button to draw the chevron brace
element.

Note: If you wanted to, at this point you could just click on point C in Figure C-

12 to draw the second brace element. If we were to do that, the start point
for the brace would be at the top (point B) and the bottom point would be at
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the bottom (point C). Though not necessarily a problem, this would be
inconsistent with how we input the first brace. In this example we will opt
for consistency.

Note: If you wanted to, at this point you could move the mouse pointer into the
3D View window, and select the second joint for the next frame element. Try
moving the mouse pointer over the 3D View window, but for this example
don’t actually click to define the second frame member.

34. Press the Enter key on the keyboard to stop drawing the second frame member. Note
that the Draw Frame Element button is still depressed, i.e, the program is still in
Draw Mode and ready to draw another frame element.

35. Click on the joint labeled “C” and then the joint labeled “B” in Figure C-13, and then
press the Enter key on the keyboard to draw the second chevron brace member.

36. Click theQuick Draw Frame Element button ™| on the side toolbar. Then click
in the area labeled “D” in Figure C-13 to enter the X-braces.

Note: The Quick Draw Frame Element option works two different ways. You
can click on a grid segment to quickly draw a quick single frame e ement
between the two adjacent perpendicular grid lines. Alternatively, you can
click in a space bounded by four grid lines to draw a cross brace as was
done here.

Note: The X-braces could also have been entered using the same technique that
was employed for the chevron braces.

Note: Both the Draw Frame Element and the Quick Draw Frame Element
options are also available on the Draw menu.

37. Click theDown One Gridline button|i| on the main toolbar twice to display the
elevation view at X=-24. Note the window title changes to Y-Z Plane @ X=-24.

38. Repeat steps 32 through 36 to draw the second set of braces. Note that the second set
of braces occurs on the right-hand side of the elevation. The model now appears as
shown in Figure C-14.

39. Now we will draw the columns. Click the six column grid line locations designated
with an O in Figure C-14 to define the first line of columns.
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40. Click the Pointer button | [ | to exit Draw Mode and enter Select Mode. Click on
the six columns just entered to select them.
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Figure C-14: Modd After Braces Have Been Drawn

Note: A message on the left-hand side of the status bar at the bottom of the
SAP2000 window tells you how many of each type of element are currently
selected.

41. From the Edit menu, choose Replicate. Thiswill display the Replicate dialog box.

42. In this dialog box sdlect the Linear tab, input 24 for X, O for Y and O for Z. Input 2
for the number.

43. Click the OK button and the geometry for the columns will be replicated twice at a
24-foot spacing.

Note: In addition to linear replication, the Replicate option also allows radial

replication and mirroring. Refer to the topic replicate in the online help for
more information. The online help can be accessed by clicking on the Help
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45.

46.
47.

48.

49.

50.

51.

52.

30

menu and selecting the Search for Help on...option or you can access it by
pressing the F1 key on the keyboard when the Replicate dialog box is open.

. Now we will apply the base restraints. Click in the window labeled Y-Z Plane @

X=-24 to make sureit is active. Note when the window is active, its title bar will be
highlighted.

From the View menu select Set 2D View... This will display the Set 2D View
dialog box.

Make surethe X-Y plane option button is selected and enter 0 in the Z = edit box.

Click the OK button, and the window will now display the X-Y Plane @ Z=0.

Select all of the joints in the X-Y Plane @ Z=0 by “windowing.” To do this:

Click thePointer button ﬁl on the side toolbar left side of the screen.
Move the pointer above and to the left of the support joints.
Click and hold the left mouse button.

While holding, move the pointer below and to the right of the support joints. A
“rubber-band” window will show the region selected.

Release the left mouse button to select all elements (joints) in this window.

From theAssign menu, chooséoint, and therRestraints...from the submenu. This
will display the Joint Restraints dial og box.

In this dialog box:

Click the pinned base fast restraint button‘ i | to set all trandational degrees of
freedom (U1, U2 and U3) as restrained.

Click the OK button

Click in the window labded 3-D View to make sureit is active.

Click the Refresh Window button |i| on the main toolbar (or sdect Refresh
Window from the View menu) to seethe restraintsin the 3-D View window.
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53. Click in the plan view window currently labeled Joint Restraints to make sure it is
active.

54. Click the Show Undeformed Shape button g to reset the view and to return the
window label to X-Y Plane @ Z=0.

55. Click the Up One Gridline button ﬁl on the main toolbar twice to display the
elevation view at Z=24.

56. To finish defining the model geometry, complete items 25 through 46 in Step la ,
i.e, the previous step. When finished, return to this point.

This completes the input of the model geometry from scratch. Now you can do one of
the following:

* If you started the model from scratch, and do not want to try starting the model
from a template, then go on to Step 2.

* If you started the model from scratch, and now want to try starting it from a
template, then return to the beginning of Step 1a.

e If you want to stop working on the tutorial for now, and close SAP2000, make

sure that you have saved your file as outlined in item 46 of Step 1a, and then
from the File menu seect Exit.
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Step 2: Relabeling Joint, Frame and Shell Elements

1.

Click in the window labded 3-D View to make sure it is active. Note when the
window is active, its title bar will be highlighted.

Click the Set Elements button|1@| on the main toolbar (or select Set Elements...
from the View menu). This displays the Set Elements Dialog box.

In this dialog box:

* Inthe Joints area check the Labds box.

* Inthe Frames area check the Labels box.
* Inthe Shells area check the Labds box.
» Click the OK button.

Note: We are turning on the element labels so that we can see the effect of the
element relabeling. It is not necessary to turn on element labels in order to
relabel them.

From the Selectmenu choose Select and then All from the submenu. All dements
in the model (joints, frame elements and shell e ements) are selected.

From the Edit menu choose Change Labelsto display the Relabel Selected Items
dialog box.

In this dialog box:
| Change Label Initializatigjréﬂi'
* Press the F1 key to display the context- Prefix  Number  Increment
sensitive online help for this dialog box. Joint | [ [

Frame I Il Il

« When finished reading the online help, shell | [t I
click the “X" in the top right-hand cornel

| Belect Element(s) Relabel Order

of_ the Help window, or sglect Exit from Fhw . N
File menu on the Help window to close it. ' Frames
¥ Shells Second IY d

e In the Change Label Initialization area ¢
the dialog box typd in the Next Number ok |  |_Cancel |
edit boxes for Joint, Frame and She
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elements.
»  Accept therest of the default values in the dialog box.
* Click the OK button to make the changes.

Note: It is not typically necessary to renumber the elements. It is done here
to illustrate the process, and to make sure all tutorial users have the
same numbering system, whether they started the model from a template,
or from scratch, since we will refer to joint and frame elements by their
labels later inthistutorial.

Note: Joint, Frame and Shell element labels can be given alphanumeric
prefixes. These prefixes can be input in the Prefix edit boxes on the
Relabel Sdlected Items dialog box.

Note: It is not necessary to select all elements to relabel. You could select
only a few elements, of any type, and relabel only the selected e ements.

7. Click the Set Elements button |ﬁ| on the main toolbar (or sdect Set Elements...
from the View menu). This displays the Set Elements Dialog box.

8. Inthisdialog box:
* |Inthe Joints area uncheck the Labels box.

* |nthe Frames area uncheck the Labels box.

In the Shells area uncheck the L abels box.

Click the OK button.

9. Click the Save Modelbuttonl El on the main toolbar, or sdect Savefrom the File
menu to savethefile.

This completes relabeling the joint, frame and shell elements.
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Step 3: Defining Material Properties

In this tutorial we will use default material properties, except that we will not use the sdlf-
weight and self mass. In this step we will first review the default material properties
(items 1 through 14) and then we will change the material properties to set the sdf-
weight and self mass to zero (items 15 through 21).

1.

10.

11.

From the Define menu choose Materials.... This displays the Define Materials
dialog box.

Highlight CONC in the Materials area and click the Modify/Show Material button.
Thiswill display the Material Property Data dialog box.

Note: To add a new material property, click the Add New Material button.
Note the material properties shown, and notice that they are in units of kips and feet.

Click the Cancel button to exit the Material Property Data dialog box without
making any changes.

Click the Cancel button to exit the Define Materials dialog box without making any
changes.

Click the drop down box in the status bar to change the units to kip-in. [Kip-in E

From the Define menu choose Materials.... This again displays the Define
Materials dialog box.

Highlight CONC in the Materials ares, if it is not aready highlighted, and click the
Modify/Show Material button. This displays the Material Property Data dialog box
for the material named CONC.

Note the material properties shown, and notice that they are in units of kips and
inches.

Click the Cancel button to exit the Define Materials dialog box without making any
changes.

Highlight STEEL in the Materials area and click the Modify/Show Material button.
Thiswill display the Material Property Data dialog box.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Note the material properties shown, and notice that they are in units of kips and
inches.

Click the Cancel button twice to exit the Material Property Data dialog box and the
Define Materials dialog box without making any changes.

Click the drop down box in the status bar to change the units back to kip-ft. | Kip-t 'll

From the Define menu choose Materials.... This displays the Define Materials
dialog box.

Highlight CONC in the Materials area and click the Modify/Show Material button.
Thiswill display the Material Property Data dialog box.

In this dialog box:
* Inthe Analysis Property Data areatype O in the Mass Per Unit Volume edit box.

* Inthe Analysis Property Data area type O in the Weight Per Unit Volume edit
box.

e Click the OK button.

Highlight STEEL in the Materials area and click the Modify/Show Material button.
Thiswill display the Material Property Data dialog box.

In this dialog box:
e Inthe Analysis Property Dataareatype 0 in the Mass Per Unit Volume edit box.

e Inthe Analysis Property Data area type O in the Weight Per Unit Volume edit
box.

» Click the OK button.
Click the OK button to close the Define Materials dialog box.

Click the Save Modelbuttonl = | on the main toolbar, or sdect Savefrom the File
menu to savethefile.

This completes the review and definition of material properties.
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Step 4: Defining Frame Sections

Wewill use nine different wide flange sections (W24X62, W24X55, W21X44, W18X40,
W18X35, W16X26, W14X132, W8X58 and W8X31) and two different structural tube
sections (TS5X5XV/4 and TS4X4X1/4) for this model. We will use the structural
sections data file provided with SAP2000. The file is called SECTIONS.PRO and
resides in the same directory as SAP2000.

1. From the Define menu choose Frame Sections... This will display the Define
Frame Sections dial og box.

2. Inthisdialog box:
» Click on the Import drop-down box.

e Click on Import I/Wide Flange. This will display the Section Property File
dialog box.

* Inthisdialog box:

v" Locate the SECTIONS.PRO datafile. It istypically located in the directory
where you installed SAP2000.

v Open the SECTIONS.PRO data file by highlighting it and clicking on the
Open button or by double clicking on the file name.

v This will display a dialog box that includes a scrolling list box showing all
the I/wide flange sections available in the data file. The title bar of this box
displays the full path to the data file.

Note: In a SAP2000 session you only have to locate and open the
SECTIONSPRO data file once. You have the option to select another
data file at any time by choosing Preferences in the Options menu and
selecting the Sedl tab.

v" Inthelist box:

» Use the Scroll buttons to locate the W24X 62 frame section. Click once
on this section to highlight it.
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38

> Use the Scroll buttons to locate the W24X55 frame section. While

holding down the Ctrl key on the keyboard, click once on this section to
highlight it and add it to the selection.

Note: Frame sections may be selected one at a time or they may be
selected in groups as shown in this example. To select multiple
frame sections that are next to each other, hold down the Shift key
and click on the first and last frame element in the group. To select
multiple frame sections that are not next to each other, hold down
the Ctrl key and click each section you want to select, as is done
here.

Use the Scroll buttons to locate the W21X44, W18X40, W18X35,
W16X26, W14X132, W8X58 and WB8X31l frame sections. While
holding down the Ctrl key on the keyboard, click once on each section to
highlight it and add it to the selection.

Click the OK button. Thiswill display the I/Wide Flange Section dialog
box which shows a schematic view of the last selected section (W8X31),
section dimensions, and STEEL as the default material type.

v" Click the OK button. This will close the I/Wide Flange Section dialog box

and return to the Define Frame Sections dialog box. Noticethat in the dialog
box the labels of the selected frame e ements are added to the default section
name (FSEC1) in the Frame Section area.

Click on the Import drop-down box.

Click on Import Box/Tube. This will display a scrolling list box showing all the
box/tube sections available in the data file.

In this dialog box:

v" Use the Scroll buttons to locate the TS5X5X1/4 frame section. Click once

v

on this section to highlight it.

Use the Scroll buttons to locate the TS4AX4X1/4 frame section. While
holding down the Ctrl key on the keyboard, click once on this section to
highlight it and add it to the sdection.
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v" Click the OK button. Thiswill display the Box/Tube Section dialog box that
shows a schematic view of the last sdected section (TS4X4X1/4), section
dimensions, and STEEL as the default material type.

* Click the OK button. Thiswill close the Box/Tube Section dialog box and return
to the Define Frame Sections dialog box. Notice that in the dialog box the labels
of the selected frame dements are added to the previously defined frame
sections.

3. Click the OK button to close the Define Frame Sections dialog box.

This completes the definition of frame sections.
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Step 5: Defining Shell Sections

We will use one shell section property in the model to model the roof digphragm. We
will assume the roof diaphragm to be equivalent to a 1" thick concrete diaphragm. This
is not arecommended way to approximate a metal deck diaphragm, it is just a simple and
expedient method to use for this example.

1. From the Define menu choose Shell Sections... This will display the Define Shell
Sections dialog box.

2. Inthisdialog box:

* Click the Add New Sectionbutton. This will display the Shell Sections dialog
box.

* Inthisdialog box:

v

v

v

Type ROOF in the Section Name edit box.
Accept the default material CONC.

In the thickness area type 0.0833 in both the Membrane and Bending edit
boxes.

In the Type area, select the Membrane option.

Note: In general we recommend using the Shell type option for shell
elements.

Click the OK button.

3. Click the OK button to close the Define Shell Sections dial og box.

4. Click the Save Modelbutton | glon the main toolbar, or sdect Savefrom the File
menu to save thefile

This completes the definition of shell sections.
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Step 6: Assigning Groups

Groups can be a powerful tool for sdecting elements for both assignments and display.
In this step we will create nine groups, as shown in the table below:

Group Name Description
ROOF All roof level joints, frame elements and shell e ements
2ND All second level joints, frame e ements and shell dements
COLS All column elements
FRCOLS All moment frame columns
BRCOLS All braced frame columns
BRACE1 All braces between the first and second level
BRACE2 All braces between the second level and the roof level
FRMGIRD All moment frame girders
BASE All bottom level columns and support joints

Note: By default the program creates a group named ALL which includes all
elementsin the model (joint elements included).

1. Click inthewindow labded X-Y Plane @ Z=24 to make sureit is active. Note when
the window is active, itstitle bar will be highlighted.

2. Click the Pointer button [ | on the side toolbar and select all of the elements in the
X-Y Plane @ Z=24 by “windowing.”

Note: To add more joints and/or elements to an already assigned group, first
select the group, then select more joints and/or elements, and finally assign
them to the group. Group assignment always replaces the existing elements
in that group.

3. From theAssign menu choos&roup Name.... Thiswill display the Assign Group
dialog box.

4. Inthisdialog box:
* TypeROOF inthe edit box at the top of the Groups area.

* Click the Add New Group Namebutton to define a group named ROOF-.
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10.

11.

12.

44

Note: A common error isto forget to click the Add New Group Name button
before pressing the OK button.

* Click the OK button to assign the selected elements to the group named ROOF.

Click the Down One Gridline button | €] on the main toolbar to display the plan
view at Z=12. Notethe window title changesto X-Y Plane @ Z=12.

Select all of the elementsin the X-Y Plane @ Z=12 by “windowing.”

From theAssign menu choos&roup Name.... Thiswill display the Assign Group
dialog box.

In this dialog box:

* Type2ND inthe edit box at the top of the Groups area.

* Click the Add New Group Namebutton to define a group named 2ND.

* Click the OK button to assign the selected elements to the group named 2ND.

Click onthexz buttonli[ on the main toolbar to view an evation in the X-Z plane.
Note the title of the window is probably X-Z Plane @ Y=24; it depends on the
sequence of steps you followed in creating the moddl. If the window titleis not X-Z
Plane @ Y=24, click the Up One Gridline button | 4+ | on the main toolbar or the
Down One Gridline button |i| on the main toolbar until the title of the window is
X-Z Plane @ Y=24.

Click on the six column e ements in this view to select them.

Note: SAP2000 will display the number and type of e ements you have selected
on the left-hand side of the status bar at the bottom of the SAP2000 window.

Note: You can click again on a single selected el ement to deselect it. If you want
to deselect all lements at once, then click the Clear Selection button on
the side toolbar, or choose Clear Selection from the Select menu.

Click the Down One Gridline button [&| on the main toolbar to display the
elevation at Y=0. Note the window title changesto X-Z Plane @ Y=0.

Select the bottom level columns by intersection. To do this:
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13.

14.

15.

16.

17.

18.

19.

20.

» Click the Pointer button M on the side toolbar.

» Click the Set I ntersecting Line Select M ode button | i | on the side toolbar.
* Movethe pointer to theleft of the columns you want to select.
» Click and hold the left mouse button.

* While holding, move the pointer to the right of the members you want to select.
A “rubber band” will show the intersecting line.

* Release the left mouse button to select all members that intersect this line.

Click theSet Intersecting Line Select Mode button again and select the top level
columns.

Click theDown One Gridline button |i| on the main toolbar to display the
elevation at Y=-24. Note the window title changes to X-Z Plane @ Y=-24.

