Training Guide

Modeling, Analysis, and Design of Pipe Rack

Structures Using SAP2000



Using the attached pdf drawings (PR1.pdf and PR2.pdf), this tutorial will show you how to
model, analyze and design the 6 bay pipe rack structure shown below supporting air
cooled heat exchangers. This is an extruded view of the structure, color coded by

sections.




Click new model buttond or FilesNew to begin. The first screen that appears enables you to
select units and offers a number of template options. In most cases you will want to define grids.
Select Kip, ft, F units and click ‘Grid only’. Input uniform spaced grid lines and spacing shown
below right, including the 7°6” architectural units in Y direction grid spacing then press OK. You
can input using architectural units and tab or press OK for SAP2000 to convert to current units
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By default, you will see a split-screen view. If you click the planar view on the left, you will see a blue

outline on the 3D model highlighting the planar view location. Press the down arrow to move to plan
viewZ =0
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Next, double click any gridline with your mouse to display the Define grid screen below. Type in values
in Z grid direction as shown below for main beam locations shown on the PR2.pdf drawing and press

OK
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Click yz button *to switch planar view to elevation and press arrows® #to move to X = 0
Y-Z plane as shown below
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Before we import our sections, use the main menu to review the Define>Materials where we see two
default materials, 4000 psi concrete material and A992 steel material. You can add new materials using
the ‘Add new material quick’ button to select from a material library, or use the ‘Add New Material’
button to add a material not found in the libraries. In a concrete structure, typically multiple concrete
materials need to be used for different strengths and weights.
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Cancel out of the Define Materials dialogue to accept the default materials, then go to Define>Section
properties>Frame sections where you will see the screen on the bottom left. For standard steel
sections and joists, you use the ‘Import New Property’ button. First, click I/Wide Flange button to

import those sections.
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In order to utilize the latest AISC sections, go to the directory where SAP2000 is installed and click the
SECTIONSS8.PRO file. As you can see, SAP2000 offers libraries for several international steel shapes,
as well as aluminum shapes and a joist library. After clicking to open this file, you will see a dialogue
like the one on the bottom right. Use your mouse and drag to select all W sections from W8 through
W21’s and press OK
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Press OK again to add these sections to the working list. Next, click ‘Import New
Property’ button and click the ‘Tee’ button to view the Tee sections, select WT4X9 and
WT4X12 and press OK twice to add these sections to the working list.
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As a learning exercise, click ‘Add New Property’ button, then click I/Wide Flange. As you can see on
the right, you can change dimensions to define a nonstandard steel section and even change material
to concrete. Use of the Add options are needed to add/define concrete sections, nonstandard steel
sections, nonprismatic steel shapes, and auto-select lists. Cancel out of this Add I/Wide Flange screen
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As another learning exercise, click ‘Add new property’ again, change Frame Section Property type to ‘Built-Up
Steel’, can click Cover Plated | as shown below. Here you can quickly add top and/or bottom cover plates to
Wide flange sections which are used for design as well as analysis. Cancel this as we are using only standard
sections for this exercise, although it’s useful to know this tool is available for design.
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Click ‘Add new property’ again and change Frame section property type to ‘Other’. Here is where you can

define general sections, nonprismatic sections, or access the section designer. Click ‘Section Designer’

button, and when you select a ‘Base material’, you have the option to include it in the design. Click ‘Section

designer’ button shown in 2"d screen shot below
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Use the shape options below to create built-up combined sections. Use reshaper tool & and right click the
individual sections to move them, rotate, or modify dimensions to help you combine them. SAP2000
automatically calculates combined areas, moments of inertia, etc. and uses this combined section not only
for analysis, but also for design. Cancel out and return to Define frame section property dialogue to
continue.
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The drawings call for W14 columns. The exact section is not specified which means that the engineer needs
to size the most economical W14 section which meets design requirements. We will do this by defining and
assigning Auto select lists which SAP2000 will use to optimize for lightest section during design. We will
define separate Auto select lists for W14’s, W16’s, W18's and W21’s. Click ‘Add New Property’ button, and
using frame section type Steel, click Auto Select List. Change the Auto Section Name to AUTO14 in order to
help us remember, then select all W14 sections as shown below, then click Add-> to add them to the Auto
Selections list
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Change the Auto Section Name as shown below, select all the W16 sections on the left, then press
Add-> to place them on the right, the press OK to accept. Repeat this process to create an auto select
list for the W18'’s, then one more for the W21’s. Don’t forget to name each Auto Section list differently
(AUTO14, AUTO16, AUTO18, AUTO21), then press OK until you return to the main menu screen
shown below right
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Click the ‘Draw Frame/Cable object’ buttork as shown, click Section in the floating properties box to
select AUTO14, moment release continuous, then in Y-Z window X= 0 ft, click once on the bottom left as
shown and then click once more at the top. Instead of assigning an individual section, for example
W14X90 or another section, the W14 Auto Select list enables SAP2000 to optimize to choose the lightest
section in that list which meets design code and user specified drift requirements.
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After clicking the top to complete drawing the column, right-click to move your cursor and
draw another column along 5A. Click zoom-out button £ to view grid labels
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This is what your model should look like. Next, we will draw the W21 moment connected continuous
beam as per the drawing. Click the Section and select AUTO21 and draw a beam left to right as
shown. SAP2000 will internally create a joint at the beam/column intersection in order to transfer shear
and moments, but SAP will then reformulate the results to report and design the columns using the
length which was used to draw them (40 ft. tall columns)
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Right click to move your cursor, change section to AUTO18 as shown below, and draw
another beam as shown. As you can see, the grids help you snap to draw
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Change the Section to AUTO16, and since this beam is not designated M.C., the moment
release needs to be changed to Pinned. Draw the third beam as shown.
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Change Section to AUTO14, keep the Moment releases as Pinned, and draw the 4" beam as shown
along the top gridline just above the beam which was previously drawn
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Press the Esc key on your keyboard or click the select button as shown below left in order to go into Select
mode. While holding down the mouse key, drag to window a box around the bottom two joints to select them.
Next, go to Assign menu>Joint>Restraints and add pin restraints as shown below. Press OK
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Click anywhere inside the 2D planar view window on the left to make sure it’s the ‘active’
window, then click ‘set display options’ button @ at the top, checkbox/activate the
Releases option as shown and press OK in order to graphically view moment releases
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Next, click set display options button again, but this time uncheck the Releases and activate the
Extrude view option as shown to create a rendered view. Note the option below to ‘Apply to All
Windows’. Each display option can apply to the active window only or to all windows. In this example,
we will apply only to our active planar view window.
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We will next adjust the beams to be dimensioned to top of steel (T.O.S. in drawing). Holding
down the mouse key, drag your mouse right to left to window intersect the 4 beams. Dragging
right to left is a convenient method to select elements and joints which are intersected.
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Next, use Assigh menu>Framex>Insertion Point to assign the ‘cardinal point’ type of connection. You
can press F1 with this dialogue open to read the Help menu for more information. In this case, we want
top of steel, so select #8, top center and press OK. Based on frame section size and type of insertion
point, SAP2000 moves the frame and adds a rigid link to account for the offset/eccentricity which will
change analysis results compared to centerline connection. You can toggle back and forth with undo/redo
in extruded view to visualize what SAP2000 is doing. Next, use the ‘set display options’ to deactivate the
extruded view for the time being. You may have to press the F4 key on your keyboard to clear the screen
if the insertion point assignments are in view after deactivating extruded view
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Per the drawings, there are two 24” diameter pipe loads dimensioned from the left side beam column
intersection on the W18 beam, one 15’ feet from the left beam/column intersection and the other 3" away
in the Y direction from the centerline of the first pipe. Left click the AUTO18 beam and use Assign>Frame
loads>Point. With this option, you can assign one or more point loads along selected frames based on
percentage or actual distances from | to J end using current units. Click + sign to add additional load
pattern for pipe loads as shown. Name the Load Pattern “PIPE”, type DEAD, Self weight multiplier of 0 to
avoid double counting self-weight of the structure, then press ‘Add new load pattern’ to add it to the list
and press OK. Alternatively, we could have used Define>Load Patterns beforehand
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Switch Load Pattern to PIPE, select ‘Absolute distance’ from End | with Kip, ft units and assign a 2.5
Kip load at 15 ft. and 18 ft. as shown below in the gravity direction and press OK.
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Object Model - Line Information

Right click any element or any joint to review or modify information. Here you can modify any
parameter on the form using any of the tabs by double clicking with your left mouse key in the white
area. Go ahead and press OK or Cancel without modifying anything at this time.
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We will use a different joint load assignment method for the load assignment on the W16 beam. Per
the drawing, the pipe load is 2'6” away from the right side intersection of the W16 beam and the
column, so click the ‘Draw special joint’ button [= and type -2'6” in the Y direction as shown. Next, click
the intersection of the W16 beam and column as shown below with the grid point bubble to add a joint.
The Draw special joint option will draw joints offset from wherever you mouse click. Since drawings
often reference offset dimensions, this can be a useful option for assigning joint loads or to create
joints in order to connect the dots to model frames.

