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 ȰC:\ Program Files (x86)\ IntelSWTools\ compilers_and_libraries_2020.4.311\ windows\ bin\ ifortvars.batȱ intel64 vs2019 & 

Ç Abaqus Verification: run Abaqus Verification and cheek the .log file out

Ç !ÂÁÑÕÓ #ÏÍÍÁÎÄȡ %ÎÔÅÒ Ȱabaqus ÉÎÆÏ ÓÙÓÔÅÍȱ ȟ Ȱabaqus verify -user_stdȱ ÁÎÄ Ȱabaqus verify -user_expȱ

Milad Vahidian, Ph.D. Candidate Of Mechanical Engineering At The University Of Tehran

Linking Abaqus & FORTRAN: Modifying Target
Installing Abaqus/CAE, Visual Studio, and Intel Parallel Studio respectively.Step 1: 

Step 2: Modifying Target

VerificationStep 3: 



Adding this Code to abq2022.bat (By default) in C:\ SIMULIA\ Commands

Verification

Ç Abaqus Verification: run Abaqus Verification and cheek the .log file out

Ç !ÂÁÑÕÓ #ÏÍÍÁÎÄȡ %ÎÔÅÒ Ȱabaqus ÉÎÆÏ ÓÙÓÔÅÍȱȟ Ȱabaqus verify -user_stdȱȟ ÁÎÄ Ȱabaqus verify -user_expȱ
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Linking Abaqus & FORTRAN: Modifying abq2022
Installing Abaqus/CAE, Visual Studio, and Intel Parallel Studio respectively.Step 1: 

Step 2: &ÉÎÄÉÎÇ ÔÈÅ ÄÉÒÅÃÔÏÒÙ ÏÆ ȰÉÆÏÒÔÖÁÒÓȢÂÁÔȱȟ ȰÉÆÏÒÔȢÅØÅȱȟ and ȰÖÃÖÁÒÓφτȢÂÁÔȱ

C:\ Program Files (x86)\ IntelSWTools\ compilers_and_libraries_2020.4.311\ windows\ bin

!ÄÄÉÎÇ ÔÈÅÓÅ ÖÁÒÉÁÂÌÅ ÁÎÄ ÁÓÓÏÃÉÁÔÅÄ ÄÉÒÅÃÔÏÒÙ ÉÎÔÏ Ȱ%ÎÖÉÒÏÎÍÅÎÔ ÖÁÒÉÁÂÌÅÓȱStep 3: 

Step 4: Modifying abq2022

@call ifortvars.bat intel64 vs2019

Step 5: 

By default: 
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Where User Subroutines Fit into Abaqus/Standard
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Where User Subroutines Fit into Abaqus/Standard
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Where User Subroutines Fit into Abaqus/Explicit
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Some Tips

üUser Subroutines are written as C, C++, or Fortran code 

ü In The First iteration of an increment all of user subroutines are called twice 

During the first call the initial stiffness matrix is being formed using the configuration of the model at the 
start of the increment. 

During the second call a new stiffness, based on the updated configuration of the model, is created. 

ü In these subsequent iterations the corrections to the model's configuration are calculated using 
the stiffness from the end of the previous iteration. 

In subsequent iterations the subroutines are called only once. 
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Some Tips

ü Restart analyses 

When an analysis that includes a user subroutine is restarted, the user subroutine must be specified again because 
the subroutine object or source code is not stored on the restart ( . res) file. 

ü Using multiple user subroutines in a model 

When multiple user subroutines are needed in the analysis, the individual routines can be combined into a 
single file.

A given user subroutine (such as UMAT or FILM) should appear only once in the specified user subroutine 
source or object code. 
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Code Unit Number Description 

Abaqus/Standard 1 Internal database 

 2 Solver file 

 6 Printed output (.dat) file (You can write output to this file.) 

 7 Message (.msg) file (You can write output to this file.) 

 8 Results (.fil) file 

 10 Internal database 

 12 Restart (.res) file 

 19ɀ30 Internal databases (scratch files). Unit numbers 21 and 22 are always written to disk. 

 73 Text file containing meshed beam cross-section properties (.bsp) 
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Code Unit Number Description 

Abaqus/Explicit 6 Printed output (.log)

 12 Restart (.res) file 

 13 Old restart (.res) file, if applicable 

 15 Analysis Preprocessor (.dat or .pre) file 

 23 Communications (.023) file 

 60 Global package (.pac) file 

 61 Global state (.abq) file 

 62 Temporary file 

 63 Global selected results (.sel) file 

 64 Message (.msg) file 

 65 Output database (.odb) file 

 67 Old package (.pac) file, if import from Abaqus/Explicit

 68 Old state (.abq) file, if import from Abaqus/Explicit

 69 Internal database; temporary file 

If domain-parallel 70 Local package (.pac.1) file for CPU #1 

 71 Local state (.abq.1) file for CPU #1 

 73 Local selected results (.sel.1) file for CPU #1 

 80 Local package (.pac.2) file for CPU #2 

 81 Local state (.abq.2) file for CPU #2 

 83 Local selected results (.sel.2) file for CPU #2 

 ... Add three files, incrementing units by 10, for each additional CPU 
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Some Tips

These units do not have to be opened within the 
user subroutineɂ they are opened by Abaqus. 

ü The following unit numbers can be used within a user subroutine to read and write data from files: 

15-18 

100+

ü In Abaqus/Standard user subroutines can write debug output to:

Message File (.msg)

Print Output File (.dat)

Log File (.log)

Unit 7 

Unit * 

Unit 6 

ü In Abaqus/Explicit user subroutines can write debug output to the message 

Write to the status (.sta) Unit 6 

Log File (.log) Unit * 
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Some Tips

When a file is opened in a user subroutine, Abaqus assumes that it is located in the scratch directory created for the simulation. 

ü Path names for external files 

Therefore, full path names must be used in the OPEN statements in the subroutine to specify the location of the files. 

The following example opens, reads and closes an external file: 

open(unit=15, file =Ȭ/ nfs_scratch / wdir / ndw/ TempHist.inp ȭ

read(15,*) ( timehist (j), j=1,25

i = 1

do while ( .true. )

read(15,*,end=100) index(i),( temphist ( i,j ), j=1,25)
i = i + 1

end do

100  close(15)
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Some Tips

The Abaqus execution procedure, which compiles and links the user subroutine with the rest of Abaqus, will 
include the aba_param.inc file automatically. 

ü Every user subroutine in Abaqus/Standard must include the statement:

include 'aba_param.inc' 

As the first statement after the argument list

The file specifies implicit real*8 (a-h, o-z) for double precision machines

ü It is not necessary to find this file and copy it to any particular directory: Abaqus will know where to find it

ü Every user subroutine in Abaqus/ Explicit must include the statement

include 'vaba_param.inc' 
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Some Tips
ü  Naming conventions

If user subroutines call other subroutines or use COMMON blocks to pass information, the names of such 
subroutines or COMMON blocks should begin with  the letter  K since this letter  is never used to start the 
name of any subroutine or COMMON block in Abaqus.

ü Subroutine argument lists

Á The variables passed into a user subroutine via the argument list are classified as either variables to be 
defined, variables that can be updated, or variables passed in for information.

Á The user must not alter the values of the "variables passed in for information." Doing so will yield 
unpredictable results.
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Some Tips
ü Solution-dependent state variables

Å Solution-dependent state variables (SDVs) are values that can be defined to evolve with the solution. An example of 
a solution-dependent state variable for the UEL subroutine is strain.

