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I Introduction

A previous article addressed the workflow involved in using and compiling the usermat.F
function on windows. The reference article re-used the example usermat.F file found in the
Examples folder (with only minor modification)

 The example source file defines plastic behavior with bilinear isotropic hardening.

« The APDL file ‘upf.inp’ (in the same folder) is an APDL script which tests this material on a

single linear (solid185) element by comparing the solution to the standard definition offered
in Ansys

* In this article, we’d like to go a bit further and explore two outstanding issues which
frequently arise:

1. How to define plastic materials in general using usermat.F. We will try to address this
over several articles (this is not a small topic). In this article, we’ll begin by
deconstructing exactly what the example usermat.F does. Future articles will explore
how to modify the procecure for more complicated cases

2. Recent confusion over selecting and configuring compilers on Windows platforms.
Microsoft Visual Studio (MVS) and the Intel Fortran compiler have changed their
compatiblity structure in last four years (Intel has migrated to a new compiler)
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The User Programmable Feature (UPF)

 We'll begin by introducing Ansys User Programmable Features (UPF’s)
*  From the Mechanical APDL Documentation:

User programmable features are tools you can use to write your own routines. Using
UPFs, you can tailor the Mechanical APDL program to your organization's needs.
For instance, you may need to define a new material behavior, a special element, a
contact interfacial model, or a modified failure criterion for composites.

e This article will address a specific UPF which allows you to customize material behavior.

* |t takes the form of a a source file called usermat.F found in the installation directory:
<Instalation Location>\vxxx\ansys\custom\user\winx64\Example (where ‘xxx’ is the
numeric designation of the Anssys relase. For example, for 2025R1, it is ‘251’). See the
image below

v A « w251 » ansys » custom » user » winxB4 » Examples w 0 Search Examples

html ’y MName Date modified

SOUrCe

C myuserfunc.c 2024 B:59 AM

30

| B
Irebie c myuserheader.h 127272024 8:53 AM
B myusersulby.F 1
Lo ] README xt |
3D Objects %] runUPFtest.sh |
Desktop @ upfinp 1
Documents : upf_good.out 1
Downloads B usercr.inc |
Misic [F usermat.F 12/1/2024 2:22 PN

Dirtiirar
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Part 1

e usermat.F: How it works
* Plastic Flow Theory




Overview: usermat.F

e Users may customize material behaviors by customizing and compiling the ‘usermat’ UPF

* Many users may find it convenient to simply modify the ‘usermat.F’ file found in the Examples folder for
this purpose

* Users may find examples of most UPF’s in the folder <Instalation Location>\vxxx\ansys\customize\user as
shown below (this folder also contains a copy of the same usermat.F found in the Examples folder)

Clipboard Organize MNew Ope

« AMNSYSInc » w241 » ansys » customize » user w Search user

Fat

2 Mame

[ ] ANSCUSTOM
[ ] AMSUSERSHARED
'3 ansys.F
€| anszip.c
ts [F bintrd.F
[F bintst.F
e [f bintwr.F
" C| cansmpi_wrapper.c
'3 cargst.F
[F fldgetvar.F
[F fldsetvar.F

| | gen_share
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I Overview: usermat.F

e The example ‘usermat.F’ that ships with Ansys completely defines a bilinear
isotropic hardening plasticity model. Documentation for this function may be
found in Section 2.5 Customizing Material Behavior of the Mechanical APDL
help system.

* Inspecting the file, we see that this definition anticipates usage with all the
‘new technology’ structural element types in Ansys (the 18x family)

e Specifically, we find that ‘usermat.F’ encapsulates four more specific
subroutines:

* line 185: if the harmonic flag ‘hrmflg’ is nonzero: call the function
‘usermat_harm’ (2D harmonic elemnt)

* line 197: if the number of stress components ‘ncomp’ >= 4: call function
‘usermat3d’ (3D volumetric element)

* line 211: if the number of direct stress components nDirect = 2 and
ncomp = 3: call ‘'usermatps’ (plane stress element)

* line 225: if ncomp =3: call ‘usermatbm’ (3D beam element)

* line 239: if ncomp =1: call ‘usermatld’ (1D beam element)

* Inthis article, we will assume 3D volumetric elements only are used, and so
focus on modifying function ‘usermat3d’ (which starts on line 535 of
‘usermat.F’
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Overview: usermat.F

* The ‘usermat3d’ function starts at line 535 and ends at line 934
* Lines 535 through 757 consist of comments, variable declarations, and constant definitions
* The actual algorithm is implemented in lines 760 — 934

[ i - . » o . . .
L'F‘es 760 -807: > « cumulative plastic equivalent strain (pleq) at t,,

=] keycut = . .
o ;ui_’gzm - (pleq_t) obtained from state variable 1
&2 sigdep = ZIEE
3 pleg_t = ustatev(l)}
€5 o wEw gi:qfcungfspi?g;z.:i and Poisson's ratico, initial yield stress and ||:r,hers ; 2 EIaStIC mOdUIus (young) Obtalned from
£ oun = propll) 1
= pomn = prep() user input property 1 (prop(1))
a sigyd = prop(3} ] . . .
€5 | e *r* plascic strain tensor ' » ¢ poisson ratio (posn) obtained from

call vmove (ustatev({l), epsPl({l}), ncomp)

