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PREFACE

This lecture is generally geared towards the intermedis¢e level of ETABS. How-

ever, if you have never used ETABS before, do not be set baekhate designed this
course in such a way that even the inexperienced ETABS udiehavie no problem

following along. The end-to-end example that we preseritlveildrawn from scratch
to exhibit the most general and common modeling techniquergioned above.

The morning will be spent discussing general modeling tephes for steel
beams, columns, and braces. Part of the morning, as wellra®fpthe afternoon
will be spent on Steel Frame and Composite Beam Design. Wdimigh the af-
ternoon presentation discussing the design and detaifiegrcrete foundations and
output creation of reports for submittal.

We have chosen a very specific end-to-end example that wedesitribe in
the presentation. In these seminar notes, you will find detsens, computer model
definitions, and results for the steel structure. As we prigbe model, please feel free
to follow along.
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PART |

General Modeling

[.1 Model Description

This is a ten-story steel braced building that contains t\eeagor cores at the center of
the structure. There are two stories of shear walls locatéabdottom of the building.
Steel braces exist on certain levels on the outside bayedtthcture. The building is
subjected to vertical static loading and computer-gerdra@arthquake loading per the
2006 International Building Code. Automated wind loadsaise applied to the struc-
ture per the ASCE 7-02 code. The building consists of stesiitseand columns along
with a concrete deck on every level. Please refer to Figdréot.a three dimensional
view of the structure.

[.2 New Model Creation: Import Grid and 3-D Model
using DXF File

The grid definition for this model contains Cartesian cooatiés systems. The grid
spacing in the X and Y directions are non-uniform. In thisegasis easiest to import
an architectural grid from a .DXF file.

Click the File menu> Import > DXF File of Architecture Grid command to
access the DXF Import form. Locate the filename/path of thé-.Ble to be imported
and click the Open button.

Use the drop-down boxes to select the DXF layer names thaaicarthe lines
and insertion points in the DXF file as the ETABS correspogdilements. For this
model, we select the GRIDS layer and click OK. ETABS then inpthe lines from
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Figure I.1: 3D View of Structure
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PART I.  GENERAL MODELING 3

any layer in the DXF file as ETABS grid linesNote: Make sure that the gridlines
are drawn as a part of the GRIDS layer in the AutoCAD .DXF fitethe Coordinate
System box, choose the GLOBAL coordinate system for impgttie file. Also select
the units akip-ft. Your grid system should look like Figure 1.2. If you want taport
multiple grid systems, you could do so by following the sarteps to import another
grid system to the same model.
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Figure I.2: Architectural Grid

Right now, the model consists of a single story. To inseraithditional 15 stories
needed for the completion of the grid, go to EditEdit Story Data> Insert Story.
Enter the New Story Data and New Story Location as shown inr€ig) 3:

Your model now contains 16 total stories. As you can see inr€id.1, stories
4-5 are identical to each other; just as stories 11-13 argiid to each other. In this

C 1 ERcAnonaAL HeTABS
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Insert New Story

Mew Stor Data
Story [0 IR0
Story Height 144
Mumber of Stories 11

Mew Story Location

|nzert Above Level 2MD w

Feplicate Mew Story
" Fram E xisting Stary

(%) Mone

[ ok | [Ear‘u:el]

Figure 1.3: Insert New Story Dialogue Box

case, it would be beneficial to use the ‘Similar Stories’ @pin ETABS. This means
when you draw an object in plan, this object will be drawn dist@lries that have been
designated to be similar to that story. An assignment made tbject in a plan view
also occurs at all levels designated as similar to the sthen an object is selected in
plan view, objects of the same type in the same location feréifit story levels that are
designated as similar to the story where the selectionimfigtmade are also selected.
If desired, change the similarity option in the drop-dowx liothe status bar at any
time in a plan view. When you are in an elevation view or a thdeeensional view,
the similar stories drop-down box displays the word “Ineetito remind you that the
feature is inactive in these views. When you switch from plev to an elevation or
three-dimensional view and then back to a plan view, ETABIBrefiain the similarity
option that it last had in the drop-down box in the status battfe previous plan view.
To activate the Similar Stories option, go to EdiEdit Story Data> Edit Story. Make
changes (including story heights) as shown in Figure 1.4:

Now, we can import the steel structure into ETABS. Click thke Ffnenu >
Import> DXF 3D Model command to access the DXF Import form. Use thenfar
locate the filename/path of the .DXF file to be imported. Higil the filename and
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Label Height Elewation b aster Storp Similar To Splice Point | Splice Height

16 | PENTHOUSE 135. 1809. Yes Mo 0.
15 ROOF 135 1E74. Mo MNOME Mo 0.
14 | MECHANICAL 123, 1539, Yes Mo 0.
13 10TH 117. 1416, Mo MECHAMICAL Mo 0.
12 9TH 117. 1239, Mo MECHANICAL Mo 0.
11 aTH 117. 1182, Ma MECHAMICAL Ma 0.
10 7TH 111. 1085, Yes Mo 0.
9 ETH 111. 954. Mo 7TH Mo 0.
g aTH 111. 843 Mo 7TH Mo 0.
7 ATH 111. 732 Ma 7TH Ma 0.
g 3RD 120. E21. ez Mo 0.
] 2MD 123, 501. Mo MNOME Mo 0.
4 | MEZZANINE 123, 378 Mo MNOME Mo 0.
3 GROUND 150. 255, Yes Mo 0.
2 PARKING 108. 1085. Mo GROUND Mo 0.
1 BASE 0.
Reset Selected Rows Urits

I aster Stary |N0 Reset

Simlar Tao MNOME - Feset

Splice Paint Mo w Reset

Splice Height |U | [ Reset | [ ok ] [ Cancel

Figure 1.4: Edit Story Data Dialogue Box

click the Open button.

A form will appear where you can select DXF layers that cantitities that
will be imported into ETABS as column, beam, brace, floor, lwealramp objects.
ETABS will import lines in the vertical plane as columns dgin the horizontal plane
as beams and lines in inclined planes as braces. 3DFaces iDXR file will be
imported as ramp objects if they are in the incline planelsaitin the vertical plane,
and floors if in the horizontal plane. Polylines in horizdmikanes will be imported
as floors. An option is available to select properties forlthams, columns, braces,
walls, ramps and floors, which will be imported into ETABS asignments.Select
the Centerlines, and Walls, layers to be imported into ETABSclick OK.

As shown in Figure 1.5, the entire steel model has been irsgartto ETABS.
There are some default sections that have been assigned bedms and columns.
The user will have to assign specific sections to all frammelgs. In the next section,

C 1 ERcAnonaAL HeTABS
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the drawing tools will be used to create beams, columnssweaiti brace elements.

Figure 1.5: Imported Model from .DXF file

[.3 Model Creation Using the GUI (Steel Beams, Columns
and Braces)

ETABS provides an icon or button for virtually every commarithese icons reside
in the toolbars located on the top and left side of the scréeanr.this model, all of

the steel beams and columns have been imported from a .DXFTiile braces will

be drawn in manually using the drawing tools. Many changesyaically made to a
model after it has been imported. Listed below are the masinconly used drawing
buttons.

Gl csanonal HeTABS



“EtabsSteelSeminar” — 2006/9/18 — 15:25 — page 7 — #15

PART I.  GENERAL MODELING 7

» Draw Lines&
When drawing objects, a floating Properties of Object forth pop up. The
dialogue box shown in Figure 1.6 pops up when you click on thiewLines
button. The user must select the line type, the section, mbneéeases (con-
tinuous or pinned), plan offsets and the drawing controétyphe plan-offset
option automatically draws a line directly parallel to timel drawn. The user
just specifies the distance. The drawing control type allihesiser to draw line
parallel to theX or Y-axis and draw a line with a fixed length or angle. For
some objects, moment releases, number of beams, spademation, bracing
configuration, and the like can be assigned.

Properties of Object |
Type of Line Frame
Froperty A-LatBm
Moment Releazes Continuous
Plan Offzet Normal 0.
Drawing Control Type Mone <space bars

Figure 1.6: Beam Properties Dialogue Box

There are a few steps simple steps to follow when drawingeadiement. First,
left click once at the beginning of the line. Drag the mousthtend location
of the line and left click again. Note that as the mouse is gedga dashed line
is visible, indicating the current extent of the line objeeft click once on the
end point of the line object to draw another line object stgrfrom the end of
the first; continue as needed. Double left click or singledétk and press the
Enter key on the keyboard to terminate the drawing of the ket

When using this command in an elevation view or 3D view, ifreelbbject is

drawn that crosses story levels, ETABS immediately brehksobject at the
story levels. For example, if a line object is drawn that liegop at the 4th story
level and it bottom at the 2nd story level, ETABS immediataigaks the object
into two objects with the break point at the 3rd story level.

 Create Lines at Regions or at Clici=

The Draw menu> Draw Line Objects> Create Lines in Region or at Clicks
(plan, elev, 3D) command allows the user to draw beam eleswaiatny location
in the model. There are two ways you can draw the columns.

CI' EDUCATIONAL
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8 CSI STEEL FRAME DESIGN SEMINAR

You can click on any grid line (in plan view only) and a line ebj is drawn
on that grid line between the two adjacent intersecting lgneb from the same
coordinate/grid system.

Alternatively, in all views, depress and hold down the lefttbn on your mouse.
While keeping the left button depressed, drag the mouseuiob&r band” a

window around one or more grid line segments. Then releasdéethmouse

button. Line objects are automatically placed at each greldegment included
in the “rubber band” window. The term grid line segment instparagraph
means that portion of a grid line between the two adjaceatsecting grid lines
from the same coordinate/grid system

» Create Columns at Regions or at C|I(E
After you have activated the Draw memDraw Line Objects> Create Columns
in Region or at Clicks (plan) command there are two ways youdraw the

columns. They are:

Left click at any location in a plan view to draw a column (veat line object
below).

Working in plan view, depress and hold down the left buttonyoaor mouse.
Perform the same operation when creating line at regionsun@ts (vertical
line objects below) are automatically placed at each gnd Intersection of
two grid linesin the same coordinate/grid systéntluded in the “rubber band”
window.

