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In this hands-on lab, learn how Autodesk® Inventor® Professional, Autodesk® Simulation CFD, and Autodesk®
Simulation Mechanical design tools can empower structural engineers and architects to accurately assess designs for
the infrastructure of our growing world. Autodesk Suites are a smorgasbord of design tools, many with unlimited cloud
computing capabilities. Creatively exploring various combinations and interoperability functions of Autodesk
Simulation tools in nontraditional workflows can have a profound effect on design. This lab provides an opportunity to
practice the workflow and techniques in a hands-on environment. A case study will discuss the techniques needed
then justify using simulation tools and workflows to accurately predict the thermal profile and resultant stresses
through validation against measured bridge data. Attendees will learn how Inventor designs can be analyzed for
thermal loads using Simulation CFD and for thermal stresses using Simulation Mechanical.

Learning Objectives
At the end of this class, you will be able to:

« Create an analysis model in Inventor suitable for solar loading
» Setup and simulate solar analyses in Simulation CFD
o Process thermal results in Simulation CFD

« Transfer thermal results to Simulation Mechanical to evaluate stresses

About the Speaker
Dr. Peggy Menzies is currently the Senior Software Quality Assurance Engineering lead for the
Computation Fluid Dynamics product line at Autodesk, Inc. Previously, she managed the software and
mechanical engineering groups of an aerospace instrument manufacturing facility. She has two patents
on instrument designs for military and commercial aircraft. Peggy successfully completed her doctorate
from Old Dominion University researching unsteady, transonic flows. During her master’s program from
the Naval Postgraduate School, she researched FEA structural optimizations. After graduating from the
United States Naval Academy with an engineering degree in Naval Architecture, she served as an officer
in the United States Navy.
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Introduction to Using Autodesk® Simulation Products to Simulate Solar Thermal Loads in Concrete Bridges

Welcome to Class!!

This class handout was created with the complete novice in mind. Every mouse click and pick

is shown with images so you can repeat these steps even after the class is done. Experienced
users should be able to skip to the pertinent information. Use the margin icons to help navigate
as follows:

Look for this figure in the margin for the steps to be performed in the hands on lab ->

Look for this figure in the margin for tips and key points to remember ->

Look for this figure in the margin for more details or an in depth explanation ->

Stars overlaid on the figures highlight where to click in the dialogs:

Section 1: Create an analysis model in Inventor suitable for solar loading

By the end of this section, you will understand how to prepare CAD geometry to be used for
solar simulation analyses using Autodesk® Inventor® Professional. The methods presented
are applicable to most structures exposed to solar thermal loading, not just bridges, though this
course is specific to concrete bridges.

Note: Items with the “to do list” figure in the margin will be performed in the class while the
remaining items are provided for detailed reference.
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Start with model geometry
Nearly any format of CAD geometry can be used with Autodesk tools to create simulation
analysis models. The following is a list of formats easily imported into Inventor Professional:

Autodesk Inventor Files (*iam;”idw;”.dwg;.ipt;” ipn;”ide)
Autodesk Inventor Assemblies (iam)
Autodesk Invertor Drawings (".dwa; ~idw)
Autodesk Inventor Parts {*ipt)

Autodesk Inventor Presentations (™ipn)
Autodesk Inventor iFeatures ("ide)

Alias Files {*.wirg)

AutoCAD DWG Files (*.dwa)

CATIA V4 Files (" model;” session;” exp;”.div3)
CATIAVS Files (" CATPart;” CATProduct ;™ car)
DWF Markup Files (*.dwf;”.dwfx)

DXF Files {~.dd)

IDF Board Files ("brd;”.emn;” bdf;idb)

IGES Files (*igs;"ige;"iges)

JT Files (*jt)

MNX Files (" prt)

Parasolid Binary Files "x_b)

Parasolid Text Files {"x_t)

Pro/ENGIMEER Granite Files (*.g)
Pro/EMGINEER Meutral Files (" neu”)
Pro/ENGIMEER and Creo Parametric Files (" prt™" asm”)
Revit Project Files {*.rvt)

Rhina Files (*.3dm)

SAT Files (" sat)

STEP Files {*stp;” ste;™ step)

STL Files {~stl;” stla;™ stlb)

SolidWorks Files (" prt;” sldprt;”.asm;” sldasm

Import AutoCAD geometry as volumes
As an import example, AutoCAD geometry can be opened for use in Inventor Professional.
Navigate to the desired geometry file:

oo
Hame . Date modified Type
% SB-Sold Superstructure.dwg AAI312PM_ OWGFile

Flename.  Sp.Soid Supentructure dwg

Flesoftype: | Autodesk ientor Fles (iam.”idw.” dwg."ipt"jpn.”de)
ProjectFie: [ Defaultip)

Quidk Launch
@) E S
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Select Options... then check Import followed by OK:

File Open Options

Nen-Inventor DWG File
) Open

@ Import

Then click Open on the main Open screen.

This will open the DWG/DXF File Wizard:

DWG/DXF File Wizard Import Destination Options

Welcome to the DWG/DXF fie wizard. Y 30 data options Destination for 2D data
the conten

‘ou can use this wizard to rea
s 0f an AUtOCAD, Mechanical Deskiop or DI fie
[ import into Repair Environment New Drawing

Promote Dimensions To Sketch
Read Content From: Title Block.

(® AUDCAD or AUtoCAD Mechanical File
Border

= Symbol
© New Part
*) Wires to 30 sketch

Mechanical Desktop Fi
lechanicel Desktop File [ wires @ Project wires to 2D sketch

DiF File
Feies Impart Files Units Templates
© Detected Units Assembly Template
Configuration fnch Standard.iam

Configuration Not Saved -] Spedify Units Part Template
You can configure the wizard by loading a pre-existing configuration. mm Standard.pt

Drawing Template

=5

[ constrain End Points
Apply geometric constraints

[] tmport parametric constraints.

[] AutoCAD Blocks to Inventor Blocks

[ Proxy objects to user defined symbols

Mapping Options ...

Sheet Size:

Standard.idw

Custom Size (mm)

Save Configuration

Tip: When importing geometry, be sure to select 3D solids and check for correct “Import Files Units.”

If you plan to repeat the process, use Save Configuration ... before selecting Finish.

Alternately, a model assembly can be created for analysis directly in Inventor Professional.

Open and explore the example geometry - Bridge Assembly.iam
For the hands-on lab, a sample bridge assembly has been created in Inventor Profession to
approximate the Alvord Lake Bridge located in Golden Gate Park in San Francisco, CA.
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Side note from Wikipedia:

.
The Alvord Lake Bridge was the first reinforced concrete bridge built in America. It was built in
1889 by Ernest L. Ransome... (he) left San Francisco a few years later, frustrated and bitter at the
building community’s indifference to concrete construction. Ironically, the city’s few reinforced
concrete structures, including the Alvord Lake Bridge, survived the 1906 earthquake and fire in
remarkable shape, vindicating Ransome’s faith in the method. The Alvord Lake Bridge, which

arches over a pedestrian entrance to San Francisco’s Golden Gate Park, was designated a civil

engineering landmark by the American Society of Civil Engineers in the 1970s

Open Inventor Professional then Select the Open Icon under Work:
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Navigate to the “Demonstration\Inventor Geometry” directory, and select “Bridge
Assembly.iam.” You should see a model similar to the following:

Use Free Orbit from the right hand navigation bar to rotate and inspect the geometry:

F Free Orbit

B Cynamically rotates the view around the screen axes or center
based on cursor input.

The rotation symbol has vertical and horizental axes. Drag to
rotate, Click inside of circle to rotate freely around the center
point. Click outside the circle to rotate around the screen normal
axis. Click inside the circle to reposition the rotation center.

Press F1 for more help
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Creating analysis assembly - Solar Assembly.iam

To perform a solar thermal analysis in Simulation CFD, environment features need to be
created in Inventor to correctly model the heat transfer to and from the environment. In the
following schematic, a simplified representation of a bridge is shown under a sky dome to
represent the minimal environment features and how they relate to heat transfer:

Modes of Heat Transfer to and from the Environment

Quter Space —

Aluminum Dome to mimic space
at 12°C (Day) and -43°C (Night)

with £=1.0

Radiation —
CO nvection —_ Solar Radiation to Bridge Deck (Day)

and Bridge Deck to the Sky (Night)

Conduction —
Heat transfer to the ambient air

Heat loss to the moving air

Conduction — Radiation —

Heat transfer to the Ground - Bridge to Ground (Night)
greater than 15 meters, T =5°C

For the lab, the environmental features for the Alvord Lake Bridge have already been created
for you. Open “Solar Assembly.iam” from the “Demonstration\Inventor Geometry” directory.
You can skip to page 18 when you are ready to continue.

Tip: For your structure, you will want to create a new assembly with the geometry model
of your structure as a sub-assembly.

Creating an independent analysis assembly facilitates aligning your structure with global
coordinate axes and gives you options to experiment with environment features without altering
the model of the actual structure. These next paragraphs show you how.
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Create an analysis assembly
When you need to create an analysis assembly for your structure, in Inventor, select the

New_Assembly icon:

Assembly

Drawing

Part

6}@ Presentation

Place bridge assembly
Place the bridge geometry (the bridge assembly) in the analysis assembly by selecting the

Place icon, then selecting the bridge assembly:

- 5l Material ~| Appearanc
Assemble
=1}
Place |Create
- S
(- Relationships Pattern ~ | Pr
Place x

Q Place from ( Place Component (P}
Specifies one or more files to place as a component in an

Dl__,-? Place iLogic| assembly.

[EzRepresentatl Assembly companents can be individual parts or subassemblies
EIOrigin that behave as a single unit. To ensure that they are available
when you open the assembly, add the paths for all components

to the project for the assembly.
- \ll; )

o)
©

Press F1 for more help
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Be sure to constrain the bridge assembly in the analysis assembly:

| % Assemblyview ~ #4

ch as Mate, Angle, Tangent, and Insert to
n an assembly fit together. You can
nstraint before you apply it

The origin of the analysis assembly will be the reference point for simulations.

Tip: A good recommendation is to ensure the origin of the analysis assembly is located
at the center of the uppermost surface of the bridge deck. Additionally, ensure the
compass directions, relative to the bridge, align with a coordinate axis and note which
axis represents east and which axis represents the direction of the sky. Note: the Alvord
Lake Bridge runs North - South for traffic.

Create the Environmental Features starting with the Ground part
Use the Create icon to create a new component for the analysis assembly:

e =
E

Inspect  Tools Mar

ce Move | (@) EF 35 Pattern
‘o

Free Rotats M
e Raae Joint Constrain E‘E et
o Hide All ‘

%
Create Component (N}

Creates a part or assembly in an existing assembly.

You select a plane on which to sketch, and set the name for the
| part. Parts created in place are normal parts saved in their own
files. You can project edges from existing components to create
components in place.

[x
[y
[z

G
= %Bridgs
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!? Tip: A good recommendation is to use either a body of revolution or an extruded circle
for the ground part such that the resultant diameter is at least 130% of the diameter of

the bridge footprint:

To minimize the effect of ground temperature conditions, the ground part should be sufficiently

deep (> 15 meters). At >15 meters, the ground is assumed to have a uniform temperature.

The bridge geometry should be connected to the ground geometry at all supports. If the bridge
geometry did extend into the ground, a Boolean operation would be needed to remove the self-
intersection of the two parts.

Remove intersection by cutting the ground if necessary
Inventor Professional makes it easy to remove any interference between parts. In this case,
since you will want to remove the bridge geometry from the ground part, select to edit the

ground part, and then use Copy Object command to make a copy of the bridge geometry parts
that intersect in the Ground part:

Z & # o

& Sweep S Emboss

Create Box
2D Sketch

Sketch Primitives

Extrude Revolve

&, Rib

Create v

- 13 Solid Bodies(1)
t— o= view:

- (] orign

(— [FHwork Plane2
- (1 Extrusion1

— @endofpart

53 Derive

ICE

Hole  Fillet

Shell
(85 Draft

Si ation CFD 2014 Simulation CFD
1" B2 Rectangular | & Thicken/Off]

int -+ | & Circular [F] stitch

Select  body to create a new composite feature and then use
the Repair Bodies command to edit the composite in the Repair
environment. You can copy an inactive component as a surface
to use as a quilt with the Thicken/Offset command during an in-
place edit in an assembly.

Press F1 for more help

10
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T At ) o -l - oacii

3D Model e oo Manage | Environments  BIM  GetStated  Autodesk Simulation  Au Autodesk Simulation CFD 2014 Simulation CFD

ILI/ gl @ U Loft Coil @ @ @ Chamfer % Thread ’*‘ Move Face @ D Axis - 3: Rectangular | & Thicken/Offs|
‘E; Sweep % Emboss e Shell 9 Split < Point ~ @ Circular I:ﬂ Stitch
ole Fi

Create Box Extrude Revolve Plane
2D Sketch ™ M [B» Rib [ Derive [ Draft () Combine (k. Move Bodies vl ucs Blg Mirror @& Sculpt

Sketch Primitives Create = Modify ~ Work Features Pattern Surf

Selected 5

Output

.“ T

(@ Create New

EEETE

() Select Existing ’]
B [ Delete Original

Cancel | Apoly

Ground: 1
o) Solid Bodies(1)
T2= View:

N s mEEEE

3 [ Work Plane2
[t Extrusion
(D End of Part

Tip: When removing intersections, be sure to select Body and Create New with the Solid

option. All of the intersecting bridge parts can be selected at the same time.

