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Abstract:
Modeling a simply supported beam by (ANSYS workbench) software

Modeling construction elements (a simply supported beam, in our case) by computer software
like the ANSY'S workbench decreases the cost and ensures the accuracy of the results.

This project present two study cases; comparing the software results with the results of hand
calculations showing some software’s benefits.

Résumé :
Modélisation d'une poutre simplement appuyée par (ANSYS Workbench) logiciel.

Modélisation des éléments de construction (une poutre simplement appuyée, dans notre cas)
par des logiciels comme (ANSY Sworkbench) diminue le codt et assure la précision des
résultats.

Je présente deux cas d'étude dans le mémoire comparant les résultats de logiciels avec les
résultats des calculs a la main montrant les avantages des certains logiciels.
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1. Introduction
ANSYS (finite element analysis) engineering simulation software and training. It allows you to solve your

engineering problems with a low-budget by simplifying the application of finite element analysis to
iteratively test your design by 40 years of experiences, pioneering and applying FEA (finite element
analysis) methods to solve the most complex engineering design challenges.

2. ANSYS software

It is a generally purposed software, used to simulate interactions of all disciplines of physics, structural,
vibration, fluid dynamics, heat transfer and electromagnetic for engineers.

Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics

Figure 1.1 ANSYS logo

ANSYS, which enables to simulation tests or working conditions, enables to test in virtual environment
before manufacturing prototypes of products. Furthermore, determining and improving weak points,
computing life and foreseeing probable problems are possible by 3D simulation in virtual environment.

ANSYS can import CAD data and also enables to build geometry with its “preprocessing” abilities. Similarly
in the same preprocessor, finite element model (a.k.a mesh) which is required for computation is
generated. After defining loadings and carrying out analyses. Results can be viewed as numerical and
graphical.

It also can carry out advanced engineering analyses quickly, safely and practically by its variety of contact
algorithms, time based loading features and nonlinear material models.
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2.1. Programs work with ANSYS software
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Figure 1.2 ANSYS products
ANSYS Structural

The ANSYS structural analysis software suite enables the user to solve complex structural engineering
problems and make better, faster design decisions. With finite element analysis (FEA) tools, that can
customize and automate the simulations, and parameterize them to analyze multiple design scenarios. This
product is capable to perform mechanical simulations in the structural analysis such as;

- Static/modal analysis

- The temporal analysis

- Harmonic analysis or forced response

- The management of different nonlinear situations (contacts, materials plasticity, large displacements and
large deformations).

ANSYS Mechanical

This product has the same capacities of the ANSYS structural including adding thermal solver, with
modeling of radiation. It provides a complete set of elements behavior, material models and equation
solvers for a wide range of mechanical design problems.

ANSYS Fluent

ANSYS Fluent is the most-powerful computational fluid dynamics (CFD) software tool available; Fluent
includes well-validated physical modeling capabilities to deliver fast, accurate results across the widest
range of CFD and multiphysics applications.
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ANSYS CFX

ANSYS CFX is a high-performance computational fluid dynamics (CFD) software tool that delivers reliable
and accurate solutions quickly and robustly across a wide range of CFD and multi-physics applications. CFX
is recognized for its outstanding accuracy, robustness and speed with rotating machinery such as pumps,
fans, compressors, and gas and hydraulic turbines.

ANSYS multiphysics

ANSYS multiphysics solutions can help engineers examine; (Fluid forces, thermal effects, structural integrity
and electromagnetic radiation) all in combination and isolation with an accurate prediction of behavior.

ANSYS professional.

This software provides a first step into linear dynamics and the nonlinear capabilities of ANSYS structural
mechanics. It comes in two versions:

- ANSYS professional NLT

Includes linear structural analysis, dynamic analysis and nonlinear thermal capability.

- ANSYS professional NLS

Includes the thermal calculations, calculation of linear structures and the basic calculation in nonlinear
capability.

ANSYS Design Space

This software is an easy-to-use simulation package that provides you with tools to conceptualize design
and validate your ideas right on the desktop using the same solver technology as ANSYS Mechanical. With
DesignSpace, you don’t need to have advanced analysis knowledge to perform real-world static structural
and thermal, dynamic, weight optimization, vibration mode, and safety factor simulations.

Design Space was developed for the exclusive purpose of being used to complement a 3D CAD tool to
provide designers and engineers to design a fast return and a better quality performance of their products
during the design cycle.
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2.2. ANSYS workbench:

The ANSYS Workbench platform is the backbone for delivering a comprehensive and integrated simulation
system to designers. Using Workbench for the product development simulations will result in higher
productivity from integrated applications leveraging common and compatible data models. Workbench
gives designers access to multiphysics and systems level insights that could not be attained before.

Main menu of ANSYS workbench

Opening the software displays the main menu shown below:

| Fle View Tools Umts Melp
JNew 7 Open... i save [l Save ns.. ) Import

ia Anplysis 3

3 OesignAss

Bt The Project Schematic is
@ Fluid Flow- BlowMoNging (POLYFLOW) where we W'" see a map
B FludFlow - Extrusion (§

B Fuid Fow(cPO ) of our entire project. As
@) FludFiow (FLUENT) you are about to see, the

Fluid Flow (POLYFLOW)

w Harmonic Response map Wi" Contain Systems
R Sgne | that describe the workflow

@) Linear Buckling

) Megnetostae and act as a point of entry
R into the ANSYS tools.