The columns (vertical line objects) extend from the stomelehat you draw
them on to the story level below, and, of course, also to atoy levels if you
have the similar stories feature in the ETABS status bavateti.

« Create Secondary Beams at Regions or at C

The Draw menu> Draw Line Objects> Create Secondary Beams in Region or
at Clicks (plan) command allows you to draw typical infill ¢sadary) beams
for an entire grid line space (beam bay) in a single click. ghe line space is
defined by four adjacent intersecting grid lines. If beanesadready in the grid
line space, the spacing and extent (length) of the secormsmys is based on
the existing beams rather than the grid lines. The figuredshows an example
of a grid line space and secondary beams. Note that secohdargs are not
included on the grid lines.

 Create Braces at Regions or at Clinigi

Draw menu> Draw Line Objects> Create Braces in Region or at Clicks Use
this command to quickly draw brace elements in a space baloyglenvo adja-

i
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PART I.  GENERAL MODELING 9

cent grid lines (from the same coordinate/grid system) amdadjacent story
levels.

Click inside the space created by the intersection of twaceatjt grid lines (from
the same coordinate/grid system) and two adjacent stogjdev

Alternatively, depress and hold down the left mouse butithile keeping the
left button depressed, drag the mouse to “rubber band” aaviradound one or
more grid line/story level spaces. Then release the leftsabutton. Braces are
automatically placed in each grid line/story level spacthinithe region that is
fully included in the “rubber band” window. The term griddifstory level space
in this paragraph means the space created by the intersexftiovo adjacent
grid lines (from the same coordinate/grid system) and twacaht story levels.

« Draw Area Objec E

To draw an area object using the Draw menDraw Area Objects> Draw
Areas (plan, elev, 3D) command, left click once at the firsheo point of the
area, drag the mouse to the next corner point and left clictt,s® on to define
each corner point of the area object. Note that as you dramthese a dashed
line is visible indicating the current extent of the areaealj

When you reach the last corner point of the area object, edafilclick to finish
the object or single left click and then press the Enter ketherkeyboard.

Area objects drawn using this command must have at least tmeer points.
Typically area objects are limited to no more than four copunts; however,
there is no limit on the maximum number of corner points adldor horizontal
area objects (in the global-Y plane).

Since the model was imported from a .DXF file, some of thesw doals will
not be implemented in the construction of this model. The step is to assign the
correct beam and column section properties to the line alesne

Use the Assign menut Frame/Line> Frame Section command to assign frame
section properties to line objects. The frame section ptgpEan be a previously
defined property or you can define it as part of the assignnreceps.

The Assign menw- Frame/Line> Frame Section command can be used to

 import sections from pre-defined databases,
« define frame section properties on the basis of their diless
« review and modify section properties, and

« delete section properties.

=
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10 CSI SreeL FRAME DESIGN SEMINAR
To assign frame sections:

 Select the line objects to which section properties arestadsigned.

* Click the Assign menu- Frame/Line> Frame Section command to bring up
the Assign Frame Properties form.

* On the Assign Frame Properties form, the “Properties” afethis form lists
the names of all the currently defined frame section properfETABS auto-
matically creates this list, which you can use or add to, ifiypdir delete as
necessary using the two drop-down lists.

» To view or modify a certain section, click on the modify/sheection button.

See Figure I.7:
|fWide Flange Section
Section Name /24455
Extract Data from Section Property File
Properties Property Modifiers M aterial
[ Section Properties... | [ Set Madifiers. . | STEEL ~
Dimenzions
P
Dutside height [t3) 23 i
Top flang width [t2] [7.01
Top flahge thickness [ 1] 0.505 3
“Web thickness [ tw ] [.395
Biottom flange width [ 120 7.01
Eottom flange thickness [t ] 0.505 Display Colar .

Figure 1.7: Beam Section Properties Dialogue Box
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[.4 Importing/Exporting to/from various BIM Imple-
mentation

Building Information Modeling (BIM) is a buzzword that is t@ming more commonly

used by the structural engineering community. BIM impletadine concept of storing
all of the information about a building in one single computedel. It allows users to

maintain a database from which project lifecycles can manBgM implementations

allow users to create and manipulate construction anddation documents with great
ease.

Currently on the market, there are a handful of BIM impleraéinhs available.
CSl recognizes the value in such products and as respondentiargly. Over the past
few years, CSI has proactively worked to create interfaciéls various BIM imple-
mentations. These interfaces allow users to import andréxpeir Building Informa-
tion Models into and out of ETABS to make use of the state ofaheanalysis and
design functionality that the structural engineering camity has been using with
confidence for the past 30 years. Currently CSI has builtfixtes with the following
BIM implementations:

« Autodesk®Revit®Structure (Autodesk)
« Archicad ®(Graphisoft)

 Tekla Structures (Tekla Corporation)

In today’s seminar, we will touch on how ETABS works with thesrious prod-
ucts. For additional information on the ETABS interfacewiarious these third party
BIM products, please contact CSI.

[.5 OpenGL Graphics Option in ETABS

The new viewer in ETABS is a new feature that enables the wsee¢ the model
using OpenGL graphics. In later versions of ETABS, this Ww#l the default view
used. With the active window displaying a Plan or 3D viewcklthe View menu
> Create OpenGL View command to display a rendered view of yoodel in the
Rendered Viewer window.

This Rendered Viewer window has a number of buttons for mdatmg the
rendered image. Some of the most useful buttons are exglaglew:

=
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12 CSI SreEeL FRAME DESIGN SEMINAR

This Rendered “iewer window has a number of buttons for manipulating the rendered image.

. Save Image Saves the image as a .bmp, .gif, .jpeg, .png, or tif file.

s EntireForm

s+ PlotOnly
+ UserRegion

Reset and Refresh ¥Wiew Re-displays the image. As you manipulate the
image, you may wish to return to the original orientation. Click this button
to restore the display. This is also useful if the “Wiewer appears blank.

" - Light Contral Allows you to select "Lighting” from the top and bottom, ar
from eight compass directions. With this option the perspective and
orientation of the model in the Wiewer window remains unchanged.

S Modify Light Source Choose between Bright, Dim, or Dark to decrease or
increase shadow effacts.

. HModify Dynamic Movement Speed Modifies the speed at which
changes are made in the Viewer window using the other commands.

Mowe Camera hMoves the model in the Viewer window while maintaining
the perspective and orientation.

Pan. Allows panning of the rendered view.

Zoom InfOut Use this comrmand with the left mouse button to Zoom In
and the right rmouse button to Zoom Cut.

Rubber Band Zoom. Allows zooming in on the rendered view by
windowing. To use the command, depress and hald down the left button an
your mouse. While keeping the left button depressed, drag the mouse to
"rubber band" a window around the portion of the view that you want to
zoormn in on. The rubber band window that shows the extent you have
dragged the mouse appears as a dashed line on your screen. When you
release the mouse left button, the new "zoomed" view is displayed.

2 Restore Prewious Zoom Festores the previous wiew,

Rotate hoves the image in the Viewer window left and right while
maintaining the perspective.

1] | Walk Moves forward, back, left and right "through” the images as if you
were walking within the structure.

& ~  Side Miews Changes the arientation of the model relative to the x and y
coordinate systems.

CI EDUCATIONAL
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In Figure 1.8, you can see how the structure looks using thenGi. viewer.
When using the OpenGL viewer, the user can create .AVI molés fihile moving
through the structure. To do this, press the ‘Start Capguicene’ button the toolbar
on the top of the screen. When finished, press the ‘Stop dagt8cene’ button and
save the .AVI file.

P Rendered Viewer ETABS Nonlinear v9.0.9 - Steel_frm1FINAL

Figure I.8: OpenGL Rendered View

[.6 Slab Meshing Options

NOTE: During analysis, ETABS automatically meshes (ds)ideea objects that are
assigned deck properties or slab properties with membratabior only If a slab
element is assigned a shell property, you must assign fldorraashing options or
manually mesh the slab. Meshing helps distribute loadssteallly.

A wall or slab section can have shell, membrane or plate-bghavior. Shell-
type behavior means that both in-plane membrane stiffnedsoat-of-plane plate
bending stiffness are provided for the section. Membrgpe-behavior means that

Gl csanonal HeTABS
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only in-plane membrane stiffness is provided for the secti®late-type behavior
means that only out-of-plane plate bending stiffness isigeal for the section.

During analysis, ETABS automatically meshes (dividespaobjects that are
assigned deck properties or slab properties with membrahavior only. For this
example, we are using slab type elements; therefore, wenmastt the slabs manually.
First, select all of the floor elements (from SelecArea Object Type> Floors) and
go to Assign> Shell/Area> Area Object Mesh Options. Click on the Auto Mesh
Objects into Structural Elements button. Then, selectlitiighree options. These
options are 1) Mesh at beams and other meshing lines 2) Megilland ramp edges
and finally 3) Mesh at visible grid lines. Meshing helps disite loads realistically.
In some cases you may not want ETABS to automatically mesheanabject into the
analysis model.

When an element does not frame into the corner point of a stathent, but
instead frames into the edge of the shell element, no coiomeekists between the
element and the shell element. ETABS is able to perform tladyais in this fashion.
However, ETABS also has a very powerful feature called amAirie Constraint. The
ETABS auto line constraints feature allows you to specit #lements framing into
the edge of a shell element be connected to the shell elelBEABS internally takes
care of connection between the elements by constrainimgleing along an edge of
the shell element to move with that edge of the element. Tpii®o is located under
the Assign Menu> Shell/Area> Auto Line Constraint. By default, the Auto Line
Constraint feature in ETABS is active (i.e. turned on). Yawvdto flexibility to use
the line constraint on the entire model or specific elemehteemodel. Additional
information regarding the auto line constraint functidtyah ETABS can be found at
the end of this manual in a paper entitlédésh Transitioning and Compatibility using
the auto line constraint in ETABS and SAP2000.

To demonstrate how the different slab meshing options wetk,take a look at a
small model. In this example, there are 6 individual framsems, each with different
slab element properties. You will see that certain slab @ryfypes distribute load in
different ways.

