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About This Manual

This manua describes BEDAS™ a professional level bridge dynamic analysis under
moving loads program, with capabilities to handle most typical 2d mechanics, aeronautics
and civil/structural analysis problems. It performs static, mode shapes and dynamic
response analysis. It gives exact high frequencies and mode shapes with only one element
per beam (span). Dynamic finite elements lead to higher precision of internal forces in any
location of structure excited by fixed, moving and/or seismic loads.

BEDAS is a stand-alone application with many advanced engineering functionalities.

This manual isdivided in six chapters:

Chapter 1 Installation

This chapter describes system requirements and gets you started installing BEDAS TM
software.

Chapter 2 Overview of BEDAS environment
This chapter presents the environment and basic functionalities of Beam Designer.

Chapter 3 Step-by-step menus
This chapter presents a step-by-step example to show most functionality of BEDAS from
starting the application to printing results.

Chapter 4 Commands and Toolbars

This chapter presents an overview of the operations of BEDAS and a summary of the
commands used.

Chapter 5 Components and Tips
Using practical examples, this chapter presents an overview of the operations of BEDAS
components and tips used in sketching and designing beam structures.

Chapter 6 Techniques and conventions
This chapter discusses the numerical methods implemented in BEDAS followed by some
interesting examples.

MechaTools Technologies Inc
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Installation

Chapter 1

Installation

System Requirements

BEDAS runs under Windows 98/Me/NT/2000/XP. It requires a Pentium class CPU or better
and a minimum of 64 MB memory is recommended. The software requires 20 MB of free
space on your hard disk.

Installing Beam Designer

Toinstall Beam Designer, run the setup.exe program located on the installation CD.

Wifaming : This program iz protected by copynght law and imemational treaties. Unauthorzed reproduction or distrbution of this program, or any porion of
ft. maw result in savere civil and oriminal penatties - and will be orosesited to the maximum extant oossible under law

BEDAS “ersion 3.0 }\{r‘\
S
Copyright ) 1996-200¢ MechaTools Technolagies Inc www.mechatools.com & & 3\\\\
: Faoiy
Thi=s Product is licensed to Engineer )' 0
\ \;_?/
HIGH FREQUEMG Y CrviL STRUGTURAL DyMAMIGS OF HiIGH SPEED

WIBRATION EMNGINEERING MECGHAMIGS ErRIDGES MOVIMNG LOADS
— R T 5 " i 1
S 0t

SOFTWARE FOR DYMAMIC AMALYSES OF BRIDGES AND

BEDAS Exact. Dynamics _Software STRUCTURES UNDER FIXED anND MOvING LOADS
MechaTools Technologies

License Types

After BEDAS files are installed, the final step in the installation is to inform BEDAS of
your licensing information as printed on your invoice. The licensing information consists of
a Name, either your name or the name of your organization or company, and a coded key.
This information should be entered in the login dialog presented when you run the
application for the first time. The software will check to see if the key isvalid and if so, will
record the information on your computer. BEDAS software is licensed either to individual
engineers or to their companies or organizations. The license agreement is included with the
software when you download or purchase it, and is posted on our web site
www.mechatools.com. Essentially, the single-user_license agreement states that you may
use the software on one single machine, but that you must purchase additional licenses to
alow others to use the software, on other machines. For more information, please contact
Mechatools Technologies.

Running BEDAS

By default, the BEDAS installation program will create menu items in the Program Files
directory. To run the program, choose Start | Program | M echaT ools Studio| BEDAS.
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ShapeDesigner

Mechatools Team
BEDAS is the easiest way for engineers to efficiently perform the dynamic responses of
bridges under moving and fixed loads. BEDAS was developed by a professionals and
engineers at Mechatools Technologies. This product was developed using state of the art
methods in exact dynamic finite elements and sophisticated algorithms. BEDAS is robust,
scalable and very easy to use.

How to Contact MechaTools Technologies Support
The fast and efficient way to contact MechaTools for technical support is through email.
Our technical assistance address is suppor t@mechatools.com. For reporting problems, you
may call or fax our office as well. Our office hours are 8:30AM - 5:00PM Eastern Time US
& Canada (GMT-05:00). The technical support phone number is (418) 651.3689 and fax
lineis (418). 651.6456.

MechaTools Technologies Inc
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BEDAS Environment

Chapter 2
BEDAS Environment

Environment

The BEDAS environment is shown in the picture below.

“ProductsMechatoolsPrj' TGY, TGY407 lys'lys-bds.BDS - Bedas

NnEd &7 sme

File Edit Options Wiew EBeam ;m*(te Help

| orfgs £ o o

Dynamic Analysis response i Beam 6 ot local x=16 60 response for: Accelerstion(16.61) /19 91E-02

@Q@@fﬁmﬂghéQM

21X

Accelera@ionﬂ G611 /19.91E-02

/Mn

MMMM

I fog

- Dynamic
-~ Spatic

...... J\
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Vi BT B D O, 08 |3

AR R TRARR

CProdust=iMechatool s PrTGWTGYA0TY ys ¥=-bds BOS

Main Menu
Main Toolbar
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MechaTools Sludij‘ Bedas

Geometry Input

Loads Input
CAD and Data

Dimensions

Computing / Wiew

Fesuits
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4 |
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8 By ot

ke View loads [
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osition [0,1]: | 0.5
Resp. [eccoer =]
oo w7 el

i ¥[8
Factor: ISU—

Showvalues [
Hide Undeformed [~

kd History: -

Tool Box

MechaTools Studio is aworking environment that supports various engineering tools. When
you ingtall a stand-alone version of BEDAS, you actualy install MechaTools Studio with

one engineering tool: BEDAS.
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ShapeDesigner

The main menu, toolbars, and status bar are standard Windows components. Y ou can toggle
the display of toolbars using commands in the View menu. The toolbox may also be
“undocked” and moved in the program window from left to right by pressing right mouse
button. The status bar at the bottom provides project information, hints and messages. It
displays the current filename, the mouse position and the centroid of the selected beams.

MechaTools Technologies Inc
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BEDAS

Chapter 3

Step-By-Step menus

Starting BEDAS
Start BEDAS with the Start | Programs | BEDAS menu.
Creating a New Project

To create a new structure project, click the New Project icon from the toolbar or click New
from the File menu.

The Save As dialog is automatically displayed. Enter the name of you new structure project
and click save. This dialog may be invoked at any time using the File menu.

Setting the New Project Units

The Units Transformation dialog is automatically displayed. Enter the units you will use
to define the new structure. These units will be used for all work in Beam Designer. The
Units Transformation dialog may be invoked at any time by clicking the Change Units
icon from the toolbar or from the Options menu by clicking Change Units. Changing units
does NOT change dimensions. A 1-inch edge becomes a 2.54 cm edge. Click OK when
you are done.

Change Units ; x|

Lengthl Massl Stressl

[Zurrert
|iinu:h j

kilorneter
kiloparzec
lzague
light pear

Setting the Bounding Box

The Working Window Boundary dialog is automatically displayed. This dialog is used to
change the size and position of the bounding box. The bounding box is an imaginary box
that surrounds a region of the drawing. Zooming operations are based on the size and
position of the bounding box. For example, the Zoom All command resizes and moves the
viewport so that the bounding box is centered and fully visible in the drawing area. After the
Zoom All command is executed, the Zoom dropdown is set to 100%. BEDAS automatically
resizes the bounding box when a beam manipulation causes a beam to exceed the bounding
box limits. The user may change the bounding box manually to concentrate on a specific
region of the drawing. The Bounding Box dialog may be invoked at any time by clicking
the Changing Bounding Box by Mouse or the Changing Bounding Box M anually icons
from the CAD and Data tab of the toolbox Options menu by clicking Change Bounding
Box | Manually. Click OK when you are done.

MechaTools Technologies Inc
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Step-By-Step menus

Bounding Box Buundarﬁ;; x|

— Bounding Box

Y max

i7454] -

[k | Cancel |

Setting the Project Preference

The Preferences dialog is automatically displayed. This dialog is used to associate structure
specific information to the new structure project. Click the Identification tab to edit the
project information. Generally, you may accept the default values for the Colors, Fonts and
General tabs.

The Color tab isused to set the color of various display elements:

a) Beamidentifiers

b) Beam labels

c) Pointidentifiers

d) Grid

€) Dimensions

f)  Dynamic responses visualization

The Font tab is used to set the font of various display elements:

a) Beamidentifiers

b) Beam labels

c) Pointidentifiers

d) Dimensions

The preferences dialog may be invoked at any time by clicking on the Preferences icon of
the toolbar or from the Options menu by clicking Preferences. Click OK when you are
done.

- Document Preferences |dentific.ation

‘. Fonts Company: |MechaTO0Is Technologies
General

- Shieszes

Client: |Youl Client

Praject: IYoul Project

Task: IYour Task

Project Ref: IYou References

Enginesr: IUnknown

Wersion: IShape Diezigner 3.0

)8 Cancel
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The General tab is used to set various general-purpose properties:

a)
b)
0)
d)
€)
f)
9)

h)

i)

Number of real divisions per circle

Relative thickness beam for visualization

L oads draw width for visualization

Deformation (solution) draw width for visualization

The visual amplitude of the responsesin effort (moment, shear, axial effort)

Grids spacing ticks

The ShapeDesigner software path (in option) for calculating complex geometric
properties of sections

The Twprofile Path (in option) for calculating complex geometric properties of thin-
walled open sections

Output visual solution refinement

The number of divisions per circle is used to specify the number of linear segments to
approximate circles.

Uitz Loads Drawiefideh;

8- I_:Icu:ument Preferences General
i |dentification
Colors Mumber of divisions per circle: |20
Fants Felative thikness bearn =Lin; |50

Defarmation Drawwidth: |1
Wizual Amplification Effort; 0.25
Grids ticks: |10
Shapelesigner Path: IShapedesigner.e:-:e _I
Tu/Profile Path: | T'wProfile. exe F
Cutput Wisual Presicion; 10

T

:

] | Cancel |

Creating Beams

From the T oolbox under the Geometry Input tab, click the beam icon. Then in the drawing
area you can connect two nodes to create beam.

Add beam .
—r————Hie * Add Arc from 2 points
Gegmelry Input | ) Add Arc from 3 points
Addnodee— | ' Parametric
i "_/ (" & * structures librarv

Add one or v & &Ei"w f/“-l—‘ Delete selected: node, nodes,

some boundary
conditions

View Ids

wom beam, beams, boundary
Wi & | K | condition, boundarv conditions

e

S
— 1" & *‘”‘“—I——o Merge nodes with same coordinates

MechaTools Technologies Inc
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1) Add Beam by selecting two exiting nodes.

2) Add Arcfrom 2 pointsis used to create arc from 2 selected nodes and specified radius

iR X ghgEvlacaaQonm-Ey Ll |
olsPrj\exemples2'3spans.BDS - X=53 2|l ————Hide
€00 | v osD v | ovotsD | ovo@mar | o420 | -Isu:n | vesd | 0oTEO | 0 Geometry Input
X SlCre
_ A8 wix
Mouse position to M
locate the arc'center x| 2%

Radiusr l/

: Arc [nput |
Fl rst %I eCted nOde Center Coordinates:

Second selected n"C')Qe / x| 50000

o & *:[ 18008

Start/End Points:

3) Add Arcform 3 pointsis used to create arc from 3 selected nodes.

Second selected node

3 paints Ao |

Center coordingtes:

e I 50.000
Y= I 5.539
Radius= I 11.948

Third selec%bde D F?Sdected node

4) Parametric Structures Library is used to create parametric structures from the
library.
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Structure view
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Parametric
dimensions

BEDAS
. Truss Library 2 ;IEIEI
A Usual Trusses | | Bridge type of Baltimore
&2 Fink N
< &% BowSting y ok b
=-£% Brdge
i wWiarren-B h
i Pratt-C
£ Howe-B *
< i Parker
i K-Truzs
[—]ﬁ Continuous Beams Ok
b, % Eﬂeamg |:|= 10 |3= 0 —
B¢ Grids he| 10 we=| O | Concel |
gy Rectangular B 0
< ----- 28 Left Orientation Hem o= SBEL
o Hight[lrientatiu:unz Help
)
Confirmto accept <
selected structure Accept selected =~ +—————
structure
FHS?|izeX oA RQA @0k KS
. ProductsiMechatoolsPrj\exemples2’frame2d .BDS - X=2l].__¥.:' 2l

r.?-\w|.s-|-|n3-|w1]2-|-a5w\w:BB-I-iEz-\lﬂ.ﬁlllss.sw\lwmll

The method used to create beams and the number of beams required is specific to the
problem to be solved. The following guidelines should be followed.

