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Concept of FEA:

The basis of FEA relies on the decomposition of the domain into a finite number
of subdomains (Elements) for which the systematic approximate solution is
constructed by applying the variational or weighted residual methods.

The FEM requires the following major steps:
» Discretization of the domain into finite number of sundomains (elements)
» Selection of interpolation functions
» Development of element matrix for the subdomain (element)
» Asselbly of the element matrices for each subdomain to obtain global
matrix for the entire domain
» Imposition of the boundary conditions
» Solution of equations Ku=F
» Additional computations (If desired)
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The FEA representation
of practical engineering
problems
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Node

The transformation of the practical engineering problem to a mathematical
representation is achieved by discretizing the domain of interest in to elements
(elements). These elements are connected to each other by their nodes. A node
specifies the coordinate location in space where degree of freedom and actions of the
physical problem exist. The nodal unknown(s) in the matrix system of equations
represents one (or more) of the primary field variable. Nodal variables assigned to an
element are called dgrees of freedom of the element.

common nodes

T

T common

common nodes
nodes
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Element
Depending on the geometry and the physical nature of the problem, the domain of the
Interest can be discretized by employing line, area, or volume elements. Some of the
common elements in the FEM are shown in Figure.

Two-Dimensional Elements
Triangular, Quadrilateral
Plates, Shells, 2-D Continua

One-Dimensional Elements
Line
Rods, Beams, Trusses, Frames

Three-Dimensional Elements

Tetrahedral, Rectangular Prism (Brick)
3-D Continua
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Two-Dimensional Discretization Refinement

(Discretization with 228 Elements)

(Discretization with 912 Elements)

(Node)

(Triangular Element)

Concept of Finite Element Analysis




Development of Finite Element Equation

* The Finite Element Equation Must Incorporate the Appropriate Physics of the Problem

 For Problems in Structural Solid Mechanics, the Appropriate Physics Comes from
Either Strength of Materials or Theory of Elasticity

 FEM Equations are Commonly Developed Using Direct, Variational-Virtual Work or
Weighted Residual Methods

Direct Method

Based on physical reasoning and limited to cases, this method is worth studying
because it enhances physical understanding of the process

Variational-Virtual Work Method

Based on the concept of virtual displacements, leads to relations between internal and
external virtual work and to minimization of system potential energy for equilibrium

Welighted Residual Method

Starting with the governing differential equation, special mathematical operations
develop the “weak form” that can be incorporated into a FEM equation. This method is
particularly suited for problems that have no variational statement. For stress analysis
problems, a Ritz-Galerkin WRM will yield a result identical to that found by variational
methods.
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Formulation of the stiffness matrix:
Direct method
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Equilibriumat Nodel = F, =ku, —ku,
Equilibriumat Node2 = F, = —ku, +ku,

or in Matrix Form
kK —kijju| |FK
/ —K K U2 - |:2 \

Stiffness Matrix Nodal Force Vector

I
T KW ={F}
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Bar Element
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a) geometry,
b) nodal force applied at node 1,

c) nodal

force applied at node 2,

d) nodal forces at both nodes
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Two-Dimensional
Truss Element

> . sl
: I~

Degrees of freedom of a rod element in a two-dimensional space

The nodal degrees of freedom (nodal displacement) of the rod element becom four, as represented
in the Figure

{de} = {uljvlluZJVZ}T

The corresponding stifness matrix becomes:

[ AE/L. 0 —AE/L 0
K= 0 0 0 0
"1 —AE/L 0 AE/L 0
0 0 0 0|

The second and fourth columns and rows associated with transversal displacements are null since
the truss member has axial deformation only.
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Another problem arises from the fact that all truss members do not have the same orientation
IS that when it comes to assemble the global stiffness , we need to have the element degrees
of freedom (nodal displacements) given in terms of the common reference axes of the truss.

>\ _ »

Truss element oriented at an arbitrary angle: a) Nodal displacement, b) Nodal forces

Figure shows two sets of nodal displacements; the first set (u, v) is given in terms of the local
set of axis (x,y) associated with the element, while the second set of displacements (U,V) is
associated with the global set of axis (X,Y).

The element stifness matrix is expressed in the terms of the local displacements u and v. In
order to assemble with the stiffness matrices of the other elements to form the global
stiffness matrix of the whole system, it should be transformed such that it is expressed in

terms of the global displacement U and V.
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If we consider node 1, it can be seen that the displacements U, and V; can be written in
terms of u, and v, as

U, = u,cosf — vysinb

Vi =uysinf + v{cos0

In a similar fashion, U, and V, can be expressed in terms of u, and v, as
U, =u,cosf —v,sinf

V, =u,sinf + v,cos0

From the above equations

ot " e ™
Y " "

cos O
sin ©
U
U

—sin O
cos 0
()

()

()
()
COS [)

sin O

()
()
—sin
cos O

Or In a more compact form as
{ae} — [C]{de}

The matrix[C]is called transformation matrix. It is an orthogonal matrix with determinant

equal to one. Its inverse is simply equal to its transpose:
q Ply €q P - = (T
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The vector of the global nodal forces {f.} = {Fu. F y1: Fro, Fi2 )7 may be also obtained from the vector
of local nodal forces {f,} = {f;.f1.fafiz) as

