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Introduction

Overview

SAP2000 provides the user with options to create, modify, analyze and design
structural models, all from within the same user interface. This program features
powerful and completely integrated modules for design of both steel and reinforced
concrete structures. The program provides an interactive environment in which the
user can study the stress conditions, make appropriate changes, such as member
size revisions, and update the design without re-analyzing the structure.

This manual is intended to provide three quick tutorials aiming at giving the first
time users hands-on experience. In the first tutorial, some of the basic modeling and
design features of the SAP2000 are explored. Several features of SAP2000 steel
and concrete design are explored in the subsequent two tutorials.

Step-by-step procedures for the modeling and design of the structures are outlined
in the tutorials. It is recommended that you actually perform these steps while read-
ing the chapters.

Overview 1
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Organization

This manual is organized in the following way:

Chapter Il provides a quick tutorial aiming at giving the first time user hands-on
experience. Some of the basic features of SAP2000 are explored in this tutorial.

Chapter Il provides a quick tutorial for steel design. Several of the basic features
of SAP2000 steel design are explored in this tutorial.

Chapter IV provides a quick tutorial for concrete design. Several of the basic fea-
tures of SAP2000 concrete design are explored in this tutorial.

Recommended Reading

Itis recommended that first time users read “The Graphical User Interface” chapter
in the SAP2000 Getting Startedanual before starting the tutorials given in this
book. That chapter will provide basic understanding of the menus and buttons of
SAP2000 graphical user interface.

After completing the tutorials given in this book, the user might be interested in fol-
lowing through the more detailed tutorials given in 8%P2000/NL-Push Detailed
Tutorial Including Pushover Analysis Manual

2 Organization
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Basic Tutorial

Overview

This tutorial is aimed at giving the first-time user hands-on experience while de-
scribing a few of the basic features and capabilities of SAP2000. It is assumed that
you have read the chapter, “The Graphical User Interface” provided 8AR2000
Getting Startedmanual. It is recommended that you use the comprehensive on-
line Help included in the program. You may also wish to refer t(8A®2000 Basic
Analysis Referende the third part of this volume for more information about the
structural model.

As you become familiar with the program, you will realize that the order of some of
the steps described here is immaterial. In other words, after some practice, you may
choose to perform the operations in a different order to set up and run the same
model.

We will use the SAP2000 commands either from the Toolbars or from the menus.
This is done intentionally to familiarize you with both methods. The Toolbars pro-
vide quick access to commonly used features. All of the features available on the
Toolbars can also be accessed from the Menu Bar.

Overview 3
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Description of the Model

The model chosen for this tutorial is developed, analyzed, design-checked, and then
modified. A simple two-dimensional five-bay truss of the “Warren” type is selected
from the program template, subjected to both dead and live point loads, and then
analyzed for the two load cases. A design stress check is performed, in accordance
with AISC/ASD89, to examine the interaction stress ratios. The geometry and load-
ing of the model are then modified, and the process is repeated.

The initial model is shown in Figure II.1. Kip-inch units are used. Structural steel
(36 ksi yield strength) Double Angles are used throughout the model.

Starting the Tutorial

4

The following topics describe the step-by-step procedure for creating and analyz-
ing the truss model. It is recommended that you actually perform these steps using
the program while you are reading this chapter.

The geometry is obtained from an available template. The templates represent a
number of common structural configurations. Remember that once the structural
geometry has been set up, the order of steps is left to your discretion. Shortcuts will
come with experience.

Start the program by running SAP2000 from the Start Menu or from Program Man-
ager, depending on your version of Windows. We will now proceed to develop the
model.

Description of the Model
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}4 5@ 144 in. >
@ Dead load 10 kips

J Live load 40 kips

Truss Elevation

——— —

\ Top Chord

2L.5x5x3/4-3/8

k Diagonals

2L.5x5x3/4-3/8

Notes:

- Kip-inch units are used.

- Self weight of truss is included in

Bottom Chord load case LOAD1.
L 2L4x4x1/2-3/8
- Minimum yield stress for steel,
Fy = 36 ksi
Section A-A
(Typ.)
Figure 1.1

Geometry and Loading for the Initial Model

Starting the Tutorial 5
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Setting Up the Geometry

1. From theFile menu, choos&lew Model from Template... This will display
the Model Template dialog box.

2. In this dialog box:
» Click onthe Sloped Truss template. This will display the Sloped Truss dia-
log box.
* In this dialog box:
— Change Number of Bays to 5
— Check the Restraints box
Check the Gridlines box
Accept the default truss height and bay length
Click theOK button.

33 SAP2000 - (Unfitled) (Ol %]
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4 I Gridlines

"

>4 | [~ = T 1|

4

[
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The screen will refresh and display 3-D and 2-D views of the model in vertically-
tiled adjoining windows. The right hand window shows the X-Z plane view of the
model at Y=0. The left window shows a 3-D perspective view.

6  Setting Up the Geometry
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This completes the model geometry and includes the support restraints.

Note: Default restraints were added to the model when the Restraints box was
checked in the Sloped Truss dialog box.

Defining Structural Sections

We will use two Double Angle sections for the entire truss. We will use the struc-
tural sections data file provided with SAP2000. The file is called SECTIONS.PRO
and resides in the same directory as the SAP2000 files.

1. From theDefinemenu, choosErame Sections...This will display the Define
Frame Sections dialog box.

2. In this dialog box:

e Click on the Import drop-down box.

e Click on Import Double Angle. This will display the Section Property File
dialog box.

* In this dialog box:
— Locate the SECTIONS.PRO data file

— Openthe SECTIONS.PRO data file by clicking on @@enbutton or
double clicking on the file name.

Defining Structural Sections 7
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— This will display a drop down list box showing all the Double Angle
sections available in the data file.

Note: In a SAP2000 session you have only to locate and open the SEC-
TIONS.PRO data file once. However, you have the option to select another
file at any time by choosirgreferencesn the Options menu.

3. In the Double Angle list box:

e Use Scroll buttons to locate one of the structural sections used in this
model, namely 2L5x5x3/4-3/8.

» Double click on 2L5x5x3/4-3/8. This will display the Double Angle Sec-
tion dialog box which shows a schematic view of the selected section, sec-
tion dimensions, and STEEL as the default material type.

» Click on theOK button. This will close the Double Angle Section dialog
box. Notice that in the Frame Sections dialog box the label of the selected
section (2L5x5x3/4-3/8) is added to the default section name (FSECL1) in
the Frame Sections area.

A SAP2000 - (Unfitled) (Ol %]
Eile Edit Mew Define Draw Select Assign Analyze Display Design  Options  Help
Dlzl@l of=| 7] 8] »| B|2|2|L]S[E 2w |e|lor] 2ala] #]+] 2 z]o]s|2|2] O
WS
Section Name I 2L5X5X3/4-378

Extract Data from Section Property File
(@ ei=lg i) Ir:\sukoma\\saptest\sedmns.pm [riper

Properties

Section Properties | Modification Factars | Material |STEEL :I'

Dimensions
Outside depth (t3) 5.
Outside width (12) 10.375 i !