For this example, the self-weight multiplier in the DEAD tbease has been set
to zero. Instead, a 50 psf surface load has been applied td #ie slab elements.
Listed below are the slab property names and definitions:

DECKZ1: A deck property has been defined. ETABS has built-in defaelh abject
properties for DECK1, a metal deck. Changes can be made tgpbef section,
the geometry, the material, the unit weight of the sectiorECBl properties
apply load to an area object as a one-way slab spanning ilt¢haél direction
of the area object.

1IWAYM: A membrane type property has been defined. Membrane-typevioeh

i
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means that only in-plane membrane stiffness is provideth®isection. Also,
the Use Special One-Way Load Distributicheckbox has been selected which
means the load applied to area objects with this sectiongptpfis to be dis-
tributed as a one-way slab spanning in the local 1 directidhevarea object.

SLABG6: A 6" slab with a shell type property has been defined. Sheletpehav-
ior means that both in-plane membrane stiffness and optasfe plate bending

stiffness are provided for the section.

SLAB6M: A 6” slab with a membrane type property has been defined. Foskab
element, the Special One-Way Load Distribution Ihas notbeen checked.

The two structures on the right side both have SLAB6 sectiesigned to them.
The only difference is that these slabs have been meshedo Tnig] select the top
right slab element, go to Edit Mesh Areas> select the Mesh Quads/Triangles into
2 by 2 sections. This will break the slabs into 4 total piedésxt, select the bottom
right slab element and repeat this procedure but this tiner e x 4 mesh. Please

refer to Figure I.9.

SLABE
SLAB6 SLABG

SLAB6 AB:

SLABG
SLAB6 SLABG
SLABL SLABB SLABG SLABG
SLABS SLABG SLABG SLABG
| SLAB6 SLABE SLABG
SLAB6 SLABG
SLAB6

1WAYM
SLAB6M

DECK1

Figure 1.9: 3D View — Meshing Example

After you run the analysis, go to Display Show Member Forces/Stresses Dia-
gram> Frame/Pier forces. From the pull down menu, select the DE#¥d kase and
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the Moment 3-3 component. The moments for all of the fram&esys will be shown
graphically. Please refer to Figure 1.10:

\\ \ \ ‘I‘I‘." I‘Ff

Figure 1.10: 3D View — Moment Diagram

As you can see, the IWAYM and DECK1 properties behaved venylagily.
The 1WAYM slab was assigned a membrane property, so it wasreaiically meshed
internally. The one-way load distribution spanning in tbedl 1 direction is clearly
shown on the left 2 frame systems. There is no moment on thartdfpottom frame
elements. SLAB6 and SLAB6M behaved very differently. SLABES assigned a
shell property type, so it wasot meshed internally. The loads were applied to the four
corners of the slab; therefore no moments are shown on theefedements. SLAB6M
was assigned a membrane property type, which was meshechatidally. Loads
were distributed to the frame elements in both directiortse frame systems on the
right hand side both have SLABG6 properties assigned to thEm. difference is that
one slab was meshed more densely than the other. Meshingloéments allows
loads to be distributed at the mesh points. As shown in Figds if the mesh is
more refined, there will be more points of load applicatiohaflis why the moment
diagrams are different for the frames on the right hand side.

i
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Static and Dynamic Loading of Diaphragms

1.1 Rigid and Semi-Rigid Floor Diaphragms

Assigning a diaphragm to an area object provides a diaphcagrstraint to all of the
corner points of the area object and to any additional pdijeais that are enclosed
within the boundaries of the area object. This includes aviptp (joints) that are
created as a result of automatic area object meshing.

Important : Diaphragms can be horizontal onlyrhus diaphragm assignments
are not applicable to wall-type and ramp-type area objeldtey are applicable only
to floor type area objects and to null-type area objects thjapén to be in a horizontal
plane.

In this model, we will assign semi-rigid diaphragms to albfi@lements. This
is a new option in ETABS. First, select all floor elements, ander the Assign>
Shell/Area> Diaphragms option, click the Add New Diaphragm button toesscthe
Diaphragm Data form. Use the default name suggested iDigqghragmedit box, or
enter another name.

Specify the rigidity of the diaphragm by choosing Rigid or Semi Rigicbption.
These options affect only the analysis of the model. If tiy@droption is selected, a
fully rigid diaphragm is assumed. If the semi rigid optionselected, the in-plane
rigidity of the diaphragm comes from the stiffness of theeats that are part of the
diaphragm. Select the Semi-Rigid option and click OK. Yoll mow see the semi-
rigid diaphragm has been assigned the all floors of the sireciThe point where all
of the lines of the diaphragm intersect is the center of mass.Figure 11.1:
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Figure 11.1: Semi-Rigid Diaphragm Assignment

[1.2 IBC 2003 Seismic Loads

To define earthquake and wind loads to the structure, you guui Define> Static

Load Cases. You can see that there are two default load dasadyadefined, DEAD
and LIVE. Type EQX in the LOAD box, select a QUAKE type cased éimen select
the IBC 2003 seismic code from the pull down menu. Click AdawWNsad followed

by the Modify Lateral Load button. The menu shown in Figur2 Will pop up.

Choose to specify th& or Y direction of the seismic loading, or to specify the
direction with a percentage of eccentricity that is apgiledo all diaphragms. Use the
% Eccentricityedit box to specify a value for eccentricity. For this exampbe will
select to apply the loads in the-dir.

Choose theTop Story and Bottom Story to specify the elevation range over
which the automatic static lateral loads are to be calcdlaiy default the bottom
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IBC 2003 Seismic Loading
Direction and E coentricity
@R Dir O Dir
Seismic G Il w
(¥ Dir+Ecceny (Y Dir+Eccen® CHIB LR
OX Dir-Ecceny (O Dir-Eccen Seismic Cosfficients
(%) Per Code O User Defined
Site Class C a
Tt Faies) Response Aceel, 55 |1
(O Approx. Period Responze Accel, 51 04
(=) Pragram Calc Ctft)= |0.035
(O User Defined
Stary Range
Taop Stary 12TH A
Bottamn Stary 7TH w
Factors
Fesponze Modification, B g

Figure 11.2: IBC 2003 Seismic Load Definition

story is the base of the building and the top story is the uppst level of the building.

In most instances, specify the top story as the upper-mest iie the building,
typically the roof. The bottom level would typically be thade level. However, for
this example, the building has several below-grade lewid, the seismic loads are
assumed to be transferred to the ground at ground level, isd#st to specify the
bottom story to be th&'” Story (level of the ground). Enter the Response Factor,
Seismic Group and Seismic Coefficients as shown in Figuze Il.

IBC2006 Seismic and Wind loads will be included in the next wesion of
ETABS.

.3 Response Spectra Load Application

In this example, we are interested in using a pre-definedrespspectrum function
from the ETABS database. Go to DefineResponse Spectrum FunctionSelect the
IBC 2003 Spectrum from the pull-down menu. As shown, in Fégilii3, the user can
change the Design Spectral response for the curve. Thedpamacceleration values
are shown on the right hand side of the menu. These valuessoeiated with the
IBC2003 code and cannot be edited. To enter your own perid@eceleration values,
you must select the “Add user Spectrum” option from the pielivn menu.
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Response Spectrum IBC 2003 Function Definition

Function Name SPECT
Parameters Drefire: Function
Design Spechial Response Perind Acceleration

at Short Period, Sds 1
~ 0.4 ~
at 1 Second Period 5d1 04 0.08 1.

Convert to User Defined

Function Graph

[ wmemn ) [(7s 0w
s R

Figure 11.3: Response Spectrum Function Definition

Next, we define the Response Spectrum case data. Go to thee Dvimu >
Response Spectrum CasesAdd New Spectrum. There are many options available
including Structure and Function Damping, Modal and Diwdl Combination, Input
Response Spectra and Eccentricities. It is important thayderstand the structural
and function damping item. This item specifies modal damghag is present for all
modes in the response spectrum analysis. Also, ETABS assthmaethe response
spectrum functions specified for the response spectrumarasall specified for this
particular damping ratio.

For example if you specify 2% damping for this term, there%s ®odal damp-
ing in all modes for the response spectrum analgsthe response spectrum func-
tions specified for this response spectrum case are for 2% dgpuing.

The user must specify the method ETABS uses to combine medpbnses in
the response spectrum analysis and also define a dampireg Téle following options
are available for modal combinations:

CQC: This is the Complete Quadratic Combination method desgiiyaVilson, Ki-
ureghian and Bayo (1981). This modal combination techniqkes into ac-
count the statistical coupling between closely spaced seodased by modal
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damping. Increasing the modal damping increases the cmpipéitween closely
spaced modes. If the modal damping is O for all modes, the@ @€ method
degenerates to the SRSS method.

SRSS: This is the Square Root of the Sum of the Squares method. Tddsihacom-
bination technique does not take into account any couplirrgares as do the
CQC and GMC methods.

ABS: This is the Absolute method. This modal combination techaigimply com-
bines the modal results by taking the sum of their absoluteega This method
is usually over-conservative.

GMC: This is the General Modal Combination method that is alsowknas the
Gupta method. This method is the same as the complete moufddication
procedure described in Equation 3.31 in Gupta (1990). Th&@Mthod takes
into account the statistical coupling between closely sganodes similar to
the CQC method, and it also includes the correlation betwisahes with rigid-
response content.