Properties of Objeckt
Offzet = 0.
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Offzet & 0.

|| CIffzet =
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Offzet £

|| Offset =
Offset v
Offset £
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Press select arrow or Esc key to go into select mode, then click the joint to select and Assign>Joint
load>Forces. Change load pattern name to PIPE or add a new load pattern if you wish to create
separate load cases for different size pipe loads, then assign a 3 Kip joint load in the —Z (gravity)
direction and press OK. Press F4 to clear load assignment.
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Optiong
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Click ‘Select all’ button as shown, then from the main menu Edit>Replicate and type dx 20’ increment 6 to
replicate the selected elements and joints 6 times at 20 ft. each in the X direction. As an exercise, click the
‘Modify/Show Replicate Options button. Here you can pick and choose what you want to replicate what you
don’t (load assignments, local axis rotation, restraints, etc). Cancel or Press OK on the Replicate Options to
accept all, then press Ok on the Replicate screen

Radial ] Mirror ]

Replicate Dptions

dw |207 Modify/Show Replicate Options. .,
dy 0. 12 of 12 active boxes are selected
dz 0. [~ Delete Original Objects
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This is what your model should now look like. Click once in the 3D view window to make it the ‘active’
window. Use ‘set display options’ [ to activate extruded view, click the zoom button2 and hold down your
mouse key to window into the area in the far X direction (see next page).

In a real design, we would adjust the pipe loads to account for different tributary area load distribution, but
for this example, we will leave all bays with the same pipe loads as assigned on the end frame. By selecting
frames, users can Assignh>Frame loads>Distributed or Assign>Frame>Fireproofing to assign other
loads which we will ignore for this exercise
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If the extruded view does not appear, press F4 and try again. Next, we are going to learn how to rotate
the local axis of frames. Left click the column shown below to select as shown below right and
Assign>FramesLocal axes, type 90 degrees and press OK.

Frame Local Axis

Angle from Default Direction

Angle in Degrees adl
[ Advanced Axes

Ok, | Cancel | 35




If you zoom in on the extruded view, you can view how the local axis has been rotated. By rotating the
local axis, you may activate the red/white/blue local axis arrows in the planar view. Local Axes 1, 2
and 3 correspond to the arrow colors red, white and blue, just like the American flag. Frames, joints,
links and area finite elements each have their own local axes which can be viewed anytime using the
‘set display options’ dialogue. Press F4 to clear the arrows and press undo button to undo the rotation.
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Next we will draw the grating spans for the air coolers. Click anywhere in the left window to make it
active, then press the xy button to switch to plan view. You may have to click the up/down arrows < & in
order to move XY plane to Z = 40 ft top level as shown. In order to view full 3D window, click once in the
3D window to make it active, then press 3-d button or press F3 for full view

J2 SAP2000 v12.0.1 Advanced - {Untitled)
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Press ‘Quick draw frame/cable element’ as shown, click to change section of W10X17 Pinned, hold down
your left mouse and window around gridline 5 as shown. Repeat this draw procedure one-strip-at-a-time for
grids 1 — 4 too. The quick draw frame element enables you to window around an area to draw multiple frames
very quickly, but it divides each frame at visible gridlines. So each W10X17 beam is divided at each gridline B
through F. Since the ‘Quick draw’ frame option draws and divides the frames at each grid intersection, we
draw one strip at a time to avoid drawing beams along the Y direction at grid intersections.
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Next, we will replicate joints to make modeling of stitch bracing easier. In plan view, click each of the 4
joints shown below left to select, then Edit>Replicate to replicate 24 times (increments) 5 ft. each in
the X direction. Press OK

----------------- Llf'lEElf --------------- ] R adial ] kA irror ]

Increments Replicate Options
= |5. kM odifp/Show Replicate Options. .. |
i ||:|_ 2 of 2 active bores are zelected
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MHumber |24
| ak. I Cancel
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Click ‘Draw frame/cable element’, change section to WT4X9 Pinned as shown and draw the stitch
bracing by “connecting the dots” as shown below. Remember to right click in order to move your
cursor while in draw mode. The additional joints which were not used to draw bracing will not affect the
model at all since they are associated with a frame/beam element object.

.
52 X-Y Plane @ Z-40

Line Object Type Straight Frame
S ectian \ W43

Maoment Releases Pinned
1 Plane Difset Mormal 0.
Drawing Control Tepe Mone <space bar:

27 - A

This is how the stitch bracing should look
according to the PR1.pdf drawing
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Next, go to Define menu>Section properties>Area properties to create a shell finite element for our grating. Change material to
A992 steel and type .5” in the membrane and bending stiffness fields. Next, press the Set Modifiers button where we will zero out the
weight and mass while minimizing the stiffness, since we do not want to consider the grating as part of our structural system, only a
modeling tool to transfer area loads to beams while avoiding load distribution to bracing underneath. Type .01 in every field except
Mass and Weight where you type 0 to zero out the weight and mass as we will assign grating self weight and live load manually
based on vendor data and known loading.

Shell type area finite elements distribute loads only at meshed joint locations. We will not mesh this Grating shell at locations where
there is bracing underneath to avoid distributing load to the bracing
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Click ‘Quick draw area element’ button as shown, making sure the section is the GRATING section we just
defined and hold down your mouse and window around the entire top level in plan view as shown to draw
grating. The Quick draw area element, like the quick draw frame tool, divides the elements at each visible
grid intersection. Press Esc key on your keyboard or Select button to switch to select mode

o b

Section GRATIMNG

¥/




Use Select>Select>Properties>Area sections to select GRATING and click OK to select them. Next,
use Edit >Edit areas>Divide areas and type in a 1 X 3 mesh as shown below in order to divide the mesh
into thin strips forcing it to distribute load one-way and press OK. If we wanted the grating to distribute two-
way, or one-way in the Y direction, we would have meshed differently or not meshed at all. This exercise
helps demonstrate how users can control load distribution.
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Below is what your plan view should look like now. Next, window around the entire plan view to select
area elements in order to assign loads. Don'’t worry if you also select frame elements and joints along

with the areas.

With SAP2000, you can assign area loads before or after meshing. SAP2000 keeps track of area load
assignments no matter how the areas are meshed afterward.
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Go to Define>Load patterns and define load patterns (which used to be called ‘load cases’ in
previous versions) as shown below and press OK. Earlier we added the PIPE load case while
assigning loads. This is the more conventional way of defining load patterns. Careful not to have more
than 1 load case with self weight multiplier of 1 or you will double count or triple count the self weight
of the structure.

Define Load Patterns

Load Patterns Click Ta:
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Next, go to Assign>Assign area loads>Uniform (shell), change load pattern name to
GRATINGLIVE and type 90psf in the load field and press OK. SAP2000 will automatically convert to
current units. Click previous selection button to reselect and Assign> Assign area loads>Uniform
(shell), change load pattern to GRATINGSELFWT enter 15psf and press OK. This is a faster, less
error prone method of load distribution as compared to assigning the grating loads as distributed frame
loads based on tributary area. Press F4 to clear screen of load assignments if the screen appears
cluttered. Save model and name it SAPTutorial. It's a good idea to save your model often
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Next, we will add side beams and bracing, so we need to add gridlines to facilitate modeling. Click
anywhere in your plan view window to make sure that it's the active window and press xz button. You
may need to use up/down arrow keys to move to Y=30 ft. Double click any gridline to display the
Define grids dialogue

i X7 Plane @ Y=30
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Add gridlines in the Z direction for 13, 19, 25, and 31 feet as shown to facilitate drawing the new

beams and bracing. SAP2000 will sort out the sequence when you press OK
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No sections were specified on the drawing for the side beams and bracing, so we will use W10X17
beams and W8X21’s for the bracing. Alternatively, we could have assigned an Autoselect list in order
to have the program optimize for lightest section. Click the ‘Quick draw frame’ option and window
around the gridline at Z elevation 19 ft. per the drawing. This will draw 6 frames/beams inside the
window area, dividing them at each visible gridline.