m Random Vibraton
Q1§ ResponseSpectnm
m Rigid Dynamics
3 Static Structural

@ Stescy-State Thermsa The Toolbox contains
| B systems which we will

2 Transient Sructural

@8 Transient Themal use as the building
%ﬁ;x*’m blocks of our project.
@ X

mnolonm T ube

Figure 1.3 ANSYS workbench interface

In the main menu there is the tool bar which allows an easy access to many commands and also to the
software options. Clicking on the save as button will gather all the project files in on folder

5| File View Tools Units Extensions Help
=i dNew L;%'Open... H Save E‘,Save As... | ﬁ]lmport... I «@ Reconnect ¥ Refresh Project Update Project ‘ @Project 0C0mpact Mode

Figure 1.4 workbench toolbar

It also contains the situation bar which shows the messages and the readiness of the software
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3 o By

Figure 1.5 situation bar

The system includes various cells either: engineering data, geometry, model, setup, solution and results. To
facilitate their comprehensions, they can be grouped according to the already studied Mechanical APDL
software (ANSYS)

e Pre-processing: Engineering Data, Geometry and Model

e Resolution; Setup and Solution
e Post-processing: Result

It is possible to get a description of each cell in the ANSYS Workbench’s help file:
Engineering Data

The Engineering Data cell is designed to allow the designer to create, save, and retrieve material models, as
well as to create libraries of data that can be saved and used in subsequent projects and by other users.
Double-click on engineering data cell or RMC then edit to enter the environment.

Geometry

Use the Geometry cell to import, create, modify or update a model that can be used for analysis, allowing
seamless transfer of existing data including parameters. The parameters can then be adjusted and the
design updated, and any feature removal or simplification is maintained. This results in rapid turnaround of
any design changes and updates. Double-click or RMC then edit to enter the environment.

Model/mesh

Model cell is associated with the definition of the geometry, the systems of coordinates, connections and
mesh in the mechanical simulation module. It also allows you to access a meshing application or share a
mesh with another system. Model corresponds to the contents of the Model branch within the ANSYS
Mechanical application and allows you to perform physics-based meshing capabilities, such as spot welds,
contact, etc. Mesh contains just node coordinates and mesh connectivity.

Setup

Setup cell lets you define loads, boundary conditions and other configuration analysis
Solution

Solution cell allows access to data resolution

Results

Results cell includes the result of the analysis. This is often referred to a post-processing cell.
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- A

:
2 Q Enaineering Data v 4
3 @ Geometry ? 4
4 @ Model P a
5 @@ sewp T 4
6 ﬁ Solution F 4
7 @ Results ? 4

Static Structural (ANSYS)

Figure 1.6 static structural cells

2.3. WORKBENCH example:
2.3.1. New project

For starting a new project LMC on new then using dragging and dropping on the static structural in the
toolbox to the project schematic area

File View Tools Units ACP Help
w (27 Open... =l Save (&l save As.__Jilizood

‘ Project Schematic

B Analysis Systems
[©) Electric (ANSYS)

¥ Explicit Dynamics (ANSYS)
Fluid Flow (CFX)

@ Fluid Flow (FLUENT)
HarmonicResponse (ANSYS)
€3 Linear Buckling (ANSYS) /
[£2) Magnetostatic (ANSYS)

El Modal (ANSYS)

fl} Random Vibration(ANSYS)
fili Response Spectrum(ANSYS)
=.| Shag piaali =

Create standalone system

') e =
Thermal-Electric (ANSYS)
ES Tranciant Cheactoeal FANCVEY

Figure 1.7 creating system

. g Fle View Tools Units AgGS o
Save the project by LMC on save as: > TJnew @ oen.. Hsalrmort.,.

2.3.2. Geometric creation modeling

Double click on the geometry to open the creation modeling. After opening ‘Geometry creation modeling,
Select Millimeter as the unit of dimension.
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¥ - " ANSYS Workbench
f T staticStructral (ANSYS) | ok e o
e 4 “ Foot
) 2 T inch

5 | @8 Setup

I IRY
In |n |a

6 |§8 Solution 4 L L ey o
™ ™ Always use selected unit
7 O Results 4 ™ Enable large model support
Static Structural (ANSYS)

~

Figure 1.8 entering geometry
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2.3.3. Creating the Geometry

Afterwards, LMC on XY plane under (Tree Outline) to select the plane and LMC on (New Sketch).

 RR———————— e
J File Create Concept Tools View Help

j 4| | 1@} J > Undo GF!_eciD
j XYPlane v ﬁ-| None
j =/ Generate @ Share Topology [£5]Parameters
| @Extrude @Revolve @ Sweep & Skin/Loft

j W Thin/Surface Q@ Blend v § Chamfer @ Slice |J onint B Conversion
Tree Outline 3 Graphics

LY BRRE o

[ T
w5 &

.., 0 Parts, 0 Bodies

Figure 1.9 creating a new sketch 1

A new drawing will appear under the XY plane in the tree outline, LMC on Sketch1 and LMC on the tape
Sketching
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Tree Outline 2
=E ./é] A: Static Structural

SR

.., 8 Sketchl

..... v LR

_— = YZPlane

‘. @@ O Parts, 0 Bodies

Sketching § Modeling I

Figure 1.10 creating a new sketch 2

Sketching Toolboxes will appear on the left. This toolbox to create the geometry, is used for adding the
dimensions and forcing it

-10 -
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Sketching Toolboxes

Draw

"\ Line

# Tangent Line

6 Line by 2 Tangents
5 Polyline
(=3 Polygon
T—1Rectangle
{“»Rectangle by 3 Points
&2 Oval

(=) Circle
44 Circle by 3 Tangents
~uArc by Tangent

&% Arc by 3 Points

<= Arc by Center

& Ellipse

- Spline

#* Construction Point
£¥ Construction Point at Intersection

Modify

Dimensions

Constraints

Settings
odelingJ

Figure 1.11 sketching toolbox

msssssssses

Before drawing, make sure that the scale is representing the problem in precision. At the following case,
the length of the beam is 1000mm. there are several ways to perform this operation. The most accessible is

the combination of the key Ctrl+MMS.