If you have performed this correctly and the ground did intersect with the bridge, the feature tree

for the ground part will show an additional Solid Body called Base:

=+ ¢ Ground: 1

- £ Solid Bodies(2)
— -t_T- View:

- [ Origin

— ¢ [CH Work Plane2
[+ m Extrusion1

— v [JBase1

— () End of Part

11
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While still editing the ground part, select Combine:

@ @Chamfer %Thread '*’ ove Face @ Enxis - E::Rectangular
Hole Fillet hel g Sl

® oot

Modify =

Combine

Performs a cut, join, or intersect operation on two or more solid
bodies.

Select a base body to indicate the solid being acted upon, Select
one or more toolbodies to perform the specified join, cut, or
intersect operation on the base solid.

Press F1 for more help

Then select the circular disk (the extrusion or body of revolution of the ground part) as the Base

and the copied geometry (the bridge parts) as the Toolbody. Then select cut on the
combine dialog:

Base

Toobody (1)
[7] keep Toobody @

@ [ o [ o ]

12
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If this has been performed correctly, upon opening the ground part, you will see a cutout where
the bridge parts intersect with the ground similar to this:

Note: This is for example only; the demonstration model you will be using in class does not
have a ground interference with the base of the bridge.

To help visualize the Alvord Lake Bridge in situ, additional ground parts and the road bed were
added to the demonstration analysis model. The addition of these parts had little effect on the
thermal profile of the bridge but do impact the structural analysis.

The demonstration analysis model should appear as follows:

13
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Create the next Environmental Feature - the Sky Dome part

Use the create icon again to create a part to represent the Sky environment. The sky will be
represented by a dome and can easily be created as a body of revolution. The dome should be
created so it is flush with the bottom and sides of the ground and should be a couple of meters
thick for ease of meshing in the analysis. The sketch used for the example problem follows:

Note: The dome will not be a single arch but a straight section (along the ground part which
can extend up to the height of the bridge deck) and an arch to complete the dome.

Tip: Whenever possible, be sure to use the Project Geometry Command to ensure the
edges of the dome precisely meet the edges and bottom surface of the ground:

14
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E Rectangular +§+ Mowve

@ Circular O&, Copy
Bq Mirror () Rotate

| Pattern |

Project Geometry

Projects edges, vertices, work features, loops, and curves from
J existing objects onto the current sketch plane,

Click one or more object to project. In the graphics display, right-
click and select Done to complete the command,

o

Press F1 for more help

Create the conceptual Environmental Feature - the Sky Void part

In Simulation CFD, space completely enclosed by a combination of parts, will create an
additional part — a void fill. Therefore, the space between the Sky Dome and Ground part that is
not occupied by the Bridge assembly will become this separate part when the model is launched
into CFD. We are leveraging this function to surround the structure with Air — a part you
normally do not create in CAD.

Our next effort will be to create a conceptual part to make a hole in the sky. With the hole, we
can approximate the natural environment from the ground to the sky without modeling all the
way up to the atmosphere. This conceptual part will minimize the mesh of the simulation
analysis (reducing computational effort) and minimize solving effort by approximating natural
convection in the environment with a surface boundary condition. The sky void should be
created so it is completely between the geometry and the Sky dome part.

Tip: A good recommendation is to leave a reasonable gap (~3 meters) between the Sky
Void outer surface and the Sky Dome inner surface. This will facilitate more uniform
meshing. | also recommend add a substantial Fillet to the outer diameter edge. Solar
radiation calculations can produce strange reflections on sharp corners. Since the Sky
Void part is not physical, it is best to avoid such a corner.

15
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Use the create icon to create a new part - Sky Void. Then create a sketch similar to the
following:

Use the Revolve icon to create the body of revolution, selecting the profile and axis for a Full
revolution:

Environments  BIM  Get Started  Aut

@ ) Chamfer & Th

3 Shell 5

Revolve | Hole Filet © @ e
Revolve (R)

Creates a feature or body by revolving one or more sketched
profiles about an axis.

EBIIEEEN Inspect  To

T

te Box Extrude
ftch T

Eh Primitives

'@ Modeling View ~ @4 You can revolve profiles through any angle up to 360 degrees.
The axis of revalution can be part of the profile or offset from it.

The profile and axis must be coplanar.

Press F1 for more help

16
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Be sure a solid body is created and not just a surface part — you can check this in the context
menu to ensure the Solid output icon is selected or in the feature tree upon completion to see

Solid Bodies (1) listed.

CET—D
N5 profie | i axs 50

@Rz *
() Solid output
) Surface output

Return from editing the Sky Void part.

Create any other Additional Environmental Features

() sky void: 1

10 Solid Bodies(1)
-t_T- View:

[ origin

423 [} Work Plane1
= ﬁ Revolution1
L[| sketch1
@ End of Part

Depending on your structure’s specific placement, you may need to add additional
environmental features to account for uneven terrain, water features, or connecting structures.
The Alvord Lake Bridge is actually an underpass for pedestrians to enter Golden Gate Park
without crossing traffic. As such, the bridge was built into a slight rise in the ground. For
aesthetics in the demonstration model, the raised ground and connecting roadbed have been
added to the simulation model. In a Half Section View, the demonstration bridge looks like this

in Inventor:

17



™
>v g
- 5

Introduction to Using Autodesk® Simulation Products to Simulate Solar Thermal Loads in Concrete Bridges

Launch Active Model

You are now ready to launch your analysis assembly into Simulation CFD for determining the
Solar Thermal loads on your structure. Locate and select the Autodesk Simulation CFD 2014
tab in the Ribbon, then select Launch Active Model:

I .I”—
R E = Era e TE e R

Asszmble  Simplify  Design 3D Model

Note: To use the instructor completed analysis assembly, locate and open “Solar
Assembly.iam” from the “Demonstration/Inventor Geometry” directory in Inventor Professional to
continue with the exercise.

Click OK to continue.

Check the names and paths given for the “New design study” and proceed with Launch:

New design study

Study name:  Solar Assembly

Designname:  Design 1

Scenario name:  Scenario 1
Studypath:  E:ftest

Design study list:

Existing design studies

Open design study

Add to design study

Update design

B & &

Description

no preview available

@

18
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Section 2: Set up and simulate solar analyses in Simulation CFD
By the end of this section, you will know how to setup and solve for the time dependent
temperature profile of your structure in Autodesk® Simulation CFD.

Navigation and Essential UI Skills
Upon launching from Inventor into Simulation CFD, red text may appear in the Message
Window:

Creating native model...

Model file read.

Assembly model generated.

Design model loaded.

There was 1 additional part generated.

Building display model...

Display model complete.

Performing full diagnostic sweep...

The edge merging tool may prove useful for this model.
The small object removal tool may prove useful for this maodel.
Diagnostic sweep complete,

License check.

License check complete,

\_Message Window f\_Convergence Flot /\_Critical Values /_Design Review Center /

Along with the Geometry Tools dialog:

/" Edge Merge \/” Small Object %/ Void Fill %/ Ext. Volume

Edge merging
Merge edges whose induded angle is

-

less than (degrees): 5 =

Edges to be merged: 2

Display edges to be merged

(7] Undo

Select Merge in the dialog when Edge Merge is Active, since this will connect tangent edges for
optimal computational performance. Then close the dialog.

19
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Tip: Typically, structural geometry is of a size and proportion to prompt the user for
Small Object removal in Geometry Tools. If tiny objects are found in the geometry,
change to the Small Object tab and the small entities will be highlighted with red arrows
in the display. The remove button will remove them from the analysis model to improve
computational performance. For very large geometry, a good recommendation is to
increase the Tolerance slider to the maximum (all the way to the right) then select
remove.

In the training model, there are no small objects to remove. You can now close this dialog.

Default Navigation
Information on model navigation and setup is provided for the novice user or as review. For
complete details consult the online Help system in the upper right hand corner:

00y dcis

Click here to access the help

The navigation can be customized to personal preferences but for the purposes of this lab, the
default settings will be used as follows:

Display Action ADSK CFD Mouse

Command
Wheel Zoom | Scroll
Rotate Shift + MMB
Pan MMB
Select/deselect LMB
Rubberband select LMB drag
Blank/hide Ctrl + MMB
Show all Ctrl + MMB off model

Additional navigation aides are available under the View tab:

Autodesk Simulation CFD 2014 Sola

Start & Learn Community  Add-Ins

A (-
-1 o Orthographic = I:|z = E D O
User Link
Views

M pan (5] Look At

+ A
@ Zoom -+ &= Previous

()

[ Selection List  [qg Back: d
Visual Style Sechen e e User Clean Viewports Full Navigation

Q Model Shadow O Z-Clip Interface " Screen Wheel 7 2> Orbit = (g} Home

View Sattings| | Window Navigate

Appearance ¥

20
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Navigation Practice

Take time to ensure you can zoom and rotate with the mouse or scroll wheel. Alternately, select
the View tab for more navigation options or use the View Cube and Navigation tool bar in the

display.

Selection Practice

This next step will help you understand how to select items to apply analysis settings.

the Setup tab is selected:

i e ER

View  Vault  Autodesk 360 Start 8 Learn Comm

%) £ LA
Add/Update [ Geometry | [Materials| Boundary  Initial  Mesh Motion

Design Tools Conditions Conditions Sizing

Design Study Tools = | Setup Tasks

Ensure

To select items for setup assignment, you will need to be able to select and deselect entities.

Observe the Selection mode then use the left mouse button to select:

Direct ~ Hy Show All

@ Surface % Select Previous %3 Deselect
Eliy Select All Hip Deselect All

Selection |

21
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When volume and direct is selected in the Ribbon, a left mouse button click on an object in the
display will select the volume (think geometry part) and once selected will turn that volume red:

Green — ready to select Red — Selected Yellow — about to Deselect

Blanking and Hiding Practice

Finally, practice blanking or hiding geometry to see the inside of the analysis model. Move the
mouse over the geometry you wish to hide, hold the control key, and then press the middle
mouse button. In Volume selection mode, you will now blank the outside volume. Change to
Surface selection mode to blank a surface only. Blanking one volume and two surfaces should
leave you with a view similar to the following image:

To unhide the geometry, simply hold the control key and press the left mouse button anywhere
off the model in the display window.

22
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Apply Settings for a Solar Simulation Analysis

For the purpose of the hands-on lab, we will be analyzing the Alvord Lake Bridge on July 4",
2013. We want to determine the temperature profile of the bridge throughout the day to be able
to evaluate the peak thermal gradient which results in peak thermal stresses.

The following steps can be considered a recipe to follow for setting up many Solar Thermal
analyses. In addition to the specific steps to complete the hands-on exercise, explanations are
provided to apply the setting methodology to other analyses of interest.

In general, think of the setup steps as telling the simulation tool what you know about the
environment.

Name the Design and Scenario

By now, you have your model in the Simulation CFD user interface and should be a little more
comfortable navigating with the model.

If you did not change from default names when launching from Inventor, the analysis Design
Study Bar will show Design 1 and Scenario 1 for the Design and Scenario names, respectively.

Design Study Bar 5 X
Mew design study
—| Mote
Study name: Solar Assembly L:% Design 1

L Geometry (meter)

Design name: Design 1 4 [ghy Scenario 1

Scenario name:  Scenario 1 4 g Material
4 % Unassigned
Study path: E:ftest 7 1 Bridge Rail:1@Bridge ..

J 2 Road Bed 1:1

You might need to change the design and scenario names in cases where you are evaluating
multiple designs in the same study or when a given design has multiple environmental
conditions such as different seasons. The design and scenario names can easily be changed
by right selecting on the name in the tree, selecting Rename and typing in a more sensible
name:

| Design Study Bar B X

_ Mote

L:QQ!, Design 1

9-?:) Geometry (meter)
4 %, Scenarjo 1

Collapse

Activate

Clone.
Rename

Delete

Solve...

Generate mesh ...

B e L e e e ]
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“\\l\gs
W ) 5
Let’'s rename the scenario to July4th since that is the day we will be evaluating for this example.

Check Geometry units
How embarrassing and costly are unit system errors?

From a CNN website:

(In 1999) NASA lost a 5125 million Mars orbiter because a Lockheed
Martin engineering team used English units of measurement while the
agency's team used the more conventional metric system for a key

spacecraft operation, according to a review finding released Thursday.

Tip: Always double check the analysis units for the Design. Use the Axis markings in
combination with the unit system listed for the Geometry to ensure the model is the
correct size. Aright click on Geometry _Length units can help correct unit systems.

For our demonstration analysis, the Inventor parts were created in meters, and we will work with
Watts to measure power. As a check, the “gumdrop” shape should be ~ 36 meters high.

Should you need to change length units, Right select on the word Geometry in the Design Study
Bar. Pull down to Length units for the desired units.

Design Study Bar

' Mote

el Design 1

- Geometry (meter)

Edit...
4 E Julydth
y . Length units  #
4 &l Material

4 g% Unassigned £m
i 1 Bridge Rail:1@Bridge ... mim
) 2 Road Bed 1:1 foot
() 2 Retaining Wall:1@Erid... inch-BTU/s
3 4 Retaining Wall_MIR1:1...
3 5 Raised Ground:1

inch-Watt

24



Introduction to Using Autodesk® Simulation Products to Simulate Solar Thermal Loads in Concrete Bridges

Correct the Solar Flux for the environment location

With the help of the internet, find the Insolation for the environment of interest (I looked up the

Solar Power Map for San Francisco and found an average value of 4.6 kWh/m”2/day). Factor

in how many hours of daylight exist per day for the time of year and determine the Solar Heat

Flux value. For the 4™ of July in San Francisco this year, there was approximately 13.5 hours of

daylight.

For our example analysis, the calculation should look like this:

4.6 kWh/m”2/day * 1000 W/kW

Solar Heat Flux =

13.5 hours of sunlight/day

---------------------- = 340 Watts/m"2

This value needs to be entered as a flag setting in the user interface.