0.75

Horizontal leg thickness ()

Wertical leg thickness (tw) 75

Back to back distance (dis) 0-37%

EEl=ZEEEEE EAL]: =]

3D View |Kip7iﬂ -

4. Repeat substeps 2 and 3 above to select another double angle, 2L4x4x1/2-3/8.
5. Click on theOK button.

8 Defining Structural Sections
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Define Frame Sections
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Cancel |
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Assigning Member Sections

In this step we will assign the two sections previously defined to the various mem-
bers of the truss. The double angle section 2L5x5x3/4-3/8 is assigned to the top
chord and the diagonal members, whereas, the 2L4x4x1/2-3/8 is assigned to the
bottom chord members only.

1. We will select the top chord members of the truss in the elevation view by
“windowing.” To do this:

Click on thePointer Tool button on the Side Toolbar.

Note: We can only select in the SELECTION mode of SAP2000. The alter-
native mode is the DRAW mode. SAP2000 is usually in the SELECTION
mode, which is identified by the presdedinter Tool button. To switch
from the DRAW mode to the SELECTION mode, you can click on the
Pointer Tool button on the Side Toolbar. If tHointer Tool buttonis al-
ready pressed, you do not need to click on it further.

Move the pointer above and to the left of the members you want to select

Click and hold the left mouse button

While holding, move the pointer below and to the right of the members you
want to select. A “rubber-band” window will show the region selected.

Release the left mouse button to select all members in this window.

Assigning Member Sections 9



SAP2000 Quick Tutorial

2. We will select the diagonal members by intersection. To do this:

» Click theSet Intersecting Line Select Moddutton on the Side Toolbar
* Move the pointer to the left of the members 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.

The selection of all the top chord and the diagonal members of the truss is now com-
plete. The selected Frame elements appear as dashed lines.

3. From Assign menu, choos&rame, thenSections.. from the submenu. This
will display the Define Frame Sections dialog box.

4. In this dialog box:

e Click on 2L5x5x3/4-3/8 in the Name area.
e Click on theOK button.

The display window in which the selection process was done is refreshed and the
section label is displayed on all members.

5. Select the bottom chord members by “windowing” as in substep 1 above.
6. Repeat substeps 3 and 4 to assign 2L4x4x1/2-3/8 to these members.

The screen will now show all the member section assignments.

10 Assigning Member Sections
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Note: You can always change the display attributes, e.g. increase the font size, etc.
from thePreferences..in theOptions menu.

You may turn off the display of the section labels by selec8hgw Undeformed
Shapefrom theDisplay menu.

Defining Load Cases

Two load cases are considered in the analysis. The first load case is for the dead
load which also includes the self-weight of the structure. The program’s default
name, LOADL, is accepted for this load case. The second load case is for the live
load which we shall name as LOAD?2.

1. From theDefinemenu, choos8&tatic Load Cases...This will display the De-
fine Static Load Case Names dialog box.

This will display the default load, LOAD1, with type set to DEAD, and the self-
weight multiplier set to unity. We don't have to change anything for this first load
case.

Defining Load Cases 11
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Now we define the second load case:

2. In the dialog box:

Change LOAD1 to LOAD2.
Select LIVE from the Type drop-down list box.
Change the self-weight multiplier to zero.

Click ontheAdd New Load button. The two load case names and types are
now displayed in the Loads list box.

Click on theOK button.

Assigning Joint Loads

Dead and live loads are applied as joint loads to the bottom chord of the truss. The
magnitudes of dead and live joint loads are taken to be —10 kips and —40 kips, re-
spectively.

12

1. Select the joints on the bottom chord by “windowing” as we did when assign-
ing member sections.

2. From theAssignmenu, choosdoint Static Loads.., thenForces...from the
submenu. This will display the Joint Forces dialog box.

3. In this dialog box:

Defining Load Cases
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* Accept the default load case name as LOAD1.
e Enter —10 in the Force Global Z box in the Loads area.

I3 SAP2000 - (Untitled) 9 [=] B
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[ Loads Options
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" Delete existing loads

Force Global 2

toment Global %X IEI
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* Click on theOK button.
We will now proceed to enter the live load.

4. Click theRestore Previous Selectiobutton on the Side Toolbar. This will re-
select the bottom chord joints again.

5. From theAssignmenu, choosdoint Static Loads.., thenForces...from the
submenu. This will again display the Joint Forces dialog box.

6. In this dialog box:

e Change the load case name to LOAD?2.
¢ Enter —40 in the Force Global Z box in the Loads area.
¢ Click theOK button.

All the loads are now applied to the model, and the model is complete.

Assigning Joint Loads 13
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Analyzing the Model

14

We will now analyze the model.

1. From theAnalyze menu, seledRun. This will display the Save Model File As
dialog box.

2. In this dialog box:

e Save the model under a filename. In our case we will call it
TRUSS2D.SDB.

Note: Even if you do not type in the extensi8BB, the program automati-
cally appends this extension to the filename.

e Click on theSavebutton.

A top window is opened in which various phases of analysis are progressively re-
ported. When the analysis is complete the screen will display the following:

Assigning Joint Loads
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3. Use the scroll bar on the top window to review the analysis messages and to
check for any error or warning messages (there should be none).

4. Click on theOK button in the top window to close it.

Displaying the Deformed Shape

After the analysis is complete, SAP2000 automatically displays the deformed
shape of the model for the default load case, LOAD1, in the window which displays
the 3D view, the left window in our case.

Displaying the Deformed Shape 15
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We will now display the deformed shape for the load case LOAD2 in the right win-
dow.

1. Click anywhere in the right window to activate this window.

2. Click the Display Static Deformed Shaje button on the Main Toolbar. This
will display the Deformed Shape dialog box.

3. In this dialog box:

» Select LOAD2 Load Case from the drop down list in the Load area.
* Click on theOK button.

To compare the deformed shape for the two load cases, we will display the de-
formed shape for load case LOADL1 in 2-D (x-z) view. To do this:

1. Click anywhere in the left window to activate this window.

2. Click on the2D X-Z View button on the Main Toolbar to obtain an elevation
view of the model.

16 Displaying the Deformed Shape
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Note: Results can be printed or saved in a tabulated form by choosing®uiput
Tables... fromthe File menu. Results can also be displayed in a tabulated form by
choosingSet Output Table Mode...from theDisplay menu and then by right-
clicking on the joint.

You will observe that the two deformed shapes look similar, even though the loads
are different. This is because SAP2000 automatically scales the deflections for dis-
play purposes. You can change the scale factors in the dialog box you just used.

You can animate the deformed shape by usingStagt Animation button at the
bottom of the screen. Animation speed is controlled by a horizontal scroll bar that
will appear next to this button. Also, you can stop animation by usin§top Ani-
mation button.

The left and right arrows at the lower right corner of the screen are used to change
the load case that is displayed in the active display window.