We are interested in assigning the response spectrum durotiding (SPEC1)
in the X-direction. Enter a scale factor of 386.4 if you arengk-in units. The CQC
modal combination was selected as well as the SRSS dirattombination. Please
see Figure 11.4;

1.4 Time History Load Application

In this example, we are interested in defining a pre-defimed tistory function from
a text file. Go to Define> Time History Functiorr> Add Function from File. Click
the Browse button and select the time history text file. Tlem we have selected
is the 1940 EIl Centro earthquake record. This text file costiime and acceleration
values for the specified earthquake. You can view time higgoaph by clicking on
the Display Graph button. Fill in the Function File infornwat as in Figure 11.5;

Next, we define the Time History case data. Go to DefinEme History Cases
> Add New History. There are many options available includkmglysis Type, Num-
ber of Output Time Steps and Output Time Step Size.The otitpetstep size is the
time in seconds between each of the equally spaced outpaistieps. Do not confuse
this with the time step size in your input time history fuocti The number of output
time step size can be different from the input time step sizaur input time history
function. The number of output time steps multiplied by thepait time step size is
equal to the length of time over which output results are riegbo

We are interested in assigning the time history acceleratiahe x-direction.
The time history is a 12-second record, so enter 6000 tinges sted time step size of
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Response Spectrum Case Data

Spectium Case Name SPECT
Structural and Function Damping
[ramping 0.05

todal Combination

@coc OSRss O ABS OGMC

Directional Combination

(¥) SRSS
O ABS
() Modified SRSS (Chinese)

Input Response 5pectia

Direction Function Scale Factor

Ut |sPECT | [3s5a

uz b
uz b
Excitation angle a
E coentricity
Ecc. Fatio (&l Diaph.] 1]
Override Diaph. Eccen.
[ 0K ] [ Cancel ]

Figure 11.4: Response Spectrum Case Function Definition

0.002 seconds. Enter a scale factor of 386.4 if you are usimgukits. Please see
Figure I1.6:

1.5 Use of Special Seismic Load Effects

ETABS can automatically calculate the Rho factor, which iglability factor based
on system redundancy. Go to the Define Men8pecial Seismic Load Effects to enter
special seismic load data. There are many options in thisumeduding selection of
Rho factor, IBC2000 seismic design category, and lateiefogsisting system type.

If you select thdnclude Special Seismic Design Dataption, the program cal-
culated (or user defined) Rho factor and the user defined Dlipiet areautomati-
cally applied to program default design load combinations for Aca@ codes (ACI,
AISC, UBC) that include contributions from earthquake Ipadarthquake loads in
this case are assumed to be all static loads of type Quakealarmsponse spectrum
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ime History Function Definition

Function Name IH|5TUHY1

- Function File —Walues are:
| B ; ;
File Mame ——lﬂvﬁe——! & Time and Function ¥ alues
c:hca modelsheducational modelzhelcentro
™ Walues at Equal Intervals of I

Header Lines ta Skip iU
Prefix Characters per Line to Skip iU
& Free Format

Mumber of Poirts per Line !3 © Fixed Format
Coreert to User Defined ! Wiew File I Characters per Ihem I

— Forrmat Type

- Function Graph

Dizplay Graph l |
Ok ] Cancel l

Figure I1.5: Time History Function Definition
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Time History Case Data

History Caze Hame
Ophions
AnalysisType Modal Damping
Mumber of Output Time Steps  |G000
Advanced... Output Tirme Step Size anz

Start from Previous Higtary

Load Azsignments

Load Function Scale Factar  Arival Time Angle
accdir 1 % |HISTORY + 3864
acc dir 1 HISTORY .4

[ add | [ Modiy | | Delste |

Figure I1.6: Time History Case Definition
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and time history cases. If th2o not Include Special Seismic Design Dataption
is selected, the Rho factor and the DL Multiplier are not aapto any design load
combinations.

Under the Rho Factor (Reliability Factor based on Redungasection, the
Program Calculated ETABS calculates the Rho factor in atawore with Section 1617
of the 2000 International Building Code. The automatic gktion of the Rho factor
depends on the floor area. ETABS calculates the floor areacht stary level by
summing the areas of the floor-type area objects at each Istegly If no floor type
area objects exist at a story level, that story level is igdawhen calculating Rho. If
no floor type area objects existay story level, and ETABS is to calculate the Rho
factor, Rho is assumed to be equal to 1.5.

Important Note: The calculation of the Rho factor also depends on the rdtio o
the design story shear resisted by the most heavily loadadegit in a story divided
by the total story shear. This ratio is designatgd... The value of-,,,, can only be
calculated if there is lateral load in the model. The Rhodactn only be calculated
if rmae 1S NONZero.Thus, the Rho factor is only calculated when there is latkradl
present in the modeRefer to Figure I1.7:

Special Seismic Data for Design Using American Codes

Uze for Dezign

(®) Include Special S sismic Design Data () Do Nat Include Special Seismic Design Data

Fiho Factor [Reliabilty Factor based on Redundancy) DL Multiplier

(%) Pragram Calculated (%) Prograrn Default [0.2]
(O User Defined () User Defined
IBC2000 Seizmic Design Categany Motes
) ABaC 1 The program calculated Rho Factar is determined
based on the method described in Section 1617.2
® D.EorF of the 2000 International Building Code.
o 2 The program calculated Rho Factor is reported az
Lateral Force Resisting System Type a part of the Building Output data.
) Dual Systern 3 The Rho factor and the DL Multiplier are
automatically applied to all program default design
(&) Other lnad combinations for the American codes [AC],

AISC, UBC). These factors must be applied
manually by the uzer for other combinations,

Omega Factor [System Overstrength Factor]
(%) Prograrn Diefault (3.0)
(O User Defined

[ ok ] [Eancel

Figure 1.7: Special Seismic Data for Design
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[1.6 Auto-permutation of Wind Directions and Eccen-
tricities
Next, we will define the wind load cases to the model. Perfdrensame operation as
discussed earlier to define a wind load case. This time weaplly a wind load in
the Y-direction. Give the load case a hame of WY, select a WidHdl type and select
the ASCE 7-02 code from the pull down menu. Click the Modifydral Load button
to bring up the menu shown in Figure 11.8:
Exposure and Pressure Coefficients ‘wind Coefficients
(%) Exposure from Extents of Rigid Diaphragms ‘wind Speed [mph) 0.
() Exposure from Frame and Area Objects T C -
Importance Factor 1.
“wind Exposure Parameters Topographical Factor, Kzt 1
‘wind Direction Angle a0, Gust Factor 0.85
‘windward Coeff, Cp ns Directionality Factor, K.d 0.85
Leeward Caeff, Cp ns Solid / Gross Area Ratio
Case [ASCE 7-02 Fig 5-9) 1 v
e [ASCE 7-02 Fig. 6-9] 0
el [ASCE 7-02 Fig. 6-9] 0
[ Modify/Show Exposure Widths. .
Exposure Height
Top Story 12TH "
Bottom Story TTH w
[ Include Parapet
Farapet Height
Figure 11.8: ASCE 7-02 Wind Load Definition

We have defined rigid diaphragms to this model, so selectBEkpdsure from
Extents of Rigid Diaphragms’ option. The width of the diagdym is calculated by
the ETABS. To apply the wind load in the Y-direction, enterd#rees for the wind
direction angle. The windward and leeward coefficients afndd as 0.8 and 0.5
respectively.

A new feature in ETABS allows the user to define one wind loaskand the
program will automatically create all of the remaining wiodd cases. The ASCE 7-
02 wind code must be used for this feature to be activated. €llhand e2 values
changes for each subsequent wind load case based on Fiuas well as the wind
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PART II.

direction angles in the ASCE 7-02 code. A total of 12 diffén@mnd load cases will
be defined. Enter all of the remaining Wind Coefficients shaowigure 11.8.
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Steel Frame Design
Using ANSI/AISC 341-05 Steel Code)

1.1 Example 1

This Simple Beam example is intended to demonstrate the STAEBC 2005 steel
design code features. The first example below shows the gmoghecks for various
flexure limit states. The Example 1 definitions are describddgure 111.1:

1&)1k 1J)H< 1&)”(
\ 43pocesé 12 ft = 48'-0" {

!

Figure Ill.1: Example 1

The section properties for W30X148 beam shown in Figuré:lil.

Reference is made to ASCE 360-05 Specifications, Chapter fekural de-
sign. Chapter F is divided into sections F1 through F11 whighreferenced in this
For clarity, the SAP2000 and ETABS capabilities are disedssith reference to the
subject sections. The ASCE 360-05 Table F1.1 is presentéduime 111.3 and includes
the subjects sections.
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Section Name fsmas Property Data
Exiact Data from Section Praperty File
| Section Name 30148
Properties Property Modifiers Material (=
S ection Propetties Settodiien STEEL  |w T.: sl area :j : gectmn maduils about 3 :::s “:352‘3:‘
Dimensians
[ a— bout Jaxis | G6A0 Plastic modulus about 3 as ]
BHEESIEEA (] 2 i Moment of Inetia about 2 asis | 227 Plsstic modulus about 2 avis £t
Top flange width [12) fros et o 1995 Radius of Gyraion about 3aris | 122821
Top flange thickness (1] I8 ¥ Shear areain 3 drection 2089 Radius of Gyration about 2 axis 22084
‘web thickness [ tw] 0Es
Battom flange width (125 ] nos T
Bottom flange thickness (] 1118 Display Color | ] i)
Figure 111.2: W30X148 Section Properties
[11.1.1 Check for Compact Section Requirements
Check for compact section requirements:
b 10.5 E
e - =445 <\, =0.38,/ — =9.15 (I1.1)
2t;  2(1.13) F,
h 26.5 E
L =22 408 < A, =376, — = 90.55 (I11.2)
tw 0.6 F,

Since) is less them, for the flange and web the section is compact. The limit state
for local buckling will not control.