Expand the Design Study
Tools section in the Ribbon

Add/Update
Design

Select Flags

Use the Flag Manager to define additional settings

iy Geometry (int
Press F1 for more help

< Leg] Julyath

Right Select in the Right hand
panel of the Flag Manager

& | Flag Manager

Flag Settings

4 53 Solar Assembly 1
4 g Design1
& Julylth
L} Default flag settings
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Select Add

& | Flag Manager

Flag Settings |
4 5 Solar Assembly_1 ‘
4 g Design1
& Julydth
L4 Default flag settings ‘

Arguments Description

Type Solar in the Flag name
field

Select SolarFluxConstant and
OK

§ Add New Flag [

Flag name:

Solar|

| SolarFluxConstant i
| —

Change the Value to 340 by
clicking on 910 in the Right
hand panel and typing 340

& | Flag Manager

Flag Settings
4 3 Solar Assembly 1
4 ‘g Designl
4 '@ Julydth
= SolarFluxConstant: 910
L) Default flag settings

Flag name Category

1 SolarFluxCenst.. solver Value = Solar fl...

For the hands on lab, we will also use an additional flag setting to help speed the radiation
calculations. Repeat the above steps to add ClusterFaces to the flags. Then set the value to
20. Select apply, then close the Flag Manager dialog. Your flag setting should appear as

follows:

Flag Settings
4 5 Solar Assembly
4 g5, Designl
4 ey Julydth

. Default flag settings

e SolarFluxConstant: 340
= ClusterFaces: 20

For a typical simulation with a more detailed model and mesh, this ClusterFaces flag is normally
not needed. Once the flags are added, close the Flag Manger dialog.
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Add the demonstration material database

For the demonstration, a special material database has already been created for you. This will
ensure everyone uses the same material properties for the demonstration. For more
information regarding material databases visit the online Wiki help.

To see the custom materials created for this class, you will need to add the material database to
the Material Editor. Right click on the word Unassigned in the Design Study Bar then select
Edit...:

Design Study Bar 5 X

Mote

l_:% Design 1
% Geometry (meter)
4 Leffy Julydth
4 o5 Material
4 [d Unassigned
7 1 eridge Collapse

7 2 Road .
7 3 Retain e
@ 4 Retain Remove
) 5 Raiseq S
1 & Road e
7 7 Retain (J Shaded
@s REi.:Elln g Transparent E
7 9 Raiseq & Outiine A
(7 10 Sky O —F
__
Next, select Edit in the Material dialog:
.
Materials @
Property settings

Material Edit...

Material DB Mame  Default

Type Fluid

Mame Water

Environment Set...

-t_.g; [ Apply ] [ Remove ] [ Cancel
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And proceed to the Databases tab in the Material Editor dialog:

Properties Favorites Databases

Material
Type: Fluid
Mame: Air
Save to database: | &, Default -

Saved

Status:

Select Add...

| Properties | Favarites | Databases

Mame Path

&, Default C:/ProgramData/Autodesk/Simulation CFD 2014 /matprop.cfdmdb

Ci/Users/menziep/AppData/Local/Autodesk/Simulation CFD
2014/ ryrnaterials.cfdmdb

7 My Materials fars
Remove
Rename...

Set file path...

Then navigate to the “Demonstration/Datafiles” directory and select “Demo Materials.cfdmdb”
and then click Open. You can now close the Material Editor dialog and cancel the Materials
dialog. To make sure nothing has been selected by mistake, please click on Deselect All in the
ribbon:

= Autodesk Simulation CFD 2014 Solar Assembly:Design L:Julydth

Type a keyword or phrase

DBES =1

ECAT Results  View  Vault  Autodesk360  Start & Learn  Community  Add-Ins -

=@ S & @ @ % <b E’j g Solver Manager @ Direct ~ Hy show Al

" . X ﬁ Solution Monitor @ Surface % Select Previous Eg Deselect

Add/Update E Rules Geometry  |Materials| Boundary Initial Mesh Meotion | Solve
Design Tools Conditions Conditions Sizing =] Motifications gg Select All EB Deselect Al
Setup Tasks

Design Study Tools = | | Simulation « | Selection
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Assign Materials to the geometry parts

For item listed under Material in the Design Study Bar, we will assign a material to let the
simulation tool know what the various parts are made of and their thermal properties. In
general, you will mouse over a volume in the display window (the volume will turn green), then
right select and pick Edit from the context menu. You will know you have selected the correct
volume when it turns red at this point.

keyword or phrase 0 Sk pmenzies10

Start & Learn  Community  Add-Ins -

= | ®00 [ Solver M 3 Direct - B Show Al
':B\Qg @ @ 4> © |:> otver Menager | (19 e By show A Edit [ Material Editor

e Solution Monitor ([T Select Previous Deselect
Add/Update [ Geometry Boundary Initial  Mesh Motion | Solve m % %

Design Tools Conditions Conditions Sizing =] Motifications E&; Select All Eg Deselect All
Setup Tasks

=, Remove @ Scenario Environment

Design Study Tools + Simulation + Selection Materials

Design Study Bar
| Note

[l Design 1

& Geometry (meter)

4 [l Julyath

4 &% Material
4 ¢l Unassigned
[ 1 Bridge Rail:1@Bridge ...
() 2 Road Bed 1:1
(3 3 Retaining Wall:1@grid...
@4 Sky Dome:l
[T 5 Retaining Wall MIR1:1...
[ 6 Road Bed:1 Select all
[T 7 Retaining Wall_MIR_ML.. Deselect all
[ & Retaining Wal_MIR1@...
@ 9 Raised Ground 1:1
@ 10 Ground:1
[ 11 Raised Ground:1 - Shaded
(3 12 Bridge Rai MRL1@..
[ 13 Bridge Deck:1@Bridg...
01 Bridge Support:1@Eri..
S Creating native model... .
@ 15 Sky Void:1 Mode! file read. Faverites
@ 16 valume Assembly model generated.
o Design model loaded.
*‘J B?l_mdary C_o_ndltlons There was 1 additional part generated.
#) mitial Conditions Building disnlay model...
Mesh Size Display model complete,
CE K Performing full diagnostic sweep...
% Motion The edge merging tool may prove useful for this model.
@ Groups The small object removal tool may prove useful for this model.
a4 2% Salve Diagnostic sweep complete.
. X License check.
b = Flow: On License check complete.
= Heat Transfer; Off Building display model...
Display model complete.
Performing partial diagnostic sweep...
Diagnostic sweep complete.
Edge merge operation reduced model edge count from 758 to 757 edge(s).
Performing full diagnostic sweep. ..
Diagnostic sweep complete.

Selection type 3
Selection list

Previous

Group

(O] Outline

Transparent

\_Message Window J\_Convergence Plot /\_Critical ¥alues /\_Design Review Center [

0 Surface(s) selected

Sky Dome -> Sky-el

Starting from the outside of the model to the inside, you should first apply a material to the
outside dome which represents outer space. Mouse over the dome, right select, select edit in
the context menu, then you will make the following selections in the Materials dialog:
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Materials - IE\

Property settings

Material Edit...
Default =
Type Default
Name Demo Materials
Environment My Materials

Use the Material DB Name pull down to Local

select the Demo Materials Database

Materials - \E\

Froperty settings
Material Edit...
Material DB Name Demo Material
Fluid
Name Fluid s
Environment Solid
. Resistance
Change Type to Solid Internal Fan/Pump ™ |
Centrifu...p/Blower |=
Check Valve
Rotating Region
Printed C...it Boards
Compact ..al Model
LED Device &
-@) Apply ] [ Remove J I Cancel
Materials
Property settings
Material Edit...
Material DB Mame  Demo Materials
Type Solid
Mame Sky-el
Environment Set...
Ensure Sky-el shows for Name
(7] Apply ] I Remove J I Cancel
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Select Apply @ Apply move || cancel |

Design Study Bar B X

) Maote

I_::;@L Design 1

@;'{J Geometry (meter)
4 Ll Julydth
4 o0 Material
4 g% Sky-el [Fixed]
I 10 sky Dome:1
4 g% Unassigned
I 1 Bridge Rail:1@Eridge ...

Verify correct material assignment in the
Design Study Bar

The purpose of the Sky Dome is to mimic outer space in the simulation. The Demo database
contains Aluminum from the default database since it is fairly conductive but was customized
with an emissivity set to 1 to represent a black body. All radiation to outer space will be
absorbed.

Sky Void and Volume -> Air-conductive

Now that the Sky Dome is assigned to Sky-el material, blank the Dome (hold the ctrl key and
middle mouse select on the dome) to see the created volume inside the dome. This volume will
represent the ambient environment (the air) that surrounds the bridge.

We will use a different strategy to apply materials to these volumes so you can chose your
favorite method going forward. This method uses the Design Study Bar. Ultimately, we want
the Sky Void and the Void Fill materials to be Air-conductive.
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Select the Unassigned volume
“Sky Void:1” in the Design Study
Bar

(use the left mouse button)

Design Study Bar

) Maote

l_::;@, Design 1

g

]
]
’
]
]
]
]
]
]
]
'
]
]
J
]

L) Geometry (meter)
4 Lefy, Julydth

4 o Material
4 g% Sky-el [Fixed]

10 Sky Dome:1

4 g% Unassigned

1 Bridge Rail:1@EBridge ...

2 Road Bed 1:1

3 Retaining Wall:1@Brid...
4 Retaining Wall_MIR1:1...

5 Raised Ground:1
& Road Bed:l

7 Retaining Wall_MIR_MIL..
8 Retaining Wall_MIR:1@...

9 Raised Ground 1:1
11 Ground:1

12 Bridge Rail_MIRL:1@...
13 Bridge Deck:1@Bridg...

14 Bridge Suppao
15 Sky Void:l
16 Volume

Brl...

Hold the Control Key and Select
“Volume” in the Design Study Bar

(again use the left mouse button)

4 g U

]
]
]
]
]
]
]
]
]
]
]
]
]
]
]

nassigned
| 1 Bridge Rail:1@Eridge ..
| 2 Road Bed 1:1

| 3 Retaining Wall:1@Brid...
| 4 Retaining Wall_MIR1:1...
| 5 Raised Ground:1

| 6 Road Bed:1

| 7 Retaining Wall_MIR_ML..
| 8 Retaining Wall_MIR:1@...
| 9 Raised Ground 1:1

| 11 Ground:1

| 12 Bridge Rail_MIR1:1gD...
| 13 Bridge Deck:1@B
| 14 Bridge Supp
| 15 Sky Void:1

| 16 Volume
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Right Select on one of the volume
names and select Edit... from the
context menu

LU I'LI'\-_.J

! 12 volume
% | Boundary Condi
# Initial Conditions
£ Mesh 5ize

& Motion @
@ Groups T
- =% Solve :

Edit...

Remove
Suppress

Shaded
Transparent

Cuthne

Create new group...
Add to existing group...

Create rules

Ensure:

Material DB Name is set to Demo
Materials

Type is set to Fluid
Name is set to Air-conductive
in the Material dialog then

Select Apply

Materials ||
Property settings
Material Edit...
Material DB Mame  Demo Materials
Type Fluid
Mame Air-conductive
Environment Set...

Remove || Cancel |

The custom Air-conductive material is a copy of the default database air material with the
conductivity increased 100 times to account for the increased heat transfer due to natural
convection. Basically, the air surrounding a structure is never still which increases heat transfer.
For computational performance, we will only use the CFD tool to solve the heat transfer during

the simulation not the flow field. Without a moving flow field, the additional heat transfer (due to
natural convection currents) will be approximated with an increase in thermal conductivity.
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Your Design Study Bar should be filling under the Material’s section like this:

Design Study Bar [

Mote

l_:@, Design 1

“‘:&1 Geometry (meter)

4 Lefy Julydth
4 o5 Material

4 &b Air-conductive [Fixed]
o 15 Sky Void:1
7 16 volume

4 b Sky-el [Fixed]
o 10 Sky Dome:1

4 gl Unassigned
7 1 Bridge Rail:1@EBridge ...
3 2 Road Bed 1:1
7 3 Retaining Wall:1@Brid...
7 4 Retaining Wall_MIR1:1...
7 5 Raised Ground:1
1 6 Road Bed:1
3 7 Retaining Wall_MIR_ML..
3 8 Retaining Wall_MIR:1@...
7 9 Raised Ground 1:1
) 11 Ground:1
3 12 Bridge Rail_MIR1:1@...
3 13 Bridge Deck:1@Eridg...
7 14 Bridge Support:1@Bri...

Note: there are two volumes listed under Air-conductive and one volume listed under Sky-el.

Ground, Raised Ground, and Raised Ground 1-> Ground_based_on_soil

You can choose either strategy for assigning materials for the Ground volumes. With further
blanking, the three ground volumes should be visible in the display or they can easily be
selected from the Design Study Bar. Once selected, edit and on the Materials dialog ensure the
following settings are visible before selecting apply:
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Materials @
Property settings
Maternal Edit...
Material DB Mame  Demo Materials
Type Solid
HName Ground_based_on_soil
Environment Set...

A

-t_)) [ Apply E iRemoue H Cancel I

The custom ground material is based on the default database for Soil (Sandy) type in the default
database. Adjust the thermal properties including emissivity (=1-albedo) for your particular
situation as appropriate for best accuracy.

Remaining Bridge and Road Bed volumes-> Concrete-reinforced
The remaining volumes are all part of the bridge or concrete road bed and will be assigned the
custom solid material, “Concrete-reinforced.”

Tip: By applying materials to all the easily selected parts first, you can select on the
word “Unassigned” in the Design Study Bar to edit all the remaining volumes to apply
Concrete-reinforced. Saving the most numerous parts for material assignment for last,
reduces the number of clicks to apply the materials.