Å Several user subroutines allow the user to define SDVs.

ÅWithin these user subroutines the SDVs can be defined as functions of any variables passed into the user subroutine.

Å It is the user's responsibility to calculate the evolution of the SDVs within the subroutine; Abaqus just stores the 
variables for the user subroutine.

Å For most subroutines the number of such variables required at the integration points or nodes is entered as the 
only value on the data line of the *DEPVAR option.

Å  For subroutines (V)UEL, UELMAT, and UGENS the VARIABLES parameter must be used on the *USER ELEMENT 
and *SHELL GENERAL SECTION options, as appropriate.

Å For subroutine FRIC the number of variables is defined with the DEPVAR parameter on the *FRICTION option



Milad Vahidian, Ph.D. Candidate Of Mechanical Engineering At The University Of Tehran 21

Some Tips

ü Solution-dependent state variables

Å There are two methods available for defining the initial values of solution-dependent variables.

Å The *INITIAL CONDITIONS, TYPE=SOLUTION option can be used to define the variable field in a tabular format 

Å For complicated cases user subroutine SDVINI can be used to define the initial values of the SDVs (Abaqus/Standard 
only). 

Å Invoke this subroutine by adding the USER parameter to the *INITIAL CONDITIONS, TYPE=SOLUTION option. 

SDV: In Field Output

STATEV: In UMAT

DepVar: In Property NSTATV
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Some Tips
üTesting suggestions

Always develop and test user subroutines on the smallest possible model.

Do not include other complicated features, such as contact, unless they are absolutely necessary when testing the subroutine.

Test the most basic variant of the user subroutine before adding any new features to it.

When appropriate, try to test the user subroutine with models where only values of the nodal degrees of freedom 
(displacement, rotations, temperature) are specified.

Then test the subroutine with models where fluxes and nodal degrees of freedom are specified.

Ensure that arrays passed into a user subroutine with a given dimension are not used as if they had a larger dimension.
For example, if a user subroutine is written such that the number of SDVs is 10 but only 8 SDVs are specified on the 
*DEPVAR option, the user subroutine will overwrite data stored by Abaqus with unpredictable consequences.
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Some Tips
üUser subroutines may also be written in C or C++
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An Introduction to Fortran
Fortran, as derived from Formula Translating System, is a general-purpose, 

imperative programming language. It is used for numeric and scientific computing

Fortran was originally developed by IBM in the 1950s for scientific and engineering applications. Fortran ruled 
this programming area for a long time and became very popular for high performance computing

Å Numerical analysis and scientific computation
Å Structured programming
Å Array programming
Å Modular programming
Å Generic programming
Å High performance computing on supercomputers
Å Object oriented programming
Å Concurrent programming
Å Reasonable degree of portability between computer systems
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An Introduction to Fortran

program program_name
implicit none      

! type declaration statements
! executable statements  

end program program_name

The implicit none statement allows the compiler to check 
that all your variable types are declared properly. You must 

always use implicit none at the start of every program.

Fortran is case-insensitive, except for string literals.
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Fortran Keywords

The non -I/O keywords

allocatable allocate assign assignment block data

call case character common complex

contains continue cycle data deallocate

default do double precision else else if

elsewhere end block data end do end function end if

end interface end module end program end select end subroutine

end type end where entry equivalence exit

external function go to if implicit

in inout integer intent interface

intrinsic kind len logical module

namelist nullify only operator optional

out parameter pause pointer private

program public real recursive result

return save select case stop subroutine

target then type type() use
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Fortran Keywords

The I/O related keywords

backspace close endfile format inquire

open print read rewind Write
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Fortran Intrinsic Data Types

Integer type

Real type

Complex type

Logical type

Character type

integer(kind = 2) :: integer_var

real :: real_var

real :: real_var

complex :: complex_var

logical :: logical_var

character(len = 40) :: name 

complex_var = cmplx (2.0, - 7.0)

logical_var = .true.

ÎÁÍÅ ˮ Ƨ(ÅÌÌÏ 7ÏÒÌÄƨ 
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Constants
Fixed Values That The Program Cannot Alter During Its Execution

real, parameter :: pi = 3.1415927
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Variable Declaration
Variables are declared at the beginning of a program (or subprogram) in a type declaration statement.

Syntax

type - specifier :: variable_name

Later you can assign values to these variables, like,
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Arithmetic Operators
Operator Description Example

+ Addition Operator, adds two operands. A + B will give 8

- Subtraction Operator, subtracts second operand from the first. A - B will give 2

* Multiplication Operator, multiplies both operands. A * B will give 15

/ Division Operator, divides numerator by de-numerator. A / B will give 1

** Exponentiation Operator, raises one operand to the power of the other. A ** B will give 125
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Relational Operators

Operator Equivalent Description Example

== .eq.
Checks if the values of two operands are equal or not, if yes then condition becomes 
true.

(A == B) is not true.

/= .ne.
Checks if the values of two operands are equal or not, if values are not equal then 
condition becomes true.

(A != B) is true.

> .gt.
Checks if the value of left operand is greater than the value of right operand, if yes 
then condition becomes true.

(A > B) is not true.

< .lt.
Checks if the value of left operand is less than the value of right operand, if yes then 
condition becomes true.

(A < B) is true.

>= .ge.
Checks if the value of left operand is greater than or equal to the value of right 
operand, if yes then condition becomes true.

(A >= B) is not true.

<= .le.
Checks if the value of left operand is less than or equal to the value of right operand, 
if yes then condition becomes true.

(A <= B) is true.
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Logical Operators

Operator Description Example

.and.
Called Logical AND operator. If both the operands are non-zero, then condition 
becomes true.

(A .and. B) is false.

.or.
Called Logical OR Operator. If any of the two operands is non-zero, then 
condition becomes true.

(A .or. B) is true.

.not.
Called Logical NOT Operator. Use to reverses the logical state of its operand. If a 
condition is true then Logical NOT operator will make false.

!(A .and. B) is true.

.eqv.
Called Logical EQUIVALENT Operator. Used to check equivalence of two logical 
values.

(A .eqv. B) is false.

.neqv.
Called Logical NON-EQUIVALENT Operator. Used to check non-equivalence of 
two logical values.

(A .neqv. B) is true.
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Decisions
Sr. No Statement & Description

1
)Æȣ ÔÈÅÎ ÃÏÎÓÔÒÕÃÔ 
AnÉÆȣ ÔÈÅÎȣ ÅÎÄ ÉÆstatementconsists of a logical expression followed by one or more statements.

2
)Æȣ ÔÈÅÎȢȢȢÅÌÓÅ ÃÏÎÓÔÒÕÃÔ 
AnÉÆȣ ÔÈÅÎstatementcan be followed by an optionalelse statement,which executes when the logical expression is false.

3
if...else if...else Statement 
An if statement construct can have one or more optionalelse-if constructs. When theif condition fails, the immediately 
followed else-if is executed. When theelse-if also fails, its successorelse-if statement (if any) is executed, and so on.

4
nested if construct 
You can use oneif or else ifstatement inside anotherif or else ifstatement(s).

5
select case construct 
A select casestatement allows a variable to be tested for equality against a list of values.

6
nested select case construct 
You can use oneselect casestatement inside anotherselect casestatement(s).

https://www.tutorialspoint.com/fortran/If_then_construct.htm
https://www.tutorialspoint.com/fortran/If_then_else_construct.htm
https://www.tutorialspoint.com/fortran/if_elseif_else_construct.htm
https://www.tutorialspoint.com/fortran/nested_if_construct.htm
https://www.tutorialspoint.com/fortran/select_case_construct.htm
https://www.tutorialspoint.com/fortran/nested_select_case_construct.htm
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Decisions
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Loops
Sr. No Loop Type & Description

1
do loop
This construct enables a statement, or a series of statements, to be carried out iteratively, while a given condition is true.

