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User-defined subroutines for 
constitutive modelling in ABAQUS

David Morin
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Context
ABAQUS is a powerful Finite Element Analysis (FEA) software…

• Good pre/post-processor

• Many element formulations

• Many material models

• Powerful user coding capabilities

(a) (b)

(c)

(d)

Damage variable D

0 1

(e)

Figure 10: Quasi-static axial crushing tests. Comparison of the results obtained from

the experimental tests and the simulation. Figures (a) and (b) provide the force-

displacement and average force-displacement plots, respectively. An image of the

post-mortem components is shown in (c), and figures (d) and (e) contain the sim-

ulation contour plots of the deformation mode indicator ⌦ and the damage variable

D. 17
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User-coding in ABAQUS

Pre-processing Post-processing“Run-time”

There are 3 “big” steps in ABAQUS and all of them offers some kind of user-coding:

Python FORTRAN/C Python
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User-subroutines in ABAQUS
There are many subroutines available in ABAQUS:

ABAQUS/standard ABAQUS/explicit
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ABAQUS/standard and ABAQUS/explicit do not have the same subroutines:

• ABAQUS/explicit uses a vectorised system

• ABAQUS/standard uses a scalar system

subroutine()

end subroutine

One integration point

subroutine()

end subroutine

A block of integration point

User-subroutines in ABAQUS

do i=1,nblock

enddo

ABAQUS/standard ABAQUS/explicit

This lecture covers only some subroutines related to “material modelling”!
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https://github.com/davidmorinNTNU/ABAQUS_subroutines

User-subroutines in ABAQUS

To get started:
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User-subroutines in ABAQUS

To get started:

https://github.com/davidmorinNTNU/ABAQUS_subroutines
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Why should we develop/implement something into ABAQUS?

• Lack of a particular model

• Improvement of an existing model

Things to consider before implementing any model:

• Can you work with an existing model?

• Will someone else use your code?!

User-subroutines in ABAQUS
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USDFLD/VUSDFLD

UHARD/VUHARD

UMAT/VUMAT

UEL/VUEL

ABAQUS

USDFLD

1.1.53 USDFLD: User subroutine to redefine field variables at a material point.

Product: Abaqus/Standard

References

• “Obtaining material point information in an Abaqus/Standard analysis,” Section 2.1.6
• “Material data definition,” Section 21.1.2 of the Abaqus Analysis User’s Guide
• *USER DEFINED FIELD
• “Damage and failure of a laminated composite plate,” Section 1.1.14 of the Abaqus Example
Problems Guide

• “USDFLD,” Section 4.1.24 of the Abaqus Verification Guide
Overview

User subroutine USDFLD:

• allows you to define field variables at a material point as functions of time or of any of the available
material point quantities listed in the Output Variable Identifiers table (“Abaqus/Standard output
variable identifiers,” Section 4.2.1 of the Abaqus Analysis User’s Guide) except the user-defined
output variables UVARM and UVARMn;

• can be used to introduce solution-dependent material properties since such properties can easily be
defined as functions of field variables;

• will be called at all material points of elements for which the material definition includes user-
defined field variables;

• must call utility routine GETVRM to access material point data;
• can use and update state variables; and
• can be used in conjunction with user subroutine UFIELD to prescribe predefined field variables.

Explicit solution dependence

Since this routine provides access to material point quantities only at the start of the increment, the
solution dependence introduced in this way is explicit: the material properties for a given increment are
not influenced by the results obtained during the increment. Hence, the accuracy of the results depends
on the size of the time increment. Therefore, you can control the time increment in this routine by means
of the variable PNEWDT.

Defining field variables

Before user subroutine USDFLD is called, the values of the field variables at the material point are
calculated by interpolation from the values defined at the nodes. Any changes to the field variables
in the user subroutine are local to the material point: the nodal field variables retain the values defined

1.1.53–1

Abaqus ID:
Printed on:

UHARD

1.1.39 UHARD: User subroutine to define the yield surface size and hardening parameters
for isotropic plasticity or combined hardening models.

Product: Abaqus/Standard

References

• “Classical metal plasticity,” Section 23.2.1 of the Abaqus Analysis User’s Guide
• “Models for metals subjected to cyclic loading,” Section 23.2.2 of the Abaqus Analysis User’s
Guide

• *CYCLIC HARDENING
• *PLASTIC

Overview

User subroutine UHARD:

• is called at all material calculation points of elements for which the material definition includes
user-defined isotropic hardening or cyclic hardening for metal plasticity;

• can be used to define a material’s isotropic yield behavior;
• can be used to define the size of the yield surface in a combined hardening model;
• can include material behavior dependent on field variables or state variables; and
• requires, when appropriate, that the values of the derivatives of the yield stress (or yield surface size
in combined hardening models) be defined with respect to the strain, strain rate, and temperature.

User subroutine interface

SUBROUTINE UHARD(SYIELD,HARD,EQPLAS,EQPLASRT,TIME,DTIME,TEMP,
1 DTEMP,NOEL,NPT,LAYER,KSPT,KSTEP,KINC,CMNAME,NSTATV,
2 STATEV,NUMFIELDV,PREDEF,DPRED,NUMPROPS,PROPS)

C
INCLUDE 'ABA_PARAM.INC'

C
CHARACTER*80 CMNAME
DIMENSION HARD(3),STATEV(NSTATV),TIME(*),

$ PREDEF(NUMFIELDV),DPRED(*),PROPS(*)

user coding to define SYIELD,HARD(1),HARD(2),HARD(3)

RETURN
END

1.1.39–1

Abaqus ID:
Printed on:

UMAT

1.1.44 UMAT: User subroutine to define a material’s mechanical behavior.

Product: Abaqus/Standard

WARNING: The use of this subroutine generally requires considerable expertise.
You are cautioned that the implementation of any realistic constitutive model
requires extensive development and testing. Initial testing on a single-element model
with prescribed traction loading is strongly recommended.

References

• “User-defined mechanical material behavior,” Section 26.7.1 of the Abaqus Analysis User’s Guide
• “User-defined thermal material behavior,” Section 26.7.2 of the Abaqus Analysis User’s Guide
• *USER MATERIAL
• “SDVINI,” Section 4.1.11 of the Abaqus Verification Guide
• “UMAT and UHYPER,” Section 4.1.21 of the Abaqus Verification Guide

Overview

User subroutine UMAT:

• can be used to define the mechanical constitutive behavior of a material;
• will be called at all material calculation points of elements for which the material definition includes
a user-defined material behavior;

• can be used with any procedure that includes mechanical behavior;
• can use solution-dependent state variables;
• must update the stresses and solution-dependent state variables to their values at the end of the
increment for which it is called;

• must provide the material Jacobian matrix, , for the mechanical constitutive model;

• can be used in conjunction with user subroutine USDFLD to redefine any field variables before they
are passed in; and

• is described further in “User-defined mechanical material behavior,” Section 26.7.1 of the Abaqus
Analysis User’s Guide.