B 2 X7 Plane @ Y=30 = [BX

%, Line Object Type Straight Frame

Section W17
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o ' Plane Offzet Marmal
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Repeat this draw technique at elevations 25 ft and 31 ft. as well as at 13ft in the two bays between 5B

and 5C and 5E and 5F. With gridlines so close together, it may be easier to toggle off your default
‘snap to points and grid intersections’ button temporarily by clicking it.

Snap tools can be
toggled on and off
to help you more
easily draw
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2 /] - Ao

Click to activate snap tools for snap to ‘points and intersections’ as well as the ‘ends and midpoints’
snap tool just below it. Click ‘Draw frame/cable element’ button, change the section to W8X21 Pinned
and draw bracing as shown below. SAP2000 will create joints internally to connect the bracing to the
beams to transfer shear, but SAP’s object based modeling will reformulate the output in order to report
and design the beams as they were drawn without dividing the beams into two pieces in the output.

Line Object Type Straight Frame
Both of these snap tools Section WEK
should be activated in order toment Releases Pinned

to snap to midpoints and grid A1 Flane Difset Normal 0.
intersections

Drawing Control Tepe Mone <space bar:




Next, we will select these newly drawn beams and braces in order to replicate them to the other side. Press
Esc key or the select button to switch into Select mode, then use Select>Select>Properties>Frame
sections and select W8X21 as shown. Press OK
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The first graphic shows the W8X21’s’s selected. Next, window around the area moving the mouse left to
right as shown below in the bottom left in order to select the beams without selecting the columns. Note
that this selection technique selects some additional joints, but replicating joints won'’t hurt anything as
along as the joints are associated with a frame and not disconnected out in space.

(2) (£) (2) (t) (F)




Next, use Edit>Replicate in order to copy the selected beams and bracing to the other side, 1
increment 30 ft. in the —Y direction (-30 dy) as shown below. Next, we will add an IBC2006 seismic

load and a wind load in order to demonstrate SAP2000’s auto-lateral load generation.
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As an alternative to manually calculating seismic and wind loads applied as joint loads or distributed loads,
SAP2000 offers options for automatic generation of wind and seismic loads per IBC, ASCE and other
standards. Go to Define>Load patterns, add a load case named QX, type Quake, Auto lateral load
IBC2006 as shown below and press ‘Add new load pattern’ button to add it, then press ‘Modify Lateral
load pattern’ to specify IBC parameters. Select option to lookup Ss and S1 values based on zip code using
79901 zip code below for El Paso, TX. Press OK until you return to the Define load pattern dialogue
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Next, add load pattern named WY type Wind using Auto Lateral load pattern ASCE 7-05 and press ‘Modify Lateral load
pattern’ to specify parameters. Change the default to ‘Exposure from Frame and area objects’ Include Area objects which
we will add later for the air cooler and include Frame objects (open structure). Wind direction angle 90 degrees (Y direction)
for the wind load generation on the frame elements, 110 mph and press OK. Later we will assign wind load coefficients to
area objects which simulate the dimensions of the air coolers
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Next, as a modeling technique we will add “dummy” area elements and joint loads to simulate air cooler
wind exposure. Double click a grid to display Define grid dialogue and add Z grids at 50 ft and 60 ft. and an
X grid at 19.9 ft. The purpose of the 19.9 X grid is to create aircooler areas for wind load that are
disconnected from one another, as we will replicate them 20’ apart and keep them separate. Press OK to
add the grids.

With new gridlines added
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Go to Define>Section Properties>Area sections and Add new section, name it AIRCOOLER, material
A992, with both membrane and Bending thickness 1”. Next, click ‘Set Modifiers’ button and enter 0 for
mass and weight as we will assign the aircooler weights later at joint locations
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Switch your left side planar view to xz# elevation view Y=0. Next click ‘Quick draw area’, change
section to AIRCOOLER, and click just once in the upper left area shown below to the right of 1A. The
addition of the 19.9 ft gridline keeps this area disconnected from the next bay by .1 ft. We will assume
that the air cooler will catch wind load between 40’ and 50’ and transfer it to the structure below

Properties of Object

Section AIRCOOLER

0 E
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Click to select this AIRCOOLER area and Edit>Replicate as shown 30’ in the Y direction to copy it to
the other side. Next, switch your planar view to yz sz with X=0, click ‘Draw rectangular area element’
and then click once on upper left corner and drag it down to the right corner as shown below. This
draws 1 area element without dividing it at every visible gridline
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& [ Delete Origingl Objects [=]
&
Increment Data Ik Sectian AIRCOOLER
Number |1 all®
F'Sh
c:IrR'
14 | Cancel |
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Use ‘Set display option’ to activate ‘Fill objects’ view and press OK. The color of the area objects
indicate the local 3 axis. The pink color shown below right indicates that the local +3 direction for that
area element is = +X direction since +3 is perpendicular outward and away from the red face whereas
-3 is outward and away from the pink face. When assigning area wind load coefficients, you must
know the local 3 direction. Select the area shown below in pink and replicate it 19.9 ft one time in the X
direction to complete the air cooler box

Display Options For Active Window

Joits Frames/Cables/Tendons enerd Yiew by Colars of
| Labek | Labek I Shink Dbjects & Obects
W Reshaints | Sechons " Estrude View (" Sections
v Spings | Releases v FillDbiectsk [ Materials
| LocalAues | Local dves W ShowEdges (" Color Printer
| Ivishle | Frames Notin View W Show Ref. Lines (" White Background, Black Objects
| NotinView B | Show Bounding Bokes (" Selected Groups
B
Areas Solds Links Miscellanequs
| Labeks B I " Show Andlysis Mode! [If Avalable)
" Sections B I ™ Show Jaints Onl For Objects In'Yiew
| Locdl Awes | I
L NotinView | I
| Liply to A0 Windows
- Cancel
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Next go to Select menu>Select>Properties>Area properties and click AIRCOOLER to
select. Then Edit>Replicate the selected areas 20ft in the X direction 5 times/increments.
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File

Next, switch to xy plan view Z=50 ft. Here click ‘draw special joint’ to add joints at the aircooler CG to
assign weight. Input Offset X = 10’ and Offset Z = .3 ft as shown, then click the intersection of gridlines
3 and A, and click refresh to view the joint. By default, SAP2000 enables you to view any object .83 ft
on either side of the 2D planar view. You can change the .83 ft. viewing tolerance default with the
Options menu>Dimensions/Tolerances. Next, press Esc key to go into select mode, select the new
joint, and replicate it 20 ft. in the X direction 5 times/increments

Edit  Wiew Define BrIM Draw Select  Assign  Apalyze  Display  Design  Options  Tools  Help

D@Hi}gmmﬁ?'@@@ﬁ@ﬁ@}dwxzyznu@g@ 3

20 A

i3 Refresh A=

Replicate the joint 5 times

Draw special joint

(8) (0) (0) () (F)

Properties of Object
Offzet 3
Offset Y

Offzet £

63



Still in xy plan view, zoom in® and zoom out® to select the 4 bottom corner joints of the aircooler elements
plus the CG joint (5 joints per bay) where we will later assign the aircooler weight at the CG joint location. Then
Assign>Joint>Constraints, body type to rigidly link the CG joint to the 4 corners one bay at a time. The body
constraint rigidly links the joints with consideration of the moments from the offset distance. You need to assign
a joint body constraint to the CG joint of each aircooler “box” in each bay. You will need to zoom in to each of
the 6 bays one at a time, because the edge joints are so close together. You will need to assign a different joint
body constraint for each bay which means that you will have a BODY1, BODY?2, etc.