=TT i yoanepeoma1 ! yonsa-peop (4} user input property 2 (prop(2))

twol = young / (CNE+posn) . . . H %

threed = ONSHALE * twos * elastic limit (sigy0) obtained from user
7¢ elasti-HALE Lo input property 3 (prop(3))

v

elastl=young*posn/ {{ +posn) *{ -THO*posn) )
o *** define tsstif{l) since it is used for calculation of hourglass sgiffness

1 w1 =] =] wd wd wd md ad md wd md owd wd md wd md wd md md m] wd wd m] wd wd md md wd m] wd wd ] ] md wd =] wd wd wd
n
#
*
%

do j=itl,ncomp — (1 - L"}{l — 21/')
dsdeEl({j,i)=dsdeE1l{i, J)

806 = end do

end do

tsstif (1) = elast2 1 1
- > ° 6 plastlc straln components (array
calculate elastic stiffness matrix (2d) . .
- epsPl) obtained from state variables 2

dsdeEl{l,l}={elastl+THC*elast2) *G (L} *CZ{1) —_—
dsdeEl(l,2)=elastl*G (1) *G(2) +telast2*THO*G (1) *&(4)
dsdeEl{l,Z)=elastl*G (1) *G(Z) +elast2*TWO*C () * (=) though 8
dsdeEl (1,4)=elastl*G (1) *G(4) +telast2Z*THO*G(L1) *=(4) H 1 1
e e T e e » « Plastic hardening slope (dsigdep)
dsdeEl (1,c)=elastl*G (1) *C(c) +elast2*TWO*C (4} *C(5) .
dedez1(,7)= (elastleTHO*elast2) <6 (1) 5 (2) calculated from user input property 4
dsdeEl ({2, 2)=elastl*G{2) *C (2) +elast2*TWO*C () *= (<)
dsdeE1(Z,4)=elastl*G(2) *G(2) +elast2*THO*E (1) *E(4) i i i
dsdeZl (2 ,5)=elastl*G ({2} *C(Z) +elast2*THO*Z (1) *C(5) (See Sllde 16 for dISCUSSIon)
dsdeEl (2,c)=elastl*G(2) *G(c) +telast2*THO*G(2) *& (<)
dsdeEl (3, 3)=({elastl+TWO*elast2) *E () *E(3) - =
dsdeEl (2,4)=elastl*G(2) *C (1) +elast2*THO*G () *C (=) _—
dsdeEl (2,5)=elastl*G (2} *G(5) +elast2*TWO*G () *C(z2) 1 y y V U U U
dsdeEl (2,c)=elastl*G(2) *C(c) +elast2*TWO*C(c) *E(2)
dsdeEl{4,4)=elastl*z (1) *G{4)+elast2* (G (1) *G{2)+E({4)*C {4} 1 — I.-" I-'JI D U U
dsdeEl(4,5)=elastl*E{4) *C (=) +elastI* (G{L)*CG (2} +E(5) *E(4))
dsdeEl {4, c)=elastl*G (1) *G(c) +telast2* (G{) *G () +E(2) *E(2))
dsdeEl (5, 5)=elastl*C{5) *C () +elastI* (C{L) *C (2} +E(Z) *E(=)) 1 — I/ 0 [} D
dsdeEl (5, c)=elastl*z(35) *G () +telast2* (G (2) *G (Z) +E(3) *G(=)) E
dsdeZl (=, c)=elastl*G(c) *C(5) +elast2* (G(2) *C () +E(2) *E(5)) — — 1—21

E do i=l,ncomp- D - deeEI —_ [] D n

o o o % %

U D 1—2w
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Overview: usermat.F

nonn

Lines 810 - 851:

*** get initial stress
call get ElmInfo{'NCINE', ncompgt)
call wvzero{sigi(l) ,ncompgt)
call get ElmData ('ISIE', elemld,kDomIntPt, ncompgt, sigi)

**% calculate the trial stress and
copy elastic moduli dsdeEl teo material Jacokian matrizx
do i=1 ncomp

strainEl{i}) = Strain({i) + dS5train(i) - epsPl({i)
end do
ecall wvzerol(sigElp, £)
do i=1 ncomp

do j=1,ncomp

dsdePl {j,i) = dsdeEl(j,i}
sigElp({i) = sigElp({i)+dsdeEl{j,i)*strainEl (3}

end deo
sigElp{i} = sigElp({i) + sigili)
end do

*** hydrostatic pressure stress

pEl = -THIED * (sigElpl{l) + sigElpi{I) + sigElpi{z})
*** pcompute the deviatoric stress tensor

sigDew(Ll) sigElpi{l) + pEl

sigDewv (2} sigElp{Z} + pEL

sigDew (2} sigElp{3) + pEL

sigDewv (4} sigElp (4}

o

v

sigDev (5} sigElp {5}
sigDew(c) sigElp(£)
*h* compute VoOn-mises sStress
gEl =
& sigDew(l}) * sigDew{l)+sigDevw({l}) * sigDew(ZI}+
& sigDew(Z) * sigDew(Z)+
& TWO*({sigDew({4) * sigDev{4)+ sigDev () * sigDew(5}+
& sigDew(c) * sigDew(c))
gEl = sgrt{ ONEHALF * gEl)
*** compute current yield stress
sigy = sigyl + dsigdep * pleg

fratio = gEl / sigy — ONE
*** check for yielding
IF (sigy .LE. ZERQO.or._fratip .LE. -SMALL) GO TO 500

e = e
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get 6 x 1 initial stress vector (sigi)

Get inital 6 x 1 elastic strain (strainkl).
Previous strain (strain) + strain
inrement (dStrain) — plastic strain
(epsPl).