1) BEDAS assigns material propertiesto beams.

2) BEDAS automatically merge together common nodes. To detect common nodes
boundaries, the distance between two boundaries is compared to a very small tolerance
value (10®). If this distance is smaller than the tolerance value, the boundaries assumed
to be merged. Users should be very precise when assigning point coordinates.

Creating Custom structures from data files

Use this option to input a beam geometry using a text data file. The text file format must
follow the rules below:
1) Thefirst line contains the number of nodes (n) followed by the number of beams (m).
2) Each of the following n lines contains the x and y coordinates of a polygon point
separated by a comma.
3) Each of the following mlines contains the nodes beam connectivity i and j.

MechaTools Technologies Inc
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The following data file content describes a two beams structure:

3,2 /I 3 nodes and 2beams

0.0,0,0 //x1,y1

1.0,0.0 /I x2,y2

3.0,0.0 //x3,y3

12 /I beam 1 from node 1 to node 2
23 /I beam 2 from node 2 to node 3

Selecting beams

There are three ways to select beams.
1) Using the pointer

2) Using the Beams browser

3) Sing Selectionicon

To select a beam using the pointer, move the pointer over the beam in the drawing area then
press the left mouse button. The selected beam is shown in red. You can select more than
one beam if you hold the Shift key down at the same time as you select beams by mouse.

To select a beam using the Beams browser, select the CAD and Data tab from the toolbox
and select the desired beam directly from the list using the mouse pointer. The selected
beam is shown in red.

To select multiple beams using a selection box, select the CAD and Data tab from the
toolbox and click on the Selection icon. Drag the pointer, using the left mouse button, to
draw a selection box around the beams you want to select. When you release the mouse
button, all beams totally inside the selection box are selected. The selected beams are shown
inred.

Deleting Beams

To delete beams, select the beams then press the Delete key or click the Delete Beam icon
of the toolbar or from the Edit menu click Delete. A confirmation is aways required to
delete a beam.

Moving Beams with the Pointer (or arrow keys)

To move beams with the pointer, select the beams, then, from the CAD and Data tab of the
toolbox, click Move Selected Beams by M ouse or from the Beam menu click Move. The
selected beams become movable. Drag the beams using the left mouse button in the drawing
area or using the arrow keys. When you release the left mouse button, the beams return to
the unmovable state. If you want to move all beams, from the CAD and Data tab of the
toolbox, click Move All Beams by Mouse.

See the Moving Beams Accurately structure of this document for a more accurate method.

Modifying Beams with the Pointer (Moving Nodes)

To move a beam node, select the beam you want to modify, then, from the CAD and Data
tab, click M odify Beam by M ouse or from the Beam menu select M odify Beam. The beam
becomes modifiable. The beam nodes will be highlighted. Drag the beam nodes using the
left mouse button in the drawing area. When you are done modifying the beam, click the
right mouse button to return to non-modifiable state. See the Modifying Beams Accurately
structure of this document for a more accurate method.
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Zooming

Zooming allows you to increase or decrease the size of the drawing viewport. There are four

ways of zooming.

1) Using Zoom In/Zoom Out icons of the toolbar or the View menu Zoom In/Zoom Out
commands, you may increase or decrease the viewport by 10%.

2) Using the zoom percentage dropdown you may increase or decrease the viewport by an
arbitrary value.

3) Using the Zoom All icon of the toolbar, you may readjust the viewport so that the
bounding box is fully displayed and centered on the drawing area. See the Setting the
Bounding Box structure in this document.

4) Using the Zoom Window icon of the toolbar or the View menu Zoom Window
command you may define a selection box with the pointer. Drag the pointer using the
left mouse button to draw a selection box around the region you want to zoom. When
you release the mouse button, the drawing area will be redrawn so that the selected
region occupies the whole drawing area.

Using the Grid
To help position the pointer on the drawing area, it is possible to display/hide the grid. To
toggle the grid display, from the toolbar click the Show and Hide Grid icon or from the
View menu click Grid.

Copying Beams
There are two ways of copying beams: Using the Copy and Paste commands and using the
Generate Beam dialog. See the Generate Beams structure of this document for description
of the Generate Beam dialog.

Select the beams you would like to copy. From the Edit menu click Copy or press CTRL +
C. From the Edit menu click Paste or press CTRL + V. The operations actually performed
by this sequence are:

Rotating Beams
To rotate a beam, select it and from the CAD and Data tab of the toolbox, click on the
Transform beam icon or from the Beam menu click Transform. The Beam
Transformation dialog is displayed. Click Rotate to display the rotation options.

Shape Transformation A
I Raotate  Scale I Translatel
— Rotate
Free Fotation (8 Angle [deg)

Flip Yertical O ﬁbnutﬁ

Flip Horizantal O Bani D E
Riatate Right D Centroid {2

Rotate Left O K Ao ©Q
— Shape ta be Rotated

@ 4[»|[E ] © &lShapes

| Est |
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Select the beam you want to rotate in the Beam to be Rotated structure. You may select a
specific beam or All Beams. Note that the horizontal scrollbar in the Beam to be Rotated
structure serves two purposes. If specific beam is selected, it is used to select the beam to be
rotated. If All Beams is selected, it is used to select the About Point. Select the rotation
type using one of the five options available:

1) FreeRotation rotates the beam the specified Angle.

2) Flip Vertical flips the beam around avertical axis.

3) Flip Horizontal flips the beam around a horizontal axis.

4) Rotate Right rotates the beam clockwise 90 degrees.

5) Rotate L eft rotates the beam counterclockwise 90 degrees.

In the case of rotation transformations, About select the rotation point. In the case of
flipping transformations, About fixes the position of the flipping axis. About may be one of
the following options:

1) Point selects a specific geometric point of the selected beam in the Beam to be
Rotated structure (even if a All Beams is selected). The point is highlighted in the view
area.

2) Centroid uses the centroid of the selected beam or the centroid of all beams as the
about point.

3) X-Y Axisusesthe origin of the Cartesian coordinate system as the about point.

Click Rotate to apply the rotation.

The Beam Transformation dialog remains displayed for you to proceed to other
transformations. Click Exit when you are done. Note that all transformations done in the
Beam Transformation dialog are done in a single transaction and may be undone using the
Edit menu and clicking Undo.

Moving Beams Accurately (Translate)

To move beams accurately, select a beam and from the CAD and Data tab of the toolbox,
click on the Transform beam icon or from the Beam menu click the Transform icon. The
Beam Transformation dialog is displayed. Select the Trandlate tab.

Shape Transformation H
Rotate | Srale ”Translate
— Tranzlate

dw [093416 rﬂu

ay [2377] [0 &

— Shape to be Tranzlated

® 4| »|[E ] O AlShapes

Translate

Exit |
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Select the beam you want to trandate in the Beam to be Transformed structure. Y ou may
select a specific beam or al beams. Enter the translation values in the dx and dy textboxes.
To align the centroid of the selected beams on the origin of the coordinate system, check the
Align Centroid to X-Y Center checkbox. Click Trandlate to apply the trandation. The
Beam Transformation dialog remains displayed for you to proceed to other
transformations. Click Exit when you are done. Note that all transformations done in the
Beam Transformation dialog are done in a single transaction and may be undone using the
Edit menu and clicking Undo.

The Beam menu offers the Align Beam Centroid to X-Y Origin and the Align All Beam
Centroid to X-Y Origin shortcuts.

Modifying Beams (Moving nodes) Accurately

= Hide

eametry [Hput

Loads |mput
CAD and Data
Mave lﬁ Structure:BOS ﬂ
Flip about x Centroid NN | | i " Beam 1:
Flip about vy Centroid - N | | e u/" Beam -
Align Shape Centroidto -y omgia | | - " Beam 3:
Align All shapes Centroid ko s-% Cridig. | | i o Beam &
e e - e - I " Beam §:
Transfapmo S N | i ,/“ Beamn 6:
o] e e bt I W " Beam 7 LI

Delete i“ b E
Hatchs. .. o & 'ZIT
Propettiss » I e -
Add Hole F :i?L

To modify the nodal coordinates of a beam, select a beam and from the CAD and Data tab
of the toolbox, click the Geometric Properties icon or from the Beam | Properties menu
click Geometry. The Geometric Properties dialog is displayed. Click the Nodes tab. You
may modify the displayed nodal coordinate. The Geometric Properties dialog may be left
open while working. Its content is updated dynamically.

Refreshing the Drawing Area
To refresh the drawing area, click on the Refresh the Drawing Area icon in the toolbar.

Refresh icon

T C:hProductsiMechatoolsPrit exemples?', 3square34SHD.SHD - shapeDesigner

File Edit ©Options Wew Shape Compute Help

FH 2R X S? ol vl QA O 5107 kY L0
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Setting Material Colors

It is possible to assign colors to materials. To do this, select the beams, and then from the
CAD and Data tab click Set Beam Color or from the Beam menu click Colors. The Color
diaog is displayed. Select a color and click OK. The color is assigned to the beam material.
All beams using the same material will be affected by this change. To view beam colors,
from the toolbar click the Show and Hide Beam Colorsicon.

Setting Material Properties

To assign material properties to beams, from the CAD and Data tab of the toolbox, click
Beam Material properties. You may aso click Material from the Beam | Properties
menu. The Material Propertiesdialog is displayed. Select the Beam M aterialstab.

File Edit Options Eiewlagam Compute  Help

NS | &7 | M. BEv@e

Move
“ChProductsiMechatd i el bancel-bd.

Flip about x centroid
Flip about v cenkroid
Flip about x axis

Flip abouk v axis
Transform. ..

Calat, ..

Delete

Geamebry...
faterial. ..
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Select the beam to which you want to assign a material using the Beam Number horizontal
scrollbar. For convenience, the beam Label is displayed and may be modified. Select the
material type using the Material Type selection dropdown. The material properties are
displayed. If your material type is not listed, select the User-Defined material type. When
this option is selected, you may enter user-defined values for material properties. For user-
defined material types, enter the following material properties: Young's Modulus, Poisson
Ratio and Mass Density. If you want to use the same material type for other beams, check
the beams in the Select for Same Material list. Click Apply to commit the current changes
and keep the dialog open. Click OK to commit the current changes and close the dialog.
Click Cancel to abort changes made since the last Apply and close the dialog.

In BEDAS, it is included two components to compute the geometric properties of the
beam cross-section, the standard steel section (library of the AISC) and the general
parametric section. You can aso using the ShapeDesigner software (in option) as aplug in
with BEDAS for geometric properties of the complexes composite cross-sections.
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At anytime you may select the Material Properties tab to get an overall view of material
properties.
If you do not explicitly define the materia type, it defaults to the first materia in the
material database.

Adding Labels to Beams (Notes)
To add labels to beams, select the beam to which you want to add a label. From the Beam
menu, click on view | Label.... The Set Beam Label dialog appears. Enter a textual label
then click OK. Anytime you want to view labels, from the Dimensions tab click the View
Beams Label icon or from the View menu click View Beams L abels.

MechaTools Technologies Inc
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Dimensioning Beams

To view dimensions, from the Dimensions and L abels tab of the toolbox, click the View
Dimensionsicon or from the View menu and click Dimensions.

To dimension beams, from the Dimensions & Labels tab of the toolbox, click one of the
three dimension types icons: Horizontal, Vertical and Oblique. BEDAS switches to
Dimension Definition Mode. Move the cursor over the first vertex point to dimension. When
the point is selectable, a small circle appears around the point. If the pointer is correctly
positioned on the point, the pointer changes to an arrow beam. Click on the left mouse
button. Repeat the previous steps for the second vertex point. When the second vertex is
selected, the dimension is displayed and it follows the cursor. Position the dimension with
the mouse and click the left mouse button to lock it in place.

When you are done dimensioning, click the right mouse button to switch out of Dimension
Definition Mode.

Editing Beam Dimensions

To edit beam dimensions, click on the Edit Dimensions icon of the Dimensions & Labels
tab of the toolbox. BEDAS switches to Dimension Editing Mode.