(e} = [C1{fe}
In the local coordinate system, the force—displacement relation 1s given as
[K:]Hd.} = {f}
Using {d.} = [C]"{d.} and {f.} = [C]"{f.}. and substitutin yields
[KAICT {d.} = [CT'{f:)
Premultiplying both sides by [C] vields
[CIKICT {d:) = ()
which can be rewritten as
[Kd} = ()
with
[K.] = [CIIK.]ICT

The matrix [K,] is called the element stiffness matrix in the global coordinate system: it relates the
global nodal displacements to the global nodal forces.
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Global stiffness matrix assembly

To illustrate how element’s stifiness matrices are put together to form the
global stiffness matrix, we proceed with a very simple example. First, we number
all elements and the nodes as well as identifying the nodal degrees of freedom.

Material Properties:
elastic modulus(E)=200 Gpa
cross-sectional area(A)= 2300 mm?

4 m | I

Model of a truss structure
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Elements’ stiffness matrix in local coordinates

The stifness matrix for element 1 in its local coordinate:

K1l =

115000
0
—115000
0

0
0
0
0

—115000
0
115000
0

T
0
0
O_

The stifness matrix for element 2 in its local coordinate:

KoL =

—76666.67

- 76666.67

0

0

0
0
0
0

—76666.67
0
76666.67
0

;
0
0
O_

The stifness matrix for element 3 in its local coordinate:

K3 =

. 63791.43

0

—63791.43

0

0
0
0
0

—63791.43
0
63791.43
0

;
0
0
O_
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Elements’ stiffness matrices in Global coordinates

In order to assemble elements’ stiffiness matrices, they need to be transform
from their local coorinate systems (x, y) to the global coordinate system (X,Y").

For element 1 the transformation matrix [C7] is given as

cos(0) —sin(0) 0 0 1 0 0 O

0] = sin(0)  cos(0) 0 0 0 1 0 0
! 0 0 cos(0) —sin(0) 0 0 1 0
0 0 sin(0)  cos(0) 0 0 0 1]

The stifilness matrix of elemnt 1 in the global coordinates system remains

unchanged, so

" 115000 0 —115000 O
0 0 0 0
_ T _
FKile = CUIELICT =1 415000 115000 0 0
0 0 0 0
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For element 2 the transformation matrix [C5] and the stifness matrix in the
global coordinate |[Ks|a are

0 —1 0 O 0 0 0 0
I 0 0 O 76666.67 0 —76666.67 O
0 0 1 0 —76666.67 0 76666.67 0

For element 3 the transformation matrix [C3] and the stifness matrix in the
global coordinate |K3|g are

0.554699 —0.832051 0 0 |
4] = 0,832051  0.554699 0 0
0 0 0.554699 —0.832051
0 0 0,832051  0.554699
19628 29442  —19628 —29442]
20442 44163 —29442 —44163
Kslg =

—19628 —29442 19628 29442
| —29442  —44163 29442 44163
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Global matrix assebly

The above mentioned truss has six degrees of freedom {Uy, V1,U3, V4, Uz, V3},
that is two degrees of freedom per node. So, the stiffness matrix must therefore
have six lines and six columns each corresponding to a degree of freedom:

Ul vl Ul VZ U3 v.’~
ulo o o o 0 o0
v, 1o o 0 0 0 0
U, | 0 0o 0 0 0 0
Vv, | O 0 0 0 0 0

.l 0o 0o 0 0 0 0
V.10 0o 0 0 0 0

To populate the global stifflness matrix, imagine three hypothesis states:
1)Only element 1 is present
2)Only element 2 is present
3)Only element 3 is present
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For element 1

For element 2

For element 3

K] =

K] =

U,
115000

S O O O O O
S O O O O

U,
19628
20442

0
0
~19628

—29442

Vi U,
— 115000

0
0
0 115000
0
0
0
0 0

0
0
0  76666.67
0
0

v, U,
29442
44163
0
0
—29442
—44163

2 = @ B2 & 2B

V

o @ 8 @ 8 @

v
0

= @ &= & B

0
0
0
0
0
0

U, V;

S O O O O
- . 8 e

£
N
0
0
~76666.67
0
76666.67
Us Vi
19628 —29442 |
—20442  —44163
0 0
0 0
19628 29442
20442 44163

Concept of Finite Element Analysis

19




By direct addition of the preceding matrices, the global structure stiffness

matrix 1s obtained as

U V U, Vs
U, [ 115000+ 19628 29442 —115000 0
V, 20442 44163 0 0
i< B — 115000 0 115000 0
Vy 0 0 0 76666.67
U, 19628 20442 0 0
vi L —29442 _44163 0 —76666.67
N
K| = Z k.
e=1

—76666.67
29442
44163 4+ 76666.67 _

Concept of Finite Element Analysis
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Global force vector assembly

Figure shows a free body diagram where all the external forces acting on the
truss are presented.