2
do while loop
Repeats a statement or group of statements while a given condition is true. It tests the condition before executing the loop body.

3
nested loops
You can use one or more loop construct inside any other loop construct.

Sr. No Control Statement & Description

1
exit
If the exit statement is executed, the loop is exited, and the execution of the program continues at the first executable 
statement after the end do statement.

2
cycle
If a cycle statement is executed, the program continues at the start of the next iteration.

3
stop
If you wish execution of your program to stop, you can insert a stop statement

https://www.tutorialspoint.com/fortran/fortran_do_loop.htm
https://www.tutorialspoint.com/fortran/fortran_do_while_loop.htm
https://www.tutorialspoint.com/fortran/fortran_nested_loop.htm
https://www.tutorialspoint.com/fortran/fortran_exit.htm
https://www.tutorialspoint.com/fortran/fortran_cycle.htm
https://www.tutorialspoint.com/fortran/fortran_stop.htm
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Loops
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Characters
Character Declaration

type - specifier :: variable_name character(len = 15) :: surname, firstname 

len(string): It returns the length of a character string

index(string, sustring): )Ô ǢÎÄÓ ÔÈÅ ÌÏÃÁÔÉÏÎ ÏÆ Á ÓÕÂÓÔÒÉÎÇ ÉÎ ÁÎÏÔÈÅÒ ÓÔÒÉÎÇȟ ÒÅÔÕÒÎÓ π ÉÆ ÎÏÔ ÆÏÕÎÄȢ

achar(int): It converts an integer into a character

iachar(c): It converts a character into an integer

trim(string): It returns the string with the trailing blanks removed.

scan(string, chars): It searches the "string" from left to right (unless back=.true.) for the first occurrence of any character contained in "chars". It returns 
an integer giving the position of that character, or zero if none of the characters in "chars" have been found.

verify(string, chars): It scans the "string" from left to right (unless back=.true.) for the first occurrence of any character not contained in "chars". It 
returns an integer giving the position of that character, or zero if only the characters in "chars" have been found

adjustl(string): It left justifies characters contained in the "string"

adjustr(string): It right justifies characters contained in the "string"

len_trim(string): It returns an integer equal to the length of "string" (len(string)) minus the number of trailing blanks

repeat(string, ncopy): It returns a string with length equal to "ncopy" times the length of "string", and containing "ncopy" concatenated copies of "string"

lle(char, char): Compares whether the first character is lexically less than or equal to the second

lge(char, char): Compares whether the first character is lexically greater than or equal to the second

lgt(char, char): Compares whether the first character is lexically greater than the second

llt(char, char): Compares whether the first character is lexically less than the second
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Arrays
Declaring Arrays

real, dimension(5) :: numbers

integer, dimension (5,5) :: matrix

integer, dimension ( - 3:2,0:4) :: matrix 

real, dimension(2:6) :: numbers

Assigning Values

numbers(1) = 2.0

Do i  = 1,5
   numbers(i) = i * 2.0
End Do

numbers = (/1.5, 3.2, 4.5, 0.9, 7.2/)

Array Sections

array ([lower]:[upper][:stride], ...)

array ([lower]:[upper])

array ([lower]: )

array ( :[upper])

B(2:10:2) = (/1.5, 3.2, 4.5, 0.9, 7.2/)

B(2:10:2) = [1.5, 3.2, 4.5, 0.9, 7.2]

B(2:10) = (/1.5, 3.2, 3.6, 4.5, 5.4, 6.8, 0.9, 7.2/)

B(2:) = (/1.5, 3.2, 3.6, 4.5, 5.4, 6.8, 0.9, 7.2/)

B(:8) = (/1.5, 3.2, 3.6, 4.5, 5.4, 6.8, 0.9, 7.2/)
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Arrays

Rank
It is the number of dimensions an array has. For example, for the array named matrix, rank is 2, and for the array 
named numbers, rank is 1.

Extent
It is the number of elements along a dimension. For example, the array numbers has extent 5 and the array named 
matrix has extent 3 in both dimensions.

Shape
The shape of an array is a one-dimensional integer array, containing the number of elements (the extent) in each 
dimension. For example, for the array matrix, shape is (3, 3) and the array numbers it is (5).

Size It is the number of elements an array contains. For the array matrix, it is 9, and for the array numbers, it is 5.
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Vector and matrix multiplication

Function Description

dot_product(vector_a, vector_b)
This function returns a scalar product of two input vectors, which must have the same 
length.

matmul(matrix_a, matrix_b)
It returns the matrix product of two matrices, which must be consistent, i.e. have the 
dimensions like (m, k) and (k, n)
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Reduction Functions

Function Description

all(mask, dim)
It returns a logical value that indicates whether all relations in mask are .true., along with only the desired 
dimension if the second argument is given.

any(mask, dim)
It returns a logical value that indicates whether any relation in mask is .true., along with only the desired 
dimension if the second argument is given.

count(mask, dim)
It returns a numerical value that is the number of relations in mask which are .true., along with only the 
desired dimension if the second argument is given.

maxval(array, dim, mask)
It returns the largest value in the array array, of those that obey the relation in the third argument mask, if 
that one is given, along with only the desired dimension if the second argument dim is given.

minval(array, dim, mask)
It returns the smallest value in the array array, of those that obey the relation in the third argument mask, if 
that one is given, along with only the desired dimension if the second argument DIM is given.

product(array, dim, mask)
It returns the product of all the elements in the array array, of those that obey the relation in the third 
argument mask, if that one is given, along with only the desired dimension if the second argument dim is 
given.

sum(array, dim, mask)
It returns the sum of all the elements in the array array, of those that obey the relation in the third argument 
mask, if that one is given, along with only the desired dimension if the second argument dim is given.
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Inquiry Functions

Function & Description

allocated(array)
It is a logical function which indicates if the array is allocated.

lbound(array, dim)
It returns the lower dimension limit for the array. If dim (the dimension) is not given as an argument, you get an integer vector, if dim is included, you 
get the integer value with exactly that lower dimension limit, for which you asked.

shape(source)
It returns the shape of an array source as an integer vector.

size(array, dim)
It returns the number of elements in an array. If dim is not given, and the number of elements in the relevant dimension if dim is included.

ubound(array, dim)
It returns the upper dimensional limits.
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Construction Functions

Function Description

merge(tsource, fsource, mask)
This function joins two arrays. It gives the elements in tsource if the condition in mask is .true. and fsource if the 
condition in mask is .false. The two fields tsource and fsource have to be of the same type and the same shape. The 
result also is of this type and shape. Also, mask must have the same shape.

pack(array, mask, vector)

It packs an array to a vector with the control of mask. The shape of the logical array mask, has to agree with the 
one for array, or else mask must be a scalar. If vector is included, it has to be an array of rank 1 (i.e. a vector) with 
at least as many elements as those that are true in mask, and have the same type as array. If mask is a scalar with 
the value .true. then vector instead must have the same number of elements as array.

spread(source, dim, ncopies)

It returns an array of the same type as the argument source with the rank increased by one. The parameters dim 
and ncopies are integer. if ncopies is negative the value zero is used instead. If source is a scalar, then spread 
becomes a vector with ncopies elements that all have the same value as source. The parameter dim indicates 
which index is to be extended. it has to be within the range 1 and 1+(rank of source), if source is a scalar then dim 
has to be one. The parameter ncopies is the number of elements in the new dimensions.