On the Materials dialog ensure the following settings are visible before selecting apply:

Matenals @
Property settings
Material Edit...
Material DB Mame  Demo Materials
Type Solid
Name Concrete-reinforced
Environment Set...

A

@ Apply i ivemtwe H Cancel

35



Introduction to Using Autodesk® Simulation Products to Simulate Solar Thermal Loads in Concrete Bridges

If you are interested, you can review the concrete material properties by selecting edit to view

the Material Editor. Note the emissivity of 0.85. There is much discussion on the reflectivity of
concrete depending on age and weathering.

Check Material Assignments

It is always wise to double check your material settings before moving on. The easiest check is to ensure

the Material “Unassigned” does not exist in the Design Study Bar. You should see the following by

volume number:

Q Geometry (meter)

o [egl sutyath

4 % Material
4 &% Air-conductive [Fixed]

(3 15 Sky Void:1
@ 15 volume

4 &% Concrete-reinforced [Fixed]

[ 1 ridge Rail:1 @Eridge Asse..
[ 2 Road Bed 1:1
[ 3 Retaining Wall:1@Bridge As...

[ 4 Retaining Wall_MIRL:L@Brid...

[ 6 Road Bed:1
(T 7 Retaining Wall_MIR_MIR:1@...

(@ 8 Retaining Wall_MIR:1@EBridg...

(3 12 Bridge Rail_MIR1:1@Bridg...

(3 13 Bridge Deck:1@EBridge Ass...

() 14 Bridge Support:1@Eridge ...

gy Ground_based_on_soil [Fixed]

[ 5 Raised Ground:1
[ 9 Raised Ground 1:1
@ 11 Ground:1

4 & sky-el [Fixed]

[ 10 sky Dome:l

If you blank through the model, you will be able to see various material colors applied in the display to

match the legend:

Ajr-conductive
Concrete-reinforced
Ground_based_on_soil
Sky-el
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Assign Boundary Conditions to geometry parts

In this step, we will assign what we know to the boundaries of the analysis. Recall this will solve for the
temperature profile in the concrete structure as a function of time. We will start simulating at midnight
to analyze the 24 hours of the 4™ of July.

First we will need to model outer space with respect to radiation. The boundary definition can be
represented with two temperatures -> 12°C during daylight hours and -43°C at night. Using an internet
search for July 4™ in San Francisco, we can determine that sunrise occurred at 5:53 am (we’ll
approximate this as 5:45am) and sunset occurred at 8:35pm (we’ll approximate this as 8:30pm). We will
want this information in a comma separated value (.csv) file format to provide a piecewise linear
representation for the boundary condition. Tabulated, the data is as follows:

Iteration Temperature Simulation Comment
°C Elapsed
Seconds

0 _43’ 0 Midnight — the sun is down
22 _43' 19800 5:30 am start transition to sun up
24 12’ 21600 6:00 am —the sunis up
81 12’ 72900 8:15 pm start the transition to sun down
83 _43’ 74700 8:45 pm — the sun is down
96 _43’ 86400 Midnight — the sun is down

The values in green are needed in the .csv formatted file. This has been saved for you in the
“Demonstration\Datafiles” directory, “Sky temperature.csv.”

Sky Dome Exterior Surface -> Transient Temperature Boundary Condition

To ensure geometry parts are not blanked, hold the control key and select the middle mouse
button in the background of the display window. Then select Boundary Conditions in the ribbon
to proceed to the next phase of analysis setup:

iew Vault  Auto S * Le: Community  Add-Ins

L@ Templates & Q)

Add/Update DRU\ES Geometry  Materials
Design ‘ Tools

Design Study Tools ~

Design Study Bar

I Note Assign flow and heat transfer conditions.

@_ Design 1 Press F1 for more help
L) Geometry (meter)
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Similar to selecting items for material assignments, you will select surfaces for Boundary
Condition assignments. Mouse over the dome, right select, select edit in the context menu,
then you will make the following selections in the Boundary Conditions dialog:

r
Boundary Conditions @
Property settings
- TN Velocity =
Unit Velocity -
Time Rotational Velocity
Method Volume Flow Ratep | _
Velocity Magnitu... |Mass Flow Rate I
Use the Type pull down to select Temperature Direction Pressure
" Fully Developed Temperature
for the type of boundary condition Slip/Symmetry
Unknown
Scalar
Hurnidity -
(7] Apply l | Remove | | Cancel
Boundary Conditicns @
Use the default unit system for the analysis Property settings
units Celsius Type Termperature
Unit Celsius
-w —

—
Boundary Conditions @
Property settings
Type Temperature
Unit Celsius
|~
Temperature Steady State -
Static / Total Transient ‘
Change Time to Transient since the analysis
will solve as a function of time
(7] Apply l | Remove | | Cancel
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Boundary Cond itionsj '

Property settings

Type
Unit
Time

Time Curve
Static / Total

Temperature

Celsius

Transient

Piecewize Linear =

Constant

=

Select the Time Curve edit box =] Ramp Step

Pericdic

Harmenic
Polynomial
Inverse Polynomial
Power Law
Piecewise Linear

And use the pull down to select Piecewise
Linear which opens the Time Curve dialog

(7] Apply l | Remaove | | Canice
Value Time (sec) Insert
! Delete
2
3
4
5 Repeating
Select the Import... button 6
7
8
9
10

Functional form:  Piecewise Linear
Variable: Value
Value Time (sec) I&I
1 -43 [} . |
. i 2 -43 18300 IDE‘—EUEI
Navigate to the “Demonstration\Datafiles” 3 2 21600
. 4 12 72500
directory to select Sky temperature.csv 5 - 740 [F] Repeating
(] -43 86400
7
2 Import...
10 | Save... |

‘@)

To dose, continue to next step.
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Boundary Conditicns
Property settings —|

Type Temperature

Unit Celsius

Time Transient

Time Curve Piecewize Linear =

Static / Total Static

Select OK (or plot if you would like to see the
function in a graph), then Apply

Cancel

You should now see a teal blue stripe on the dome and an entry in the Design Study Bar for the
Temperature Condition.

Ground Exterior Surface -> Steady State Temperature Boundary Condition

Deep enough in the Earth, the temperature is considered to be fairly constant at 5°C. You will
% apply a temperature boundary condition on the exterior surface of the ground to mimic this
consistent temperature.

Navigate the model in order to see the bottom flat surface — the bottom of the ground. You can
use orbit, the view cube and select the bottom face, or hold shift with the middle mouse button.
You will want to select the circular surface (not the annulus) to apply the temperature boundary
condition. As with the Sky Dome surface, move the mouse of the surface until it turns green,
then right select to Edit... .

Ensure the following settings are in the Boundary Condition dialog before selecting Apply:

Type Temperature
. Unit Celsius

A\

Time Steady State
Temperature 5
Static/Total Static

Sky Void Surface -> Transient Film Coefficient Boundary Condition

Recall, the Sky Void will actually be a void in the analysis model; therefore there is an exterior
surface in the middle of the model. To see this surface, we will first restore the view to the
Home view by selecting the House on the View Cube.
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Hold the middle mouse button and select in the display window but off the model.

Now mouse over the dome, hold the control key then right select on the dome surface. This will
blank the surface and not the volume (as before) because we are now in Surface selection
mode.

The next surface you see is the inside of the Sky Dome — the interface between the sky and the
ambient air. Blank this surface too and the next dome like surface (the surface of the Sky Void

volume). The display of your model should now look like this with the mouse hovering over the
Sky Void lower surface:

Similar to the Sky Dome temperature, this boundary condition will also be a transient boundary
condition with a table of data to import. This condition mimics the convective cooling of the
structure in relation to the ambient temperature conditions. Neglecting wind, the cooling
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coefficient can be considered = 100 Watts/ (m*°K). The reference temperature will be varying
with the ambient air temperature as reported for July 4" this year. The high temperature for the
day was recorded as 25°C with a low of 15°C. This will vary as a sinusoid with the peak high
temperature occurring at 4pm and the minimum temperature occurring at 4am. A second
comma separated value table has been created for the exercise with these constraints.

Right select and edit the circular surface and select Type = Film Coefficient. You will need to
use the side scroll bar to find Film Coefficient near the bottom of the list.

Boundary Conditions @
Property settings
BT [Film Coefficient.T
Time Pressure -
Coefficient Units Termnperature
Film Coefficient Slip/Symmetry
Ternperature Units | Unknown
Ref Termperature Scalar =
Hurmidity
Stearn Quality
Heat Flux
Total Heat Flux
Film Coefficient
(7] [ Apply ] | Remove | | Cancel |

Then select Time = Transient and Coefficient Units = W/m2/K. For this example we will assume
the worst case for thermal loading; when there is no wind.

Boundary Conditions @
Film Coefficient = Constant Property settings
| Type Film Coefficient !
i =] ; ; Time Transient
(Select the edit box = if the Time Curve Coefficient Units | W/m2/K

dia|og does not appear) Film Coefficient | Constant
Temperature Units | Celsius
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Enter 100 for C1:

Functional form:  Constant

Variable: Value

Form: F(t) = C1

Ci:

@ OK ] I Cancel

To dose, continue to next step.

Ensure Temperature Units = Celsius

Then for Ref Temperature, select the edit
box to select Piecewise Linear

=]

Boundary Conditions
Property settings
Type Film Coefficient
Time Transient
Coefficient Units W/m2/ K

]

Film Coefficient Constant
Temperature Units | Celsius
S0 e Piecewise Linear
Constant
Ramp Step
Periodic
Harmonic
Pelynomial
Inverse Pelynomial
Power Law

In the Ref Temperature dialog, select
import then navigate to the
“‘Demonstration\Datafiles” directory to
select “Hourly temperature.csv”

Functional form:  Piecewise Linear

Variable: Value

Insert
Delete

Value Time (sec)
17,3889 0
16.3333 3500
15.6111 7200
15.1111 10800

15 14400
15,2222 18000
15.7222 21600
15.5556 25200
17,6111 28800
18.8333 32400

WoE Mt B W R e

Import...

I Save... I

5

@

To dose, continue to next step,
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Select OK, then Apply on the Boundary Conditions dialog. Look for a green stripe on the
surface when complete.

Tip: If you need to account for a strong wind for your analysis, the film coefficient
constant can also be used in table form where the coefficient is a function of the
constant plus a factor times the wind speed.

Assign Initial Conditions to geometry parts

With time dependent analyses, when the simulation analysis starts it is useful to pre-assign the
temperature to all parts of the analysis since temperature profiles would exist in all the parts in
the actual environment. In this case, we start the analysis a significant number of hours prior to
our time of interest to build the correct temperature profile as it would build in the actual
environment.

We will use the ambient temperature at midnight when the analysis starts as the initial
temperature condition applied to all volumes — from the “Hourly temperature.csv “ file, the first
line of data contains the temperature of 17.3889°C.

To apply the Initial Condition, proceed to Initial Conditions in the ribbon:

ﬂ . Wﬁ E Type a keyword or phrase
Results  View  Vault Autodesk360  Start & learn  Community  Add-Ins

- A 2 = 000 i=] Solver Manager Vaolume
ES Templates N E{_) O = = ]
” — | o ﬁ Solution Monitor
Add/Update D Rules Geometry = Materials| Boundary Initial Motion| Solve

Design Tools Conditions [ Condition# Sizi =) Motifications

Design Study Tools = | Simulation «
Initial
Conditions

Design Study Bar

Z1 Mote Assign conditions at the start of a transient analysis.

E@, Design 1

"‘% Geometry (meter)

Press F1 for more help

Ensure the Volume selection mode is selected, and then use Select All:

@ Direct
% Select Previo

Select All

Select all entities.

Press F1 for more help
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Next, select Edit from the Ribbon:

Assign, create, and edit materials,

Press F1 for more help

Ensure Type is set to Temperature, Units to Celsius and leave the Re-initialize check box
unchecked. Key in 17.3889 for Temperature and leave the Static/Total as Static. Click Apply.

Check to ensure the settings are correct in the Design Study Bar:

Design Study Bar q X

| Mate

E@£ Design 1
‘% Geometry (meter)
4 Lefy, Julyath

» ol Material

> %] Boundary Conditions

4 o]} mitial Conditions

4 ] [Temperature(17.3889 Celsius)]

7 1 Eridge Rail:1@Bridge Asse...
1 2 Road Bed 111
[ 3 Retaining Wall:1@Eridge As...
[ 4 Retaining Wall_MIR1:1@Erid...
¥ 5 Raised Ground:1
) & Road Bed:1
[ 7 Retaining Wall_MIR_MIR:1@...
[ 8 Retaining Wall_MIR:1@Bridg...
@ 9 Raised Ground 1:1
@ 10 Sky Dome:1
@ 11 Ground:1
@ 12 eridge Rail_MIR1:1@Bridg...
7 132 Bridge Deck:1@Eridge Ass...
3 14 Bridge Support:1@Bridge ...
o 15 sky void:1
o 16 volume

Apply Mesh Settings to Geometry parts
Apply simple mesh settings to achieve the best quality mesh for typical geometry. There are
three tasks to do for mesh settings — suppress geometry not to be meshed, turn off

45



Introduction to Using Autodesk® Simulation Products to Simulate Solar Thermal Loads in Concrete Bridges

“‘enhancement layers” since this is not a fluid analysis, and adjust the geometry refinement
length to account for high aspect ratio geometry.