AY 3
|
|
|
I
4 Ra:l \ :
Ryl :
0 |
VR, :
12000 |
\ 0 / Ry, :

1

4 m
Ry, Ry,

Free body diagram of the truss
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Boundary conditions

Once the global stiffnes matrix and global force vector are assembeld, the
equilibrium equations of the truss are written as

134628 29442 —115000 0 —19628  —29442 | (U, Ry,

29442 44163 0 0 —20442  —44163 V, Ry

— 115000 0 115000 0 0 0 . R8O 0

0 0 0 76666.67 0 —76666.67 V, Ry,
—19628 —29442 0 0 19628 20442 U, 12000

—29442  —44163 0 —76666.67 29442  120829.67 3 0

or in compact form as

[K]{o} = {F}]

The system of equation can not be solved in a unique fashion since the
stiffness matrix is singular.
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To solve the system of equations, it is neccessary to partition the matrix [K]
according to known and unknown quantities. The vector of displacements {d}

can be partitioned into known and unknown quantities.

U, =0]
V, =
'V'::U

U,
U

Vs

Similarly, the right-hand-side vector of global forces can be partitioned ac-

coordingly:
Ry

R]I"I
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Note that unknown displacements corresponds to know forces correspond

and known displacements correspond to unknown forces. Finally, the matrix
K| is partitioned as:

134628 29442 0 115000 19628  —29442 | (/, =0 [ Ry,
29442 44163 0 5 0 —29442  —44163 Vi=0 | Ry
0 0 76666.67 0 0 —76666.67 V=0 | Ry
- - - - . % : — ¢ .
—115000 0 0 115000 0 0 Uy 0
—19628 —29442 0 : 0 19628 29442 Us 12000
| 20442 —44163 —76666.67 0 20442 120829.67. Vs | 0
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As a result of the position of V; being interchanged with that of U in the vector {0}. column 3 and

line 3 have also been respectively interchanged with column 4 and line 4 in the matrix [K]. Finally,
the partitioned system of equations can be rewritten in a compact form as

[Kppl

| [ Krpl

where

The subscripts P and F refer respectively to the prescribed and free degrees of freedom
[(6p}7 = {0. 0. 0.} the vector of the known prescribed displacements

(0p}' = {U, U; V3} the vector of the unknown free displacements
[Fp}! = {Ry, Ry, Ry} the vector of the unknown reaction forces corresponding to the prescribed

displacements

[Fr} = {0 12000 0} the vector of the known applied external forces

[Kpr]

[Kir)_

{0p) {Fp)

{Or} {Fr}

Concept of Finite Element Analysis
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Solution of the system of equations

Equation can be expanded to yield

[Kpp] {0p} + [Kpr] {0} = {Fp)

[Kep] {00} + [Kier] {08} = {FF)

Since {dp} and {Fr} are known quantities, it is then possible to obtain the vector {d,}as

(8¢} = [Kpe] ™' {{Fr} — [Kppl {Op})
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However, since {8,)" = [0. 0. 0.},
(87} = [Kpel™' {Fp)

which is simply equivalent to eliminating the lines and the columns corresponding to the restrained
degrees of freedom in the global matrix: that is,

U, 115000 0 0 0
U =1 0 19628 20442 12000
Vi 0 29442 120829.67 |

Solving the system of equations yields

U, 0
[0p} = {Us 3 = ¢ 09635 } mm
Vs —0.2348

In summary, the vector of global displacements can be obtained as

Ul — D.
Vi=0.
UI — D.
&l =
{ } .II-"'?Z — {}.
U; = 0.9635
Vi = —0.2348
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Support reaction

Once {d;} is known, it is possible to obtain the vector of the unknown reaction forces
[Fp}' = [Ry, Ry, Ry,). Since {8, = [0. 0. 0.}, the vector {F} is obtained as

{Fpr} =

That 1s,
Ry 115000 —19628
Ry, } = 0 —20442
Ry, i 0 0

—20442 ]

—44163

—T76666.67

[Kpr]{0F)

—12
0. 9635 —]8 kN
—0.2348

The obtained values for the support reactions can be easily checked using the equilibrium equa-
tions of a rigid body. Considering the free body diagram of the truss as shown in the above . and

taking moments with respect to node 1 yields

2n=Rypx4—-12x6=0=— Ry, = 18kN

Considering vertical equilibrium yields

E}r — H}’j —|—R}r| =0 — RH = —18 kN

Considering horizontal equilibrium yields

Ex: 12—|—Rx| :'I]:""RI[ = —12 kN

Concept of Finite Element Analysis
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Member’s Force

Once all the displacements are known, the member forces can be easily obtained. For example, ele-
ment 3 has the following vector of global displacements, {d¢}, extracted from the global displacements
vector {0}

U| — 'D
T Vl — 0
s} = Us; = 0.9635
V3 = —0.2348

-

The vector of displacements in local coordinates {d5} is obtained using the inverse transformation
[dy} = [C5]7{ds); that is,

- 0.554699  0.832051 0 0 0 0
I —0.832051 0.554699 0 0 0 B 0
ds} = 0 0 0.554699  0.832051 09635 | | 0.3391
i 0 0 —0.832051 0.554699 | | —0.2348 —0.9319

Multiplying the local stiffness matrix of element 3, [K3],. by the local displacement vector {ds}
yields the local vector of forces {f3}; that is,

C 6379143 0 —6379143 0] [ 0O —21.631
0 0 0 0 0 0
BF=1 6379143 0 6379143 0] 03391 [~ ) 21.631 [ D
0 0 0 0] |-0.9319 0
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Member’s Force

The forces on the bar element are represented graphically in the above . It can be seen that the
member 1s under a tensile force of 21.631 kN. This result can be checked using the method of joints.