To move a dimension, press the Move Dimension
button and select the dimension from the drawing
area by left mouse button. Move dimension to the

——————— Hide

Geometmy [nput

desired position. Click on the left mouse button to Loads [nput

lock the dimension in place. Click on the right CAD and Data

mouse button to cancel the operation. - -
Dimenzions

In the toobox, select the Dimensions tab and from
the dimensions browser select desired dimension
then press the right mouse button to get the popup
menu

Move Dimension button

. . Delete Coke
Delete a dimension

Change the orientation of a dimension Hofieontsl
Wertical
Oblic
Delete all dimensions
Delete all

Set dimension |abel
Set Label
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Saving a Project File
To save adrawing structure to afile, on the toolbar click the Save File icon or from the File
menu click Save. The default file extension for BEDAS is “BDS’. If thisis the first time to
save your work, the File menu Save As... dialog will be displayed.

Exporting Beams Structure to Other Applications
BEDAS exports files using the DXF format. This is the most popular CAD file format. To
save a structure file in a DXF format, From the File menu click Export | to DXF. The
current structure project filename suffixed with a DXF extension will be used as the
exported file filename.

BEDAS can also save a snapshot of the drawing area to a bitmap using the File menu
Export | to BMP. The current structure project filename suffixed with a bmp extension will
be used as the exported file filename.

Computing dynamic analysis and/or mode shapes
To compute dynamic analysis and/or mode shapes, from Compute menu click Compute or
press F5.

File Edit Options Wew Beam Cnmpute Help

DR S 7|4 E FE

“C:hProduct st MechatoolsPrj =l §:ET

|__—| wi o =m0 |
The Dynamic analysis dialog is displayed. This dialog is used to specify the type of
analysis, the frequency max or the number of modes, the time step and the damping ration
for dynamic analysis. There are two types of anaysis:

1) Mode shapes and vibration frequencies computing
2) Dynamic analysis.

MechaTools Technologies Inc
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In Free vibrations computational and dynamics analysis you must input, the
high frequency includes in the analysis or the maximum number of modes. To
switch from the maximum frequency to the number of modes, clear the
maximum frequency value and input the number of modes. Do the same to
switch for number of modes to maximum fregquency.

BED A S5 - Dynamic Analysis El
— Dynamic Analysis
Frequency b ax: Murnber of Modes . .
¥ | Fres Yibrations I':' 0 For dynamics analysis you
can input the damping ratio if
¥ Dynamic Response it's present in your structure.
Damping Type <— Damping coefficient isa
Duration T ime[s]|3 MK oM Ak per centage of the critical
* r_' - t"‘ il damping of the structure
Time Step |IZI.IZI1 materials. Damping is
bR |1 i1 |III.IIIS considered a proportional
d |':' |':' viscous damping.
mode
2 a | bw,
1] Xi = 4+ —
2w, 2
Set| b aternialz. . Campute Cancel | Apply

Total time (s) of the dynamic analysis

When computations are done, BEDAS switches to Result tab of toolbox. In this mode, you
can view mode shapes animation and dynamic responses

Printing

Choose Print from the File menu
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Chapter 4

Commands and Toolbars

Users of BEDAS may use the icons on the toolbars to speed up access to some commonly
used functions. Holding the cursor over an icon displays a tool tip describing the icon
function.

Main Toolbar (main toolbar is rotate to -90 degrees)

[J —— New File
§; — Open File
] — Save Current File

@] —=* Print graphical results
¥ — Help

%c — e Cut selected beams
——eo Copy selected beams
@ ——e Paste selected beams
. ——e Delete selected beams

o —= Show and hide gridline
o —e Show and hide axes

1 ——e Show and hide points Ids

o —e Show and hide beams Ids

g — Refresh graphics

BH— Show and hide materials colors

o — Zoom in

M — Zoom out

D Zoom window

© —e Zoom All

=1 o Set automatically bounding box to fit all beams

—|——e Zoom list

Show and hide ruler
Change units

Set preferences

3% |— Show and hide toolbox

Results window
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Toolbox

The toolbox is displayed by clicking Toolbox in the View
menu. The toolbox may be moved from right to left of the
application window by double clicking its title bar or press the
right mouse button. The Toolbox contains icons that perform

various operations. These icons are grouped by topics under Hide
tabs. For example, the Geometry Input tab contains icons G I |
used to manipulate geometries. Some of the toolbox icons do EOMENTINEEL
not have corresponding menu items. S A R
Hy o
Geometry Input ’5 25! 3:': Dt
The Geometry Input tab contains operations to create nodes, | in® =& ‘ES‘IT|
beams, arcs, circles, and boundary conditions and to delete T
nodes, beams, and boundary conditions. Also to view nodes, | =, & | -
boundary conditions and merges nodes.
Loads input Hide
The Loads input tab is used to add or modify loads and there Geomety Input
properties and to verify the input load data.
Loads Input
- - Lo | 1} Ak
Delete all loads, add standard vehicle, duplicate current load, add empty load —J—I
and remove current load —| X & fh o=
Fe Fd —
Load type: Concentrate, distribute, horizontal seismic and vertical seismic "'_L: - Iﬂ‘& H’&
> t, Fx 'LFT tﬁ J
Load directionin local beam reference: horizontal, vertical and bending Length= B
y 1. Length=width =0
of distribute load TO=|0
5. Speed=v | Curation=
F —> spesd=[0
l — | + Load Expression F(t] |
.............................. X . Im
A A e
2. Xo X Load Path:
Start position il
Path of current moving load
R
t=0 s A AT ALL
3. To 4. Duration Lo > E: s s
_ e A s
Sart tlrlne gf the Tf = total time of m'mﬁt'ﬂz_ e
current loa the analysis speed: ]
time duration of the current load
Current load expression in numerical value or mathematical expression, for
load variation given in file (ex. seismic) type: “ File:” to browse the filename

Set load path from list box, view load path, set load path by mouse, view all | |
loads, view current load, display graphicsload variation, and apply changes

Decrease or increase the animation speed of the visual simulation moving

loads
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Case of moving loads
The sort in path beam list is import because the load move from the first selected to the end

one.
v
—_—>
Beam number 7 \L 6 5 4 3 2
| | | | | |
Path beam number 1 2 3 4

Fromthe figure: the path beam list of the current load

Path of current moving load is<6 5 4 3>, andthesortisveryimport

Case of moving loads - two loads in opposite directions
In this section, we show how to set the loads path and properties for two opposite directions
(see example in .../examples/3spans2.bds)
Fi %Vl %Vz F,
Beamnumber 7 6 5 4 3 \L 2

Node number 1 2 3 4 5
Path beam number 1 3 4

From thefigure:

Path of the two moving load Shzr;ggﬁlsb\?f;]gitoféheload Flis<6 5 4 3>,
2.The path beamlist of theload F2is <3 4 5 6>,
the speed is—v2 (negative) and x0=I; (length of the
first beamin the list (beam number 3).

X0 isthe start position

Load Expression Fit)

Use the up and down Caa et

buttonsin order to sort
the path beam list in the il
desired and correct I

path
f= oo o

r.
i
#nimation 4 | | |

el b e |

Case of fixed loads
In the case of fixed loads it is important to set speed=0 and in the beam list of load path
include just the beam where the load is applied.

Xo
Beam number 7 6 5 4 3 2
I I | | ]
Path beam number 1 T

Fromthe figure: the path beam list of the current fixed load is <6> and

Path of current fixed load the distance xq is computed from the origin of the beam
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Case of fixed distributed loads

In the case of fixed distributed loads it is important to set speed=0 and in the path beam list
of current load include just the beams where the load is applied.

Xo

T length
Beam number 7 11 4 3 2

Path beam number 1 T 2

Fromthefigure: the path beam list of the current fixed load is < 6 5>
and the distance X, is computed from the origin of the first beam of the
path beam list

Path of current fixed load

Standard Vehicles and trains

In standard vehicles and trains dialog, you can select specific standards loads (vehicles)
easily and quickly. In standards loads, when you set parameters, like speed, duration, initial
applied time etc., these parameters are applied to all loads of the selected vehicle and if you
delete one axle (load) of the selected vehicle, Bedas asks you if you want delete all the
vehicle axles. Y ou can add to the database your user-defined vehicles if there are not present
in the list. To add user-defined vehicles permanently you will add them in an ASCII file
named “Customveh.dat”. Thisfileis present in you BEDAS folder.

The format of the content of thisfileis:

—— Number of vehicles //do not change the three first lines there are for guideline
VehicleName, Number of axles/vehicle //

Force, LoadType, ldof, length, StartPosition, Tinitial, Durationl, Speed / for each axle //
L > 2

L > Custom3axles, 3 : .
> -1000,"CONCENTRATE","V",0, 0,0, 10,1 First vehicle:

-2000,"CONCENTRATE","V", 0, -10,0, 10, 1 % <— Custom3ax|es
-3000,"CONCENTRATE","V", 0, -20, 0, 10, 1
Custom2axles, 2 :
-4000,"CONCENTRATE","V", 0,0,0,20,2 Second vehicle:
-5000,"CONCENTRATE","V", 0, -20,0,20,2 Custom2axles
standard and Custom Loads x| Standard and Custorm Laads e x|

Standard Tiucks | High Speed Trainl Generate Convoy'

Standard Trucks  High Speed Train I Generate Convoyl

-« ‘ EEmma———f
05660 N m |

R500 s HS 20 (&5HTO) = —
TRANSMANCHE-TGY e HS 25 (AASHTO (o) e (D
GERMAN-ICE Loads Path:
J.AéF'ANESE'SKS ] HS5 25 [Modified AASHTC— | Loads Path

pee 10 CL-E25 [CHEDC)
[ ] Beam: 2 i (]
T oo o] Mo aDEsasthT il o
Coeffiecient |1 i3 o T

[ ] Beam: 3 iI

Select Al |
Select All

humber of Loads: 3

Humber of Loads: 60

Total Length of Yehicle: 465.14 [m] Total Length of Veficle: 8.54 [m]

Total Loacs: 100.06E+05 [M]

Total Loads: 480 74E+03 [M]

ok Cancel Apply (] Cancel Apply
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In BEDAS, user can perform seismic analyses due to a specific accelerogram (e.g. El-
Central etc.) Alternatively, under the effects of an acceleration of the ground motion, in the
form of mathematical expression a(t). The seismic excitation can be vertica or/and

horizontal.

T, BEDAS - C:Products’MechatoolsPrji exemples2’ portique.BDS
File Edit Options Wiew Beam Compute Help

[nR-—2 E|§‘?|é€hﬁxlmﬁxﬁﬁwﬂ@l&@@uumm/-|_¢>.,nl_ |

_lol x|

~ChProducts'MechatoolsPrj exemples2 portique.BDS - X=49.

- To specify a filename,

2l | write: and press
return, Bedas gives you
- the possibility to browse
= your filename

Hide:

Geametry [nput
Loads Input

Duration=
eed= |20

Lozd Expression Fii)

I FILE:elcentro. rec

[ LOad Path:

- 1
[ Beam: 1 —_—
oy Beam: 3 1
= ><| The Ground Accelerstion 1= FILE elcentro rec [inis"2] | ]
- ok
=
— o
=
=
=
P F
o© =%
=
bt
- =
e B3
= &
g |
' = CAD and Data
- = Dimenzions
- = tire [=] Computing / Wiew
- 330 | @A | o0 4D | rTE | M2 | o0 MBL | i8S | v 2@aan | o230 | o0 2k | Utilities
t Results
|C:\Products\Mecha‘toolsPrj"exemplesZ'\portique.BDS |Mouse Coordinates: #=49.555 : Y=216.20% BEDAS Exact Dynamics | MechaTools Stuc

CAD and Data

The CAD and Data tab is divided in three categories. The first
category contains operations to modify existing beams. The
second category contains operations to change the bounding box.
The last category is used display beam information windows.

Modify beam, move all beams, move selected beam,
transform selected beam, delete selected beam, color

Set bounding box by mouse, set bounding box by values,
show scrollbar, view beams coordinates table, show
beams properties table, view beams material properties

v

MechaTools Technologies Inc

= Hide

Geomety [nput

Loadz |mput

CAD and Data

Beams browser —

selected beam, select beams by mouse LN

Structure:BOS




31

Commands and Toolbars

Computing
The Computing tab is used to execute and select the analysis type

Dimensions and Label

The Dimensions and Label tab contains operations to visually
document the structure.