Storage of stress and strain components

In the stress and strain arrays and in the matrices DDSDDE, DDSDDT, and DRPLDE, direct components
are stored first, followed by shear components. There are NDI direct and NSHR engineering shear
components. The order of the components is defined in “Conventions,” Section 1.2.2 of the Abaqus
Analysis User’s Guide. Since the number of active stress and strain components varies between element
types, the routine must be coded to provide for all element types with which it will be used.

1.1.44–1

Abaqus ID:
Printed on:

UEL

1.1.28 UEL: User subroutine to define an element.

Product: Abaqus/Standard

WARNING: This feature is intended for advanced users only. Its use in all but the
simplest test examples will require considerable coding by the user/developer.
“User-defined elements,” Section 32.17.1 of the Abaqus Analysis User’s Guide,
should be read before proceeding.

References

• “User-defined elements,” Section 32.17.1 of the Abaqus Analysis User’s Guide
• *UEL PROPERTY
• *USER ELEMENT

Overview

User subroutine UEL:

• will be called for each element that is of a general user-defined element type (i.e., not defined by
a linear stiffness or mass matrix read either directly or from results file data) each time element
calculations are required; and

• (or subroutines called by user subroutine UEL) must perform all of the calculations for the element,
appropriate to the current activity in the analysis.

Wave kinematic data

For Abaqus/Aqua applications four utility routines—GETWAVE, GETWAVEVEL, GETWINDVEL, and
GETCURRVEL—are provided to access the fluid kinematic data. These routines are used from within
user subroutine UEL and are discussed in detail in “Obtaining wave kinematic data in an Abaqus/Aqua
analysis,” Section 2.1.13.

User subroutine interface

SUBROUTINE UEL(RHS,AMATRX,SVARS,ENERGY,NDOFEL,NRHS,NSVARS,
1 PROPS,NPROPS,COORDS,MCRD,NNODE,U,DU,V,A,JTYPE,TIME,DTIME,
2 KSTEP,KINC,JELEM,PARAMS,NDLOAD,JDLTYP,ADLMAG,PREDEF,NPREDF,
3 LFLAGS,MLVARX,DDLMAG,MDLOAD,PNEWDT,JPROPS,NJPROP,PERIOD)

C
INCLUDE 'ABA_PARAM.INC'

C
DIMENSION RHS(MLVARX,*),AMATRX(NDOFEL,NDOFEL),PROPS(*),

1 SVARS(*),ENERGY(8),COORDS(MCRD,NNODE),U(NDOFEL),

1.1.28–1

Abaqus ID:
Printed on:

UEXTERNALDB

1.1.31 UEXTERNALDB: User subroutine to manage user-defined external databases and
calculate model-independent history information.

Product: Abaqus/Standard

Reference

• “User subroutines: overview,” Section 18.1.1 of the Abaqus Analysis User’s Guide

Overview

User subroutine UEXTERNALDB:

• is called once each at the beginning of the analysis, at the beginning of each increment, at the end
of each increment, and at the end of the analysis (in addition, the user subroutine is also called once
at the beginning of a restart analysis);

• can be used to communicate between other software and user subroutines within Abaqus/Standard;
• can be used to open external files needed for other user subroutines at the beginning of the analysis
and to close those files at the end of the analysis;

• can be used to calculate or read history information at the beginning of each increment. This
information can be written to user-defined COMMONblock variables or external files for use during
the analysis by other user subroutines; and

• can be used to write the current values of the user-calculated history information to external files.

User subroutine interface

SUBROUTINE UEXTERNALDB(LOP,LRESTART,TIME,DTIME,KSTEP,KINC)
C

INCLUDE 'ABA_PARAM.INC'
C

DIMENSION TIME(2)
C

user coding to set up the Fortran environment, open files, close files,
calculate user-defined model-independent history information,
write history information to external files,
recover history information during restart analyses, etc.
do not include calls to utility routine XIT

RETURN
END

1.1.31–1

Abaqus ID:
Printed on:

V-UEXTERNALDB

User-subroutines in ABAQUS
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User-subroutines in ABAQUS

USDFLD VUSDFLD

UHARD VUHARD

UMAT VUMAT

UEL VUEL

Complexity

ABAQUS/standard ABAQUS/explicit

A few days

A few days

 3 months≈

 12 months≈

Time 

UEXTERNALDB VEXTERNALDB A few days
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(V)USDFLD subroutine

USDFLD

1.1.53 USDFLD: User subroutine to redefine field variables at a material point.

Product: Abaqus/Standard

References

• “Obtaining material point information in an Abaqus/Standard analysis,” Section 2.1.6
• “Material data definition,” Section 21.1.2 of the Abaqus Analysis User’s Guide
• *USER DEFINED FIELD
• “Damage and failure of a laminated composite plate,” Section 1.1.14 of the Abaqus Example
Problems Guide

• “USDFLD,” Section 4.1.24 of the Abaqus Verification Guide
Overview

User subroutine USDFLD:

• allows you to define field variables at a material point as functions of time or of any of the available
material point quantities listed in the Output Variable Identifiers table (“Abaqus/Standard output
variable identifiers,” Section 4.2.1 of the Abaqus Analysis User’s Guide) except the user-defined
output variables UVARM and UVARMn;

• can be used to introduce solution-dependent material properties since such properties can easily be
defined as functions of field variables;

• will be called at all material points of elements for which the material definition includes user-
defined field variables;

• must call utility routine GETVRM to access material point data;
• can use and update state variables; and
• can be used in conjunction with user subroutine UFIELD to prescribe predefined field variables.

Explicit solution dependence

Since this routine provides access to material point quantities only at the start of the increment, the
solution dependence introduced in this way is explicit: the material properties for a given increment are
not influenced by the results obtained during the increment. Hence, the accuracy of the results depends
on the size of the time increment. Therefore, you can control the time increment in this routine by means
of the variable PNEWDT.