Tip: Small adjustments, geometry tool model simplifications, eliminating enhancement
for heat transfer only analyses, and mesh suppressed voids, will reduce the mesh and
increase computational performance — especially helpful for a series of analyses.

b—ét

To apply mesh settings, proceed to Mesh Sizing in the ribbon:

Vault  Auto 60  Start & Learn  Comm unity  Add-Ins o -

=@ . -. -. @ @ % @ = . 20 [ Solver Manager

” — . ﬁ Solution Monitor @ Surface
Add/Update [F Geometry | Materials. Boundary  Initial  |Mesh q ve
Design Tools Cenditions Conditions |Sizing '\ [ Motifications ‘ (W Edge

Design Study Tools = Setup Tasks Mesh
Sizing

Design Study Bar

I Note
@ Design 1 Press F1 for more help

Assign and manage mesh sizes.

T Mesh suppression

N . . Ly . . .

Recall the Sky Void part. This part was created to make a void in the simulation analysis. As
r—,

1
such we will suppress this part to prevent it from meshing in the analysis model.

Undo any blanking in the display by holding the control key and selecting the middle mouse
button in the display window. Ensure Volume selection mode is still selected in the ribbon (see
Initial Conditions section for images). Hold the control key and select with the middle mouse
until the Sky Void part is visible above the bridge. If it looks like an alien spacecraft hovering
over the bridge, you have correctly blanked the correct volumes:
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Hover the mouse over the spaceship shape, then right select to find suppress in the context
menu:

Selectiontype  »
Selection list

Select all
Deselect all

Previous

Group

Shaded
QOutline

Transparent

Edit...
Remove

Remove a

Suppress

Resume

Hide

The part in the display will turn blue when suppressed:

Disable or Turn off mesh enhancement

When solving for fluid flow, in addition to heat transfer, it is desirable to place extra mesh along
all the solid-fluid interfaces. For this heat transfer only analysis, there is no need for those extra
elements so you should disable the enhancement.
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In the ribbon, find Enhancement and select:

On the Boundary Mesh Enhancement dialog, uncheck the Enable mesh enhancement check

box:

IZIE Diagnostics

| Regions
Edit )

ﬁ Enhancement

utomatic Sizine

Enhancement

Control Boundary Mesh Enhancement.

Press F1 for more help

Set defaults

Mumber of layers:
Layer factor; 0.45 I

Layer gradation: Auto

@ oK ” Cancel ]

Adjust the minimum length scale to mesh high aspect ratio geometry
Most structures subject to solar thermal loads are considered high aspect ratio geometry — that
is, overall very large geometry with some tiny features. The automatic sizing within CFD needs
to understand what level of resolution you need for your results. To adjust the minimum length
scale, select Diagnostics from the ribbon:

4

Edit

L@ Diagnostics

Regio

ﬁ Enhan se mesh diagnostics to identify potential problemn areas.

Diagnostics

utermnatic Sizing =

Press F1 for more help
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In the Diagnostics dialog, move the slider to the left to the desired value or if edges are
highlighted, until edges of significant length are no longer highlighted. Then select Use highlight
length:

Edge surface |

Status
Potential Problems Found Arrows
Highlight edges

[} 0.4

[Restcre default max] Max size:

Save to a text file

Minimum length for refine

Min refinement length: (R4

[ Lise highlight length

[ Restore minimum lergth scale

@

For the demonstration analysis, this step is unnecessary and can result in larger mesh sizes.

Tip: If your bridge deck is relatively thin to the overall length, you will want a minimum
length scale to be less than half the deck thickness at the thinnest point.

=K

If a red text warning: “Check model surface diagnostics...” had appeared in the Message
Window when launching from CAD, you should consider adjusting the minimum refinement
length in Diagnostics.

Things
Last, select the Autosize lightning bolt from the ribbon. Light Cyan dots will now cover the
— edges of the model.

@) . E@ Diagnostics
> 7

| Regions
Automatic | Autosize Edit g
T ﬁ Enhancement

Type

\
"\

Automatic Sizing «
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Last setup task - Select Physics and Solve
Are we there yet? - Just one more task. You will need to let the simulation tool know what you
want to solve and how. Choose Solve from the ribbon to select the Control and Physics for the

analysis:

View

&
Geometry
Tools

Results

<+ =

Add/Update [
Design

Design Study Tools ~ |

Vault  Autodesk 360

= ¥+
b O
Materials| Boundary = Initial

Conditions Conditions
Setup Tasks

Start & Learn

D

Mesh
Sizing

Community  Ad'-Ins

Design Study Bar

B X

Control Tab

flanager @ Direct

ion Monitor @ Surface

|::>
Solve |
FA@-. jcaticns

& Select Previous
Bla Select Al

r'ﬂ Edge

Specify the physics, analysis parameters, and mesh adaptation

settings.

Press F1 for more help

On the solve dialog, ensure the Control tab is selected. The control tab sets how the analysis
will run. For this transient analysis, there are more settings to ensure the analysis will solve as
a function of time. Note, all simulation time is in seconds. To setup the control section, follow

the table of steps:

Adaptation

Solution Mode Transient
Time Step Size 1
Stop Time -1
Inner Iterations 10
> Save Intervals
Solver Computer MyComputer
. . C Fi 0
Solution Mode = Transient STy 100
Solution control ] [ Result quantities ]
1 i - Solution Mod Transient
Time Step Size = 900 Tome Sexp St wn
Stop Time -1
.. . . I i i 1
(this is equivalent to every 15 minutes) | e
R UL e =
Expand Save Intervals 4 SaveIntervals v
Results 4 E
Based On Steps
and set Results = 4 based on steps Table 0
Summary 0
Based On Steps
e i 1 Tabl
(this is equivalent to once per hour) — mputer My Computer
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aEIe
Solver Computer MyComputer
IV r m r=M m r Continue From
Solver Co pUte yCO pUte Time Steps to Run 96 =
Salve l @
Control Physics Adaptation
Stop Time -1 -
Inner lterations 10 &
4 Save Intervals
Results 4
. Based On Steps
Time Steps to Run =96 Table
Summary 0 A
Based On Steps i
Table
Selver Computer MyComputer
Continue From 0
Time Steps te Run 96 &
» £
Solution control | | R ntities |
@ Solve

DO NOT select Solve yet — you have not setup the Solar Radiation.

Physics Tab

Switch to the Physics tab. You will want to turn Flow off by unchecking the box and turn Heat
Transfer on by checking the Heat transfer box. Once the Heat Transfer checkbox is selected, a
Radiation check box will be available and you should check that too. It should look like this:

Solve l @
Control Fhysics Adaptation

Flow

Heat Transfer v
Auto Forced Convection
Gravity Method Earth
Gravity Direction 0,00
Radiation v

Turbulence | | Advanced | | Solar heating | | Free surface |
@ Solve
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Solar Heating Button
Select the now active Solar heating button and on the Solar Heating Dialog, check the box to

Enable solar heating:

Solar Heating Dialog

Enable salar heating
Location: Select a location or enter coordinates

In this dialog, you will specific your analysis location (San Francisco, California), the Date and
Time (07/04/2013 12:00:00 AM), and the compass directions (East = Global X and Sky = global

Y). When complete, it will look like this:

& Solar Heating Dialog

Enable solar heating
Location: Select a location or enter coordinates

[7] Manual
Country |United States x| Latitude: (37 |DEG |47 |MIN [N
Thinge
Gity:  |SanFrandsco Calif. = |Longitude: |122 | DEG |28 MIN  |w
—
= GMT: -3
Date and Time
7/4/2013 12:00:00 AM |2
Crientation
Compass direction: [East v] [Glubal X v] 1,0,0
Celestial orientation: [Sky v] [Glubal I v] 0,1,0

[ Ok, ] [ Cancel

Click ok on the Solar Heating Dialog. Now, you can click on the Solve button:

é‘ | Solve |

If you have any problems with your model, you can open “Solar Assembly_support.cfdst” in the
“‘Demonstration\CFD Setup\Solar Assembly” directory and proceed straight to Solve.
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Analysis Run-Time

At this point, you should see text scrolling in the message window indicating the progress of the
analysis. Once the mesh has been built and the analysis starts to solve, the display will shift to
show results of the model and change to the Convergence Plot tab. The default results are for
Velocity which will be 0 at all times for this analysis, so all surfaces should appear blue. To see
the thermal results as the analysis proceeds - Select Temperature for Global Result in the
ribbon:

Global Result: Temperature

Global Vector: Velocity Magnitude
A Vector Settings | Vx-Velocity
Vy-Velocity

Vz-Velocity

Static Pressure

Temperature

Scalar variable

) Temperature
Density P

Viscosity Press F1 for more help

Don’t forget to blank the Sky Dome and surrounding Air so you can see the bridge and the
ground.

Things to look for while running an analysis

Tip: While the analysis is running, it is a good practice to view the solution as it
develops to double check for reasonableness. If temperatures are unrealistic, stop the
analysis and double check analysis settings.

Review the Message Window information. If there are errors in setup, the message window
may give an indication of what is wrong:

Mesher process started. ..

Loading model...

Loading mesh sizes and constraints. ..
Meshing...

Surface meshing... generating surface mesh
Surface meshing... smoothing surface mesh
Volume meshing... creating volume mesh
Volume meshing... optimizing volume mesh
Violume meshing... smoothing volume mesh
Perfarming mesh quality check...

Saving mesh...

Meshing completed.
Updating model database...
Model database updated?
Updating mesh database. ..
Mesh database updated.
Building solver model file...
Solver file written.
Tnitializine ...

\_Message Window /\_Convergence Plot \_Critical Values J\_Desion Review Center /
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Next review the convergence plot. If the analysis is unbounded — typically indicating a non-
physical boundary condition, the convergence plot will show signs of divergence. For the demo
model, the convergence plot should appear something like this:

Plot Table

Time Step #14

Convergence Plot /\_Critical Values /. Design Review Center /

Last, spot check the temperature extremes in the legend and in the display. If there are
temperatures in the legend far exceeding the boundary conditions, the solution is likely to
diverge:

(6] Temperature - Celsius
32,8118

26
20
14

g

2,50548

The temperature at the edge of the ground will not be representative of the actual temperature
since it is non-physical. In the simulation model, the Earth is flat and the Sky meets the ground
— hardly reality. If the temperature from the edge of the Earth appears to be overly influencing
the structure temperatures, you should make your Sky dome larger.

Do the rest of the temperatures seem reasonable? Then Yippee! Your analysis is running.
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Section 3: Process thermal results in Simulation CFD

In this section, validation results obtained using this technique will compare the simulation
results with measurement data from an actual bridge instrumented with thermistors.
Instructions will follow for creating the datasets to show you how to process the information to
aid your designs. By the end of this section, you will be able to visualize pertinent thermal
results of your initial simulation analysis.

Validation Analysis Results

In 2007 the I-35W Mississippi River Bridge collapsed during evening rush hour on the first of
August. The bridge has since been replaced with an instrumented concrete bridge known as
the St. Anthony Falls Bridge. Thanks to the support of the University of Minnesota, Professor
Carol Shield and Graduate Research Assistant Brock Hedegaard, and with permission from the
Minnesota Department of Transportation, hourly recorded temperature measurements internal
to the bridge were made available to compare the simulation results to actual measurements of
a bridge in use today.

For background, research conducted by the Center for Highway Research has concluded daily
changes of the environment result in a temperature gradient over the bridge cross section that
cause temperature induced stresses.! In a Journal of Bridge Engineering article, research
indicates temperature induced stresses in concrete bridges can be larger than those induced by
vehicle loading.? The Center for Highway Research further concludes the thermal response of
structures can be highly variable since it is dependent on location, climate, material properties,
deck coverings, and cross sectional shape.! Typically the largest positive thermal gradients,
causing the largest induced stresses, occur when the intensity of solar radiation is greatest, with
little wind or cloud cover, and when the ambient temperature range is large. As a result of the
study performed on the St. Anthony Falls Bridge, the design thermal gradients using the
AASHTO LRFD Bridge Design Specifications are noted to be not necessarily conservative.?

Example Data

As one example from the validation study: June 6", 2011 in Minneapolis was clear with little
wind. From the measured data, at 3pm CST, maximum positive thermal gradients were
observed in the bridge structure with > 21°C temperature differences measured in the
southbound lanes. In the following two graphs — one from the centerline of the top deck and the
other from the exterior web - the measured data points, the AASHTO LRFD scaled to the top
surface temperature, and the results from Simulation CFD can be compared:

! Thepchatri, Thaksin; Johnson, C. Philip; and Matlock, Hudson; (1977); “Prediction of Temperature and
Stresses in Highway Bridges by a Numerical Procedure using Daily Weather Reports;” Report No.
FHWA/TX-77-23-1; Center for Highway Research, University of Texas at Austin.

2 Hedegaard, B.D.; French, C.E.W.; Shield, C.K.; (2012); “Investigation of Thermal Gradient Effects in the
[-35W St. Anthony Falls Bridge;” Journal of Bridge Engineering; in press.
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Southbound Exterior - CL of Top Deck Southbound Exterior - Outer Web
June 6th 2011 at 3pm CST June 6th 2011 at 3pm CST
i} 5 10 15 20 25 30 o 5 10 15 20 25 30
0 / 0 —n
| ) u 20
A = "
£ £
c g 60
= 6 =
E —CFD Gradient A —CFD Gradient
8 1]
a = Measured B 1w = Measured
] AASHTO o) AASHTO
2 - o -140 '
Gradient Temperature (°C) Gradient Temperature (°C)

In direct comparison of thermistor recorded hourly temperatures to analysis temperatures, the
mean percent error was less than 5% over a 24 hour time increment. In conclusion, following
the recipe of this handout, a CFD numerical solar simulation will be accurate to measured data.

If your analysis has not completed yet, you can open a completed version by using file Open
and selecting “Solar Assmebly.cfdst” from the “Demonstration\CFD with Results\Solar
Assembly” directory.

Post analysis visualization

This is a transient analysis — it is run as a function of time — so there is a wealth of data
available to help you understand all the thermal profile of your structure at any moment or place.
Be sure the Message Window completes with the lines: Analysis Completed Successfully and
all the results have loaded into the display window.