Use the Intersecting Line mode to select the six column elements in this elevation.
There should now be a total of 18 frame elements selected. You can confirm this by
looking on the left-hand side of the status bar at the bottom of the SAP2000 window.

From theAssign menu choos&roup Name.... Thiswill display the Assign Group
dialog box.

In this dialog box:

e TypeCOLS inthe edit box at the top of the Groups area.

e Click the Add New Group Namebutton to define a group named COLS.

e Click the OK button to assign the selected elements to the group named COLS.

Now we will assign the moment frame columns to a group. Click on the left-hand
column and the center column (4 elements total) to select them.

Click the Up One Gridline button il on the main toolbar twice to display the
elevation at Y=24. Note the window title changesto X-Z Plane @ Y=24.

Click on the right-hand column and the center column (4 elements total) to select
them. There should now be eight frame el ements sel ected.
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21.

22.

23.

24,

25,

26.

27.

28.

29.

30.

46

From the Assign menu choose Group Name.... Thiswill display the Assign Group
dialog box.

In this dialog box:
* Type FRCOLS inthe edit box at thetop of the Groups area.
* Click the Add New Group Namebutton to define a group named FRCOLS.

* Click the OK button to assign the selected elements to the group named
FRCOLS.

Now we will assign the braced frame columns to a group. Click on the yz button |£[
on the main toolbar to view an eevation in the Y-Z plane.  If necessary, click the

Up One Gridline button il on the main toolbar until the title of the window is Y-Z
Plane @ X=24.

Click on the four column elements at the braced frame to sdect them.

Click the Down One Gridline button | & | on the main toolbar twice to display the
elevation at X=-24.

Click on the four column € ements at the braced frame to sdect them. There should
now be eight frame elements sel ected.

From the Assign menu choose Group Name.... This will display the Assign Group
dialog box.

In this dialog box:
e TypeBRCOLS inthe edit box at the top of the Groups area.
* Click the Add New Group Namebutton to define a group named BRCOLS.

e Click the OK button to assign the selected elements to the group named
BRCOLS.

Now we will assign the bottom leve braced frame braces to a group. Click on two
bottom level braces to sdect them.

Click the Up One Gridline button il on the main toolbar twice to display the
elevation at X=24.
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31.

32.

33.

35.

36.

37.

38.

39.

40.

Click on two bottom level braces to select them. There should now be four frame
elements sdlected.

From the Assign menu choose Group Name.... Thiswill display the Assign Group
dialog box.

In this dialog box:
* TypeBRACEL inthe edit box at the top of the Groups area.
* Click the Add New Group Namebutton to define a group named BRACEL1.

* Click the OK button to assign the selected elements to the group named
BRACEL.

. Now we will assign the top level braced frame braces to a group. Click on two top

level braces to select them.

Click the Down One Gridline button | & | on the main toolbar twice to display the
elevation at X=-24.

Click on two top level braces to sdect them. There should now be four frame
elements sdl ected.

From the Assign menu choose Group Name.... Thiswill display the Assign Group
dialog box.

In this dialog box:
* TypeBRACEZ2 in the edit box at the top of the Groups area.
e Click the Add New Group Namebutton to define a group named BRACE2.

e Click the OK button to assign the selected elements to the group named
BRACE2.

Now we will assign the moment frame girders to a group. Click on the xz button |i|

on the main toolbar to view an devation in the X-Z plane. Note the title of the
window is X-Z Plane @ Y=24.

Click on the roof level and second level beam on the right side of this devation to
select them.
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41. Click the Down One Gridline button |i| on the main toolbar twice to display the
elevation at Y=-24.

42. Click on the roof level and second level beam on the |eft side of this €evation to
select them. There should now be four frame elements sel ected.

43. From the Assign menu choose Group Name.... Thiswill display the Assign Group
dialog box.

44. Inthis dialog box:
* Type FRMGIRD inthe edit box at the top of the Groups area.
» Click the Add New Group Namebutton to define a group named FRMGIRD.

e Click the OK button to assign the selected elements to the group named
FRMGIRD.

45. Finally we will assign the lower level columns, braces and the base joints to a group.
This group can be used in the Group Joint Force Sum option (on the Display menu)
to display the base shear. Click the Perspective Togglebutton | ﬁl on the main
toolbar. A perspective view of the X-Z devation is displayed.

46. Click the Set Intersecting Line Select Modéutton i | and select all of the bottom
level columns. Notethat in doing so you will also select the bottom level braces.

47. Click on the xy button | # | onthe main toolbar to view an elevation in the X-Y
plane. Notethetitle of thewindow is X-Y Plane @ Y=12.

48. Click the Down One Gridline button| €| on the main toolbar to display the plan at
Z=0.

49. Select all of the joints at this level by “windowing”. There should now be 9 joints
and 13 frame elements selected.

50. From theAssign menu choos&roup Name.... Thiswill display the Assign Group
dialog box.

51. Inthis dialog box:

* TypeBASE inthe edit box at the top of the Groups area.
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» Click the Add New Group Name button to define a group named BASE.
» Click the OK button to assign the selected elements to the group named BASE.

Note: The BASE group will be useful for determining base shears, overturning
moments, total vertical loads.

52. Click the Save M odel button IE' on the main toolbar, or sdect Save from the File
menu to save thefile

This completes the assignment of groups.
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Step 7: Assigning Frame Sections

Refer to Figure B-1 for the beam, column and brace e ement sections.

1

Click in the window labded 3-D View to make sure it is active. Note when the
window is active, itstitle bar will be highlighted.

Click the Set Elements button |ﬁ| on the main toolbar (or select Set Elements...
from the View menu). This displays the Set Elements Dialog box.

In this dialog box:

* Inthe Frames area check the Labels box.
* Inthe Shells area check the Hide box.

» Click the OK button.

Click in the window labded X-Y Plane @ Z=0 to make sure it is active. Note when
the window is active, its title bar will be highlighted.

Click the Up One Gridline button ﬁ[ on the main toolbar twice to display the roof
level plan at Z=24.

Click the Set Elementsbutton |ﬁ| on the main toolbar (or sdect Set Elements...
from the View menu). This displays the Set Elements Dialog box.

In this dialog box:

* Inthe Frames area check the Labels box.
* Inthe Shells area check the Hide box.

» Click the OK button.

In the window labeled X-Y Plane @ Z=24, click on frame € ements 40, 45, 46 and 51
to select them (see Figure C-15).

Note: You can refer to Figure C-15, Figures B-2 and B-3, as well as the screen,
to identify the frame element numbers.

Step 7 51



SAP2000 Detailed Tutorial Including Pushover Analysis

SAP2000 - push01 [ O] x]
File Edt View Define Draw Select Assign Analze Display Design Dptions H

[<|= T |zale|e B/ Dlals - H=le

L

el
o8] =[] 7] & | ele|e|s o s =] fxla] = o] 2z]o] s =] ol

I

£ 3D View M[=1E3|| 5 %-¥ Plane @ z=24 _[ofx

51 &2

5@
48
49

47

45 b

44

42
43

|
44

}& 29 4@

27 Plane @ 7=24 HZ000 Y10.97 22400 [gpt —

10.

11.

12.

13.

14.

15.

52

Figure C-15: Frame Element Labds

From the Assign menu select Frame and then Sections...from the submenu. This
will display the Define Frame Sections dialog box.

In the Frame Sections area click on the W16X26 name once to highlight it and then
click the OK button. This assigns the W16X26 property to the selected frame
elements. Note the other frame elements have the default FSEC1 assigned.

Click the Show Undeformed Shapéutton g to clear the display of the assigned
sections so that you can see the frame element labels again.

In the plan view, click on frame elements 41, 42, 44, 47, 49 and 50 to select them.

From the Assign menu select Frame and then Sections...from the submenu. This
will display the Define Frame Sections dialog box.

In the Frame Sections area click on the W18X35 name once to highlight it and then
click the OK' button.

Click the Show Undeformed Shapebuttong to clear the display of the assigned
sections so that you can see the frame element labels again.
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16.

17.

18.

19.

20.

21.

22

23.

24,

25,

26.

27.

28.

In the plan view, click on frame elements 43 and 48 to select them.

From the Assign menu select Frame and then Sections...from the submenu. This
will display the Define Frame Sections dialog box.

In the Frame Sections area click on the W21X44 name once to highlight it and then
click the OK button.

From the Selectmenu sdlect Selectand then Groups... from the submenu. This will
display the Select Groups dialog box.

Click on the group name FRMGIRD once to highlight it and then click the OK
button.

From the Assign menu select Frame and then Sections...from the submenu. This
will display the Define Frame Sections dial og box.

In the Frame Sections area click on the W24X55 name once to highlight it and then
click the OK button.

Click the Show Undeformed Shapebuttong to clear the display of the assigned
sections so that you can see the frame element labels again.

Click in the window labded X-Y Plane @ Z=24 to make sureit is active.

Click the Down One Gridline button| & | on the main toolbar to display the second
floor plan at Z=12.

From the Selectmenu sdlect Selectand then Labels from the submenu. This will
display the Select by Labes dialog box.

Click the Element Type drop-down box and select Frame.
» Click the Element Type drop-down box and select Frame.

e Type 15in the Start Labd edit box, 24 in the End Labd edit box and 9 in the
Increment edit box.

* Click the OK button.

From the Assign menu select Frame and then Sections...from the submenu. This
will display the Define Frame Sections dial og box.
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29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.
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In the Frame Sections area click on the W16X26 name once to highlight it and then
click the OK button.

In the plan view, click on frame elements 16, 18, 19, 20, 21 and 23 to select them.

From the Assign menu select Frame and then Sections...from the submenu. This
will display the Define Frame Sections dial og box.

In the Frame Sections area click on the W18X40 name once to highlight it and then
click the OK button.

In the plan view, click on frame elements 17 and 22 to select them.

From the Assign menu select Frame and then Sections...from the submenu. This
will display the Define Frame Sections dial og box.

In the Frame Sections area click on the W24X62 name once to highlight it and then
click the OK button.

From the Assignmenu select Clear Display of Assignsto clear the display of frame
assigns from the plan view.

Click in the window labded 3-D View to make sure it is active. Note when the
window is active, itstitle bar will be highlighted.

Click the Set Elementsbutton |ﬁ| on the main toolbar (or select Set Elements...
from the View menu). This displays the Set Elements Dial og box.

In this dialog box:
* Inthe Frames area uncheck the Labels box.
* Click the OK button.

From the Selectmenu sdlect Selectand then Groups... from the submenu. This will
display the Select Groups dialog box.

Click on the group name BRACE1 onceto highlight it and then click the OK button.

From the Assigh menu select Frame and then Sections...from the submenu. This
will display the Define Frame Sections dialog box.
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43.

45.
46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

57.

In the Frame Sections area click on the TS5X5X1/4 name once to highlight it and
then click the OK button.

. From the Select menu select Select and then Groups... from the submenu. This will

display the Select Groups dialog box.
Click on the group name BRACEZ2 onceto highlight it and then click the OK button.

From the Assign menu select Frame and then Sections...from the submenu. This
will display the Define Frame Sections dial og box.

In the Frame Sections area click on the TS4X4X1/4 name once to highlight it and
then click the OK button.

From the Selectmenu select Selectand then Groups... from the submenu. This will
display the Select Groups dialog box.

Click on the group name FRCOL S onceto highlight it and then click the OK button.

From the Assign menu select Frame and then Sections...from the submenu. This
will display the Define Frame Sections dial og box.

In the Frame Sections area click on the W14X132 name once to highlight it and then
click the OK' button.

From the Selectmenu sdlect Selectand then Groups... from the submenu. This will
display the Select Groups dialog box.

Click on the group name BRCOL S onceto highlight it and then click the OK button.

From the Assign menu select Frame and then Sections...from the submenu. This
will display the Define Frame Sections dialog box.

In the Frame Sections area click on the W8X58 name once to highlight it and then
click the OK button.

From the Selectmenu sdlect Selectand then Groups... from the submenu. This will
display the Select Groups dialog box.

Click on the group name COLS onceto highlight it and then click the OK button.
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58.

59.

60.

61.

62.

63.

From the Select menu select Deselect and then Groups... from the submenu. This
will display the Select Groups dialog box.

In this dialog box:
» Click on the group name FRCOL S onceto select (highlight) it.

* Hold down the Ctrl key on the keyboard and click on the BRCOLS group name
onceto highlight it and add it to the selection.

e Click the OK button.

From the Assign menu select Frame and then Sections...from the submenu. This
will display the Define Frame Sections dial og box.

In the Frame Sections area click on the W8X31 name once to highlight it and then
click the OK' button.

From the Assignmenu select Clear Display of Assignsto clear the display of frame
assigns from the 3-D view.

Click the Save Modelbutton|@| on the main toolbar, or sdect Savefrom the File
menu to save thefile

This completes the assignment of frame section properties.
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Step 8: Assigning Shell Sections

1.

10.

11.

12.

Click in the window labded 3-D View to make sure it is active. Note when the
window is active, its title bar will be highlighted.

Click the Set Elements button |§| on the main toolbar (or sdect Set Elements...
from the View menu). This displays the Set Elements Dialog box.

In this dialog box:
¢ |nthe Shells area uncheck the Hide box.
e Click the OK button.

Click in the window labded X-Y Plane @ Z=12 to make sure it is active. Note when
the window is active, its title bar will be highlighted.

Click the Set Elementsbutton |§| on the main toolbar (or sdect Set Elements...
from the View menu). This displays the Set Elements Dialog box.

In this dialog box:
¢ |nthe Shells area uncheck the Hide box.
e Click the OK button.

Click the Up One Gridline button 4| on the main toolbar to display the roof level
plan at Z=24.

From the Selectmenu sdlect Selectand then Groups... from the submenu. This will
display the Select Groups dialog box.

Click on the group name ROOF once to highlight it and then click the OK button.

From the Assignmenu select Shell and then Sections...from the submenu. This will
display the Define Shell Sections dialog box.

In the Shell Sections area click on the ROOF name once to highlight it and then click
the OK button.

From the Assign menu select Clear Display of Assignsto clear the display of shell
assigns from the plan view.
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13. Click the Save M odel button ]El on the main toolbar to savethefile.

This completes the assignment of shell section properties.
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Step 9: Assigning Frame End Releases

We will release the M3 and M2 moment at the ends of all non-moment frame girders, and
reease M3, M2 and torsional moment at the ends of all braces.

1.

Click inthe window labded X-Y Plane @ Z=24 to make sure it is active. Note when
the window is active, its title bar will be highlighted.

From the Select menu sdlect Select and then Groups... from the submenu. This will
display the Select Groups dialog box.

Click on the group name ROOF once to highlight it, then, holding down the Ctrl key,
click on the Group Named 2ND to add it to the selection. Click the OK button.

From the Selectmenu select Deselectand then Groups... from the submenu. This
will display the Select Groups dialog box.

Click on the group name FRMGIRD once to highlight it and then click the OK
button.

From the Assign menu select Frame and then Releases.. from the submenu. This
will display the Frame Releases dial og box.

Note: The end releases will be applied incorrectly to the roof beams at the
braced frames as a result of this selection. We will fix that in items 8 through
18.

In this dialog box:

e Check the Start and End boxes for Moment M22 (Minor) and Moment M33
(Major).

* Click the OK bhutton to apply the rel eases.

Note that releases are applied at the center of the braced frame roof beams. This is
not correct since the braced frame roof beams are continuous over the top of the
chevron brace.

Click the Set Elementsbutton |ﬁ| on the main toolbar (or select Set Elements...
from the View menu). This displays the Set Elements Dialog box.
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10. In this dialog box check the Local Axes box and the Labels box in the Frames area
and click the OK button. Thelocal axes arrows appear as shown in Figure C-16.
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Figure C-16: Frame Element Local Axes Arrows

Note: The local axes arrows are color-coded red, white and blue. The red
arrow is always local axis 1, the white arrow is always local axis 2, and the
blue arrow is always local axes 3. In the plan view, local axis 2 is pointing
straight up and thus we can not see that arrow.

Note: For frame elements, local axis 1 always points along the longitudinal axis
of the member fromthe start joint to the end joint. Thus we can use the local
axesto tell which end isthe start end for any frame element.

11. Click on frame dements 41 and 47 to select them. Note that for these e ements,
moments will bereleased at the start end only.

12. From the Assign menu select Frame and then Releases.. from the submenu. This
will display the Frame Releases dial og box.

13. Inthis dialog box:

*  Check the Start box for Moment M22 (Minor) and Moment M33 (Major).
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14.

15.

16.

17.

18.

19.

20.

21.

22

* Click the OK button to apply the rel eases.

Click on frame dements 44 and 50 to select them. Note that for these € ements,
moments will bereleased at the end joint only.

From the Assigh menu select Frame and then Releases.. from the submenu. This
will display the Frame Releases dial og box.

In this dialog box:
»  Check the End box for Moment M22 (Minor) and Moment M33 (Major).

* Click the OK button to apply the rel eases.

The member end releases have now been corrected. Click the Set Elementsbutton|§|

on the main toolbar (or seect Set Elements...from the View menu). This displays
the Set Elements Dialog box.

In this dialog box uncheck the Local Axes box and the Labels box in the Frames area
and click the OK button.

From the Selectmenu sdlect Selectand then Groups... from the submenu. This will
display the Select Groups dial og box.

Click on the group name BRACEL once to highlight it, then, holding down the Cirl
key, click on the Group Named BRACE2 to add it to the selection. Click the OK
button.

From the Assign menu select Frame and then Releases.. from the submenu. This
will display the Frame Releases dial og box.