Free body diacram of element 3
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Equilibrium of node 3.

Consider the free body diagram of node (joint) 3. The equilibrium of the
joint in the x direction requires

2y =12 —F; xsin(33.69) =0 = F; = 21.633 kN

This confirms the obtained result with the finite element method.
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Homework

1- Consider a system of rigid body connected by springs as shown in Figure.
The bodies move only in the horizontal direction. The mass effecs will be
ignored. The objective is to determine the stiffness matrix.

i
L
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Homework

2- Use FEM to determine the axial force P in each portion, AB and BC of
the uniaxial bar shown in Figure. What are the support reactions? Young’s
modulus is £ = 100 GGPa; areas of cross-sections of the two portions AB and

BC are 1 x 107% m? and 2 x 10~* m?, repectively. The force F=10000N is
applied at the cross-section at B.

R
l‘ )
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Analysis of a simple truss with Abaqus

3@2m

l? kN
4] 4 8 6 12 5

—_

2m

10 kN
4@2m
Horizontal members Diagonal members
E=30x 10° kN/m? E=30x 10° kN/m’
A =0.045 m? A=0.02m’
Model of Problem
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Modeling

Click Start., All Programs and locate
Abaqus as shown in Figure 1

Bl Abaqus 6.13 Student Edition

B Abaqus6.13-4
Abaqus CAE
Abagus Command
Abaqus Documentation
Abaqus Licensing
Abaqus Venfication

Abaqus Viewer

FIGURE 1 Starting Abaqus

Concept of Finite Element Analysis
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Double click on Abaqus CAE
to reveal the main user inter-
face. Click on Create Model
Database to start a new anal-
ysis. On the main menu, click
on File and Set Work Direc-
tory to choose your working
directory. Click on Save As
and name the file Truss.cae

S Start Session

Create Model Database

|38 With Standard/Explicit Model

»3 With CFD Model

With Electromagnetic Model

Kj Open Database fg}, Run Script

W Stert Tutorial

2
2SS simuLiAa

Abaqus/CAE
6.13

The Abaqus Software iz a product of Dazsault Systémes Simulia Corp., Providence, RI, USA.
, the 3OS logo, SIMULLS, and CATIA are trademarks or registered trademarks of Dazsault
Syztemes or itz zubzidiarics in the US andlor other countricz,

O Dazzault Systémes, 2013

Thiz product includesz software that iz Copyright (C) 1334 - 2006 by Jeroen van der Zijp.
For additional information concerning trademarks, copyrightz, and licenses, zee the Legal Notices in
the Inztallation and Licenzing Guide for thiz product,

FIGURE 2

Abaqus CAE main user interface
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S Abaqus/CAE 6.13-4 - Model Database: C\Users\Tohid\Desktop'

- . . . [E] File Model Viewport View Part Shape Feature
On the left-hand-side menu. click on aE i

Part to begin creating the model inl= EH{* Ft ¢ L QBT E

Model Results Module:l: Part v M
8 Modv| 5 E By @ j‘lS’ E
=148 Models (1) ) f:

= Model-1

Yparts Z
I’ Materials D |

&} Calibrations

52 Sections ;1_’ «_IJ'LJ
# Profiles s 1 i
+ ﬁ Assembly =
+ola Steps (1) -4

| v ]
w72 Field Output A
Bst History Outpt :%‘ Lﬁg‘

5 Time Points ovns
m ALE Adaptive v -4\,

ﬁ Interactions -"‘;’) ¢
§ Interaction Pt .

f{ Contact Cont 0‘{}‘ @
FIGURE 3 Creating a part.
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The creating part window shown in
Figure3  appears on the screen. Name
the part Truss_part, and check 2D Pla-
nar as this i1s a planar truss, check
on Deformable in the type. Choose
Wire as the base feature. Enter an
approximate size of 10 m and click on
Continue. WARNING: There are no

predefined system of units within

Abaqus, so the user is responsible for

ensuring that the correct units are
specified.

FIGURE3

el aaa !

# Create Part A

Name: Truss_part

Modeling Space
(03D @ 2D Planar (O Axisyrmmetric

Type Options
(@ Deformable
(O Discrete rigid
R None available
O Analytical rigid
Eulerian

Base Feature

O Shell
(@ Wire
() Point

Approximate size: | 10

Cancel

| Continue..,

Concept of Finite Element Analysis
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Choosing the geometry of the part.




Click on Auto-fit View to fi

It the

view of the sketcher to the screen.

You can also place the cursor on

the center of the sketcher and zoom
in and out using the middle mouse

View Edit Add

X i

Mod
4
@;
r)
—

£

]|

¢ A

Tools  Plug-ins Help K?