Figure 1.12 sketching scale

L.000 {mm)

-11-
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Select line in the Sketching Toolboxes under Draw.

e
6 Line by 2 Tangents
7 Polyline
(=3Polygon
T—1Rectangle
{“»Rectangle by 3 Points
&2 Oval
= Circle
44 Circle by 3 Tangents
S Arc by Tangent
= Arc by 3 Points
<= Arc by Center
> Ellipse
~” Spline
# Construction Point
£¥ Construction Point at Intersection

Modify -
Dimensions
Constraints

Settings

SketchingJ Modeling |

Figure 1.13 draw line selection

Place the cursor of the mouse at the point of origin of the plan. The letter P should appear to signify that
the point is fixed to the center. LMC is to fix the first point of the line and move to the bottom right in order
to get the notation H for Horizontal. Once again, obtaining LMC, Then press Esc button on the keyboard.

Figure 1.14 drawing line

-12 -
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Select Horizontal in Sketching Toolboxes under the tape Dimensions

Draw

WileTelly

T =

< Length/Distance
<" Radius

3 Diameter

A& Angle

#7 Semi-Automatic
Edit

12! Move

[ Animate

'R Display

Constraints v
Settings

Sketching I Modeling I

Figure 1.15 creating dimensions

Click the top of the line to add the horizontal dimension. Which should be yellow once selected.

Figure 1.16 adding dimensions

-13-
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LMC to fix it to the desired location. then, LMC on the dimension to select, it should be yellow once
selected.

Figure 1.17 selecting dimension

The selection allows you to edit the dimension in Details View under Sketching Toolboxes. Enter 1000 for
the dimension 1000mm (length of the beam).
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Figure 1.18 editing dimensions

LMC on modeling tab to return to Tree Outline and LMC on Sketchl

= /88 A: Static Structural (ANSYS)

y ,
5 TZPlane

Figure 1.19 selecting sketchl

LAFEE A AM

In the menu of the module of geometric creation LMC on Concept/Lines from Sketches.

O A: Static Structural (ANSYS) - DesignMo

File Create Concept Tools View Help

@ surfaces From Sketches

J*:,

v
Cross Section 4
&

wab

Figure 1.20 lines from sketches selecting

Under Details View RMC on Apply; to apply your Sketch1 on the line.

| === ey

= Deetails of Lime2
Linies From Sk

OpeTatnon

Figure 1.21 apply sketch on the line
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Afterward, click on Generate, this operation has the effect of updating your project.

T Az Static Structural (ANSYS) - Designi

Fie Create Concept Took Wiew Help
ZEBW & | 9 (e
#. | sketrhi -

= #/a@] A: Static Structural (ANSYS)
= = K¥Plane
o3 Sketch1
o7 Z¥Plane
= TZPlane
%% Line2

Figure 1.22 generate the sketch

In the menu of the module of geometric creation LMC at Concept/Cross Section/Rectangular.

38 A: Static SF---—*vral [ANSYS) - DesipnModeler

,ﬁE-Pur:. 0 Bodees QO Crouler Tube
B Charnel Section
X 15ecton
"L I Section
ks L Secton
b T Section
JL Hat Section
Bl Aectanguer Tube
B User Iniegrated
g User Defned

Figure 1.23 creating the rectangular cross section
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The rectangular beam section is now created, it should appear under Tree Outline.

L-I A: Static Structural (ANSYS) - DesignMo

File Create Concept Tools VWiew Help
ddEH @&

X1Plane v 3 | Sketchi -
~/ Generate B extrude

- {E A: Static Structural (ANSYS)

= XiPlEne
8 Sketehil
3 Z¥Plane

= @ 1Cross Section
Il

” W gl L, b Dok

Figure 1.24 created rectangular

LMC to edit the section, always in Details View, modify the section to obtain a rectangular section of the

dimensions 50mm*10mm. note that according to the initial place only B and H can be reversed. It is
possible to verify this step later.

Sketching Modelng |
Details View 3
= Details of Rectl i
SeEith Rectl
Show Constr :]
Ling Lnll
Line Lni2
Line i3
- Physical Properties: 10
(a) 500 mm?
(Ixx) 1,0417e +005 mm~4 v | _Modd Vie

Figure 1.25 editing rectangular section dimensions
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LMC on Line Body under tree outline.

| Fle Create Concept Tools View Help

| Q@ (@] Oue Guee ||seet]
| XyPlane v > Sketcht - ¥

= ,! A: Statc Structural (ANSYS)
= ok

Figure 1.26 selecting the line body

Under Details View, select your rectangular Rectl.

A

Seetchng poding |
Details View 7
- Details of Line Body

Body Ling Body

Faces 1]

Edges 1

Wer oS

Hod selected -
Hone:

Figure 1.27 adding rectangular section to the line body

And you should obtain the following, to view your section.
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LAFEE A AM

Figure

1.28 showing section step (1)

Concept Tools

View Help

Ii“ gUr‘tC

' v Shaded Exterior and Edges

@ share Topol

Wireframe

[v Frozen Body Transparency

Figure

And you should obtain the following

1.29 showing section step (2)

Figure 1.30 rectangular section adding result
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Save your project and quite the module of geometric creation.

| File Create Concept Tools View Help

| m Refresh Input Sele

| Start Qver
> Load DesignMod Database... $RE
[ save Project

@) Attach to Active CAD Geometry
@ Import External Geometry File. ..

q‘ Write Script: Sketch(es) of Active Plane
q< Run Script

ﬂ Auto-save Now
Restore Auto-save File 4

(] Close DesignModeler

Figure 1.31 saving and quitting the geometry

Display the main menu of Workbench. Your system now should have greed chick marks for the completed

elements.