Calculate trial elastic stress (sigElp) for
this increment

Calculate deviatoric (sigDev) stress for
this incrment

Calculate equivalent stress (gEl) for
this increment

Calculate yield criterion (fratio)

if equivalent stress <= yield criterion
(or equivalently: if fratio <=0), go to
line 500 (plastic strain increment is
zero. Loading/unloading is purely
elastic)




Overview: usermat.F
e Lines 852 -884:

852 sigy_t = sigy » . H

. hreZovigel - ONEHALF / qEL » * compute yield gradient (dfds)

254 E—%c *** compute deriwvative of the yield function

855 — 00 i=1, ncomp

856 dfds{i} = threelw2gEl * sigDew (i)

257 e END DO

58 onelw3E = OHE / (threel + dsigdep)

858 qE10v3G = gEl * oneOv3G »e Calculate the plastic strain increment
g8&0d c *** jpnitial guess of incremental eguiwvalent plastic strain

861 dpleg = gElOV3C - sigy * oneOv3G (dpleq)

s pleg = pleq_t + dpleq » * Update the cumulative effective

363 sigy = sigy0l + dsigdep * pleg . 3

364 = plastic strain

O D;P‘i“":e_ﬁ‘f‘j:jj; » * Update yield stress with plastic strain
BE7 stress{i}) = sigElp{i) - TWOTHIRD * (gEl-sigy) * dfds{i) increment

2&8 e END DO :

869 = —»+ Update stress (sigElp)

- s *** wpdate plastic strains — »+ Update plastic strain tensor (epsPl)
871 =l DO i=1 , nbDirect . ¢ ;
872 epsPl{i) = epsPl{i) + dfds(i) * dpleg * Update state variables for this plastic
B73 e END DO o

274 = DO i = nDirect + 1 |, ncomp strain increment

275 epsPl{i} = epsPl{i) + TWO * dfds({i) * dpleg ———»e  (Calculate p|astic work

876 e END DO

877 epseg = pleg

78 c *** TIpdate state wariables

879 ustatevi{l) = pleg

=11 =l do i=1,ncomp

28l ustatev({i+l) = epsPl{i)}

a2 2 end do

283 c *** UUpdate plastic work

284 sedPl = sedPl + HRLF * (sigy_t+sigy) *dpleg
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Overview: usermat.F
Lines 885 -934:

—’ [

:P .
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{4
o *** Material Jeobian matrix
o
= IF (gE1.LT.sqTiny) THEN
conl = ZERC
=5 ELSE
conl = threel * dpleg / gEl
s END IF
con2 = threeGf (threeG+dsigdep) — conl
con2 = TWOTHIRD * conZ
F_% 00 i=l, ncomp
s D0 j=1,ncomp
Jd({j, i) = ZERD
= END DO
= END DO
Eai D0 i=l nDirect
=5 DO j=1 ,nDirect
JM{i,j) = -THIRD
= END DO
JH(i, i} = JM({i,i) + ONE
= END DO
= D0 i=nDirect + | ,ncomp
JM({i,i} = HALF
i END DO
=5 D0 i=l1,ncomp
5 00 j=1,ncomp
dsdePl{i,j} = dsdeEl {i,j) - twoi
& * {( con2 * dfds(i) * dfds(j) + conl * JMI(i,3j)
= END DO
= END DO
o
goto =00
‘| continue
c *** TUpdate stress in case of elastic/unloading
= do i=l ncomp
stress{i) = sigElp(i}
= end do
‘| continue
sedEl = ZERD
= I0i=1, ncomp
sedEl = sedEl + stress{i)¥*(Strain{i)+dStrain{i)-epsP1{i})}
i END DO
sedEl = sedEl * HALF
ustatev {nStatev) = sigy
o
! cutFactor = 0.540
return
= end

v
[}

Calculate the consistent tangent matrix (dsdePl)

Update stress

Calculate elastic strain energy

Subroutine ends




Overview: usermat.F

* Now, Let’s summarize the most important parts of what the subroutine does

* Material plasticity may be decomposed into the following fundamental components. The list below shows where these are
defined in the example ‘usermat.F’

A yield surface: lines 838 — 848 (von Mises yield criterion. See slide 17, equation (14) )
A plastic flow rule: lines 870 — 876 (associative plastic flow. See slide 19, equation (15))
A plastic hardening law: line 772 (linear plastic hardening. See slide 17, equation (13))

A calculation of the consistent tangent matrix (See slide 23, equation (30))

OO,

e This happens over every time increment t,,; —t, = At defined by the solution controls (‘usermat.F’ is called at t, = ‘Time’. At =
‘dTime’, where t,, € t; and t, is the end time ). The four components above are used to calculate the scalar plastic strain
increment, Ay (which is essential in updating all other variables over the time increment).