In this dialog box:

*  Check the Start and End boxes for Moment M22 (Minor), Moment M33 (Magjor)
and the Start box for Torsion.

Note: You can apply a torsional release at one end of the frame element or
the other, but not both simultaneously. If you applied a torsion release

to both ends, the frame element would be free to spin about its
longitudinal axis, and thus the structure would be unstable.

e Click the OK button to apply the rel eases.
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23. From the Assign menu select Clear Display of Assigns to clear the display of frame
releases from the plan view.

24. Click the Save M odel button ]El on the main toolbar, or sdect Save from the File
menu to save thefile.

This completes the assignment of frame element end releases.
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Step 10: Defining Static Load Cases

We will define five static load cases. They are dead load, live load, earthquake in the X-
direction, earthquake in the Y-direction and a load pattern to be used in the pushover
analysis.

1. From the Define menu select Static Load Cases... This will display the Define
Static Load Case Names dialog box.

2. Inthisdialog box:
* TypeDL intheLoad edit box.
*  Sdlect Dead from the Type drop-down box.
* TypeOinthe Self Weight Multiplier edit box.
» Click the Change Loadbutton.

Note: In this example, if we had wanted the program to automatically
include the self-weight of the structural members, we would have
specified a non zero weight per unit volume in the Material data, and we
would have put a self-weight multiplier of 1 on the DL load case only.

e TypelLL intheLoad edit box.

» Sdect Livefrom the Type drop-down box.

e TypeOinthe Self Weight Multiplier edit box.
* Click the Add New Load button.

*  TypeEQX intheLoad edit box.

e Select Quake from the Type drop-down box.
e TypeOinthe Self Weight Multiplier edit box.
* Click the Add New Load button.

*  TypeEQY intheLoad edit box.
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»  Sdect Quake from the Type drop-down box.
* TypeOinthe Salf Weight Multiplier edit box.
* Click the Add New L oad button.
*  TypePUSHPAT intheLoad edit box.
* Sedect OTHER from the Type drop-down box.
* TypeOinthe Self Weight Multiplier edit box.
* Click the Add New L oad button.

3. Click the OK button.

4. Click the Save Model button || on the main toolbar, or select Save from the File
menu to save thefile.

This completes the definition of static load cases.
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Step 11: Assigning Frame Static Loads

Note that the beam span loading is indicated in Figure B-4.

1

Click in the window labded X-Y Plane @ Z=24 to make sure it is active. Note when
the window is active, its title bar will be highlighted.

Click the Set Elements button |E| on the main toolbar (or sdect Set Elements...
from the View menu). This displays the Set Elements Dialog box.

In this dialog box check the Labels box in the Frames area, check the Hide box in the
Shells area and click the OK button.

Click the Perspective Toggléoutton | ﬁl on the main toolbar. A perspective view of
the X-Y plan is displayed.

From the View menu select Set Limits.... This displays the Set limits dialog box.

In this dialog box type 23 in the Min edit box in the Set Z-Axis Limits area and click
the OK button to change the limits such that only the roof beam elements show.

Select roof beams 39, 40, 51 and 52 by clicking on them.

From the Assignmenu select Frame Static Loads...and then Point and Uniform...
from the submenu. Thiswill display the Point and Uniform Span L oads dialog box.

In this dialog box:
» Sdlect DL fromthe Load Case Name drop-down box.

* IntheLoad Type and Direction area, select the Forces option, and select Global
Z from the drop-down Direction box.

* IntheOptions area, select the Add to Existing Loads option.
e Inthe Uniform Load area, type-0.4Q or just type -.4.
Note: Take care to make sure you enter the minus sign with the load. The
load is input in the global Z direction, thus the minus sign indicates a

downward load.

» Click the OK hutton to apply the load.
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10. Click the Restore Previous Selection button on the side toolbar (or sdect Get
Previous Selection from the Select menu).

11. Fromthe Assign menu select Frame Static Loads...and then Point and Uniform...
from the submenu. Thiswill display the Point and Uniform Span Loads dialog box.

12. Inthis dialog box:
* Select LL from the Load Case Name drop-down box.
* IntheUniform Load area, type-.12 Don't forget the minus sign.
» Click theOK button to apply the load.

13. Select roof beams 41, 42, 44, 47, 49 and 50 by clicking on them.

14. From theAssign menu selecFrame Static Loads...and then Point and Uniform...
from the submenu. Thiswill display the Point and Uniform Span Loads dialog box.

15. Inthis dialog box:
» Sdlect DL fromthe Load Case Name drop-down box.
* Inthe Uniform Load area, type -.16.
* Click the OK button to apply the load.

Note: The point load for beams 41/44 and 47/50 can either be input as a joint
load, or as a beam span load at the end of a beam. We will input it as a
beam span load.

16. Select roof beams 41 and 47 by clicking on them.

17. Fromthe Assignmenu select Frame Static Loads...and then Point and Uniform...
from the submenu. This will display the Point and Uniform Span Loads dialog box.

18. Inthis dialog box:

e Sdect DL fromthe Load Case Name drop-down box.
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19.

20.

21.

22

23.

24,

* Inthe Options area, sdlect the Add
to Existing Loads option.

Load Case Name DL hd
hd In the PO| nt LoadS area thae are | Load Type and Direction | |'l]plions

four sets of Distance and Load | © Faess C onens £ fadio eusing oack

" Replace existing loads

bOXGS Iabdaj 1 through 4 In the Direction IGlDbalZ jv = Delete existing loads
first set of boxes input 1 in the -
Distance box and -5.76 in the Load _ Lk 2 2 e
box. Make sure the Relative | ™= :15 _ ::25 ::?5 :;
Digance From End I Option iS D; Helative-Distance from-End-I o A-bsolute Distancz-a from End-|
selected.
" Uniform Lead |
* Inthe Uniform Load ares, typeO. L (ot ) [coenl]

* Click the OK button to apply the load.

Click the Restore Previous Selection button on the side toolbar (or sdect Get
Previous Selection from the Select menu).

From the Assign menu select Frame Static Loads...and then Point and Uniform...
from the submenu. Thiswill display the Point and Uniform Span Loads dialog box.

In this dialog box:
» Sdect LL from the Load Case Name drop-down box.

e InthePoint Loads areatype 1 in the first Distance box and -2.88in thefirst Load
box.

e Click the OK hutton to apply the load.
Sdlect roof beams 42 and 49 by clicking on them.

From the Assignmenu select Frame Static Loads...and then Point and Uniform...
from the submenu. This will display the Point and Uniform Span Loads dialog box.

In this dialog box:

e Sdect DL fromthe Load Case Name drop-down box.
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* In the Point Loads area type .5 in the first Distance box and -5.76 in the first
Load box.

» Click the OK button to apply the load.

25. Click the Restore Previous Sdlection button on the side toolbar (or sdect Get
Previous Selection from the Select menu).

26. From the Assign menu select Frame Static Loads...and then Point and Uniform...
from the submenu. Thiswill display the Point and Uniform Span Loads dialog box.

27. Inthis dialog box:
e Sdect LL from the Load Case Name drop-down box.
* InthePoint Loads areatype-2.88in thefirst Load box.
* Click the OK button to apply the load.

28. Select roof beams 45 and 46 by clicking on them.

29. From the Assignmenu select Frame Static Loads...and then Point and Uniform...
from the submenu. Thiswill display the Point and Uniform Span L oads dialog box.

30. Inthis dialog box:
e Sdect DL fromthe Load Case Name drop-down box.

e Inthe Point Loads area type 0 in the first Distance box and O in the first Load
box.

e Inthe Uniform Load area, type -.48.
e Click the OK hutton to apply the load.

Note: Because of the perspective view, you will not see this load after it is
applied. To see it, click the 3-D View button. 3-d| To return to the
perspective view, click the xy 2-D View button |i| and then click the
Perspective Toggle button. ||

31. Click the Restore Previous Selectiobutton on the side toolbar (or sdect Get
Previous Selectiorfrom the Selectmenu).

68 Step 11



Part C. Tutorial Part 1 - Creating, Analyzing and Designing the Basic Model

32.

33.

35.

36.

37.

38.

39.

40.

From the Assign menu select Frame Static Loads...and then Point and Uniform...
from the submenu. Thiswill display the Point and Uniform Span Loads dialog box.
In this dialog box:

* Sdlect LL from the Load Case Name drop-down box.
* Inthe Uniform Load area, type -.24.

» Click the OK button to apply the load.

. Select roof beams 43 and 48 by clicking on them.
From the Assignmenu select Frame Static Loads...and then Point and Uniform...
from the submenu. Thiswill display the Point and Uniform Span Loads dialog box.
In this dialog box:

» Sdect DL fromthe Load Case Name drop-down box.

* Inthe Point Loads area type .5 in the first Distance box and -11.52in the first
Load box.

* Inthe Uniform Load ares, typeO.
* Click the OK button to apply the load.

Click the Restore Previous Selectiobutton on the side toolbar (or sdect Get
Previous Selectiorfrom the Selectmenu).

From the Assignmenu select Frame Static Loads...and then Point and Uniform...
from the submenu. This will display the Point and Uniform Span Loads dialog box.
In this dialog box:

e Sdect LL from the Load Case Name drop-down box.
e InthePoint Loads areatype-5.76in thefirst Load box.
e Click the OK hutton to apply the load.

From the View menu select Set Limits.... Thisdisplays the Set limits dialog box.
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41. In this dialog box type 11 in the Min edit box and 13 in the Max edit box in the Set
Z-Axis Limits area and click the OK button to change the limits such that only the
second floor beam el ements show.

42. Click on the 3-D View button 34| to change the view to a three dimensional view.
See Figure C-17.

SAP2000 - push01 [ O] x]
File Edt View Define Draw Select Assign Analze Display Design Options Help

o8] =[] 2| & | ele|e|so|m| =] fxla] = v 2z]e] s =] ol

B Frame Span Loads GLOBAL-Z [LL]

B 3-D View JS[=1ES

[<|= Tz |alee B/ @mlals - HElo

L

3D Wiew [ Kip-it -

Figure C-17: 3-D View With Limits Set To Show Second L evel

43. Select second level beams 14, 15, 24 and 25 by clicking on them.

44. From the Assign menu select Frame Static Loads...and then Point and Uniform...
from the submenu. Thiswill display the Point and Uniform Span Loads dialog box.

45. Inthis dialog box:
» Select DL from the Load Case Name drop-down box.

* Inthe Point Loads area type O in the first Distance box and O in the first Load
box.

* Inthe Uniform Load area, type-.72
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46.

47.

48.

49,
50.

51.

52.

53.

54.

» Click the OK button to apply the load.

Click the Restore Previous Selection button on the side toolbar (or sdect Get
Previous Selection from the Select menu).

From the Assign menu select Frame Static Loads...and then Point and Uniform...
from the submenu. Thiswill display the Point and Uniform Span Loads dialog box.

In this dialog box:

* Select LL from the Load Case Name drop-down box.

* Inthe Uniform Load area, type-.3.

» Click the OK button to apply the load.

Select second level beams 16, 18, 21 and 23 by clicking on them.

From the Assignmenu select Frame Static Loads...and then Point and Uniform...
from the submenu. Thiswill display the Point and Uniform Span L oads dialog box.

In this dialog box:
» Sdect DL fromthe Load Case Name drop-down box.

* Inthe Point Loads area type .5 in the first Distance box and -11.52in the first
Load box.

* Inthe Uniform Load ares, type -.24.
* Click the OK button to apply the load.

Click the Restore Previous Selectiobutton on the side toolbar (or sdect Get
Previous Selectiorfrom the Selectmenu).

From the Assignmenu select Frame Static Loads...and then Point and Uniform...
from the submenu. This will display the Point and Uniform Span Loads dialog box.

In this dialog box:

e Sdect LL from the Load Case Name drop-down box.
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55.

56.

57.

58.

59.

60.

61.

62.
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* InthePoint Loads areatype -7.2 in thefirst Load box.
* Inthe Uniform Load ares, typeO.

» Click the OK button to apply the load.

Select second level beams 19 and 20 by clicking on them.

From the Assign menu select Frame Static Loads...and then Point and Uniform...
from the submenu. Thiswill display the Point and Uniform Span L oads dial og box.

In this dialog box:
» Select DL from the Load Case Name drop-down box.

* Inthe Point Loads area type O in the first Distance box and O in the first Load
box.

* Inthe Uniform Load area, type -.96.
* Click the OK button to apply the load.

Click the Restore Previous Selectiobutton on the side toolbar (or sdect Get
Previous Selectiorfrom the Selectmenu).

From the Assignmenu select Frame Static Loads...and then Point and Uniform...
from the submenu. This will display the Point and Uniform Span Loads dialog box.

In this dialog box:

e Sdect LL from the Load Case Name drop-down box.
e Inthe Uniform Load area, type-0.6.

e Click the OK hutton to apply the load.

Sdlect second level beams 17 and 22 by clicking on them.

From the Assignmenu select Frame Static Loads...and then Point and Uniform...
from the submenu. This will display the Point and Uniform Span L oads dialog box.
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63.

65.

66.

67.

68.

69.

70.

71.

In this dialog box:
» Select DL from the Load Case Name drop-down box.

* Inthe Point Loads area type 0.5 in the first Distance box and -23.04 in the first
Load box.

* Inthe Uniform Load ares, typeO.

» Click the OK button to apply the load.

. Click the Restore Previous Selection button on the side toolbar (or sdect Get

Previous Selection from the Select menu).

From the Assign menu select Frame Static Loads...and then Point and Uniform...
from the submenu. Thiswill display the Point and Uniform Span L oads dial og box.
In this dialog box:

» Sdect LL from the Load Case Name drop-down box.

* InthePoint Loads areatype-14.4in thefirst Load box.

* Click the OK button to apply the load.

From the View menu select Set Limits.... Thisdisplaysthe Set limits dialog box.

In this dialog box click the Show All button in the Set Z-Axis Limits area and click
the OK button to change the limits such that the entire model is displayed.

From the Assign menu select Clear Display of Assignsto clear the display of beam
span loading. Notethat the frame element labels remain because they were turned on
using the Set Elements command.

Click the xy 2-D View button |i| on the main toolbar to return to a plan view. Note
the the window titleis X-Y Plane @ Z=24.

Click the Save Modelbutton || on the main toolbar, or sdect Savefrom the File
menu to save thefile.

This completes the assignment of frame static loads.
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Step 12: Assigning Shell Static Loads

Theroof level lateral earthquake loads are assigned as shell static |oads.

1

Click in the window labded X-Y Plane @ Z=24 to make sure it is active. Note when
the window is active, its title bar will be highlighted.

Click the Set Elements button |ﬁ| on the main toolbar (or select Set Elements...
from the View menu). This displays the Set Elements Dialog box.

In this dialog box uncheck the Hide box in the Shells area and click the OK' button.

From the Selectmenu sdlect Selectand then Groups... from the submenu. This will
display the Select Groups dialog box.

Click on the group name ROOF once to highlight it then click the OK' button.

From the Assign menu select Shell Static Loads...and then Uniform... from the
submenu. Thiswill display the Shell Uniform L oads dial og box.

In this dialog box:
» Select EQX from the L oad Case Name drop-down box.

* Inthe Uniform Load area type .0074in the Load box and select Global X from
the drop-down Dir box.

* Sdlect Add To Existing Loads in the Options area.
* Click the OK button to apply the load.

Click the Restore Previous Selectiobutton on the side toolbar (or sdect Get
Previous Selectiorfrom the Selectmenu).

From the Assign menu select Shell Static Loads...and then Uniform... from the
submenu. Thiswill display the Shell Uniform Loads dial og box.

10. Inthis dialog box:

* Sdect EQY from the Load Case Name drop-down box.
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* Inthe Uniform Load area type .0113 in the Load box and select Global Y from
the drop-down Dir box.

* Click the OK button to apply the load.

11. Click _the drop down box in the status bar to change the units to Ib-ft.
||b-rt vI Observe that the shell load shown on the screen is now 11.30 instead
of 0.01. Sometimes it is convenient to change units when viewing input loads and
output results.

12. Click the drop down box in the status bar to change the units back to kip-ft.
IKip-ﬂ v|

13. From the Assign menu select Clear Display of Assigns to clear the display of shell
loading.

14. Click the Save Model button | | on the main toolbar to save thefile.

This completes the assignment of shell static |oads.
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Step 13: Assigning Joint Static Loads
The second level lateral earthquake loads (load cases EQX and EQY) are assigned as
joint static loads. Also the static load pattern to be used in the pushover analysis,
PUSHPAT is assigned as joint static loads.

Note the static load pattern for the pushover analysis could be any combination
of joint, frame and shell loading.

1. Click inthe window labeed X-Y Plane @ Z=24 to make sureit is active. Note when
the window is active, itstitle bar will be highlighted.

2. Click the Down One Gridline button || on the main toolbar to display the second
floor plan at Z=12.

3. Click the Set Elements button |§| on the main toolbar (or select Set Elements...
from the View menu). This displays the Set Elements Dialog box.

4. Inthisdialog box uncheck the Labels box in the Frames area, check the Labels box in
the Joints area and click the OK button. Note we are leaving the Restraints box in
the Joints area checked.

5. Click joint 14 to select it.

6. From the Assign menu select Joint Static Loads... and then Forces... from the
submenu. Thiswill display the Joint Forces dialog box.

7. Inthisdialog box:
* Sdect EQX from the Load Case Name drop-down box.
* IntheOptions area, sdect the Add to Existing L oads option.
* InthelLoads areatype 2.67in the Force Global X edit box.
e Click the OK hutton to apply the load.