- A

I8l = Static Structural (ANSYS)

2 Q Engineering Data v 4
3 (W) Geometry v 4
4 @ Mode e,
5 @ Setwp T 4
6 ﬁ Solution T 4
7 @ Results T 4

Static Structural (ANSYS)

Figure 1.32 system after closing geometry
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2.3.1. Material properties

Workbench used for steal structure by default where the green chick marks are used for Engineering Data.
However, we have to change the properties. Double LMC on Engineering Data. LMC on Structural Steel.

Fatigue (ks atzero mesn stress comes from
= | 1998 ASMEEMY Coda, Section d, Div 2, Tabe
S-100.1

Figure 1.33 engineering data’s options

LMC on the Density value and enter 7860.
Young module is 200 GPa and Poisson’ Ratio is 0.3

1 Density

| t?.'l TaotropicSecest Coefficantal The
Expansion

I T tsotropic Blashoy
Derive from Youg's Modulus and Puiasans Rl =

Young's Moduls 2E+11 Fa -
Paisson’s Rsto 3

Figure 1.34 structural steel properties

LMC on Return to Project.

1
Contents filbered for Static Structursl (ANSYEL 2

General use material samples for use in various anakses.

Ganeral ups aberial pamplas for usein noa-lisgar salyie.

Material sarmples f'or uge in an eaplict maylEs.

Matanal strass-stram data samales for cerve ffing.
m i . - o - s
B -
~

Figure 1.35 closing engineering data
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2.3.2. Model simulation

RMC on Geometry and LMC on Properties.

v A

T Statc Syuctural (NSYS)

Static Structural (A

Figure 1.36 geometry properties

The properties of the geometry should appear on the right of the main menu. Check Line Bodies.

5 Geometry File Mame CWs..

] CAD Flug-In Desig...

R ° ouicGonenopion |

8 Solid Bades

] Sy A

10 z Line Bodies E >
11 ARtribiu

12 Named Selectiors D

13 Material Properiies |:|

Figure 1.37 checking line bodies

RMC on Module and LMC on Refresh to import the geometry of the beam in the simulation module.
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7 g Resits Tranafer Data To New k

o
£ Tlabs

Reset
EE rename
Properties

Quick Help

Figure 1.38 importing new geometry

You should have a lighting sign next to model. Double on LMC to open the simulation module.

A

4

Wl = Static Structural (ANSYS)

2 | @ Engineering Data v 4
3 v
4 4

5

6 | @ Solution 7 4
7 | @ Results 7 4

Static Structural (ANSYS)

Figure 1.39 entering model cell

2.3.3.  Meshing of the model
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LMC on Mesh, LMC on Mesh Control and On Sizing.

| /(8] soluton tr

@) A: Static Structural (ANSYS) - Mechanical [ANSYS Multiphysics]

File Edit View Units Tools Help | & | fSolve v fll & |4
RAY VED RR—-—s ] R
Mesh -/ Update | @ Mes alliMet ‘
Outiine | @& Method
&l Project ;
= () Model (A4)
/&P Geometry e
I 5 te Systems | A\ Refinement

. iaderlctural (4 8 Mapped Face Meshing

7N Analysis Settng| fig Match Control
2 Solutlon(lb)“@ Pinch

'~

| A Inflation
B Gap Too!

Figure 1.40 mesh sizing

Details of Sizing should appear on the left bottom.

Dretails of "Sizing” - Sizing

=

Scope

Scoping Method | Geometry Selection

Geometry Mo Selection

Drefinition

Suppressed Mo

Type Element Size
Element Size |Default

Behavior Soft

Figure 1.41 sizing details

LAFEE A AM

Now select the line using the selection tool (Edge) available in the menu. Then select the line body

Afterwards click on Apply.

File Edit View Units Tools Help | @ =/ Solve

2Ar% DB R & S

Mesh -/ Update | @BMesh » @ Mesh Control » |

Outline s 0

Figure 1.42 edge selection
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[=| Scope
Scoping Method

ction
Geometry m Cancel

[=1| Definition
Suppressed Mo
Type Element Size
Element Size Default
Behavior _'Suft

Press F1 for Help

Figure 1.43 applying mesh sizing

Select Number of Divisions in type of sizing and enter 10 as Number of Divisions. And that is to devise the
selected line into 10 elements.

[=l| Scope
Scoping Method .Geometryr Selection
Geometry [1 Edge
[=/| Definition -
Suppressed [No
f"l'ﬁ:l-e-—_ | Number of Divisions
T
Behavior .
Bias Type | No Bias

Figure 1.44 number of mesh divisions

Now you should obtain as the following figure in Geometry window.
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Figure 1.45 mesh in geometry window

RMC on Mesh and LMC on Generate Mesh.

L I ".llﬂl|l._' enerate Mesh

~} Preview Inflation
Create Pinch Controls

4] Clean
db Rename

Figure 1.46 generating mesh

The Meshing of the beam should be displayed in Geometry window.