Tip: You will know you are working with a completed analysis when the Iteration/Step
dialog has multiple results available in the pull down list:

Typ: rase h

Start & Learn  Community  Add-Ins =
' @ @ @ Fl ['”Statusrne 960[Time = 86400] (Last) ~| g
[ﬁ Summary File || 360[Time = 32400] Gl

bs o Surfaces  Wall Parts Points | Decision )
Calculator Center Eﬁ Setup File 400[Time = 36000]
440[Time = 39600]

480[Time = 43200]
520[Time = 46800]
560[Time = 50400]
600[Time = 54000
640[Time = 57600]

Results Tasks = | Compare | Review » |

Image Results Tasks ~ | Compare|  Review ~ | Teration/Step | 800[Time = 72000]

DasAgn Stucly Bar

840[Time = 75600]

880[Time = 79200]

920[Time = 82800]

960(Time = 86400] (Last)
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Global Results

If you haven’t already done so, change the Global Result to Temperature. You can use the
Ribbon or right select in the background of the display window and chose Global result from the

context menu:

Select the home view from the view cube to standardize the display:

Result mode

Global result
Global vector

Show all
Capture summary image

=, Save dynamic image...

Y Save image..

Save view settings...

Open view settings...

Animation...

Filter control...

Solve...

Solver manager..

Output Bar

x distance = 127,433

Velocity Magnitude
V-Velocity

Vy-Velocity

Vz-Velocity

Static Pressure
Ternperature

Scalar variable

Density

Viscosity

Shear Stress XY (Tau-XY)
Shear Stress YZ (Tau-YZ)
Shear Stress TX (Tau-ZX)
Shear Stress (Tau) Magnitude
Wall Film Coefficients
Wall Heat Flux

Solar Heat Flux

Next, while holding the control key, select objects in the display to blank until you can see the
bridge and the ground (you should only need to blank two parts to see this):
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Use the Iteration/Step control in the Ribbon to reset time to the first saved result set:

960[Time = 86400... ~ Global Result: Temperature -

4 0k Global Vector: None

eos -, 1 IR T IR e
o

| . . . . .
b Display results from the first saved iteration or time step.

Press F1 for more help

Tip: Use the next button to increment through all the results sets. This will normalize
the Temperature legend for the entire analysis.

We also want to adjust the temperature range of the legend to eliminate the night sky boundary
condition. Right select on the legend to Options... and select a minimum temperature of 10°C.
The maximum will be approximately 34°C:

lUser specified range
Min: D
Max: D

Levels and coloring

@ Continuous Max labels:

() Levels 1

[=4]

|:| Contours 17

Color options: [Normal -

Label format

Min pixels between labels: 15 [+

[ Mumber of dedmal places: 3

(7] [ Reset all H Close ]

If you are more comfortable thinking of the results in other units, then select units from the
legend context menu to change them.
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Now return to the first step in order to proceed through the steps more slowly. Watch the

temperature on the surface of the bridge during the 24 hour day and think about the sun rising in

the east (the +X axis). I find it helpful to have a table of seconds to hour conversion handy:

Time

Iteration

Step Number Seconds Time of Day Comment
0 0 0 12:00:00 AM Midnight
4 40 3600 1:00:00 AM
8 80 7200 2:00:00 AM
12 120 10800 3:00:00 AM
16 160 14400 4:00:00 AM

20 200 18000 5:00:00 AM

24 240 21600 6:00:00 AM Sunrise

28 280 25200 7:00:00 AM

32 320 28800 8:00:00 AM

36 360 32400 9:00:00 AM

40 400 36000 10:00:00 AM

44 440 39600 11:00:00 AM

48 480 43200 12:00:00 PM Peak Solar Intensity
52 520 46800 1:00:00 PM

56 560 50400 2:00:00 PM

60 600 54000 3:00:00 PM

64 640 57600 4:00:00 PM Peak Air Temperature
68 680 61200 5:00:00 PM

72 720 64800 6:00:00 PM

76 760 68400 7:00:00 PM

80 800 72000 8:00:00 PM Sunset

84 840 75600 9:00:00 PM

88 880 79200 10:00:00 PM

92 920 82800 11:00:00 PM

96 960 86400 12:00:00 AM

Did you notice the east side (+X direction) of the railings started to increase in temperature just
past sunrise at 7am? Note: the peak temperature of the bridge deck is closer to the time of the
peak air temperature rather than the peak solar intensity.

Imagine walking through the pedestrian tunnel of the bridge and finding it a cool shelter on a hot

sunny day.
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Plane Results

With Plane Results, you can virtually cut into the bridge to explore the temperatures inside the
structure. The help system can show you all the possibilities for results processing. In this
class, we will explore techniques used to obtain the published results describing positive
thermal gradients. So first, pick a time from the Iteration/Step pull down — in this case select:
320 [Time = 28800]:

[320[Time = 28800] *

280[Tirme = 25200]
Add

320[Time = 28300]

360[Time = 32400] 320[Time = 2 7
400[Time = 36000]
440[Time = 39600] | Press F1 for more help

480[Time = 43200]
520[Time = 46800]
560[Time = 50400]

600[Time = 54000]

640[Tirme = 57600]
680[Time = 61200]
720[Time = 64800]
760[Time = 63400]
B00[Tirme = 72000]
840[Tirme = 75600]
B80[Time = 79200]
920[Tirme = 82300]
960[Time = 86400] (Last)

+

Then proceed to the Planes Results Tasks in the Ribbon and select Add

= a | i‘ - | Wﬁ i Type a keyword or phrase

Setup QUGG View Vault  Autod Start & Learn  Community  Add-Ins L

@ Ea @ @ [ StatusFile | 320(Time =.. ~ *

[ Summary File
Summary E Global [Planes Surfaces.  Wall Parts Points | Decision i g Add

Image éa Calculator Center Eﬁ‘ Setup File =5 Sohve \
Image ‘ e Compare Review « ‘ Iteration/Step ‘ Planes =
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Use the middle mouse scroll wheel to zoom the model in the display to focus on the cross
section of the bridge. Notice there is very little difference in the temperature profile of the cross
section at this time:

According the Center for Highway Research, the temperature profile through concrete bridges is
fairly uniform two hours after sunrise on clear and windless days and nights. Use this as a
checkpoint for your own simulations to ensure your setup is not adversely affecting your results.

Now select Iteration/Step 640[Time = 57600] after the Sun has passed its zenith and the
ambient air temperature is maximized:

The bridge deck has reached its maximum temperature but due to the low conductivity of the
concrete, the rest of the cross section is still relatively cool creating a thermal gradient.
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To evaluate actual numbers, you can capture the plane data with an XY Plot. Proceed to the
XY Plot button in the Planes task:

Result: Temnperature -

Vector: Mone -

Planes «

XY Plot

Use an XY Plot to view results,

Press F1 for more help

In the XY Plot dialog, you can select to Add points and just left click on the plane in several
locations or you can key in X, y, z data points. For consistency during the class, select to Read
from file and browse to the “Demonstration\Datafiles” directory to find the file “Center Plane
Plot.xyp,” then select Plot:

(™) Add by picking

() Add by key-in

@ Read from file
Title:  Center Plane Plot

Divisions per segment: 20
@

1-(0, 03048, 2.8)

2-(0, -3.9624, 2.8)

Remove all Remove

You should then see an XY Plot in a separate dialog:

% 1 o cemer rere e S 2|

Show points. [Save data... ] [Save image... ] [Save points... ] [] Summary [(6) Temperature
Step 640: Time = 57600

——

1 15 2 25 3 35 4
Parametric Distance <meter=> (min: 0, max 4.2672)
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From the XY Plot dialog, you can manipulate the units, save the data, or save the image of the
plot. If you would like to see the temperature data along the same points at a different time,
close the XY Plot dialog, use the pull down to select a different Iteration/Step, then repeat the
process to read from file to add you data points.

Points Results Task

The XY Plot from Planes provides data for a selected moment in time. To see how the
temperature at a specific location of the model varies over time, you can use Points from the
Results Tasks:

(T | IE &

G View  Vault  Autodesk 360 Start & Learn Con .*

8 B |98 @ | &

Summary Global| Planes Iso Surfaces.  Wall Parts
Image &g Animation Calculator

Image | Results Tasks =

Recall when creating the analysis assembly in Inventor, you chose with care where the model
origin was located. As with XY Plot, the values for coordinates are based on the assembly’s
origin. For this bridge, you will investigate a point on the bridge deck at the center, and a point
directly underneath.

Manipulate the sliders or key in the table values in the Points dialog then select add before
going to the next column:

Top Center of Top Center of

Description Bridge Deck Bridge Tunnel
X 0 0
Y 0.3048 -0.60452
z 0 0
Name: Bridge Deck Bridge Tunnel

63



Introduction to Using Autodesk® Simulation Products to Simulate Solar Thermal Loads in Concrete Bridges

For example, the Points Dialog should look like this before selecting the |E] button:

Mame:
Data will be plotted only for saved iterations or time steps.

HEE [viewpot] @

Name Summary Position

Bridge Deck [ (0, 0.2048, 0}
Bridge Tunnel [] (0, -0.60452, 0}

Add both points in sequence and note their location in the display. Now select one of the points
then View Plot to see the temperature of that point as a function of time:

XY Plot: Bridge Deck 5 & | XV Plot: Bridge Tunnel

[Show paints] [Save data... | [Save mage... | | Save ponis. . | [{6) Temperature [Showpaints] [Save data... | [Saveimage... | | Save poinis.. | [{6) Temperature

{0, 0.3048, 0} {0, -0.60452, 0)

,_.
BB

max 1

o
=
3
£
=
2
]
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5
z
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]
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o
e
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jd
]
2
g
2

Temperature < Celsius> (min: 17,3765

10000 20000 30000 40000 50000 60000 70000 GOOOO 90000 10000 20000 30000 40000 50000 60000 70000 0000 S0000
Time (sed) (min: 3600, max: 86400) Time (sec) (min: 3600, max: 86400)

Observe the temperature of the ceiling of the tunnel rises through the day as the heat from the
bridge deck slowly dissipates through conduction to the rest of the bridge structure.

There are endless ways to review the data captured in a simulation model. These are only the
most basic steps to product the data needed to compare with measured data. Take time to
manipulate the planes with the glyphs, add other points of interest, and explore the display
options.

When you are finished, be sure to close the Simulation CFD analysis to enable access in
Mechanical.
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Section 4: Transfer thermal results to Simulation Mechanical to evaluate

stresses
In this last section, you will learn how to import the thermal profile results into Autodesk®
Simulation Mechanical to explore and understand the thermal induced stresses in the bridge.

Back to Inventor

You will return to Inventor Professional with the model still open. For the Mechanical
Simulation, you will only study the physical parts of the bridge. A Level of Detail has already
been saved called “Bridge only.” Double click on the name to activate the Level of Detall
needed.

5 Solar Assembly.iam (Bridge only)
[ relationships
Representations
5= View: Default
[ < e
Paosition

=+ g Level of Detail : Bridge only

O Master
O All Components Suppressed
Ok All Parts Suppresfied
o@ All Content ressed
= [ Crigin
B [EH Y2 Plane
- [CH X2 Plane
B [CH XY Plane
— []x Axis
— [y Axis
— [-17 axis
— Center Point
[+ % Bridge Assembly: 1
EF []) creumdsifsuppressed)
L 8 Flush:s
E € []) Sley-Demert fouppressed)
L 8 Flush:7
L 5 Flush:g

You can see in the Model tree, the environment and simulation parts have been suppressed.
They are no longer needed.
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Launch Active Model

You are now ready to launch your structural model into Simulation Mechanical for determining
the thermal induced stressed in your structure. Locate and select eh Autodesk Simulation tab in
the Ribbon, then select Launch Active Model:

L

Launch Simplify Model
Active Model

Simulation Mechanical _

Be patient, this can take a bit of time:

Beginning CAD data import...

Note, we will not import Work points for the class. Once Autodesk Simulation Mechanical 2014
interface opens, you will be prompted to Choose Analysis Type. Be sure to select Static Stress
with Linear Material Models as shown then click OK:

| Choose Analysis Type

Static Stress with Linear Material Models Linear Static Stress with Linear Material Models

Typical Applications: MNaonlinear Matural Frequency (Modal)

Structures
Buildings; Car frames; Truss systems
Bodies Electrostatic Response Spectrum

Thermal Matural Frequency (Modal) with Load Stiffening

&l Random Vibration

Frequency Response

Transient Stress (Direct Integration)

Transient Stress (Modal Superposition)
Critical Buckling Load
Dynamic Design Analysis Method (DDAM)
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Your model will now appear in the Mechanical display window with the Mesh tab active. It
should look like the following:

g loeHoe g0 4@ -

Mesh Study Wizerd

7 Fatigue Analysis - 0:
T3 Scheduled Analyses

nalysis | change

Olx]

= FEA Editor | @ [Repet|

1@ CAD Mesh Options -
D) Surfaces.
£ Pa Bridge R

Jig CAD Mesh Options

D) Surfaces

o Part4 < Retaining Walk1 >

[ Element Type < Unknown >

{5 Element Definition

e« U]
pions

fig ca0

3 Part5 < sl

5 Element Type < Unknown >
5 Element Definition

B Material < Unnamed >

J CAD Mesh Options

<U
Jig CAD Mesh Options
) Surfaces
3 Part T < Retaining Wall MIR_MIR: »
[ Element Type < Unknown >
{5 Element Definition
& Material < Unnamed >
Mesh Options

-5 Element Typ

e

<

"Solar Assembly.fem” saved

Mesh f
e FHE B 4 Point Rectangul
i) gular
i Dk k& |
) ji Between 2 Objects
Ge| 3D Mesh Joint  Bolt  Inventor
30 Settings Parameters Zﬁ 8 Point 3D
Generate 3D Mesh Structure

Meshes the entire CAD model.
=
Activate all parts you want to mesh to ensure the meshes match

= at mating parts.