Results
The Results tab contains operations to visually view the mode
shape, mode shapes animation, dynamic response and dynamic
animation and more.

Hide

Feometry [nput

Loads [nput

CAD and D ata

Dimenzions

Computing £ Yiew

View beam mode shape
info by mouse click,
animate mode shape,
and view tabulated
results

Itilities

Satic responses, Dynamic
responses, and list of time
steps.

ee—— i

Geometmy [nput

Loads [nput

CAD and D ata

Dimengions

Computing / Yiew

L4

Hide

Geomnetmy [Rput

Loadz |nput

CAD and D ata

Dimensions

BT A

Hide

Feometry [nput

Loads [nput

CAD and D ata

Dimenzions

Results

The Visual
amplification response
factor. You must
increase thisvalue if
the visual solutionis
not visible, and you
decrease this value if
the visual solutionis
exaggerate. This factor
may takes values from
0.0001 to 10000 and
more. Thereisno
influence on the real
responsesit issimply
for drawing visual
solution

hodes | Dynamicl
— Mode Shape ——

[ ]

Frequencies List:

I jv

View dynamic response in
displacement, internal
moment, shear effort and
axial effort

View loads with response,
decrease, increase the visual

o p A il

‘dew bode Shape I_

amplitude of the internal
efforts, decrease, and
increase the visual line

Selected Modes: all [

Mode 4: 68.78 « |
Mode 5: 118.0
Mode 6: 184.4
Mode 7: 206.3
Mode 8: 265.5
Mode 9: 343.9

width

Animation speed, view
animate solution, view
tabulated results.

Factor: |'| i}

Showeyalues [
Hide Undeformed [~

Load Hist-:-rg,r:l - I

View graphical time history
of the numerical gage

Computing £ Yiew

Itilities

Results

Modes  Dynamic |
Rgeponze: — Time —
ek {mi [f0.02(5) =

Dl=p
m T N

MIELS

i B b £

=¥ B

f Iﬁ IEeam:1 vI

located at specific beam in
local position x/L (L isthe
beam length).

— Fage in Beam: ——

Position [n.1]:| 0.5
Fesp. IHespDn vI
DDF:illl_gl

Wiew static resp, [

Factor: |'| i}

Showey'alues [
Hide Undeformed [~

Load Hist-:-rg,r:l - I
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Boundary conditions e
e
To set or modify the boundary conditions: IEce e

1. Press the boundary condition buttons.

2. Set the desired boundary conditionsin the dialog \ %[ 2= |

3. In drawing area, you select one node by clicking the mouse on
the node or by selecting area that contains many nodes as in the
structure

Boundary conditions applied to the selected area\L

Menus
BEDAS uses standard Windows menu for File, Edit and Windows operations. It also has a
range of menus for working with structures and groups of beams.

File Menu — .
The File menu contains commands for creating, opening and  MESERGt TS sy Za I E T
saving structure project files. It also contains commands to | File Edit Options  isw

print and export data. Mew, ., Chrl+n
CIpen. .. Chrl+0
D
Save

Save As,,, Ckrl+s

Prink. .. Ckrl+F
Expork k
E:xik kel

MechaTools Technologies Inc
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New (Ctrl + N)
Use New to start work on a new structure project. If you have unsaved changes to the
current structure project, BEDAS will prompt you to save your work before starting the new
project.

Open (Ctrl + O)
Use Open to open an existing structure project. If you have any unsaved changes to the
current structure project, BEDAS will prompt you to save your work before opening the
structure project.

Save (Ctrl +S)
Use Save to save the current structure project.

Save As
Use Save Asto save the current structure project to anew file.

Print
Use Print to print the contents of the display area.

Export
Use Export to export the current structure project to a DXF file or to abitmap file. The files
are automatically created in the same directory as the structure project file (BDS). The file
name used is the file name of the structure project except for the extensions (.BMP, .DXF).
The bitmap file contains a view of the current drawing area. The DXF file contains the
structure geometry.

Exit
Use Exit to exit the application.

Edit Menu
The Edit menu contains commands for copying and pasting tabular data, selecting objects
and working in tables.

File | Edit Options  Miew Shape Compute Help

[ 1 Undao Ckrl+-2
Redo ZhrlH-
: Cut Chrb
l___ Copy Ckrl+C
—  Paste CErlH-Y

- Celete Dl

Undo
Undoes the last action carried out. Undo supports only one level of undo. When an action is
undone, it may be redone using Redo.

Redo
This action redoes the last undo action. When an action is redone, it may be undone using
Undo.

Cut (Ctrl X)
Remove the current selection and place it on the clipboard. (This info cannot be used
outside the application)



BEDAS

Copy (Ctrl C)
Copy the current selection to the clipboard

Paste (Ctrl V)
Paste the contents of the clipboard into the current selection

Delete (Del)
Remove the current selection without placing it on the clipboard.

Options Menu

Edit | Options Yiew Shape Compute  Help
Prefererces. .. b | o [ -
Change Bounding Bax  # Manual. ..
Zhange Units. .. Mouse

s
&=

Showe Tips ak Starkup

Preferences...
Change the options to values that you would like to use for most beams that you will create

in the future (ex comment, project number, company, client, colors, fonts etc.).
Change Bounding Box

Mouse
Scale the drawing in the drawing area so that it just fits inside the window.

Manually
Set the maximum and minimum coordinates available in the drawing area. Use thisto set up

the overall coordinates before you begin drawing a structure.

Change Units...
Change the current units

Idnitz Transformatian
Length | Massl Stressl

angstram
asztranarmical
centimeter
chain

cubit

[EumER® - e
|iinu:h j [| j

View Menu
The View menu contains commands for controlling the display in the drawing area.

MechaTools Technologies Inc
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File Edit Options | Yiew Beam  Compute  Help

|D = | = Wigw TaolBox.. |: s

C:\Products'M Poinks
Shapes

LS |

v Ruler
W Axis
&rid

nits

ot
& Zoam In
Zoam 2k
h Zoanm Win
View Dimensions
. v &dd Dimension

Show Shapes Labels

View Toolbox...
To see or hide the toolbox

Zoom
Zoom in on part of the current display. Press the mouse button and dragging a rectangle
surrounding the area of interest. Release the button to draw the zoomed view.

Points
Turn on or off the display of points numbering of the beamsin the drawing area

Beams
Turn on or off the display of Beams numbering in the drawing area

Ruler
Turn on or off the display of rulersin the drawing, area, double clicking on the ruler, set the
spacing of the grid and ruler

Axes
Turn on or off the display of axesin the drawing area

Grid
Switch on or off the use of the grid in the drawing area and set the spacing of the grid.

Units...
Change the current units

View Dimensions
Turn on or off the display dimensionsin the drawing area

Add Dimension
Turn on for adding dimensions annotation in the drawing area
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Show Beams Labels
Turn on or off the display of Beams labels in the drawing area

Beam Menu
The Beam menu contains commands for working with Beamsin the area

File Edit Options Eiewlagam Compute  Help

DESE &7 . B @e

C#\Products'Mechat QR
- i FOCHEE AL Flip about x centroid

:el’ bancel-bd.

Flip abouk v cenkraid

Flip about x axis

Flip about + axis
Transform. ..
Colag, .

Delete

Geomekey, ..
Material. ..

15,

Flip Horizontal (Flip about X Centroid)
It reflects the selected beams about a vertical axis passing through origin or the centroid of
the area of the selected beam.

Flip Vertical (Flip about Y Centroid)

It reflects the selected beams about a horizontal axis passing through the origin or the
centroid of the area of the selected beams.

Transform beams

Shape Transformation #l

I Rotate Scale |Trans|ate|

— Rotate

Free Rotation (2 Angle [deg)
Flip*Vertical O About——————
4

Flip Horizantal O Pont O[3
Rotste Right Q& | Centoid ©

Fiotate Left O Y his O
~ Shape to be Rotated

@ 4[r|[E ] ©O 4lShapss

i Eat |

MechaTools Technologies Inc
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Duplicate
This command duplicates the selected beam in the work area window a given number of
times. In this case, you can duplicate beam by rotation, flipping, scaling or translating.

Rotate
It rotates all or the selected beams in the drawing window a specified number of degrees
about the origin of the axes, the centroid or a specific point in the selected beam. A dialog
allows you to enter the number of degrees of rotation. Rotation is positive anti-clockwise.

Rotate Right

Rotates all or the selected beams in a 90 degrees about the origin of the axes or the centroid
of each beam.
Rotate Left

Rotates all or the selected beams in a -90 degrees about the origin of the axes or the centroid
of each beam.

Scale
It multiplies the coordinates of the selected beam by a specified scaling factor in each axis
direction.

Translate
It allows you to move the selected beam a specified distance this provides a more accurate
way of moving beams rather than dragging them with the mouse.

Get Length and Centroid
Display the table of selected beam properties.

Compute Menu

File Edit Options Wiew Beam C.:.mpute Help
||] EH & 7 4= K

= Product s MechatoolsPrj s 87§

Run...

This command is to set materials, some parameters and execute properties calculations
engine.

Help Menu
The Help menu contains commands for accessing BEDAS 's on-line he system.

File Edit Cptions Wiew Beam Compute | Help

DEHE @7 4B X| e Fi k7o =~ =
MechaTools Technologies on the web Producks Mews
Abouk bedas, . 2nline Suppart

“CProducts’,MechatoolsPrh TGY, TGY
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About BEDAS
It displays version information for this version of Beam Designer.
Selecting the Type of Analysis

The Dynamic analysis dialog is used to specify the type of analysis, the frequency max or
the number of modes, the time step and the damping ration for dynamic analysis. There are
two types of analysis:

1. Mode shapes computing
2. Dynamic analysis.

For more info see chapter 3, Computing dynamic analysis and/or mode shapes section

BED A S - Dynamic Analysis . x|

— Dynamic Analysis

Frequency bdaw: Murmber of bModes
i 10

¥ Eres ibrations

¥ Dynamic Fesponze
— Damping Type

Druratiamn Time[s]lg aMAK oM AK

Time Step [0.01 . g .

mode |1 £1 J0.03
mode IEI iz |EI
Set Materials... LEompute Cancel | Apply
Computing

The Apply button validates all input and modifying data for the type of analysis before
allowing computation. If the validation is ok, the Compute button becomes accessible.
Click Compute to begin computations. Some time when you input a time step, BEDAS
check the value automatically and suggests to you a coherent time step value. You can
accept or refuse the suggested value. Some suggested value required a large number of
steps (more than 5000 steps) so when you decide to accept the new time step check the
number of stepsin the warning dialog as fellow:

Damping
Durstion Time(s)[a0 mode [T £1[005
Time Step [0.1 made [2 g j00s

5 SelMaleHa\sl Compute Cancel | Apply |

MechaTools Technologies Inc



39

Commands and Toolbars

Result Mode

When computations are done, BEDAS switches to Result tab mode. In this mode, you can
visualize and animate solutions. You can view mode shapes animation, dynamic responses
distribution in displacement, bending moment, shear and axial internal forces and you can
also plot time history responses in specific positions on the beams.