[11.1.2 Check The Limit State For Flexural Yielding

M, < ¢M,, (in LRFD) andM < M,, /€, in (ASD)

M, = F,Z,

M,, = 50ksiX500in3=25, 000kip — in (111.3)

Check for lateral torsional buckling whefg is the unbraced lengtli,, and L,
are limiting lengths:
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TABLE User Note F1.1
Selection Table for the Application
of Chapter F Sections
Section

in Flange Web Limnit
Chapter F Cross Section Slendemess | Slenderness States

F2 ] [+ [ Y, LTB

F3 J_E NG, S c LTE, FLE

F4 T T C,NC, 8 NG Y, LT, ELB, TEY

F5 E T C,NC, 5 =] Y, LTB, FLB, TFY

= } : | | C.NC, 8 NIA Y, FLB

F7 H C,NC, & C,NC Y, FLB, WLB

F8 _@_ M/A MiA Y, LB

Fa :‘.'———F C,NC, 5 M/A ¥, LTB, FLB

F10 c /A NiA Y, LTB, LLB

F11 I M/A MiA Y, LTB

F12 Unsymmetrical shapes MNUA MR All limit states
¥ = yislding, LTE = lateraktorsional buckling, FLB = flanges local buckling. WLE = web local buckling,
gFY =| tedn;ionﬂmge yislding, LLE = leg local buckling, LB = local buckling, G = compact, NG = noncompact,

= alan

Figure 111.3: ASCE 360-05, Table F1.1
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a. WhenL, < L,
M, = M, (ASCE F2-1)
b. WhenL, < L, < L,
Ly—L,
My, = Cy | My — (M = 0.7F,S33)  T—7 )| <M, (ASCE F2-2)
r— Lp
c. WhenL;, > L,
’F J
M, = CySs3——— |14 0.078———— < M, (ASCE F2-3,4)
2 ey
Where,
E
L, = 1761, | — (ASCE F2-5)
Fy
E Jc 0.7F, Sssho\”
L, =195rs——— 1 14676 —4£—=2 ASCE F2-6
"*07F, 533h(,¢ +\/ * ( E  Jc ) ( :
For this example,
1. Ly = 12ft(144in)
2. Ly = 1.76r /4, which gives L, = 96.6
2
c 0.7F, .
3. L, = 195r gk [ 525 \/1 + \/1 +6.76 (232 Sigho
where,
b 10.
ris = ! = 05 =2.73in  (IIl.4)
htw 26.5(0.65
\/12 (1+ 4 ) \/12 (1+1330%)
J = 14.5in* (from section property data) (1.5)
he = 30.7 — 1.18 = 29.52in (111.6)
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¢ = 1.0 (for doubly symmetric I-shape) (1.7)

29500 | 14.1(1.0) 0.7(50) 436(14.1)\ >
L, =195(2.73 1+4/1+6.76
( )0.7(50) 436(29.52)\] +\/ + (29500 14.1(1.0)

(111.8)

L, =293in (111.9)
Sincel, < Ly < L,

144 — 96.6
M, = 2 — (2 —0. 4 - ASCE F2-6
Ob[ 5000 < 5000 — 0.7(50)436 (293—96.6))] ( )
M, = Cyp(21,317)kip — in (11.10)
where,
C, 12.5Mmac <30 (ASCE F1-1)

= R
2.5Mmaw + 3Ma +4Mp +3Me™ " =

where:

M 4. is the absolute value of the maximum moment in the unbracgeheet
and MA, MB and MC are the absolute values of the moment at guaralf,
and three-quarter points of the unbraced segment, regplgctR,,is the cross-
section monosymmetry parameter that is given by:

1.0 = for doubly symmetric sections
1.0 = for singly symmetric members with single curvature

0.5+ 2(%)2 for reverse bending

Cb should be taken as 1.0 for cantilevers. However, the SB®20d ETABS
are unable to detect whether the member is a cantilever. 3&reshould over-
write Cb for cantilevers. The program also defaults Cb toif. #he minor

un-braced length, 122, is redefined to be more than the leofgthe member
by either the user or the program, i.e., if the unbraced temgtionger than
the member length. The user can overwrite the value of Cbrigrraember.
The nominal bending strength depends on the following riaitehe geometric
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shape of the cross-section; the axis of bending; the comessbf the section;
and a slenderness parameter for lateral-torsional bugKlihe nominal bending
strength is the minimum value obtained according to thet lataites of yielding,
lateral-torsional buckling, flange local buckling, and wetal buckling.

Reference is made to ASCE 360-05 Specifications, Chapter Fekural de-

sign. Chapter F is divided into sections F1 through F11 whiehreferenced in
this For clarity, the SAP2000 and ETABS capabilities arewuised with refer-
ence to the subject sections. The ASCE 360-05 Table F1.k&epted below
and includes the subjects sections

For this example:

22554k-in

823k-in
15[187k-in

o & &6 O

Figure lll.4: Example 2

* Segment 1:

12.5M0s
< 3.0 (I1.11)

Cy = R
Y O BMyuw + 3Ma + AMp +3Mg "=

12.5(15187)
= 1.0 < 3.0 (.12
Cs 2.5(15187) + 3(3797) + 4(7594) + 3(11390) 0<3.0(12)

Cy =1.67 (1.13)
* Segment 2:

12.5(15187)

= 1.0 < 3.0 (Il.14
2.5(15187) + 3(13346) + 4(11505) + 3(9664) ~ — (-14)

Cy

Cp = 1.24 (I11.15)
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* Segment 3:
12.5(22554)
Cy = 1.0 < 3.0 (lll.16
b 2.5(22554) 4+ 3(229) + 4(7365) + 3(14960) ~ — ( )
Cp =2.15 (1n.17)
* Segment 4.

12.5(22554)

= 1.0 < 3.0 (.18
2.5(22554) + 3(5638) + 4(11277) + 3(16916)  — (11-18)

Cy

Cy, =1.67 (111.19)
For this example(, = 2.15
M,, = 2.15(21,317) = 45,831kip — in > M, = 25,000kip — in (111.20)
therefore,

M, = M, = 25,000kip — in (I1.21)

[11.1.3 Shear Check

SAP2000 and ETABS design for shear without consideratidhepost-bucklingen-
sion field action The design equations for shear are as follows:

V, = 0.6F,A,C,

Where

Vi, < 6.V, (in LRFD) andV < V,, /9, in (ASD)

And,
V.= factored applied shear force
V= service(un-factored) applied shear force
A, = area of web
¢» = 1.00 (for LRFD)
Q, = 1.50 (for ASD)

= EDUCATIONAL ==
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Cy = shear reduction factor

C, =1.0 (ASCE G2-3)
2. For1.10\/k,E/F, < h/t, < 1.10\/k,E/F,
1.10\/k,E/F,
C, = L10VkE/Fy (ASCE G2-4)
B/t
3. Forh/t, > 1.37\/k,E/F,
1.51Ek,
= 0T ASCE G2-5
o= U, ( )

For Example 1, the maximum she&f, = 211.4kips.

k,E
h/ty, <1.10 7 wherek, = 5.0 whenh/t,, < 260 (1mn.22)
Yy
26.5/0.65 = 40.8 < 53.9 therefore(, = 1.0 (11.23)
Vi, = 0.6F, A, C, = 0.6(50)0.65(1.0) = 598.65kips (111.24)

ETABS reports the demand/capacity ratio as,
Vi) $Vy = 211.3/598.65 = 0.353 (11.25)

1.2 Example 2

Using the same span and loading as defined for Example 1, thard#capacity ratios
are calculated for a built-up section in lieu of a wide flanget®n. The built-up
section is defined in Figure 111.5:

[11.2.1 Check for Compact Section Requirements

bf,,, 12 B |E
Tf = m =4.00 < /\p =0.38 Fy =9.15 (III.26)
= EDUCATIONAL FFr
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Section Mame

Properties Property Modifiers b aterial
[_Section Properties.._| [ 5et Modifiers... |
Dimensions

Outside height [t3]

Top flange width [t2]

Top flange thickness [t ] ]

‘wieh thickness [ tw ]

Eottom flange width [ t2b ]

Battom flange thickness [ b ] Displep Coler .
Cancel .
Property Data
Section Name |BU12431
Froperties
Crass-section [axil] area 4 Section modulus about 3 axis 530.4324
Torsional constant 32219 Section modulus about 2 axiz 56,2561

Moment of Inertia about 3 awis | 54323824 Flastic modulus about 3 aziz 584.5

Moment of Inertia about 2 axis | 3275365 Flastic modulus about 2 axiz 94.8375
Shear area in 2 direction 7.875 R adius of Gyration sbout 3 axiz 14.0036
Shear area in 3 direction 30 Fiadius of Gyration about 2 axis 28017

Figure 111.5:  Built-Up Section Properties
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38
by, 9 E
Yo = I _995< )\, =038) = =9.15 .27
2, 2(2.0) = F, (in-27)
ho 280 Ve
. h
- IEEP Y Y (111.28)
wo 0.5457 — 0.09
28.0 E
22 112< ), =570, = (111.29)
Fy

ho_
tw  0.25
Since\ is greater thar\, for the web, the section is non-compact. The limit

state for local buckling will may control.

[11.2.2 Check Limit State of Yielding
For the maximum negative moment causing compression indtierh flange M,, <

¢Mna andaMn = RchySSBC
where,R,. is the web plastification factor given as,
M, M, A — Apw M,
= — -1 11.30
o {Myc <Myc > (/\Tw — Apw = My ( )
where,
Mye = Fy(Sz,.,) = 26,525kip —in (11.31)
M, = Z,,,,(F,) = 50(584.5) = 29, 225kip — in (11.32)
(11.33)

thus,R,. = 1.06
(111.34)

M, = Rp.Z,,,(F,) = 1.06(50)(530.5) = 29, 225kip — in
For the maximum negative moment causing tension in the tagélathe section
> Si.omp» @nd tension yielding will not

tension

modulus,S;,, > Spot, thereforeS,

control.

ETABS
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[11.2.3 Check Lateral Torsional Buckling
For this example,
o Ly, = 12ft(144in)
* L, = 1.76ry /7, which gives1.76(2.80), / #5* = 118.7in
2
c 0.7F, .
.LT_19&ﬁa%§MSiMVA4-¢1+676(—§—§%L)
where
byt 12
Pis top = HIP — 3.35in (111.35)
htw 28(0.25
\/12 (1+488) \/12 (1+12022))
by, bot
Tis ot = 120 = ) — 2.52in (I11.36)
hty 28(0.25)
\/12 (14 448e) \/12 (1+12552)
J = 37.65in* (from section property data) (n.37)
he =315 — 1.0 — 0.75 = 29.95in (111.38)
(111.39)

c=1.0

0.7(50) 540.3(29.55)) ?