Body Constraint

Constraint Name |BEODY1

Coordinate System GLOBAL -

Constrained DOFs

[v Tranzlation v Fotation
v Translation [v Rotation v
v  Tranzlation 2 [ Fotation Z

O Canicel

Add a different BODY
constraint to each 5 joints
(4 bottom corners of air
cooler + 1 CG joint) for
each bay
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Left click to select each of the 6 aircooler CG load joints as shown on bottom left, then Assign>Joint
loads>forces 210 kips in the —Z direction under Load pattern AIRCOOLER as shown on bottom right.
According to the PR2.pdf drawing, each aircooler should be considered 350psf. Given that each bay is
20’ X 30’, that makes the weight of each air cooler 210 kips, which we lump at the CG of each air
cooler

Load Pattern M ame
+|[aircoOLER ~
Loads Coordinate System
1}
Force Global » |I3LEI BAL ﬂ
Farce Global v 0.
1 Cptions
F Global 2 -210.
prce hiona " Add to Exigting Loads
toment about Global = 0. (* FReplace Existing Loads
Mamert about Global o " Delete Eristing Loads
toment about Global 2 0. ITI Cancel
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Next step is to link the aircoolers to the structure. You can link the aircooler to the structure using frame elements (W14 or
whatever section) or link it rigidly with joint constraints. In this exercise, we will assume that the aircooler manufacturer has

already designed the legs and will deliver each aircooler as a pre-designed module. Therefore, we will link each cooler to the
structure using an alternative to the joint constraint method we used before using a “DUMMYLINK” zero weight frame/column
element. Go to Define>Section properties>Frame sections and click ‘Add new property’. Change frame property section type to
Concrete, then click circular. Change Material to A992 steel, .5 ft. diameter, then click ‘Set modifiers’ button. Enter 0 for Mass

and Weight which we lump at the CG joint, and enter 5 multiplier for area and El as shown below to define a stiff, but not

completely rigid zero weight section. Click OK until the section is added to the working list

Section Name DLIMMYLINK
Sechon Notes Modifp/Show Notes. .. |
Froperties Froperty Modifiers Matesial
Section Properties... ‘ Set Modifiers... ‘ ﬂ A392Fy50 >
Dimensions /
P
Diameter [13] 3 5

Pay no

attention to

the rebars in —p
the graphics.

It's all steel

Display Colar .

0F. | Cancel

Frame Property/Stiffness Modification Factors

Property/Stiffness Modifiers for Analysis

Crogz-zection [axal] Area
Shear Area in 2 direction
Shear Area in 3 direction
Torsional Conztant

boment of Inertia about 2 axis
boment of Inertia about 3 axis
b a2z

Wieight

Cancel
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Go to xz planar view Y=0 and press F4 to clear the screen. Click ‘draw frame/cable element’ then

change section to ‘DUMMYLINK’ frame section which we just defined.

You will need to zoom in tight in

order to draw the frames to the same joint shown below, connecting the AIRCOOLER joints to
structure. Both (2) air cooler joints will need to be attached to the structure in this fashion. In this

screenshot, only 1 of the two are attached.

59 12 X-7 Plane @ Y=0

Straight Frame

Section

DUMMYLINE

Y
N, Line Object Type
H

______ Moment Releazes

Continuous

= #v Plane Offset Momnal

0.

Dirawing Caontrol Type

Mone <space bar:

4
|4
B Two DUMMYLINK
I columns connect at the

same joint where there is
a W14 column below
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As you can see, you will need to connect both closely spaced DUMMYLINK columns to the same
structural joint below where the W14 column is located. After finishing this, press Esc key or Select
arrow to switch to select mode. Draw these aircooler DUMMYLINK columns for each bay in xz view
Y=0.

38 JZ X-Z Plane @ Y-0
-]
, Line Object Type Shraight Fran
m Section DUMMYLIN Line Object Type Straight |
______ \ Moment Releases Continuous e o DUMMY
E i =1 Plane Offset Mormal 0. Moment Releases Contin.
I Dirawing Control Type Mone <zpace ¥’ Plane Dffset Marmal 0
U Drawing Control Tupe MNone <zps
£l
=
&
Ik
Al o
o Careful as joints are
4B spaced close
e together
“lll
i
A
-4
|4 ; Both joints from
) : aircooler above

» ; connect to the same
; column joint here
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Use Select menu>Select to select by frame property “DUMMYLINK” to select these newly drawn columns.
Next, use Edit>Replicate to copy 30 ft in the Y direction 1 time/increment in order to copy to the other side.
Next, go to xz elevation view Y=0 and select the AIRCOOLER areas in that view along gridline 1 as shown
below by clicking them.

Select Sections

Select

AUTON4

AUTR

AUTO18 2 SAP2000 v12.0.1 Advanced - SapTutorial

AUTDZ] File Edt Wwisw Define  BrIM Draw  Select  Assion  Apalyze Display  Design  Options  Tools  Help
DUMMYLINK D@ B ool & D POROL T3 nppwGar ¢80 B0 . nirst - eI I @ o
/10100 ™ 2xzpemero . £Bl
Wik %

W12 3

W15 N

WIKI7 3

W19 b

Selected
areas

6 Aveas, 24 Edges Selected 96,65 Y0.00 Z53.91 GLOBAL  ~<|[Kip.tF  ~|
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The red face of the AIRCOOLER area elements in this plane tells us that the local perpendicular axis of the selected elements
is (+3) is = -Y according to the way we modeled these area shell elements. Use Assign>Area loads>Wind pressure
coefficients (Shell). Since we are assigning a windward load in the +Y direction to areas which have a local axis of +3 = -Y, we
will need to assign a windward Cp of -.8 (which is +Y direction) to area elements in XZ plane Y=0. Area wind pressure
coefficients are relative to the local 3 direction of each area. Press F4 on the keyboard to clear this load assignment.

Next, use arrow keys to move to XZ plane Y=30’ to select aircooler areas for leeward wind assignment

Area Wind Pressure Coefficients

Wind Load Cage Name
#wr |
Pressure Coefficient Optiors

Cp -

(o Windward [press varies over ht)

(v Replace Exising Loads

(" Delete Existing Loads
(" Other [press constant over h] 5

0K Cancel |
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In X-Z, Y=30 ft. view, select the areas along gridline 5 in order to assign the leeward side of WY load case. Assign>area
loads>wind pressure coefficients as shown below on bottom right using Cp of -.5 in the “other” (leeward) direction for the
same wind load case. You can use ‘Set display options’ to check local axes of area elements. Blue arrows = +3 area/shell
axis ASCE wind load generation on frames is automatic, but wind loads on area elements require an additional assignment.
With this in mind, we could have also modeled pipes and/or vessels using frame elements (with or without zero weight
sections) and had SAP2000 automatically generate wind load for them too.

I3 SAP2000 ¥12.0.1 Adyanced - SapTutorjal

Fle Edt ‘Wiew Define BrIM Draw Select  Assign  Apalyze Display Design  Options  Tooks  Help

r D PP BELO M 3dw wwwlé &8 5HE A -

r1Frds - od

TN T AR A

Leeward side of the
aircooler for WY
load case, areas
selected in XZ
plane Y = 30 ft.

Area Wind Pressure Coefficients

Wiind Load Caze Mame
e B
Prezsure Coefficient Options

Cp -5

" “windward [press varies over ht)

f* FReplace Existing Loads

; : r st
{« : Other [press constant over hitf Delets Existing Loads

Ok | Cancel

E Areas, 24 Edges Selected
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For auto lateral load calculation of static equivalent IBC seismic loads, SAP2000 has to determine

fundamental periods of the structure, which means that a dynamic modal analysis will be performed.

Typically you will want to modify the mass model using Define>Mass model. SAP2000 offers an option to
convert load cases into mass. Please specify your mass model as shown below and press OK

Define Load Patterns

Load Patterns

Load Pattern Mame

Type

Self weight
ke Laltiplier

Auto Lateral
Load Pattern

[t

WwAMD

ASCE 7-05 |

DEAD
FIFE

GRATINGLINWE
AalRCOOLER
LI

GRATINGSELPWT

ooooo—

Define Mass Source

b az= Definition

" From Element and Additional M aszsses

f*  From Loads P

" From Element and additional Masses and Loads

Drefine kMazs Multiplier for Loads

Load fultiplier
DEAD ~
1
GRATIMGSELPAT |1
AIRCOOLER 1
GRATIMGLIMWE 25
Ok, I Cancel

IBEC 2008

Click To:
Add Mew Load Pattern

FModify Load FPattern

Delete Load Pattern

Showe Load Pattern Motes....

Ok
Cancel

Add

b adify
Delete
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Since this design will be performed using 2005 AISC code, we will need to generate “notional” lateral loads,
which is a new AISC code requirement to account for out-of-plumbness. SAP2000 offers the capability to
automatically generate lateral notional loads, but users must specify the gravity loads to be used. Add a
load pattern named NotDeadX, type Notional (you may have to click ‘Other’ before notional type appears)
and press ‘Add new load pattern button’ then press ‘modify lateral load pattern to specify parameters. For
this example, let’s generate notional loads based on DEAD and AIRCOOLER load patterns since these are
the two most significant gravity loads in this model

Define Load Patterns

Load Fatterns

Self WWeight Auto Lateral
Load Pattern Mame Type ke ultiplier Load Pattern
[MotDead- NOTIONAL ~||o Auto =l
DEAD DEAD 1
FIFPE DEAD ]
GRATIMGSELPWT DEAD ]
GRATIMGLIVE LIWE ]
AIRCOOLER DEAD ]
Cl= QLUAKE ] IBC 2008
e | D [u] ASCE 705

|
hd

Click Tao:
| Add Mew |oad Fattern

Fodify Lateral Load Fattern. .