Hide

Geomety [nput

Loadz [nput
CAD and Data

Dimensions

Computing £ iew
Itilities

Results

Modes I Dynamicl
— Mode Shape —

[ ]

Frequenciez Lizt:
I j‘
oo 4 sl

“dew hiode Shape [

Selected biodes: &l [

Mode 4: EE.?E;I
Mode B 118.0
Mode B: 184.4
Mode 7 206.3
Mode 8: 265.5
Mode 3 343.9

Factor: |1 0

Showalues [
Hide Undeformed [~

Load Histu:ur!.r:l vI
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Mode Shapes Results

. BEDAS - C:\Products',MechatoolsPri\ TGY'TG¥40T bancel\bancel-bdBDS 10l x|
File Edit Options View Beam Compute Help

DEEH 8? i2eX ol i vBERAAA O =7 K% a2 |

~CAProducts',MechatoolsPri', TGY', TG¥407' bancel.bancel-bd.B RSl &= Hide
Geamety [nput
Loads Input
CaD and Data
_ 3. Current mode frequency info Dimensions
Computing / Yiew
+ LItilitis
2. Select mode shape from this list Results
) todes | Dynamic I
- hode Shape
o tode Mumber:1
= Freq=02.13 (Hz)
- todes List:
- IMDde'I:2.133 vl
= 1. Check to visualize mode shape e Mede Shapel v
_ Selected Modes: &l [
Check all mode for accurate
7 dynamic analysis, you can also
' select just some modes for special
dynamic analysis
o actor: |1 ]
£ . Showeval
“- Press the button to animate the it L
ide Undeformed [~
B rnOde Shape Load History:l vI
CHAProductsiMechatool sPriTGWMTGWA0T bance tbancel-bd. | Mouse Coordinates: =121 837 : ¥=86.174 BE DAS Exact Dvnantics | MechaTools Studic o

MechaTools Technologies Inc
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"r, BEDAS - C:Products',MechatoolsPrji\ TGY\ TGY407' bancel'bancel-bd.BEDS : ol |EI|5|

File Edit Options Wiew Beam Compute Help

[

Commands and Toolbars

Beam mode shape info

@S82 s X paREVERARAQAO B[ KD LR |

T4

162

~CProducts,MechatoolsPr)', TGY, TG¥40 7' bancelbancel-bd.Bi

Maode Shape infarmations

2| x|l 2| =——=Hice

Geometry Input

Loads [nput
CAD and Data
Dimengions
Computing / View
Utilities
Results
Maodes | [rymamic I
48.m . Maode Shape
g hacle Mumber:1
Freq=2.134 (Hz)

todes List:
IMnde1: 2133 vl
Click beam to view . Check oniin order to

its mode shape info view mode shape info Draw Mode Shape [
Selacted hiodes: Al [

Mode £: 4.536 ‘I

Dynamic maximum responses in beam 11

di(x) = Acos(eax )+ Bsinfex) + Ceoshiax) + Dsinhia)

tode 7: 7849
tode 8 8,975
tode 3 3785

Mode 1
Frequency 2.13Hz

@, (x) = E cosaw) + Fsinfan) Bearn 11

MNaode(1) 11
@ =13.41 rad/z

Uil 0.00 '
A=-09 Wil) -1.00 I?EIEI
B= .75 Theta(l) -0.08 Factor:
R Hode(z) 12 [0

uiz) 0.0o Showalues [
D=.007 vz -1.00 Hide Undetormed [
E=40 Thetaiz)  0.08 |

— — Load History: -

F=40 I :I

_’I -

| CAProducts\Mechatool = PrjTEWMT G0 bancel \bancel -bd. | BEwearn: 11 - Centroid:( 103.000 , 0.000] - d=163.E2E ; =-24.00 B EDAS Exact Dnmanvics

MechaTools Stuc 7

Mode shape info gives you the information about the analytical mode shape functions, the
frequency, the nodal values of the current mode shape and the dynamic maximum responses
in the selected beam by one click.

The Mode shapes functions are:
wr A

Bending: f , = Acos(ax)+ Bsin(ax) + Ccosh(ax) + Dsinh(ax),a * = =

2
Axial: f |, = Ecoslax) + F sinfax),a 2 :W—E;A
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Dynamic responses results

Options

Wiew  Beam  Compute  Help
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~C\ProductsiMechatoolsPri', TGV, TGY407 bancelbancel-b:

133 |

T e A T e A R O e P E

L1=37.m

III:I9|||:52|||SB.¢|||83,G|||1EITB||IIED||ISE.3||18EI.5I||Z:I¢_T|||

Time History response in located gage:
Dynamic response of the displacement v, in

local position

In dynamic response you get
automatically the DLF factor

Dynamic: Analysis responze in Beam 11 &t local x=14.00 [m] : (141 £ 350

2 x|

L4=45.m

(14, 1) 35.045E-04 [m]

- Diynamic
-~ Shatic
DLF=1.162

time [z]

[ R TR [ - = B

s Hide

Geametry [nput
Loads Input
CaD and Data
Dirmenzions
Computing /£ Yiew
Itilities
Results

Modes  Dynamic |

Elil [ =

Rezponse:

Fage in Beam

IBeam: 1 vI

Position [0,1]: | 0.5

Rezp. IW
oor: u [ v &

gege
O =0

Wiew static resp. v

Showalues
Hide Undeformed [

Load History:l a

CoProductsiMechatool = PriT GWT GWA0T \bancel tbaneel -bd. | Coordinztes

BEDAS Exact Dynamics | MechaTools Studi 5

The relative gage position in beam[0,1]= x/L:

Length=L
g !
]
X=0 X=0.5 X=1
Beam i

MechaTools Technologies Inc

A4

In Result mode, to view tabular results of
the analysis, click View Tabular Results
button. The Results dialog appear
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Viewing tabular dynamic responses results

The content of the Results dialog makes up the data that may be saved and/or printed.

E
BEDAS Resu... | Iterm | -
Engineer: Tou
Project : Your Project
Corrnent four Task |l
Units @
Length: m o

hode Shapez and maximum responses | Diztributed Dynamic Responzes I Time History Dynamic Responzes

| Frequencies [... | Eigenvalues | Periods (5] | -
-46.8140E+01
1,2,5,4,5,6...

Mode number
Applied at position:
Path of moving loads is;

Dynamic Resalution Propertie...

Displacement U
Displacement
Rotation Theta
Bending Moment
Shear Force
Axial Force
Velooity Wi
Velocity Wy
Velocity Wtheta
Acceleration Ax
Acceleration Ay

dl

Acceleration ATheta

Time response duration: 85.0000E-01

Time step response 46.4451E-03

Damping coeff. alfa,beta:; 0.0, 0.0

Damping ratio: 0.0, 0.0

Global Maximmurm Dynamic R,

Maximurn Responses Value position [... time [s] Beam

+00.0000E+00 0.000
-43.5416E-04 0.455
-29.0999E-05 1.000

+00.0000E+00 0
+72.4590E-01 16
+72.4590E-01 14

-62.3116E+05 1.000 +44.5902E-01 13
-73.1833E+04 1.000 +37.6230E-01 g
+00.0000E+00 0.000 +00.0000E+00 0O
+00.0000E+00 0.000 +00.0000E+00 O
+39.8507E-03 0.364 +80.3552E-01 21
-36.3267E-04 1.000 +30.3552E-01 £1
+00.0000E+00 0.000 +00.0000E+00 0O
+93.9143E-02 0.636 +39.9454E-01 1
-85.6265E-03 0.000 +41.3388E-01 1 =

| M
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BEDAS Resu... | Itermn

Engineer: You
Project : Tour
Cornrnent ! Yaur
Units :

Lenath: m

Project
Task

-

Mode Shapes and maximum responzes  Distributed Dynamic Responses | Time History Dynamic Responses

Q8 By i il S

Dizplacement a long the zelected beams at time 0.093 (=]

[] Beams= 1: User-D: o

Beams 2: User-Dé
[] Beams= F: User-De
[] Beams 4: User-De
Uzar-0
[] Beams= 6: User-D
[] Beams= 7: User-De
[] Beams= &: Uzer-De
[] Beams= 9: Uszer-Ds
[] Beams= 10: User-L

[] Beams= 11: Llser-[j
Select Al |

Timei=k|0.093(s] -

Local position | Displaceme... | Displaceme... | -
Bearm: 2

+00.,0000E4+00  +00.0000E+... -17.9047E-05

+45 .4545E-02 +00.0000E+... -17.0299E-05

+90.,9091E-02 +400.0000E+... -16.133Z2E-05

+13.6364E-01 +00.0000E+... -15.219ZE-05

+15.1815E-01 +00.0000E+... -14.2924E-05

+22,7273E-01 +400,0000E+.,.., -13.3574E-05

+27.2727E-01 400.0000E+... -12.4190E-05

+31.8182E-01 +400.0000E+... -11.4518E-05

+36.3636E-01 +00.0000E+... -10.5506E-05

+40,9091E-01  +00,0000E+.,., -96,.3000E-06

+45.4545E-01 +00.0000E+... -87.2484E-06

+50.0000E-01 +400.0000E+... -78.3935E-06

Bearm: 5

+00.0000E4+00 +400.0000E+... +27.2069E-06

+45.4545E-02 4+00.0000E+... +27.6359E-06 L
+90.,9091E-02 +00.0000E+... +27.7399E-08

+13.6364E-01 +00.0000E+... +27.5527E-06

+15.1818E-01 +00.0000E+... +27.1076E-06

+22.72F3E-01 +400.0000E+... +26.4367E-06

+27.2727E-01  +400.0000E+... +25.5713E-08 =
+31 S182F-01 400 OANOE+ 474 SA1EE-NF

Equivalent visual results @

10.m

MechaTools Technologies Inc
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|
BEDAS Resu... | Iterm | -
Engineer: Tou
Project : Your Project
Corrnent four Task Es
Units @
Length: m -

Mode Shapes and maximum responzes I Diztributed Dynamic Responses  Time History Dynamic Responses

Acceleration Time History B esponze

— Gage in Beam: ——
[] Beams= 1: User-D: u

Beams 2: User-D¢
[] Beams= 3: User-De
[] Beams= 4: User-De
Beams 5: User-0
[] Beams= fi: Uzer-0O)
[] Beams= T: User-De
[] Beams= &: User-De
[] Beams= 3: User-De
[] Beams= 10: User-L

[] Beamsz 11: User—[j

Select Al |
Gage pasition [0,1]:

[ 05

Rezp. I.-’-'-.u:n:eler TI
L B

+15.579EE-02
+23.2241E-02
+27.8689E-02
+32.5137E-02
+37.1585E-02
+41.8033E-02
+46.4451E-02
+51.0929E-02
+55.7377E-02
+60.3825E-02
+65.0273E-02
+69.6722E-02
+74.3170E-02
+78.9618E-02
+33.6066E-02
+35.2514E-02
+92.8962E-02
+97.5410E-02
+10.2186E-01

+57.9550E-03
+4:2.9040E-03
-41.3031E-03
-60.58339E-03
+40.7571E-03
+15.3030E-02
+16.0747E-02
+158.7660E-03
-12.4522E-02
-50.4524E-03
+35.0432E-03
+1:2.3266E-02
-55.9784E-03
-20.8129E-02
-13.2341E-02
+34.1776E-03
+17.7319E-02
+35.63563E-04
-19.5956E-02

Time[s] | Beamn 2 | Beam 5 |
+00,0000E4+00  +00.0000E4.,. +00.0000E+...
+46.4481E-03  -40.5242E-03 +91.7397E-05
+92.8962E-03 -F6.8614E-03 444, 5849E-03
+13.9344E-07 -27.8254E-03 +55.844 2E-03

-10.2926E-03
-358.1655E-03
+13.5540E-03
+13.3450E-03
-20.4999E-03
-57.1491E-03
-92.9341E-03
-10.2275E-02
-26.1615E-03
+45.15855E-03
+Z5.1543E-04
-14.14Z3E-03
+37.05350E-03
+73.7140E-03
+74.4956E-03
+43.8731E-03
+10.9994E-03
-36.97Z3E-04
+37.6930E-03

Equivalent visual results @

Dynamic Analysis response in Beam 11 &t local x=14 .00 [m] : Y(14. ) § 35 043E-04 [m]

(141 /135.045E-04 [m]

T B TR YR T o)

- Diynamic

-~ Static

DLF=1.1E2

time [2]

1 |

Jucts\MechatoolsPrjlT GWT G407 bancel \bancal -bd. | Eearn: 11 - Cerdroid:[ 109.000 , 0.000] - =122 366 ; ¥=04.61 BEDAS Exa
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Design verification

The design of beams for specific applications is usually governed by detailed specifications
and codes involving design requirements and procedures specific to each country.

