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6.1.1 Element library: overview

Abaqus has an extensive element library to provide a powerful set of tools for solving
many different problems.

Characterizing elements

Five aspects of an element characterize its behavior:

e Family

o Degrees of freedom (directly related to the element family)
e Number of nodes

e Formulation

e Integration

Each element in Abaqus has a unique name, such as T2D2, S4R, C3D8lI, or C3D8R.
The element name identifies each of the five aspects of an element.

Family

Figure 26.1.1-1 shows the element families that are used most commonly in a stress
analysis; in addition, continuum (fluid) elements are used in a fluid analysis. One of the
major distinctions between different element families is the geometry type that each
family assumes.

Figure 26.1.1-1 Commonly used element families.

Q—

Continuum Shell Beamn Rigid
(solid and fluid) elemants elemeants glements
elements
: : :I '-I .—[I—" \
Membrana " Infinite Connector elemants Truss
elaments elements such as springs elements

and dashpats

The first letter or letters of an element's name indicate to which family the element
belongs. For example, S4R is a shell element, CINPE4 is an infinite element, and
C3D8l is a continuum element.



http://vahid-pc:2080/texis/search/hilight2.html/+/usb/pt06ch26s01abo24.html?CDB=v6.11#egeneral-families

Degrees of freedom

The degrees of freedom are the fundamental variables calculated during the analysis.
For a stress/displacement simulation the degrees of freedom are the translations and,
for shell, pipe, and beam elements, the rotations at each node. For a heat transfer
simulation the degrees of freedom are the temperatures at each node; for a coupled
thermal-stress analysis temperature degrees of freedom exist in addition to
displacement degrees of freedom at each node. Heat transfer analyses and coupled
thermal-stress analyses therefore require the use of different elements than does a
stress analysis since the degrees of freedom are not the same.

Number of nodes and order of interpolation

Displacements or other degrees of freedom are calculated at the nodes of the element.
At any other point in the element, the displacements are obtained by interpolating from
the nodal displacements. Usually the interpolation order is determined by the number
of nodes used in the element.

Formulation

An element's formulation refers to the mathematical theory used to define the element's
behavior. In the Lagrangian, or material, description of behavior the element deforms
with the material. In the alternative Eulerian, or spatial, description elements are fixed
in space as the material flows through them. Eulerian methods are used commonly in
fluid mechanics simulations. Abaqus/Standard uses Eulerian elements to model
convective heat transfer. Abaqus/Explicit also offers multimaterial Eulerian elements
for use in stress/displacement  analyses. Adaptive meshing in
Abaqus/Explicit combines the features of pure Lagrangian and Eulerian analyses and
allows the motion of the element to be independent of the material. All other
stress/displacement elements in Abaqus are based on the Lagrangian formulation. In
Abaqus/Explicit the Eulerian elements can interact with Lagrangian elements through
general contact

Integration

Abaqus uses numerical techniques to integrate various quantities over the volume of
each element, thus allowing complete generality in material behavior. Using Gaussian
guadrature for most elements, Abaqus evaluates the material response at each
integration point in each element. Some continuum elements in Abaqus can use full or
reduced integration, a choice that can have a significant effect on the accuracy of the
element for a given problem.

Y



26.1.2 Choosing the element's dimensionality

Two-dimensional elements

Abaqus provides several different types of two-dimensional elements. For structural
applications these include plane stress elements and plane strain elements.
Abaqus/Standard also provides generalized plane strain elements for structural
applications.

Plane stress elements

Plane stress elements can be used when the thickness of a body or domain is small
relative to its lateral (in-plane) dimensions. The stresses are functions of planar
coordinates alone, and the out-of-plane normal and shear stresses are equal to zero.

Plane stress elements must be defined in the X-Y plane, and all loading and
deformation are also restricted to this plane. This modeling method generally applies
to thin, flat bodies. For anisotropic materials the Z-axis must be a principal material
direction.

Plane strain elements

Plane strain elements can be used when it can be assumed that the strains in a loaded
body or domain are functions of planar coordinates alone and the out-of-plane normal
and shear strains are equal to zero.

Plane strain elements must be defined in the X-Y plane, and all loading and
deformation are also restricted to this plane. This modeling method is generally used
for bodies that are very thick relative to their lateral dimensions, such as shafts,
concrete dams, or walls. Plane strain theory might also apply to a typical slice of an
underground tunnel that lies along the Z-axis. For anisotropic materials the Z-axis must
be a principal material direction.