Defining field variables

Before user subroutine USDFLD is called, the values of the field variables at the material point are
calculated by interpolation from the values defined at the nodes. Any changes to the field variables
in the user subroutine are local to the material point: the nodal field variables retain the values defined

1.1.53–1

Abaqus ID:
Printed on:

VUSDFLD

1.2.24 VUSDFLD: User subroutine to redefine field variables at a material point.

Product: Abaqus/Explicit

References

• “Obtaining material point information in an Abaqus/Standard analysis,” Section 2.1.6
• “Material data definition,” Section 21.1.2 of the Abaqus Analysis User’s Guide
• *USER DEFINED FIELD
• “Damage and failure of a laminated composite plate,” Section 1.1.14 of the Abaqus Example
Problems Guide

• “VUSDFLD,” Section 4.1.39 of the Abaqus Verification Guide

Overview

User subroutine VUSDFLD:

• allows the redefinition of field variables at a material point as functions of time or of any of the
available material point quantities listed in “Available output variable keys” in “Obtaining material
point information in an Abaqus/Explicit analysis,” Section 2.1.7;

• can be used to introduce solution-dependent material properties since such properties can be easily
defined as functions of field variables;

• will be called at all material points of elements for which the material definition includes user-
defined field variables;

• can call utility routine VGETVRM to access material point data; and
• can use and update solution-dependent state variables.

Explicit solution dependence

Since this routine provides access to material point quantities only at the start of the increment, the
material properties for a given increment are not influenced by the results obtained during the increment.
Hence, the accuracy of the results depends on the size of the time increment. However, in most situations
this is not a concern for explicit dynamic analysis because the stable time increment is usually sufficiently
small to ensure good accuracy.

Defining field variables

Before user subroutine VUSDFLD is called, the values of the field variables at the material point are
calculated by interpolation from the values defined at the nodes. Any changes to the field variables in
the user subroutine are local to the material point: the nodal field variables retain the values defined as
initial conditions or predefined field variables or the values defined in user subroutine VUFIELD. The
values of the field variables defined in this routine are used to calculate values of material properties that

1.2.24–1

Abaqus ID:
Printed on:
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(V)USDFLD subroutine

USDFLD

1.1.53 USDFLD: User subroutine to redefine field variables at a material point.

Product: Abaqus/Standard

References

• “Obtaining material point information in an Abaqus/Standard analysis,” Section 2.1.6
• “Material data definition,” Section 21.1.2 of the Abaqus Analysis User’s Guide
• *USER DEFINED FIELD
• “Damage and failure of a laminated composite plate,” Section 1.1.14 of the Abaqus Example
Problems Guide

• “USDFLD,” Section 4.1.24 of the Abaqus Verification Guide
Overview

User subroutine USDFLD:

• allows you to define field variables at a material point as functions of time or of any of the available
material point quantities listed in the Output Variable Identifiers table (“Abaqus/Standard output
variable identifiers,” Section 4.2.1 of the Abaqus Analysis User’s Guide) except the user-defined
output variables UVARM and UVARMn;

• can be used to introduce solution-dependent material properties since such properties can easily be
defined as functions of field variables;

• will be called at all material points of elements for which the material definition includes user-
defined field variables;

• must call utility routine GETVRM to access material point data;
• can use and update state variables; and
• can be used in conjunction with user subroutine UFIELD to prescribe predefined field variables.

Explicit solution dependence

Since this routine provides access to material point quantities only at the start of the increment, the
solution dependence introduced in this way is explicit: the material properties for a given increment are
not influenced by the results obtained during the increment. Hence, the accuracy of the results depends
on the size of the time increment. Therefore, you can control the time increment in this routine by means
of the variable PNEWDT.

Defining field variables

Before user subroutine USDFLD is called, the values of the field variables at the material point are
calculated by interpolation from the values defined at the nodes. Any changes to the field variables
in the user subroutine are local to the material point: the nodal field variables retain the values defined

1.1.53–1

Abaqus ID:
Printed on:

VUSDFLD

1.2.24 VUSDFLD: User subroutine to redefine field variables at a material point.

Product: Abaqus/Explicit

References

• “Obtaining material point information in an Abaqus/Standard analysis,” Section 2.1.6
• “Material data definition,” Section 21.1.2 of the Abaqus Analysis User’s Guide
• *USER DEFINED FIELD
• “Damage and failure of a laminated composite plate,” Section 1.1.14 of the Abaqus Example
Problems Guide

• “VUSDFLD,” Section 4.1.39 of the Abaqus Verification Guide

Overview

User subroutine VUSDFLD:

• allows the redefinition of field variables at a material point as functions of time or of any of the
available material point quantities listed in “Available output variable keys” in “Obtaining material
point information in an Abaqus/Explicit analysis,” Section 2.1.7;

• can be used to introduce solution-dependent material properties since such properties can be easily
defined as functions of field variables;

• will be called at all material points of elements for which the material definition includes user-
defined field variables;

• can call utility routine VGETVRM to access material point data; and
• can use and update solution-dependent state variables.

Explicit solution dependence

Since this routine provides access to material point quantities only at the start of the increment, the
material properties for a given increment are not influenced by the results obtained during the increment.
Hence, the accuracy of the results depends on the size of the time increment. However, in most situations
this is not a concern for explicit dynamic analysis because the stable time increment is usually sufficiently
small to ensure good accuracy.

Defining field variables

Before user subroutine VUSDFLD is called, the values of the field variables at the material point are
calculated by interpolation from the values defined at the nodes. Any changes to the field variables in
the user subroutine are local to the material point: the nodal field variables retain the values defined as
initial conditions or predefined field variables or the values defined in user subroutine VUFIELD. The
values of the field variables defined in this routine are used to calculate values of material properties that

1.2.24–1

Abaqus ID:
Printed on:

Field variables

ABAQUS/standard

ABAQUS/explicit
State dependent 

variables



SIMLab13

(V)USDFLD subroutine

In this example, we want a material model where the Young’s modulus 
 is different between tension and compression.E

|σ1 |

|ε1 |

E (f)

E (f)

σy

f

TensionCompression

0-1

-1

1

E (f1) < E (f2)

f1

f2



SIMLab
14

Tabulated data with the field variable 

Temperature must always be present 

f

Call to the VUSDFLD subroutine

(V)USDFLD subroutine

ABAQUS/standard

ABAQUS/explicit

Activate a field dependency

Material cards for both solvers are identical.
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Field variable f

Access to ABAQUS variables

(V)USDFLD subroutine
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(V)USDFLD subroutine

Results from the USDFLD_V1 and VUSDFLD_V1 subroutines
Single solid element 
in uniaxial tension

Single solid element in 
uniaxial compression
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(V)USDFLD subroutine

In this example, we want to add a user-defined fracture model to a built-in 
plasticity model from ABAQUS.