8. Click the Restore Previous Selectiobutton on the side toolbar (or sdect Get
Previous Selectiorfrom the Selectmenu).

9. From the Assign menu select Joint Static Loads... and then Forces... from the
submenu. Thiswill display the Joint Forces dialog box.
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10. In this dialog box:
» Select EQY from the Load Case Name drop-down box.
* InthelLoads areatype O in the Force Global X edit box.
* IntheLoads areatype 3.83 in the Force Global Y edit box.
* Click the OK button to apply the load.
11. Click onjoints 11, 13, 15 and 17 to select them.

12. From the Assign menu select Joint Static Loads... and then Forces... from the
submenu. Thiswill display the Joint Forces dialog box.

13. Inthis dialog box:

Select EQX from the L oad Case Name drop-down box.

In the Options area, select the Add to Existing L oads option.

In the Loads area type 2 in the Force Global X edit box.

Inthe Loads area type O in the Force Global Y edit box.

Click the OK button to apply the load.

14. Click the Restore Previous Selectiobutton on the side toolbar (or sdect Get
Previous Selectiorfrom the Selectmenu).

15. From the Assign menu select Joint Static Loads... and then Forces... from the
submenu. Thiswill display the Joint Forces dial og box.

16. Inthis dialog box:

Sdlect EQY from the Load Case Name drop-down box.

In the Loads area type 0 in the Force Global X edit box.

In the Loads area type 2.88in the Force Global Y edit box.

Click the OK button to apply the load.
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17.

18.

19.

20.

21

22

23.

Click on joints 10, 12, 16 and 18 to select them.

From the Assign menu select Joint Static Loads... and then Forces... from the
submenu. Thiswill display the Joint Forces dialog box.

In this dialog box:
» Seect EQX from the L oad Case Name drop-down box.

* IntheOptions area, sdect the Add to Existing L oads option.

In the L oads area type 1.33in the Force Global X edit box.

In the Loads area type O in the Force Global Y edit box.

Click the OK button to apply the load.

Click the Restore Previous Selectiobutton on the side toolbar (or sdect Get
Previous Selectiorfrom the Selectmenu).

From the Assign menu select Joint Static Loads... and then Forces... from the
submenu. Thiswill display the Joint Forces dialog box.

In this dialog box:

* Sdect EQY from the Load Case Name drop-down box.

* IntheLoads areatype O in the Force Global X edit box.

* InthelLoads areatype 1.92in the Force Global Y edit box.
e Click the OK button to apply the load.

We will now define the PUSHPAT load pattern that will be used in the pushover
analysis. It will be a triangular distribution of load over the height of the building.
From the Selectmenu sdect Selectand then Groups... from the submenu. This will
display the Select Groups dial og box.

Note: Our purpose here is to input an inverted triangular loading pattern over
the height of the building. Thus we will put 1 kip loads at 9 second level
joints (9 kipstotal) and 2 kip loads at 9 roof level joints (18 kips total). We
could assign the 9 kips at the second level and 18 kips at the roof level to the
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24,

25.

26.

27.

28.

29.
30.

31.

32.

33.
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jointson atributary area basis, or some other basis, but we will not consider
any such refinement in this example.

Click on the group name 2ND and then click the OK button.

From the Assign menu select Joint Static Loads... and then Forces... from the
submenu. Thiswill display the Joint Forces dialog box.

In this dialog box:

* Select PUSHPAT from the Load Case Name drop-down box.
* InthelLoadsareatypelinthe Force Global X edit box.

* InthelLoads areatype O in the Force Global Y edit box.

* Click the OK button to apply the load.

Click the Up One Gridline button ﬁl on the main toolbar to display the roof level
plan at Z=24.

From the Selectmenu sdlect Selectand then Groups... from the submenu. This will
display the Select Groups dialog box.

Click on the group name ROOF and then click the OK button.
Click onjoints 22 and 26 to deselect them.

From the Assign menu select Joint Static Loads... and then Forces... from the
submenu. Thiswill display the Joint Forces dialog box.

In this dialog box:

e Sdect PUSHPAT from the Load Case Name drop-down box.

e InthelLoads areatype 2 in the Force Global X edit box.

e Click the OK hutton to apply the load.

From the Assignh menu select Clear Display of Assignsto clear the display of joint

loads. Note that the joint element labes remain because they were turned on using
the Set Elements command.
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34. Click the Save Model button || on the main toolbar, or select Save from the File
menu to save thefile

This completes the assignment of joint static loads.
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Step 14: Assigning Joint Masses

We will add joint masses consistent with those shown in Table B-1.

1

Click in the window labded X-Y Plane @ Z=24 to make sure it is active. Note when
the window is active, its title bar will be highlighted.

Click joint 24 to select it.

From the Assigh menu select Joint and then Masses...from the submenu. This will
display the Joint Masses dialog box.

In this dialog box:

» Type.72intheDirection 1 edit box in the Masses in Local Directions area.
* Type.72inthe Direction 2 edit box in the Masses in Local Directions area.
* IntheOptions areg, sdect the Add to Existing Masses option.

» Click the OK button to apply the mass.

Note: If we wanted to obtain vertical direction mode shapes we should include a
Direction 3 mass as well.

Click joints 20, 23, 25 and 28 to select them.

From the Assignmenu select Joint and then Masses...from the submenu. This will
display the Joint Masses dial og box.

In this dialog box:

* Type .48 in both the Direction 1 edit box and the Direction 2 edit box in the
Masses in Local Directions area.

* Click the OK bhutton to apply the mass.
Click joints 19, 21, 27 and 29 to select them.

From the Assignmenu select Joint and then Masses...from the submenu. This will
display the Joint Masses dialog box.
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11.

12.

13.

14.

15.

16.

17.

18.
19.

20.
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In this dialog box:

e Type .3 in both the Direction 1 edit box and the Direction 2 edit box in the
Masses in Local Directions area.

» Click the OK button to apply the mass.

Click the Down One Gridline button | & | on the main toolbar to display the second
floor plan at Z=12.

Click joint 14 to select it.

From the Assigh menu select Joint and then Masses...from the submenu. This will
display the Joint Masses dialog box.

In this dialog box:

e Type 1.45in both the Direction 1 edit box and the Direction 2 edit box in the
Masses in Local Directions area.

* Click the OK button to apply the mass.
Click joints 11, 13, 15 and 17 to select them.

From the Assignmenu select Joint and then Masses...from the submenu. This will
display the Joint Masses dialog box.

In this dialog box:

e Type .9 in both the Direction 1 edit box and the Direction 2 edit box in the
Massesin Local Directions area.

* Click the OK bhutton to apply the mass.
Click joints 10, 12, 16 and 18 to select them.

From the Assignmenu select Joint and then Masses...from the submenu. This will
display the Joint Masses dialog box.

In this dialog box:
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* Type .55 in both the Direction 1 edit box and the Direction 2 edit box in the
Masses in Local Directions area.

» Click the OK button to apply the mass.

21. From the Assign menu select Clear Display of Assigns to clear the display of joint
masses. Note that the joint element labels remain because they were turned on using
the Set Elements command.

22. Click the Set Elements button |ﬁ| on the main toolbar (or select Set Elements...
from the View menu). This displays the Set Elements Dialog box.

23. Inthis dialog box uncheck the Labels box in the Joints area and click the OK button.
Thiswill turn off the display of joint labdls.

24. Click the Save Modelbutton || on the main toolbar, or sdlect Savefrom the File
menu to save thefile

This completes the assignment of joint masses.
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Step 15: Assigning Diaphragm Constraints

We will assign a diaphragm constraint at the second level to simulate arigid diaphragm.

1

Click in the window labded X-Y Plane @ Z=12 to make sure it is active. Note when
the window is active, its title bar will be highlighted.

Select all elements at the second level by “windowing”.

From theAssign menu choosdoint, and thenConstraints...from the submenu.
Thiswill display the Constraints dialog box.

In this dialog box:

* IntheClick To areg, click the drop-down box and select Add Diaphragm. This
will display the Diaphragm Constraint dialog box.

* Inthisdialog box:
v Type 2NDDIA in the Constraint Name edit box.
v' Select the Z Axis option in the Constraint Axis area.
v" Click the OK button.

* Click the OK button to exit the Constraints dialog box and assign the second
floor level diaphragm constraint.

Note: The joints change colorsindicating the constraint has been assigned.

From the Assign menu select Clear Display of Assignsto clear the display of joint
constraints.

Click the Save Modelbutton ]El on the main toolbar, or sdect Savefrom the File
menu to save thefile.

This completes the assigning of diaphragm constraints.
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Step 16: Static and Dynamic Analysis (Not Pushover)

In this step we will set the analysis options for the static and dynamic analysis (not
pushover) and run the analysis.

1. From the Analyze menu select Set Options... This will display the Analysis
Options dialog box.

2. Inthisdialog box:

Check the Dynamic Analysis check box.

Click on the Set Dynamic Parametersbutton. This will display the Dynamic
Analysis Parameters dialog box.

In this dialog box:

v Type6 inthe Number Of Modes edit box

v Inthe Type of Analysis area sdect the Eigenvectors option.
v" Accept the other default values in the dialog box.

v" Click the OK button.

Check the Generate Output check box.

Note: The Generate Output option creates output that will be stored in the
* out filewhere* represents your SAP2000 filename.

Click on the Set Output Options button. This will display the Select Output
Results dialog box.

In this dialog box:
v Check the Displacements check box

v Click on the Select/Show Loadsutton adjacent to the Displacements check
box. This displays the Select Output dialog box.

v Click on the EQX load case to highlight it. Hold down the control key and
click on the EQY load caseto add it to the selection.
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v" Click the OK button to close the Select Output dialog box.
v" Click the OK button to close the Select Output Results dialog box.
» Click the OK button again to exit the Analysis Options dialog box:

Note: It isimportant to note that when displacements or force are specified to be
printed in the *.out files using the Generate Output option, data for each and
every joint or element is printed. You have no control over this. For larger
problems this can lead to very large and unwieldy output files. See the notes
at the ends of steps 18 and 19 for information on other printing options.

Note: If you are running a large model, you may want/need to increase the
memory allocated to SAP2000 above the default 2000 Kb. You can do thisin
the Analysis options dialog box.

3. Click the Run Analysis button |_y | on the main toolbar.

Note: You can also click the Analyze menu and select Run or select Run
Minimized to run the analysis. Run minimized will perform the execution in
the background, i.e, it will allow you to minimize SAP2000 while the
analysis is being carried out. It also provides a Cancel button that allows
you to stop a run that isin progress.

4. A window is opened in which various phases of analysis are progressively reported.
When the analysis is complete the screen will display as shown in Figure C-18.

5. Usethescroll bar to review the analysis messages and check for any error or warning
messages (there should be none).

Note: The information in the scrolling analysis window can also be found in the
* log file, where the * represents your filename.

6. Click the OK button in the Analysis window to close it. Note that the 3-D window
now shows the first mode shape.

This completes the static and dynamic analysis.
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Step 17: Reviewing Mode Shapes

In this step we will review the mode shapes.

1

Note that the first mode shape is currently displayed in the 3-D View window. Click
on this window to make sureit is active. Note when the window is active, its title bar
will be highlighted.

Click the Display Mode Shape button || on the main toolbar, (or select Show
M ode Shape... from theDisplay menu). The Mode Shape dialog box appears.

In this dialog box:
e Set the mode number to 1 in the Mode Number area.
e Set the scale factor to 1 in the Scale Factor area.

» Select (i.e., check) the Wire Shadow and Cubic Curve options in the Options
area.

» Click theOK button to redisplay the first mode.

Click theStart Animation button| Start Animation | , located in the status bar at the
bottom of the SAP2000 window, to animate the mode shape.

Click theRight Arrow button] = l , located in the status bar at the bottom of the
screen, to view the next mode shape.

Note: When viewing mode shapes, the right and left arrow buttons, located in
the status bar at the bottom of the screen, provide an easy way to view the
next (right arrow), or previous (left arrow) mode shape.

Using the Right Arrow button, review modes 2 through 6. Note that mode 1 is
predominantly in the X-direction; we will use this information when creating
pushover load cases.

Note:  Additional information on mode shapes including modal periods and
frequencies, modal participation factors and modal participating mass ratios
can be found in the *.OUT file.
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After viewing mode 6, click the Stop Animation button , located in
the status bar at the bottom of the SAP2000 window, to stop the mode shape
animation.

Click the Show Undefor med Shape button g to clear the display of mode shapes.

This completes the review of displaying mode shapes.
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Step 18: Reviewing Deformed Shapes

In this step we will demonstrate methods for reviewing the deformed shapes and
displacements.

1.

Click in the window labded 3-D View to make sure it is active. Note when the
window is active, itstitle bar will be highlighted.

Click the Display Static Deformed Shape button | & | (or select Show Defor med
Shape...from the Display menu). The Deformed Shape dialog box appears.

In this dialog box:

» Select the EQX Load Case from the L oad drop-down box.

» Sdlect the Auto scaling option in the Scaling area.

»  Check both the Wire Shadow and the Cubic curve boxes in the Options area.

» Click the OK button to display the deformed shape.

Click the Start Animation button|  StartAnimation | , located in the status bar at the
bottom of the SAP2000 window, to animate the deformed shape.

Click the Stop Animation button | Stop Animation | | located in the status bar at the
bottom of the SAP2000 window, to stop the deformed shape animation.

Click the Right Arrow button ] = l , located in the status bar at the bottom of the
screen, to view the next deformed shape, based on the EQY static load.

Note: When viewing deformed shapes, the right and left arrow buttons, located
in the status bar at the bottom of the screen, provide an easy way to view the
next (right arrow), or previous (left arrow) deformed shape. You can easly
cycle through all of the load cases in this manner.

Right click on any joint in the 3-D view to bring up a dialog box with displacements
for all six degrees of freedom (UX, UY, UZ, RX, RY, RZ) for that joint. When done
viewing these displacements, right click ancther joint, or left click anywhere to close
the dialog box.

From the Display menu select Set Output Table Mode... to display the Select
Output dialog box.
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11.

All of the load cases in the Select Output dialog box should be selected (higlighted).
If they are not, click on each one while holding down the Ctrl key to select them.
Click the OK button to accept this selection.

Note: If we wanted to, we could select only one, or a few load cases, instead of
all of them.

Right click any joint to get a table of displacements for the joint. Note you can print
this table by selecting Print from its associated File menu. When done viewing this
table click the “X” in the upper right-hand corner to close it.

Note: You can also right click a frame element or a shell element to get a table
of forces for that element.

Note: You can also print joint displacements from the graphic interface without
having to first view them in a table. With this method you can control the
elements for which the output is provided (printed). After the analysis has
been run, select all of the joints for which you want displacement output.

(Note that if you don’t select any elements, then this feature will give you

output for all elements.) Then sel&itint Output Tables...from the File
menu. Fill in the resulting Print Output Tables dialog box, remembering to
select the load cases for which you want output, and click the OK button.
Note that with the Print Output Tables feature you have the option of printing
totheprinter or to afile. If you print to afile, an ASCII file is created which
you can review in atext editor or word processor.

Click the Show Undeformed Shape button g to clear the display of deformed
shapes.

This completes the review of deformed shapes and displacements.
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Step 19: Reviewing Forces and Stresses

In this step we will demonstrate methods for reviewing the forces and stresses in frame
and shell elements.

1.

Click in the window labded 3-D View to make sure it is active. Note when the
window is active, itstitle bar will be highlighted.

Click the Member Force Diagram for Frames button | F | , (or sdect Show
Element For ces/Stresses from the Display menu and then select Frames... from the
submenu). The Member Force Diagram for Frames dialog box appears.

In this dialog box:

» Select the EQX Load Case from the L oad drop-down box.

»  Select the Moment 3-3 option in the Component area.

»  Sdlect the Auto scaling option in the Scaling area.

e Check the Fill Diagram box.

* Click the OK button to display the moment diagrams as filled shapes.

Right click on any element to display a dialog box that allows you to see the moment
at any point along the element. When done viewing, right click on another element
or left click anywhere to close the dial og box.

Click the Member Force Diagram for Framesbutton | F | , again (or select Show
Element Forces/Stressesom the Display menu and then select Frames... from the
submenu). The Member Force Diagram for Frames dialog box appesars.

In this dialog box:

e Uncheck the Fill Diagram box.

e Check the Show Values on Diagram box.

e Click the OK button to display the moment diagrams with critical values shown.
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Right click on any element to display a dialog box that allows you to see the moment
at any point along the element. When done viewing, right click on another element
or left click anywhere to close the dialog box.

Click the Element Force/Stress Contours for Shells button § | , (or sdect Show
Element Forces/Stresses from the Display menu and then select Shells... from the
submenu). The Element Force Stress/Contours for Shells dialog box appears.

In this dialog box:

» Sdlect the EQX Load Case from the L oad drop-down box.
»  Select the Forces option button.

»  Sdect the F12 component by checking its box.

* Accept therest of the default values.

* Click the OK button to display the shell element forces.

Suppose we now want to see the Y-direction force transferred from the roof
diaphragmto joints 19, 23, 26 and 27 in static load case EQY. To do this we will use
the Group Joint Force Sum feature. Click in the window labeled X-Y Plane @ Z=12
to make sure it is active. Note when the window is active, its title bar will be
highlighted.

Click the Up One Gridline button 4 | on the main toolbar to display the roof level
plan at Z=24.

Click the Set Elementshutton |§| on the main toolbar (or sdect Set Elements...
from the View menu). This displays the Set Elements Dialog box.

In this dialog box check the Labels box in the Joints area, uncheck the Hide box in
the Shells area if it is checked, check the Labels box in the Shells area and click the
OK button. Thiswill turn on the display of joint labels and shell labels.