unpack(vector, mask, array)

It scatters a vector to an array under control of mask. The shape of the logical array mask has to agree with the 
one for array. The array vector has to have the rank 1 (i.e. it is a vector) with at least as many elements as those 
that are true in mask, and also has to have the same type as array. If array is given as a scalar then it is considered 
to be an array with the same shape as mask and the same scalar elements everywhere.
The result will be an array with the same shape as mask and the same type as vector. The values will be those 
from vector that are accepted, while in the remaining positions in array the old values are kept.
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Reshape Functions

Function Description

reshape(source, shape, pad, order)

It constructs an array with a specified shape starting from the elements in a 
given array source. If pad is not included then the size of source has to be at 
least product (shape). If pad is included, it has to have the same type as source. 
If order is included, it has to be an integer array with the same shape as shape 
and the values must be a permutation of (1,2,3,...,n), where n is the number of 
elements in shape , it has to be less than, or equal to 7.
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Manipulation Functions

Function Description

cshift(array, shift, dim)

It performs circular shift by shift positions to the left, if shift is positive and to the right if it is 
negative. If array is a vector the shift is being done in a natural way, if it is an array of a higher rank 
then the shift is in all sections along the dimension dim. If dim is missing it is considered to be 1, in 
other cases it has to be a scalar integer number between 1 and n (where n equals the rank of array ). 
The argument shift is a scalar integer or an integer array of rank n-1 and the same shape as the array, 
except along the dimension dim (which is removed because of the lower rank). Different sections can 
therefore be shifted in various directions and with various numbers of positions.

eoshift(array, shift, boundary, dim)

It is end-off shift. It performs shift to the left if shift is positive and to the right if it is negative. Instead 
of the elements shifted out new elements are taken from boundary. If array is a vector the shift is 
being done in a natural way, if it is an array of a higher rank, the shift on all sections is along the 
dimension dim. if dim is missing, it is considered to be 1, in other cases it has to have a scalar integer 
value between 1 and n (where n equals the rank of array). The argument shift is a scalar integer if 
array has rank 1, in the other case it can be a scalar integer or an integer array of rank n-1 and with 
the same shape as the array except along the dimension dim (which is removed because of the lower 
rank).

transpose (matrix) It transposes a matrix, which is an array of rank 2. It replaces the rows and columns in the matrix.
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Location Functions

Function Description

maxloc(array, mask)
It returns the position of the greatest element in the array, if mask is included only for those which 
fulfil the conditions in mask, position is returned and the result is an integer vector.

minloc(array, mask)
It returns the position of the smallest element in the array, if mask is included only for those which 
fulfil the conditions in mask, position is returned and the result is an integer vector.
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Basic Input Output

read(*,*) item1, item2, item3...
print *,  item1, item2, item3
write(*,*) item1, item2, item3...

Formatted Input Output

read  fmt, variable_list 
print fmt, variable_list 
write fmt, variable_list 

format specification



Milad Vahidian, Ph.D. Candidate Of Mechanical Engineering At The University Of Tehran 49



Milad Vahidian, Ph.D. Candidate Of Mechanical Engineering At The University Of Tehran 50

Procedures
A procedure is a group of statements that perform a well-defined task and can be invoked from your 

program. Information (or data) is passed to the calling program, to the procedure as arguments.

Functions

Subroutines

function name(arg1, arg2, ....)  
   [declarations, including those for the arguments]   
   [executable statements] 
end function [name]

function name(arg1, arg2, ....)  
   [declarations, including those for the arguments]   
   [executable statements] 
end function [name]

subroutine name(arg1, arg2, ....)    
   [declarations, including those for the arguments]
   [executable statements]  
end subroutine [name]
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Numeric Functions
Function Description

abs(a) It returns the absolute value of A

aimag(z) It returns the imaginary part of a complex number Z

aint(a [, kind]) It truncates fractional part of A towards zero, returning a real, whole number.

anint(a [, kind]) It returns a real value, the nearest integer or whole number.

ceiling(a [, kind]) It returns the least integer greater than or equal to number A.

cmplx(x [, y, kind]) It converts the real variables X and Y to a complex number X + iY; if Y is absent, 0 is used.

conjg(z) It returns the complex conjugate of any complex number Z.

dble(a) It converts A to a double precision real number.

dim(x, y) It returns the positive difference of X and Y.

dprod(x, y) It returns the double precision real product of X and Y.

floor(a [, kind]) It provides the greatest integer less than or equal to number A.

int(a [, kind]) It converts a number (real or integer) to integer, truncating the real part towards zero.

max(a1, a2 [, a3,...]) It returns the maximum value from the arguments, all being of same type.

min(a1, a2 [, a3,...]) It returns the minimum value from the arguments, all being of same type.

mod(a, p) It returns the remainder of A on division by P, both arguments being of the same type (A-INT(A/P)*P)

modulo(a, p) It returns A modulo P: (A -FLOOR(A/P)*P)

nint(a [, kind]) It returns the nearest integer of number A

real(a [, kind]) It Converts to real type

sign(a, b) It returns the absolute value of A multiplied by the sign of P. Basically it transfers the of sign of B to A.
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Mathematical Functions
Function Description

acos(x) It returns the inverse cosine in the range (0, ƞ), in radians.

asin(x) It returns the inverse sine in the range (-ƞ/2, ƞ/2), in radians.

atan(x) It returns the inverse tangent in the range (-ƞ/2, ƞ/2), in radians.

atan2(y, x) It returns the inverse tangent in the range (-ƞ, ƞ), in radians.

cos(x) It returns the cosine of argument in radians.

cosh(x) It returns the hyperbolic cosine of argument in radians.

exp(x) It returns the exponential value of X.

log(x) It returns the natural logarithmic value of X.

log10(x) It returns the common logarithmic (base 10) value of X.

sin(x) It returns the sine of argument in radians.

sinh(x) It returns the hyperbolic sine of argument in radians.

sqrt(x) It returns square root of X.

tan(x) It returns the tangent of argument in radians.

tanh(x) It returns the hyperbolic tangent of argument in radians.
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Numeric Inquiry Functions

Function Description

digits(x) It returns the number of significant digits of the model.

epsilon(x)
It returns the number that is almost negligible compared to one. In other words, it returns the 
smallest value such that REAL( 1.0, KIND(X)) + EPSILON(X) is not equal to REAL( 1.0, KIND(X)).

huge(x) It returns the largest number of the model

maxexponent(x) It returns the maximum exponent of the model

minexponent(x) It returns the minimum exponent of the model

precision(x) It returns the decimal precision

radix(x) It returns the base of the model

range(x) It returns the decimal exponent range

tiny(x) It returns the smallest positive number of the model
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Floating-Point Manipulation Functions

Function Description

exponent(x) It returns the exponent part of a model number

fraction(x) It returns the fractional part of a number

nearest(x, s) It returns the nearest different processor number in given direction

rrspacing(x) It returns the reciprocal of the relative spacing of model numbers near given number

scale(x, i) It multiplies a real by its base to an integer power

set_exponent(x, i) it returns the exponent part of a number

spacing(x) It returns the absolute spacing of model numbers near given number
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Bit Manipulation Functions