37.65(1.0)
1+4/1+6.76
540.3(29.75)J +\/ + (29500 37.65(1.0)
(111.40)

29500
Ly, top = 1.95(3.35) 5 750)

(I11.41)

L,,top = 433in

0.7(50) 540.3(29.55)) 2

37.65(1.0)
1+4/1+6.76
540.3(29.75)J +\/ + (29500 37.65(1.0)
(111.42)

29500
Ly, bot = 1.95(2.52) 750)

ETABS
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L, bot = 326in (11.43)
SinceL, < L, < L,
A—Xp
M, = |RpeMyc — (RpeMyc — Fr.Szc) N (ASCE F3-1)
T T Ap
where,
Szt
Fi = 0.7F/for == > 0.7 (111.44)
M, M, A= Apw M,
L= _ 1) P )| < .45
Rp {Myc (Myc ) <)‘Tw - )‘pw N Myc ( )
Myc = FySy top = 27,015kip — in (111.46)
M, = 50(584.5) = 29, 225kip — in (11.47)
e Segment 1:
12.5Mpax
= < 3. 111.48
Co 2.5Mmaz + 3Ma +4Mp + 3MCR’“ =30 (11.48)
Cp, = 1.67 (See Example 1) (111.49)
A—Ap
M, = |RpcMyc — (RpeMyc — Fr.Szc) | ——— (11.50)
Ar— Ap
144 — 118.7
M, = Cy [1.06(27,015) — (1.06(27015) — 0.7(50)(540.3 —_
[L06(27,015) - (106(21015) - 0760)540.3) { 131157 )|
5
ZETABS
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(I11.51)

PART III.

M, = 46,515k —in ,but M,, < R,cM,. = 1.06(50)540.3 = 28,635k — in
(11.52)
M, = 28,635k —in (11.53)
e Segment 2:
Cp = 1.24 See Example 1 (11.54)
A—Xp
My = Cp | BpeMye — (RpeMye = FLSae) | 1+~ (111.55)
r T Ap
144 — 118.7
433 — 118.7
(11.56)

M, =1.24 [1.06(27, 015) — (1.06(27015) — 0.7(50)(540.3)) <

M,, = 1.24(27,853) = 34,538k — in ,but M,, < Rp.M,. = 28,635k — in
(111.57)

e Segment 3:
12.5(22554)
Cy, = m 111.58
b 2.5(22554) + 3(229) + 4(7365) + 3(14960) ( )
Cy, =2.15R,, (111.59)
where,
2 2
c 2(9)3/12
Rn,=05+22) =05+2=L=) =0.7592 111.60
+ ( 1, ) + ( 337.5 ( )
thus,
Cy = 2.15(0.7592) = 1.62 (1.e1)
g5
32 ETABS
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(11.62)

M, = 50(530.5) = 26,525k — in
144 — 118.7
M, = 1.62 |1.06(26,525) — (1.06(26, 525) — 0. 5 (s
62 |1.06(26,525) — (1.06(26,525) — 0.7(50)(530.5)) (555775 7)
(111.63)

(111.64)

M, = 43,660k — in ,but M,, < RpcMy. = 28,611k —in

e Segment 4:
12.5(22554)
= 1. 111.65
Co 2.5(22554) + 3(5638) + 4(11277) + 3(16916) 0 (111.65)
Cp =1.67 (111.66)
144 — 118.7
M, = 1.67[1.06(26,525) — (1.06(26, 525) — 0. .
67[1.06(26,525) — (1.06(26, 525) — 0.7(50) (530 5))(326_ 118.7>H
(1.67)
M, = 45,008k — in ,but M,, < Rp.My. = 28,611k —in (111.68)
[1.2.4 Shear Check
For Example 2, the maximum she&f, = 211.4kips.
1. Forh/t, <1.10,/%E
C,=1.0 (ASCE G2-3)
2. For1.10\/k,E/F, < h/t, < 1.10\/k,E/F,
1.10/k,E/F,
C, = /7y (ASCE G2-4)
h/tw
3. Forh/t, > 1.37\/k,E/F,
1.51Fk,
=
32 ETABS
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Sinceh/t,, = 28.0/0.25 = 112, k, = 5.0, and,

1.51Ek,  1.51(29500)5.0

= - 11170
¢ (h/tw)?F, (112)250 (-70)
Cy = 0.349 (I.71)
V,, = 0.6F,A,C, = 0.6(50)0.25(31.5)(0.349) = 82.45kips (.72)

ETABS reports the demand/capacity ratio as,

Vi ®V, = 211.3/82.45 = 2.56 (11.73)

1.3 Example 3

214 kips

350k

Figure I11.6: Example 3

The beam/column above is to be designed for the dead loadsisiitlie member
spans a total of 40 feet with a midspan load of 214 kips and & imad of 350 kips.
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For this example, the member is laterally braced at midsgdre demand/capacity
ratio for the subject member is found as follows:

The member section properties are:

Property Data
Section Name EX3BEAM Section Name EXIBEAN
Propeities Propeity Madifiers. Material Propetties
Set Modiiers. STEEL v Cross-secton (asia] area & Section madulus abaut 3 atis 8741754
D Taorsional constant 178034 Gection modulus about 2 asis 133.4539
imensions
Outside height (3] 3 Moment of Inertia about 3asis | 199033333 Plastc modulus about 3 aks 983,
Moment of Ineia about 2 s | 1934599 Pagiic moduius about 2 asie AETED
Top flange width (2] 20 e s
: Sheat area in 2 diection Radius of Gyration abaut 3 asis
Ve R Esess (H) Shear area n 3 diection BITW Radius of Gyration about 2 asis 44631
‘Wb thickness [tw ] 0.7
Eoltom flange width [t2b] a0
3
Eoltom flange thickness [tb] 1 -

Display Color [0

Figure 11l.7: Built-Up Section Properties

The warping constan€,, = I,,h? /4 = 456,500in°

[11.3.1 Check Flexural Buckling
The limit state for flexural buckling is checked as,
P, =F,A,

Where,
P, < ¢.P, (in LRFD) andP < P, /Q. in (ASD)

And,
P,= factored applied compressive force
P= service(un-factored) applied compressive force
A, = gross area of member
¢ =0.90 (for LRFD)
=1.67 (for ASD)
F,, = flexural buckling stress, determined as shown below,

a. Whentt < 4.71, /F%

[}
<
|

F.. = [0.6587|F, (ASCE E3-2)
= EDUCATIONAL FF
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b. When& > 4.71, /F%
F,. =0.877F, (ASCE E3-3)
where,F, = elastic critical buckling stress,
mE
F, = (KL (ASCE E3-4)
For this example,
(1.74)

kl/rs = 1.0(40212)/15.74 = 30.5

kl/r, =1.0(20212)/4.46 = 53.8——controls (IN.75)
Sincekl/r, = 53.8 < 4.71,/Z = 113, use,F., = [0.6587 |F,
2
E
F, = (WL)Z = 1229500/(53.8)% = 99ksi (11.76)
Iy 50 .
F.. = [0.6587F, = [0.6589]50 = 40.47ksi (111.77)
(111.78)

P, = ¢F. Ay = .9(40.74)(67.0) = 2440kips

[11.3.2 Check Torsional and Flexural-Torsional Buckling
F.., is determined using ASCE 360-05 E3-2 and E3-3 &pgdis determined as fol-

lows:
For Doubly Symmetric members
12 EC,, 1
Fo=|——+GJ| | +——F ASCE E4-4
{(KZL)Q - } (122 + 133) ( )

ETABS
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7229500(456, 500) 1

F, = ’ 11,200(18.4 = 30.7ksi
ooz T ( ))] (16609 n 1334) 5

(11.79)

P, = ¢F., A, =.9(30.7)(67.0) = 1848kips, P, is controlled by Flexural-Torsional Buckling
(111.80)

[11.3.3 Check Limits States for Flexure

by 20 E
—— = —— =10.0, should be< )\, = 0. — =91 .81
2t; = 201.0) 0.0, shou < Ap =0.38 F, 9.15 ( )
Therefore, local buckling can occur and, must be reduced.
(11.82)

k.E 0.577(29500)
Ar = 0.951/ == = 0.951/ ——" = 20.95
Fr 35

Where,
(111.83)

ke = 4/\/h/te = 4/1/36/0.75 = 577

Fr, = 0.7F, = 0.7(50) = 35.0ksi (111.84)
Therefore, local buckling can occur and, must be reduced.
h 36.0
T om 48.0 < \p = 3.764/(E/F, =90 (111.85)
A=A
M, = |RpcMyc — (RpcMyc — F1,Sz¢) (111.86)
‘ ‘ Ar—Ap
£F
L ETABS
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where,
M, = 50(983) = 49,150k — in (11.87)
M, = 50(874) = 43,700k — in (111.88)
49,150 . P
Rye = M, /My, = = 1.12, is the web plastification factor (111.89)
43,700
My = F,(Sz) = 50(874)43, 700kip — in (111.90)
(11.91)

My = Zy,, () = 50(983) = 49, 152kip— in
10.0 - 9.
0.0 95)} (111.92)

Thus,
M, = [1.12(43, — (1.12(43, —0. 4
(43,700) — (1.12(43,700) — 0.7(50)(874)) (20'95_9_5

M,, = 48,142k — in (11.93)
[11.3.4 Combined Loads
P. 8 (M., M,
T2 < 1. 111.94
Pc+9<Mcm+Mcy)_ 0 ( )
490 8 [ 35,952
. ’ =1. 111.95
1848 ' 9 <¢48,142) 003 ( )
- d
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PART IV

Detailing of Concrete Foundations

IV.1 CSI Detailer Add-On Module

CSIDETAILER is a user friendly detailing and drawing progrdor preparing en-
gineering drawings of concrete and steel structures usiatysis and design output
from ETABS and SAFE. The program performs the entire deigibperation using
preferences that may be set by the user and the relevantegtgrits of the building
codes and detailing standards. Additional parameterseapécified to customize the
output to meet other requirements.

Note: CSIiDETAILER generates drawings using data from ETABS an&rSA
The user is responsible for thoroughly examining the CSIBIEER-generated draw-
ings and, if necessary, refining them. To facilitate refinera@d editing, various tools
are provided in CSIDETAILER. Moreover the program can gateDXF and DWG
files of the drawings. Those drawings then can be opened atedleing AutoCAD,
or other CAD software. CSIDETAILER prepares detailed ergiing drawings in ac-
cordance with detailing codes, such as ACI 315-99, or byepegites set by the user.
Those preferences may comply with building codes as welkasustomized to meet
additional requirements.