Click onjoints 19, 23, 26 and 27 and on shdlls 2, 4 and 6.

From the Assign menu choose Group Name.... This will display the Assign Group
dialog box.

In this dialog box:
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18.

19.

20.

21.

* TypeROOFSHR inthe edit box at the top of the Groups area.
* Click the Add New Group Name button to define a group named ROOFSHR.

e Click the OK button to assign the selected elements to the group named
ROOFSHR.

From the Display menu select Set Output Table Mode... to display the Select
Output dialog box.

All of the load cases in the Select Output dialog box should be selected (higlighted).
If they are not, then click on each one while holding down the Ctrl key to select them.
Click the OK button to accept this selection.

Note: If we wanted to, we could select only one, or a few load cases, instead of
all of them.

From the Display menu select Show Group Joint Force Sums...to display the
Select Groups dialog box.

In that dialog box click on the ROOFSHR group to highlight it and click the OK
button.

Note: We could select more than one group at thistime if we wanted to.

The group joint force sum for the ROOFSHR group is displayed for each load case.
The Y-direction force transferred from the roof diaphragm to joints 19, 23, 26 and 27
in static load case EQY isthe FY forcefor load EQY.

Note: We can use groups to define section cuts through shell elements (and
frame elements) at any location and then use the Group Joint Force Sum
feature to see the forces acting at that section cut. To do this, imagine a
section cut through the structure. The section cut may be through the entire
structure or through a portion of the structure. Select all of the elements that
the section cut passes through, and select all of the joints connected to those
elements on one side of the section cut. Note you must select both the shell
and/or frame elements and the joints. Define a group that includes all of the
selected items. Use the Show Group Joint Force Sum option on the Display
menu to show the forces at the section cut.
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26.

27.

28.

We can display the base shear using the BASE group we previously defined. From
the Display menu select Show Group Joint Force Sums...to display the Select
Groups dialog box. In that dialog box click on the BASE group to highlight it and
click the OK button.

Click the Set Elementsbutton |ﬁ| on the main toolbar (or select Set Elements...
from the View menu). This displays the Set Elements Dialog box.

In this dialog box uncheck the Labels box in the Joints area, uncheck the Labels box
in the Shells area and click the OK button. This will turn off the display of joint
labels and shell labels.

We can display output tables of element forces on the screen.

From the Display menu select Set Output Table Mode... to display the Select
Output dialog box.

In the Select Output dialog box click on the EQX Load Case to highlight it and then
hold down Ctrl key and click on the EQY Load Case to highlight it. Click the OK
button to accept this selection.

Right click any frame or shell e ement to get a table of forces for that € ement.
Note: You can alsoright click a joint to get a table of joint displacements.

Note: You can also print frame and shell element forces from the graphic
interface without having to first view them in a table. With this method you
can control the elements for which the output is provided (printed). After the
analysis has been run, select all of the frame and/or shell el ements for which

you want force output. (Note that if you don't select any elements, then this

feature will give you output for all elements.) Then seRrént Output
Tables... from the File menu. Fill in the resulting Print Output Tables
dialog box, remembering to select the load cases for which you want output,
and click the OK button. Note that with the Print Output Tables feature you
have the option of printing to the printer or to afile. If you print to afile, an
ACII fileis created which you can review in a text editor or word processor.

This completes the review of forces and stresses.
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Step 20: Performing a Steel Design Stress Check
Now we will perform a steel design stress check.
1. Fromthe Options menu, click Preferences.. to display the Preferences dialog box.
2. Inthisdialog box:
* Select the Stedl tab.

* Click the Stedd Design Code drop-down box to review the available options.
Select the AISC-ASD89 option.

* Click the OK button to close the Preferences dialog box.

3. Click onthe Designmenu. Notethat the Steel Desigroption on the menu is checked
indicating a sted design will be done.

Note: Either the Steel Design or Concrete Design option can be checked on the
Design menu, but not both at the same time.

4. On the Design menu choose Select Design Combos The Design Load
Combinations Selection dialog box is displayed.

Note: SAP2000 automatically creates appropriate load combinations for the
selected design code. For this model, usng AISC-ASD89, these ten default
load combinations will include DL, DL + LL, DL + LL + EQX, DL + LL -
EQX, DL + LL + EQY, DL + LL — EQY, DL +EQX, DL — EQX, DL + EQY
and DL — EQY.

5. Inthisdialog box:
* Click onthe DSTL1 combination in the Design Combos box to highlight it.
* Click the Show button to review the combination.

Note: Clicking thédRemove button when a Design Combo is highlighted will
remove that combination from the Design Combo box and put it in the
List of Combos box. Only the design combinations in the Design Combo
box are in the design stress check.
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Note: You can also add your own combinations to the design combinations.
To define a new load combination, click Load Combinations...on the
Define menu. To add the new load combination to the design lig,
highlight the new load combination name, that will be in the List of
Combos box in the Design Load Combinations Selection dialog box, and
click the Add button.

* Review the other combinations in asimilar manner.
* Pressthe OK button twiceto close al dialog boxes.
Click in the window labded 3-D View to make sureit is active.

Click the Set Elements button |ﬁ| on the main toolbar (or select Set Elements...
from the View menu). This displays the Set Elements Dialog box.

In this dialog box check the Hide box in the Shells area and click the OK button.
Thiswill turn off the display of shells.

On the Designmenu choose Start Design/Check of Structure The design check of
the structure proceeds.

When the design is complete, the member stress ratios are displayed on the structure
as shown in Figure C-19. Note that many of the beam stress ratios are quite high.
This has occurred because by default SAP2000 assumes that the beams are
unsupported for their full length. For simplicity we will assume that the unsupported
length for all beams is two feet, except for the roof beam at the braced frasme where
it isonefoot. This makes an unbraced length ratio of 0.0833 for all beams. We will
make this change and rerun the design.

Note: The assumption that the unsupported length for all beamsis 2 feet may not
berealisticin a real building.

From the Selectmenu sdlect Selectand then Groups... from the submenu. This will
display the Select Groups dialog box.

Click on the group hame ROOF once to highlight it, then, holding down the Ctrl key,
click on the group named 2ND to add it to the selection. Click the OK button.

On the Design menu choose Redefine Element Design Data The Element
Overwrite Assignments dialog box is displayed.
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Figure C-19: Initial Member Stress Ratios

In this dialog box:

* In the Assignment Options area check the box labeled Unbraced Length Ratio
(Minor, LTB) and then type .0833 in the Unbraced Length Ratio (Minor, LTB)
edit box.

* Click the OK button to close the Preferences dialog box.

On the Design menu choose Start Design/Check of Structure. The second design
check of the structure proceeds.

When the design is complete, the member stress ratios are displayed on the structure
as shown in Figure C-20.

Right click on any member to bring up the Steel Stress Check Information dialog box

for that member. This dialog box shows details of the interaction ratio for each
design load combination at each design station along the element.
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Figure C-20: Final Member Stress Ratios

To get additional detail on any item in this dialog box, highlight the item and click
the Details button. A detailed form with design information, similar to that shown in
Figure C-21 will appear. Note you can print this form by clicking the associated File
menu and selecting Print. Click the “X” in the upper right-hand corner of this
detailed form to close it.

Note: If this formistoo big to fully fit on your screen, you may have to increase
your screen resolution. Typically, it should fit if your resolution is 800 x 600
and you use small fonts or 1024 x 768 and you use large fonts.

Clicking on the Redesign button will take you to the Element Overwrite Assignments
dialog box discussed in item 13.

Click theOK button to close the Steel Stress Check Information dialog box.
Now we will confirm the unbraced length ratios that were used. FroDegign
menu, selecDisplay Design Info... to display the Display Design Results dialog
box.

In this dialog box:
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i Steel Stress Check Information AISC-ASD89 [ =]
File

STEEL SECTION CHECK Units: Kip-ft

Frame ID: 14 Station Loc: 24.000 Section ID: W24XS55
Element Type: Moment Resisting Classification: Compact

L=24.000
A=0.113 122=0.001 133=0.065
$22:0.005 s33:=0.066 r22:=0.112 r33:=0.761 T

E=4176000.000 fy=5184.000

P-M33-M22 Demand/Capacity Ratio is ©.477 = 0.000 + 0.477 + 0.000

STRESS CHECK FORCES & MOMENTS

P M33 Mz2 vz U3
Combo DSTL3 0.000 144,323 0.000 20.638 0.000
AXIAL FORCE & BIAXIAL MOMENT DESIGN (H2-1)
fa Fa Ft
Stress Allowable Allowable
Axial 0.000 2855.653 3110.400
fb Fb Fe Cm K L Cb

Stress Allowable Allowable Factor Factor Factor Factor
Major Bending 2177.078 3421.440 21604.658 1.000 1.000 1.000 1.000

Minor Bending 0.000 3888 .000 BT7114.541 1.000 1.000 0.083
SHEAR DESIGHN
fu FU Stress
Stress Allowable Ratio
Major Shear 319.208 2073 .600 0.115
Minor Shear 0.000 2073 .600 0.000

Figure C-21: Detailed Stegl Stress Check Information

»  Select the Design Input option.
* Inthedesigninput drop-down box sdlect Unbraced L_ratios.

* Click the OK button to display the unsupported length ratios. They are displayed
as Mgjor Unbraced Length Ratio, Minor Unbraced L ength Ratio.

23. If you wanted to print a picture of the model with the unbraced length ratios
displayed you could do so by selecting Print Graphics from the File menu now.

24. If you wanted to print design information to the printer, or to afile, you could do so
by selecting Print Design Tables...from the File menu and completing the resulting
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dialog box. Note that if you sdect members prior to entering this dialog box, you
have the option of printing output for the selected members only.

25. Click the Show Undefor med Shape button g to clear the display of unsupported
length ratios.

26. Click the Set Elements button |E| on the main toolbar (or sdect Set Elements...
from the View menu). This displays the Set Elements Dialog box.

27. In this dialog box uncheck the Hide box in the Shells area and click the OK button.
Thiswill turn the display of shells back on.

The completes the review of performing a steel design stress check. This also completes
Part 1 of this tutorial.
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D. Tutorial Part 2 — Pushover Analysis

This portion of the tutorial explores the pushover analysis capabilities of SAP2000. It is
assumed that you have basic knowledge of the pushover concept, and that you are
familiar with the ATC-40 and FEM A-273 documents.

If you did not complete part C of the tutorial, and thus create the basic model, then you
should open the file named Sapwb01c.sdb that is located in the Tutorial directory on the
SAP2000 CD. Notethat in atypical analysis you should have, at the very least, run and
reviewed the results of a static analysis to verify the behavior of your model prior to
running a pushover analysis.

SAP2000 has extensive online help for the pushover analysis. Press F1 from within a
pushover related dialog box to get context sensitive help related to the dialog box. To see
all of the help items related to pushover analysis, select Search For Help On... from the
Help menu, sdect the Index Tab, highlight the Pushover index entry and click the
Display button.

Step 1: Defining Hinge Properties (Pushover)

In this tutorial we will use the default hinge properties, so it is not necessary to define any
new properties. In this step we will review the process of viewing already defined hinge
properties, and will discuss the process of defining new hinge properties. This step can
be skipped if you do not want to review the hinge properties.

Background: There are three types of hinge properties in SAP2000. They are
default hinge properties, user-defined hinge properties and generated hinge
properties. Only default hinge properties and user-defined hinge properties
can be assigned to frame elements. When these hinge properties are
assigned to a frame element, the program automatically creates a different
generated hinge property for each and every hinge.

Default hinge properties can not be modified. They also can not be viewed
because the default properties are section dependent. The default properties
can not be fully defined by the program until the section that they apply to is
identified. Thus to see the effect of the default properties, the default
property should be assigned to a frame element, and then the resulting
generated hinge property should be viewed. The built-in default hinge
properties are typically based on FEMA-273 and/or ATC-40 criteria.
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User-defined hinge properties can be either be based on default properties or
they can be fully user-defined. When user-defined properties are based on
default properties, the hinge properties can not be viewed because, again,
the default properties are section dependent. When user-defined properties
are not based on default properties, then the properties can be viewed and
modified.

The generated hinge properties are used in the analysis. They can be
viewed, but they can not be modified. Generated hinge properties have an
automatic naming convention of LabelH#, where Label is the frame el ement
label, H stands for hinge, and # represents the hinge number. The program
starts with hinge number 1 and increments the hinge number by one for each
consecutive hinge applied to the frame element. For example if a frame
element label is F23, the generated hinge property name for the second hinge
applied to the frame element is F23H2.

The main reason for the differentiation between defined properties (in this
context, defined means both default and user-defined) and generated
propertiesis that typically the hinge properties are section dependent. Thus
it would be necessary to define a different set of hinge properties for each
different frame section type in the model. This could potentially mean that a
very large number of hinge properties would need to be defined by the user.
To smplify this process, the concept of default properties is used in
SAP2000. When default properties are used, the program combines its built-
in default criteria with the defined section properties for each eement to
generate the final hinge properties. The net effect of this is that you do
significantly less work defining the hinge properties because you don’t have
to define each and every hinge.

From the Define menu choose Hinge Properties... This will display the Define
Frame Hinge Properties dialog box.

Note there are four default hinge properties defined. They are Default-M 3, Default-
P, Default-PMM, and Default-V2. Highlight the Default-M3 property. Note that the
Modify/Show Property button is inactive because you can not view or modify
default hinge properties.

Check the Show Generated Props check box. If there were generated hinge
properties they would now appear in the Defined Hinge props list box. However,

since we haven't yet assigned any hinge properties, the program hasn’'t generated
any, and thus none appear in the list box.
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Highlight the Default-V2 hinge property and click on the Define New Property
button. The Frame Hinge Property Data dialog box appears.

Note:  When you highlight a property in the Defined Hinge Props area of the
Define Frame Hinge Properties dialog box, and then click the Define New
Property button, the new property will default to being the same as the
highlighted property.

Note that the Hinge Type is Shear V2, and that the associated Default check box is
checked.

Type USER in the Property Name edit box.

Click on the Default check box to uncheck it, and then click the M odify/Show For
V2 button. This displays the Frame Hinge Property Data For USER dialog box.

In this dialog box:
* Inthe Force-Displacement spreadsheet and diagram area:

v Note that the symmetric check box is checked and that the hinge property
force-displacement diagram is symmetric. In the diagram, the axes are
shown in red. The horizontal axis is displacement and the vertical axis is
force.

Note: When the symmetric check box N\
is checked, the upper portion C
(points B-, C-, D- and E-) of the
input spreadsheet for the hinge
force-displacement properties is D E
gray. You can not edit these
values, they are automatically ~
picked up from symmetry with ~
pointsB, C, D and E. Displacement

Force

v Change the Force/Yield value for point C from 1.25 to 1.5 by typing 1.5 into
the appropriate spreadsheet cdl and then clicking in any other spreadsheet
cdl.

v Note the change in shape of the force-displacement diagram. The diagram is
scaled to fit within the plot area.
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v Notethat the Force/Yield value for point C- has changed also from -1.25 to -
1.5.

v Uncheck the symmetric check box by clicking it. Note that points B-
through E- are no longer gray. Also note that in the Acceptance Criteria
area, the Negative column is no longer gray.

v Change the Force/Yield value for point C- from -1.5 to -2 and click in
another spreadsheet cell. Again note the change in shape of the force-
displacement diagram.

In the Scaling area note that the Calculate Yield Force and Calculate Yield
Displacement check boxes are checked by default. This means that the program
will automatically calculate these values. We could, for example, overwrite the
yield force by unchecking the Calculate Yield Force check box and typing in an
appropriate value in the Yield Moment edit box. For this tutorial we will accept
the default and have the program calculate the yield values.

In the Acceptance Criteria area we will also accept the default values. Note that
since the Symmetric box is not checked both Positive and Negative values are
input. If the Symmetric box was checked, only Positive values would be input
(the Negative column would be gray and inactive).

Note: The acceptance criteria are input as the ratio of displacement over
yield displacement, similar to the force-displacement spreadsheet.

In the Type area sdlect the Force-Displacement option. This controls whether the
data in the spreadsheet and the acceptance criteria are interpreted by the program
as force-displacement or stress-strain. The stress-strain option is only available
for axial and shear hinges (uncoupled).

Note: When the Type option is set to stress-strain, a hinge length must be
input. The hinge length can be input as an absolute length or a relative
length. The relative length is relative to the clear length of the frame
element between rigid end offsets. If the stress-gtrain option is chosen,
the program internally transforms the data into a force-displacement
format for analysis. The forceis calculated as the stress times the frame
member axial area (0A) for axial hinges and the stress times the frame
member shear area (0Ay) for shear hinges. The displacement is
calculated as the strain times the hinge length (eL).
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* Click the OK button three times to accept the USER hinge property definition.
*  Wewill now delete the USER hinge property since we are not going to useit.

* From the Define menu choose Hinge Properties... Thiswill display the Define
Frame Hinge Properties dial og box.

* Highlight the USER hinge property and click on the Delete Property button.
Click the Yes button when the program asks if it is OK to delete Frame Hinge
USER from list.

* Click the OK button to accept the change in hinge properties and exit the Define
Frame Hinge Properties dial og box.

Note: If you click the Cancel button the property will not be deleted.

This completes the review of defining hinge properties.
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Step 2: Assigning Hinge Properties (Pushover)

We will assign Default-PMM hinges to each end of the moment frame columns and the
braced frame columns. We will assign Default-M3 hinges to each end of the moment
frame beams. We will assign Default-P to the center of each brace.

1

Click in the window labded 3-D View to make sure it is active. Note when the
window is active, itstitle bar will be highlighted.