Since plane strain theory assumes zero strain in the thickness direction, isotropic
thermal expansion may cause large stresses in the thickness direction.

Yy
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27.1.3 Two-dimensional solid element library

Element types

Plane strain elements

CPE3
CPE3H®
CPE4®)
CPE4H(®)
CPE6®)
CPE6M
CPES®

CPESR®)

3-node linear

3-node linear, hybrid with constant pressure

4-node bhilinear

4-node bilinear, hybrid with constant pressure

6-node quadratic
6-node modified, with hourglass control
8-node biquadratic

8-node biquadratic, reduced integration

Active degrees of freedom

1,2

Plane stress elements

CPS3
CPS4®)

CPS4R

CPS6()
CPS6M

CPS8()

3-node linear
4-node bhilinear

4-node bilinear, reduced integration with
hourglass control

6-node quadratic
6-node modified, with hourglass control

8-node biquadratic

Active degrees of freedom

1,2
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Probe values reported at nodes

DIPlpP 0 Glos g 95

Part Instance Node ID Orig. Coords Def. Coords

X Y Z X Y Z
PLATE2HOLE-1 3 200. 120. 0.0 200. 120. 0.0
PLATE2HOLE-1 60 200. 115. 0.0 200. 115. 0.0
Part Instance Node ID Attached elements NFORC1=U
PLATE2HOLE-1 3 62 -2.E+03 =2452.50 N = U3
PLATE2HOLE-1 60 62 -1.E+03 =1226.25 N = Ugg
PLATE2HOLE-1 60 413 -1.E+03
PLATE2HOLE-1 60 414 -1.E+03
PLATE2HOLE-1 60 671 -1.E+03
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Probe values reported at nodes

Part Instance Node ID Orig. Coords Def. Coords

X Y Z X Y Z
PLATE2HOLE-1 3 200. 120. 0.0 200. 120. 0.0
PLATE2HOLE-1 60 200. 115. 0.0 200. 115. 0.0
Part Instance Node ID Attached elements NFORC2=V
PLATE2HOLE-1 3 62 60.E-12=0=V3
PLATE2HOLE-1 60 62 931.E-12=~0= Vo
PLATE2HOLE-1 60 413 931.E-12
PLATE2HOLE-1 60 414 931.E-12
PLATE2HOLE-1 60 671 931.E-12
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ELEMENT MATRIX OUTPUT:

Write element stiffness matrices and mass matrices to a file.

This option is used to write element stiffness matrices and, if available, mass matrices to the
results file, a user-defined file, or the data file.

Product: Abaqus/Standard
Type: History data
Level: Step

Reference:
Required parameter:

ELSET

Set this parameter equal to the name of the element set for which this output request is being
made.

A



Optional parameters:

DLOAD

Set DLOAD=YES to write the load vector from distributed loads on the element. The default
is DLOAD=NO.

FILE NAME

This parameter can be used only with the parameter OUTPUT FILE=USER DEFINED. It is
used to specify the name of the file (without extension) to which the data will be written. The
extension mtx will be added to the file name provided by the

If this parameter is not included when OUTPUT FILE=USER DEFINED is specified, the
output will be written to the data file.

FREQUENCY

Set this parameter equal to the output frequency, in increments. The output will always be
written at the last increment of each step unless FREQUENCY=0. The default is
FREQUENCY=1. Set FREQUENCY=0 to suppress the output.

MASS

Set MASS=YES to write the mass matrix. The default is MASS=NO.

OUTPUT FILE

Set OUTPUT FILE=RESULTS FILE (default) for the data to be written to the regular results
file

Set OUTPUT FILE=USER DEFINED for the results to be written to a user-specified file in
the format of the *USER ELEMENT, LINEAR option.

The name of the file is specified using the FILE NAME parameter.
STIFFNESS

Set STIFFNESS=YES to write the stiffness matrix (or the operator matrix for heat
transferelements). The default is STIFFNESS=NO.
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2.2.1 Element definition

Overview

This section describes the methods for defining elements in an Abaqus input file. In a
preprocessor such as Abaqus/CAE, you define the model geometry rather than the nodes and
elements; when you mesh the geometry, the preprocessor automatically creates the nodes and
elements needed for analysis. Although the concepts discussed in this section apply in general
to the element definitions in the input file that is created by Abaqus/CAE, the methods and
techniques described here apply only if you are creating the input file manually.