We will now select a joint and examine its displacement values for load case
LOADL1.

5. Right click on a joint. This will open a floating window in which the values of
translations and rotations of the selected joint are displayed. Also, the selected
joint will flash on the screen.

Displaying the Deformed Shape 17
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Displaying Member Forces

As an example, we will plot the axial force diagram for load case LOAD1 on the left

window.

1. Click on theMember Force Diagram for Framesbutton on the Main Tool-
bar. This will display the Member Force Diagram for Frames dialog box.

3. In this dialog box:

» Select Axial Force in the Component area.
 Click the OK button.

The axial force diagram for the entire truss is displayed.

18 Displaying the Deformed Shape
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Right Click on any Frame Element for detailed diagram | IK\p-m j

We can now review this force component on a member-by-member basis.

4. Rightclick on any desired member on the left window. This will open a floating
window with title Axial Force Diagram showing the variation of the axial force
over the member length. Move the cursor within the floating window to see the
numeric values of axial force and the corresponding distances. Click outside
this window to close it.
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Note: Other element force or stress components can be selected for display in a
similar manner.
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Note: Results can be printed or saved in a tabulated form by choosing®uiput

Tables... fromthe File menu. Results can also be displayed in a tabulated form by

choosingSet Output Table Mode...from theDisplay menu and then by right-

clicking on the element.

Design Stress Check

20

The default design code is AISC-ASD89 for design of steel structures. To verify the

selected design code, do the following:

1. Click on Preferences...from the Options menu. This will launch the

Preferencesdialog box.

2. Inthe dialog box click on th&teel tab. You can see the currently selected steel
design code, default section property file, and some other options as shown be-

low.

3. You do not need to change anything.

TR )
Eile Edit “jew Define Draw Select | relerences
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Cancel
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4. Click on theCancelbutton to close the dialog box.

5. To make sure that SAP2000 will design the steel members, SieeitDesign

menu item from th®esignmenu.

We will now examine member stress ratios using the requirements of

AISC/ASDB89.

Displaying Member Forces
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1. From theDesign menu, choosetart Design/Check of Structure Color-
coded stress ratios are then displayed for each member.
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Note: The stress ratios, by default, refer to the default design combinations DSTL1
which represent the dead load only and DSTLZ2 in which the unfactored dead and
live loads are added together.

2. Rightclick on any desired member. This will open a floating window showing
the detailed results of the design check, Steel Stress Check Information, at vari-
ous stations along the element length. You can see the detailed steel stress
check information for a station and a specific load combination by clicking on
the Details button. Click onOK to close the window.

SAP2000 allows you to interactively change the design code, member properties,
etc. and re-run the design check.

Modifying the Structure

Suppose we needed to modify the truss to support an additional vertical load of 100
kips at the center of the bottom chord. We can do this by adding a vertical member
at the center and dividing the central horizontal member into two.

Currently, the model is locked to prevent any changes that would invalidate the
analysis and design results we have just obtained. We must first unlock the model,
make the desired changes, re-analyze, and finally re-check the design.
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1. Click on theLock/Unlock Model button on the Main Toolbar to unlock the
model.

2. You will be warned that unlocking the model will delete all analysis results.
Click on OK to acknowledge this.

For illustration purposes, we will use two different methods to draw the new Frame
elements. Either method could be used for all of the added elements in this example.

2. Click on theQuick Draw Frame Element button on the Side Toolbar, or se-
lect it from theDraw menu. An element will be drawn each time you click on a
grid line.

3. Clickthe vertical gridline at the center of the model between the top and bottom
chords to get the vertical member.

It may now appear that the truss is complete. However, the new vertical member is
not actually connected to the horizontal member on the bottom chord. This can eas-
ily be seen in a shrunken-element view.

4. Click on theElement Shrink Toggleon the Main Toolbar.
5. In order to see more clearly:

e SelectShow Grid from theView menu to turn off the grid
» SelectShow Axesfrom theView menu to turn off the global axes
» Click on theRubber Band Zoombutton on the Main Toolbar

* Inthe active Display Window, click and drag a window to enclose the mid-
dle part of the structure. The contents of this window will be magnified to
fill the Display Window.
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We can now see that the middle member of the bottom chord must be broken into
two. One way to do this is to use tivide Framesoption in theEdit menu. We
will instead delete the old element and draw two new elements.

6. To delete the old element:

» Click on thePointer Tool on the Side Toolbar to begin switch to SELEC-
TION mode.

* Click on the element to be deleted
* Press th®eletekey or selecDeletefrom theEdit menu

7. To draw the two new elements:

¢ Click the Draw Frame Element button on the Side Toolbar, or select it
from theDraw menu.

Note: You can now draw in either or both windows.

Click on theSnap to Joints and Grid Pointsbutton on the Side toolbar

Click on the leftmost of the three middle joints. The start of first element
will snap to the exact joint location.

As you move the mouse, a “rubber band” will show where the first element
will be drawn. Click on the middle joint to draw it.

* Asyou move the mouse, you can see that the next element will start where
the last element ended.
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» Double click on the rightmost of the three middle joints to end the second
element. Double-clicking ends “rubber-banding” until the next single
click.

Click on thePointer Tool to end draw mode.
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The remaining steps are a repetition of what we did for the original model

Select the new Frame elements and assign Frame Sections as desired.

Select the new joint at the bottom by clicking on it and assign a joint load of
—100 kips in load case LOAD2.

Click on theRestore Full Viewbutton from the Main Toolbar.
Analyze the structure

Display the member forces

Check the design

At this point you may want to consider changing the section properties for those
Frame elements that are under-designed. This would require unlocking the model
again, selecting Frame elements, assigning Frame Sections, then performing an-

oth

Modify

er analysis and design check.

ing the Structure
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Concluding Remarks

This marks the end of the quick tour of SAP2000. The intent has been to highlight
and demonstrate a few of the basic features. Feel free to experiment and explore
other options. Additional information is available within the Help menu.

Concluding Remarks 25
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Concrete Design Tutorial

Overview

Several of the basic features of SAP2000 concrete design are explored in this tuto-
rial. This introduction is aimed at giving the first time user hands-on experience de-
signing concrete frames with SAP2000. The program allows you to select from
several U.S. and international codes to design and review concrete structures. A
comprehensive on-line Help is included in the program for your quick reference. It
is assumed that you have a working knowledge of concrete design procedures and
are reasonably familiar with the current codes of practice and their underlying de-
sign concepts.

We will access the SAP2000 commands from both the Main Toolbar and the Side
Toolbar and from the menus. The Toolbars, however, provide quick access to most
commonly used features available from the menus.

In the assignment sequence, there are two important points you must remember.
First, you have to define an entity before you can assign an attribute to it, and sec-
ond, you have to select member(s) before you can assign new attributes or modify
old ones.