D = ∫
pf

0

⟨σ1⟩
Wc

dp ≤ 1Cockcroft-Latham criterion:

Stress triaxiality  (-)TStress triaxiality  (-)T

Fa
ilu

re
 s

tra
in

 
 (-

)
p f

Fa
ilu

re
 s

tra
in

 
 (-

)
p f
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(V)USDFLD subroutine

Call to the VUSDFLD subroutine

D = ∫
pf

0

⟨σ1⟩
Wc

dp ≤ 1

Wc

Cockcroft-Latham criterion:

State dependent variables

Properties can not be given to the ABAQUS/standard USDFLD subroutine!
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(V)USDFLD subroutine

Trigger element elimination according to SDV 3

State Dependent Variables (SDV):

Total number 
of variables

Variable 
number Variable definition

Variable 
identifier
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State dependent 
variables

Status for element 
elimination (from odb file)

Input file structure:

Odb file structure:

(V)USDFLD subroutine
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(V)USDFLD subroutine

ABAQUS/standard ABAQUS/explicit

Status = 1 means active integration point

Status = 0 means inactive (failed) integration point
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(V)USDFLD subroutine

Results from the USDFLD_V2 and 
VUSDFLD_V2 subroutines

USDFLD_V2

VUSDFLD_V2
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(V)USDFLD subroutine

These are quite flexible subroutine which can be used for various applications.


• No properties for the USDFLD subroutine (only for explicit)

• The explicit  update of SDVs

• Limited number of variables in ABAQUS/explicit accessible through the 

vgetvrm subroutine.

!
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(V)UMAT subroutine

UMAT

1.1.44 UMAT: User subroutine to define a material’s mechanical behavior.

Product: Abaqus/Standard

WARNING: The use of this subroutine generally requires considerable expertise.
You are cautioned that the implementation of any realistic constitutive model
requires extensive development and testing. Initial testing on a single-element model
with prescribed traction loading is strongly recommended.

References

• “User-defined mechanical material behavior,” Section 26.7.1 of the Abaqus Analysis User’s Guide
• “User-defined thermal material behavior,” Section 26.7.2 of the Abaqus Analysis User’s Guide
• *USER MATERIAL
• “SDVINI,” Section 4.1.11 of the Abaqus Verification Guide
• “UMAT and UHYPER,” Section 4.1.21 of the Abaqus Verification Guide

Overview

User subroutine UMAT:

• can be used to define the mechanical constitutive behavior of a material;
• will be called at all material calculation points of elements for which the material definition includes
a user-defined material behavior;

• can be used with any procedure that includes mechanical behavior;
• can use solution-dependent state variables;
• must update the stresses and solution-dependent state variables to their values at the end of the
increment for which it is called;

• must provide the material Jacobian matrix, , for the mechanical constitutive model;

• can be used in conjunction with user subroutine USDFLD to redefine any field variables before they
are passed in; and

• is described further in “User-defined mechanical material behavior,” Section 26.7.1 of the Abaqus
Analysis User’s Guide.

Storage of stress and strain components

In the stress and strain arrays and in the matrices DDSDDE, DDSDDT, and DRPLDE, direct components
are stored first, followed by shear components. There are NDI direct and NSHR engineering shear
components. The order of the components is defined in “Conventions,” Section 1.2.2 of the Abaqus
Analysis User’s Guide. Since the number of active stress and strain components varies between element
types, the routine must be coded to provide for all element types with which it will be used.

1.1.44–1

Abaqus ID:
Printed on:

UMAT

1.1.44 UMAT: User subroutine to define a material’s mechanical behavior.

Product: Abaqus/Standard

WARNING: The use of this subroutine generally requires considerable expertise.
You are cautioned that the implementation of any realistic constitutive model
requires extensive development and testing. Initial testing on a single-element model
with prescribed traction loading is strongly recommended.

References

• “User-defined mechanical material behavior,” Section 26.7.1 of the Abaqus Analysis User’s Guide
• “User-defined thermal material behavior,” Section 26.7.2 of the Abaqus Analysis User’s Guide
• *USER MATERIAL
• “SDVINI,” Section 4.1.11 of the Abaqus Verification Guide
• “UMAT and UHYPER,” Section 4.1.21 of the Abaqus Verification Guide

Overview

User subroutine UMAT:

• can be used to define the mechanical constitutive behavior of a material;
• will be called at all material calculation points of elements for which the material definition includes
a user-defined material behavior;

• can be used with any procedure that includes mechanical behavior;
• can use solution-dependent state variables;
• must update the stresses and solution-dependent state variables to their values at the end of the
increment for which it is called;

• must provide the material Jacobian matrix, , for the mechanical constitutive model;

• can be used in conjunction with user subroutine USDFLD to redefine any field variables before they
are passed in; and

• is described further in “User-defined mechanical material behavior,” Section 26.7.1 of the Abaqus
Analysis User’s Guide.

Storage of stress and strain components

In the stress and strain arrays and in the matrices DDSDDE, DDSDDT, and DRPLDE, direct components
are stored first, followed by shear components. There are NDI direct and NSHR engineering shear
components. The order of the components is defined in “Conventions,” Section 1.2.2 of the Abaqus
Analysis User’s Guide. Since the number of active stress and strain components varies between element
types, the routine must be coded to provide for all element types with which it will be used.

1.1.44–1

Abaqus ID:
Printed on:

VUMAT

1.2.22 VUMAT: User subroutine to define material behavior.

Product: Abaqus/Explicit

WARNING: The use of this user subroutine generally requires considerable

expertise. You are cautioned that the implementation of any realistic constitutive

model requires extensive development and testing. Initial testing on a single-element

model with prescribed traction loading is strongly recommended. The component

ordering of the symmetric and nonsymmetric tensors for the three-dimensional case

using C3D8R elements is different from the ordering specified in “Three-dimensional
solid element library,” Section 28.1.4 of the Abaqus Analysis User’s Guide, and

the ordering used in Abaqus/Standard.

References

• “User-defined mechanical material behavior,” Section 26.7.1 of the Abaqus Analysis User’s Guide
• *USER MATERIAL

Overview

User subroutine VUMAT:

• is used to define the mechanical constitutive behavior of a material;
• will be called for blocks of material calculation points for which the material is defined in a user
subroutine (“Material data definition,” Section 21.1.2 of the Abaqus Analysis User’s Guide);

• can use and update solution-dependent state variables;
• can use any field variables that are passed in; and
• can be used in an adiabatic analysis, provided you define both the inelastic heat fraction and the
specific heat for the appropriate material definitions and you store the temperatures and integrate
them as user-defined state variables.

