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Abstract

When using finite element pogram ABAQUS to compute material characteristics, one builds a user material subroutine if unique 

constitutive feature needs to be included. In ABAQUS/Standard, UMAT subroutine should be built, and in ABAQUS/Explicit, 

VUMAT should be used. Although two subroutines carry out the same type of task, two different programs should be made 

depending on the working environment, and it is not easy to program the subroutines following the manual without enough 

understanding of solid mechanics. In this paper, difference between UMAT and VUMAT subroutines is epitomized, and a 

conversion scheme from UMAT to VUMAT is discussed. An example shows that the two programs give the same stress 

computation result. 
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1. Introduction

To predict and compare mechanical behavior of 

materials and structures, finite element method is 

being used widely. Although the user can develop a 

whole finite element program, as time cost and 

accuracy can not be compensated, commercial programs 

tend to be used.

One drawback of commercial programs was that 

they could not provide all materials and elements that 

the users desire. However that shortage is being 

overcome by adding a capability of user programmable 

subroutines. For example, commercial code ABAQUS 

has options for user subroutines such as user defined 

material and element. To employ ABAQUS user 

subroutines, users should build subroutines with 

FORTRAN language according to the guidelines in the 

reference manual (ABAQUS, 2006).

When using ABAQUS/Standard version, one who is 

interested in material behavior should program UMAT 

subroutine. Meanwhile if using ABAQUS/Explicit 

version, which is developed more recently for dynamic 

analysis, one should generate VUMAT subroutine. 

Explicit method is useful for analysis including fast 

dynamic events, and the author could reduce the 

computation time by three or four times by using 

explicit calculation although it surely depends on the 

specific type of the problem. The programming 

environment of VUMAT is different from UMAT in 

many aspects, so one should completely conceive 

about the difference and fully understand basics of 

solid mechanics to get satisfactory results.

In this paper, difference between UMAT and VUMAT 

is presented and a conversion method between UMAT 

and VUMAT is suggested. A simple stress analysis 

example was used to compare the results of UMAT 

and VUMAT calculations.

2. Governing equations

2.1 Stress rate

Constitutive equation describes the relation between 

deformation of material and stress. Because stress 

generally depends on history, it is necessary to build 

a constitutive equation in an incremental form.
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Fig. 1 Polar decomposition of deformation gradient, F

Polar decomposition of deformation gradient F  is 

depicted in Fig. 1. Deformation gradient tensor can 

be written as the multiplication of rotation and 

stretch tensors (Flanagan and Taylor, 1987).
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x  is the current position of a particle which was at 

position X  in the undeformed configuration. Velocity 

gradient tensor L  is written by 
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where v  is the particle velocity. The symmetric 

part of L  is rate of deformation D , and the antisy-

mmetric part W  is called spin tensor. The velocity 

gradient tensor can be alternatively expressed as 

follows using the polar decomposition.

TT RUURRRL 1−+= && (3)

Superscript T denotes transpose. Cauchy stress  is 

used as a stress measure in ABAQUS and the 

Jacobian times Cauchy stress  is known as 

Kirchhoff stress. Both stresses are based on the 

deformed body. When using stress components based 

on a rectangular coordinate system ie′  (=1,2,3) rotating 

with the body, the Cauchy stress can be expressed by

(4)

where the summation convention is used for the 

repeated indexes. The time derivative of the stress 

will be

(5)

The second and third terms of the right hand side 

account for the change due to the motion of the 

coordinate system, and the first term corresponds to 

the response of the material. Tensor W  is physically 

interpreted as the rotation rate of the principal axes 

of tensor D . In ABAQUS/Standard, time derivative of 

the basis vector can be expressed with W  as 

(ABAQUS, 2006)

ii ee ′=′  W& (6)

Using (6)

(7)

where  is called Jaumann rate of Cauchy 

stress. In ABAQUS/Explicit, slightly different relation 

is used as follows.

(8)

then,

(9)

 is called Green-Naghdi rate, and it is usually 

denoted by a different notation . 

2.2 Constitutive equations

2.2.1 ABAQUS Standard environment

In ABAQUS/Standard, it is required to compute 

the Jaumann rate of Cauchy stress in the user 

subroutine. ABAQUS main program takes care of 

the effect of the rotating body, and the corrotational 

constitutive increment of stress is calculated in the 
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user material subroutine. Values read from the 

main memory are the components of stress and 

strain increment, and state variables at the current 

time step. The variables that must be updated in 

the user subroutine are stress and the Jacobian 

matrix. All components of the tensor quantities are 

described in terms of a fixed reference frame. 

If the material is elastic and history-independent, 

the constitutive equation is simply written by

(10)

where C  is the current elastic modulus of the 

deformed body.