Overview 27



SAP2000 Quick Tutorial

Description of the Model

The structure is a two-story, two-by-two-bay office building located in Seismic
Zone No. 4 (high seismic area). It is designed as a special moment resisting con-
crete frame using the ACI 318-95 code.

30

Roof ~
1

0

Floor 14

12

Baseline 11

Global
Reference
Point

Figure 111-1
Ductile Moment Resisting Concrete Frame (Tutorial Example)

Geometry

The two-story structure has a partial floor diaphragm and a full roof diaphragm. See
Figure 1ll-1. The story height of the top and bottom floor is taked@$®  and

12'0" respectively. The initial member sizes and reinforcement are given in Table
-1.

28 Description of the Model



Chapter Il Concrete Design Tutorial

ID Structural Component Description

Typical columns at the top | 12" x 12", Rebar not specified,
story 2" cover to center of steel

Typical columns at the bottom18” x 18", Rebar not specified,
story 2" cover to center of steel

312 x 24", Rebar not specified,

3 | All beams other than Beam 3
cover to center of steel

12" x36", Rebar not specified,

4 | Thelongestbeam (Beam 33),- . o 6 center of steel

Table IlI-1
Structural Property Data (Tutorial Example)

Material Properties

The properties of the materials used in the model are given in Table IlI-2. It is as-
sumed that the materials used for the beams and columns are the same. However,
the shear reinforcement is different from the longitudinal reinforcement.

Material Property Magnitude
7. 4 Ksi
E 3600 ksi
7, 60 Ksi
Sy 40 ksi
Table IlI-2

Material Specifications (Tutorial Example)

For analysis in SAP2000, the value Bf is modified to account for cracking. A
multiplier of 0.4 is used for columns assumed to have about 2% steel, and a multi-
plier of 0.5 is used for the beams. These multiplication factors are slightly different
in ACI 318-95. See Section R10.11.1 of ACI 318-95.
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Load Cases

Four load cases are considered in the analysis. The dead and live loads are defined
as load cases DL and LL respectively. The lateral seismic loads, in turn, are desig-
nated as QX and QY respectively.

The dead and live loads are simplified as line loads on the beams. The equivalent
static seismic forces are applied as lateral loads at the centroids of the diaphragms:

Load cas 1: DL— 1.0 kip/ft on all beams which are connected to the diaphragm
along the X-direction (Self-weight included)

Load cas 2 : LL— 0.5 kip/ft on all beams which are connected to the diaphragm
along the X-direction

Load case 3 : QX Static equivalent earthquake force in the X-direction
Load case 4 : QY- Static equivalent earthquake force in the Y-direction
Analysis

Two diaphragm constraints are applied for the two diaphragms at the two floors.
These constraints preventin-plane relative displacements of the nodes at each floor.
The lateral earthquake loads are assumed to be applied at the centroid of the dia-
phragm. A PA analysis is carried out with a load level of 0.75 (1.4 DL + 1.7 L)/

as recommended in the chapter “Design for ACI 318-95” o8A€2000 Concrete
Design Manualwhereg is taken as 0.75.

Design

The design is performed in accordance with ACI 318-95. Kip-in units are used for
the model. The input database file for this modeE}sCONC.SDB. This is sup-
plied as part of the SAP2000 package.

Starting the Tutorial

30

A step-by-step procedure for the design of the model is outlined below. Itis recom-
mended that you actually perform these steps while reading this chapter. We as-
sume that you have successfully started the program. You can do this by running
SAP2000 from the Start Menu.

Description of the Model
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In this tutorial, whenever possible, we will use the Toolbars to access various op-
tions quickly. Most of the features available on the Toolbars can also be accessed
from the menus. Use the on-line Help or refer to8#&P2000 Getting Startedan-

ual for a detailed description of the SAP2000 screen.

The input database file for the mod&XCONC.SDB) is in the EXAMPLES sub-
directory under the main directory where the program has been installed. In this ex-
ample, the analysis modelis already created. This tutorial gives the highlights of the
design phase. You are assumed to be familiar with creating and editing structural
models using SAP2000.

Opening the Model Database File

1. Click on the Open button from theFile menu. This will display theéDpen
Model File dialog box.

2. In this dialog box:

e Select theeXCONC.SDB file.
e Click on theOpen button.

The screen will now show two vertically-tiled windows. The left window displays a
plan view of the model at level +264 inch. Section labels are not displayed in this
view. A three-dimensional view of the model is shown in the right window. The
units and the cursor location are displayed at the bottom of the window.

I8 SBAPZ000 - Exconc [_ O[]
File Edit W¥iew Defne Draw Select Assign Analyze Display Design  Options  Help

| =] 2] & | #le|ele| | || =wlo 2a] +e] o]0 ]2 O

[ e | =1 e o e X =)

XY Plane @ Z=264 406,98 Yv-138.42 Z264.00 Kip-in -
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Note: when working with multiple windows, clicking anywhere in a particular win-
dow will activate that window.

Before we proceed further, we will make a copy of the data file by saving the model
under a new name, say, TUTOR1.SDB. We will use the copy during the tutorial and
leave the original file unaltered.

3. From theFile menu, choos&ave As... This will display theSave Model File
As dialog box.

4. In this dialog box:

* Enter new filename, Tutorl.SDB.

Note: Even if you do not type in the extension .SDB, the program automati-
cally appends this extension to the filename.

e Click on theSavebutton.

The new name is displayed in the Main Title Bar.

Analyzing the Model

We will now analyze the model. Before analyzing the model we need to setahe P-
force and other parameters foARmalysis. To do this:

1. Select theSet Options...button in theAnalyze menu. This will immediately
bring up theAnalysis Optionsdialog box. In this dialog box:
* Check thdnclude P-Deltabox.

» Click on theSet P-Delta Parametersbutton. This will bring up theP-
Delta Parametersdialog box. In this dialog box:

Set maximum iterations to 5.

Change the DL scale factor to 1.4 and chabdify .
Click on theLoad Casedrop down arrow.

Select LL.

Change the LL scale factor to 1.7 and chald.

Click OK to close thd-Delta Parametersdialog box

» Click OK to closeAnalysis Optionsdialog box.

2. Click on theRun Analysisbutton on the Main Toolbar.
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A top window is opened in which various phases of analysis are progressively re-
ported. When the analysis is complete the screen will display the following:
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3. Use the scroll bar on the top window to review the analysis messages and to
check for any error or warning messages. In our case there should be none.

4. Click on theOK button in the top window to close it. This will display a de-
formed shape for the first load case (DL) in the active window (right window in
this example) as follows:

SAP2000 - Tutor] [ [=] E3
File Edit View Define Draw Select Assign  Analyze Display Design  Options  Help

D@ 2] 2l[a | 8lele|2lem| sy |=]x|w e +|s| 0lals|T|F|s|=

[
x|

=

4

]

|

=

-4

| Y X

[ET

|«

Right Click an any joint for displacement values Start Animation I & | = IK‘F"” j

Analyzing the Model 33



SAP2000 Quick Tutorial

Selecting the Design Code

Selection of a design code is activated fre@meferences..in the Options menu.