*  Most of the rest of the code may be considered ‘standard’ for all incremental plastic models

* For example, incremental plasticity is a ‘strain-based’ calculation. That it is to say, it always begins by supplying the total strain
at the beginning the increment (the variable ‘Strain’), t, and the total strain corresponding to the increment, t,,, —t, (‘dStrain’)

* The next step is to estimate the trial elastic stress during the increment At (lines 816 — 827). This is sometimes called the
‘predictor’ step. If material plasticity occurs, this stress (or its effective scalar measure —in our case, the von Mises stress) will
‘overshoot’ the yield surface (calculated next), and a ‘corrector’ calculation begins

* Next, the yield surface is calculated. Since most plastic flow is completely deviatoric, the deviatoric stress is calculated by
subtracting the hydrostatic stress from the stress estimate. The yield surface is then usually expressed in terms of the
deviatoric stress

We Make Innovation Work
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Overview: usermat.F

Next, the corrector step is calculated by applying the ‘consistency condition’ (slide 12). This simply
states that the linear stress overestimate calculated earliear may be corrected by observing that
the yield surface must not change during the increment. In other words:

V3J2(snt1) — 0y (&8, (A1) =0 (1)

Here, 3]/,(0,41) is simply the von Mises stress (q,+1), and ay(gﬁﬂ) is the updated yield stress
associated with the plastic strain increment (‘epsP!’: to be calculated, which is itself a function of the
effective plastic strain increment, AA via the plastic flow rule). The change in yield reflected in the
function gy, is usually expressed by a particular plastic hardening rule. Such expressions are scalar
functions which may be written in terms of the effective plastic strain increment (A4 --(‘dpleq’): the
guantity we’re after)

Thus, equation (1) is solved for AA (‘dpleq’)

Once the plastic strain increment, AA is calculated, it is used to calculate the plastic srain
increment s_gﬂ and the updated stresses 0,11

Finally, the consistent tangent matrix is calculated (‘dsdePl’). For 3D volumetric elements, this is a
6 x 6 matrix which is then passed back to the element stiffness calculation (the function which
calls ‘usermat.F’) and used as the incremental constitutive relation
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I Overview: usermat.F

* |tis also worth noting that in 3D, o (‘stress’) and & (‘Strain’) are 6 x 1 arrays, while the consistent
tangent matrix, D, (‘dsdePl’) is a 6 x 6 array (the symmetric Voigt form of a rank 4 tensor)

* While in general, g, € are rank-2 (3 x 3) tensors and D, is a rank-4 (3x3x3x3) tensor, the

simplifications above are made possible by the symmetries of these matrices and Voigt
notation. One subtly of this notation is that engineering strain is used for the shear strains as
shown below

(011) ((€11)
0-22 822
_ ) 033 ) 33
0'—40_12> £—<2€12>
033 2853
\013/ \2€13)

* This is done so that the strain energy density expressed by the double contraction of the
rank 2 tensor equation:

E=0:¢

...is preserved (is the same as) the energy density calculated according to the dot product of
the two 6 x 1 vectors above (the Voigt notation doesn’t simply treat the arrays as vectors.
They ARE vectors):

E=0-¢
We Make Innovation Work
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Overview: usermat.F

» Before explaining the 3D algorithm further, we should point users to a helpful resource (from which
we draw heavily in this article): Computational Methods for Plasticity (Neto, Peric, Owen).
* From the book, the algorithm in ‘usermat.F’ may be loosely summarized as follows:

(1) Elastic predictor. Given A< and the state variables at ¢,,, evaluate the elastic trial state

e brial [
EL =en +AE

r-;'.l‘lrsl.'lJ IR 1

“n+1 - ~n

t I._ ~& trial , k |l e t n.i
jl'rrlr-L _'fi 3 E'.n 1 S"r+ E{ E‘r -

n-+1

trial g
'Efrlﬂ-'L = ‘l,"ll s r“JE Stnr 11

{11} Check plastic admissibility
IF i — oy (£5477) <0

THENset ()a+1:=(-)2% and EXIT
(111) Return mapping. Solve the equation * box7.3 (page 221)
e This is the essential

algorithm used in

B(Av) = g5 — 3G Ay — oy(28 + Ay) =0
for A~ using the Newion—Raphson method — GOTO Box 7.4 — and update the state

variables e SR ‘usrmat.F’ (generalized
Prtt ==Pul  Snt1 i (l & W—)Sfﬂ'ﬂ for nonlinear hardening,
Tt = Bnit+pnpr ] instead of linear)
e INE S il |
= —Eat+ My
(iv) EXIT
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Overview: usermat.F

* intrying to understand ‘usermat.F’, readers may also find it useful to quickly identify all the
variables being used in ‘usermat.F’ and relate them to those of the text. A variable map between
the book by Neto et al and ‘usermat.F’ is offered below.