IV.2 Drawing and Detailing of Complex Slabs

As indicated previously, CSIDETAILER generates detailedireering drawing based
on the output from ETABS and SAFE. Thus, to begin the detifirocess, prepare
a structural model. The concrete outlines and the layouthestructural members

Cfj EoucATIONAL
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can be viewed at any time using tbetailing > Start Detailing command. However,
to obtain view, the reinforcing details of a member, the gsialand design has to be
carried out first. Refer to Figure 1V.1 to see the initial getareen for CSIiDETAILER.

CSIDetailer - ETABS:teststeel

— Detailing Options

Dirawing Setup....

Code, Units and Dimensioning...

“iew Placement Options...

Members to Detail...

Get Options From Project..,

( ]
( ]
[ Detaiing Preferences.. |
| ]
( ]
( J

Group Similar Beams
Giroup Similar Columng
Group Similar Walls
[ Use Quick Detaiing

Clear Previous Dawing

[ Start Detailing J h Cancel

Figure IV.1: CSIDETAILER Setup

In this menu, the user can define all of the detailing optidie Setup drawing
button allows the user to specify the drawing units (e.g..SAEngineering, ANSI
Architecture, standard), drawing size, drawing scalet $grbol and gap size, mar-
gins, and title block. If the drawing size or scales have b#emged, click the Match
Default Scales to Drawing Size button to quickly and acalyaadjust the options
related to text and symbol size for consistent output. ThecByp codes, units, and
dimensioning button specify standards, dimension uraterances, material quantity
units, and formatting.

Specify the parameters for detailing objects. The Detgikneferences button
accesses thBetailing Preferenceform where the user can make changes to column,
wall, footing and mat preferences. Use the form to assigailited options for the
various design objects.

Gl csanonal HeTABS
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IV.3 Creation of Slabs and Sections

Set various preferences using this form (Step 3) and @izt Detailing. As the
program details the model, progress will be shown oritétiling Statugorm. When
the detailing is complete, a “Detailing Complete” messagiélve displayed on the
form. The right panel of the screen will show the list (coldge list) of all items
detailed for the model. Scroll the generated report to viears and warnings reported
by the program. Once finished click tiéow Drawingsbutton and the program will
automatically generate typical drawings and add them tgtbhgct file. Browse the
Drawings by clicking on the drawing title on therawing Explorerpanel. When
expanded, each item on the panel will show the names of vieaitable on each
drawing. See Figure IV.2:

CSiDetailer - ETABS: test (Beam Framing Plans (3 of 4))

Fb B et D eE el Gk G
BB OY o s BXS SER /) 2900000 (kL@ U8 & BATL wg
C I G |Ee B Ee RS

2of4) [ | c I |
= !
lans ! !

£522502955 75T

DODDD0DDDDD0000000000000

Figure IV.2: CSIDETAILER Beam Framing Plan

CSIDETAILER provides extensible and easy-to-use toolsni@naging views
and drawings. With the comprehensible interface of the @ogusers can easily add
new drawings to their projects, add, move, delete, and gergiews on drawings, and
save views and drawings to a library. See Figure V.3 for arbesginforcing example.
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? ?

. 3-#6+0-#5 ’J—’— 2-#

R
f—20

|
5
|
L L L1
245 . 245

13— 1 ‘a—q
7, CB8:SECT:C /™, CB8:SECT:D
\_/ GCAE =157 _/ GeaE r=18)

Figure IV.3: CSIiDETAILER Beam Reinforcing Section

IV.4 Reinforcing Details and Bar Schedules

Reinforcement can be modified graphically using @teeck and Edit Reinforcement
form. Click theEdit > Check and Edit Reinforcement> Mat Reinforcementcom-
mand to display th€heck and Edit Reinforcemefarm shown in Figure 1V.4.

Select the design strip for which reinforcement is to be riedliby clicking on
it. Use the various zooming and panning options to facditae selection process.

When the strip is selected, the strip detail area is upddtediag the selected
strip with all provided reinforcements, rebar calls andeexs. Graphical illustrations
of the required, provided and minimum reinforcement prefélee also displayed along
the length of the strip.

Under the Tables> Rebar Schedule, you see rebar information, including bar
marks, bar sizes, horizontal dimensions, cut lengthg, lentgths of each bar type and
their shapes, codes and graphical displays of all the batbéadetailed objects. The
tables can be viewed and verified against the drawings bytddwenot be edited. See
Figure IV.5 to see this Table:
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£ slab Reinforcement Editor: 3]
AP PP RO [H L vk ¥ Caeel

)
|
)

~—

| = )

Figure IV.4: CSIDETAILER Check/Edit Reinforcement

Table Viewer

HE Table Type + Done

Si. Mo E_Bal Matk . Dia  Dim:& Dim-B CutLength  Mumbers Total Length \
1 H#E 1E2172" 17" ) 3418
2 MEK-2 48 3241 344" 21 B4.36
3 MK-3 15-93/4" 15410 148" 1 16.85
4 MK-4 #7322 3223 ) B4.40
5 MK-§ 49 1531 167 142 33.26 \
3 MK-E 259" 26712 4 106.51
7 ME-7 H#E 2646 3/8" 266304" 106.29
8 MK-8 239 247 508" 3 7392 \ —
9 MK-3 #3 1 il 64814 542 3628.35 \
10 |MK0 # o 1g21/2t 17-4 38" 2 34.74
1 ME-11 #7 1861/8" 17e12 35.09 \
12 |MKZ #e 247 26-35/8" 8 210,47 \\
13 |MK13 #7 1861/8" 17638 3 105.23
14 |MK14 24-11/8" 24112 4 96.53
15 |MKI5 #3119 15014 2 30.08
16 |MK1E 1711 19" 4 7E.31 \
17 |MK7 261" . 2641112 1z 32353
18 |MK8 HE 19|14 19-g68" 4 78.90
19 |MK3 261" 2641112 1z 32361
20 |MK-Z0 43 F2-4 32-43m" E4.73 R
i ME-21 224107144 2210548" 2 4577
22 |MK22 #1413 14318 2853 \
23 |MKZ3 #5267 27512 7 192.22 -

Figure IV.5: CSIDETAILER Rebar Schedule
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PART V

Creation of Output Reports for Submittal

V.1 Detailed Steel Beam Output

When modeling large structures, it is very easy to for ETABSreate an enormous
amount of output. ETABS has a feature that enables the ussi¢ot what specific

output they need. The user can also select the elementse@ramalls, floor, etc) for

which output to print.

We are interested in printing steel frame design outputdarmns at the base of
the structure. First, select a few columns for which you witsbee design output. Go
to Print Tables> Steel Frame Desigr click on the Output Summary and Selection
Only options and click OK. The information shown in Figurd Will be printed for
each column selected. You can organize output reports famital by selecting all
controlling concrete sections and printing design outpidrimation for each of them.

Click on the Output Summary, Detailed Output, and Seleatiug buttons. This
will print only the design output for the selected shear svak shown in Figure V.1.

V.2 Added Design Output to Database

Another way to extract output data from ETABS is to use onéheféxport options.
Again, select the shear walls that you want information foat &0 to Export> Save
Input/Output as Access Database File. Check the check Isoxiased with an item to
include that item in the export. Expand the tree associatddartable type by clicking
on the plus (+) symbol that precedes the table type nameir@eéxpanding the tree
until the table appears. Make selections as shown in Figi@ran then click the OK
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Print Design Tables

Steel Design
[ [w Cutput Surmrmany
[w |nput Surmmmary [

v Selection Only

v Print to File [ Append

File Mame...

||::'\|:5| Modelz\2nd steel zeminariDemo Example

k. | Cancel

Figure V.1: Print Steel Design Tables

button. You will be asked to give the database a filename.

To open the Access Database file, double-click on the filegrstived location.
Once the file has been opened, double-click on the Pier Désigres Table. A spread-
sheet will appear that displays all of the design forces (B, W3, M2, M3, etc) in a
tidy format. See Figure V.3:

Another way to access output from ETABS is to Click the Filenme- Print
Tables> Analysis Output command to access the Print Output Tables.ftJse the
check boxes, drop-down list, edit box, and buttons on thefiar specify the type of
analysis output to be printed, the sort order, and if dataiiggd to file, the path and
filename for storing the fildf some objects are selected before executing the File menu
> Print Tables> Output command, the printed output will be for the selectgéais
only. The Type of Analysis Results check boxes are used to seledeéelect) the type
of data to be included in the printed output. If an item is Ygrd out” and the check box
is unavailable, the item is not included in the model. The&dloads button accesses
the Select Output form. Click on a load to select or deseted€lick the Clear All
button to deselect all previously selected loads. The $€lats buttons chooses the
section cuts to be included in the printed output. Click op@tisn cut name to select
or deselectit. Click the Clear All button to deselect alipoeisly selected section cuts.
The Print to File checkbox prints the specified data to a téxt fise the File Name

i

ETABS
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PART V. CREATION OF OUTPUT REPORTS FORSUBMITTAL

Choose Tables for Display

Edit

= MODEL DEFINITION [0 of 73 tables selected]
# [ Building Data
+ [ Praperty Defi
# O Load Definitions
# [ Point Assignments
# [0 Frame Assignments
# [ Area Assignments
# [ Input Design Data
# [0 Design Dverwrites
# [ Options/Preferences Data
# [ Miscellaneous Data
=0 ANALYSIS RESULTS (D of 23 tables selected)
# [ Displacements
# [0 Reactions
# 0O Modal Information
#-0 Building Dutput
# [ Frame Dutput
# [0 Area Output
# [0 Wall Dutput
# [J Objects and Elements
=B DESIGN DATA (2 of § tables selected)
= & Steel Frame D

= ]

# [0 Concrete Frame Design

Load Cases [Model Def )

Select Load Cases. ..

0 of 4 Loads Selected

Load Cases/Cormbos [Results]

Select Cases/Combos...

32 of 38 Loads Selected

Modify/Show Options..