Element definition consists of:

e assigning an element number to the element;

« defining individual elements by specifying their nodes;

e grouping elements into element sets; and

o creating elements from existing elements by generating them incrementally or by
copying existing elements.

If any element is specified more than once, the last specification given is used.
Assigning an element number to the element
Each individual element must have a numeric label called the element number, which is
assigned when the element is defined. The element number must be a positive integer, and the

maximum element number allowed is 999999999. The elements do not need to be numbered
continuously.
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An Abaqus model can be defined in terms of an assembly of part instances . In such a model
almost all elements must belong to a part or part instance. The only exceptions are mass, rotary
inertia, capacitance, connector, spring, and dashpot elements, which can belong to a part or to
the assembly. Element numbers must be unique within a part, part instance, or the assembly;
but they can be repeated in different parts or part instances.

Assigning previously defined elements to an element set

You can assign elements that you have defined previously (by specifying their nodes, by
generating them incrementally, or by copying existing elements) to an element set by listing the
elements forming the set directly or by generating the element set.

Listing the elements that form the set directly

You can list the elements that form the element set directly. Previously defined element sets, as
well as individual elements, can be assigned to element sets.

Input File Usage: *ELSET, ELSET=pname

For example, the following lines add elements 3, 13, and 20 to set LEFT:

*ELSET, ELSET=LEFT
20
3, 13

Generating the element set

To generate an element set, you must specify a first element, e1; a last element, e2; and the
increment in element numbers between these elements, i. All elements going from e; to ez in
steps of i will be added to the set. Therefore, i must be an integer such that (ez2- e1 )/i is a whole
number (not a fraction). The default is i=1.

Input File Usage: *ELSET, ELSET=name, GENERATE

For example, the following lines add elements 1, 3, 5, ..., 19, 21 and
elements 39, 49, 59, ..., 129, 139 to set UP:

*ELSET, ELSET=UP, GENERATE
1, 21, 2
39, 139, 10

Defining part and assembly sets

In a model defined in terms of an assembly of part instances, all element sets must be defined
within a part, part instance, or the assembly definition. If an element set is defined within a part
(or part instance), you can refer to the element numbers directly. To define an assembly-level
element set, you must identify the elements to be added to the set by prefixing each element
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number with the part instance name and a “.” An assembly-level element set can have the same
name as a part-level element set.

Example

The following input defines an element set, set1, that belongs to part PartA and will be inherited
by every instance of partAa:

*PART, NAME=PartA

*ELSET, ELSET=setl
1,3,26,500
*END PART
An element set with the same name is defined at the assembly level as follows:

*ASSEMBLY, NAME=Assembly-1
*INSTANCE, NAME=PartA-1, PART=PartA

*END INSTANCE
*INSTANCE, NAME=PartA-2, PART=PartA

*END INSTANCE
*ELSET, ELSET=setl
PartA-1.1, PartA-1.3, PartA-1.26, PartA-1.500
PartA-2.1, PartA-2.3, PartA-2.26, PartA-2.500
*END ASSEMBLY
Assembly-level element set setl contains all the elements from element sets setl belonging to part

instances PartA-1 and PartA-2. Therefore, the elements are assigned to two separate element sets: one at
the part instance level and one at the assembly level. An assembly-level element set called set1 could be
created with entirely different elements than those that belong to the part set; part- and assembly-level
element sets are independent. However, since in this example the same elements are assigned to both
the part- and assembly-level element sets set1, the assembly-level set could alternatively be defined by

*ASSEMBLY, NAME=Assembly-1
*INSTANCE, NAME=PartA-1, PART=PartA

*END INSTANCE
*INSTANCE, NAME=PartA-2, PART=PartA

*END INSTANCE

*ELSET, ELSET=setl

PartA-1l.setl, PartA-2.setl
*END ASSEMBLY

This element set definition is equivalent to the previous example, where the elements are listed
individually.
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Alternate method for defining assembly-level element sets

Sometimes it is not convenient to define an assembly-level element set by referring to part-level
element sets. In such cases a set definition containing many elements can get quite lengthy.
Therefore, an alternate method is provided.