In BEDAS, you can verify your design by introducing your custom code equations. Bedas
accept the mathematical input formulas to verify the design of your structure by applying
the specified equations in an collection of criteria. Each criterion contains a mathematical
equation that respects one criteria of the code design. With this approach, BEDAS is a self-
update design criteria code. If the country code changes, you can do it with the same
BEDAS version without updating or purchasing a new version. From the Results dialog
select the Design verification button, and the Design verification dialog appears

E
BEDAS Resu... | Item I -
Engineer: You
Project : our Project
Comment : Your Task |
Units
Length: mm -

Mode Shapes and maximum responsss | Distributed Dynamic Respanses | Time Histary Dynamic Responses |

Mode number [ Frequencies (Hz) [ Eigenvaluss [Perinds (s} =
Mode 1 ¢ +35.5030E-02 Hz +49.7611E-01 +28.1666E-01
Mode 2 @ +77.0990E-02 Hz +234670E+00 +12.9703E-01
Mode 3 : +10.8550E-01 Hz +46.5178E+00 +92.1234E-02
Mode 4 ¢ +23.2240E-01 Hz +21.2928E+01 +43.0559E-02
Mode 5 @ +25.6710E-01 Hz +26.0163E+01 +38.9545E-02
Made & @ +29.45820E-01 Hz +34.3142E+01 +33.9190E-02
Mode 7 @ +37.9220E-01 Hz +56.7730E+01 +26.3699E-02
Mode & @ +51.8270E-01 Hz +10.6041E+02 +19.2950E-02
Mode 9 @ +60.0170E-01 Hz +14.ZZ03E+02 +16.6619E-02
Mode 10 : +77.0120E-01 Hz +23.4140E+02 +12.9850E-02 =
Dynamic Applied Loads:
load 1 -10000
Load Type: COMCENTRATE
Duration: 10.0000E+00
Applied at time: 00.0000E+00
Spesd: 00.0000E+00
Applied at position: S0.0000E+02
Path of moving loads is: 1
load 2 -10000 q
Load Type: COMCENTRATE Currmt da gn
Duration: 10.0000E+00 . .
Apzlied 3t tme: 22/0000E 400 Z Criteria number
Bt An RAAaE o
4] | 3
Design verification Sawe I Exit Erint |

+ Design verification x|

Input Criteria Hame Operand &vailable Parameters

[Criteria 1 [<= =] [Mmanst >l [ Citeria: 1 |

| vma:-:a’vma:-:sti L= ' 1/8004L3 I| &Iill F I I "I

4
A

Fesults Statuz | L d
| Legend | Apply

Status Criteria|Mame | Results

Check. + Check all design

Cancel |

The mathematical input design Parametersllist (list

criteria: you must input left part of available variables

equation, the operator and the right that we can usein the Add and remove
part equation. In criteria equation design criteria design criteria
you must use only the variables equation)

contains in the parameterslist

Results table

A
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Commands and Toolbars

+ Design verification j x|

Input Criteria Hame Operand &vailable Parammeters

[Coere —

| vma:-:a’vma:-:sti ¢z ' 1/800°LY5 0 = e R
| | Mrmawst
Results Statuz | Legend SigmaTop A
SigmaB ot Apply
Status | Criteria Mame | Results |FuT
W SUCCess Criteria 1 1.429<3 [.'_rl": Check
Cancel
V\r’]he'; e C"C'LO” the Parameterslist (list
c Iec ut.ton,t estr?tus of available variables
co urr;nr?lve§ you t e that we can usein the
stat of t e(;rl_tlerla. deﬂgn criteria
success or fai equation)

For example, for Dynamic amplification factor, we can input:

vmax/vmaxst in the equation criteria first part and in the equation criteria last part we can
input the condition.

You can also add new parameters by setting the new parameter in the left part equation, the
operator must be set to -> and in the right part equation input the value of your new
parameter ( ex. Xnew -> 0.4). After you input the new parameter you can used it in a new
criteria immediately (ex. Vmax<= xnew* Lbridge/360). You can not overwrite the original
parameters.

Saving tabular results
In Result mode, the data contained in the Results dialog may be saved to disk using the
button Save. This saves the data as a ssimple ASCII file using the name of the structure
project and the .out extension as filename. The file is overwritten without warning.

Printing Tabular Results
In Result mode, the data contained in the Results dialog may be printed using the Print
button.

Viewing Graphical Results
See Toolbox section and Results tab description
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Chapter 5

Components and Tips

General Geometric Shape

The General Geometric shape component computes the geometric properties of predefined
parametric beams. These properties are computed with respect to an arbitrary coordinate
system. The beam drawing may be exported to BEDAS or any other client applications.

4 General Parametric Shapes x|
Shape Type I F'ru:upertiesl Datal |
:@’@;’ Tube Al hi=[ra0
A& Pipe
..... IC Ishape g ¥ b bi i h2=
..... L ange = {Q
----- JL Doubletngle " g
----- [T Channel
..... T TShape h b=
----- @ Palygonal Holed b3=
Lozange Holed
Qo 1=
..... I Z Shape twd H tf2=
----- [ Rectangular T
----- < Palygonal
----- 7 Sectaonal bl =
{(g; Ilan.:usar;ge b a =||:| | y =|-| an | s ||:| | b= (10
..... 7 Hl;ii::d Mumnber of sides= |5 1] b=
;I E,=| a |){.3=| n | \(.3=| a | Compute Erirt
Ge neéera l S h a pes [inch] Freferences.. | Apply Cancel
MechaTools Technologies

Selecting a beam
To select abeam type, click on one of the predefined beams in the General Beam tree
of the Beam Type tab. Note that the Free Beam type is used to create a user-defined
beam. When a beam is chosen, a detailed drawing of the chosen parametric beam is
displayed. This drawing shows the customizable beam parameters.

Entering parameters
When a beam is chosen, the list of beam specific parameter with default values is
displayed on the left and below the beam drawing. Parameters that do not apply to this
beam are grayed out and inaccessible. Enter the beam parameters.
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Specifying the coordinate system
Parametric beams are defined with respect to a beam specific coordinate system. This
coordinate system is shown in red in the detailed drawing of the chosen parametric
beam. To compute geometric properties with respect to an arbitrary coordinate system,
specify the orientation and position of the coordinate system using the beta angle, Xc
and Y ¢ parameters.

Computing Properties
To compute properties, click Compute. The geometric properties are displayed in the
Propertiestab. The beam coordinates are displayed in the Data tab.

Creating User-Defined Beams
To create a user-defined beam based on an existing parametric beam, repeat the
previous steps. After clicking Compute, select the Free Beam type in the General
Beam tree. Instead of having a list of beam specific parameters displayed, a tabular
editing control is displayed. The cells represent the x y coordinates of the points
making up the polyline representing the beam. There are a tools bar buttons to add,
insert and remove points or clear al entered data.

1{* General Parametric Shapes

Shape Type I Propertiesl Data'

_____ [E Charrel ;| — Points coordinates of custom shape

alt <—— Cdls

----- b Cross

----- [T Rectangular
----- > Polygonal
----- & Sectorial
----- <> Losange :
-3 Circular .

2 4 |

..... T Multi Stiffners - : -- B E e <+— Tools bar buttons
----- B Stiffened Channel :
----- [ Stiffened Angle Faint X ¥ L! Enter data and

----- Iﬁ Hat Section 7 0.0 iz .
..... o Stiffened ZEE validate by return key

Pl 0 Je=| 0 Jwes[ o | Qomputel Erittt |

Ge n era I S h a pes [inch] Preferences.. | Sppl | Cancel |

MechaTools Technologies
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Note that you do not have to base a user-defined beam on an existing parametric
beam. Y ou may go directly to the Free Beam type and enter data from scratch.

Exporting the Beam
To export the beam geometry to BEDAS (or any other application using this
component), click Apply.

Printing
If you want print your data and graphic beam, click Print button.

MechaTools Technologies Inc



51

Components and Tips

MechaTools Studic - General Shapes

L L e

B L
Bematm ot Bfo
St

Standards Beams

The Genera Geometric Beam component displays the geometric properties of
predefined standard steel beams. The beam drawings may be exported, using an
arbitrary coordinate system, to BEDAS or any other client applications The General
Geometric Beam component also supports multi criterion optimal beam selection.

T standard Steel Shapes

Sewmdn el
IS T
ST =R
JnEes Coamemw
LR ETETeETR T
SRTLT =IEE
SETWRD TR
SIPEID =IERE
armmpn -TuRE
SEEED ACTIeE
IS =S

P

L N -

e SRR

Bl e Stk <UL

|T53I]><3I]><5£B

=l

E--«EE* Standard Shapesz

----- JL Doubledngle
----- [ Charrel

..... ‘-I__l-' TShape

Tube:

30,000 B25

B25

—k Y

C*—

4

__‘:..
30.000%

0 el o Jve[ o |
[ Twe Shape Round Compute Print Help
Steel Shapes i e | B

MechaTeols Technologhes
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Selecting a beam
To select a beam type, click on one of the standard beams in the Standard Beam tree
of the Beam Type tab. From the beam dropdown, select the specific instance of the
beam type. When an instance is selected, a detailed drawing of the chosen beam is
displayed. The Properties tab contains the properties of the selected beam.

Finding an Optimal Beam

To search for a beam that satisfies a series of criterions, select the Optimization tab.
From the Beams tab, select the types of beams you want to search. From the
Constraints tab, select the applicable constrains. This is done by checking one or
more constraints and specifying the lower and upper value for each constraint. Click
Optimize to search for the beams. Click on the Results tab to view the properties of
all beams that satisfy the specified constraints. The valid beams returned and selected
using the beams dropdown.

T standard Steel Shapes

Shape Tupe I Froperties O ptimizatian |

Shapes Constraints | Fiesultsl T -

[ weight (WGT) = )
ieaid) 7
[] Depth(d]

[] Thikness [tw]
[]'width [BF)
Thikness [t 44.020 1.020
Ok

[ Irertia =] (5
[] Elastic Mod.[S5=] 1.770

[T Radius of Gir.[rx] bt

[ Irertia [1y] - —
'I{— 1 E.EEDH

Elastic Mod.[Sy) | -
[ | 0 | .H'I::| o | Y | 1] |

Upper "/ alue: |1 n

Lower W alue: I‘1r

nzelect all Cptimize

| | Compute Brrint Help
Steel Shapes s bend ] i |

MechaTeols Technologhes
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Exporting the Beam
To export the beam to BEDAS (or any other application using this component),
specify the coordinate system, transform the beam to the new coordinate system then
click Apply.

Specifying the coordinate system
Standard beams are defined with respect to a beam specific coordinate system. This
coordinate system is shown in black in the detailed drawing of the chosen beam. To
move the beam to a new coordinate system before exporting it, specify the orientation
and position of the coordinate system using the angle beta, Xc¢ and Y ¢ parameters.

MechaTools Technologies Inc
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Transforming the beam to the new coordinate system
Click Compute.

Printing

If you want print your data, graphic beam and return in report, click Print button (same as
the general beam component)

Beam Structure Optimization

Optimization, give you many possihilities, the principal oneis, that you can get one beam or
more, by giving some constraints. Constraints can be applied to all the parameters and
properties of the beam, to apply constrain to a parameter (ex. Area), you must input the
upper and lower values, so the component looks for:

Lower value <Area<Upper value and so for the other parameters. The other type of
congtraints is the type of beam, you must select one or more type of beams to applied the
previous parameters constraints. If all necessary constrains are applied, press the Optimize
Button, to see results press the Results Tab. See figure in Finding an Optimal Beam
paragraph.

Results can contain none or many beams that respect the constrains. List of resultsis given

in the list box, in the Results Tab. From the list box, if you select a beam, you can see the
corresponding propertiesin the list of properties

T standard Steel Shapes

Shape Type | Properties  Optimization | DoubleAnale: 2L

Shapesl Congztraints Hesultsl

2LaMEH 3

2LaKaHINE

2L 4K 4H55

2L4X4H112

2LAX4H 35

2LAX4XINE
2L3-102K3-11243/ o

k. 1.43
Inertia [1x] 2258
Elaztic Mod.[5:| .31
Fadiuz of Gir[r| 1.54
Imertia [1y] ]
Elaztic Mod.[S1| 0
Radiuz of Gir[r| 2.1 -

| DoubleAngle |

-l EN KN

Compute FPrirt Help
Stee l S h d DE‘ S Lppll Cancel Units ) |
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The other utility of the optimization feature is: if you draw or import a custom structure,
when you perform properties calculation, you can get the corresponding standard beam
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which respect some bounded dimensions and properties of the original structure, this give
you the possibility to replace the complicate (expensive) structure with an other standard
structure and not expensive.