From the Select menu choose Select, and then Groups...from the submenu. This
will display the Select Groups dialog box.

Highlight the group named FRCOLS by clicking on it.

Hold down the CTRL key and highlight the group named BRCOLS by clicking on it
to add it to the selection.

Click the OK button to select all of the elements in the FRCOLS and BRCOLS
groups.

From the Assignh menu choose Frame, and then Hinges (Pushover)...from the
submenu. Thiswill display the Frame Hinges (Pushover) dialog box.

In this dialog box:

N Sela:t DefaUIt-PM M in | Frame Hin?e Data . .
the Hl nge Propa'ty Hinge Property Felative Distance

drop-down box. Default-M3 g
Add
Type 0 in the Relative -
Distance edit box. ety |
Note: Relative
distance is

measured from the
I-end of the beam,
and is based on the
clear length
between rigid end

oK Cancel

Step 2 113



SAP2000 Detailed Tutorial Including Pushover Analysis

offsets. A “0” relative distance indicates the hinge is at the I-end of the
beam. A “1” relative distance indicates the hinge is at the j-end of the
beam. Hinges may be located anywhere along the length of the beam.

* Click the Add button to add a PMM hinge at the I-end (relative distance equals
0) end of the beam.

» TypelintheReative Distance edit box.

* Click the Add button to add a PMM hinge at the J-end (relative distance equals
1) end of the beam.

* Click the OK button to assign the hinge properties. The model now appears as
shown in Figure D-1.

¥ SAP2000 - push01
File Edit “iew QDefine Draw Select Assign Analyze Display Design  Options Help

| ] == e ] elele|e|e|m ardlwlleyzlwl Palw| [ ¥ oim%i&*if!ﬁlﬁl

FH %Y Plane @ 2=

0=

B 3-D View

jx|= FzlEl@le Sl alals] - Li=lo

L

Dot

(]

= ES

JEHE MN)

3142 (F'Mm

THT(PMMY

3-D View

| I Kip-ft j

Figure D-1: Modd After Assigning Default-PMM Hinges To Columns

Note:

Generated hinge properties have an automatic naming convention of

LabelH#, where Label is the frame element label, H stands for hinge, and #

represents the hinge number.

The program starts with hinge number 1 and

increments the hinge number by one for each consecutive hinge applied to

the frame element.
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10.

11.

12.

13.

14.

15.

16.

generated hinge property name for the second hinge applied to the frame
element is F23H2. These are the numbers shown on the screen. Theitemin
parenthesis next to the hinge number is the defined hinge that the generated
properties are based on. On the screen the Default-P, Default-V2, Default-
V3, and Default-PMM are shortened to P, V2, V3 and PMM.

From the Select menu choose Select, and then Groups... from the submenu. This
will display the Select Groups dialog box.

Highlight the group named FRMGIRD by clicking on it and click the OK' button.

From the Assign menu choose Frame, and then Hinges (Pushover)...from the
submenu. Thiswill display the Frame Hinges (Pushover) dialog box.

In this dialog box:

»  Select Default-M3 in the Hinge Property drop-down box.
» TypeOinthe Relative Distance edit box.

» Click the Add button.

* TypelintheReative Distance edit box.

* Click the Add button.

* Click the OK button to assign the hinge properties.

From the Selectmenu choose Select and then Groups...from the submenu. This
will display the Select Groups dialog box.

Highlight the group named BRACEL by clicking onit.

Hold down the CTRL key and highlight the group named BRACEZ2 by clicking on it
to add it to the selection.

Click the OK button to select all of the elements in the BRACE1 and BRACE2
groups.

From the Assign menu choose Frame, and then Hinges (Pushover)...from the
submenu. Thiswill display the Frame Hinges (Pushover) dialog box.
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17. Inthis dialog box:
»  Select Default-P in the Hinge Property drop-down box.
» Type.5inthe Relative Distance edit box.

* Click the Add button to add a P hinge at the center (relative distance equals 0.5)
of the beam.

* Click the OK button to assign the hinge properties.

18. From the Assign menu select Clear Display of Assigns to clear the display of hinge
assignments.

19. Click the Save Model button || on the main toolbar, or select Save from the File
menu to save thefile

This completes the assigning of pushover hinge properties.
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Step 3: Viewing Generated Hinge Properties (Pushover)

This section will demonstrate the process to view generated hinge properties. This step
can be skipped if you do not want to view generated hinge properties.

1.

Click in the window labded 3-D View to make sure it is active. Note when the
window is active, itstitle bar will be highlighted.

Click the Set Elements button |ﬁ| on the main toolbar (or seect Set Elements...
from the View menu). This displays the Set Elements Dialog box.

In this dialog box check the Rel / Hinge box in the Frames area and click the OK
button. Thiswill turn the display of hinges on.

Note that the hinge at the top of column element 1 is labeled 1H2. (Column eement
lisalower level column located at X=-24 ft, Y=-24 ft.) Wewill view the properties
for this PMM hinge.

Note: In the hinge label 1H2, the 1 indicates the hinge is applied to frame
element 1, the H indicatesit is a pushover hinge, and the 2 indicates it is the
second hinge applied to that frame element. This is an automatic naming
convention used by the program for generated hinges.

From the Define menu choose Hinge Properties... This will display the Define
Frame Hinge Properties dial og box.

Check the Show Generated Props check box. The generated hinge properties now
appear in the Defined Hinge props list box.

In the All Hinge Props area, click on the hinge labeled 1H2 to highlight it and then
click the Modify/Show Property button. This will display the Frame Hinge
Property Data dialog box.

Note that since this is a default PMM hinge, the P-M2-M3 box is checked, but it is
gray and inactive. The program also automatically checks the Axial P, Moment M2
and Moment M3 boxes. All of these boxes are gray and inactive since the user can
only view generated hinge properties not change them.

Click the Modify/Show For PMM button to display the Frame Hinge Property Data
For 1H2 dialog box (see Figure D-2).
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Frame Hinge Property Data for 1H2 - PMM

Ealit
Point tMoment/vield Rotationield
[E= -0.4 -95 HE
D- -0.4 =5
C- =il 15/ -7.h
B- =1l =1l
A 0 0 —|
B 1 1 =
© 1.195 7.5
D 0.4 7.8
E n4 35 ¥ | Syrmarmetic
| Scaling
I= | Calculzte Yield ko mett “rield Moment I
1= Calieusie e d Butslin vield Fotation |4-555592E-03
| Acceptance Criteria (Flastic Deformation / Yield)
Paositre MNegative
Immediate Occupancy I1 b I
Life Safaty |5 I
Callapse Frevention |5-5 I

Define/Show Interaction |

alis |

Figure D-2: Frame Hinge Property Data For Generated Pushover Hinge 1H2

10. Inthis dialog box:

118

Y ou can not edit any of the values because thisis a generated hinge.

The spreadsheet is filled with M/My and 6/8y values.

The default hinge properties are symmetric.

In the scaling area the Yield Rotation is filled in and the Yield Moment is gray
and inactive. TheYield Rotation was calculated by the program based on the

associated frame section property. The Yield Moment is inactive because this is
a PMM hinge and there is no single yield moment, there is a yield (interaction)
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surface instead. If this were just a moment hinge then there would be a value in
the Yield Moment box.

The acceptance criteria are 6/6y values.

Click the Define/Show Interaction button to display the Frame Hinge
Interaction Surface dialog box. In this dialog box which is mostly inactive
because you are viewing a generated hinge property, note:

v' The User Definition option is used.
v" The Doubly Symmetric About M2 and M3 check box is checked.
v" Fivecurves are used to define the interaction surface.

Note: The Number of Curves edit box indicates the number of equally
spaced P-M curves that will be used to define the interaction surface. If
the Doubly Symmetric About M2 and M3 box is checked, then the curves
are equally spaced between 0 and 90 degrees. If the Doubly Symmetric
About M2 and M3 box is not checked, then the curves are equally spaced
between 0 and 360 degrees.

= Input consecutive
CUMVES i a

K counterclockwise
direction, i.e., from
+h2 to +hi3.

h2

First curve input is P-M2.

Construction of
User-Defined Interactioh Surface

v Click the Define/Show Surface button to display the Interaction Surface
Definition dialog box.

v"Inthis dialog box:

» The spreadsheet shows normalized values of axial load , P, and moment,
M. There is one P column and five M columns corresponding to the
number entered in the Number of Curves edit box in the previous dialog
box. Usethe scroll barsto see the other M columns.
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Note: The axial load is normalized by the maximum axial load value.
The moments are normalized by the maximum moment value for all
of the moment curves. Thus the maximum value in the spreadsheet
for both axial load and moment is 1.

» The diagram shows the P versus M curves. Click in an M column in the
spreadsheet to see that particular P versus M curve. The M curve at
Angle O corresponds to +M2 bending. The M curve at Angle 90
corresponds to +M3 bending.

» Inthe scaling area, the scale factors for both axial load, P, and moment,
M, are shown. Note that the M scale factor applies to all of the M
Curves.

Note: Snce both P and M are normalized to 1, the P and M scale factors are the
maximum values of P and M, respectively.

11. Click the Cancel button five (5) timesto exit all of the Hinge Property dialog boxes.

12. Click the Set Elements button |ﬁ| on the main toolbar (or select Set Elements...
from the View menu) to display the Set Elements Dialog box. In this dialog box
uncheck the Rel / Hinge box in the Frames area and click the OK button to turn off
the display of hinges.

This completes the viewing of generated hinge properties.
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Step 4: Defining Static Pushover Cases

For this tutorial example we will define six static pushover cases. Thefirst will apply the
gravity load to the structure, and the other five will apply different distributions of lateral
load to the structure.

1. From the Define menu choose Static Pushover Cases... This will display the
Define Static Pushover Cases dialog box.

2. Click the Add New Pushoverbutton to display the Static Pushover Case Data dialog
box.

3. Inthisdialog box:
* TypeGRAYV in the Pushover Case Name edit box.

* Inthe Options Area select the Push To Load Level Defined By Pattern option
button.

Note: Typically the Push To Load Level Defined By Pattern option is used to
apply gravity load, and the Push To Displacement Of option is used to
apply lateral pushes.

* IntheLoad Pattern do the following:

v Select DL from the L oad drop-down box.
Type 1 in the Scale Factor edit box.
Click the Add button.

Select LL from the Load drop-down box.

Type 0.25in the Scale Factor edit box.

AR U N NN

Click the Add button.

* Accept al of the other default values. Note that the default Control Joint, joint
19, occurs at theroof. The dialog box appears as shown in Figure D-3.

* Click the OK bhutton to complete this pushover case definition.
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Static Pushover Case Data

Pushover Case Mame |GF’RAV

"Options
& Pushto Load Level Defined by Fattarm binimum Saved Steps ;1

¢ Pugh to Displacement of i baximum Saved Steps 100
Contral Jaint 119 tdaximum Failed Steps ;10

Control Direction 11 *| EwentForce Tolerance 0.0

Start from Previous Pushower i "I Ewvent Defarmation Talerance iIZI.IZH

M Include P-Delta

Load FPattern
Load Scale Factar

| ]025

Cancel i
bodify ;
Delete

Figure D-3: Static Pushover Case Data Dialog Box

Note: There are five control parameters in the right-hand side of the Options
area. These parameters are used to control the pushover analysis. For most
analyses the default values are sufficient.

The Minimum Saved Steps and Maximum Saved Steps provide control over
the number of points actually saved in the pushover analysis. The default
values are adeguate in most cases. If the minimum number of steps saved is
too small, you may not have enough points to adequately represent the
pushover curve. |f the minimum and maximum number of saved steps is too
large, then the analysis may consume a considerable amount of disk space,
and it may take an excessive amount of time to display results.
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The program automatically determines the spacing of pushover steps to be
saved as follows. The maximum step length is equal to total force goal or
total displacement goal divided by the specified Minimum Saved Sieps. The
program starts by saving steps at this increment. If a significant event
occurs at a step length less than this increment, then the program will save
the step too and pick up with the maximum increment from there. For
example, suppose the Minimum Saved Steps and Maximum Saved Steps are
set at 20 and 30 respectively, and the pushover is to be to a displacement of
10 inches. The maximum increment of saved steps will be 10/ 20 = 0.5
inches. Thus, data is saved at 0.5, 1, 1.5, 2, 2.5 inches. Suppose that a
significant event occurs at 2.7 inches. Then data is also saved at 2.7 inches,
and continues on from there being saved at 3.2, 3.7, 4.2, 4.7, 5.2, 5.7, 6.2,
6.7,7.2,7.7,8.2,8.7,9.2,9.7 and 10.0 inches.

The Maximum Saved Seps controls the number of significant events for
which data will be saved. The program will always reach the force or
displacement goal within the specified number of maximum saved steps,
however, in doing so it could have to skip saving steps at later events. For
example, suppose the Minimum Saved Steps is set to 20, the Maximum Saved
Sepsis st to 21, and the pushover is to be to a displacement of 10 inches.
The maximum increment of saved steps will be 10 / 20 = 0.5 inches. Thus,
data is saved at 0.5, 1, 1.5, 2, 2.5 inches. Suppose that a significant event
occurs at 2.7 inches. Then data is also saved at 2.7 inches, and continues on
from there being saved at 3.2 and 3.7 inches. Suppose another significant
event occurs at 3.9 inches. The programwill not save the data at 3.9 inches
because if it did it would not be able to limit the maximum increment to 0.5
inches and till get through the full pushover in no more than 21 steps. Note
that if a second significant event occurred at 4.1 inches rather than 3.9
inches, then the program would be able to save the step and still meet the
specified criteria for maximum increment and maxi mum number of steps.

The Maximum Failed Sepsis used, if necessary, to declare failure (i.e., non-
convergence) in a run before it reaches the specified force or displacement
goal. The program may be unable to converge on a step when catastrophic
failure occurs in the structure. There may also be instances where it is
unable to converge on a step due to numerical sensitivity in the solution. The
Maximum Failed Steps is a cumulative counter through the entire analysis.
If the Maximum Failed Seps is reached, the analysis stops.

The Event Force Tolerance and the Event Deformation Tolerance are ratios
that are used to determine when an event actually occurs for a hinge.
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Assume hinge 2 is at this point
on its for ce-displacement curve

Assume hinge 1isat this point

/ on its for ce-displacement curve
B~ c ’F

@ Forcetolerance
o @ Displacement tolerance
o o
L 2 D E

©

0

>
A

Displacement

Consider the figure that shows the location of two hinges on their force-
displacement plots. Hinge 1 has reached an event location. For hinge 2, if
both the Event Force Tolerance and the Event Displacement Tolerance are
met, then the hinge is within event tolerance and it too will be treated as part
of the event. Inthefigure, if the Force Tolerance divided by the Yield Force
is less than the Event Force Tolerance specified in the Static Pushover Case
Data, and the Displacement Tolerance divided by the horizontal distance
from B to C is less than the Displacement Event Tolerance specified in the
Satic Pushover Case Data, then hinge 2 will be treated as part of the event.
When determining the Force Tolerance Ratio, the denominator is always the
yield force. When determining the Displacement Tolerance Ratio, the
denominator isthe horizontal length of the portion of the force-displacement
curve that the hinge is currently on. In the figure, hinge 2 is on the B-C
portion of the curve, thus we used the B-C horizontal length in the
denominator of the Displacement Tolerance Ratio.

4. Click the Add New Pushover button to display the Static Pushover Case Data dialog
box.

5. Inthisdialog box:
*  Accept the default Pushover Case Name, PUSH2.

* Inthe Options area, seect GRAV from the Start From Previous Pushover drop-
down box.
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In the Options area, check the Include P-Deta box if it is not already checked.

In the Options area, accept the Push to Displacement Of value of 0.96 feet.

Note: The Push To Displacement Of value defaults to 0.04 times the Z
coordinate of the highest joint in the model. Note that this may lead to
very large displacements if the base of the model is not at Z=0. You can
change this value, if necessary, by typing a new value in the edit box.

Accept all of the other default values in the Options Area.

In the Load Pattern do the following:

v Select PUSHPAT from the Load drop-down box.

v" Type 1inthe Scale Factor edit box.

v" Click the Add button.

Click the OK button to complete this pushover case definition.

Click the Add New Pushover button to display the Static Pushover Case Data dialog
box.

In this dialog box:

Accept the default Pushover Case Name, PUSH3.

In the Options area, sdect GRAV from the Start From Previous Pushover drop-
down box.

In the Options area, check the Include P-Deta box if it is not already checked.
Accept all of the other default values in the Options Area.

In the Load Pattern do the following:

v Sdlect acc dir X from the L oad drop-down box.

v' Type 1l inthe Scale Factor edit box.

v" Click the Add button.
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Click the OK button to complete this pushover case definition.

8. Click the Add New Pushover button to display the Static Pushover Case Data dialog
box.

9. Inthisdialog box:

Accept the default Pushover Case Name, PUSHA4.

In the Options Area do the following:

v Type .5 in the Push To Displacement Of edit box.

v" Sdlect U2 from the Control Direction drop-down box.

v Sdlect GRAV from the Start From Previous Pushover drop-down box.
v" Accept all of the other default values in the Options Area.

In the Load Pattern do the following:

v' Sdlect acc dir Y from the Load drop-down box.

v Typelinthe Scale Factor edit box.

v" Click the Add button.

Click the OK button to complete this pushover case definition.

10. Click the Add New Pushover button to display the Static Pushover Case Data dialog
box.

11. Inthis dialog box:

126

Accept the default Pushover Case Name, PUSHS.

In the Options area, sdect GRAV from the Start From Previous Pushover drop-
down box.

In the Options area, check the Include P-Delta box.