Netoetal |usermatF [|description
Ae dStrain total strain increment (&,41—&,)
En Strain total strainat t,
Ef;.f-fal strainkl trial elastic strain
onif sigElp trial stress
D® dsdeEl elastic constitutive matrix
D#F dsdePl consistent tangent matrix
Sn+1 sigDev trial deviatoric stress
Ay dpleq effective plastic strain increment
E young Elastic modulus
2G twoG 2 x shear modulus
3G threeG 3 x shear modulus
q:’f;:fi qEl trial von Mises stress
ﬂ'nH stress updated stress
pﬂft pEL trial hydrostatic stress
a, sigy yield stress
H dsigdep plastic hardening modulus
filie surface
£ dfds normal
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The Elastic Predictor

The algorithm used in ‘usermat.F’ is called a radial return algorithm
It calculates the scalar effective plastic strain increment (Ay = yAt) over the time increment At = t,, ., — t,, and

its associated consistent tangent matrix (which is returned to the calling routine during matrix assembly). It is
used to calculate the tangent stiffness matrix

The algorithm begins by calculating the plastic hardening modulus, H from the elastic modulus, E, and

elastoplastic tangent modulus, E€P (a short derivation is shown below)

* usermat.F
begins here

We Make Innovation Work
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day
H=H(P) =—

d&p
(KB p_a+0—0y
E=E&E & —E H
_0H+E(a—ay)
*TEH EH
de_H+E
do  EH

do EH
Eepz =

de E+H

EE€P
~ E—Eep

(2)

(3)

(4)

(5)

(6)
(7)

First, H is necessary for calculating the evolution of the yield stress. Its definition is:

* His afunction of plastic strain (linear in this case)

* Total strain is the sum of elastic and plastic strains

e Get common denominator

e Differentiate

* Invert to obtain an expression of the tangent
elastoplastic modulus as a function of H

e Solve for H. usermat.F line 772




Overview: usermat.F
The Elastic Predictor (Continued)

* Next, the algorithm calculates the trial elastic stress and strain:

getrial — ¢+ Ae— &b (8) * line 818
glrial — pe. gé trial (9) * lines 780 - 827

* It then calculates the trial deviatoric, von Mises stress, and calculates the trial yield surface for the current time increment:

. 1 1 ; :
piiehe §11 — = (011 + 023 + 033) (10) * calculate the hydrostatic stress (line 830)
strial = gtrial _ trial (11) * calculate the trial dev. stress (lines 832 - 837)

gtrial — (12) * calculate the trial VM stress (lines 839 - 844)
n+l1 —
p i —p 13 * Update the yield stress for this time increment (line
JY(£n+1) 7Dy + Hey (13) 846)
d =gt _ g (gp ) (14) * calculate the trial yield surface (lines 822 - 837)
= qn+1 y\“n+1 Y
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I Overview: usermat.F

The Elastic Predictor (Continued)

* The elastic predictor ends by checking for yielding during this time
increment

* if® < 0 (or equivalently ifai — 1 < 0), then update the current stress * Line 850 (go to line 917)
y

values with the trial (elastic) values

* No action need be taken for strains (there is no plastic strain, and trial
elastic valuew are the same as inputs...
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www.padtinc.com




O

PADT

verview: usermat.F
The Plastic Corrector

 if®d > 0 (or equivalently ifai — 1 > 0), then calculate the plastic strain
y

increment for At, update stresses and strains accordingly, and calculate
the consistent tangent matrix

* The plastic strain increment, Ay is calculated by first noting that plastic
flow is completely deviatoric. This allows one to easily calculate a
corrected deviatoric stress:

ol
& — — —_—
14 y&a

_ 0D o 3 s
— oo |2|Isll
. ad : 3 s +1
Sne1 = Snat — 2GAy = = 514! — 2G Ay Enanu
n
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(15)

(16)

(17)

Line 850

Associative plastic flow rule

Plastic flow is completely defined
by the deviatoric stress...

The corrected deviatoric stress




Overview: usermat.F
The Plastic Corrector

* At this point, an updated yield surface is calculated according to the
consistency condition:

y® =0 (18)
* In order for the conistency condition to hold for nonzero plastic strain
increment, Ay:
Ay >0,=0 (19)

* This means that we have to update ® (because the trial yield surface will not be zero with updated
deviatoric stress values). This situation is shown graphically below from Neto et al (page 219, 220)

il
g Jail

o
trial =t

Ot o / \

% I .

o ) /!

Lo _ updated & I
:: / yield surface Jip N,, - 3
t . g n-plane E

! mt n"l.
!
initial
yield surface

/

updated surface —/
at t,

Figure 7.8. The implicit elastic predictor/return-mapping scheme for the von Mises model. Geometric ” o e . ; , . : i
S lptaer p - pping " Figure 7.9. The implicit elastic predictor/return-mapping scheme for the von Mises model. Geometric
interpretation in principal stress space. 2

interpretation in the deviatoric plane.
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Overview: usermat.F
The Plastic Corrector

* Equation (17) states that that si'%! is a linear function of s, 1
* This means the following is true:

s Strlal
n+1 I n+1 (20)
Isneall — [|sEiel]|

* The equality (20) allows us rewrite equatin (17) (after rearranging):

— otrial __ trlal A)/ZG
2||s4riet| (21)

e Substituting equation (12) into (21) and further rearranging:

Ay3G ;

b l Tt .