]
Modify Load Pattern |
Delete Load Fattern |

Show Load Pattern Mates. . |

Ok
_ Cancel |

Cancel

Auto Motional Load Pattern Generation

M ational Load Pattern ' alue

Baze Load Fattern

Load R atio

M ational Load Pattern Direction

(v Global #
" Glabal %

DE&D -

2.000€-03

Cancel
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Below are the auto notional load patterns named NotDeadY (notional Y direction DEAD case),
NotACoolX and NotACoolY for the air cooler notional loads. SAP2000 will automatically generate the

notional lateral loads at each level

Auto Motional Load Pattern Generation

MNotiohal Load Pattern Yalue

\DEAD

Base Load Pattern

El
2.000E-03

Load Ratio

Motiohal Load Pattern Direction
" Global &

Cancel

Auto Motional Load Pattern Generation

M ational Load Pattern ' alue

|AIRCOOLER

[~
2.000€-03

Baze Load Fattern

Load R atio

M ational Load Pattern Direction
" Global &

Cancel

Auto Notional Load Pattern Generation

Mational Load Pattern W alue

Baze Load Pattem AIRCOOLER
Load R atio 2.000E-03
Motional Load Pattern Direction
f* Global =
i Global v
(] 4 I Cancel |

Define Load Patterns

Cancel

Load Patterms Click Tox
Selfweight Auto Lateral
Load Pattern Name Type Fultiplier Load Pattern e g Pl |
[DEAD DEAD j i J todify Load Pattem |
FIPE | |DEAD A0 PN " |
GRATINGSELFWT DEAD i ﬂ
GRATINGLIVE LIVE i
ARCOOLER DEAD 0 Delate Load Pattem |
[T UAKE 0 |BC 2008 ¥
WY WIND 0 ASCE 705 Show Laad Pattern Not |
NotDead NOTIONAL 0 Aut oW LoaqTatem Noles..
NotDeady NOTIOMAL 0 Buto
Not4Conl NOTIOMAL 0 Buto
NotaCaaly ¥ INOTIOMAL /|0 || Auta b
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Next we will specify design parameters. For this example we will use the 2005 AISC Direct analysis
method which enables us to avoid the time consuming task of determining K factors from alignment
charts while often times achieving more economical designs compared to ELM. Go to Design>Steel
frame design>View/Revise overwrites and input design code and other parameters as shown, OMF
Framing type, Tau-B variable Direct analysis. You can select individual frame elements and assign
design parameters using Design>Steel frame design>View/Revise overwrites. There is an excellent
steel frame design manual which installs with each version of SAP2000 V12 under the ‘Manuals’

subdirectory.
Itern Description
ltem Value . Ihis i Eitll?er SMF "IMF::, DMF
1 | Design Code A15C360-05/1BC2008 J TilEsBmFem isD EfeFd furudiigllityf or "EBF.
2 | Tirne: History Design Envelopes considerations in the design.
3 |Framing Type !DMF j
4 | Seizmic Design Category THE
5 | Impartance Factor IMF
£ |Design System Rho
7 | Diesign System Sds SCRF
: (CEBF
8 |Design System B OCEFI
3 | Design System Omegal EEF
10 | Design System Cd 5A
11 | Design Provigion LRFD
12 | Analyziz Method Direct Analysis
13 | Second Order Method General 2nd Order
14 | Stiffress Reduction Method Tauh Variable
15 | PhilBending) 0.9
16 | PhilCampression] 049
17 | Phi(T ension-vielding) 03
18 | PhiT ension-Frachure) 175
19 | Phi[Shear) 0.9
20 | PhilShear-Shart Webed Falled ) 1.
2 | Phi[T orsion] 03
2 |lgrere Se|sm|c Eo.de? o Esplanation of Color Coding forY alues
23 | lgnore Special Seismic Load? Mo
24 |Is Doubler Plte Plug Welded? Yes [ || Bl Beiie
- Black: Mat a Default Value
Set To Default Values Reset To Previous Yalues
Allltems Selected lems | Allltems | Selected llems | Red: m?!ﬁ:ﬁ:t}-;zi;gsngec' during
Ok | Cancel |
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Next we will go to Define>Load combinations. Users can define their own load combos, or they can
let SAP2000 create factored load combos for them based on the design code and load type. Click the
‘Default design combos’ option then select Steel frame design and press OK. This automatically
generate factored load combos which can be reviewed or modified. Alternatively, users can create
their own load combo spreadsheets in Excel and import.

Add Code-Generated User Load Combinations - =

Select Design Type for Load Combinations Load Combinations Click to:
. UDSTL Add New Combao. ..
f*" Steel Frame Design UDSTLS |
_ UDSTLS |
(" Concrete Frame Dezsign — UoSTL1O -~
UDSTLT1 |
. . UDsSTL1Z
" Alurinum Frame Deszigh OBeTL13 |
) UDSTL14 *
(" Cold Farmed Frame Design UDSTLIS
OBeTL1? [ mdd Trera o CarE |
' i i UDSTLI7 ctault Desgn Combos...
Bridge Dezign UDaTL 1R _
uDsTL1S Cornvert Combosz to Monlinear Cases. .. |
UDSTLZ23
Set Load Combination Data... | OF.
Cancel

Load Combination Mame [Lzer-Generated] |UDSTL‘I 2
Motes Modify/Show Nates. .. |
L - v
Load Combination Type Linear Add j You will use this
Options ‘Convert combos to
| Create Monlinear Load Case from Load Combo | Non |ineal’ CaseS'

button in the next

Define Combination of Load Case Results

Load Caze Mame Load Caze Type Scale Factor S“de
DEAD v |[Cinear Static
FIPE Linear Static Add
GRATINGSELPwWT Linear Static
AIRCOOLER1 Linear Static Modify
R Linear Static Q
Delete
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The 2005 AISC code requires either a nonlinear P-delta analysis, or a time consuming 15t order amplification procedure which has
a number of limitations in its permitted use. For this exercise we will perform a P-delta analysis. Since P-delta is a nonlinear
analysis, loads cannot be superimposed. This same concern is also true whenever modeling nonlinear tension only bracing and
other NL applications. SAP2000 enables you to convert factored load combos to NL cases considering P-delta by clicking the
‘convert to nonlinear cases’ button and selecting which combos you wish to convert to NL. In most instances, you will want to
convert all load combos to NL so select/highlight them all with your mouse as shown below and press OK. You will then see a
message similar to the one below indicating how many combos were converted. You can then go to Define>Load cases to review
the NL load cases which SAP2000 has automatically generated like the example below right:

Select Combos to Convert to Nonlinear Cases

Select

Ok,

Cancel

=

Clear Al |

SAP2000 X

L] "_q,, 14 combos were selected and 14 combos were converted.
L

v

Load Case Data - Monlinear Static

Load Caze Mame Mates Load Caze Tupe

UDSTL1ZNL Set Def Name | Modiy/Show... | || [static x| Design...
Initial Conditions Analysis Type

(¢ Zero Initial Conditions - Start from Unstressed State " Linear

™ Continug from State at End of Monlinear Case f+  MNonlinear

Important Mote:  Loads from this previous case are included in the

" Monlinear Staged Construction
curent case

Modal Load Case Geometic Monlinearity Parameters

All Modal Loads Applied Usze Modes from Caze MODAL - " Maone
(v P-Dela
" P-Delta pluz Large Dizplacements

Loads Applied
Load Tupe Load Mame Scale Factar

LoadPatter = ||DE&D =12

Load Pattem 1.2 Add
Load Pattern GRATIMGSELF 1.2
Load Pattem 1.2 A odify
Load Pattern 0.8

Delete

Other Parameters

Load Application | Full Load Modifu/Shaw. .
Erzzulls Baved) [ Final State Orly ModifyS haw... Eamea]
Monlinear Parameters | Default Modify/Show...
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SAP2000’s frame element formulation automatically accounts for both big P-delta sway as well as little p-
delta local member deformation as required by AISC benchmark problems. In many cases no additional
intermediate joints are required for good results. But in some cases, one additional intermediate joint may be
required to accurately capture little p-delta reactions. Unlike most other structural software products which do
not incorporate little p-delta analysis in the element formulation, with SAP2000, you never need to add more
than one intermediate joint to accurately capture p-delta effects, no matter how complicate the loading.
Automatically generate 1 intermediate joint for internal analysis only by selecting all ,, then
Assign>Frame>Automatic frame mesh using the parameters shown below with minimum number of
segments 2 and press OK. Press F4 to remove the automatic mesh assignments from the graphics

Assign Automatic Frame Mesh

* Noduto Meshmg Press F4 to remove these assignments from the graphics
(v Auto Mesh Frame

v atIntermediate Jaints

| at Intersechion with Other Frames, drea Edges and Soid Edges

W Mirimum Number of Segments 2
| Masimum Length of Segmets
: ﬁ

Urits
hF 0K Carcel |
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Click ‘Run analysis’ button, then press ‘Run Now’. After the analysis is completed, next click the ‘Start
steel design’ button I -to perform the AISC steel design check. With SAP2000, analysis is run
separate from design.