Press F1 for more help

i{=g clement Definition
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You can select No for viewing the meshing results at this time:

View Mesh Results 2

Would you like to view the meshing results at this time?

Do not ask this question again

Yes l | Mo

Notice the previously undefined items (red text) in the FEA Editor are now defined.

Apply settings for a Static Stress Analysis

For the purpose of the hands-on lab, we will be analyzing the static stresses in Alvord Lake
% Bridge at the time of peak thermal gradients. The maximum gradient occurred at CFD Time =

57600 or 4pm in the afternoon with nearly a 15 °C gradient. As with the previous simulation,

think of the setup steps as telling the simulation tool what you know.

Modify Material Selections
A generic concrete material was applied to the bridge parts in Inventor.

Tip: Once the model is meshed in Mechanical, the material attributes applied in Inventor
are applied to the elements for each part.

=N

To adjust the materials to better match structural concrete, you will want to edit those material
properties. For each part in the FEA Editor, right select on Material < concrete > and select to
Edit Material... :

7' FEA Editor ]l ] [EReport |
=[5 1 < Design Scenario 1 >
222 Unit Systems < Metric mks (ST) >
+ Analysis Type < Static Stress with Linear Material Mo
+H:'@ Planes
e A) Load and Constraint Groups
=8 ) Parts
=.{_J Part1 < Bridge Deck: »
[E] Blement Type < Brick >
- Element Definition

=

[z CAD Mesh { __Edit Material |
: +@ Surfaces
5{— ]l Part2 < Bridge Support:1 »
——

= Properties as necessary to describe the material structurally. For the purpose of the Demo, you

-

T Edit Material... will open an Element Material Selection dialog. From this dialog, you can Edit
) o)

will select from the Concrete choices, Concrete (High Strength):
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Element Material Selection RS J

| Create New Library... #9 Add Exisiting Library...

Select Library Concrete (High Strength)
Autodesk Simulation Material Library + |8 Current Material Information
— Anal ype: Structural
L) Autodesk Simulaﬂ?n Material Library Elemert Type: Brick
5“5‘”“3’ Defined] Materal Mode! Standard
S
i g pomnum Matersl Spectied: Cancrete (Hich Strenath)
= ilCDm:zrete Material Source: Autodesk Simulation Material Library
Concrete (Fairy High Strength] g Md.erid I_ B
Concrete (High Stren In Library Fie
Concrete (Medium Stren Date Last Updated:
=155 Glass Units System: English {in)
== lron Concrete (high strength)
+-12) Nickel Material Description
+-1Z) Plastic
{2 Other Mechanics of Materials, 2nd Edition, F.P Beer and ER
-2 Steel Johnsten. Jr.

Select Material
Material Properti
Mass density (kg/m?
Modulus of Elasticity (N/m3
Foisson’s Ratio 5
Themal Coefficient of Expansion (1,7 INM§Q0099

Congrete (High Strength)

o

When you select OK, you will be asked if you want to replace the material — click Yes:

Element Matenal Selection

I.-" _"‘-.I Are you sure you want to replace your customer-defined material
L = 4 specification with the requested material from the library?

Yes Mo

You will need to perform this step for each of the 8 parts. Double check the FEA Editor list to be
sure the proper materials are selected.

Apply Constraints
Next, you will shift to the Setup tab in the Ul to attach the bridge to the ground:

Vault  Start & Learn

=51 Presfribed Bisplacement + 4+ S 4 Remote Force

© . = O o mH B

) . g 1D Spring Suppert . :@: Bearing .

General Pin Constraint Force Pressure Gravity Parametric Parameters

Constraint % 3D Spring Suppert Q Moment Study

Constraints Loads - Maodel Setup
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For a more traditional bridge, you might need to apply a variety of Constraints to the piers,
expansion joints and to mimic the slide bearings. You would also apply specific loads to mimic
the vehicle loading and gravity to account for the weight of the bridge. Surface contact between
the parts would also need to be specified.

For the purpose of the hands-on lab, you will fix the bridge to the ground where the concrete
touches the ground part with a General Constraint fixed in all 6 degrees of freedom. The
ground and the road bed fill the sides of the bridge to the height of the bridge deck, inducing
their own loads which you will model as a hydrostatic load.

c@b

Use the Orbit tool or hold the Alt key and use the middle mouse button to orbit the model
in order to observe the bottom surfaces of the bridge. Next, hold the control key and use the left
mouse button to select the surfaces. You are interested in the two main surfaces of part 2. The
surfaces will highlight fuchsia when selected:

With the surfaces selected, click on General Constraint in the ribbon:

[PREECE TN

Mes' Draw WSSOI Analysis  Selection

ﬁ =T Prescribed Displacement

p . g 1D Spring Support
General knstraint
Constraint % 3D Spring Support

Constraints «

‘ +
— Use the Fixed button in the Predefined section to quickly constrain all 6 degrees of freedom:
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Apply Loads

Coordinate System:

Description

Creating 6 Surface General Constraint Objpcts ? 2
Constrained DOFs Predefin
Tx I Fixed X Symmetry J I X Antisymmetric J
Ty
Tz I Fi== _ ¥ Symmetry J I Y Antisymmetric J

[ |
Rx 3 ) )
Mo Translati Z Symmetry Z Antisymmetric

Blex | | ) | J
Rz

oK ancel I

Green triangles at each mesh vertex will indicate the fixed constraint has been applied.

To represent the ground behind the retaining walls, a hydrostatic load will be added to the outer

surfaces of the retaining walls to mimic the increase in load due to the depth of the ground.
First determine the height of the retaining wall. Change to the Selection tab in the Ribbon and

select Vertices:

CeHdo
Mesh  Draw  Setup  Analysi

- % :Q Polyline
Point or |Rectangle
Rectangle

'f._'[é Circle
+[§ Reset To Point

Shape

= . 8

Surfaces [Vertices

= ;
Ly T '¢[% -
Il Selection Y Tools  Vault  Start & Learn

ﬂ <>% { O Edges

(:,1‘:3 Construction Objects

Select «

As you mouse over the walls of the bridge, mesh vertices will highlight yellow. When you have

one at the top of the wall, right select (the highlight will turn fuchsia), and select Inquire:

Inquire
Add »
Create Remote Load & Constraint...

Coordinate Systems »

Selection Groups v

— 2
| Move

A Project...
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Verteaxe 7031
¥=3.151151, ¥=0.304800, 7=-3.357737

Coordinate System 1D: 0

Take note of the Y coordinate:
You will need this value to specify the top of the load distribution.

Tip: In vertices selection mode, a right click_Inquire will yield coordinates for the vertex
selected.

Return back to Surfaces for the selection mode by clicking on the Surfaces icon in the Selection
tab:

Analysis View Tools

“f @

Surfaces|Vertices Lines Parts

Now, hold the control key while selecting each of the eight external surfaces of the retaining
wall. Your model should look like the following when selected correctly:
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A right select in the display window (but off of the model) will show the context menu with the
option to Add, and then select Surface Hydrostatic Pressures:

¥ Visibility
Isplate
Inquire
Add == Surface General Constraints...
Create Remo Constraint... £ Surface Frictionless Constraints...

Coordinate S§stems
CAD Mesh Options

Selection Groups

-

(O Surface Pin Constraints...

= Surface Prescribed Displacements...

Surface 1D Spring Supports...
rface 3D Spring Supports...

Enable Filter 0 Surface Moments...

= Surface Pressure/Tractio

= Surface Hydrostatic Pressures...
Select Subentities » nﬁ Surface Variable Pressures...

I Surface Temperatures...

< Surface Voltages...

Surface Refinement...

You will manually type in the Y coordinate for the Point on Fluid Surface (P), identify the
direction of gravity with the Y radio button for Fluid Depth Direction (V), then apply a Fluid

Density that approximates the ground (typical ground is ~16 kN / m"3). Enter the values to look
like the following then click OK:

Creating 8 Surface Hydrostatic Pressure Objects ? =

P Point on Fluid Surface (P) Fluid Depth Direction (V)

Paint Selector.., Custom Vector Selector...

Fluid Density 16000 N Pressure Type |Normal to surface - |

Description

OK ncel
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Apply Surface Contacts

Next, you can use the FEA Editor to select the contact between parts. Either scroll to the
bottom or collapse the FEA Editor tree until you see the Contact icon and setting:

e—

I% Meshes

}» Coordinate Systems

4 L)

By default, the contact will be bonded, which we will use for the class. If you need to change

the contact between surfaces to better match your structure, right select on Contact in the tree

and use the context menu to select a different form:

e -ontact ( * Bonded

L.[B> Selection Grot
Welded

Eree/Mo Contact

4

"Surface” contact Surface Contact
Sliding/Mo Separatitn g |
Separation/Mo Sliding
Edge Contact

Shrink Fit/5liding
Shrink Fit/Mo Sliding

For example, if the majority of the parts touch such that they are free to move relative to each
other, you may want to select for Surface Contact. Once Surface Contact is selected, you will

then have the ability to select the “Settings...” option to include static friction.
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The following images show the mouse selections necessary to include friction for the Surface

Contact between parts:

4 T

Shows contact settings for review ¢

Bonded

Welded

Eree/Mo Contact
Surface Contact
Sliding/Mo Separation
Separation/Meo Sliding
Edge Contact

Shrink Fit/5liding
Shrink Fit/Mo ing

Settings...

On the Contact Options dialog, check to Include friction and enter a Static Friction coefficient:

B Contact Options 22
Indude friction
Static friction coeffigent 0.6
Surface contact direction
lCaI::uIate by matching directions v‘
Direction tolerance angle 20
[ Ok Cancel ‘

The preceding steps will apply friction to the interface of all touching parts. Should two parts
touch with a different type of contact, you can manually select the parts to apply individual

contact options to the interface surfaces.
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In the Selection tab, change the selection mode to Parts:

E= R E AT

Mesh  Draw  Setup  Analysis i View  Too || 1""'"J|t Start & Learn

4 [’\\3 Il Polyline . _<>k "/[,\\3 i Edges
L___‘:J_ -_[% Circle onstruction Objects
Point or | Rectangle Surfaces Vertices Lines
Rectangle +[§ Reset To Point
Shape | Select - |
| | -I 1

While holding the control key, select on the first part, then select the touching part with a left
mouse click on the parts:

In this image, one of the retaining walls and the main bridge support have been selected as an
example. The parts will highlight fuchsia when selected.
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Next right select in the display window but off the model to select Contact and choose the
appropriate contact method for your application:

v Yisibility

Isolate
Suppress
Ingquire
Add 3
Create Remote Load & Constraint...
Edit r
Coordinate Systerns »
CAD Mesh Options »
Selection Groups »
Contact Bonded
Create Solid Mesh... Welded

/| ]
Copy Y Free/No Contact :

Surface Contact
%¢ Delete Sliding/Mo Separation
Save Part Attributes to File... Separation/No Sliding
Fead Part Attributes from File... Edge Contact
, Shrink Fit/Sliding
Enable Filter . . . |
@ Shrink Fit/Me Sliding
LR =

Select Subentities L4

In the FEA Editor, you will see the part numbers highlighted. Hit Enter to apply. Repeat for all
surfaces requiring a Contact setting (other than the default previously selected.) The FEA tree
will look like this when you are finished:

T
+}> Coordinate Systems

_Ef: Contact (Default: Bonded)
] £ onded < 6 with 2 >

..... (= Selection Groups
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Gravity

Last, you should apply gravity to match the orientation of the analysis model. Change to Setup

tab in the Ribbon:

= i==| i L
15 View Tools Vault Start & Learn  Community

() =7 Presgfbed Wgplacement + 4+ B o Remote Force "_"
= 0O =02 ==

g 1D Spring Support 16 Bearing

General Pin Constraint Force Pressure Gravity Parametric Parameters
Constraint % 3D Spring Support Q Moment Study
Constraints « | Loads = | Model Setup
| | nlil [ |

Select the Apple (Gravity) icon from the ribbon:

View Teools Vault, Start8&Llearn Community
S ;
L] o/

Parametric Parameters

Applies a constant acceleration value to any part with a mass
density.

Press F1 for more help

If you recall, the Sky was in the +Y direction. Therefore, you will need to set the gravity
multipliers to a unit vector in the —Y direction as shown in the following image:

Analysis Parameters - Static Stress with Linear Material Models ? =

Multipliers ~ Gravity/Acceleration ]Carrtrifugal ] Themal I Elac‘lricall Solution 1 Output ] CUrrtaCt]

Gravity / Acceleration Load

[ Set for standard gravity ]

Acceleration due to

iy force | 5.81456 | m/s*

X multiplier o

Y multiplier -1
Z multipl ]
Help ] [ Reset From Default Reset From Model

Change the values to match, then click OK or enter to apply.
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Apply CFD Temperature Results as Thermal Loads

Before analyzing the model, you first need to establish the stress free reference temperature,
and then apply the CFD temperature results to the model.

Stress free reference temperature
For each part, you need to set a reference temperature at which the structure is free of thermal
\ strain. For lack of construction information on the Alvord Lake Bridge, you will use 15°C (60°F),
& considered an optimum pouring temperature for concrete.