Component ordering in tensors

The component ordering depends upon whether the tensor is symmetric or nonsymmetric.

Symmetric tensors

For symmetric tensors such as the stress and strain tensors, there are ndir+nshr components, and the
component order is given as a natural permutation of the indices of the tensor. The direct components are
first and then the indirect components, beginning with the 12-component. For example, a stress tensor
contains ndir direct stress components and nshr shear stress components, which are passed in as

1.2.22–1

Abaqus ID:
Printed on:

!
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(V)UMAT subroutine

UMAT/VUMAT
Δε (t + Δt)

σ (t)
H (t)

σ (t + Δt)
H (t + Δt)

Overall principle:

 are the State Dependent VariablesH

Hypo-elastic(-plastic) material model: ε = εe + εp

F = Fe ⋅ FpHyper-elastic(-plastic) material model:

Deformation gradient tensor F

UMAT/VUMAT
H (t)

σ (t + Δt)
H (t + Δt)

F (t + Δt)
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ABAQUS/standard

ABAQUS/explicit H (t)

H (t + Δt)σ (t + Δt)

Δε (t + Δt)

σ (t)

Δε (t + Δt)

σ (t + Δt), σ (t) H (t + Δt), H (t)

F

F
U (t + Δt) U (t)

F (t)
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(V)UMAT subroutine

ABAQUS/standard ABAQUS/explicit

! Some differences between UMAT and VUMAT
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σ∇J = ·σ − W ⋅ σ + σ ⋅ W σ∇G = ·σ − Ω ⋅ σ + σ ⋅ Ω

Ordering tensor 
components

Stress rate 
(objectivity)

Green-Naghdi:Jaumann:
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! The user must ensure the objectivity of all 
tensor stored in the state dependent variables

The objectivity of all tensor stored in the state 
dependent variables is handled by ABAQUS
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ABAQUS/standard

The implicit solver requires the tangent operator  

to form the stiffness matrix of the model.

∂Δσ
∂Δε

• The tangent operator (DDSDDE) is a common source of error leading to slow 
convergence and crashes


• By default the consistent tangent operator is expected (full newton solver)


• A workaround:

• Supply the elasticity matrix into DDSDDE

• Use the quasi-newton solution technique
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(V)UMAT subroutine

ABAQUS/explicit

At the first time step:

• A purely elastic computation for time-

step computation

• Be careful with visco-elasticity, 

anisotropic elasticity…

Δt ≈ le
ρ
E

where:

•  is the element characteristic length

•  is the density of the material

•  is the Young’s modulus 

le
ρ
E
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(V)UMAT subroutine

ABAQUS/standard ABAQUS/explicit

VUMATUMAT

SUBROUTINE

A simplified approach to UMAT/VUMAT coding:

1

23

1 Code and compile the material model in FORTRAN

2 Link the code to the VUMAT subroutine

3 Link the code to the UMAT subroutine
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(V)UMAT subroutine

ABAQUS/standard ABAQUS/explicit

VUMATUMAT

SUBROUTINE

A simplified approach to UMAT/VUMAT coding:

• Easier to debug

• A model available in both ABAQUS/standard and explicit

• Less efficient code
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(V)UMAT subroutine

• Include a subroutine with the code

• Send data to the subroutine

ABAQUS/standard
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(V)UMAT subroutine

.
.
.• Include a subroutine with the code

• Send data to the subroutine

ABAQUS/explicit

• Vectorized to scalar

• Tensor ordering
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(V)UMAT subroutine

ABAQUS/standardABAQUS/explicit

The same material card input can be used between ABAQUS/Standard and ABAQUS/Explicit
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(V)UMAT subroutine
In this example, we want to develop an elasto-plastic model with a ductile fracture model.

Isotropic hardening:

σy = σ0 +
3

∑
i=1

Qi 1 − exp (−
θi

Qi
p)

D̂ = D̂e + D̂p

Hypo-elasticity:

Isotropic elastic:
· ̂σ =

E
1 + ν

D̂′￼
e +

E
3 (1 − 2ν)

trD̂eI Damage indicator model:

D = ∫
pf

0

⟨σ1⟩
Wc

dp ≤ Dc

Stress triaxiality  (-)T

Fa
ilu

re
 s

tra
in

 
 (-

)
p f

Yield function:

f = σeq − σy

Associated plastic flow:

D̂p = ·λ
∂f
∂ ̂σ

Equivalent stress:
σeq = 3J2

Equivalent plastic strain  (-)p

Eq
ui

va
le

nt
 s

tre
ss

 
 (M

Pa
)

σ e
q
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Computational plasticity:

̂σTRIAL = ̂σt + Ĉe : D̂(t+Δt)Δt

f = σeq ( ̂σTRIAL) − σ(t)
y

f < 0

f ≥ 0

̂σt+Δt = ̂σTRIAL

1) Elastic prediction

2) Compute yield function

3) Check yield function

If 

If 
Solve the non-linear 
system of equations


(RMAP)

σxx

σyy

̂σt

̂σTRIAL

̂σt+Δt

σ(t)
y σ(t+Δt)

y

RMAP
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(V)UMAT subroutine

Return Map Algorithm (RMAP): σxx

σyy

̂σt

̂σTRIAL

̂σt+Δt

σ(t)
y σ(t+Δt)

y

̂σTRIAL

̂σt+Δt
̂σt

Ĉ e
: D̂

(t+
Δ

t) Δ
t

.
.
.

Cutting-plane algorithm:

Iteration 
(k)

Iteration 
(k + 1)

f ( ̂σ) |k+1 = 0

δλ(k+1) =
f ( ̂σ)

k
∂f
∂ ̂σ k

: Ce : ∂f
∂ ̂σ k

− ∂f
∂σy k

∂σy

∂λ k

Linearisation of the yield surface:

̂σ(k+1) = ̂σ(k) − δλĈe :
∂f
∂ ̂σ

σ(k+1)
y = σ(k)

y − δλ
∂f
∂λ
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(V)UMAT subroutine

UMAT_MODEL.f quick description:



SIMLab39

(V)UMAT subroutine

Results from the UMAT and VUMAT subroutines
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(V)UMAT subroutine

1

2

3

<latexit sha1_base64="V9GoiFntN2SsRGxy+2zsrs4CH0Y="></latexit>
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1

23D solid 2D plane strain, 
2D axisymmetric

Stress tensor: Stress tensor:

VUMAT

The UMAT and VUMAT subroutines should work for:
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(V)UMAT subroutine

1

2

3Shell element:

Through-thickness shear stresses 
handled externally as elastic

K11, K22, K12Transverse shear stiffnesses:

K11 = K22 =
5
6

Gt0

K12 = 0

where  is the shear modulus and  is 
the initial thickness of the shell element.