The default design code is ACI 318-95 for reinforced concrete design. Since the de-
fault code is used in this tutorial, we can by-pass this step. To confirm, however,

you can follow this:

1. Click on thePreferences..button from theéDptions menu. This will launch the
Preferencesdialog box.

2. Click on theConcretetab.

3. You can see the currently selected concrete design code, strength reduction fac-
tors, interaction diagram parameters, and other parameters as shown in the fol-

lowing screen. You do not need to change anything.

4. Click on theCancelbutton to close the dialog box.
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5. To make sure that SAP2000 will design the steel members, setautrete
Designmenu item from th®esignmenu.

Starting Design

With the analysis phase and selection of the design code completed, we will now

design the structure using the requirements of ACI 318-95.
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1. From theDesignmenu, choosé&tart Design/Check of Structure The pro-

gram now designs each of the concrete frame members. (If we had selected
some frame members, then only the selected frames would be designed). In a
few moments the longitudinal reinforcement requirements are displayed in the

active window. For beams the compression and the tensile reinforcement are
displayed separately. For columns the total overall reinforcement area is dis-

played. In the display, the reinforcement areas are reported for the governing

design combination.
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Note: Since no load combinations were defined in the model, SAP2000 design
automatically provided a set of design load combinations for the selected design
code ACI for Concretg. The default load combinations can be added by any of the
three following ways.

* Clicking Add Default Design Combaonce in theDefine Load Combinations
dialog box launched from thBefinemenu by clicking_.oad Combinations...

e Orclicking Select Design Combos from the Designmenu when there are no
design load combinations defined in the model.

e Or clicking Start Design/Check of Structurérom the Designmenu when
there are no design load combinations defined in the model.

2. Rightclick on a column member, for example element 2 (see Figure IlI-1). This
will open theConcrete Design Informationdialog box showing longitudinal
and shear reinforcement requirements at various stations along the element
length for the various load combinations (see screen that follows). The dialog
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DCOR10 12.00 3.240 0.000 0.000

3

3.

box also can show information regarding etails of calculation for design,
the element overwrite assignments ReDesignfor the selected member, and
columninteraction properties. However, if the member is a beam, rather than
a column, thenteraction properties are not relevant and are not available from
the Concrete Design Informationdialog box.

Concrete Design Information

DCOR10 108.00

. 240 0.000 0.000

Cancel

b4

3-D View
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3. In this dialog box:

» Select a design check station in tiencrete Design Informationdialog

box.

Note: The number of stations (number of segments + 1) used in the design
is set by the user throughrame and Output Segmentbuttons from the
Assignmenu prior to the analysis phase. The default number of segments
is 4 for beams and 2 for columns.

Click on theDetailsbutton. This will open th€oncrete Design Informa-

tion ACI 318-95 screen showing the design parameters including the rein-
forcement areas and the factored member forces for the selected load com-
bination at that particular station. See the following screen.

Starting Design
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¢ Close theConcrete Design Information ACI 318-95window.

* Click on thelnteraction button. This will open the dialog box showing the
column interaction diagram and the current state of the design forces in the
diagram for the selected load combination at that particular station. The in-
teraction diagram can be rotated about any axis to view the diagram from
different directions. See the follwing screen.
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Click on theDonebutton to close thinteraction information dialog box.
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» Click on theReDesignbutton. This will open th&lement Overwrite As-
signmentsinformation dialog box showing the input design factors includ-
ing thek factors(,, factors, etc. These factors can be edited for redesign-
ing. See the following screen. There is also an alternative way of editing the
properties of a set of members which will be demonstrated in the next sec-
tion “Changing Member Properties”.
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* Click on theCancelbutton to close th&lement Overwrite Assignments
dialog box.

» Click ontheCancelbutton to close th€oncrete Design Informationdia-
log box.

Till now we have analyzed and designed the concrete frame and reviewed some of
the design information. SAP2000 allows you to interactively change the design
code, member properties, remove or add new load combinations, etc. and re-run the
analysis and design phases. As a demonstration in this tutorial, we will edit/change
a member property for a set of frame members in the next section.

Changing Member Properties

With the analysis and preliminary design successfully completed, we will now
modify the section properties of all the columns of the bottom story before perform-
ing re-analysis. Initially, in the analysis, the section type of each column member of
the bottom story was taken to be 2. Referring to the screen that follows, we will
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change the section type of every column at the bottom story to be 1. Note that there
are already four previously defined section types in the model which were named
numerically as 1, 2, 3, and 4. In order to make these changes, we will change the
view in the right window to make all the columns visible for selection. Notice that
this window is currently showing the longitudinal reinforcing from the previous de-
sign.

1. Click on theShow Undeformed Shapéutton from the Main Toolbar.
2. Click on the2D View (xz) button from the Main Toolbar for an elevation view.

3. Click on thePerspective Toggléutton from the Main Toolbar. This will dis-
play a 3D view. All columns except the middle two will be visible. These two
columns will be overlapping each other. To look at them better, we need to ro-
tate the model about a vertical axis.

4. Click on theSet 3D View ...button on the/iew menu. Increase thgan View
Direction Angle from 270 to 300 on th&et 3D Viewpopup window and then
click on theOK button.

Now, with all the columns visible, we can select and modify their design section in-
formation. Remember, SAP2000 maintains two sets of information for sections.
One is for analysis and the other is for design. Changing section type here will af-
fect the design section only. To update the analysis section, you need to explicitly
request an update of the analysis information from the current design state using the
menu itemUpdate Analysis Sectionén theDesignmenu.

5. To see the current setting of Design Sections do the following:

 Click on theDisplay Design Info ...menu item from th®esignmenu. Se-
lect the Design Input option button.
» Select Design Sectiongrom the drop-down list.

* Click OK.

This will display the design sections on the screen as shown below. Now we can se-
lect and modify the sections for the columns at the first story.
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6. To select all the columns at the bottom story do the following:

Click theSet Intersecting Line Select Modéoutton on the Main Toolbar.

Move the pointer to the left and middle of the leftmost corner column at the
bottom story.

Click and hold down the left mouse button.

While holding, move the pointer horizontally to the right of the members
intersecting all the columns at the bottom story. A “rubber-band line” will
show the intersecting line.

Release the left mouse button to select all members that intersect the
rubber-band line.

Note: To select all the columns in the bottom story, we have to do this op-
eration only once. Any member can also be selected just by clicking the
member itself.

The selection of all the bottom story columns is now complete. The selected mem-
bers appear as dashed lines.
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7. From theDesignmenu, choos®&eDefine Element Design Data.. This will
display theElement Overwrite Assignmentsdialog box to edit the sections
and the design factors. The design factors are code dependent. To change the
sections from this dialog box:

» Click the Changebutton on theElement Sectionarea. This will display
Select Sectionslialog box. In this dialog box:
— Select 1 by clicking once.
— Click on theOK button to accept the change.

e Click on theOK button onElement Overwrite Assignmentdialog box.
This will recompute the longitudinal reinforcement based on the new sec-
tion properties and the previous analysis results.