JNEE AL A

ule: ‘: Part

Py
-:'.':

~—u
./

oS

A
FIGURE 4

Auto-Fit - Model-1 »~  Part: |2

Wiewy

Fitting the sketcher to the screen.
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In the sketcher menu.
the Create-Lines Con
button begin
the geometry

(O d

of

r

the

choose
nected
rawing
(russ

Wiewy

T C -

Edit

Maodule: ‘: Part

Add Tools Plug-ins
<N EA
d Mudel:[

Create Lines:
Connected

J H?b

FIGURES
button.

Drawing using the connected line

Concept of Finite Element Analysis
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Begin drawing the truss. The
coordinates of the cursor are
given in the top-left corner.
You could also enter them
using the Pick a point or
enter X-Y coordinates in the
box situated 1n the bottom-left
corner. Once finished, click
on Done in the bottom-left
corner to exit the sketcher

Module: I: Part v Model: |: Model-1  ~  Part | Trussipart v

FIGURE & Drawing the truss geometry.
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Next, under the model tree,
click on Materials to create
a material for the truss. Since
all the members of the truss
are made of the same mate-
rial, we will only define one
material, which we will name
Truss material. Then click
on Mechanical, then Elastic-

it}r, Ell’"ld ElﬂStiC Model Results Material L MudUIE’EPmPEW
MDdN : (1 §h ."Q".

ﬂ Models (1)
= Model-1
-1l Parts (1)

4 Trussipart
e M
&% Calibrations
ﬁ- Sections
ﬁ' Profiles

ik -ﬁ Assermnbly
+ ol Steps (1)

= Field Qutput Rec
Ef-} History Output F
[ Time Points

Be ALE Adaptive Me
ﬁ Interactions

. Interaction Prop
il Contact Contral:

FIGURE7 Material definition

W Mudel:FMudEH s Part:lETruss?part e

"[ 2= Edit Material

j . Mame: TrussTmaterial

E’l Description:

& Material Behaviors
nlnl

[j General | Mechanical Thermal Electrical/Magnetic ‘chl!l’
_‘]' l_]lT_J Elasticity > Elastic
Plasticity L Hyperelastic
z ' Damage for Ductile Metals > Hyperfoam
+ f Z Darage for Traction Separation Lavs > Low Density Foam
| 4

Damage for Fiber-Reinforced Composites

Hypaoelastic
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Enter 30.e6kN/m* for the elas-

tic modulus, and 0.3 for Poisson’s

ratio even though it 1s not applica-
b[E fD[' a fruss Database: Chllsers\TohidyDesktopyab FIGURES Material pn}parties.
View M '

+ C |

= Edit Material X

MName: ‘Truss_maten'al

Module: |

g~ g Material Behaviors
'z

Description:

%
e

L_E

bs, Q‘l General Mechanical Thermal  Electrical/Magnetic ~ Other v
& Elastic

N7 Type: Isotropic v v Suboptions
J [] Use temperature-dependent data

Number of field variables: 0

&, 3ty

g [_] No compression
+ / [ ] No tension

Moduli time scale (for viscoelasticity): | Long-term EI




The longitudinal members of
the truss have a cross area of
0.045 m? and the diagonal
members have a cross area
of 0.02 m*. To input this
data, we need to define two
sectlons

Under the Model tree, click
on Sections and the Create
Section window appears.
Name the section Longi-
tudinal. In the Category
check Beam, and in the
Type, choose Truss. Click on
Continue.

Model  Results Material L Mﬂdulﬁ‘: Property
Mn:udrv .

ﬁ Maodels (1)
= Model-1

- [ Parts (1)
4 Truss part

o
+ |/

&

+ ol

Materials (1)
Calibrations

Steps (1) Category
Field Output Red (7 Sglid

History Output K O Shel
Time Points

ALE Adaptive M{ © Beam

1};. Create Section

Mame: Longitudinal

Interactions

Interaction Propl () Other
ontact Control

Contact Initializﬂ Continue..,
Cantact Shahiliza

~  Model: |V

Cancel

FIGURE®9 Create section window.
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Next the Edit Section win-
dow appears. Scroll through
Material and choose the
already  created material
Truss_material to assign
it to the section. In Cross

sectional area enter 0.045 m?
and click OK

Follow exactly the same
procedure to create another
section named Diagonal and

enter 0.02 m? for the cross
area.

Model Results

& Modiv

ﬁ Models (1)
=l Model-1

- [y Parts (1)

+ Truss part

i} .
+ |#¢ Materials

&% Calibrations

i Sections

~  Model: E

Material | Module: ‘: Property

()

3 profiles

+ ﬁ Assernbly
¥ ofh Steps (1)

== Field Out
History C

1

E:

Time Poi
e ALE Adag
E Interactic

E Interactic

ﬂ]{ Lo ntact1

14 Caontact Initializa

FIGURE10

o Edit Section

Mame: Longitudinal

Type: Truss

Material:  Truss_matenal g .

Cross-sectional area: D.ﬂﬂfI

Ternperature variation: Constant through thickness

Ok
e

Edit material window.