Options
¥ Selestion Only

Named Sets

Save Named Set...

Cancel

Figure V.2: Export Output to Access Database File

B Pier Forces : Table (=]
Story Pier Load Loc P v2 v3 T [0 W3
| 3rD Bl DWALZE Top 274952 184913 02811199 4305523 2631101 6813163
™ |3rD P DWALZG Bottom 202152 194913 02911199 4305523 2633799 1093.849
[ 2nD Pl DWALZG Top 273729 A\ G54G56 02905698 40R7 36 3409022 197 59
[ J2nD P DWALZE Bottom -200.928 1854655 02905698 408736 -M112.35 36.74676
| |3rD ) DWALE Top 609,375 2AGSGEA DEDS51477 7070863 579267 758692
™ |3rRD P2 DWALZE Bottom 523774 28.65655 DBOSIATT 7070863 579848 1092.337
[ 2nD P2 WAL Top 621237 2264515 DA129161 1084505  -T160435 543551
™ |2nD P2 DWALZE Bottom 535,638 2264515 04129181 1084505  -T1643.99 1530.383
[ |3rD P3 WAL Top 370167 4871767 02708656 506 A4  -3439 51 4740781
| |3RD 3 DWALZE Bottom 377366 4071787 D708BSE 58B46B 347255  -AD3ERIT
[ 2nD P3 WAL Top .05574 2641012 02162708 G6G2 375 -MTGSM 1233232
2w 3 DWALZE Bottom 392774 2641012 D21B2703  5BB2 375 -440973 1208139
¥

CJi

Figure V.3: Access Database Output File
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edit box and the Browse button to specify the path and filerfamsoring the .txt file.
The Selection Only check box is enabled if point, line or asbgcts were selected
before the File menu- Print Tables> Input command was selected; only data for
the selected objects will be include in the printed outputchkcking this check box
will cause data for all objects in the model to be includedhia printed output. The
Envelopes Only box is checked when only envelopes (i.e.iimims and maximums)
for the specified data would be provided as the analysis éutpu

i

services ETnBI

CIi EDUCATIONAL



“EtabsSteelSeminar” — 2006/9/18 — 15:25 — page 59 — #67

APPENDIX



“EtabsSteelSeminar” — 2006/9/18 — 15:25 — page 60 — #68



“EtabsSteelSeminar” — 2006/9/18 — 15:25 — page 61 — #69

APPENDIX A

Mesh Transitioning and Compatibility

The Automated Line Constraint

Ashraf Habibullah?, S.E
M. Igbal Suharwardy ?, S.E., Ph.D.

A.1 Introduction

In the application of the Finite Element Analysis Methods thost time consuming
task is usually the creation and modification of the finiteredat mesh of the system.
Not to mention the fact that creation of mesh transitionsnfimarse to fine meshes
can be very tedious. Also matching up node points to creatgpatible meshes at
intersecting planes, such as walls and floors can be very latemsive. And even if
the mesh generation is automated the mesh transitioniradlyguoduces irregular or
skewed elements that may perform poorly. This may have adwffects on the de-
sign, especially in regions of stress concentration, sadh e vicinity of intersecting
planes.

The object based modeling environment of ETABS & SAP200@&rtyead-
dresses these time-consuming shortcomings of the Firgtm&it Method.

In the object-based modeling environment the Engineerrg¢egethe structural
model by creating only a few large area objects that phylgickdfine the structural
units such as wall panels, floors or ramps. The finite elemeshnis not explicitly
created by the user, but is automatically generated by r@sgigneshing parameters
to the area objects. These parameters may include varjabiels as mesh size, mesh
spacing and mesh grading among others. With this capabiktyengineer can study
the effects of mesh refinement by just defining a few controapeters. The new
model with the desired level of refinement is thus createt miinimal effort.

If the meshes on common edges of adjacent area objects doatct mp, au-
tomated line constraints are generated along those edgeseTLine Constraints en-

1president & CEO, Computers & Structures, Inc.
2Director of Research & Development, Computers & Structuimes
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force displacement compatibility between the mismatchedtras of adjacent objects
and eliminate the need for mesh transition elements.

What makes this technology really powerful is that while ingkmodifications
to the model the Engineer need only be concerned about thiafgesphysical objects
of the structure. The modified finite element analytical maog¢s recreated automat-
ically with any changes to the base objects.

The following examples are designed to illustrate the pcavet practicality of
this technology.

A.2 Example 1: Simply Supported Plate (Mismatched
Meshing)

As illustrated in Figure A.1, this is a model of a simply supted plate, which has been
modeled in two different ways. In one case the mesh is unifieross the plate and in
the other case the mesh is fine on one half of the plate andecoarthe other half of

the plate. In the latter case, an interpolating line coirgtisa automatically generated
to enforce displacement compatibility between the adjeloalves of the plate where
the mesh does not match. As shown in the figure, correlatitwdas the two models
is very good.

, _lo/x]
Fle Edt View Defne Draw Sekct Asson Andyze Dsplay Desn Optons beb \
De BYY-oc[/[8] 50 PSPPSRI ow ++ (%A %, [nnAEH|/]25.]

EE2 A& YR e, J || n= |-, =}

=lolx|

| % @A 7|4

il EHE

%E%E%DDDB

Line | Constraint

1 i
Maiching o (0] il I e 0 .|
(lh;le;:nesn) .....-.-

S m=+x=Ts

' i
EEU]DDDDE

IS 4 S5 vs 5o o 8060 e oENSHREN ISR 65 55 44 33 220 00 RN
Right Click on any Area for detailed diagram <« »IGLOEAL w |[Kip-in -

ok

Figure A.1: Simply Supported Plate with Mismatching Edges
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A.3 Example 2: Curved Ramp Supported by Curved
Wall

This example, Figure A.2, illustrates the use of Line Caists to capture the interac-
tion of a curved shear wall supporting a curved ramp. Notieg¢ there are no joints at
the points where the ramp element edges intersect the veafiezit edges. Displace-
ment compatibility along the lines of intersection of thenpaand the wall is enforced
automatically by the generation of Line Constraints aldmgse lines. Notice how the
application of Line Constraints allows the wall and ramp Imi@sretain a simple rect-
angular (or quadrilateral) configuration. A conventionaité element model would
be very irregular because it would need all the additionaitfo(and corresponding
elements) to allow for the ramp element and wall element @ugesections.

A.4 Example 3: Floor Slab — Shear Wall Compatibility

This example, Figure A.3, illustrates a 3D Concrete FlatePBuilding with shear
walls and an elevator core. Again, in this model, Line Caaists automatically ap-
pear at the lines where the floor and wall objects intersedtis, Tof course, as in
previous examples, will enforce displacement compatybiihen mesh geometries do
not match. As shown in the deformed shape of the Elevator,@oraany places the
wall meshing does not match the floor meshing. All elementstimg at common
edges, however, still show no displacement incompaiisliteven though the element
nodes do not coincide.

A.5 Example 4: Shear Wall — Spandrel Transition

This example, Figure A.4, models a Shear wall — Spandrek8ystlustrating mesh
transitioning from the spandrel to the shear wall. Line Gaists are generated as
needed in any direction. In this case the Line Constrairgsartical as well as hori-
zontal.
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P ETABS Nonlinear v8.07 - LineConstraintRamp N [=[ 3]
Ble Edt View Defne Draw Select Assgn Analyze Display Design Options Hebp
D& @S%-|-=|2]a] .n.r.mﬂnpallp«m-eem. o\%m\»a HInhﬁM \f/\

I

REAY N T (W T RIE A

M ETABS Nonlinear v8.07 - LineConstraintRamp B =lolx|
fle Edt View Defne Draw Selct Asson Anayze Display Desgn Options Hep |
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ezt v am R ito

M3-D View Resultant M11 Diagram (DEAD)
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Figure A.2: Curved Ramp Supported by Curved Wall

Gl csanonal HeTABS



“EtabsSteelSeminar” — 2006/9/18 — 15:25 — page 65 — #73

APPENDIXA.  MESH TRANSITIONING, COMPATIBILITY, AND LINE CONSTRAINT 65

PAETABS Nonlinear v8.00 - shwall —|=] x|

Eile Edit View Define Draw Select Assign Analyze Display Design Options Help
[EEEE R G ppemp|lsm Lo + v %% |nhSH-|#
| | %

IR T

%

e s

Right Cliek on any Print far displacement values Stait Animation <[> [oioeal ~Ken =]

HAstart|| WD \As. | Blobject... | BDocu... [[mETaB... |G @< » @ [ PREREOBE@  8:18 AM

Figure A.3: Floor Slab — Shear Wall Compatibility
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Figure A.4: Shear Wall — Spandrel Transition
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Robert Tovani, SE: Robert Tovani has twenty-five years of experience in strattu
analysis, design, project management, and constructioninggtration. He is
currently president of Engineering Analysis Corporation @an employee of
Computer and Structures, Inc. Mr. Tovani received his Brheand Masters
of Science Degrees for the University of California, Beeyehnd is licensed in
California as a Civil and Structural Engineer.

Mr. Tovani has developed an extensive background in comaided analysis
and design. His analysis background includes work on atyaoiestructures
using linear and nonlinear analysis of new and existingcstines in static and
dynamic loading environments. He has developed computdetaon high rise
structures in excess of 100 stories and has provided designom a variety of
structural framing systems including base isolation amiotomplex framing
systems. Mr. Tovani has been using the SAP and ETABS computgrams
for over twenty-five years and has worked at CSI providingning, analysis
and modeling assistance to CSI and Engineering Analysiatsli

Atif Habibullah, PE: Atif Habibullah has extensive experience using CSI prosluct
having worked in CSlI’s Software Support department for figarg. For the past
two years, Atif has helped instruct engineers through C%idational Services
training seminars. He has a strong background in modeliagiaty of structural
systems, solving special modeling problems and in thepnégaition of analysis
results. Prior to working at CSl, Atif worked at a leading idedirm for 4 years
using CSI products, particularly in the design of multirgteteel and concrete
building structures such as hospitals, office buildingsgis, bridges, stadiums
and dams.
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