Figure 1.47 meshing of the beam
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2.3.4. Boundary conditions

LMC on Static Structural, LMC on Supports and LMC on Fixed Support.

r@n:mwmm—mwﬁ i
| File Edit View Units Tools Help || & | sohe v FE WF [ |

AV HERERE

El- [ Model (A4) @ Remote Displacement

B, Velocity

- 4 Mesh [® Impedance Boundary

e " @), Frictionless Support

. ®: Compression Only Support

= ,ﬁ Solution (AG) &, Cylindrical Support
"4 Solution Infarmatic ¥& Simply Supported

&, Fixed Rotation

8 Elastic Support

Ed Coupling

@, Censtraint Equation

Figure 1.48 adding a fixed support

You should now select the top built-in the beam using the selection tool Vertex available in the menu

| File Edit View Unit= Tool Help | & | </ Solve

| % ¥ k@@@‘ e~ S

|Mesh =/ Update | @ Mesh » @ Mesh Control v |

Qutline q -

Figure 1.49 vertex selection

LMC on the top at the right, until Selection this turns green.

Figure 1.50 selected point
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LMC on apply in Details of Fixed Support and you should have the following.

Figure 1.51 fixed support

Select the line, LMC on Inertial and LMC on Standard Gravity.

/@) A: Static Structural (ANSYS) - Mechanical [

ok o

|| File Edit View Units Tools Help || @ |

'|®®.!~b

Outline i.’ Acceleratio
: Project 1 }ﬂStandard Earth Gravity
| B @ Mod
ERy. 1
B Coordinate Systems

- (@ Mesh
. /B Edge Sizing
8- -,@ Static Structural (AS)

Figure 1.52 adding inertial (standard earth gravity)

In Details of Standard Earth Gravity, change the direction of — Y Direction (3). A yellow check mark should
be displayed in the gravity of the geometry.
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Figure 1.53 beam with standard earth gravity

2.3.5. Model Resolution

To solve the model, RMC on Solution and LMC on Solve.

= g Model (A4)
----- /& Geometry
vvvvv > Coordinate Systems

‘E‘“”‘/

Figure 1.54 solving the solution
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1. Introduction

In our study case, we are modeling a simply supported beam with a distributed load in the first part, and the same beam
with a center load in the second part showing the differences between these two cases in several options; stress normal,
stress equivalent and directional deformation .

2. Distributed load (case 1)

2.1. Beam characteristics

fssannnnssnsf
-\

/\

- X %
L

R, Rp

Figure 2.1: simply supported beam with distributed load

We have a fixed support at point (A), and a Hench with roller at point (B), with a uniformly distributed load across the
beam. For this case we’re going to use beam length of one meter, and for the load we used 5 N/mm. we use steel in this
case so, Youngs modulus 210 Gpa. For the section we using; it’s 40 mm by 40 mm.

Moment of inertia is going to be calculated in the formula for cross-section: | = 1/12 . a*

Section modulus Z is going to be calculated by the formula: Z = a*/6.

L= 1000 mm

Line pressure load on beam (q) =5 N/mm . f
Young’s modulus E: 210000 N/mm? : -:-2 .

Distance from neutral axis to extreme fibers c= 20 mm Derie CCw
Moment of inertia; 1= 213333.mm* —
Section modulus Z= 10667 mm? e o

Cross-Section

Moment of Inertia

Figure 2.2: beam cross section
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Hand calculation solutions:

Displacement:

W(X) = -q (L3-2x2L+x%)/ 24 El

W o = W (L/2) = -1.453mm

Figure 2.3 displacement 1

Moment :
M(X)=-%q(L-Xx)Xx
M max = M (L/2) = - qL%/8
6 max = 98.59 Mpa

Figure 2.4 moment 1

Shear:
V(X)=-%q(L-2x)
V max=V (0 & L) =-2500 N

“'

LAFEE.A.A.M

L
bl L
. - 1
Wangbesooass :
M
* L
X
!\ /
\

Mnx .

-----
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Figure 2.5 shear
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2.2. Modeling

2.2.1. Engineering data

After opening the ANSY'S workbench interface page, drop a static structural from toolbox to the project schematic area,

and renaming the project. Enter the engineering data cell and specify the young’s modulus as the case that we

have.
I\ SSB CL - Workbench
Fle Edit View Tools Units Extensions Help
i _]New (5 Open... | save ESaveM... |ﬁ][mport... |c’9nRetonnect & Refresh Project / Update Project |eRemmtnProject @CompactMode ﬁ
ic 20 Al Table of Properties Row 8: Isotropic Elasticity | 1 yax
Physical Properties A B |C D A B |
[ Linear Elastic " Contents of b | e Desapt 1| Temperature (C) = | Young'sModulus (MPa) ¥
@ Experimental Stress Strain Data 2 2.IE+05
[ Hyperelastic LI = Matera 3
= — 3 % Structural e Fatigue Data at zero mean stress comes from 1398 ASME BPV
Plasticty Steel # | Code, Section 8, Div 2, Table 5-110.1
Creep > Click here to add
Life anew material
Strength
[ Gasket
Viscoelastic Properties of Outiine Row 3: Structural Steel e v RX
[@ Shape Memory Alloy A B [o ‘ D[E|%
B Damage 1 Property Value Unit [XIE3]
2 8 pensiy 7% km3 =0 Chart: No data vRx
Isotropic Secant Coefficient of Thermal
318 B Epanson O
6 |2 T4 otropicEastaty ]
74 Derive from 4
8 Young's Moduius 216405 Pa | E]
9 Poisson's Ratio 2 m
10 Bulk Modulus L75E+11 Pa ]
1 Shear Modulus 8.0769E+10  |Pa 4]
an [ O Albarnatinn Clvann Masn Civann ERT = M
A B C D
1 | Type Text Assodiation Date/Time
‘ T View All / Customize... I
°
o