Cancel
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Next we assign the defined
sections to the corresponding
members. Expand the menu
under Truss_part and click
on Section assignment. The
message Select the regions
to be assigned a section

should appear on the bottom-
left corner of the main win-

dow

Model Results

Model Database M B

Maodels (1)
Model-1
Sy Parts (1)

= Truss _part
# & Features (1)

i’_T Sets

N Surfaces
® Skins
[:1 Stringers

section Assignments
e Orientations
BL Composite Layups

+ 83 Engineering Features

s Mesh (Emphy)

# [ Materials (1)
FIGURE11

Material Library

Section assignment.
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Keep the Shift key down, and
with the mouse select the

horizontal members. Once

a member 1s selected 1t
changes color. Click on done

in the bottom-left corner
next to the message Sel-
ect the regions to be ass-
igned a section. The Edit
Section Assignment win-
dow appears

Model Results Material Library

E Model Database %

Madels (1)
Model-1
= [l Parts (1)

= Truss_part
& Features (1)

@ Sets (1)
Ny Surfaces
® Skins
() Stringers

el Section Assignments (1)

Module: |3 Property

¢ pm
=
ZL
i, 2
b g‘iﬂl
i 62
g

Fw Orientations
B Composite Layups
+ @3 Engineering Features
Bo Mesh Empty)
+ [P Materials (1)
;‘5_} Calibrations
* fg Sections (2)

FIGURE 12

< Edit Section Assignment

Region
Region: Set-2

Section

Section: Longitudinal

Edit section assignment.

Wl
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In the next step, we will
define the elements. Expand
the menu under Truss_part
and click on Mesh(empty)
to load the meshing menu

Model  Results  Material Library Mﬂdulﬂi|: Property o

%MDdEI Database o R y .1:]‘.

Models (1) A
Model-1
=y Parts (1)
= Truss_part
# & Features (1)
@y Sets (2)
N Surfaces
® Skins
ﬂ Stringers
[+ ﬂ section Assignrments (2)

tw Orientations

B Compaosite Layups
+ 83 Engineering Features
o
+ |72 Materials (1)
E} Calibrations
+ 52 Sections (2)

FIGURE13 Loading the Jﬁeshing menu.
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On the main menu, click on
Mesh and then on Element
Type, and with the mouse
select the whole truss. Click
on Done in the bottom-left
corner of the main window

= File Model Wiewport View Seed Mesh Adaptivity Feature Tools Plug-ins Help K?

DEEmE &+ «LEINLEA Edges VR R e s (§

Model  Results Module: |: Mesh v Model: ‘: Model-1 M Object: O Assembly
E Model Database d :Qﬂ' ].—::1, [.J‘
Models (1) A i B
Model-1 "
=l Parts (1)
=l Truss_part
& & Features (1)
 fy Sets (2)
& Surfaces
® Skins
ﬂ Stringers e
# & Section Assignments (2) -l
fw Orientations j
B Composite Layups i
+ 82 Engineering Features R, 2=,
; O,
® P2 Materials (1) :
&} Calibrations [I:-z] ./1:\
+ & Sections (2) }4»":‘ : ‘
FIGURE14 Selecting regions to be assigned element type.
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The element type dialog box
appears. In Element Library
click on Standard. In Ele-
ment family scroll down and
choose Truss. In Geomet-
ric order, choose Linear.
The message T2D2: A 2:
node linear 2-D truss should

appear in the dlaloo box FIGURE 15 Selecting element type.

criwwee  Viewport  View Seed Mesh Adaptivity Feature Tools Plug-ins Help K?
i st H : [ -
DS EmE g e LB EA LM e oo @00 @80
# Element Type =
Model  Results
Elernent Library Family
&5 Model Database v o . : :
@) Standard O Explicit | Piezoelectric A
hModels (1) Pipe
M Geametric Order Therrmal Electric
El P 1 e
: s Parts (1) @ Linear (O Quadratic
5 = Truss part
: L'T:| & Features (1) :
iy Sets (2) Line
W Surfaces [ ] Hybrid formulation
- ® Skins
a Stringers Element Controls

& & Section Assignm Scaling factors: Linear bulk viscosity: 1
B Orientations

~B& Composite Layug
Elﬁ Englneerlng Feat
- i ity

i lesh |

EllZi Materials (1)
~ &} Calibrations

EI S Sections (2)




On the main menu click
on Seed, then on Edge by
number, and select the
whole truss. Enter 1 in the
bottom-left corner of the main
window, and press Enter.
The seeding on the truss
should look like Figure

On the main menu, click
on Mesh again, and then on
Part to mesh the truss. Once
meshed, the truss changes
color to blue.

= Eile Model Viewport Wiew Seed Mesh  Adaptivity

Feature Tools Plug-ins Help NK?

DEFEmE & b« LN EBA: R v Cliesai B
Model Results Madule: |: Mesh v~ Model: |2 Model-1  ~  Object: O Assembly |
g Model Database M :':1'" E.:I [...l
Models (1) A % %
Model-1 )
= [y Parts (1) 1Bl ﬁil
=l Truss_part E %
# & Features (1)
oy Sets (2) @
Ny Surfaces B B
® Skins 4,
[ Stringers -
£3] ﬁ_l.’* section Assignments (2) T" i
Fe Orientations j
B Composite Layups 2B
i+ 83 Engineering Features R, g
& (180 flo By
+ [P Materials (1) .
Eir Calibrations (Xe3 ,1:\‘
+ 52 Sections () ta ¥
FIGURE 16 Mesh.
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Expand the menu under
Assembly and double click on

instances.
The create instance dia-
] Model  Results Module: |5 Assembly v Modelzw

log box appears. In this e ———

N gModg =» Create Instance X
case, we have only one part: | o ™

1 . *l | Create instances from:

Truss_part. Select it and | & “efa O

click OK Bl

[+ 4

" Instance Type
5

A meshed part has been selected, so
the instance type will be Dependent,

{ Note: To change a Dependent instance's
L mesh, you must edit its part's mesh,

[ ] Auto-offset from other instances

FIGURE 17 Creating instances.
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Expand the menu under Steps
and Imitial, click on BC to
introduce the boundary con-
ditions

The Create Boundary
Condition dialog box appears. FIGURE 18
Name the boundary con- SMeddbatsbae - ¢
dition Pinned_support. v
Choose Symmetry/Antisym- g cuimion:
metry/Encastré and click on "% ;o ®
Continue g ety
Truss_part-1

i Position Constraints
# & Features (1)
i Sets (2)
N Surfaces
E Connector Assignments
Elqg Engineering Features
=l ol Steps (1)
ﬂ Interactions
L
[l Predefined Fields
B= Field Output Requests

E History Output Requests
|"H‘: Tirne Prints

Type of boundary conditions.

b, ."Q'. B

MName: Pinned_suppnr{

step: | Initial

Category
(® Mechanical

() Electrical/Magnetic
() Other

Continue...

# Create Boundary Condition

e

Types for Selected Step

Symmetry/Antisymmetry/Encastre

Displacerment/Rotation
Yelocity/Angular velocity
Acceleration/Angular acceleration
Connector displacement
Connector velocity

Connector acceleration

Cancel
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Select the left-side support
and click on Done

Module:

> Load v Model: |, Model-1 ™ Step:m

FIGURE 19 Selecting a region to be assigned boundary
conditions.
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The Edit Boundary Condition dia-
log box appears. Select PINNED(U1 =
U2 = U3 = 0) and click on OK
_ # Profiles |

% Edit Boundary Condition X

Name: Pinned_support

Type:  Symmetry/Antisymmetry/Encastre
Step:  Initial

Region: Set-1

CSYS: (Global) [ A

(O XSYMM (U1 = URZ = UR3 = 0)
O YSYMM (U2 = UR1 = UR3 = 0)
(O ZSYMM (U3 = UR1 = UR2 = 0)
(O XASYMM (U2 = U3 = UR1 = 0; Abaqus/Standard only)
O YASYMM (U1=U3=UR2 =0 Abaqus/Standard only)
() ZASYMM (U1 = U2 = UR3 = 0; Abaqus/Standard only)

.........................................................................

-------------------------------------------------------------------------

(OENCASTRE(U1=U2=U3=UR1=UR2=UR3 =0) out the Edit Boundary

—

OK Cancel

FIGURE 20  Edit boundary condition dialog box for
pinned support.
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Under Steps and Initial, click on BC to
create the boundary conditions for the
roller. In the Create Boundary Con-
dition dialog box, name the boundary
condition Roller_Support. Choose
Symmetry/Antisymmetry/Encastré

& Edit Boundary Condition X

Type:  Symmetry/Antisymmetry/Encastre
& | Step:  Initial

(s
EF.-‘] Mame: Roller_Support
&
4

and click on Continue. Select the right _ Region: Set-Z

support and click on Done. In the Edit -4+—| CS¥S: (Global) [ L
e . R,

Boundary Condition dialog box, select o O XSYMM (U1 = URZ = UR3 = 0)

XASYMM(U2 =U3 =UR1 =0) —| O YSYMM (U2 = UR1 = UR3 = 0)

and click on OK YD | O ZSYMM (U3 = UR1 = UR2 = )

}*j ® XASYMM (U2 = U3 = UR1 = 0 Abaqus/Standard only)
i (O YASYMM (U1 =U3 = URZ2 = 0 Abaqus/Standard only)
(O ZASYMM (U1 = U2 = UR3 = 0; Abaqus/Standard only)
OPINNED (U1=U2=U3=0)

(O ENCASTRE(U1=U2=U3=UR1=UR2=UR3 =0)

QK Cancel
'—
4= > Fill out the Edit Boundary Condition dialog

FIGURE 21 Edit boundary condition dialog box for
roller support.
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In the left-hand-side menu, right click on
Steps to crate another step for applying
the loads. Click on Continue

HAE Assernbly i,

DE.EEM

=] O—

i

itch Context Ctrl+5Space

g Create.

[I Filter... F2
[ SetAs Root
U= Fie Expand All Under
% His Collapse All Under

FIGURE22 Creating a step for load application.
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In the Create Step dialog box, name the step | 2 Create Step %
Apply_Loads, select Static, General, and
click on Continue

Mame: Iﬂ.pply_Lnads

Insert new step after

Procedure type: General H

Dynamic, Temp-disp, Explicit =
Geostatic

? | Heat transfer

Mass diffusion

1| Soils

Static, General
static, Riks v
4 >

concel
FIGURE23 Create step dialog box.