¢ Click on theRefresh Window button on the Main Toolbar.
8. To see the recomputed longitudinal reinforcement, do the following:
* Click on theDisplay Design Info ...menu item from th&®esignmenu. Se-
lect the Design Outputoption button.
e SelectLongitudinal Reinforcing from the drop-down list.

* Click OK. This will display the longitudinal reinforcement as recomputed
based on the new section properties and the previous analysis results.

e Click on the3D View (3-d) button from the Main Toolbar to display the
results in an orientation used earlier.
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Notice that as a result of changing the section, the reinforcement areas in those par-
ticular columns are changed. To see the difference, compare this display with the
one on page 35.

Itis important to realize that changes made to member section properties in the de-
sign phase aneot automatically reflected in the analysis results. These changes are
only local to the post-processing phase unless are-run of the analysis, with updated
elements, is requested by the user. In other words, overwriting the section proper-
ties only affects the stress values and not the factored element forces obtained in the
analysis preceding such changes. The redistribution of member forces due to
change of stiffness (revision of section properties) is effected in a re-run of analysis.
The section properties can only be updated on a set of selected elements. To re-
analyze and re-design, do the following:

* Click ontheRestore Previous Selectiofrom the Side Toolbar to re-select the
previously selected frame elements.

* IntheDesignmenu click olJpdate Analysis SectionsThis will prompt a dia-
log box asking‘Updating Analysis Section will unlock model! OK to up-
date?”. Click OK.

e From theAnalyze menu, choos®un. This willimmediately start the analysis
procedure. Atop window is opened in which various phases of analysis are pro-
gressively displayed. The results will obviously differ from those produced in
the initial analysis because of the change of section properties we made in the
design stage. ClickK to close the top window.
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* Click on theStart Design/Check of Structuresfrom theDesignmenu. This
will redesign the structure and display the new required longitudinal reinforce-
ment.

You can see the difference after re-running the design based on the latest analysis

results.
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Concluding Remarks

We have come to the end of this tutorial on the SAP2000 concrete design options.

The intent has been to highlight and demonstrate a few of the basic features in order
to open up the path for you to explore and use the more advanced options. For more
information on various topics consult the on-lidelp provided with the program.
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Chapter IV

Steel Design Tutorial

Overview

Several of the basic features of SAP2000 steel design are explored in this tutorial.
This tutorial is aimed at giving the first time user hands-on experience. The pro-
gram allows you to select from several U.S. and international codes to stress check
and design a steel structure. It is assumed that you have a working knowledge of
steel design procedures and are reasonably familiar with the current codes of prac-
tice and their underlying design concepts. A comprehensive on-line Help is in-
cluded in the program for your quick reference.

We will access the SAP2000 commands from both the Main Toolbar and the Side
Toolbar and from the menus. The Toolbars, however, provide quick access to most
commonly used features available from the menus.

In the assignment sequence, there are two important points you must remember.
First, you have to define an entity before you can assign an attribute to it, and sec-
ond, you have to select member(s) before you can assign new attributes or modify
old ones.
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Description of the Model

46

The structure is a two-story, two-by-three-bay office building. The frame will be
designed in accordance with the AISC-LRFD93 code. Earthquake induced force is
considered in the analysis and design of this frame. However, special requirements
for the design of moment resisting ductile steel frames are not currently imple-
mented in SAP2000.

Geometry

The moment frame is of structural steel as shown in Figure 1V-1. The second floor
has metal deck and lightweight concrete fill, whereas the roof has metal deck only.
Typical story height is taken d8' 0. The initial member sizes are given in Figure
IV-1.

Material Properties
Material specifications are:

Beams and girders: ASTM A36 F (=36 ksi)
Columns: ASTM A572 K, =50ksi)

Load Cases

Four load cases are considered in the analydiy, LL, QX, and QY. The dead
and live loads are defined as the load cases DL and LL respectively. The lateral
seismic loads, in turn, are designated as the load cases QX and QY.

The dead and live loads are applied as beam span loads based on the loading intensi-
ties given below:

Roof Dead load = 30 psf
Live load = 20 psf

Floor Dead load =75 psf
Live load =80 psf

Ext. Wall Dead load = 15 psf

Equivalent static seismic forces are applied as lateral joint loads in the global X and
global Y directions, separately. The total base shear in each direction is computed
as 51 kips.
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Analysis

Two diaphragm constraints are applied for the two diaphragms at the two floor lev-
els. These constraints prevent in-plane relative displacements of the nodes at each
floor. The lateral earthquake loads are applied at nodal points on the floor levels. A
P-A analysis is carried out with a load combination of 1.2 DL + 0.5 LL as described

in Chapter “Check/Design for AISC-LRFD93". The initial unbraced length is taken

as the full member length.

Design

The stress check and design are performed in accordance with AISC-LRFD93.
Kip-in units are used. The input data file for this modeEXSTL.SDB. This is
supplied as part of the SAP2000 package.

Starting the Tutorial

A step-by-step procedure for the stress check and design of the model is outlined
below. It is recommended that you actually perform these steps while reading this
chapter. We assume that you have successfully started the program. You can do this
by running SAP2000 from the Start Menu of the Windows operating system.

In this tutorial we will typically use the Toolbars to access various options quickly.
Most of the features available on the Toolbars can also be accessed from the Menu
Bar. Use the on-line Help or refer to the chapter “The Graphical User Interface” in
SAP2000 Getting Startethanual for a detailed description of the SAP2000 screen.

The input data file for the modeEXSTL.SDB) is in the EXAMPLES subdirectory
under the directory where the program has been installed. A section property file of
nameSECTIONS.PROis also required for the tutorial. The SECTIONS.PRO file

is also available in the directory where the program has been installed.

Opening the Model Database File

1. Click on theOpenbutton in theFile menu. This will display th€®©pen Model
File dialog box.

2. In this dialog box:

» Select theEXSTL.SDB file.
e Click on theOpenbutton.
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The screen will now show two vertically-tiled windows. The left window displays a
plan view of the model at level + 312 in. Section labels are displayed in this view. A
three-dimensional view of the model is shown in the right window. Element and
node IDs are shown in this view. In addition, the Side Toolbar is displayed at the
left-side of the main window along with the Main Toolbar at the top of the window.
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Note: When working with multiple windows, clicking anywhere in a particular win-

dow will activate that window.

Before we proceed further, we will make a copy of the data file by saving the model
under a new name, saylUJTOR2.SDB. We will use this copy during the tutorial
and leave the original file unaltered.

3. From theFile menu, choos8ave As... This will display theSave Model File

As dialog box.

4. In this dialog box:

* Enter new filename, Tutor2.SDB.

Note: Even if you do not type in the extension .SDB, the program automati-
cally appends this extension to the filename.

¢ Click on theSavebutton.