Ready [@ Show Progress JE*;J Hide 0 Messages
—— B ‘

Figure 2.6 engineering data properties
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experimental part: study case

Chapitre 02

2.2.2. Geometry

In this case we are doing the full 3D model, by modeling a surface then extruding it

o
]
&t
2
&
o
8
e
a
I
Y
c
5
o
y
5}
e
B

»
x|
=
&
[ ]
5]
=
=
o
£
I
o
:
&
tl
W
B
N

BI) A: simply fin

|| M- M- A A A A A AT

Aa e+ e @

e
%

= 3 | Sketchi
< Generate @@ Share Topology

R Extrude

XtFlane

Parameters

& Sweep g Skin/Loft

e Revolve

Graphics

{{agian)

10

Model View | Print Preview

Thin/Surface Blend ~ Chamfer Slice Point B Conversion
=

Sketching Teolboxes

Draw

"\ Line

# Tangent Line

# Line by 2 Tangents
A\ Polyline

(=3 Polygon

Auto-Fillet: [

[T Rectangle

4 Rectangle by 3 Points
&% Oval

LA Circle by 2 Tangents
~iArc by Tangent

& Arc by 3 Points

(R Circle

Modify

Dimensions

Constraints

Settings

Sketching | Modeling

| show sketch

[ sketent

[ 40 m——

HL

Sketch Visibility

Sketch

Show Constraints? | No

Details View

=1 Details of Sketch1

= | Dimengi

<

0z

|39

[Millimeter

|No Selection

lick, or Press and Hold, for first corner of rectangle

@ Rectangle -

Figure 2.7 creating a surface

B W~ A fim A A S A5

5
i

AR EEQAE (4w M

"

After extruding the surface to the exact dimensions we have the beam done.

| File Create Concept Tools View Help

BE) A: simply fin - DesignModele

| B| @ || DU GRedo [[Select [y Tr | R(EMW | & | B " || S

- )}-\ Sketchl

-} Generate @ Share Topology 75| Parameters
Extrude gfgRevolve (g Sweey Skin/Loft
P

in/Surface end ~ mfer ice oint 2 Conversion
Thin/Surf; Blend Chamfer 8 Sl Point 53 C i

X¥Plane

2 [ Graphics

Tree Outline

# XYPlane

B/l A: simply fin

9 Sketchl
3k ZXPlane

iy 3fn VZPlane
B Extrudel
8 1 Part, 1 Body

R

e
wtaeles
S2THITS
""0““ e

She i ety
SSSTeT
S

<5 ot
SIS STt
SRS
SN

RSN S
SoCSos SOt
“"0’0‘0

e

3
S35

o
<5
Sy

S et e

o

o
el

< o
s

Model View | Print Preview

Sketching  Modeling

None (Normal)

Hormal

Direction Vector

Direction
Extent Ty

FDL, Depth (~0) | 1000 mm

y Selection: 1

Merge Topology? | Yes

[No Selection

Figure 2.8 full 3D beam
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2.2.3. Model/mesh

Defining and generating mesh by modify the sizing to 20 mm

File Edit View Units Tools Help H 9 “jSolve v 7/ShowErrors T@ b (2] & [ ~ [P Worksheet iy,
TAYR-T-REARR/ &S AAEEA 0 R s @ O

P’ Show Vertices #8 Wireframe | W Edge Coloring v A+ A~ A~ A~ A~ A |4 |-l Thicken Annotations "% 5how st & Bl Random Colors 05 Annotation Preferences
|Mesh =/ Update | @ Mesh v B Mesh Contral v | j|j1etric Graph

Qutline 2
| Filter: Mame  + alm
[&] Project -

B (8] Model (A4)
----- i Geometry
/P Construction Geometry
A Coordinate Systems
/A Mesh
E,{=] Static Structural (A5)
7 Analysis Settings
i M, Fixed Support
A, Displacement
i S, Force
=] Solution (A6)
4] Solution Information
0 Directional Deformation
e e

&

I Details of "Mesh”

=) Defaults - 0.00 - 150.00 300.00 ¢rmm)
Physics Preference | Mechanical 75.00 235.00
Relevance 0
= . [\Geometry {Print Preview } Report Preview/

I Use Advanced Size Ful
Relevg

—'&hm
T T — ST

Element Size

Smoothing Medium
Transition Fast
Span Angle Center Coarse <
Section Planes 7 x
I |tH X S
.
Press F1 for Help |0 No Messages Mo Selection |Metric (mm, kg, N, 5, mV, mA) Degrees rad/s Celsivs /|

Figure 2.9 mesh sizing

After applying our Boundary conditions for this case

| File Edit View Units Tools Help H 9 “iSolve v ?/ShowErors [l [ (@)~ Wpvorksheer dp

(TAYR-TEARRR( @ S aFAAEngE B O
| P Show Vertices gl Wireframe | W Edge Coloring » £~ A~ A~ A+ A= & |+ |-IThicken Annotations TgShowMesh & B Random Colors /2 Annotation Preferences

|

Qutline

| Fitter: [Name  ~| )
-,/ B Construction Geometry
[k Coordinate Systems
/A Mesh
E,/=] Static Structural (A5)
7 Analysis Settings
/B, Fixed Support
/A, Displacement
b B, Force
=] Solution (A6)
4] Solution Information
A0 Directional Deformation
- Equivalent Stress
M Directional Deformation 2
- Equivalent Stress 2
—— e -

Details of "Multiple Selection" 1
I 0.00 150,00 300,00 {rarm)
1
75.00 225,00

Geomets Print

iew A, Report Preview,

Graph 2 Tabular Data
1 Steps | Time [s] |[¥ Force [N]
5000. 11 o 0.