In the Edit step dialog box, |#eatse x

although 1t 1s not necessary, N« feebiod

L . ) Type: Static, General

you can still provide a desScrip- | suic incrementation  Other

'l_'il:l-n SUCh as applylng Jﬂlnt Description:  Applying_loint_Loads
Time period: 1

loads. Leave all the other i

details as they are, and click

O OK Automatic stabilization: Nane 9

Off (This setting contrals the inclusion of nonlinear effects

Nigeom: (O on oflarge displacements and affects subsequent steps.)

[ ] Include adiabatic heating effects

(0] 4 Cancel

FIGURE 24 Edit step dialog box.




In the left-hand-side menu, under Steps
and Apply_Loads, click on Loads as
shown in Figure — ol Steps (2)
= o= Initial
E Interactions
@l BCs @)
[ Predefined Fields
= o Apply Loads
B= Field Qutput Requests
Pet History Output Reques
 Bo ALE Adaptive Mesh Co
E Interactions

- ]J, BCs (2)
[ Predefined Fields
[ Load Cases

FIGURE25 Creating a load.




In the Create load dialog box, name
the load Horizontal 15 kN force. In Step
scroll to Apply_Loads. which means
that the load will be applied in this step.
In Category choose Mechanical, and
in Type choose Concentrated Force.
Click on Continue

# Create Load

Mame: Honzontal_15KN_Force

step:
Procedure: Static, General
Category
(® Mechanical
Thermal
Acoust
Fluid
() Electrical/Magnetic

Mass diffusion

() Other

Apply_Loads d

Types for Selected Step

Concentrated force A
Moment

Pressure

Shell edge load

Surface traction

Pipe pressure

Body force

Line load

Grawvity

Bolt load v

Cancel

FIGURE26

Creating a concentrated load.
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With the mouse, select the top-left joint
as shown 1n Figure 27 , and click on
done 1n the bottom-left corner of the

same window.

In the Edit Load dialog box, enter 15.
for CF1, and click on OK

Repeat the same procedure for
the other joint loads. Since
they are vertical loads point-
ing 1n opposite direction to the
axis y, their magnitude should
be entered in CF2 as nega-
tive. Once finished, the loaded
truss should look like the one
shown 1n Figure.

£ Models (1) Al o
- Model-1 <5 EditLoad X
c ;b Parts (1) MName: Horizontal_15KN_Farce
4+ |#e Materials (1)
& Calibrations Type: Concentrated force
i 5 Sections (2) step:  Apply_Loads (Static, General)
& Profiles Region: Set-3
[+ ﬁ Assembly
o Steps (2 CSYS: (Global) [ L
=1o= Initial Distribution:  Uniform v fix)
'ﬂ Interact
@ [ BCs () CF1: 15,
s Predefir CF2:
=loa Apphy Loag
# B Field O Amplitude:  (Rarmp) U Po
L?J% History | [] Follow nodal rotation
B ALE Ads Mote: Force will be applied per node,
T, Interact
[ oK Cancel
FIGURE 27 Selecting a joint for load application.
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Under Analysis, right click on Jobs and
then click on Create

The Create Job dialog box appears.
Name the job Truss_Problem_1. and
click on Continue

% F Fields Mame: Truss_Problem_1

P’J Ampll Source: Model
+ [ Loads

[ BCs (2

[Ls Predef
Remes
]]I Uptirm
I_Lj Sketch
A Annotations

ii Analysis

By Adaptivity oo ' —

=&

= ii Analysis
- 3 e
Switch Context Ctrl+Space

B Manager..

Filter... F2

FIGURE28 Creating a job.
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The Edit Job dialog box appears. Enter
a description for the job. Check Full
analysis and choose to run the job
in Background and check to start it

immediately. Click OK & it Job

Name: Truss_Problem_1

Model: hModel-1

Analysis product Abaqus/Standard

Description: |Ana]}rsis_uf_a_Tru${

Submission = General Memory Parallelization  Precision
Job Type
(®) Full analysis

Recover (Explicit)

(O Restart

Run Maode

Host name:

@) Background O Queue: S

Type:
Subrit Time
@ Immediately

Wi ait: hrs, rmin,

At Q

FIGURE29 Editing a job. L Cancel
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Expand the tree under Jobs, right click [l Predefined

‘ . swtch Context Ctrl+5pace
on Truss Problem_ 1. Then, click on Remeshing

Submit H Optimizatic f:d't'"
Y Sketches OFY:

A Annotations Rename...
= ii Analysis Delete.., Del
E 15 Jobs (1) Write Input
[f you get the following mes- O (.6, Check

e Jo | ivi Submit
sage Job Truss_Problem_1 Bg Adaptivity F'r'ﬂ

, , B Co-executions ntinue

completed successfully in the _

. . _ < Monitor...
bot‘lum \x:mdmx. then your job Application  Results
1S free of errors and was exe- The job "Tr

o The job "Tr

cuted properly. Now, 1t 1s time (53] Export >
to view the analysis results FIGURE30 Submitting a job.

The job "Truss Problem 1" has been created.

The job input file "Tru=ss Problem_1.inp" has been submitted for analvysis.
53 Job Truss_Problem_1: Analysis Input File Processor completed successfully.

FIGURE 31  Monitoring of a job.

m The job “TmSE_PrD]:-lem_l“ has been created.
| .‘r|
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