Accept all of the other default values in the Options Area.
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In the Load Pattern do the following:

v

v
v
v

Select MODE from the L oad drop-down box.

Type 1 in the Scale Factor edit box.

Click the Add button. The Select Mode Number dialog box appesars.

Type in 1 for the mode number (corresponding to the first mode in the X-

direction), and click the OK button.

Click the OK button to complete this pushover case definition.

12. Click the Add New Pushover button to display the Static Pushover Case Data dialog
box.

13.

In this dialog box:

Accept the default Pushover Case Name, PUSH6.

In the Options area, sdect GRAV from the Start From Previous Pushover drop-
down box.

In the Options area, check the Include P-Delta box.

Accept all of the other default values in the Options Area.

In the Load Pattern do the following:

v

AR U N NN

Select acc dir X from the L oad drop-down box.
Type 1 in the Scale Factor edit box.

Click the Add button.

Select acc dir Y from the L oad drop-down box.
Type 1 in the Scale Factor edit box.

Click the Add button.

Click the OK button to complete this pushover case definition.

Step 4
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14. Click the OK button to exit the Define Static pushover Cases dialog box.
15. Click the Save Model button | g on the main toolbar.

This completes the definition of static pushover cases.
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Step 5: Running the Pushover Analysis

1

On the Analyze menu select Run Static Pushover.

Note: To run a pushover analysis, you must first have pushover hinges and
pushover load cases defined, at least a static analysis run, and, if steel
members with Auto sections, or concrete members whose reinforcing is to be
designed by the program are included, you must have run the design portion
of the program.

A window is opened in which various phases of analysis are progressively reported.
When the analysis is complete the screen will display as shown in Figure D-4.

Note: Mogt of the information in the scrolling analysis window is appended to
the *.log file that was created when the original analysis was run.

Analysis Complete

=
TIME FOR INITIALIZING ANALYSTS
TIME FOR CONTROLLING ANALYSIS
TIME FOR FORMING 3TIFFNEZS MATRIX
TIME FOR 2OLVING 3TIFFNEZZ MATRIX
TIME FOR CALCULATING DISFLACEMENTS
TIME FOR CALCULATING AFPPLIED LOADS
TIME FOR DETERMINING EVENTS
TIME FOR UPDATING 2TATE

oo oo ooooo

TOTAT TIME FOR THIS ANALYAIS = 11.22

1998/06/02 15:54:17

3.

Figure D-3: Screen Message When Pushover Analysis Is Complete

Usethe scroll bar to review the analysis messages and check for any error or warning
messages (there should be none).

Note: One of the items you will see in the scrolling window is labeled Analysis
Complete. As each pushover load case is running you will see the value
continually changing. It is a measure of what percent of your force or
displacement goal you have reached. When the Analysis Complete reaches
1, you have reached your goal. Note that the analysis may not to reach its
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goal (i.e., an Analysis complete of 1) because the structure catastropically
failsearlier or because of numerical sensitivities.

4. Click the OK button in the Analysis window to closeit.

This completes running the pushover analysis.
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Step 6:Displaying the Pushover Deformed Shape and the Sequence of
Pushover Hinge Formation

1.

From the Options menu select Windows and the select One from the submenu. The
display changes to one window.

Note: With this option you can select to have from one to four windows on the
screen at the same time. Each of the windows can be showing a completely
different view.

Click the 3-D View button 34| on the main toolbar to show the default 3-D view.

Click the Set Elements button |§| on the main toolbar (or seect Set Elements...
from the View menu). This displays the Set Elements Dialog box. In this dialog box
check the Hide box in the Shells area and click the OK button. This will turn off the
display of shell elements.

Click the Display Static Deformed Shapébutton | Al , or from the Display menu
select Show Deformed Shape. to display the Deformed Shape dialog box.

In this dialog box:

»  Sdlect Push2 Static Push from the Load drop-down box.

» Sdlect Auto in the Scaling area.

»  Check both the Wire Shadow and the Cubic Curve options in the Options area.
» Click the OK button.

The deformed shape will appear. Note that the title of the window includes the

information “Deformed Shape (PUSH2 — Step 0)”. Thus we are currently viewing
the deformed shape at the start of the pushover. Since the PUSH2 pushover was
started from the GRAV pushover, we are also viewing the deformed shape at the end

of the GRAYV pushover.

Note: Recall that the PUSH2 pushover load case is the PUSHPAT static load
pattern.
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7.

10.

11.
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Right click on any second level or roof level joint to see the displacement for that
joint. The displacements will be very small, as is expected when only the gravity
load is applied.

Click the Right Arrow button \il on the right-hand side of the status bar at the
bottom of the screen to view the deformed shape of the next pushover step (Step 1).

Note: When viewing the pushover deformed shape and sequence of hinge
formation, the right and left arrow buttons, located in the status bar at the
bottom of the screen, provide an easy way to view the deformed shape for the
next (right arrow), or previous (left arrow) pushover step.

Note that the title of the window includes the information “Deformed Shape (PUSH2
— Step 1)”, and the building moves slightly in the X-direction. You can again right-
click on any joint to see its displacement. You can clicklibi Arrow button

| & | toreturn to Step 0 of the pushover.

Continue clicking theRight Arrow button
= | until the first colored hinges appear. The c
first colored hinges should appear in Step 4, ag ®
illustrated in Figure D-5. The color of the hingeg o s CP
indicates the state of the hinge, i.e, where it E D E

along its force displacement curve. The legend
for the hinge colors is included at the bottom of
the screen. The points B, 10, LS, CP, C, D and
E are illustrated in the figure. When hinges first Displacement
appear, they are at point B on the force-displacement curve.

Continue clicking th&ight Arrow button/= | to step through the sequence of hinge
formation in the pushover to the last step. Note how the colors of the hinges change
as the pushover proceeds.

Note: To change the color coding for the hinges, From the [pointTColor Box
Options menu, select Colors, and then select the Output tab. B Box 2
The color-coding for the pushover hinge state is controlled by I0 | Box3
the colorsin the area labeled Contours. There are ten contour '(-:g ggi g'
colors; these contour colors also are used in displaying stress C Box 6

contours for shell elements. Assume the color in the top box, D Box 7

next to the label “Min”, is designated “Box 1", and the colgr E Box 8

in the bottom box, next to the label “Max”, is designated “Box
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10”. Then the color coding for pushover hinge states is as defined in the

table.
& SAP2000 - push01 - [Deformed Shape (PUSH2 - Step 4)] [_[=]x]
j{: File Edit ¥iew Define Draw Select Assign Anpslyze Display Design  Options  Help =31 x|

D@l ol-| 2@ o] ple[8|®(oE| 4w |w|x|a| fal «|¢| Olajé|T|F|s|=]
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\ £
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I

JEEEHeEE EEE R

T B
ry |A
S

=

Right Click on amy joint for displacement values

Figure D-5: First Pushover Hinge Yielding

12. At the last pushover step right click one of the roof level joints to see its
displacement. It will be about 0.96 feet which is consistent with the displacement
goal for the PUSH2 pushover load case.

13, Click the Start Animation button | StetAnimation | | ocated in the status bar at the
bottom of the SAP2000 window, to animate the deformed shape at the last step.
When done viewing the animation, click the Stop Animation button. | stop Animation

Note: In this instance, the animation is only for the particular load step, not for
the entire pushover. The purpose of the animation is to make the behavior at
that particular load step more apparent. You can create a video of the entire
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pushover using the Create Video... option on the File menu, however, this
option will not be available in the SAP2000 6.20 Beta version.

14. Click the Display Static Defor med Shape button |4 , or from the Display menu
select Show Defor med Shape... to display the Deformed Shape dialog box.

15. Inthis dialog box:

* Select Push4 Static Push from the Load drop-down box. Recall this is the
uniform acceleration in the Y-direction.

e Click the OK button.

16. Click the Right Arrow button [ | to step through the entire sequence of hinge
formation in the pushover. You will note that through the sequence of steps the
deformation reverses directions several times. The reason for this is dicussed in the
note below.

Note: When a hinge reaches point C on its
force-displacement curve (see figure
below), that hinge must begin to drop
load. Within the program, the way load
is dropped from a hinge that has
reached point C is that the pushover
force (base shear) is reduced until the
force in that hinge is consistent with the
force at point D. As the force is
dropped, all elements unload, and the
displacement is reduced. Once the yielded hinge reaches the Point D force
level, the pushover force (base shear) is again increased and the
displacement begins to increase again. This behavior is apparent when
displaying the deformed shapes and force diagrams (moment, shear, etc.) for
each step of the pushover, when viewing a video created for the pushover,
and when displaying the force-displacement plot of the pushover.

CP

Force
)
m

Displacement

17. Click the Show Undeformed Shape button g to clear the display of deformed
shape for the pushover.

18. Click the Set Elements button |ﬁ| on the main toolbar (or select Set Elements...
from the View menu). This displays the Set Elements Dialog box.
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19. Inthis dialog box:
»  Uncheck the Shrink Elements box in the options area (if it is checked).
» Click the OK button.
This completes the review of the pushover deformed shape and the sequence of pushover

hinge formation. You may want to step through the deformed shapes for the other
pushover load cases before proceeding on to the next step.
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Step 7:Displaying Frame Element Forces at Each Step of the Pushover

1

Click the Member Force Diagram for Frames button |£| , or from the Display
menu select Show Element Forces/Stresses, and then Frames... to display the
Member Force Diagram for Frames dial og box.

In this dialog box:

* Select Push2 Static Push from the Load drop-down box. Recall this is the
PUSHPAT static load pattern.

* Inthe Component area sdect the Moment 3-3 option.
* Inthe Scaling area sdlect the Auto option.

* Check the Fill Diagram box. Note if the Show Values on Diagram box is
checked, you will have to uncheck it before you can check the Fill Diagram box.

Note: The frame element forces for each step of the pushover can be
displayed either with the filled diagram or with the values shown on the
diagram.

Click the OK button. The display appears as shown in Figure D-6.

Note that the title of the window includes the information “Moment 3-3 Diagram
(PUSH2 — Step 0)". Thus we are currently viewing the M33 moments at the start of
the pushover. Since the PUSH2 pushover was started from the GRAV pushover, we
are also viewing the M33 moments at the end of the GRAV pushover.

Note you can right click on any frame element for a detailed diagram. When done
viewing a detailed diagram, right click on another element to view its detailed
diagram, or left click anywhere to finish viewing detailed diagrams.

Click theRight Arrow buttor{ = I located on the right-hand side of the status bar at
the bottom of the screen to view the M-33 diagram at the next step (Step 1) of the
pushover.

Note: When viewing the pushover forces, the right and left arrow buttons,
located in the status bar at the bottom of the screen, provide an easy way to
view the forces for the next (right arrow), or previous (left arrow) pushover

step.
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¥H SAF2000 - push01 =] E3
File Edit “iew QDefine Draw Select Assign Analyze Display Design  Options Help

@ 8| o] slla ] Ble|e| s em ey |e]ela tar] «| ] OlalelT|F|s|=

J2 Moment 3-3 Diagram  (PUSH2Z - Step 0) [_ O] =]
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Right Click on any Frame Elementfor detailed diagram & E = §K|p,ﬂ j

Figure D-6: Pushover Forces (M3-3) at Step 0

6. Continue clicking the Right Arrow button EI to step through the moment diagrams
for each step of the pushover. You can right click an element at any step for a
detailed diagram.

7. Click the Show Undeformed Shape button @] to clear the display of element
forces for the pushover.

This completes the review of the frame element forces at each step of the pushover. You

may want to step through the element forces for other force components and for other
pushover |oad cases before proceeding on to the next step.
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Step 8: Displaying Pushover and Capacity Spectrum Curves

1.

From the Display menu select Show Static Pushover Curve... to display the
Pushover Curve dialog box.

Note: If this dialog box does not fully fit on your screen then you may want to
increase the resolution of your screen. The dialog box should fully fit on the
screen if your resolution is 800 x 600 with small fonts, or 1024 x 768 with
large fonts.

If no plot is visible in the plot area, then click the Display button at the bottom of the
form.

Note: If at any time the plot area display is not visible in the Pushover curve
dialog box, click the Display button.

For practice, press the F1 key on the keyboard to see context sensitive on-line help
pertaining to this dialog box.

When finished with the online help click the “X” in the upper right-hand corner of

the Help window to close it, or chooBeit from theFile menu on the Help window.

Notice that in the Plot Type area, the Base Shear vs Control Displacement option is

selected.

Note: The base shear that is plotted in the Base Shear vs Control Displacement
plot is the resultant base shear. The displacement plotted is the displacement
in the control direction (not resultant) at the control joint.

The dialog box currently appears as shown in Figure D-7. Note the following:

« The Demand Spectrum area and the Damping Parameters area are gray and
inactive. These areas will become active when the Capacity Spectrum option is

chosen in the Plot Type area.

 There are four boxes just below the plot area. These boxes are the Cursor
Location, the Performance Point (V, D), the Performance Point (Sa, Sd), the
Performance Point (Tef3eff). When the Base Shear vs Control Displacement
option is chosen in the Plot Type area, only the Cursor Location box is active.
Place the cursor (mouse pointer) anywhere over the plot and the coordinates of
the pointer will appear in the Cursor Location box. The Performance Point boxes
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are only filled in when the Capacity Spectrum option is chosen in the Plot Type
area.

* If we wanted to include some notes with any printed graphic output, we could
type those notes in the Additional Notes For printed Output edit box.

PUSHOVER CURVE - CASE PUSH2

File

Displacement
200 = Static Pushover Case FUSHZ -

0 _§ | 1 T [ Plot Type
160 E & Base Shearws Control Displacement
140 = ¢ Capacity Spectrum color 1N

1200 2 -
= Bemand Spectium

10 ; / Seismic Coefficient Ca IU4—
80, =
= Seismic Coefficient Oy ID 4

Base Shear

B0
a0 = / [ | Gtz el et Demmand Spects) coier T
70 _f Damping Ratios

/NS SN N . N A N —— | | | |
010 020 030 040 050 OGO 070 0BO 0490 1.00

Cursor Location I ¥ SheEwSingle Demanq SRetm Color I
(Wariahle Damping)

Pz E (P . 2) I I} Shimw Constant Perod/Lines af Color I

Ferformance Point (Sa,5d) I I I I I

Ferformance Point (TeffBeff) I
[ Bamping Parameters

[ Additional Notes for Printed Output Inherent + Additional Damping
Structural Behawior Type

= A = B © 5 O lser | Madiyistem

Owverride Axis Labels/Range Feset Default Colors |
Dane | | Display |

.05

Figure D-7: Pushover Curve For Pushover L oad Case PUSH2

7. Suppose we want to change the color of the base shear versus displacement curve
from the default green color to blue. To do this click on the green color box in the
Plot Type area to open the Color dialog box.

8. Inthisdialog box:

e Click on one of the blue colored boxes.
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10.

11.

12.

13.

14.

15.

* Click the OK button to change the color.
» If necessary, click the Display button to redisplay the plot.

To change the curve color back to the default green, click the Reset Default Colors
button.

Now we will overide the axis labels and range. The axis labels and range will
appear on the screen and on any graphic output. Click the Override Axis
L abelsyRange button. The Override Axis Labels and Range dial og box appears.

In this dialog box:
* IntheHorizontal Range area type 2 in the Max edit box.

* Inthe Axis Labels area type Control Joint Displacement in the Horizontal edit
box.

* Inthe Axis Labds areatype Resultant Base Shear inthe Vertical edit box.
* Click the OK button to change the axis labels and range.

Now we will reset the default axis labels and range. Click the Override Axis
L abels’Range button. The Override Axis Labels and Range dial og box appears.

In this dialog box:
¢ Click the Reset Defaults button.
e Click the OK button.

Select PUSH3 from the Static Pushover Case drop-down box. The plot changes to
that for PUSH3. Recall that PUSH3 is the uniform accel eration in the X-direction.

Note: If at any time you want to check and see the definition of a pushover load
case click the Done button to close the Pushover Curve dialog box. Then,
from the Define menu select Static Pushover Cases..., and when the Define
Satic Pushover Cases dialog box appears, sdect the pushover case you are
interested in, and click the Modify/Show Pushover button.

Review the base shear versus control displacement curves for the other pushover load
Cases.
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16 Select PUSH2 from the Static Pushover Case drop-down box.

17. Select the Capacity Spectrum option in the Plot Type area. As shown in Figure D-8,
the plot changes and the Demand Spectrum area and the Damping Parameters area

are now active.

PUSHOVER CURVE - CASE PUSH2

File

s

Spectral Displacement
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1]
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Perfarmance Paint (Sa.Sd)
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B0 G40, 7200 800 g
(7 955E-01, 2 B35E-01)
{150,189, 0.254)

[ (o4ei.0197)
[ (o724 w037}

Static Pushover Case FUSHZ -

| Plot Type

¢~ Base Shearws Control Displacement

' Capacity Spectrum

Color -

| Demand Spectrum

Seismic Coefficient Ca

Seismic Coefficient Cw

J—
"

| Additional Notes for Printed Qutput

Structural Behawvior Type

¥ Show Family of Demand Spectra color I
Damping Ratios
008 01 jo18 jnz

¥ Show Single Demand Spectrum Color -

(Varighle Damping)

¥ Show Constant Period Lines at Colar -

s [ [1s [
[ Damping Parameters
Inherent + Additional Damping 0.05

C A GHE CIC ClUser | Nodify/Show

Owverride Axis Labels/Range

Dane |

Display |

Reset Default Colars

Figure D-8: Capacity spectrum For Pushover Load Case PUSH2

Note: When the capacity spectrum option is chosen, the pushover curve is
displayed in ADRS (Acceleration-Displacement Response Spectrum) format.
Refer to ATC-40 for a discussion of this format which is essentially a plot of
spectral acceleration versus spectral displacement. In SAP2000, the force-
displacement pushover curve is converted to the ADRS format by converting
the resultant base shear to a spectral acceleration , Sa, and the control
displacement in the control direction to a spectral displacement, <d,
generally based on equations 8-1 thru 8-4 in ATC-40.
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18. In the Demand Spectrum area note the following:

The Seismic Coefficient Ca and the Seismic Coefficient Cv both default to 0.4.
Each of these values can be changed by typing a new value the appropriate edit
box. These values control the shape of the 5% damped spectrum. Refer to ATC-
40, Chapter 4, for adiscussion of, and appropriate values for, Caand Cv.