—————————Hide

Utilities
Geomnety Ihput
Loads Input
From the toolbox, select Utilities tab. The utilities tab contains some EAp S
utilities like, a useful Units converter component, which allows you _ _
the possibility to convert units at any time without searching in your Dimensions
handbook and other documents. Camputing ¢ iew
Utilities

Units converter

Units Cony¥ersion A

5 Units Conversion
- Length
Mazs
- Force

Energy

From _—  To
IM b I I centimeter *I
[1.0E+08 [254E+08 |

MechaTools Technologies Inc
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Chapter 6

Techniques and Conventions

Exact Dynamic Finite Element Formulation - Theoretical Background

/ BEDAS Software \

Beam-structure under f q
Moving loads Dynamic Analysis
|
Freevibrations Modal Approach Direct approach
Natural freqguenciesM odes
- - Model by dynamic . Traditional finite
. Traditional finite element model finite method (DSM ) Model by dement model
(Large number of elements per Traditional FEM
span) ‘
Time domain
. Exact Dynamic finite element (Newmark method)
Uncoupled system A
model (DSM) (One element per FET method Frequency domain
SEET) . Newmark type integration (FFT)

K . Duhamel method /

Variational Formulation

The weak formulation of virtual work expression of the transverse vibration of Euler-Bernoulli
beam under moving loads for one element, is (we can do the same approach for the axia vibration
as the case of Bedas):

L L
We = dwr Aw,, +dwew,, +dw,, El w,,, Jdx- gwF(x,tldx=0 “dw (1)
0 0

In free vibration, we take ¢ and F(x,t) equal to zero.
we = (‘QL (dvv,XXEI W, +dwr Awtt)dx Then, the expression of W€ is reduced to the following
form:

we =1 {aa)E{Po P - [Pod (P )] %} @

We can now express the displacement W and dw in terms of the nodal displacement using:

w(x)=)P(x.a }[P,] *{w,} =)N (x.a J{w,} (1dem for dw) ©

We can write the discretized form of W¢ as:
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W ={dwny [k )] {wn} @

Where [k(w)] isthe dynamic stiffness matrix.

Free Vibration

After assembling elementary dynamic stiffness [k(w)] and elimination of rows and columns
corresponding to the boundary conditions, the free vibration problem becomes: [Kq (W)]{ Xn}={ 0} .

The solution of this non-linear eigenvalue problem is performed using Wittrick & Williams
algorithm. Projection of the dynamic eguation in the modal space is easily obtained and given by:

¥, () + 2wy, () +w, %y () = () (5)

Where pi(t) is the generalized load.

For dynamics analysis you can input the damping ratio if it is present in your structure. Damping
coefficient is a percentage of the critical damping of the structure materials. Damping is considered
aproportional viscous damping:

a  bw,

X, = ——+—"
2W, 2

The dynamic solution can be obtained by transforming the modal equation into frequency domain,
using FFT technique:

[ we + 2w, +w 2y, (W) = P, (W) ©)

To determine the undamped frequency wn, for the continuous beam-structure, the number J(w*) of
frequencies of this structure exceeded by afixed trial frequency w*, is given by:

J(wr) = Jo(w*)+ s{Kg(w*) } ()

Where Jg(w*) is the number of frequencies that are exceeded by w* if all degrees of freedom
of the structure are clamped (displacements being constrained to zero) and s{ Kq(w*) isthe
number of negative diagonal elements in the triangulated dynamic stiffness [Kg(w*) ] evaluated at

w =w*. We use an iterative method like the bisection method, in order to converge to the true
frequency. Corresponding to each frequency w, mode shapes of the rth span are defined by:

fir (xr)= Ajr cos(ajrxy) + Bjr sin(ajrxy) + Cjr cosh (ajrxy) + Djr sinh(ajrxy)  (8)

wheref jr isthe jth mode shape of the rth span (Figure 1) and x; isthe local coordinate of the span
r. We define the jth mode shape of the whole structure by:

r-1
[¢}
Fi(X:)=f;(x) Where: X, =X, +Q |, ©)
i=1
l; isthe length of the span i

MechaTools Technologies Inc
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vyfRrifin ™

Modal Approach

]

The representation of equation (1) in modal space leads to a set of uncoupled relations. For each
element, the modal representation of transverse deflection is:

j=Ln

wix 1) = & F(X,)y; (1)

Using equations (10) and the orthogonal properties of modes in equation (1), we obtain
L
.. . . 2 \
y; (1) + 2wy, () +w; 7y (1) =Dy g (%)
0
Where:

(10)
A d(x- x)F (xtydx=p, () (1)
i=1,nl
D, =1/M? = , L (12)
a omf2dx
r=1,span g
Frequency Domain Response

using Fourier transform technique:

The solution can be more easily obtained by transforming equation (11) into the frequency domain,

P (W) = +6p(t)-e' Mdt; Y, (W) = %y(t).e‘ Wt

(13)
WY, (W) = +(‘)\"(t)-e' Mot - WAY, (W) = +OV(t).e' W it

(14)
Using equations (13) and (14), equation (11) becomes:
(- W2 +2ivi w, +w2 )y, (W) = P, (W)

Thus the solution in the time domain is

(15)
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yj(t) = I Yi (W) e dw

(16)

y](t: f i WY (W) eWM dw

yij(t) :Ef W Yi (W) e dw

We should choose the time period T2 large enough to cover the response characteristics of the

system: Dt=T2/N; To=T1 +T, T1=2p/wq

Where T1 is the fundamental period of the structure and T is the period of the excitation load. In

order to discretise the pulsation interval W, weuse DW= 2p / T2

With 0=WEWax= 2p/Dt where Winax is the Nyquist pulsation. The choice of Dt is such that fg
=1/2Dt where fg is the highest frequency present in the signal and participating in the response of
the structure. One should verify that:  Dt= 1/2fmax

The discrete representation requires ajudicious choice of To and N, which defines Dt, DW. One

may remark that the time and pulsation are divided into N steps.

To obtain a very good approximation of the displacements, velocities and accelerations, we

must evaluate the generalized loads pj(t) in exact procedure, because the transfer function between

loading pj(t) and displacement y;(t) is generated analytically by equation (15).

Representation of the Excitation Loading

In the following cases, we assume that the level of the moving or fixed impulse load F; could be
given in the general form as: Fj =F;j (t). We assume the same equation for the distributed moving
or fixed load g .

Moving Multi-axle Loads

The generalized load for the moving multi-axle load case (Figure 1) is:

p;(t) =D, d:J(x)ad(x X )F (x,t)dx =D, aF (X )F (X ,t) (17)

i=1,nl i=1,nl

Where x =v; t, and v; is the speed of the moving load F;. If theload F; is on the span s, we have:

MechaTools Technologies Inc
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Fi(xi) Fi =fjs(xe) Fi (18)
_ ng—l
Xs = Xpe = Ir
r=1

Xnc isgiven in function of the position of the first load by

81
=% - aa (19)
=1

=

With g is defined as the relative position between the loads Fj and Fj-1 (Figure 1).

v /‘I - L
,.-'f X \ l\\_ \'\\ H -\\
K \ J;rf :/j \ '1{" A \-\ | / K\\\
!J/ rl_rf \\\ .1‘]’ \\ \'\_ ra | v E \\\_\\'\\
£ ) o NN '
G X SN s N
J A Xap R s H\\\
I..‘JI‘-; (g{ <] * \l\ g .-'I- Mo
S F I AN \1\‘\
v Fn ni- 2 b CaNEE

Fi
l L > spanm
T >
| / II/ $anm\ ' / l’ ll |
o150 13 X | o' /o
| lm1 Im |
i i i

Figure 1: 2D framed bridge under multi-axle moving loads

Moving Distributed Loads

The generalized load is given by:

p,(t) = DoC (¥a (xt)dx=D;, Qé,paq(xt)dx (20)

p=1,nspan A o i=1,nl ﬂ
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If the distributed load g ison the span s, we have:

I
G aa(xtdx=

0 i=1,nl

X* o (21)
Xo

;_J UIO(A,-S S n(a jsx) - B, cos(a jsx) +C s nh(a jsx)+ D cosh(a jsX)X

js

Where xp, and Xjo are given in Figure 2.

: 1{.’?(" &

‘H.'i'f'

e+

I N S
= (gal (

'-"H,U

Figure 2: The upper and lower boundary of the integral of equation 21. Case of distributed moving
loads

Internal Forces Computation

Because the approximations of the modal responses (frequencies and mode shapes) are very good
using adynamic stiffness approach, the internal forces are obtained in a very good way for any
structure in the span and for any time.

Bending moment in the rth beam at X, location and at any timet is given by:

T°W(x, ,t)
2

M (X, ,t) = - El, =-El, &f ()Y (22)

j=Ln

Shearing force in the rth beam at X, location and at any timet is given by:

TPw(x, ,t)
3

T(x,t)=- LA XX (1) (23)

ji=1,n

It will be necessary to include more modes to define the internal forces to any desired degree of

accuracy than to define the displacements; their contributions become more significant for moment

MechaTools Technologies Inc
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response and even more significant for shear. Therefore, one should be careful when limiting the

number of lower modes in estimating response.

The Flexure formula

The fiber stresses at the extreme (i.e. top and bottom) fibers may be written, respectively, as:

S;Op(Xr,t):-Mymax :-M
% S

sk p=- My MOGH
lr SZr

Where, | is the moment of inertia about neutral axis and the quantity Sis called the elastic section
modulus of the r current beam cross-section. All these quantities are computed in BEDAS, and can
be used in the design verification dialog, including the maximum dynamic values in displacements,
rotations, velocities, accelerations, interna efforts, dynamic amplification factors and the
maximum dynamic responses.

} Tension
negative w} Compression

Newtral axiy

Dynamic amplification factor (DAF) - DLF

In Bedas the dynamic amplification factor is computed as fellow:

DLF (or DAF) = maximum dynamic response/ maximum static response
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Static (Quasi-Static) Response
With the exact dynamic stiffness approach, we can also obtain easily the static response in very

good agreement. We assumed that the inertial and damping effects vanish, so the modal equation
(11) becomes:

W; y(t) Dd: (x)ad(x X )F (x,t)dx =p; (t)

i=1,nl

p; (t)

i

Moreover, the modal static responseis:| Y

With pj is the generalized force of the static load F(x,t). The physical response w(X) is given by
equation (10). We take the example of a simple pinned-pinned beam under a constant force F
applied at the mid-beam at x=L/2, the mode shape and the frequency of mode j are given by:

&2 G
fj(x):sm(;aejlo 9Andw — o E j=1,3,5,7, ...,
7] g o\ M

And
p, (t) = (x)da§<-——Fdx e )F Fsn@P0
el g
From eguation (12) Mj2=L/2. We obtain:
0 4 3
ocee L O 2FL 0
i) = 9 ?: nga m El S' gejg
/2 é2gxj'p’ p*j* é2g
Finally, from eguation (18) the physical response w(x) is given by:
nrréode nmode 2FL3 ap 0
wix)= af.(X)xy (t)= —sin
Jazl : J() ia_l Elp* j* 32 g

And the maximum static response of the beam is obtained at x=L/2:

L FL® 1 1 1 0
wW(=) = ottt
) 48.7EI§[ 3 5 7t Ty

If we take the first seven participate mode (j=7), we find

L, FL®
W)=
2"~ 47.99El
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FL3
48EI

L
So, if j (number of mode) is high, w(L/2) converge to the analytical value: W(E) =

In dynamic problems under the influence of base excitations, usualy the number of modes
considered must contribute to a total mass participation factor of at least 80-85% of the system mass
in the direction of the base motion.

For harmonic and random vibration problems, in addition to the 80-85% mass participation factor
requirement, the range of natural frequencies considered for the analysis must cover the highest

freguency in the excitation.