G t0

Plane stress hypothesis:
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Δε33

σ33 = 0Plane stress hypothesis:
Thickness change:

42

(V)UMAT subroutine

1

2

3
<latexit sha1_base64="OuMcSTBap+ILNHmYY6xJCmTV5IA="></latexit>
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5

Shell element:

Through-thickness stress σ33 = 0

t0 t

L0
L0 + ΔL

t = t0 exp (ε33)
Thickness change:

Plane stress hypothesis:
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(V)UMAT subroutine

1

2

3
<latexit sha1_base64="OuMcSTBap+ILNHmYY6xJCmTV5IA="></latexit>
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Shell element:

Through-thickness stress σ33 = 0

Enforcing plane stress in a VUMAT:

1

2

Reformulate all constitutive equations according to plane stress hypothesis

Use 3D constitutive equations and iterate to enforce plane stress hypothesis
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(V)UMAT subroutine

2 Use 3D constitutive equations and iterate to enforce plane stress hypothesis

Iteration 1

Iteration 2

Iteration n

Assume elastic response

Δε33 = −
ν

1 − ν (Δε11 + Δε22)

Assume plastic incompressibility

Δε33 = − (Δε11 + Δε22)

Compute , store  and σt+Δt Δε33 σ33

Compute , store  and σt+Δt Δε33 σ33

Use a secant update for Δε33
Δε33 |n = Δε33 |n−1 − Ht . σ33 |n−1

Ht =
Δε33 |n−1 − Δε33 |n−2

σ33 |n−1 − σ33 |n−2

3D SUBROUTINE

<latexit sha1_base64="+tE56RZ8kJPAZaPopOoDVdX/sE0="></latexit>
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|σ33 | > ξ ( |σ11 | + |σ22 | + |σ12 |)If

 is a numerical tolerance ( )ξ 1e−5
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(V)UMAT subroutine

Enforcing plane stress in a VUMAT:

1 2

Reformulate all constitutive equations 
according to plane stress hypothesis

Use 3D constitutive equations and iterate 
to enforce plane stress hypothesisM

et
ho

d

Computationally efficient

Computational cost

No need to change 
constitutive equations

Constitutive equations 
only valid for plane stress
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(V)UMAT subroutine

Using the VUMAT_SHELL.f subroutine and the VUHARD_V1.f subroutine:

1

2

Single shell element 
in uniaxial tension
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(V)UMAT subroutine

ABAQUS/standard ABAQUS/explicit

VUMATUMAT

SUBROUTINE

VUMAT_SHELL

ABAQUS/explicit

A simplified approach to UMAT/VUMAT coding:

• Easier to debug

• A model available in both ABAQUS/standard and explicit

• Both plane-stress and full 3D with one code

• Less efficient code
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(V)UEXTERNALDB subroutine

VEXTERNALDB

1.2.4 VEXTERNALDB: User subroutine that gives control to the user at key moments
of the analysis so that data can be exchanged dynamically among Abaqus user
subroutines and with external programs or files.

Product: Abaqus/Explicit

Reference

• “User subroutines: overview,” Section 18.1.1 of the Abaqus Analysis User’s Guide

Overview

User subroutine VEXTERNALDB:

• is called once at the beginning of the analysis, at the beginning of each step, before each increment,
at the start of each increment, at the end of each increment, at the end of each step, and finally at
the end of the analysis;

• can be used to communicate data between external programs and user subroutines within
Abaqus/Explicit;

• can be used to control the time incrementation of the Abaqus/Explicit analysis;
• can be used to control the output of the restart data for the analysis;
• can be used either to skip the remainder of an Abaqus step or to terminate the analysis;
• can be used to open and close external files as needed for exchange of data with the Abaqus analysis;
• can be used to exchange data with other user subroutines via user-allocated global and thread-local
arrays (see “Allocatable arrays,” Section 2.1.23) and;

• can be used to exchange data with other Abaqus processes via an MPI mechanism (see “Obtaining
parallel processes information,” Section 2.1.4) in domain-parallel analyses.

Dynamic exchange of data with other Abaqus user subroutines and external programs

Typically, Abaqus user subroutines are called with the context data limited to a specific material point,
a specific element, etc. Rarely, you need to know some nonlocal information such as the state of the
neighboring material points or elements. In other situations you want to specify the behavior in the
user subroutines to depend dynamically on the external programs. Both these complex scenarios can be
addressed using user subroutine VEXTERNALDB.

VEXTERNALDB is called once at the beginning of the analysis, at the beginning of each step, before
each increment, at the start of each increment, at the end of each increment, at the end of each step, and
finally at the end of the analysis. Other Abaqus subroutines are called after the call to user subroutine
VEXTERNALDB at the start of the increment but before the next call at the end of that increment.

1.2.4–1

Abaqus ID:
Printed on:

UEXTERNALDB

1.1.31 UEXTERNALDB: User subroutine to manage user-defined external databases and
calculate model-independent history information.

Product: Abaqus/Standard

Reference

• “User subroutines: overview,” Section 18.1.1 of the Abaqus Analysis User’s Guide

Overview

User subroutine UEXTERNALDB:

• is called once each at the beginning of the analysis, at the beginning of each increment, at the end
of each increment, and at the end of the analysis (in addition, the user subroutine is also called once
at the beginning of a restart analysis);

• can be used to communicate between other software and user subroutines within Abaqus/Standard;
• can be used to open external files needed for other user subroutines at the beginning of the analysis
and to close those files at the end of the analysis;

• can be used to calculate or read history information at the beginning of each increment. This
information can be written to user-defined COMMONblock variables or external files for use during
the analysis by other user subroutines; and

• can be used to write the current values of the user-calculated history information to external files.

User subroutine interface

SUBROUTINE UEXTERNALDB(LOP,LRESTART,TIME,DTIME,KSTEP,KINC)
C

INCLUDE 'ABA_PARAM.INC'
C

DIMENSION TIME(2)
C

user coding to set up the Fortran environment, open files, close files,
calculate user-defined model-independent history information,
write history information to external files,
recover history information during restart analyses, etc.
do not include calls to utility routine XIT

RETURN
END

1.1.31–1

Abaqus ID:
Printed on:
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(V)UEXTERNALDB subroutine

Subroutine 2Subroutine 1

(V)UEXTERNALDB

(V)UEXTERNALDB subroutines can be used to:

• Access external databases/files,

• Pass informations through the memory,

• Make computations which requires access to all integration points at once.UEXTERNALDB

1.1.31 UEXTERNALDB: User subroutine to manage user-defined external databases and
calculate model-independent history information.