The new name is displayed in the Main Title Bar.
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Analyzing the Model

We will now analyze the model. Before analyzing the model we need to setdhe P-
force (1.2 DL + 0.5 LL) and other parameters fak Bralysis. To do this:

1. Select theSet Options...menu item in théAnalyze menu. This will immedi-
ately bring up thé\nalysis Optionsdialog box. In this dialog box:
* Click thelnclude P-Deltacheck box.

» Click on theSet P-Delta Parametersbutton. This will bring up theP-
Delta Parametersdialog box. In this dialog box:

— Set maximum iteration to 5.

— Change the DL scale factor to 1.2 and chdify .
Click on theLoad Casedrop down arrow.

— Select LL.

— Change the LL scale factor to 0.5 and chald.

— Click OK to close thd>-Delta Parametersdialog box

e Click OK to close theAnalysis Optionsdialog box.
2. Click on theRun Analysisbutton from the Main Toolbar.

A top window is opened in which various phases of analysis are progressively re-
ported. When the analysis is complete the screen will display the following:
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3. Use the scroll bar in the top window to review the analysis messages and to
check for any error or warning messages. In our case there should be none.

4. Click on theOK button in the top window to close it. This will respond by dis-
playing the deformed shape in the right window, which is in the 3D display
mode, for the first load case (DL).
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Selecting the Design Code

The default design code is AISC-ASD89 for design of steel structures. To choose
the AISC-LRFD93 design code, do the following:

1. Click on Preferences...from the Options menu. This will launch the
Preferenceddialog box.

2. Inthe dialog box click on th&teel tab. You can see the currently selected steel
design code, default section property file, and some other options as shown be-
low.

3. You need to change the default design code (AISC-ASD89) to AISC-LRFD93.
to do this:

e Click on the drop down arrow in the design code box.
» Select theAISC-LRFD93 design code.
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4. Click on theOK button to close the dialog box.

5. To make sure that SAP2000 will design the steel members, SiesitDesign
menu item from th®esignmenu.

Starting Design and Stress Check

With the analysis phase and selection of design code completed, we will now exam-
ine member stress ratios using the requirements of AISC-LRFD93.

1. From theDesignmenu, choosé&tart Design/Check of Structure The pro-

gram now calculates the interaction ratios for each of the steel frame members.
(If we had selected some of the frame members, then stress ratios would have
been calculated for only the selected frame members). In a few moments the
color-coded stress ratios are displayed for each member. By default, these are
the axial force-moment interaction ratios which, according to the code, should
not exceed 1.0. In the display, the stress ratios are reported for the governing
design load combination.

Note: Since no load combinations were defined in the model, SAP2000 design auto-
matically provided a set of design load combinations for the selected design code
(AISC-LRFD93for Stee). The default load combinations can be added by any of
the three following ways.
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Clicking Add Default Design Comboonce in the Define Load Combinations
dialog box launched from thBefine menu by clickingLoad Combinations...

Or
sig
Or

clicking Select Design Combos. from the Designmenu when there are no de-
n load combinations defined in the model.

clicking Start Design/Check of Structurefrom the Designmenu when there

are no design load combinations defined in the model.
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2.

Right click on a member, say the beam on gridline A, lines 1-2 (element ID
38). See Figure IV-1 on page 47 and the screen above. This will op&tabe
Stress Check Informationdialog box showing stress ratios at various stations
along the element length for different load combinations. The dialog box also
shows information regarding the structural section (W18x50) assigned to the
member. The largest stress ratio is highlighted in this box. The dialog box also
can show information regarding ttietails of calculation for design and the
element overwrite assignments ReDesignfor the selected member.
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3. In this dialog box:

e Select a design check station by clicking once (select the default high-

lighted one by doing nothing).
» Click on theDetails button. This will open thésteel Section Desigrle-

tailed information window showing the steel section design parameters in-
cluding the member identification, geometric parameters, material proper-
ties, nominal strength values, the factored member forces for the selected
load combination, and other design parameters at that particular station.
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* Close theSteel Section Desigrinformation window.

4. Click on theReDesignbutton on theSteel Stress Check Informationdialog
box. This will open theElement Overwrite Assignmentsinformation dialog
box showing the input design factors including fdactors,C, factors, etc.
These factors can be edited for redesigning. See screen below. Here “0” means
the default values. There is also an alternate way of editing the properties of a
set of members which will be demonstrated in the next section “Modifying
Member Properties of a Group”.

* Click on theCancelbutton to close th&lement Overwrite Assignments

dialog box.
 Click on theCancelbutton to close th&teel Stress Check Information
dialog box.
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Note: The number of stations (number of segments + 1) used in the design and
stress check is set by the user througlame and Output Segmentmenu items

from the Assign menu prior to the analysis phase. The default number of segments
is 4 for beams and 2 for columns.

At this point we have analyzed and designed the steel frame and reviewed some of
the design information. SAP2000 allows you to interactively change the design
code, member properties, remove or add new load combinations, etc. and re-run the
analysis and design phases. As a demonstration in the tutorial, we will edit/change a
member property for a set of frame members.
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Modifying Member Properties

56

With the analysis and stress check successfully completed, we will now modify the
lateral unsupported length of all the beams and girders because the stress ratios are
greater than 1 for some of the beams and girders/arel200 for many of the
beams. Initially, in the design check, the unbraced length of each member was
taken to be the member full length in both the major and minor directions, i.e.
L, =1,; =L. However, the secondary beams of the floor structure provide restraints
against lateral displacement of the compression flange. Referring to Figure V-1
(page 47) we will take the minor direction unbraced lengthpf every beam span-

ning N-S (Y-Y) as 33% of the actual length. Likewise, for beams spanning E-W
(X-X), [, is assumed to be 25% of the actual length. In order to make these
modifications we will change the view in the right window to make all the beams
visible for selection. Notice that this window is currently showing the stress ratios
from the previous check in a 3D view.

1. Click on the2D View (xy) button on the Main Toolbar.

2. Click on thePerspective Togglébutton on the Main Toolbar.
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Now, with all the beams visible, we can select beams and modify their lateral un-
braced lengths.

3. To select the N-S (Y-Y) beams do the following:

» Click theSet Intersecting Line Select Modéutton on the Side Toolbar.

Modifying Member Properties
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* Move the pointer to the left of the beam on line 1, bay A-B.
¢ Click and hold down the left mouse button.

* While holding, move the pointer to the right intersecting all the beams in
the bay between lines A and B. A “rubber-band line” in the Y-Y direction

will show the intersecting line.

* Release the left mouse button to select all members that intersect this line.
The message area at the bottom-left corner of SAP2000 responds by show-

ing that8 Frames Selected

Note: To select all the N-S beams we have to do this operation (Step 3)
twice; once, for all the beams between lines A and B, and once for beams

spanning between lines B and C.