Function Description

bit_size(i) It returns the number of bits of the model

btest(i, pos) Bit testing

iand(i, j) Logical AND

ibclr(i, pos) Clear bit

ibits(i, pos, len) Bit extraction

ibset(i, pos) Set bit

ieor(i, j) Exclusive OR

ior(i, j) Inclusive OR

ishft(i, shift) Logical shift

ishftc(i, shift [, size]) Circular shift

not(i) Logical complement
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Character Functions
Function Description

achar(i) It returns the Ith  character in the ASCII collating sequence.

adjustl(string) It adjusts string left by removing any leading blanks and inserting trailing blanks

adjustr(string) It adjusts string right by removing trailing blanks and inserting leading blanks.

char(i [, kind]) It returns the Ith  character in the machine speciýc collating sequence

iachar(c) It returns the position of the character in the ASCII collating sequence.

ichar(c) It returns the position of the character in the machine (processor) speciýc collating sequence.

index(string, substring [, back])
It returns the leftmost (rightmost if BACK is .TRUE.) starting position of SUBSTRING within 
STRING.

len(string) It returns the length of a string.

len_trim(string) It returns the length of a string without trailing blank characters.

lge(string_a, string_b) Lexically greater than or equal

lgt(string_a, string_b) Lexically greater than

lle(string_a, string_b) Lexically less than or equal

llt(string_a, string_b) Lexically less than

repeat(string, ncopies) Repeated concatenation

scan(string, set [, back])
It returns the index of the leftmost (rightmost if BACK is .TRUE.) character of STRING that belong 
to SET, or 0 if none belong.

trim(string) Removes trailing blank characters

verify(string, set [, back]) Verifies the set of characters in a string
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Kind & Logical Functions

Function Description

kind (x) It returns the kind type parameter value.

selected_int_kind (r) It returns kind of type parameter for speciýed exponent range.

selected_real_kind ([p, r]) Real kind type parameter value, given precision and range.

logical (l [, kind]) Convert between objects of type logical with different kind type parameters.
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Program Libraries
RANDLIB, random  number  and statistical  distribution  generators
BLAS
EISPACK
GAMSȡNIST Guide to Available  Math  Software
Some statistical  and other  routines  from  NIST
LAPACK
LINPACK
MINPACK
MUDPACK
NCAR Mathematical  Library
The Netlib  collection  of mathematical  software, papers, and databases.
ODEPACK
ODERPACK, a set of routines  for  ranking  and ordering .
Expokit  for  computing  matrix  exponentials
SLATEC
SPECFUN
STARPAC
StatLib statistical  library
TOMS
Sorting  and merging  strings



Boundary Conditions
ὄ ØȟÙȟÚȟÔ

BCs: ὄ ÔȟØȟÙȟÚὝὸ Ὑὼȟώȟᾀ

BCs:  " ÔȟØȟÙȟÚὝὸ Ὑὼȟώȟᾀ

Subroutine

Abaqus/CAE
Subroutinei.e., Decomposable

i.e., Indecomposable

DISP

Amplitude Analytical Field

Abaqus User Subroutine To Specify Prescribed Boundary Conditions or Connectors Motion
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DISP
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Abaqus User Subroutine To Specify Prescribed Boundary Conditions or Connectors Motion

User Subroutine Interface
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Variables to Be Defined

U

U(1)

U(2)

U(3)

First Time Derivative of U(1)

Second Time Derivative of U(1)

All variable types except rotation: the total value of the prescribed variable at this point.

Rotation variable type: the incremental value of the prescribed rotation at this point.
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Variables Passed in for Information
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KSTEP

KINC

TIME

NODE

NOEL

JDOF

COORDS

Step number

Increment number

TIME(1)

TIME(2)

TIME(3)

Current value of step time

Current value of total time

Current value of time increment

Node number

Element number

Degree of Freedom:    NEXT SLIDE

An array containing the current 
coordinates of this point.

This array cannot be used if user subroutine 
DISP is used to prescribe connector motions.

This variable cannot be used if user subroutine DISP is used to prescribe connector motions.

This variable cannot be used if user subroutine DISP is used to prescribe boundary conditions.



Degrees of freedom

Milad Vahidian, Ph.D. Candidate Of Mechanical Engineering At The University Of Tehran



Ὁ χπ Ὃὖὥ ’ πȢσσ ὝὬὭὧὯὲὩίίρ άά

ὼ

ώ

Ὗ υÃÏÓρπ“Ô ίὭὲ
“ὼ

χπ
ίὭὲ

“ώ

συ

Disp Subroutine Problem
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Disp Subroutine Problem
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Disp Subroutine Problem
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COORDS NODE
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DLOAD
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Load
Ὂὼȟώȟᾀȟὸ

Indecomposable Load: Ὂὼȟώȟᾀȟὸ Ὕὸ Ὑὼȟώȟᾀ

Decomposable Load:  & ὼȟώȟᾀȟὸ Ὕὸ Ὑὼȟώȟᾀ

Subroutine

Abaqus/CAE
Subroutine

Amplitude

The load is monitored by writing output to the printed output (.dat) file

Analytical Field

Abaqus User Subroutine To Specify Non-uniform Distributed Load



DLOAD
Variables to be defined:  F

F  for surface loads and  for body forces.

KSTEP

KINC

Step number

Increment number

TIME
TIME(1)

TIME(2)

Current value of step time or current value 
of the load proportionality factor

Current value of total time

NOEL Element number

NPT

LAYER

KSPT

COORDS

JLTYP

SNAME

Load integration point number within the element 

Layer number (for body forces in layered solids)

Section point number within the current layer

An array containing the coordinates 
of the load integration pointSurface name for a surface-based load definition 

(JLTYP=0). For a body force or an element-based 
surface load the surface name is passed in as blank.

Load type
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DLOAD
F  for Line loads,   for surface loads, and  for body forces.

KSTEP

KINC

Step number

Increment number

TIME
TIME(1)

TIME(2)

Current value of step time or current value of the load proportionality factor ‗, in a Riks step

Current value of total time

NOEL Element number

NPT

LAYER

KSPT

COORDS

JLTYP

SNAME

Load integration point number within the element 

Layer number (for body forces in layered solids)

Section point number within the current layer

An array containing the coordinates of the load integration point. These are the current coordinates if geometric 
nonlinearity is accounted for during the step; otherwise, the array contains the original coordinates of the point.

Surface name for a surface-based load definition (JLTYP=0). For a body force or an 
element-based surface load the surface name is passed in as blank.

Load type
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DLOAD
JLTYP Load type Description Elements

0 Surface-based load

1 BXNU Nonuniform body force in global X-directions

1 BRNU Nonuniform body force in radial directions

2 BYNU (except for axisymmetric elements) Nonuniform body force in global Y-directions

2 BZNU (for axisymmetric elements only) Nonuniform body force in global Z-directions

3
BZNU (for three-dimensional elements and 

asymmetric-axisymmetric)
Nonuniform body force in global Z-directions

20 PNU Nonuniform pressure

21 P1NU Nonuniform force per unit length in beam local 1-directions Beam

22 P2NU Nonuniform force per unit length in beam local 2-directions Beam

23 P3NU

24 P4NU

25 P5NU

26 P6NU

27 PINU Nonuniform internal pressure PIPE & ELBOW

28 PENU Nonuniform external pressure PIPE & ELBOW

41 PXNU Nonuniform force per unit length in global X-directions Beam

42 PYNU Nonuniform force per unit length in global Y-directions Beam

43 PZNU Nonuniform force per unit length in global Z-directions Beam
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DLOAD

SNAME
Surface name for a surface-based load definition (JLTYP=0). For a body force or an element-

based surface load the surface name is passed in as blank.