21 1 5000,

2000. —

Section Planes R x .

EEEX | ~v=reer

|Multiple Selection (3 Objects Selected)

.8 No Messages |No Selection

|Metric (mm, kg, N5, mu, mA) Degrees rad/s Celsivs /|
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Figure 2.10 boundary conditions

2.2.4. Setup and solution

Adding our analysis: in this case the equivalent stress normal stress and directional deformation. Under the equivalent
stress, we’re going to add a convergence that basically gives us the accuracy to any percent | want which | have
specified it with 3 percent.

[ @ A : simpl echani
|| File Edit View Units Tooks Help || @ “Solve v ?/ShowEmors T Wi & @~ @ iorkshest iy
AV R-EREREOA@-(seaaa@aaRna s v O
I Show Vertices gl Wireframe | Il Edge Coloring ~ £+ A~ A~ A~ A~ A |F| |+l Thicken Annotations =% show sk sk Bl Random Colors 7 Annotation Preferences
Result 34 (Auto Scale} @ B-9- 0 | ® W | EDPobe

Outline LS
| Filter: Hame  + gj
&5 Static Structural (A5) N

w2 Analysis Settings
A, Fied Support
B, Displacement

S Force h|
=] Solution (AG)
A1 Solution Information 0 Max I
M Directional Deformation 016226
M0 Equivalent Stess ) - 032453
-/ Directional Deformation 2 04867
A8 Equivalent Stress 2 i oo I
- Equivalent Stress 3 0.64905
Bl Normal Stress AT
....... stress top surface e -0.97358 Py
-11358 ¥
Details of "Directional Deformation” L3 -L2081
s -1.4604 Min 0.00 200,00 400,00 {rrim)
| —
Scoping Method | Geometry Selection 100.00 300.00
Geometry | All Bodies
=) Definition [\ Geometry £ Print Preview } Report Preview/ \l
by janal D ion | |Graph 2 Tabular Data LS
K orertaton il | Animation | W |10 1| @ 10 Frames - 2Seciaute) - || & e 3o
i
Display Time Last b
Coordinate System | Global Coordinate System
Calculate Time History |Ves
Identifier - |
Section Planes ax| ° L
EEEE | e
Press F1 for Help [ |38 No Messages No Selection |Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius /|

Figure 2.11 directional deformation

File Edit View Units Tools Help H i Solve v 74 ShowErors i@ il orksheet  dn
(= " EB--@uE0 @ se A @R s O |
[ = showvertices gRwircfreme | W Edge Coloring ~ £+ A+ A+ A+ A+ A Il - Thicken Annotations "o e sk b Random Colors @ Annotation Preferences |
| Result 34 (auto Scale) - @ B-@- | B | [ Probe

Qutline

7
|Filter:  name = alm
E,/=] Static Structural (A5) o
7 Analysis Settings
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B Foree oL

Solution (A6)
4] Solution Information 0 Max
A8 Directional Deformation -0,16226
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M Directional Deformation 2
- Equivalent Stress 2
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-0.48670

/B Equivalent Stress 3 6403 i
- A1 Normal Stress AL
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Details of "Directional Deformation” LS L2981 z -
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Scoping Methad | Geometry Selection 75.00 275.00
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)| Definition Geometry £ Print Preview ) Report Preview/
Type Directional Deformation b Glaph 3 Tabular Data

Orientation ¥ Axis

B Time | Animation }FH;EE] | @ 10Fames -+ 2SeciAuto) - || ® | e 3cyes

Display Time Last
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Calculate Time History | Ves
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|th xS
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Figure 2.12 directional deformation with showing elements
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| File Edit View Units Tools Help || @

“iSolve v ?/ShowErors @ [ & [0~ Wporksheer  dx
II\JF? AR R R @ (seraamaaRne s @ O II
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Figure 2.13 equivalent stress
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2.2.5. Results
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Figure 2.16 directional deformation of the top surface
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Figure 2.17 equivalent stress of the center of the section
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Figure 2.18 normal stress showing the mesh
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3. Center load

3.1. Beam characteristic:

e r

Figure 2.19 simply supported beam with center load

We have the same beam characteristics just like the beam with distributed load in case (1), but this time it’s loaded with
a center load in the middle of the beam.

L= 1000 mm
Load on beam (g) =5000 N
Young’s modulus E: 210000 N/mm?
Distance from neutral axis to extreme fibers c= 20 mm
Moment of inertia; I= 213333 mm*

Section modulus Z= 10667 mm?®
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Hand calculation solutions:

Displacement

W e = W (L/2) = PL3/ 48 EI = -2.33 mm

Figure 2.20 displacement 2
Moment
M max =M (L/2) = - PL/4 M [
!
e
o max = 117 Mpa /
'
t”’
,’/‘
y
Figure 2.21 moment 2 N
T ..
Shear
V max=V (X) =+ P/2=-2500 N
‘vl
T |
o
- g X
r »
- I'"

Figure 2.22 shear 2 d

,;-l »
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3.2. Modeling

In order to add a center load to the beam, we have to split the face because ANSY'S needs a line or an edge to apply the
load.