The Show Family of Demand Spectra check box is checked indicating that the
family of demand spectra, with up to four different damping ratios, is shown on
the plot. The color box adjacent to the Show Family of Demand Spectra check
box is red (by default) indicating that the family of demand spectra is shown in
red. You can changethe color by clicking on the color box.

There are four edit boxes labeled Damping Ratios. The numbers entered in these
boxes are 0.05, 0.1, 0.15 and 0.2. These are the default damping ratios for the
family of demand spectra. You can change any of these values by typing a new
value in the appropriate edit box. The damping values do not have to be input in
order. If you leave a Damping Ratio box blank, or enter a zero (0), then that
curvewill not be plotted.

Note: The damping ratios must be between 0 and 1. A value of 5% of critical
damping should be entered as 0.05, not 5.

The Show Single Demand Spectrum (Variable Damping) check box is checked
indicating that the single demand spectrum is shown on the plot. The color box
adjacent to the Show Family of Demand Spectra check box is yellow (by default)
indicating that the single demand spectrum is shown in yellow. You can change
the color by clicking on the color box.

Note: The single demand spectrum (variable damping) curve is constructed
by doing the following for each point on the ADRS pushover curve:

1. Drawaradial line through the point on the ADRS pushover curve. This
isaline of congtant period.

2. Calculate the damping associated with the point on the curve based on
the area under the curve up to that point.

3. Construct the demand spectrum, plotting it for the same damping levd as
associated with the point on the pushover curve.
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Radia line has constant period

Point on single demand spectrum
AN\ (variable damping) associated with
arbitrary point on pushover curve

Pushover curve
Demand spectrum plotted at same

damping level as associated with
arbitrary point on pushover curve

Arbitrary point on pushover curve

T~ S

.~
& Damping based on area under pushover
curve up to arbitrary point

4. The intersection point of the radial line and the associated demand
spectrum represents a point on the Sngle Demand Spectrum (Variable
Damping) curve.

This method is similar to the method called Procedure B in Chapter 8 of
ATC-40 except it does not make the simplifying assumption that the post
yield stiffness remains constant. It is essentially the method referred to

as “exact” in the discussion of the method called Procedure C in
Chapter 8 of ATC-40.

The Show Constant period Lines At check box is checked indicating that up to
four different constant period lines are shown on the plot. The color box adjacent
to the Show Constant period Lines At check box is gray (by default) indicating
that the constant period lines are shown in gray. You can change the color by
clicking on the color box.

Note: In the ADRS format, lines of constant period show up as straight lines
radiating from the origin.

There are four edit boxes associated with the Show Constant period Lines At
check box. The numbers entered in these boxes are 0.5, 1, 1.5 and 2. These are
the default periods for the lines of constant period. You can change any of these
values by typing a new value in the appropriate edit box. The periods do not
have to be input in order. If you leave a Period box blank, or enter a zero (0),
then that line will not be plotted.
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19. In the Damping Parameters area note the following:

* The Inherent + Additional Damping box defaults to 0.05. This value can be
changed by typing a new valuein the edit box.

Note: To help you understand what value to input in the Inherent +
Additional Damping box, refer to ATC-40 equation 8-8. The % term in
this equation is automatically included by the SAP2000 analysis method.
The 5% inherent viscous damping term can be specified in the
Inherent/Additional Damping edit box as 0.05. If there is additional
viscous damping provided in the structure, perhaps by viscous dampers
that are not specifically included in the model, then this damping should
also be included in the Inherent/Additional Damping edit box. Thus if
the damping inherent in the structure is assumed to be 5% of critical
damping, and dampers which provide an additional 7% of critical
damping are assumed to be added to the structure (although they are not
actually in the model), then the value input in the Inherent/Additional
Damping edit box should be 0.12, since 0.05 + 0.07 = 0.12.

If dampers modeled with NLLink elements are included in the model,
then for the pushover analysis, the program treats them as linear
elements. Their stiffness is based on the linear effective stiffness (KE)
and the damping is based on the linear effective damping coefficient
(CE). The program uses the linear effective damping coefficient for the
damper, together with the effective period to calculate damping which is
internally added to the specified Inherent/Additional Damping term.

* There are four Structural Behavior Type options: A, B, C and User. Structural
Behavior type B, which should be currently selected, is the default. Structural
Behavior Types A, B and C, which define a kappa (k) factor that reduces the
assumed damping, are taken directly from ATC-40. The User option allows
input of other values of kappa (k).

Note: Refer to ATC-40 Section 8.2.2.1.1 for a discussion of structural
behavior types. The structural behavior type is used to specify a kappa
(k) factor (see Figure 8-15 in ATC-40) that modifies (reduces) the
calculated area of the hysteresis loops to account for assumed pinching
of the loops.

20. The performance point in Sa, Sd coordinates is shown in the Performance Point (Sa,
Sd) box below the plot. The units for Sa are always g; the current units for Sd are
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21.

22.

23.

24,

25.

26.

27.

28.

29.

146

feet. Note you could also estimate the value of the performance point by holding the
mouse pointer over the performance point (intersection of the ADRS pushover curve
and the single demand spectrum (variable damping)) and reading the value in the
Cursor Location box.

Note: The location of the mouse pointer is specified in the Cursor Location box
as (Horizontal axis location, Vertical Axis location). Thus when looking at
the Performance Point using the mouse pointer, you will read (Sd, Sa), which
is switched from how it is specified in the Performance Point (Sa, Sd) box.

In the Demand Spectrum area, type .6 into the Seismic Coefficient Cv edit box.
Click the mouse somewhere on the pushover curve dialog box outside of the Seismic
Codfficient Cv edit box to enter the change. Note how both the plot and the
Performance Point information below the plot change. Note that the performance
point in Sa, Sd coordinates changes.

Type .4 into the Seismic Coefficient Cv edit box. Click the mouse on the plot to
enter the change.

Uncheck the Show Family of Demand Spectra box. The family of demand spectra
are removed from the plot.

Check the Show Family of Demand Spectra box to show the family of demand
Spectra again.

In the Damping Ratios edit boxes, type .3 in thelast box. Click the mouse on the plot
to enter the change. Note that the lowest demand spectra got even lower when we
increased the damping ratio from 0.2 to 0.3.

Type .2 in the last Damping Ratios edit box and click the mouse on the plot to return
theformtoits original state.

In the Damping Ratios edit boxes, delete the value in the second edit box and click
the mouse on the plot to enter the change. Note that only three demand spectra now
appear on the plot, one with 5% damping, one with 15% damping and one with 20%
damping.

Type .1 in the second Damping Ratios edit box and click the mouse on the plot to
return theformto its original state.

Uncheck the Show Single Demand Spectrum (Variable Damping) box. The single
demand spectrum is removed from the plot.
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30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

Check the Show Single Demand Spectrum (Variable Damping) box to show the
single demand spectrum again.

Uncheck the Show Constant Period Lines At box. The constant period lines are
removed from the plot.

Check the Show Constant Period Lines At box to show the period lines again.

In the fourth (and last) edit box below the Show Constant Period Lines At check box,
type 3. Click the mouse on the plot to enter the change. Note that the last period line
became flatter.

Type 2 in the fourth edit box below the Show Constant Period Lines At check box
and click the mouse on the plot to return theform to its original state.

In the Damping Parameters area, type .2 in the Inherent + Additional Damping edit
box. Click the mouse on the plot to enter the change. The relative location of the
single demand spectrum (variable damping) curve changes and the performance point
location changes.

Type 0.05 in the Inherent + Additional Damping edit box and click the mouse on the
plot to return the form to its original state.

In the Damping Parameters area, click the Structural Behavior Type A option and
observe the change in the relative location of the single demand spectrum (variable
damping) curve and the performance point.

Click the Structural Behavior Type C option again observing the change in the
relative location of the single demand spectrum (variable damping) curve and the
performance point.

Click the Structural Behavior Type - User
option, and note that the adjacent Refer to ATC-40
Modify/Show button becomes available. ' x‘ggfr:;llsl
Click the Modify/Show button to display . fHrSseoment Ser,
the Override Structural Behavior Type & N
dial og box. s _Third segment
g , /

In this dialog box: g Foint
* InthePoint 1 area type 20 in the Beta

Sub Zero edit box and type .6 in the BetaSubZero, B
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41. Click the Structural Behavior Type B option to return theformto its original state.

Kappa Factor edit box.

In the Point 2 areatype 45 in the Beta Sub Zero edit box and type .6 in the Kappa
Factor edit box.

Click the OK button and observe the change in the relative location of the single

demand spectrum (variable damping) curve and the performance point.

42. From the File menu at the top of the Pushover Curve dialog box select Display
Tables. A tablesimilar to that shown in Figure D-9 appears.

BHBPUSHOVER CAPACITY/DEMAND COMPARISON E3
File

Step Teff Beff Sd{c) Sa(C) Sd(D) Sa(D) ALFHA PF*@
0 0.756 0.050 4.002E-04 0.000 0.247 0.5209 1.000 1.000 -

1 0.756 0.046 0.03% 0.083 0.252 0.541 0.955 1.246

2 0.756 0.049 0.078 0.167 0.248 0.532 0.955 1.241

3 0.756 0.050 0.116 0.250 0.247 0.530 0.955 1.240

4 0.756 0.050 0.150 0.321 0.247 0.530 0.955 1.239

5 0.792 0.083 0.188 0.368 0.226 0.441 0.953 1.241

i1 0.794 0.0846 0.193 0.374 0.225 0.435 0.953 1.242

7 0.839 0.117 0.231 0.403 0.21a 0.376 0.952 1.244

8 0.875 0.1346 0.269 0.432 0.215 0.344 0.951 1.244

9 0.902 0.145 0.303 0.457 0.21a 0.3246 0.950 1.248

10 0.931 0.161 0.331 0.469 0.215 0.305 0.948 1.252

11 0.932 0.161 0.332 0.469 0.215 0.305 0.947 1.252

12 0.974 0.187 0.368 0.474 0.214 0.276 0.943 1.260

13 1.018 0.208 0.404 0.478 0.214 0.254 0.240 1.266
14 1.058 0.223 0.440 0.483 0.217 0.238 0.934 1.270 —

15 1.0946 0.233 0.477 0.487 0.221 0.2246 0.934 1.274

16 1.133 0.240 0.513 0.491 0.225 0.215 0.931 1.278

17 1.1&47 0.247 0.549 0.495 0.230 0.207 0.929 1.281
18 1.201 0.252 0.5846 0.498 0.234 0.199 0.927 1.283 ;d

Figure D-9: Table For Capacity Spectrum

43. Inthis table note the following:

148

Step identifies the step number in the pushover curve.

Teff isthe effective period at the associated step.

[Beff is the effective damping at the associated step.

Sd(C) and Sa(C) define a point on the ADRS capacity curve for the associated

Step.
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e Sd(D) and Sa(D) define a point on the single demand spectrum (variable
damping) curvefor the associated step.

» Alphais the factor used in converting the base shear to spectral acceleration at
the associated step.

* PF*@isthefactor used in converting the displacement to spectral displacement at
the associated step.

* Toprint this table, click on the File menu at the top of the table and sdect ether
Print Tables, to print to a printer, or Print Tables To File..., to print the table to
afile

44. Click the “X” in the upper right-hand corner of the table to close it.
45. Select the Base Shear vs Control Displacement option in the Plot Type area.

46. From the File menu at the top of the Pushover Curve dialog box select Display
Tables. A table similar to that shown in Figure D-10 appears.

HPUSHOVER CURVE
Eile
Step Displacement Base Shear A-B B-I0 IO-LS LS-CP CP-C C-D D-E >E TOTAL
0 4.002E-04 0.0000 48 0 0 0 0 0 0 0 48 -
1 0.0484 28.3708 418 0 0o 0 0 0 0 0o 48
2 0.05964 56,7417 418 0 0o 0 0 0 0 0o 18
3 0.1444 85.1127 48 1] 0 0 4] 0 0 0 48
1 0.1856 109, 4811 16 2 0o 0 0 0 0 0o 48
5 0.2338 125.1036 486 2 Q 0 0 0 0 Q 48
a6 0.2398 127.1146 14 4 0o 0 0 0 0 0o 48
7 0.2878 136.8057 14 4 0o 0 0 0 0 0o 18
] 0.3358 146. 4968 44 4 0 0 1] 0 0 0 48
G 0.3780 154.9516 12 4 2 0 0 0 0 0o 48
10 0.4148 158.5392 11 5 2 0 0 0 0 0o a8
11 0.4154 158.5750 40 a 2 0 4] 0 0 0 48
12 0.4634 159. 4686 40 4 1 0 0 0 0 0o 48
13 0.5114 160, 3621 40 4 4 0 0 0 0 Q 48
14 0.5594 161.2557 40 4 E: 0 0 0 0 0o 48
15 0.6074 162.14592 10 2 a 0 0 0 0 0o 18
14 0.6554 163.0428 40 1] ] 0 1] 0 0 0 48
17 0.7034 163. 9364 10 0 8 0 0 0 0 0o 48
18 0.7514 164.8290 10 0 8 0 0 0 0 0o a8
19 0.7904 165.7235 40 0 8 0 0 0 0 0 48 —
20 0.8474 166. 6170 40 0 8 0 0 0 0 0o 48
21 0.8954 167 . 5106 40 0 a 2 0 0 0 0 48 LI

Figure D-10: Table For Pushover Curve
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47. Inthistable note the following:

Step identifies the stegp number in the B

pushover curve, cp

Displacement and Base Shear define a
point on the pushover curve for the
associated step.

A-B, B0, I0-LS, LSCP, CP-C, C-D, Displacement
D-E, >E all identify the total number of
hinges within each of these ranges on their associated force-displacement curves.

TOTAL isthetotal number of pushover hinges in the structure.
To print this table, click on the File menu at the top of the table and select ether

Print Tables, to print to a printer, or Print Tables To File..., to print the table to
afile

48. You can aso print graphic plots of the pushover curve and/or capacity spectrum
curve as follows:

150

Set up the plot on the screen (either in Base Shear vs Control Displacement, or in
Capacity Spectrum format) as you want to print it.

If you want to change the axis labels or the axis range, click the Override Axis
L abels/Range button and make the desired changes.

If you want to have additional notes printed on the graphics plat, type those notes
in the Additional Notes For Printed Output edit box.

To print the graphics, select Print Graphics from the File menu at the top of the
Pushover Curve dialog box.

Note: Another technique that can be used is to create a screen plot of the
entire dialog box which you can then print from another program such
as Paint, Microsoft Word for Windows, or any other program that
supports graphics.

To create the screen plot, press the Alt and Print Screen keys on your
keyboard. This will send a copy of the active window to the clipboard.
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(Note that if you just press the Print Screen key, without the Alt key, you
will send a picture of the entire screen to the clipboard.) Open your
other program that supports graphics and paste the picture into that
program. Usually the command to paste the picture is called Paste, and
it can be found on a menu called Edit. Once you have pasted the picture
into a file created in your program that supports graphics, you can print
fromthere.

49. Click the “X” in the upper right-hand corner of the table to close it.
50. Click theDone button to close the Pushover Curve dialog box.

This completes the review of displaying the pushover and capacity spectrum curves.
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E. Final Comments

This tutorial, together with the SAP2000 online help provides extensive documentation of
all of the pushover analysis features available in SAP2000. It is intended that you can
use this tutorial as a continuing reference for SAP2000 pushover analyses.
As previously noted, you can obtain context-sensitive online help from within any
pushover dialog box by pressing the F1 key while that dialog box is open. The names of
each of the basic pushover analysis topics covered in the online help are listed below.

* Nonlinear Static Pushover Analysis

» Define Frame Hinge Properties

» FrameHinge Property Data

* FrameHinge Property Data For XXX

* Frame Hinge Interaction Surface

* Interaction Surface Definition

* Define Static Pushover Cases

o Static Pushover Case Data

*  Assign Frame Hinges (Pushover)

e Pushover Curve

e Overide Axis Labels And Range

e Override Structural Behavior Type
The Nonlinear Static Pushover Analysis topic gives an overview of the SAP2000
pushover analysis capabilities. The other topics provide context-sensitive help for dialog
boxes of the same name.
Finally, it is emphasized that the SAP2000 documentation for the pushover is not

intended to, and does not, document the pushover analysis method, but rather is intended
to document the pushover analysis capabilities of SAP2000. For information regarding
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the pushover analysis method you should refer to the ATC-40 and FEMA-273 documents
which are referenced below.

References

ATC, 1996
Seismic Evaluation and Retrofit of Concrete Buildings, Volume 1, ATC-40 Report,
Applied Technology Council, Redwood City, California.

FEMA, 1997

NEHRP Guiddines for the Seismic Rehabilitation of Buildings, Developed by the
Building Seismic Safety Council for the Federal Emergency Management Agency
(Report No. FEMA 273), Washington, D.C.
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