SNAME 
(Surface Name)

Part

Assembly ASSEMBLY_SURFACENAME

ASSEMBLY_PART-#_SURFACENAME

Milad Vahidian, Ph.D. Candidate Of Mechanical Engineering At The University Of Tehran



Loads

Plateõs dimensions: 300x200 (mm), thickness: 2 (mm)

Body force : exert  on whole plate   

Surface  Force (Pressure) : exert  on entire  plate  
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ὕ
άὭὨὨὰὩ ὴὰὥὸὩ
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ώ

Simulation time: 1 (s)

Hint: the JLTYP

Material properties: E=200 GPa   ’ πȢσ

All edge has been pinned 

DLOAD

Milad Vahidian, Ph.D. Candidate Of Mechanical Engineering At The University Of Tehran



Ὁ ςππ Ὃὖὥȟ ’ πȢσȟ ὨὭάὩὲίὭέὲȡυππυππυ 

Dload: Moving Load
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Moving Load:

Force reign is being changed by Time. ὊέὶὧὩ ὶὩὭὫὲὪὸ
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Dload: Moving Load
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Ὁ ςππὋὖὥ
 ’ πȢσ

Dload: Periodic Travelling Wave
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B.Cõs.

exert  on right  Up:

exert  on left  Bottom :
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Simulation time: 1(s)

Material properties:
 E=210 GPa   ’ πȢσ     Thickness=2 mm

@ x=70  ==> Ὗ πȟὟ πȟὟ ÓÉÎ

@ x=-70  ==>Ὗ πȟὟ πȟὟ ÓÉÎ

@ y=35  ==>Ὗ πȟὟ πȟὟ ÓÉÎ

@ y=-35  ==>Ὗ πȟὟ πȟὟ ÓÉÎ

@ ὼ ώ ρππ ==> Ὗ Ὡ Ȣ
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Pressure

x

y

Disp + Dload Subroutine
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Body Load
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Traction
Ὂὸȟὼȟώȟᾀȟὲ

Indecomposable: Ὂὸȟὼȟώȟᾀȟὲ Ὕὸ Ὑὼȟώȟᾀ

Decomposable: Ὂὸȟὼȟώȟᾀȟὲ Ὕὸ Ὑὼȟώȟᾀ

Subroutine

Abaqus/CAE
Subroutine

Amplitude Analytical Field

Abaqus User Subroutine To Specify Non-uniform Traction Loads

UTRACLOAD



Abaqus User Subroutine To Specify Non-uniform Traction Loads
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UTRACLOAD
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T_USER Loading direction of the distributed traction load

KSTEP

KINC

Step number

Increment number

TIME
TIME(1)

TIME(2)

Current value of step time or current value 
of the load proportionality factor

Current value of total time

NOEL Element number

NPT

DIRCOS

COORDS

JLTYP

Load integration point number within the element 

Orientation of the face or edge in the 
reference configuration

An array containing the coordinates 
of the load integration point

Identifies the load type

SNAME
Surface name for a surface-based load 

definition. For an element-based or edge-based 
load the surface name is passed in as blank

ALPHA Magnitude of the distributed traction load



UTRACLOAD
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T_USER

Loading direction of the distributed  traction 
load. The direction of T_USER should not 
change during a step. If it  does, convergence 
difficulties  might arise.

DIRCOS

Orientation of the face or edge in the reference configuration. For three-dimensional facets the first  and second columns 
are the normalized local directions in the plane of the surface, and the third  column is the normal to the face. For solid 
elements the normal points inward ; for shell elements the normal points outward. For two-dimensional facets the first  
column is the normalized tangent, the second column is the facet normal, and the third  column is not used. For three-
dimensional shell edges the first  column is the tangent to the shell edge (shear direction), the second column is the in-
plane normal (normal direction), and the third  column is the normal to the plane of the shell (transverse direction).

ALPHA
Magnitude of the distributed  traction load. Units are  for surface loads,  for edge loads, and F for edge 

moments. For a static analysis that uses the modified Riks method ALPHA must be defined as a function of 
the load proportionality  factor, ʇ. 

Load directions 
are needed 

Load directions 
will be ignored

General Surface Traction

Shear Surface Traction

General Edge Traction

Normal Edge Traction

Transverse Edge Traction

Edge Moment

COORDS
An array containing the coordinates of the load integration point. These are the current coordinates if geometric 
nonlinearity is accounted for during the step; otherwise, the array contains the original coordinates of the point.

Shear Edge Traction



UTRACLOAD
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Identifies the load type for which this call to UTRACLOAD is being made. JLTYP

The load type

Surface-based Load

Element-based Surface Load

Edge-based Load

j  in the load type identifies the face or edge of the element underlying the surface

Face Number

Edge Number

This information is useful when several different nonuniform 
distributed loads are being imposed on an element at the same time

SNAME 
(Surface Name)

Part

Assembly ASSEMBLY_SURFACENAME

ASSEMBLY_PART-#_SURFACENAME

SNAME Surface name for a surface-based load definition. For an element-based or edge-based load the surface name is 
passed in as blank



UTRACLOAD
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Distributed Loads Can Be Defined As Element-based Or Surface-based

Element-based Element bodies, Element surfaces, or Element edges

Geometric surfaces or Geometric edgesSurface-based

Types of Distributed Loads

Body Loads

Surface Loads

Edge Loads

Element-based

Element-based

Surface-based

Element-based

Surface-based

Types of Distributed Loads
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Load Description Load Label JLTYP

Nonuniform shear 
surface traction

TRSHRNU 510+j

TRSHR1NU 511

TRSHR2NU 512

TRSHR3NU 513

TRSHR4NU 514

TRSHR5NU 515

TRSHR6NU 516

Nonuniform 
general surface 

traction
TRVECNU 520+j

TRVEC1NU 521

TRVEC2NU 522

TRVEC3NU 523

TRVEC4NU 524

TRVEC5NU 525

TRVEC6NU 526

Load Description Load Label JLTYP

Nonuniform general 
edge traction

EDLDNU 540+j

EDLD1NU 543

EDLD2NU 544

EDLD3NU 545

EDLD4NU 546

Nonuniform normal 
edge traction

EDNORNU 550+j

EDNOR1NU 553

EDNOR2NU 554

EDNOR3NU 555

EDNOR4NU 556

Nonuniform shear 
edge traction

EDSHRNU 560+j

EDSHRNU 563

EDSHRNU 564

EDSHRNU 565

EDSHRNU 566

Load Description Load Label JLTYP

Nonuniform 
transverse edge 

traction
EDTRANU 570+j

EDTRANU 573

EDTRANU 574

EDTRANU 575

EDTRANU 576

Nonuniform edge 
moment

EDMOMNU 580+j

EDMOM1NU 583

EDMOM2NU 584

EDMOM3NU 585

EDMOM4NU 586
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UTRACLOAD

NOEL

NPT

DIRCOS

COORDS

JLTYP

SNAME
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Prescribed Temperature
ὝὩάὴØȟÙȟÚȟÔ

ὝὩάὴÔȟØȟÙȟÚὝὸ Ὑὼȟώȟᾀ

4ÅÍÐÔȟØȟÙȟÚὝὸ Ὑὼȟώȟᾀ

Subroutine

Abaqus/CAE
Subroutine

i.e., Decomposable

i.e., Indecomposable

Amplitude Analytical Field

Abaqus User Subroutine To Specify Prescribed Temperature

UTEMP

Note the close similarity between the UTEMP and DISP Subroutines
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UTEMP
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TEMP

NSECPT

KSTEP

KINC

TIME

NODE

TIME(1)

TIME(2)

Current value of step time

Current value of total time

Node number

COORDS An array containing the current 
coordinates of this point.