Sn+1 = (1 7 qmal) Snid (22) + The deviatoric stress correction
n+1

* Rearranging (22) after taking the 2-norm of both sides (and multiplying by /3/5):

i1 = qﬁggl Ay3G (23) ° The von Mises stress correction
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Overview: usermat.F
The Plastic Corrector

The stress correction (23), combined with the consistency condition (18), imply that the yield
surface function, ® must be updated to accomodate the plastic strain increment, Ay:

d(Ay) = g8 — Ay36 — o, (8h,,) =0 (24)

e Substituting (13) into (20):

O(Ay) = qii4' — Ay3G — (o, + Heh) = 0 (25)
* Solving (25) for Ay: '
q;l?::clll — 0y — Hgﬁ
Ay = 3G (26) « The plastic strain increment (line 861)

* Update all stresses and strains to accomodate Ay: : . :
27) ° Update effective cumulative plastic

Egﬂ = Eg + Ay strain (line 862)
2 ; dd
LA t l —~ ° i —h
On41 =0, — 3 (qnﬁ}il o O'y(gn+1 )5 (28) Update stress (line 866 — line 868)
£ p 0P
€n+1 = €n Eys (29) . Update plastic strain (line 871 — line

877)
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Overview: usermat.F
The Plastic Corrector

* The last essential function of the algorithm is to calcuulate (and return) the consistent
tangent matrix, D¢P:

Ay6G? Ay 1 o :
DeP = pe — q“;iclll I, + 6G2 (qﬁ;i?l e H) N, 1®N, ., (30) line 888 —line 914
n n

1 . . ; AT
where: I; = I — 51 ® I is the fourth order deviatoric projection tensor:

'2/3 —-1/3 -1/3 0 0 07
-1/3 2/3 -1/3 0 0 0
[o-|73 -3 2/3 o0 0 0 (31)
a1 0 0 0 1/2 0 0
0 0 0 0 1/2 0
0 0 0 0o 0 1/2

* Here, I is the fourth order symmetric identity tensor (see Neto et al, Appendix
D.2 —page 762), and @ is the vector outer product (of the 6 x 1 flow vector with
itself in equation (30) and the array [1,1,1,0,0,0]" in equation (31))
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* the fourth order
deviatoric projection
tensor (Voigt form)
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Part 2

Compiling and Using usermat.F




I Windows Compilation of ‘usermat.F’

* Forinstructions compiling and using the ‘usermat.F’ subroutine, readers may

refer to our previous article on this topic
* Readers may also refer to Part |l: Section 1.10 of the Guide to User-
Programmable Features in the documentation

e Once the appropriate compiler(s) is installed, compiling is quite simple and

consists of the following steps:
1. Place the source ‘usermat.F’ in the location: C:\Program Files\ANSYS

Inc\vxxx\ansys\custom\user\winx64

2. Set the environment variable ‘ANS_USER_PATH’ to this location

3. Execute the file ANSUSERSHARED.bat’ (located in the path above) within
the Developer Command Prompt for VS XXXX (where XXXX is the
appropriate version of Microsoft Visual Studio)

* However, we’d like to address some recent confusion over Visual Studio
versions and the required Fortran compiler for Windows
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https://www.padtinc.com/2012/09/27/webinar-info-writing-and-compiling-a-custom-material-property-in-ansys-mechanical-apdl/
https://ansyshelp.ansys.com/account/secured?returnurl=/Views/Secured/corp/v251/en/ans_prog/a9yI4r32wfl.html
https://ansyshelp.ansys.com/account/secured?returnurl=/Views/Secured/corp/v251/en/ans_prog/a9yI4r32wfl.html
https://ansyshelp.ansys.com/account/secured?returnurl=/Views/Secured/corp/v251/en/ans_prog/a9yI4r32wfl.html

PADT

Windows Compilation of ‘usermat.F’

Before compiling, users must make sure they have the appropriate compilers installed
Historically, the recommended guide for this has been the the Windows Installation
Guide - Chapter 2: Platform Details

The recommendations in this guide will work, but they do not cover all the possibilities —
especially for recent versions of Visual Studio and the Intel Fortran compiler
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Mechanical APDL,
Ansys Workbench

Compilers

CFX Compilers

Fluent Compilers*®

Autodyn

Compilers

Chembkin and

Forte Compilers

Microsoft Visual
Studio
Professional 2022
Version 17.6.x
(including the MS
C++ compiler),
Intel OneAP!
2023.1.0 Classic
C++ compiler
(version 2021.9.0)
and Intel OneAPI
2023.1.0 Classic
FORTRAN
compiler (version
2021.9.0)

MMicrosoft Visual
Studio
Professional 2022
Version 17.6.x
(including the MS
C++ compiler),
Intel OneAP!
2023.1.0 Classic
C++ compiler
(version 2021.9.0)
and Intel OneAPI
2023.1.0 Classic
FORTRAN
compiler (version
2021.9.0)

Microsoft Visual
Studio
Professional 2022
Version 17.6.x
(including the MS
C++ compiler),
Intel OneAP!
2023.1.0 Classic
C++ compiler
(version 2021.9.0)
and Intel OneAPI
2023.1.0 Classic
FORTRAN
compiler (version
2021.9.0)

Microsoft Visual
Studio
Professional 2022
Version 17.6.x
(including the MS
C++ compiler),
Intel OneAP!
2023.1.0 Classic
C++ compiler
(version 2021.9.0)
and Intel OneAPI
2023.1.0 Classic
FORTRAN
compiler (version
2021.9.0)

Microsoft Visual
Studio
Professional 2022
Version 17.6.x
(including the MS
C++ compiler),
Intel OneAP!
2023.1.0 Classic
C++ compiler
(version 2021.9.0)
and Intel OneAPI
2023.1.0 Classic
FORTRAN
compiler (version
2021.9.0) (for
Chemkin API,
Chemkin user-
programmed
subroutines and
FORTE output user

routines.)