Product: Abaqus/Standard

Reference

• “User subroutines: overview,” Section 18.1.1 of the Abaqus Analysis User’s Guide

Overview

User subroutine UEXTERNALDB:

• is called once each at the beginning of the analysis, at the beginning of each increment, at the end
of each increment, and at the end of the analysis (in addition, the user subroutine is also called once
at the beginning of a restart analysis);

• can be used to communicate between other software and user subroutines within Abaqus/Standard;
• can be used to open external files needed for other user subroutines at the beginning of the analysis
and to close those files at the end of the analysis;

• can be used to calculate or read history information at the beginning of each increment. This
information can be written to user-defined COMMONblock variables or external files for use during
the analysis by other user subroutines; and

• can be used to write the current values of the user-calculated history information to external files.

User subroutine interface

SUBROUTINE UEXTERNALDB(LOP,LRESTART,TIME,DTIME,KSTEP,KINC)
C

INCLUDE 'ABA_PARAM.INC'
C

DIMENSION TIME(2)
C

user coding to set up the Fortran environment, open files, close files,
calculate user-defined model-independent history information,
write history information to external files,
recover history information during restart analyses, etc.
do not include calls to utility routine XIT

RETURN
END

1.1.31–1

Abaqus ID:
Printed on:

VEXTERNALDB

1.2.4 VEXTERNALDB: User subroutine that gives control to the user at key moments
of the analysis so that data can be exchanged dynamically among Abaqus user
subroutines and with external programs or files.

Product: Abaqus/Explicit

Reference

• “User subroutines: overview,” Section 18.1.1 of the Abaqus Analysis User’s Guide

Overview

User subroutine VEXTERNALDB:

• is called once at the beginning of the analysis, at the beginning of each step, before each increment,
at the start of each increment, at the end of each increment, at the end of each step, and finally at
the end of the analysis;

• can be used to communicate data between external programs and user subroutines within
Abaqus/Explicit;

• can be used to control the time incrementation of the Abaqus/Explicit analysis;
• can be used to control the output of the restart data for the analysis;
• can be used either to skip the remainder of an Abaqus step or to terminate the analysis;
• can be used to open and close external files as needed for exchange of data with the Abaqus analysis;
• can be used to exchange data with other user subroutines via user-allocated global and thread-local
arrays (see “Allocatable arrays,” Section 2.1.23) and;

• can be used to exchange data with other Abaqus processes via an MPI mechanism (see “Obtaining
parallel processes information,” Section 2.1.4) in domain-parallel analyses.

Dynamic exchange of data with other Abaqus user subroutines and external programs

Typically, Abaqus user subroutines are called with the context data limited to a specific material point,
a specific element, etc. Rarely, you need to know some nonlocal information such as the state of the
neighboring material points or elements. In other situations you want to specify the behavior in the
user subroutines to depend dynamically on the external programs. Both these complex scenarios can be
addressed using user subroutine VEXTERNALDB.

VEXTERNALDB is called once at the beginning of the analysis, at the beginning of each step, before
each increment, at the start of each increment, at the end of each increment, at the end of each step, and
finally at the end of the analysis. Other Abaqus subroutines are called after the call to user subroutine
VEXTERNALDB at the start of the increment but before the next call at the end of that increment.

1.2.4–1

Abaqus ID:
Printed on:
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ABAQUS/standard ABAQUS/explicit
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ABAQUS/standard ABAQUS/explicit

(V)UEXTERNALDB subroutine

Create float (real)  array in memory

Pointer ID 
(unique number)

Size

Initial 
valuePointer

Pointer ID 
(unique number)

Size

Initial 
valuePointer

Define array size

Link pointer
Pointer ID

1
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Interlude

MPPSMP

CPU CPU CPU CPU CPU CPU CPU CPU

Memory Memory Memory Memory Memory

CPUs share the same memory CPUs have their own memory

CPUs have access to the same arrays CPUs write in different arrays

CPUs write in different arraysCPUs have access to the same arrays
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Interlude
Should your code share the same arrays (for example non-local computations)?

M
PP

SM
P

YES NO

It will natively do it, global arrays will work,

You still need to prevent the code to write at the 
same place, check UEXTERNALDB.f for example.

You need to define local arrays via:

You need to use MPI (Message Passing Interface) 
commands

It will natively do it, global arrays will work

Filter out threads Local arrays

Example:
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(V)UEL subroutine
UEL

1.1.28 UEL: User subroutine to define an element.

Product: Abaqus/Standard

WARNING: This feature is intended for advanced users only. Its use in all but the
simplest test examples will require considerable coding by the user/developer.
“User-defined elements,” Section 32.17.1 of the Abaqus Analysis User’s Guide,
should be read before proceeding.

References

• “User-defined elements,” Section 32.17.1 of the Abaqus Analysis User’s Guide
• *UEL PROPERTY
• *USER ELEMENT

Overview

User subroutine UEL:

• will be called for each element that is of a general user-defined element type (i.e., not defined by
a linear stiffness or mass matrix read either directly or from results file data) each time element
calculations are required; and

• (or subroutines called by user subroutine UEL) must perform all of the calculations for the element,
appropriate to the current activity in the analysis.

Wave kinematic data

For Abaqus/Aqua applications four utility routines—GETWAVE, GETWAVEVEL, GETWINDVEL, and
GETCURRVEL—are provided to access the fluid kinematic data. These routines are used from within
user subroutine UEL and are discussed in detail in “Obtaining wave kinematic data in an Abaqus/Aqua
analysis,” Section 2.1.13.

User subroutine interface

SUBROUTINE UEL(RHS,AMATRX,SVARS,ENERGY,NDOFEL,NRHS,NSVARS,
1 PROPS,NPROPS,COORDS,MCRD,NNODE,U,DU,V,A,JTYPE,TIME,DTIME,
2 KSTEP,KINC,JELEM,PARAMS,NDLOAD,JDLTYP,ADLMAG,PREDEF,NPREDF,
3 LFLAGS,MLVARX,DDLMAG,MDLOAD,PNEWDT,JPROPS,NJPROP,PERIOD)

C
INCLUDE 'ABA_PARAM.INC'

C
DIMENSION RHS(MLVARX,*),AMATRX(NDOFEL,NDOFEL),PROPS(*),

1 SVARS(*),ENERGY(8),COORDS(MCRD,NNODE),U(NDOFEL),

1.1.28–1

Abaqus ID:
Printed on:

UEL

1.1.28 UEL: User subroutine to define an element.

Product: Abaqus/Standard

WARNING: This feature is intended for advanced users only. Its use in all but the
simplest test examples will require considerable coding by the user/developer.
“User-defined elements,” Section 32.17.1 of the Abaqus Analysis User’s Guide,
should be read before proceeding.