Input File Usage: *ELSET, ELSET=ElsetName, INSTANCE=InstanceName

The following example shows two equivalent ways to define an assembly-
level element set; once by prefixing each element number with a part
instance name (as shown above) and once using the more

compact INSTANCE notation:

*ASSEMBLY, NAME=Assembly-1
*INSTANCE, NAME=PartA-1, PART=PartA

*END INSTANCE
*INSTANCE, NAME=PartA-2, PART=PartA

*END INSTANCE

*ELSET, ELSET=set?2

PartA-1.11, PartA-1.12, PartA-1.13, PartA-
1.14,

PartA-2.21, PartA-2.22, PartA-2.23, PartA-
2.24

*ELSET, ELSET=set3, INSTANCE=PartA-1

11, 12, 13, 14

*ELSET, ELSET=set3, INSTANCE=PartA-2

21, 22, 23, 24
*END ASSEMBLY

When the *ELSET option is used more than once with the same
name, as it is with set3, the elements in the second use

of *ELSET are appended to the set created by the first use

of *ELSET.

2555 3l dng FFSIEP ke idw 53 1) (e Sl (S ses b ELSET oy o 51y
jtgjbﬁfinp@u&u,s,;xéuu:},,'mwuﬂ\Lg(**),:f1,\§&,);w>¢w|pyj *step

5,5 5,05 Edit Keywords o > ;b

¥F


http://vahid-pc:2080/v6.11/books/key/key-link.htm#usb-kws-melset
http://vahid-pc:2080/v6.11/books/key/key-link.htm#usb-kws-melset
http://vahid-pc:2080/v6.11/books/key/key-link.htm#usb-kws-melset
http://vahid-pc:2080/v6.11/books/key/key-link.htm#usb-kws-melset

Gl amio A5 e By il Je Sgdoe | 105y

**STEP

* x

*STEP

etc

etc

*ELEMENT MATRIX OUTPUT, STIFFNESS=YES, ELSET=xxxx, OUTPUT FILE = USER DEFINED

ﬁ'b:)bbﬁ))}:ﬂ:@%}bﬁgﬁof.} *dat Jﬂb)b@bwwi‘;b

*ELEMENT MATRIX OUTPUT, STIFEFNESS=YES, ELSET=xxxx, OUTPUT FILE = USER
DEFINED, FILE NAME=output file name

output_file_name.mtx
il 0l L NOtepad L aSs 5o o sl 5 s 3

File>Set Work Directory

e X X ¥ 3 r ¥ 1 1 1 1 T LN

-
e

** STEP: Step-1

*Step, name=5tep-1

*Static

1.1, 1e-051.

*ELEMENT MATRIX OUTPUT, STIFFMNESS=YES, ELSET=corner, OUTPUT FILE =USER DEFINED
.

** LOADS

™ Name: Load-1 Type: Pressure

*Dsload
_Picked5urf4, P, -480.5

** Mame: Load-2 Type: Pressure

*Dsload
_Picked5urf5, P, -480.5

e

** QUTPUT REQUESTS

*Restart, write, frequency=0
=

** FIELD QUTPUT: F-Output-1

*Qutput, field, variable=PRESELECT

e

** HISTORY OUTPUT: H-Output-1

*Qutput, history, variable=PRESELECT
*End Step il

Block: | Add After ] [ Remove ] [Discard Edits
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ELEMENT MATRIX OUTPUT

ELEMENT MATRIX OUTPUT REQUESTS WILL BE PRINTED FOR ELEMENT SET
ASSEMBLY_CORNER

** ELEMENT NUMBER 62 STEP NUMBER 1 INCREMENT NUMBER 1
** ELEMENT TYPE CPS3
*USER ELEMENT, NODES= 3, LINEAR
** ELEMENT NODES
fol 121, 60, 3
1, 2
*MATRIEX, TYPE=STIFFNESS
23076923.076923
0.0000000000000 , 8076923.0769231
0.0000000000000 , 8076923.0769231 , 8076923.0769231
6923076.9230769 , 0.0000000000000 , 0.0000000000000 , 23076923.076923
-23076923.076923 , -8076923.0769231 , -8076923.0769231 , -6923076.9230769
31153846.153846
-6923076.9230769 , -8076923.0769231 , -8076923.0769231 , -23076923.076923
15000000.000000 , 31153846.153846

THE ANALYSIS HAS BEEN COMPLETED
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ks, 0 0 4
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