Here is the
recommendation for
2025R1

This is the first release
that points users to the
most recent versions of
both the Microsoft and
Intel compilers



https://ansyshelp.ansys.com/account/secured?returnurl=/Views/Secured/corp/v251/en/installation/win_compilers.html
https://ansyshelp.ansys.com/account/secured?returnurl=/Views/Secured/corp/v251/en/installation/win_compilers.html
https://ansyshelp.ansys.com/account/secured?returnurl=/Views/Secured/corp/v251/en/installation/win_compilers.html
https://ansyshelp.ansys.com/account/secured?returnurl=/Views/Secured/corp/v251/en/installation/win_compilers.html

I Windows Compilation of ‘usermat.F’

2023R1 2023R2 2024R1 2024R2
Mechanical APDL, Mechanical APDL, Mechanical APDL, Mechanical APDL,
Ansys Workbench Ansys Workbench Ansys Workbench Ansys Workbench
Compilers Compilers Compilers Compilers

Microsoft Visual
Studio
Professional 2019
Version 16.0.22
(including the M5
C++ compiler),
Intel C++ and Intel
Visual FORTRAN
2019 Update 5
(2019.5.281).

compilers

Microsoft Visual
Studio
Professional 2019
Version 16.0.22
{including the M5
C++ compiler),
Intel C++ and Intel
Visual FORTRAN
2019 Update 5
(2019.5.281).

compilers

Microsoft Visual
Studio
Professional 2019
Version 16.0.22
(including the M5
C++ compiler),
Intel OneAPI
2023.1.0 Classic
C++ compiler
(version 2021.9.0)
and Intel OneAPI
2023.1.0 Classic
FORTRAN
compiler (version
2021.9.0)

2025R1

Mechanical APDL,
Ansys Workbench

Compilers

Microsoft Visual
Studio
Professional 2019
Version 16.0.22
(including the MS
C++ compiler),
Intel OneAP|
2023.1.0 Classic
C++ compiler
(version 2021.9.0)
and Intel OneAPI
2023.1.0 Classic
FORTRAN
compiler (version
2021.9.0)

Microsoft Visual
Studio
Professional 2022
Version 17.6.x
(including the MS
C++ compiler),
Intel OneAPI
2023.1.0 Classic
C++ compiler
(version 2021.9.0)
and Intel OneAPI
2023.1.0 Classic
FORTRAN
compiler (version
2021.9.0)

Below is a list of the recommended compilers from 2023R1 up to the 2025R1

Note that in all case, the
MVS Professional
version is
recommended

Note also that the
recommended Fortran
compiler switches from
Intel Visual Fortran to
OneAPI at release
2024R1
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I Windows Compilation of ‘usermat.F’

 MVS Professional must be purchased (it is not free)

e But for compiling UPF’s for Ansys, users do not require the full set of features offered by
MVS Professional. The Community versions will do

* As of 2025, the oldest available version of MVS Community Edition is 2019 (version 16.11). A
paid MVS subscription is necessary to access older verssions. But all the Ansys versions listed
on the previous slide WILL support the latest versions of the Intel OneAPI Toolkit and the
MVS 2022 (as we’ve verified. A fact we’ll stress again later)

* Going forward, MVS Community Editions will only be supported “on the Current Channe

|II

* Butthereis good news here for most Windows-based Ansys users. Since Intel switched over
to the oneAPI (‘ifx’ executable) compiler in 2021, its integration and use with MVS has
become simpler (more integrated. Point releases of OneAPI are not as intimately tieed to
their couterpart point release of MVS)

* As of 2025, the older intel compiler (the ‘ifort’ executable) is no longer supported

* Therefore, PADT currently recommends the following compiler installation process (which
WILL work for all versions listed on the previous slide)...
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https://visualstudio.microsoft.com/vs/older-downloads/

I Windows Compilation of ‘usermat.F’

1. Install MVS, followed by Intel OneAP!

Begin by installing the latest version of Microsoft Visual Studio Community Edition
* Then install the latest version of the Intel OneAP| HPC Toolkit (note that the download
site asks for an email address, but this toolkit is also free for internal use)

2. Modify ANSUSERSHARED.bat to reflect correct
compiler paths and executables

* Open and edit C:\Program Files\ANSYS
Inc\vxxx\ansys\custom\user\winx64\ANSUSERSHARED.bat

Modify lines 11 and 12 to point to your version of oneAPI and MSV version, respectively
(we've mstalled OneAPI 2025 and MVS 2022)

rem These need to change, for ch new release. You might need to change
rem the SetParameters function, if the compiler changes. Otherwise, the

rem rest of the script should not need changing.

call "S~dpl/set_rewvn.bat"