Step number

Increment number

Maximum number of section values 
required for any node in the model

Array of temperature values 
at node number NODE
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UTEMP
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TEMP

NSECPT

KSTEP

KINC

TIME

NODE

TIME(1)

TIME(2)

Current value of step time

Current value of total time

Node number

COORDS An array containing the current coordinates of this point.

Step number

Increment number

Maximum number of section values 
required for any node in the model

Array of temperature values at 
node number NODE

If the node is not connected to a beam or shell element NSECPT=1

Otherwise

Beam Section

Shell Section

NSECPT, is determined by the 
particular section type

n equally spaced points 
through each layer

NSECPT=n

Reference surface together 
with gradients with 

respect to the thickness

Origin of the cross-section 
together with gradients

NSECPT=2

NSECPT=3

NSECPT=2

2D

3D
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Abaqus User Subroutine To Define Non-uniform Film Coefficient and Associated Sink Temp for Heat Transfer Analysis

Film Coefficient 
and

 Associated Sink Temp

Ὤ ÔȟØȟÙȟÚὝὸ Ὑὼȟώȟᾀ

È ÔȟØȟÙȟÚὝὸ Ὑὼȟώȟᾀ

Subroutine

Abaqus/CAE
Subroutine

i.e., Decomposable

i.e., Indecomposable

Amplitude Analytical Field

Ἱ ὬὝ Ὕ

Convective Heat Flux

Convection Heat 
Transfer Coefficient

Surface Temperature

ὡ

 ὑ
Film Coefficient

Fluid Temperature Sink Temperature

— ÔȟØȟÙȟÚὝὸ Ὑὼȟώȟᾀ

— ÔȟØȟÙȟÚὝὸ Ὑὼȟώȟᾀ
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FILM
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Abaqus User Subroutine To Define Non-uniform Film Coefficient and Associated Sink Temp for Heat Transfer Analysis
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Heat Transfer

Conduction

Convention

Radiation

&ÏÕÒÉÅÒȭÓ ÌÁ×
Ἱ Ὧ ɳὝ Ὧ

‬Ὕ

‬ὼ
░
‬Ὕ

‬ώ
 ▒
‬Ὕ

‬ᾀ
 ▓

The direction of Heat Flux is 
normal to the cross-sectional area

Temperature Gradient

Thermal Conductivity

Rate of heat energy transfer per 
unit surface area normal to the 

direction of transport

.Å×ÔÏÎȭÓ ÌÁ×
Ἱ ὬὝ Ὕ

Convective Heat Flux

ὡȾά

Convection Heat 
Transfer Coefficient

Fluid Temperature

Surface Temperature

ή ‐ „ Ὕ Ὕ  

Radiation Heat Flux

StefanɀBoltzmann constant

υȢφχρπ
ὡ

ά ὑ

Absolute Temperature (K) Of The Surface

emissivity

Absolute Temperature (K) Surrounding

ὡ

ά ὑ

ὡ

ά  ὑ
Film Coefficient

Sink Temperature
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Film Coefficient Node-based Element-basedSurface-based
ὐ

Ὕὒ—
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H

SINK Sink Temperature

H(1)

H(2)

Magnitude of the Film coefficient at this point

Rate of change of the film coefficient with respect to the surface temperature at this point

Film Coefficient

Node-based

Element-based

Surface-based

ὐ

Ὕὒ—

ὐ

Ὕὒ—
ὨὬȾὨ—

The rate of convergence during the solution of the nonlinear equations in an increment is improved by 
defining this value, especially when the film coefficient is a strong function of surface temperature

Sink Temperature

Node-based

Element-based

Surface-based

Variables to Be Defined
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Variables Passed in for Information
TEMP

KSTEP

TIME

NOEL

TIME(1)

TIME(2)

Current value of step time

Current value of total time

COORDS
An array containing the coordinates of this point. These are the current coordinates if geometric nonlinearity is 

accounted for during the step; otherwise, the array contains the original coordinates of the point.

Step Number

Increment Number

NPT

KINC

Estimated Surface Temperature At This Time At This Point

Element number
(This variable is passed in as zero for node-based films)

Surface integration point number
 (This variable is passed in as zero for node-based films)
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Variables Passed in for Information

FIELD

NFIELD Number of field variables

Surface name for which this call to FILM is being made for a surface-based film coefficient specification (JLTYP=0).
 (This variable is passed in as blank for both node-based and element-based films)

NODE
Node Number

(This variable is passed in as zero for both element-based and surface-based films)

SNAME

Interpolated values of field variables at this point

AREA
Nodal area for node-based films. AREA will be passed into the routine as the nodal 

area specified as part of the node-based film coefficient specification.
(This variable is passed in as zero for both element-based and surface-based films)

JLTYP Identifies the element face for which this call to FILM is being 
made for an element-based film coefficient specification

JLTYP Film type

0 Node-based or surface-based loading

11 F1NU (FNEGNU for heat transfer shells)

12 F2NU (FPOSNU for heat transfer shells)

13 F3NU

14 F4NU

15 F5NU

16 F6NU

Bottom

Top 
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Example
Transient Heat Transfer

ὛὍ ά

Density ” χψππ

Thermal Conductivity Ὧ ρȢτ

Specific Heat ὧ ςφπ

Film Coefficient Ὤ ρπ πȢς—

Sink Temperature — ρππςὸ

Initial Temperature — σπ
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Distributed Flux
ή ØȟÙȟÚȟ4ȟÔ

ή ÔȟØȟÙȟÚὝὸ Ὑὼȟώȟᾀ

ή ØȟÙȟÚȟÔὝὸ Ὑὼȟώȟᾀ

Subroutine

Abaqus/CAE
Subroutine

i.e., Decomposable

i.e., Indecomposable

Amplitude Analytical Field

DFLUX
Abaqus User Subroutine To Define Non-uniform Distributed Flux in a Heat Transfer or Mass Diffusion Analysis

Note the close similarity between the DFLUX and DLOAD Subroutines
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DFLUX
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Abaqus User Subroutine To Define Non-uniform Distributed Flux in a Heat Transfer or Mass Diffusion Analysis

FLUX

SOL

KSTEP

KINC

TIME

NOEL

TIME(1)

TIME(2)

Current value of step time

Current value of total time

Element number

COORDS An array containing the 
coordinates of this point (NODE)

Step number

Increment number

Estimated value of the solution variable

NPT

JLTYP

TEMP

PRESS

SNAME

FLUX(1)

FLUX(2)

Magnitude of flux

Rate of change of the flux with respect to 
the temperature/mass concentration

Integration point number

Identifies the flux type

Current value of temperature 
at this integration point

Current value of the equivalent 
pressure stress at this integration point

Surface name for a surface-based 
flux definition (JLTYP=0). 