References

• “User-defined elements,” Section 32.17.1 of the Abaqus Analysis User’s Guide
• *UEL PROPERTY
• *USER ELEMENT

Overview

User subroutine UEL:

• will be called for each element that is of a general user-defined element type (i.e., not defined by
a linear stiffness or mass matrix read either directly or from results file data) each time element
calculations are required; and

• (or subroutines called by user subroutine UEL) must perform all of the calculations for the element,
appropriate to the current activity in the analysis.

Wave kinematic data

For Abaqus/Aqua applications four utility routines—GETWAVE, GETWAVEVEL, GETWINDVEL, and
GETCURRVEL—are provided to access the fluid kinematic data. These routines are used from within
user subroutine UEL and are discussed in detail in “Obtaining wave kinematic data in an Abaqus/Aqua
analysis,” Section 2.1.13.

User subroutine interface

SUBROUTINE UEL(RHS,AMATRX,SVARS,ENERGY,NDOFEL,NRHS,NSVARS,
1 PROPS,NPROPS,COORDS,MCRD,NNODE,U,DU,V,A,JTYPE,TIME,DTIME,
2 KSTEP,KINC,JELEM,PARAMS,NDLOAD,JDLTYP,ADLMAG,PREDEF,NPREDF,
3 LFLAGS,MLVARX,DDLMAG,MDLOAD,PNEWDT,JPROPS,NJPROP,PERIOD)

C
INCLUDE 'ABA_PARAM.INC'

C
DIMENSION RHS(MLVARX,*),AMATRX(NDOFEL,NDOFEL),PROPS(*),

1 SVARS(*),ENERGY(8),COORDS(MCRD,NNODE),U(NDOFEL),

1.1.28–1

Abaqus ID:
Printed on:

VUEL

1.2.14 VUEL: User subroutine to define an element.

Product: Abaqus/Explicit

WARNING: This feature is intended for advanced users only. Its use in all but the
simplest test examples will require considerable coding by the user/developer.
“User-defined elements,” Section 32.17.1 of the Abaqus Analysis User’s Guide,
should be read before proceeding.

References

• “User-defined elements,” Section 32.17.1 of the Abaqus Analysis User’s Guide
• “User-defined element library,” Section 32.17.2 of the Abaqus Analysis User’s Guide
• “UEL,” Section 1.1.28
• *UEL PROPERTY
• *USER ELEMENT

Overview

User subroutine VUEL:

• will be called for each element that is of a general user-defined element type each time element
calculations are required; and

• (or subroutines called by user subroutine VUEL) must perform all of the calculations for the element,
appropriate to the current activity in the analysis.

User subroutine interface

SUBROUTINE VUEL(nblock,rhs,amass,dtimeStable,svars,nsvars,
1 energy,
2 nnode,ndofel,props,nprops,jprops,njprops,
3 coords,mcrd,u,du,v,a,
4 jtype,jElem,
5 time,period,dtimeCur,dtimePrev,kstep,kinc,
6 lflags,
7 dMassScaleFactor,
8 predef,npredef,
9 jdltyp, adlmag)

C
include 'vaba_param.inc'

C operational code keys

1.2.14–1

Abaqus ID:
Printed on:
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(V)UEL subroutine

UMAT/VUMAT
Δε (t + Δt)

σ (t)
H (t)

σ (t + Δt)
H (t + Δt)

UEL/VUEL
u (t + Δt)

H (t)
F (t + Δt)
H (t + Δt)

Overall principle:
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Example, 3D solid element and 2D plane strain/
stress, small-strain/displacement formulation

ELEMENT LIBRARY OVERVIEW

3.1.1 ELEMENT LIBRARY: OVERVIEW

The Abaqus element library provides a complete geometric modeling capability.
Any combination of elements can be used to make up a model.
All elements use numerical integration to allow complete generality in material behavior. Shell and

beam element properties can be defined as general section behaviors, or each cross-section of the element can
be integrated numerically, so that nonlinear response can be tracked accurately when needed. A composite
layered section can be specified, with different materials at different heights through the section. Some special
elements (such as line springs) use an approximate analytical solution to model nonlinear behavior.

All of the elements in Abaqus are formulated in a global Cartesian coordinate system except the
axisymmetric elements, which are formulated in terms of r–z coordinates. In almost all elements, primary
vector quantities (such as displacements and rotations ) are defined in terms of nodal values with scalar
interpolation functions. For example, in elements with a two-dimensional topology the interpolation can be
written as

where the interpolation functions are written in terms of the parametric coordinates g and h. In
most element types the same parametric interpolation is used for the coordinate vector :

Such isoparametric elements are guaranteed to be able to represent all rigid body modes and homogeneous
deformation modes exactly, a necessary condition for convergence to the exact solution as the mesh is refined.

All elements in Abaqus are integrated numerically. Hence, the virtual work integral as described in
“Nonlinear solution methods in Abaqus/Standard,” Section 2.2.1, will be replaced by a summation:

where n is the number of integration points in the element and is the volume associated with integration
point i. Abaqus will use either “full” or “reduced” integration. For full integration the number of integration
points is sufficient to integrate the virtual work expression exactly, at least for linear material behavior. All
triangular and tetrahedral elements in Abaqus use full integration. Reduced integration can be used for
quadrilateral and hexahedral elements; in this procedure the number of integration points is sufficient to
integrate exactly the contributions of the strain field that are one order less than the order of interpolation. The
(incomplete) higher-order contributions to the strain field present in these elements will not be integrated.

3.1.1–1

Abaqus Version 6.10 ID:
Printed on:

Isoparametric element
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• Verification with an ABAQUS element under 
mixed mode deformation with an elastic material.


• UEL+VUEL script => 2200 lines of code…

(V)UEL subroutine

ABAQUS/standardABAQUS/explicit
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Conclusions

Why should we develop/implement something into ABAQUS?

• Lack of a particular model

• Improvement of an existing model

Things to consider before implementing any model:

• Can you work with an existing model?

• Will someone else use your code?!

https://github.com/davidmorinNTNU/ABAQUS_subroutines

Use this as a starting point?
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Conclusions
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Verification of user-models:
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Thank you for your attention !