10 e GG DB AT EOOT e e
I 11 set "IFORT HOME=%IFORT COMPILERZES™ I
12 set "VSVER=vs2022"
We Make Innovation Work
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https://visualstudio.microsoft.com/vs/community/
https://www.intel.com/content/www/us/en/developer/tools/oneapi/hpc-toolkit-download.html

I Windows Compilation of ‘usermat.F’

2. Modify ANSUSERSHARED.bat to reflect correct
compiler paths and executables (Continued...)

* Modify lines 143 and 149 —replacing ‘ifort” with ‘ifx’ (these lines actually execute the
compiler from the command line)

:CompileScourcefFiles

138 rem Just build them all at once

1328 del fg compile.log compile error_txt >NUL 2>&1

140 del /g link_log link error.txt HMUL Zx&1
if "BEPLATFORM DIRS |

CMMACEE EFMACEE COMEWITCHR *FSWITCH® RMACSEdR * F *»compile.log 2>E1 )
ACCE BCMACSE BCMSWITCE HCSWITCH HBCSH4E * oo #roompile log 2>&1 )
S64% * _cpp >roompile.log ZFE1 )

if "SPLATFORM DIRE
if exist *_F I'CHY% falign:recdbyte *_F Procompile.log 2>&1 )
15C if exist *.c METE MACE MSWITCH h TCH: [fZp4d N = #roompile . log 2>81 )
151 if ‘exiat *_cpp (| cl CCAMMACSE SCMACSR 2COMSWITCHR MCSWITCH2 fZpd * cpp »>compile_log 2=E1 )
1= i

Important: The fact that we have to modify ‘ANSUSERSHARED.bat’ in this way probably reflects the

fact that Ansys development hasn’t gotten around to making these changes for new distributions. Future
releases should take care of this (but we have no idea when that will be)
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I Windows Compilation of ‘usermat.F’

3. Test the Compiler

* Copy the example ‘usermat.F’ from C:\Program Files\ANSYS

Inc\vxxx\ansys\custom\user\winx64\Examples\usermat.F to C:\Program Files\ANSYS
Inc\vxxx\ansys\custom\user\winx64\usermat.F

Clipboard Jrganize MNew

rogram Files\ AMNSYS Inciwv23\ansys customuserwinx 64 | @ Search wir

IECH A Name a
inx64 (5= ASK.EXE
=] compilelog
eDrive 5 linklog
5 PC [E] set_revn.bat
) Object [%] UpCase.bat

/@ usermat.obj
| usermatLib.dll

e Setthe ANS_USER_PATH environment variable to C:\Program Files\ANSYS
Inc\vxxx\ansys\custom\user\winx64

Launch an Intel oneAPI command prompt as administrator (from the Start Menu->Intel
oneAPI| xxxx (where xxxx is the vesion)) and navigate to C:\Program Files\ANSYS

Inc\vxxx\ansys\custom\user\winx64\
m We Make Innovation Work
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I Windows Compilation of ‘usermat.F’

3. Test the Compiler (continued...)
* Execute ‘ANSUSERSHARED.bat’ from the oneAPI command prompt (by typing it, followed
by <enter>

* Type ‘usermat’ when prompted to do so, followed by <enter>. Then <enter> again to exit
* |If you see the outupt below, you been successful!
* If not, review the ‘compile.log’ and ‘link.log’ file for errors

items attempted:
successful builds:

set environment variable ANS USER PATH, to the directory where the

new DLL file resides. Then run ansys231, to use your newly-
ed user shared library.
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Windows Compilation of ‘usermat.F’

3. Test the Compiler (continued...)

* Launch MAPDL
e Test ‘usermat.F’ by reading the input file C:\Program Files\ANSYS

Inc\v231\ansys\custom\user\winx64\Examples\upf.inp

MAPDL POSTZ26 VARIABLE LISTING

* Final Note: These
instructions (and the
Intel oneAPI 2025 toolkit
+ Microsoft Visual Studio
Community Edition 2022)

1 EPPLX 2 EPPLX 1 EPPLY 2 EPPLY

EPX_BISO EPX_USER 150 EPY_USER work for all the Ansys

- ) 1 ©.945374E-001 ; . ‘
versions listed on slide
28!
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I Summary

PADT

This artice is divided into two parts: Part 1 deals with the algorithm and theory behind ‘usermat.F’
(specifically, the bilinear isotropic hardening example that ships with Ansys). Part 2 covers the
compiler installation and configuration required to successfully build and use ‘usermat.F’ on
Windows

Bilinear isotropic hardening is the simplest possible plasticity model, but many readers may find
inspection of ‘usermat.F’ confusing, both because of its structure and because some concepts will
just be new (i.e. the consistent tangent matrix). Future articles will return to this discussion with the
aim of simplifying and extending the algorithm to cover more complicated cases

In part 2, we try to overcome some of the confusion over supported Windows compilers. As of this
writing (3/31/2025), users who follow the installation directions on slides 29 -31 will be able to
compile ‘usermat.F’ on all versions of Ansys from 2023R1 thru 2025R1. Although we didn’t test it,
we suspect earlier versions will work as well (to be clear: As of this writing, users may download and
install the latest versions of MVS and the Intel oneAPI toolkit, make the changes to
ANSUSERSHARED.bat on slides 29,30, and the compilation should work with all the Ansys versions
listed!)
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