Report Problems or Errors

To report problems or errors, please record the exact steps that lead up to the problem so that we

may reproduce the condition.
Email or fax these steps to our technical support. Any additional information that may be relevant

to locating or verifying the problem is appreciated.
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Examples:

1.Mode shapes and frequencies calculation of 2D beam structure
(In folder ../examples/ Struct2D.BDS)

Cymamic MOMENT at time

"”ﬁ . 3 5

El=5.0x10° N.m?
EA=9.0x10° N
m=35 Kg/m

Mode number
Standard Finite element | 2 3 4 5
NNODES NDOFS Frequency (H2)
6 14 26,373 52,291 62,121 72,541 86,218
9 45 26,796 38,711 46,050 52,116 63,259
24 72 26,088 39,592 48,577 52,583 66,519
33 99 25,823 39,592 48,899 52,569 66,761
43 126 25,898 39,556 48,992 52,537 66,779
51 153 25,630 39,528 49,030 52,513 66,771
60 180 25,587 39,509 49,050 52,497 66,761
69 207 25,471 39,447 49,092 52,442 66,715
Mode number
BEDAS | 2 3 4 5
Frequency (Hz
NNODES NDOFS equency (H2)
6 14 25,4676 39,4660 49,1172 52,472 66,7489

NNODES=Number of nodes, NDOFS= Number of degrees of freedom
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2. Multi-span beam under a moving load (in folder ../examples/ 3spans.BDS)

Example of continuous beams under a single moving load. We study the
dynamic responses for speed v=35.57 m/s, using one element per span (only
three elements for the bridge).

AN
El,m l 2El, m El, m

O

A L/3 L/3 - L/3
f—w A v

Structure properties Mode number Frequencies (Hz)
1 6.204
L=60m 2 7.581
3 3 11.974
m = 1.0 x10° kg/m 4 21.163
A= 51x102m2 5 24.207

6

El = 1.96 x 109 N.m3 2 gs"ggg
E = 10.48x10 10 N/m?2 g 53.579
F=98x103N SR
10 64.130
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Dynamic Analysis response in Beam 2 at local x=10.00 [m] : »(10, 1) 7§ 26.524E-05 [m]

W(10. ) /126 .824E-05 [m] - Dynamic

--- Static
DLF=1.077

SR T A I I R R T )

tirme [z]

]

20.m

Dynamic Analysiz response in Beam 3 &t local x=10.00 [m] : %1011 § 45 864E-05 [m]

--- Dlynanmic
--- Static

[\l /'\ M o BEE=TImE

W(10.1) £148.564E-05 [m]

time [z]
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3.Dynamic of Multi-Span Bridges under the effects of high speeds moving train

We study the dynamic response of three different bridges under the effects of the high
speeds moving train (TGV).

= [0, b st | e i B S—
1&'.‘:!6 ;mlld-‘_T_'..f'ihu'. 7= =l Tl !
B acu vaan i |
4 ¥
2.22
HERRHEBE] OO0T B
—
F
| e 7
+ - '
6.00
For the geometric properties of
the composite section, we used
Geometry of typical bridge structure our ShapeDesigner software
(dimensionsin [m] for La Lys Bridge). www.mechatools.com

Standard Loads x|

The vehicles used in these analyses are the French
TGV train, which composed of two cars (the power FRENCH-TGY
car and trailers for each car) as shown in figure. In
this case, the series of loads has 60 axles of 17 tones
for each axle, and the train speed varies from 150

ETRS00
TRANSMANCHE-TGY
GERMAN-ICE
JAPANESE-SKS

km/h to 400km/h in order to determine the critical and Speed |10
sub-critical speeds and the vehicle-bridge response Duration |1 [] Beam: 3 ll
characteristics. The elastic modulus used in the three il R i 2]
cases of bridgesis 2.1x10" MPa.
> 5 |
elect Al
Murmber of Loads: 60
Total Length of Vehicle: 46814 [m]
| | | | | |\‘Y/| | | | | |H‘H Total Loads: 100 0EE+05 [kg-mis?]
47548 m ok | Cancel | aooy

I ™

W Al Wl [ Al il Vo
1z 34 56 Te [ zmum 26 26 27 28 20 30
W] 1670+ Te(3 +15.7) 375
362 1|3 1 |3 3 187 3 | 3 L_ 187 3 L_3 L_ " 3 |352
- - - b -
A7 7 4 7 7
[rm]
23759 m
=

The dimensions of the one car French TGV
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3.1. LA LYS Bridge (in folder ../examples/ LYS.BDS)

Problem Description

The LA LYS Bridge is a fast speed train
(TGV) railway bridge. The viaduct is a
continuous bridge of three spans (30.20 m-
53.20m-30.20m), of 113.6 m length and four
structures kinds.  Structure 3 is a cracked
concrete region, and the modular ratio between
steel and concrete elastic modulus taken in this
example is 10 under live loads. The coefficient
of damping is taken equal to 0.5% of the
critical damping; the train speed varies from
150 to 400 km/h and the viaduct is simply
supported.

Sections 1 2

r [kg/m’] 51610.0 45549.0
A [m] 0.67352 0.7774
J[mY 0.6500 0.6605
Iz[m’] 0.9144 1.3067

42765.0
0.83948
0.6622
1.5249

3 cracked
80917.0
0.41784

0.6622
0.8587

48794.0
0.72018
0.6533
1.2572

Properties and material data of the LA LYSbridge structure

Nodes

1

T a010 N

113.6
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200 ————7 7+ F7+—"—"—" 7" +—"—"r"—"——7 "7 i
F ; : 3 | ; ! 3 ] Mode  Frequencies
1,010 3 L { numbel‘ (H Z)
0 | | | 1 | | | ] 1 2.1417
R e R R, SR SR SRR SRy VA \ 2 4.7135
= -1010 -3 ,,,,,,,,,,, ,,,,,,,,,,, ,,,,,,,,,,, r,,, ,,,,,,,,,,, ,,,,,,,,,, ,,,,,,,,,, ,: 3 5.3843
E 1 | | | | | | | ] 4 7.9452
2 s ] 5 14.774
g 2010 E 6 18.463
I 5 ] 7 26.964
a  -3010 E 8 37.076
R ] 9 40.660
4010 E 10 44.419
5010 % [ ——————————— SR VAN TR — ——————————— e -
r i : : : i : Time[s] 1
-6,0 10 N T R R \ Ll \ A B R \ L]
0 1 2 3 4 5 6 7 8

Dynamic response in central mid-span, v=300 km/h. Vertical displacement, LA LYSBridge.

3.2. BANCEL Viaduct (in folder ../examples/ Bancel.BDS)

Problem Description

The BANCEL Viaduct is afast speed train (TGV) railway bridge. The viaduct is a continuous bridge of
five spans, a length of 218 m and 3 structures kinds. Structure 3 is a cracked concrete region, and the
modular ratio between steel and concrete elastic modulus taken in this example is 10 under live loads. The
coefficient of damping is taken equal to 0.5% of the critical damping, the train speed varies from 150 to
400 km/h and the viaduct is simply supported.

453.m __ 45.m e 45.m

Sections 1 2 3

r [kg/m’] 6447.5 80495.9 60622.4
A [m?] 4532 0.363 0.482
J[mY 0.410 0.410 0.410
Iz[m"] 1.215 0.665 0.964

Properties and material data of the Bancel bridge structure
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Displacement [m]

Examples

Nodes 2 3 456 7 891011 1 13 141516 1T 18 19 20 2 e

sections @ @O@O @ O6FH © @OO @EE@ O

4010 *® .
i 4 Mode Freguencies
i number (H2)

2010 B oot ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, B 1 5108
i 2 2,634

0010 © L f i oo Y R N W Y A 3 3.382

’ 8 1 ] 4 4.341
I 5 4,588

2010 ¥ e S VO ) A 0 IV IOV W 1 ' 6 7.683
L § 7 9.026
I | | | ] 8 10.572

4010 F o e S T R I - 19 13.730
I | | 1 | | | 110 14.133
i Timelg 4

6010 * L ‘ i \ \ i i R R
0 1 2 3 4 5 6 7 8

Dynamic response in central mid-span, v=300 km/h. Vertical displacement, BANCEL Bridge.

3.3. LA SCARPE Bridge (in folder ../examples/ Scarpe.BDS)

The LA SCARPE Bridgeisafast speed train (TGV) railway bridge. The viaduct is a continuous bridge
of nine spans, and length of 333 m, 4 structures kinds. In figure below, structures 3 and 4 are cracked
concrete regions, and the modular ratio between steel and concrete elastic modulus taken in this example
is 10 under live loads. The coefficient of damping is taken equal to 0.5% of the critical damping, the train

Problem description

speed varies from 150 to 400 km/h and the viaduct is simply supported..

Sections 1 2 3 4

r [kg/m’] 46350.0 44930.0 93500.0 88500.0
A[m? 0.63 0.65 0.313 0.330
J[mY 0.40 0.40 0.40 0.40
Iz[m"] 0.586 0.686 0.390 0.450

Properties and material data of the LA SCARPE bridge structure
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1 23456 789 1011 42
{)

@ @ @
(3) (I%@@ (I%@@ GE@HE

e ool
R

[m]

2,010 ® i
Mode  Frequencies
number (H2)
3
1010 1 2.174
2 2.366
_ 0,010 ° 3 2.660
E 4 3.027
5 5 3.438
§ -1,010 6 3.860
7 7 4.222
8 o= 8 5.219
’ 9 6.439
10 8.090
3010
4010 ®
0 2 4 6 8 10

Dynamic response in central mid-span, v=300 krm/h. vertical displacement, LA SCARPE Bridge.

*The critical speeds Vcr are determined by supposing the predominant frequency of loads is
function of distance d between the 2 successive axles
« d=18.7mfor one car TVG and Vcr = d/Ti, where Ti isagiven period

» the critical speed produce the maximum response

Vcer(Km/h) fer(H2) Near Mode
Bancel 295 ( 81.94 m/s) 4.38 4
Scarpe 290 ( 80.55 m/s) 557 7"
LALYS 375 (104.16 m/s) 4.30 3rd
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Input and Output Files
Input File
The BEDAS input file, is acommon ASCII file with extension “BDS’

simple and intuitive. An example is given below: Words in bold
keywords you cannot change any keyword.

MECHATOOLS STUDIO1.0

* *

BEDAS 4.0

* *
* *
* Dynamic Analyses of Structures *
* And Bridges under Fixed and *
* Moving Loads *
* MECHATOOLS TECHNOLOGIES®© 2004 *
KAEAAEAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAK

Version

BEDAS 4.0

COMPANY

Your Company

CLIENT

Your Client

PROJECT

Your Project

TASK

Your Task

PREJECT-REFERENCE
You References
ENGINEER

ING1
ZOO0M

1.5
XMAX

12.3577
XMIN
-.975609
YMAX

11.5447
YMIN
-1.78861
FREQUENCYUP

0
DAYNAMIC PROPBLEM DURATION
2.5
DAYNAMIC TIME STEP
.00965251
DAMPING MODE 1

1
DAMPING MODE J

2
DAMPING KSI 1

0
DAMPING KSI J

0
LOADS
1
LOAD
1
LOAD TYPE
CONCENTRATE
LOAD LENGHT

0
FORCE EXPRESSION //F(t)
-9480

. Its structure is
are a BEDAS
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SPEED // v
35.57

STARTPOSITION //x0

0

DOF

\Y

DURATION FORCE //duration
2

INITIAL TIME FORCE //F(t)

0

TOTAL BEAMS LOADED //Path beam list
3

1
2

3
COORDINATES
2
00.00000E+00 // x1
-35.52714E-16 // yl
110000 // boundary conditions u=0,v=0
60.00000E+00 // X2
-35.52714E-16 // y2
010000 // boundary conditions u free, v=0
BEAMS
1
BEAM
1
COLOR
65280
TYPE 1D

1
FILENAME
EXT_FILENAME

MASS AREA
3921560
MASS DENSITY
196078
MASS LINEAR
999.9978
IX
.0187
AREA
0.0051
MATERIAL
User-Defined
ELASTIC MODULE
104800000000
SHEAR MODULE

0
POISSON COEFFICIENT
.27
COLMASS

0
COLYOUNG

0

FIRST POINT
1
SECOND POINT

2
COTATIONS
1
COTATION
1
P1
0
P2
2
DELTAX
21.1151724466463
DELTAY
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5.7196027057927
ORIENTATION

1
LENGTH UNIT
4
m
MASS UNIT
1

kg

STRESS UNIT
2

Pa

FORCE UNIT
1

N
END
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Output File
The BEDAS tabulated results Output file, is a commonly ASCII file with extension
“.rst”. Its structure is simple. An example is given below. You can get also graphical
results by choosing print from toolbar in the current activate window. And the
problem execution information output file is a commonly ASCII file with extension
“.out”

MechaTools Technologies Inc
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