Only in 
transient 
analysis

Only for 
a mass 

diffusion 
analysis

Only for 
a mass 

diffusion 
analysis
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FLUX

FLUX(1)

FLUX(2)

Magnitude of flux

Rate of change of the flux with respect to the temperature

Surface Flux: Ⱦ

Body Flux: Ⱦ

FLUX
Heat Flux:

Mass Diffusion Flux: Rate of mass transfer per unit surface area normal to the direction of transport

Rate of heat energy transfer per unit surface area normal to the direction of transport Volume

Volume

FLUX
Surface-based

Element-based Body Flux / Surface Flux 

Surface Flux 

Surface Flux: 

Body Flux: 

Surface Flux: 

Body Flux: 

Heat Transfer

Mass Diffusion
Rate of change of the flux with respect to the mass concentration

ὨήȾὨ—

ὨήȾὨὧ

In transient heat transfer cases where a nondefault amplitude is used to vary the applied fluxes, the time 
average flux over the time increment must be defined rather than the value at the end of the time increment

The convergence rate during the solution of the nonlinear equations in an increment is improved by defining this value, 
especially when the flux is a strong function of temperature in heat transfer analysis or concentration in mass diffusion analysis
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Abaqus Conventions

Dimension Indicator Example (S.I. units)

Length ὒ Meter

Mass ὓ Kilogram

Time Ὕ Second

Temperature — Degree Celsius

Electric Current ὃ Ampere

Force Ὂ Newton

Energy ὐ Joule

Electric Charge ὅ Coulomb

Electric Potential • Volt

Mass Concentration ὖ Parts Per Million

Fluid Electric Potential • Volt

Ion Concentration In The Electrolyte ὅ Mol Per Cubic Meter
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SOL

COORDS
An array containing the coordinates of this point (NODE). These are the current coordinates if geometric 

nonlinearity is accounted for during the step; otherwise, the array contains the original coordinates of the point.

temperature in a heat transfer analysis 
or

 concentration in a mass diffusion analysis

JLTYP

TEMP

PRESS

SNAME

Identifies the flux type

Current value of temperature at this integration point

Current value of the equivalent pressure stress at this integration point

Surface name for a surface-based flux definition (JLTYP=0). For a body flux 
or an element-based surface flux the surface name is passed in as blank. 

NEXT SLIDE

Only For A Mass Diffusion Analysis

Only For A Mass Diffusion Analysis

Estimated value of the solution variable 
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Flux Identifier
JLTYP Flux Type Description

0 Surface-based flux Nonuniform Surface Flux

1 BFNU
Nonuniform body flux per unit volume with magnitude supplied via user 

subroutine DFLUX

11 S1NU (SNEGNU for heat transfer shells)
Nonuniform surface flux per unit area into the bottom face of the element 

with magnitude supplied via user subroutine DFLUX

12 S2NU (SPOSNU for heat transfer shells)
Nonuniform surface flux per unit area into the top face of the element with 

magnitude supplied via user subroutine DFLUX.

13 S3NU Nonuniform surface flux per unit area into the face 3 of the element

14 S4NU Nonuniform surface flux per unit area into the face 4 of the element

15 S5NU Nonuniform surface flux per unit area into the face 5 of the element

16 S6NU Nonuniform surface flux per unit area into the face 6 of the element
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Example

ὕ
άὭὨὨὰὩ ὴὰὥὸὩ

ὼ

ώ

ςππ άά ρππ άά ρ άά

ή Øȟ Ùȟ Úȟ Ô  ὧέίρπ“ὸ ίὭὲ ίὭὲ

ή Øȟ Ùȟ Úȟ ʃȟ Ô  Ὡ ὧέίρπ“ὸ ίὭὲ
“ὼ

ρππ
ίὭὲ

“ώ

υπ
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Material Constant

45 
 
 = 

 

 
 Conductivity Specific Heat 420 

 
 = τςπρπ

 

Commonly used unit ὛὍ value ὛὍ άά  value

Stiffness of steel 210 Ὃὖὥ ςρπρπ Pa 210000 ὓὖὥ

Density of steel 7850 χȢψυρπ

Gravitational constant 9.81 ωψρπ
άά

ί

pressure 1 ὦὥὶ 105 Pa πȢρ ὓὖὥ

Absolute zero 
temperature

-273.15 ÁC 0 K ÁC and K both acceptable

Stefan-Boltzmann 
constant

υȢφχρπ
ὡ

ά ὑ
υȢφχρπ

άὡ

άά ὑ

Universal gas constant ψȢσρττφ
ὐ

ὑ άέὰ
ψσρτȢτφ

άὐ

ὑ άέὰ
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UMDFLUX
Abaqus User Subroutine To Specifying Moving or Stationary Nonuniform Heat Flux in a Heat Transfer Analysis
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JLTYP

Identifies the moving flux type for 
which this call to UMDFLUX is being 

made; only the concentrated heat flux 
type is supported (JLTYP=1)

JLTYP Flux Type Description

0 MBFNU
Nonuniform moving or stationary concentrated heat 
fluxes with magnitudes supplied via user subroutine 

UMDFLUX.



Abaqus User Subroutines To Define Incremental Thermal Strains
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UEXPAN
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Thermal Strains Are Complicated Functions Of Temperature, Time, Field Variables, And State Variables
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Variables to Be Defined

EXPAN

DEXPANDT

Variation Of Thermal 
Strains With Respect 

To Temperature

Increments 
Of 

Thermal Strain

Isotropic
Expansion

Orthotropic 
Expansion

Anisotropic 
Expansion

ɝ‐ ɝ‐ ɝ‐ ɝ‐ π π π

ɝ‐ ɝ‐ ɝ‐ ɝ‐ ɝ‐  ɝ‐  ɝ‐  

ɝ‐ ɝ‐ ɝ‐ ɝ‐ π π π

3D Stress

Plane Stress ɝ‐ ɝ‐ ɝ‐ ɝ‐

Isotropic
Expansion

Orthotropic 
Expansion

Anisotropic 
Expansion

‬‐

‬—
‬‐

‬—

‬‐

‬—

‬‐

‬—
π π π

‬‐

‬—
‬‐

‬—

‬‐

‬—

‬‐

‬—
π π π

3D Stress

Plane Stress
‬‐

‬—
‬‐

‬—

‬‐

‬—

‬‐

‬—

‬‐

‬—
‬‐

‬—

‬‐

‬—

‬‐

‬—

‬‐

‬—

‬‐

‬—

‬‐

‬—
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Variables Passed in for Information
TEMP

TIME(1)

TIME(2)

Step Time At The End Of The Increment

Total Time At The End Of The Increment

DTIME

NOEL User-defined Element Number

PREDEF

DPRED

CMNAME

TIME

TEMP(1)

TEMP(2)

Current Temperature (at the end of the increment) 

Temperature Increment

Time Increment

User-specified Material Name Or Gasket Behavior Name, Left Justified

Array Of Increments Of Predefined Field Variables

Array Containing The Values Of All The User-specified Predefined Field Variables At This Point 
(initial values at the beginning of the analysis and current values during the analysis)
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Variables That Can Be Updated

STATEV

NSTATEV
Number of solution-dependent state variables associated with this material or gasket behavior type 

(specified when space is allocated for the array)

These are supplied as values at the start of the increment and 
can be updated to their values at the end of the increment. 

UEXPAN is called twice 
Per Material Point Per Iteration.

User subroutine UEXPAN allows for the incremental thermal strains to be only weakly dependent on the state variables. The 
Jacobian terms arising from the derivatives of the thermal strains with respect to the state variables are not taken into account

In the first call for a given material point and iteration, the values 
supplied are those at the start of the increment and can be updated.

In the second call for the same material point and iteration, the 
values supplied are those returned from the first call, and they 

can be updated again to their values at the end of the increment.

Array Containing The User-defined Solution-dependent State Variables At This Point. 

Coupled Temperature-displacement 
And

Coupled Thermal-electrical-structural

Others
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UAMP
Abaqus User Subroutines 

To Specify Amplitude
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SIGINI
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Abaqus User Subroutines To Define An Initial Stress Field
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