M Draw  Select  Assign Analyze  Display  Design Opbions  Toaols  Help

i’? P@@@@@ﬁ@}dﬁ}'xzyznuﬁw N § Eﬁ%ﬂhﬁ*nd
—EJ@EITE 3-D View

Run
et | oad Cases to Run
analysis
— Click tar
Casze Mame Type Status Action B e |
DEAD # || Lingar Static # | Mat Bun  |Fun e
P ODAL — | Modal —|[Hot Bun — |Bun i Show Caze... |
FIFE Linear Static: MHat Bun Run
A|RCOOLER = |Linear Static = |Mat Fiun = |Fun Delete Results for Case |
GRATIMGSELF Linear Static MHat Bun Run
GRATIMGLMNME — | Linear Static — |Mat Bun — |Run E
AIRCOOLERT Linear Static Mot Run Run Run/Do Not Run Al |
[ Linear Static MHat Bun Run Dilete All Fesul |
WY Linear Static Mat Fiun Fim Elete Eits
MHotDeads- Linear Static Hat Bun Fiun
MatDeady’ Linear Static: MHat Bun Run T — I
NotsCoold % | Linear Static +||Mot Run * |Run v oW -0ac -ase TIee..
~ Analyziz Monitor Dptions [~ Model-live

7 Always Show Fun How

" Mewver Show /

& Show After 14 geconds ok | Ear
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You can right click individual frames to review design results, but because we used autoselect lists,
you can see below that a different section was selected for design than was used for the analysis.
SAP2000 uses the median section in each autoselect list as a starting point to determine loads, and
we need to iterate back and forth between analysis and design, typically 4 — 6 times if lateral loads are
involved, in order to match the analysis sections with the design sections. You can check analysis vs
design sections using Design>Steel frame design> Verify Analysis vs Design section shown below

Steel Stress Check Information (AISC3560-05/IBC2006)

todifn/Show Ovenarites

Dizplay Details for Selected lkem

Frame D [ Analysiz Section i1 4745 *
Design Code  |AISC360-05/IBC2006 Design Section w1 4490
COMEQ STATION /--—-MOMENT INTERACTION CHECH----—- A/-MLJ-5HE---MTN-5HE-
ID Loc RATTIO = AXL + E-MiJ + B-MIN RATTIO RATTIO
TDSTLY 40. 00 0.214(C) = 0.050 + 0.000 + 0.164 0,002 0,008 |~
TDSTL1O o.ao0 0.140(C) = 0.140 + 0.000 + 0.000 0. oo0 0.013
TDSTL1O 19.00 0.632(C) = 0.0688 + 0.000 4+ 0O.564 0. oo0 0.011
TDETL1O 19.00 0.632(C) = 0.068 4+ 0.000 + 0.564 0.oa00 0.0l10
TDSTL1O 20.00 0.655(C) = 0.065 + 0.000 + 0.5587 0,000 0,010
TDSTL1O 20.00 0.655(C) = 0.065 + 0.000 + 0O.557 0. oo0 0.010

0 0.700(C) = O. + 0.000 + 0632 0. 000 0. ~

Dizplay Complete Details

Diesign | Options  Tools  Help

I

Steel Frame Design

|

%
I

Concrete Frame Design
ilurninum Frame Design

Cold-Eormed Sheel Frame Design

Bridge Design

Wiew/Revise Preferences..

Select Design Groups...

Select Design Cambos.

Set Displacement Targets...

Sef Time Period Targets. .,

Start Design/Check of Struckure

Interactive Steel Frame Design

Display Design Info...

Werify Analvsis vs Design Section. ..

“

Overnwrites Detailz Tabular Data
Stylesheet: Default
O i Cancel Table Farmat File
SAP2000

X]

When you see this message, typically just click
No, then analyze and design a few more times
until analysis and design sections all match

L] "_v. Analysis and design sections differ For 42 steel frames, Do vou want ko select them?
L

o |
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After analysis and design sections all match, you will see color coded graphical results based on percentage of design code
allowable. Right click any frame to check results. SAP2000 runs all design combos along every 24” of every frame and
defaults to display the worst case load combo and worst case location along the frame. Click Details for more info. You can
see that SAP2000 automatically applied reduction factors to EA and El per the AISC code for the Direct Analysis Method.

Steel Stress Check Information, (AISC360-05/IBC2006)

Analysis and design
Frame 1D |9 Analyziz Section f\m 42109 a.ys sa dh sig
Design Code  [AISC360-05/IBC2006 DesignSection  [W14%108 section matc
COMEQ CREM BRI R D S N SN A Rl [ Stool Stress Check Data AISC360-05/IBC2006
D LOC  RATID =  AXL + B-MAJ {0
ULETLLO 156.00 0.668(C) = 0.0% + 0.000 4 Urits ,m
UDSTLL0 156,00  0.669(C) = 0.097 + 0.000 4 AISC366-05/IBC2086 STEEL SECTION CHECK (Summary for Combo and Station) L
UDETL1O 228,00 0.842(C) = 0.097 + 0.001 4 Units © Kip, in, F
UDSTL10 228.00° - 0.8431C) j 0.098 + 0.001 4 Frame : 9 X Mid: 248.0080 Conbo: UDSTL1@ Design Type: Column
UDSTLID 240,00 0.862(C) = 0.098 + 0.001 4 | ongen: 480.008 ¥ Hid: 9.6600 Shape: \HA4%189 Frame Type: Ordinary Homent Fram
UDHTLLO 240.00 0 = 0.098 + 0.001 4 Loc  : 264.800 2 Mid: 240.000 Class: Compact Princpl/ Rot: 6.660 degrees
0 =0 + 0 4
Provision: LRFD  Analysis: Direct Analysis
D/C Limit=0.9508 2nd DOrder: General 2nd Order Reduction: Tau-b Variable El
. i X . AlphaPr/Py=-08.122 nlphaPr/Pe=-0.167 Tau_b-1.060 En factor-0.800 EI factor=8.8008
todify/Show Dverwites Display Details for Selected ltem Ignore Seismic Code? Ho Ignore Special EQ Load? Mo D/P Plug Welded? Yes
Dverwites sbe: ¢ 1=1.0008 Rho=1.000 Sds=8.500 ‘—l—'—r‘
R=8_000 Onega0=3_000 €d=5.500
PhiB=0.908 PhiC=0.900 PhiT¥=0.900 PhiTF=8.758
PhiS=0.988 PhiS-RI=1.008 PhiST=0_980
{v i
A=32.000 133=1240.600 r33=6.225 $33=173.427 Au3=208.927
J=7.120 122=-447. 600 r22=3.737 $22-61.233 fu2=7.508
E=29000.060 fy=50.0800 Ry=1.100 z33-192.080 Cu=148.179
RLLF=1. 088 Fu=65. 800 z22-92.708

STRESS CHECK FORCES & MOMENTS {Combo UDSTL18)
Location Pu Hu33 Hu22 Vu2 Vud Tu
264.0688 -195.593 -15.277 33089.787 8.099 -3.282 9.8688

PHM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 8.893 = D.698 + B.802 + B.793
(1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGH (H1-1b})

Factor L K1 K2 B1 B2 Cm
Major Bending 8.325 1.6808 1.6088 1.60088 1.008 1.6808
Minor Bending a8.558 1.6808 1.6888 1.6088 1.68688 1.6008
L1tb K1tb Ch
LTB 68.558 1.6808 2.894
Fu phi*Pnc phi*Pnt
Lorce Lapnacity Lanacity
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In the design code check, load combo UDSTL10 was the worst case load combo for the frame we just
checked, so we can spot check deflections by clicking the ‘show deformed shape’ button and select
UDSTL10 combo. Change units to Kip-in and right click individual joints to check deflections or click
‘Start animation’ in the bottom right to watch the structure animate under that applied load
combination. Press F4 to exit deflected shape