3.2.1. Geometry

Selecting the face we want to split then add a new plane on the top face and insert a sketch projection, which will
extract all the edges in this face. Then, with modifying the new sketch with the offset tool we can draw a line on the
top face splitting it in the middle.
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Figure 2.23 sketch projection
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Figure 2.25 top faces after splitting
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3.2.2.  Model

After splitting the top surface we have to redefine our force in the model cell under the force at the tree outline and
put it in the right place which is in the middle of the beam.

A simply fin - ol
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Figure 2.26 center load force adding
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Figure 2.27 boundary conditions
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3.2.3.  Setup and solution

With the center load and solving the project to refine the mesh and showing the results of the analysis we used an
allowable convergence of 3% and the results came in this order:
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Figure 2.28 convergence percentage and results of change
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3.2.4. Results

(@) 8: simply fin cent
J File Edit View Units Tools Help |J 9 ~

JSolve v 2/ ShowErrors 1 ik & [A @ WWorksheet dx

iR vRLOER @ Sra@a@QRAENEE & O

| 7 Show Vertices @@ Wireframe | I Edge Coloring v £+ /v Av Av A~ A |l |-l Thicken Annotations ™7 show st sk B Random Colors 5 Annotation Preferences

|Result 21002 (AutoScale) v @ B~ @~ 5 | @ @ | EProbe

! g
S
M Equivalent Stress 2
- M Equivalent Stress 3
- & Normal Stress
/8 Force Reaction
R Force Reaction 2
-/ Scope
Scoping Method |Geometly Selection
Geometry | All Bodies |
I=|| Definition ]
Type i {von-Mises) Stress
By Time
Dfsplay Time Last 000 200.00 400.00 (rmm) z X
Calculate Time History | Yes -
- 100.00 300.00
ion | 2 x
|t X S Geometry 4 Print Preview\ Report Preview/ |
4l 1 ata 1
JAnimation ’EHE@ | @ 10Frames v 2Sec(Auto) - | Ig ‘ ® | e 3 Cycles -
- < E
*_Messages. Graph -
Press F1 for Help ‘ [L;@J No Messages ‘No Selection ‘Metric (mm, kg, N, 5, mV, mA) Degrees rad/s Celsius

Figure 2.29 equivalent stress
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Figure 2.30 directional deformation

Force reactions at the supports:

Fixed support:
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Figure 2.31 force reaction at the fixed support

At the rollers support:

-48 -



Chapitre 02 : experimental part: study case LAFEE.A.A.M

| File Edit View Units Tools Help H | iSolve v ?/ShowErrors F@ ibd & @)~ W orksheet iy
[FRYR- IO B@&(srRae@aaRne s o O

| B Show Vertices g8 Wireframe | W Edge Coloring = £~ A~ A~ A~ A+ A |+ |-l Thicken Annotations % 5how best sk B Random Colors @ Annotation Preferences

Result 21 (Auto Scale) - @-EBE-d- W | [@Probe
[ | R
Qutline L
| Filter: Mame  + alm
i M, Displacement -
o MR Force

= Solution (AG)
A1 Solution Information
- Directional Deformation
| - M Equivalent Stress

------- /2] Convergence
A1 Directional Deformation 2
- Equivalent Stress 2
A Equivalent Stress 3 E
- Normal Stress
8 Force Reaction
l -, Force Reaction 2
stress top surface - E X
0.00 200.00 600.00 ()
- B -  —
Details of "Force Reacti A 150,00 450,00
=/ Maximum Value Over Time -
Y Aot LR omTET [\ Geometry £ Print Preview  Report Preview/ Il
l ¥ Axis 500N Graph 2 Tabular Data 7
Z Auis 0N — :
mjmm 10 Frames | | 25eciauto) ~ | g 3 Cydles [Time [5] [+ Force Reaction 2 () [N] [ Force Reaction 2 () [N
—_ = 1| (mfimm| Q] El Sl &l b e e o
=) Minimum Value Over Time
X Ais |28281e-002 1 =
¥ Axis | 2500. M = Z g
Section Planes 7 x =
J t. ﬁ X ‘ T T T T T
[s]
[ ]
| Messages Graph [ — ,
r =, Graph |
‘IPlss F1 for Help [ |18 No Messages |Ne Selection |Metric (mm, kg, N, 5, mV, mA) Degrees rad/s Celsius /|

Figure 2.32 force reaction at the displacement

After refining the mesh; 2.6 % the percentage of mesh changing.
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Figure 2.33 equivalent stresses with mesh refining
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Figure 2.34 directional deformations with mesh refining
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Conclusion

Comparing results

First case
Analytical results Hand calculations
Displacement -1.46 mm -1.453 mm
Stress 58.61 Mpa 58.59 Mpa
Shear -2500 N -2500 N
Second case
Analytical results Hand calculations
Displacement -2.33 mm -2.33 mm
Stress 118.64 Mpa 117 Mpa
Shear -2500 N -2500 N

This humble graduation project has allowed me to improve my knowledge about designing. It also improved my skills
of using software applications to do the analyses and to design structures’ elements to confront the problems that face
the engineers at the level of testing and modeling with different construction materials.

The major mission in this document is to analyze and compare hand calculation results with the software results.
Firstly we talked in general about the software | used which is ANSYS workbench and other products of ANSY'S Inc.

Finally, modeling a simply supported beam in two cases ; distributed load in the first case and center loaded in the
second comparing my hand calculation results with the software result which are nearly the same finding that the
software analysis are accurate and saving time and effort..

At the end | hope that | introduced suitable and effective solutions for the problems. It’s important to note that the
details of the solution are able to change by the situation and the used materials and many other variables.
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