Return to the FEA Editor tree and right select the Element Definition for a part:

=L Parts
: Elg Partl < Bridge Deck:l »

Elernent Type < Brick =

[= Material | Edit Element Defnitio
[l CAD Mesh Options

{f:] Surfaces

m

In the Element Definition — Brick dialog, select the Thermal tab and enter 15, then OK:

Element Definition - Brick ? &
General Themal | Orthotropic
Themal
Stress free reference temperature 15 [ T
Reset From Model
QK cel Help Reset From Defautt
{ '

Repeat this for each of the 8 parts in the model.
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Read CFD Thermal Results
Still on the Setup tab in the ribbon, select Parameters:

DedS e & @ &
Mesh

Y =7 Prescribed Displacement + + S 4o Remote Force "_" E
== G‘J r W ER

1D Spring Support 8 Bearin
General  Pin Constraint g prng supe Force Pressure Gravity J Parametric Parameters
Constraint % 3D Spring Support ':) Mornent Study

Draw Analysis  Selection  View  Tools  Vault  Start & Learn  Community

Constraints « Loads = Model Setup

Qlxl]

In the Analysis Parameters — Static Stress with Linear Material Models, you first enter a Load
Case Description then you need to set the Multipliers. You need a Multiplier for Thermal to use
the temperatures as calculated by Simulation CFD without a scaling factor. At the same time,
you add the multiplier for Gravity/Accel (if not already done) in order to consider the weight of
the concrete. Then remove the default Displacement multiplier since it is not needed for this
analysis:

Analysis Parameters - Static Stress with Linear Material Models ?

Muttipliers ] Gravity/Acceleration | Certrfugal | Thermal | Electrical | Solution | Output | Contact |

Load Case Multipliers
[Index _[Description [Pressure  [Gravity/Accel COmega  |Alpha  [Displacement | Themmal [Blectricl
[1 | Pressure/Gravity/ Themal | 1 i 0 [0 ] |1 0

In this case, you can enter a description of “Pressure/Gravity/ Thermal Load Case” or anything
else to help you recall the case settings.

S @ Tip: Using the Add Row button, you can choose to examine isolated loads to determine
!? the influence of the load on the resultant stresses by simply adjusting the Multipliers to
turn loads on or off.

For the class, please add the following rows:

Analysis Parameters - Static Stress with Linear Material Models g B

Muttipliers Glauity;‘;'—‘\ccelevaﬁon] Centrifugal ] Themal l Electricall Salution ] Output ] Comad]

Load Case Multipliers

Index  |Description Pressure | Gravity/Accel Omega  |Alpha  |Displacement Themal  |Electrical
1 Pressure/Gravity,/ Themal | 1 1 0 ] ] 1 0
2 Pressure and Gravity onfy |1 1 0 ] ] ] 0
3 Themal and Gravity only |0 1 0 0 0 1 0
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Next, select the Thermal tab to select the CFD thermal results:

Analysis Parameters - Static Stress with Linear Material Maodels l P
Muttipliers ] va'rtyiﬂ;:celevation] Centrifugal  Thermal l EIeu:triu:aI] Solution ] Output ] Contact]
Themal
Source of Temperature [Sirnulation CFD file v]
Loads from FEA Editor .
Another Design Scenario in loaded file without 3 temperature from anather
Default Temperaturs

Another Simulation Mechanical File

Design Study and Design > @ ' o l

Scenario

Set a default temperature of 15°C to match the zero stress temperature applied (this is not
necessary but a good practice should something not transfer correctly). Use the Browse...
button to navigate to “Solar Assembly.cfdst” file created and solved in CFD, then select Design
1::July4th and 57600s (step 640):

r
Analysis Parameters - Static Stress with Linear Matenal Models ? &

Muttipliers ] Glauityfﬂ;:u:elemﬂnn] Centrifugal  Themal l EIeu:triu:aI] Solution ] Output ] Cnntact]

Themal
Source of Temperature lSimuIation v]
. Applied to nodes without a temperature from another
Default Temperature 15 T source

Design Study and Design > E testSolar Assembly_support®.Solar Assembly_sup *

Scenario

Design 1::Julydth

Which step to use | 57600s fstep £40) A -

Motes:
1. Themmal loads are affected by the valu
2. OK button will not be active urntil al

the Multipliers tab.
necessary input has been defined.

A

[ ok !i ‘zncel || Hep | | ResetFomDefaut | |  Reset From Model |

If your analysis did not run, you can use the previously run analysis in the “Demonstration\CFD
with Results\Solar Assembly” directory.
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Proceed to the Analysis tab in the ribbon and observe the Run Simulation icon is active. You
are ready to run:

H e | 5 (& -G 0
KA . i Toeols  Vault
A} Check Model [ Mesh Study Wizard ﬂ

e Weight and Center of Gravity =] Fatigue Analysis
Run Type

Simulation E‘D Optimization ?EI Scheduled Analyses o
Analysis Change

The analysis will mesh then solve:

Meshing Progress = x|
["] only show parts in progress
Part | Solid Meshing |
Part 1 <Bridge Deck1> -
Part 2 <Bridge Supportl > ]

Part 3 <Bridge Rail:1» I
Part4 <Retaining Wall:1= I
Part5 <Retaining Wall_MIR:1> I
Part 6 <Retaining Wall_MIR1:1> |
Part7 «<Retaining Wall_MIR_MIR:1> T

Total Progress

|

After all meshing bars are green, the analysis progress bar will appear:

& Structural - Static Stress with Linear Material Mudh | = & |
Calculating Displacements Elapsed Time: 00:00:38

Schedule Daone
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Visualize Results
When the analysis completes, the Results Contours tab will become active and displacements
will show in the display:

p Veult  Start&Lleam Community € -

# Tensor - #1 von Mises 3 Legend Properties
o # Residual Stress Tensor « | | P—f I \Dg:pJ I [ p 8

1,
€ Principal = | £ Beam and Truss - Animate *

Displacement  © , 5 it 8, CTE Tensor - None Reactions  Stress V4 Load Case - | Exportto | & Ani
¥ 2°Z  Displaced” | Mises and Truss ™ g Safety Factor - | # Tensor - ¥ Linearization | Ng Smoothing Options. Showcase [ SaveImage

Displacement + | Stress v | Strain v | Moldflow Result | Other Results + i Settings v Load Case Options | Captures v

©olx] ”
- - Displacement
|5/ FEAEGitor & Results ]Emm] Magnitude
== 1< Design Scenario 1> "
-2 Unit Systems < Metric mks (ST) > ggzzfé;:sz;
Analysis Type < Static Stress with Linear Material Model 0.0004415113
=05y Parts 0.0003863224
@-{ ] 1 < Bridge Deck:l >
(2] 2 < Bridge Support >
@-{) 3 < Bridge Rail:1 > 00001656867
@-{2] 4 < Retaining Wall1 > 00001103778
() 5 < Retaining Wall_ MIR1 > gttt
{2 6 < Retaining Wall_ MIRL:1 >
@-{) 7 < Retaining Wall_MIR_MIR:1 >
(") 8 < Bridge Rail_ MIRL:1 >
35 Contact (Default: Bonded)
=15 Presentations
=-f7] 1 < Displacement >
BB Mirror Planes
@) Slice Planes
@A Annotations
IE) Embedded Presentations
=-{B> Saved Presentations
{2 Deformed Shape
{ Displacement
{2 Strain
(2 Stress
(#-(f) Saved Slice Planes
F; Filter Modules
=-J» Coordinate Systems
J- Global
Element Local Load Case: 10f 3
& Fracture Analysis

Load Case Description: Pressure/Gravity/Thermal Load Case
Maximurn Value: 0.000551889 m

Minimum Yalue: 0 m

1 < Design Scenario 1 >

If you have experienced any issues, you can use file_open, to open “Solar Assembly.fem” in the
“Demonstration\Mechanical with Results” directory. Then select the Results tab to continue.

Visualizing results can be fun, but more importantly, can provide insight into how your design
will perform. You should experiment with the Displaced Options:

o W
AT OGN Results Inquire Results Option

2 x -1
o e | L

Displacement i Show von Beamn
M i Displaced | Mises  and Truss

Displacement . Stre
T Show Displaced

= FEAEditor i/ Res f Displaced Options
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Adjust the slider for the displacement scale factor as a Percentage of Model Size to see which

parts of the bridge displace:

Displaced Model Options

5]

Digplaced tModel
| Show Dizplaced Model

Scale Factor

Az an Abzolute Walue

@ Az a Percentalie of Model Size

U

0% 100%

Scale Factor 0.000000

Show Undizplaced kModel Az
@ Do Mat Show
Mezh

tezh on Top of Displaced Model

Tranzparent

Help

You can toggle between the different load cases with the Load Case Options in the ribbon:

Stress

Legend Properties
l_f!d |D | M 4 » b

i Settings -

1 Load Case -

Earization Smoothing Opticns

Export to
Showcase [z SaveImage

Load Case Options |

Captures =

The display will indicate which load case you are viewing:

Load Case: 2 of 3
Load Case Description: Pressure and Grawvity only

Maximum Yalue: 3.50592e-003 m
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Don’t forget to capture an image or animate your model with scaled displacements. Select
Captures in the ribbon and choose to Setup an animation for some visual fun:

SIS

&

Animate -
+]1 Load Case - Exportto =
Showcase | [E Setup
| Load Case Options | Capt @ Gave A AV]
Setup

Sets the parameters for the animation.

Press F1 for more help

Tip: To verify the correct thermal results were transferred from CFD to Mechanical,
proceed to the Other Results tab in the ribbon. Select Applied Loads option then
Temperature from the context menu. These temperature contours should match the

results previously seen in CFD.

1
;;( Residual Stress Tensor - & ?J w

o CTE Tensor = Mone Reactions Stress

D Legend Properties

(& smooth Resuls|

Temperature

ther Results

Voltage

Temperature

Press F1 for more help

Convection Coefficient

Radiation Functicn

Surface Heat Flux

Heat Generation

Convection Ambient TEmMperature

Radiation Ambient Temperature

X B =

Animate -
i1 Load Case ~ | Exportto

M Linearizaticn Smocthing Options Showcase Save Image
Moldflow Result | | Settings ~ | Load Case Options | Captures =
Element Forces ~ =] Fatigue Life Results (Stress based) ~ T2 Fracture -

Element Properties = = Fatigue Life Results (5train based) * f; Custom Results +

ﬁ Applied Loads |- =] Fatigue Safety Factor Results ~ _/":: Element Displacements -
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Shift attention now to the Stress tab to display the von Mises stress contours:

View Tools Vault Start&Learn Community

1 von Mises o %
. Residual Stress Tensor ~ |

® CTE Tensor ~

o1 .
£24 Beam and Truss

= Safety Factor ~ | ) Tensor -

Displays the von Mises stress contours,

B The von Mises stress is an equivalent stress that combines the

esign Scenario 1>
Unit Systems < Metric mks (SI) >
alysis Type < Static Stress with
Parts
{2 1 < Bridge Deck:l >
fi-{) 2 < Bridge Support1 >
{7) 3 <Bridge Rail:1 >
-] 4 < Retaining Wall:1 >
{5 < Retaining Wall_MIR:1 >
£i1-{) 6 < Retaining Wall_MIRL:1 >
1{2] 7 < Retaining Wall_MIR_MIR:
-] 8 < Bridge Rail MIRL:1 >
& Contact (Default: Bonded)
B Presentations
(7] 1 < Displacement >
BB Mirror Planes
@) Slice Planes
A Annotations
E) Embedded Presentations
B Saved Presentations

{5 Deformed Shape
(& Displacement
& strain
2 Stress
{P) saved Slice Planes
G} Filter Modules
J Coordinate Systems
J- Global
Element Local
£5 Fracture Analysis

effects of the six individual stress tensors. You can directly
compare von Mises stress to the tensile yield strength of the
material to predict failure, most notably for ductile materials, like
steel, aluminum, and other metals. Note: For Natural Frequency
(Modal) analyses, optional stress and strain results are
normalized. The sole purpose of these results is to show the
relative stress and strain distribution within the model. Since the
results are not scaled to any specific excitation, the absolute
stress and strain values have no meaning,

wany

w7004

130608

ey

10806 1
a1
»

/G,
ULDS  Jhes
5

Press F1 for more help

0o conoorprne |EEIANINIEC)

Linearization | Ng Smoothing Options

Toggle between the load cases to understand the relationship between the thermal load and the
hydrostatic load induced by the ground. Notice the large displacements and stresses near the
ends of the retaining walls as you toggle between Displacement and von Misses:

Now consider this image of the bridge where the concrete has cracked and separated in the
same area:
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Reports
When you are ready, shift to the Report tab to record your analysis results:

PREECEAEE0 : OEET— TR e~

Frpon

Design Analysis

Project Title Here

Right select on HTML Report in the Report Tree and select to configure to customize the
information you would like to record. For example, click on Project Name and in the Edit Text
and Graphics window, type in — “The Best Bridge Analysis using CFD and Mechanical”:

]

Configure Report

Report Tree Document
oo

[ Tile Image

5 i o
[ Tz and Author |

] Revipua

1 EendPrject Homd - - :
@Sy The Best Bridge Analysis

[¥] Aralysis Parameters

P using CFD and Mechanical

- ] Eement
- ] Material ‘

Inset Format Table Help

[ Loads
- [¥] Constraints
[ Probes
] Rotating Frames
[ initizl Fluild Volume:
[ Watemark
Results Presentations
] Processor Log Files
Summary Logs
Anaiysis Logs
] Mass Participation
L] Stress Logs
- [ Frequency Logs
- [ Seectic Logs
- [] Weight & OG Logs
- [] Meshing Log
[[]Code Checking - Single Load Case:
[]Code Checking - Detailed
[[]Code Checking - All Load Cases

o ) .
Secton1/1 | Pagel/1  [Linel 0% S

Generate Repot ncel ] | Hep ]
I~

Have fun configuring your report and use the refresh to update.

Don’t forget to save your report!
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