Show deformed
shape button

I3 5AP2000 v12.0.1 Advanced - SapTutorial

fle Edt View Define BrIM Draw Select Assign  Analyze Display Design  Options Tools Help

D@ B oo B2 PBPAL Ml Hwepuba 8 BA % nhd-w . 0§ I8 . o o CIFP¥t-nd  _ 05 L
B Wocomedshape oS0 e
% eformed Shape — ormed Shape

Et]E\m.TZ
02-3. Caze/Combo

\ 3=
. F1=.

s I Case/Combo Name |LUDSTLID |
% 3=
Q’
|
S f'“

2 ﬂ

{+
b s |
psR .
i Scaling
% f*  Auto
" Scale Factor

Area Contavrs

[~ Draw dizplacement contours on area objects

Units can be Bt —
changed here [ “Wwire Shadow
v Cubic Curve Canicel

Right Click on any jaint for displacement values Start Animation ‘ & |':(> ‘ GLOBAL  «||KipinF = 82




Next, let’s do a spot check on load transfer from the grating to the beams. Click the ‘Show
forces/stresses’ for frames button =t - and choose GRATINGLIVE case Moment 3-3 (major). Moments
show one-way load distribution to girders. Right click beams and bracing for detailed spot-checks to
see that the grating did not distribute load to the bracing underneath, just like we wanted. Press F4 to
exit moment diagrams

Member Force Diagram for Frames

Caze/Comba

~

Options
t* Fill Diagram

" Show Valugs on Diagram

Case/Combo Name  |GRATINGLMWE |

; —
Cormpaonent

" Awial Force (" Torgion

(" Shear 2-2 " Mament 2-2

" Shear 3-3 i+ Moment 3-3
Scaling

o+ Auto

" Secale Factor

Cancel

SAP2000 v12.0.1 Advanced - SapTutorial

Fle Edt Wew Cefe B Skct  @ssign  énclyze  Display Desion  Options  Tooks  Help
POPRRLL M 3y 2w ¢ @ 4 _ nbrE-dl 7Y

2
J2 Moment 3-3 Diagram (GRATINGLIVE)
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- B EEG q

@
L

I\
Right Click. on any Frame Element for detalled diagram | = |GLOBEL  w|[Kip.inF  *
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To minimize the size of the output reports, we can select just the joints and frames of interest to be
included. Switch to xy plan view and use up/down arrow keys to go to the top level and select edge
joints as shown by windowing around them in order to minimize output for max deflection checks.
Next, use arrow keys to go to the base and window select the restraints.

Top level edges selected in plan view

Base level selected restraints
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Use Display menu>Show tables to generate output tables. The output in this example will be limited to
the selected joints, and further limited by selected load cases and reports chosen. Typically avoid
choosing modal for analysis results except for reporting modal dynamic analysis results

=[] MODEL DEFINITION (0 of 63 tables selected) e

#-[] System Data Select Load Patterns. .. |

#-[] Property Definitions 11 of 11 Selected

#-0 Load Pattern Definitions

&[] Other Definitions —Load Cazes [Results)

#-0 Bridge D_ﬂ!ﬂ 1 of 55 Selected \
#-0 Connectivity Data :

# O Joint Assignments Modify/Show Optians... |

#-[] Frame Aszsignments
#-[] Area Assignments
#-[] OptionzfPreferences Data
#-[] Mizcellaneous Data
=-E AMALYSIS RESULTS [2 of 16 tables seleg
=6 Joint Output
=-Bd Dizplacements

0 - Optionz

W Selection Only
ﬂrﬂl [ Show Unformatted

STLY
B Table: Jaint Dizplacements EEEHHEEIEEFWT

=-B Reactions FADDAL
B4 Table: Joint Reactions Clear All

- Joint Mazzes —Mamed Sets

I8¢

#-0 Element Output
#-[] Structure Output Save Marmed Set... |
=] DESIGH DATA [0 of 6 tables selected) | - |
#-[] Steel Frame |

(] Cancel
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This is the default report format. As an example, let’s clean it up by clicking Format-Filter-

Sort and formatting it first by eliminating unwanted data which may clutter the report.

Joint Displacements

File Wiew Format-Filker-Sork Dptions
nitg: Az Naoted \ Joint Dizplacements
Joint OutputCasze | Caszelype u uz u3 H1 R2 R3
Text Text Text in in in Radians Hadianz Radians
4 3 OSTL Combination ] 1] 0| 0000003185 -0.000003342 0000002088
3 DSTLA Combination ] 1] 0| 0000001973 -0.0000037125) 0.000007782
3 DSTLA Combination ] 1] 1] -0.026398 -0.000703 -0.0007 34
3 DSTLIO Combination ] 1] 1] 0 026403 0000037 0.0007 38
3 DSTL11 Combination ] 1] 1] -0.0131597 -0.000053 -0.000066
3 DSTL1Z Combination ] 1] 1] 0013203 0000047 0.00007
3 DSTL13 Combination ] 1] 1] -0.026398 -0.000703 -0.000135
3 DSTL14 Combination ] 1] 1] 0 026402 0 000033 0.0007 38
3 DSTL1G Combination ] 1] 0f 0000007474 0.00013 -0.000042
3 DSTL1E Combination ] 1] 0| 0000003434 -0.000137 0000045
3 DSTLA7 Combination ] 1] 0| 0.0000008102 0.000131 -0.000043
3 DSTL1E Combination ] 1] 0| 0000002823 -0.000135 0000045
3 DSTL1S Combination ] 1] 0| 0000002275 -0.000002387 0.000007451
3 DSTLZ3 Combination ] 1] 0| 0000001802 -0.00000255 0.000007486
4 DSTL1 Combination 0006515 0.01386 -0.06809 -0.002711 0. 0000GE -0.000967
4 DSTLA Combination 0007197 0.017305 -0.075227 -0.003068 0000073 -0.0071053
4 DSTLA Combination -0.032438 5 5RET15 -0.062937 -0.00613 0000015 -0.00111
4 DSTLIO Combination 0 045623 -5 525548 -0.074868 0000553 0000114 -0.000873
4 DSTL11 Combination -0.013931 2 782446 -0.05538 -0.003354 0.000031 -0.000887
4 DSTL1Z Combination 00251 -2 FRBRE6 -0.067346 -0.000653 0000033 -0.000771
A OETL17 Cianalbizelic 0024547 E ERONAT 0027207 0 0nsNeAl 0 NOONNasaE 0 OONF2e
Recard: | 4] 4 1 p | M| of1204 &dd T ables. .

Switch
between
reports using
this pull-down

86



Click within the Iltem column to toggle certain items to be ‘Not printed’ (ie. not displayed) in red and press
OK. Next, go back to Format-Filter-Sort and use Sort by U2 direction (U1, U2, U3 = joint axes X, Y, and Z
unless local axis was rotated) with Descending check boxed to review max deflection positive Y direction.
Uncheck Descending to review max deflection in negative direction Y assuming there are negative
direction deflections

Modify/Show Database Table Format

Farmat ] Filter ] Sort I
Format for B3 Field Digplay Order and Field Wizibility Apply Format to T able
(Er=m=ns] » Apply Format from File |
[ Include Field in Report Item Field Hame
[~ Repeat Field if Tabls is Split ; Erinteg JDoint - pply Frogram D efault Format |
" - Tirkes utputCaze
[ Force a Table Split After this Field 3 | Mot Printed | CaseTupe - Save ta DB Table Formats File
4 | Printed un Save Table Format to File |
5 | Printed uz
Field Alignment and “width 6 | Printed [E)c) -+
Field Alignment Right = *l ; EO: Erin:eg 2;
ot Printe:
Unitg for Field width Iches - g Mot Printed ER3
Field ‘width 0.8

Floating Point Murnber Format

b ax Mumber of Characters 1z -
Modify/Show Database Table Format
Format ] Filter ; ] Feset Display Order to Default

Table Sorting - Sort by these Fields Apply Farmat ta Table
Sort By oz - v Descending Apply Format fram File |

}B? ~| I Descending Apply Program Default Format |
ThenB - I D i

EALE seesndng Save to DB Table Formats File

fl=nt :lv ] [P cing Save Table Format to File |
Then By | I Descending Cancel

Clear Sort

Cancel
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Sorted max deflection in the Y (U2) direction in this example. Uncheck the ‘Descending’ box in the sort
dialogue in order to check deflections in — direction.