The selection of all N-S beams is now complete. The selected members appear as

dashed lines.
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4. From theDesign menu, choose the menu iteReDefine Element Design
Data.... This will display theElement Overwrite Assignmentsdialog box. In
this dialog box:

» CheckthdJnbraced Length Ratio (Minor, LTB) box in theAssignment
Options area.

e Replace 0 by 0.33.
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Note: TheAssignment Optionsshown in this dialog box are code-dependent

» Click on theOK button to accept the unbraced length ratio.

* Click on theRefresh Window button from the Main Toolbar. Notice that
as a result of using shorter unsupported lengths, the stress ratios in these
particular members have decreased significantly.

5. Repeat Steps 3 and 4 to modify all the E-W (X-X) beams, except enter the un-
braced length ratio as 0.25.

6. The stress ratios after redefining the unbraced member length can be made
more visible in the 3D display. ClicRD View button on the Main Toolbar.
Compare the following display with the one on page 53.
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Selecting Sections Automatically

After changing the unbraced length, most of the beam members are found to be un-

derstressed except only 3 members which are overstressed. These three over-
stressed members are color coded with red. As an exercise, we will select sections
for these overstressed members automatically.

These three overstressed beams are identified by element numbers 31, 33, and 35.
Currently all of these members have a W18x35 section. If we gradually replace
these sections with larger ones, the stress ratio can be made close to 1 but less than
1. W18x50 section will satisfy the requirements. Instead we will do an exercise
showing automatic selection of members.

In the right side window, where the steel stress ratios are displayed in a 3D view:

» Select these three overstressed members, which are color coded with red, by

clicking on them one by one.

» Unlock the model by clicking on thieock/Unlock Model from the Main Tool-

bar.

— This will prompt a dialog box askiritnlocking model will delete analy-
sis results! OK to delete?” Click OK.

¢ Click ontheFrame Sections..in theDefinemenu. This will bring up ®efine
Frame Sectiondialog box. This dialog box shows the available sections in the
model. We will make some more sections available for the model so that the
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program can choose the automatically selected section from a wider group.
Since the W18x35 is too big for some members, we will add some smaller sec-
tions, especially wide flange sections with 12 inch depth, for the domain of
AUTO section. To achieve this, in this dialog box:

Click on thelmport pull down arrow.

Scroll through the sections and chodsgort I/Wide Flange . This will
bring animport I/Wide Flange section property list.

Note: In this dialog box, the default section property fection.prois
used. This file can be re-chosen from tieferenceform from theOp-
tions menu.

Scroll down through the sections and selMtt2x96 by clicking. Scroll
down through the sections again and sel®d2x14 by holding down the
Shift Key and clicking. This will select all the sections ranging from
W12x96 to W12x14.

Click OK to choose the sections just selected. The response will be a dis-
play of information in thd/Wide Flange Sectionsdialog box about the
last selected section, i.812x14

Click OK in thel/Wide Flange Sectionsdialog box. This will complete
importing the newly selected sections into the model from the database.
The imported sections are added to Frame Sectiondist in the Define
Frame Sectiongdialog box.

Click on theAdd pull down arrow in this dialog box.

Scroll through the sections and chodskl Auto Select This will bring an

Auto Selection Sectionslialog box. In this dialog box, the default domain

of the Auto Sections is listed. You can edit the list by adding and deleting
new sections. Scroll through the sections down to W14x132 and selectit by
clicking. The Remove button is highlighted. Click on tRemovebutton

to remove this specific section from the domain of the auto section because
the W14x132 is specifically used in this model for columns. The default
name of the auto section is given as AUTOL. CI@K to accept the de-
fault name and the list of sections.

Click theOK button to close thBefine Frame Sectionglialog box.

» Click on theAssignmenu, select thErame menu item, and then seleSec-
tions.... This will open theDefine Frame Sectiongdialog box. In this dialog
box you selecAUTO1 and then clickOK. This will change the display recog-
nizing that the selected members hal&TO1 section.
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* Reanalyze the model by clicking on tfun Analysis button on the Main
Toolbar. ClickOK to close the top window.

¢ Recalculate the stress ratio by clicking on Btart Design/Check of Struc-
ture  menu item in theDesignmenu. This will respond by displaying new
stress ratios on a 3D View in the right window.
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Notice that as a result of changing the section, the stress ratios for those particular
beams are changed. To see the difference, compare this display with the one on
page 59.

* To see the newly selected sections, click onBigplay Design Info...menu
item in theDesignmenu. This will bring up th®isplay Design Resultglialog
box. In this dialog box, select tH2esign Input option button, accept thbe-
sign Sectiondrom theDesign Input drop down list item, and cliclOK. This
will show the newly selected sections on the 3D view in the right window.
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Note: The displayed sections are the design sections. Analysis sections can also be
displayed by clicking on th&et Elementshutton on the Main Toolbar and clicking
on the Sectionscheck box forFrameson theSet Elementsdialog box.
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It is important to realize that changes made to member section properties in the
stress/design phase aret automatically reflected in the analysis results. These
changes are only local to the post-processing phase unless a re-run of the analysis,
with updated elements, is requested by the user. In other words, overwriting the
section properties only affects the stress values and not the factored element forces
obtained in the analysis preceding such changes. The redistribution of member
forces due to change of stiffness (revision of section properties) is effected in a re-
run of analysis. The section properties can only be updated on a set of selected ele-
ments. We need to refresh the analysis model, reanalyze the model, and redesign
the structure. To do this:

» Click ontheRestore Previous Selectiofrom the Side Toolbar to re-select the
previously selected frame elements.

* In the Designmenu click on the menu itetdpdate Analysis SectionsThis
will prompt a dialog box askingUpdating Analysis Section will unlock
model! OK to update?”. Click OK.
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e From theAnalyze menu, choos&un. This willimmediately start the analysis
procedure. A top window is opened in which various phases of analysis are pro-
gressively displayed. The results will obviously differ from those produced in
the initial analysis because of the change of section properties we made in the
design stage. ClicOK to close the top window.

e Click on theStart Design/Check of Structuresfrom theDesignmenu. This
will redesign the structure and display the new stress ratios.

* Now replace auto sections with optimal sections. To do this:

— Click on theRestore Previous Selectiofrom the Side Toolbar to re-select
the previously selected frame elements.

— Click on theReplace Auto w/Optimal Sectionagmenu item from thée-
sign menu.

— This will ask ‘Replacing Analysis Sections with Auto-Selected Sections
will unlock model! OK to replace?’. Click OK to replace.

Note: Once you are satisfied with the selected sections, selectirRghiace Auto
w/Optimal Sections menu item will permanently replace the auto sections with the
current design sections. This effectively replaces the analysis sections with the opti-
mal design sections and removes the auto tag. So selecting this menu item is one of
the last things you should do.

You can see the difference after re-running the design based on the latest analysis
results.
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Concluding Remarks

We have come to the end of this tutorial on the SAP2000 steel design options. The
intent has been to highlight and demonstrate a few of the basic features in order to
open up the path for you to explore and use the more advanced options. For more in-
formation on various topics consult the on-line Help provided.
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