Joint Displacements

File Wiew Format-Filker-3ort 5 Cpkions
Unitz: Az Maoted

Joint OutputCaze ul uz u3 "
Text Text in in in I
3 B4 UDSTLY -0.031867 £.247816 -0.050085 -
R07 UDSTLY -0.02241 £.235791 -
504 UDSTLI3 -0.027613 5852513
R07 UDSTL13 -0.M9323 5839539
506 UDSTLY -0.018775 570478 003577 _
474 UDSTLY 0.021455 EE011| 0053464 Max deflection +Y
503 UDSTLY -0.02348 5 E02197 -0.039194 direction using
469 UDSTLY 0.031723 5 449352 005383 Sort
473 UDSTLY 0.017897 5439364 0.041216
R0G UDSTL13 0016182 5361576 -0.023965
474 UDSTLT3 0.012556 F. 342057 003756
463 UDSTLY 0.024044 5327109 -0.045137
R03 UDSTL13 0.0204 £ 275389 -0.026316
505 UDSTLY -0.014094 5163004 -0.025406
469 UDSTL13 0.027554 F.15597 -0.041266
473 UDSTL13 0015517 5129132 -0.028946
472 UDSTLY 0.013353 F.05225 -0.028591
502 UDSTLY 0016223 5061541 0.027727
463 UDSTLI3 0.020831 5032279 0.031618
467 UDSTLY 0.016965 4979019 -0.031285 .
=139 LIOSTI 9 0027027 A GEOTET 0 OAEEaE
Record: | |4 4 T p || of 12 Add Tables... | | Done |
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Use File menu to automatically export to Excel as shown below without any manual copy & pasting or
editing of text files. Every single aspect of the model input and analysis and design results can be
automatically exported to Excel or Access or imported from Excel or Access. SAP2000 also comes
with a well documented application programming interface (API) which facilitates integrating SAP2000
with 31 party applications as well as plug-in options. APl documentation installs in the SAP2000
directory in a file named SAP2000 APl Documentation.chm

Microsoft Excel - Book3

Joint Displacements @ File Edit Wiew Insert Format Tools Data  Window  Help -8 X
i View  Format-Filker-Sort: Ciptions . . g e
- ;JE;nnal -0 - B I U|EEZE | - _;
Display Current Table 4 Tao Access 24 S & S04
Prink Current Table as Text File A | B | c | D | E | F | G &
uz u3 wmmlp | 1 TABLE: Joint Displacements
Export All Tables 4 i n 2 | Jeint  OQutputCase U1 uz u3
Display All Tables 4 233221318 'g'giggg? 3| Teu Text in in in
Print All Tables as Text File 5.852513 :0'0334?2 4 504 lUDsTLS -0.031867 5.247816 -0.050085
Sawve Current Table Format ko Table Formats File 5.839539 -0.030562 | 6 507 UD3TLA -0.02241 6235781 0045767
Save Al Table Formats bo Table Formats File 5.70478 -0.03577 iém UDETLT3 -0.027813 5852513 -0.033472
SEEOT1| 0053454 7 07 UDSTLI3 0019323 5.0639539 -0.030562
Apply Format From File ko Current Table BE0ZITF| 0033154 5 [E06 UDSTLY -0.016778 570475 -0.03577
Apply Formats from File ko All Tables 5.449352 -0.05853 i'fi?fi UDSTLS 0.021455 566011 -0.053464
fdd Tables 5.439364 0041216 ﬂEDS UDSTLS -0.02348 5.602157  -0.039194
5.361576 -0.023965 l’flEQ UDSTLS 0.031723 5449352 -0.05883
5.342057 -0.03756 iﬁ?S DTS 0.0178%7 5.439364 -0.041216
Close Form 5327109 0045137 EEDE UDSTLIS -0.016182 5361576 -0.0Z3965
U DLrSTLTS uzmeT 5275383 0026316 14 [474 UDSTL13 0.018586 5342087 -0.03756
509 UDSTLS WOV EUENY  AUNESE 15 (463 UDSTLE 0024044 5327109 0046137
jgg ﬂggﬁg ggf;gfi 551;:153; ggggig 16 603 UDSTL13 00204 5275389) 0026316
i e 0'013353 ;508225 -0.028591 i:SDS UDSTLS -0.014094 5.163004 | -0.025406
502 UDSTLY 0016228 5.061541 0027727 L e DL Qe AL P 2
468 UDSTL3 0020831 5032279 0031618 L EIE SRl Dhbolll G d e i
267 UDSTLS 001E35 4979013 -0.031265 177 HDSTE R o) 1, 15 U )
e meTlo 009707 4 OECTE 0 naceac AEDZ UDSTLS -0.016228 5.061541 0027727
_2'1168 UDSTL13 0.020831 5.032279 -0.031618 2
Record: | M| 4/ 1M af7n2 L RPN " Joint Displacements / Program Contral | € >
Ready
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Use the pull-down to switch from joint displacements to joint reactions and Format-Filter-Sort, then
Sort for F3 Descending as shown. F1, F2, F3 correspond to global X, Y, and Z unless local axis of
joints have been rotated.

Modify/Show Database Table Format

Farmat ] Filter Sort ]
Table Sorting - Sart by theze Fields Apply Format ta T able
Sart By |F3 j v Descending Apply Format from File |
Then By | j I Descending Apply Program D efault Format |
Then By | ﬂ W] s Sawe to DE Table Formats File
Then By | j ! Deseending Sawve Table Format ta File |
Then By | j [ Descending

Clear Sart

Cancel




Joint reactions now sorted by max vertical reaction. Alternatively use File menu>Create report to
generate output reports using SAP2000’s default settings for output report generation. You can
generate custom output reports and save formats using the Advanced report writer.

Joint Reactions

File Wiew Format-Filker-Sark Cipkions
nits: Az Moted
Joint OutputCasze | CaseType F1 F2 F3 M1 M2 M3 -
Text Text Text Kip Kip Kip Kip-in Kip-in Kip-in| |
» 16 LDSTL1G Combination 4347 0022 354 35 ] 0 o —
27 LDSTL1S Combination -1.3215 0.0z 354 .05 \ ] 0 ]
B2 LDSTL1S Combination -1.325 -0.05 3R3 72T Max vertical 0 ]
51 LDSTLIG Enmb?natinn 434 0.045 3R3E15 reaction for 0 ]
18 LDSTL1G I:-:-mb!nat!-:-n 4 463 0.045 3R317Y selected load 0 ]
43 LDSTL1G Combination 416 0.021 352 393 combos 0 ]
29 LDSTL1S Combination -4.211 0.047 351,242 _ 0 ]
40 LDSTL1S Combination 0.071 0.0&1 2458 6289 ] 0 ]
40 LDSTL1E Combination -0.073 0.0&1 348 681 ] 0 ]
B0 LDSTL1S Combination -1 485 0018 348 659 ] 0 ]
40 LUDSTL Combination -0.001 022 0052 345 272 ] 0 ]
40 LIDSTLS Combination 003 B 904 342 337 ] 0 ]
40 LUDSTLS Combination -0.000736 0.059 340 268 ] 0 ]
B2 LUDSTLS Combination -2.002 B.211 339,787 ] 0 ]
27 LDSTL1O Combination -2 614 F.729 338 264 ] 0 ]
29 LUDSTLS Combination -2.511 7.7ay 335,704 ] 0 ]
B0 LDSTL1O Combination -2.147 B. 226 335129 ] 0 ]
16 LDSTL Combination 0.4 0.0z24 334 597 ] 0 ]
27 LDSTL Combination -0.361 0022 334 227 ] 0 ]
51 LDSTL Combination 0,291 0.045 333,985 ] 0 ] -
i) LILCT] 1 Tl ciz i faleT=) ol nl=te] 293 gns i 0 i
Record: | 14| 4 1 k|l of 136 Add Tables... | Done I
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Please feel free to contact me with any modeling questions regarding SAP2000, or our SAFE program
for design of basemat foundations on soil or piles. Also, feedback on this tutorial would be appreciated,
as we can customize similar tutorials to meet your needs. We are very interested in working with you to
increase usage of SAP2000 and SAFE wherever you believe it may improve your work process. As you
can see from this tutorial, SAP2000 can be effectively used for day-to-day modeling and design
applications as well as for advanced nonlinear and dynamic analysis.

We encourage you to check out our design and user manuals which install in the Manuals subdirectory
of the SAP2000 installation folder

Watch & Learn video tutorials here: hitp://www.csiberkeley.com/support watch&learn.himl

Darrell Foster
5] Houston, TE office
Tel: T13-533-4420

Computers & Structures, Inc.
TECHHOLOGY FOE & EETTEE WOERLD

darrelliffcsiherkelay.com

wnanar cstherkeleyr com

CETir an IEC-200T cerfied company.
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