 

2.2.2 ABAQUS Explicit environment

Important difference in ABAQUS/Explicit is that 

components of some tensor quantities are given with 

respect to the coordinate system rotating with the 

material. The symmetric part of Eq. (3) is the rate of 

deformation, and that can be rewritten by
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where ( )UUUUd && 11

2
1 −− +=  means the rate of deforma

tion of the body Bu before the rigid body rotation 

depicted in Fig. 1. Eq. (11) is known as Piola 

transformation between D  and d  (Lubliner, 1990). If 

a stress tensor acting on the unrotated body Bu is 

denoted by T  which corresponds to  on the rotated 

body B, then from the traction law on B,

(12)

and for the body Bu

nTRtR TT = (13)

will hold. Hence we get a similar relation of  

for stress (Bonet and Wood, 1997). Tensors d  and T  

are the rate of deformation and stress for the 

unrotated body, and a relation between them is 

constitutive property which is independent of the 

observer or coordinate system. This property is called 

the frame indifference. 

The tensor components given from ABAQUS/ 

Explicit main program are those of  and  (i.e., 

tΔD ) with respect to the corrotational coordinate 

system, and they are denoted by ijε′Δ  or  with 

superscript dash. The components with respect to a 

fixed laboratory frame will be representd without the 

dash. When the basis vectors rotating with the body 

are ie′  (=1,2,3), we have the following relation.

ii eRe =′ (14)

and

ij
T
jiji

T
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That is, the components of R  remain the same 

regardless of the coordinate frames. Meanwhile, 
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or 

[ ] [ ] [ ][ ]R dRd T=′ (17)

From (11),

[ ] [ ] [ ] [ ] [ ][ ] [ ]T
T

R dRR dRD ′=′′′=′ (18)

therefore, we have 

[ ] [ ]dD =′ (19)

As written above, [ ]′D  or 'ijD  is available as 

strainInc array from ABAQUS/Explicit main program. 

ABAQUS/Explicit provides the current stress compo- 

nents by stressOld array. By the same procedure as 

before we can get 

(20)
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Hence stressOld array is exactly the component of 

T  in the fixed coordinate system. 

A constitituve equation independent of rigid body 

rotation can be described for the body Bu in Fig. 1. 

For a simple elastic material, it can be assumed that 

CdT =& (21)

where C  is the elasticity tensor. Referring to (9) 

and (21), Green-Naghdi stress rate is

(22)

and substituting (11) and (22), we get the following 

equation for the body B in Fig. 1. 

(23)

If (23) is written in the components with respect 

to the rotating frame, we have 

(24)

That is, the elastic modulus times the values of 

strainInc array gives the stress increment. Finally, 

stressNew array is obtained by adding the stress 

increment to stressOld array.

2.3 Conversion between ABAQUS UMAT and 

VUMAT 

Users usually learn ABAQUS/Standard first and it 

is supposed that they are more familiar with 

ABAQUS/Standard user material subroutine UMAT 

than VUMAT. If one is interested in impact problems 

or wants to skip calculating the Jacobian matrix, he 

needs to use ABAQUS/Explicit VUMAT. For those 

users, a conversion scheme from UMAT to VUMAT is 

synopsized below. First, main features of UMAT and 

VUMAT are listed as follows. 

<Features of ABAQUS UMAT>

① All tensor components are based on a fixed 

coordinate system ie  (=1,2,3).

② Three-dimensional strain increment and stress 

components are given by DSTRAN and STRESS 

arrays and their order is (11), (22), (33), (12), 

(13), (23). 

③ Increment by Jaumann stress rate  

 is necessary to update stress. 

<Features of ABAQUS VUMAT>

① Components of stress, strain increment, stretch 

tensor V (stretchOld array) are given based on 

the rotating frame ie′  (=1,2,3) attached to the 

material. 

② Components of deformation gradient tensor F  is 

based on the fixed frame.

③ Three-dimensional components of stain increment 

and Cauchy stress are provided by strainInc and 

stressOld arrays in the order of (11), (22), (33), 

(12), (23), (31).

④ Increment by Green-Naghdi stress rate  

 is necessary to update stress (stress 

New array).

⑤ All subroutines generated by the user should 

start with letter k.

⑥ Include “include ‘vaba_param.inc’” in every user 

subroutine.

To transform UMAT to VUMAT, one should first 

rotate the relevant tensor components from the 

rotating frame to the global frame, and then switch 

the order of the shear components (13) and (23). 

With these preprocessing in VUMAT, one can 

incorporate UMAT into VUMAT subroutine.

Rotation transformation matrix [ ]R  between the 

fixed frame ie  (=1,2,3) and rotating frame ie′

(=1,2,3) is not provided by ABAQUS/Explicit, so one 

need to get the rotation matrix by using VRRUF ==  

or VRUR =T  relations. That is, 

ijjlklikij URURV =′=′ (25)

and

kjikkjikij VRURF ′== (26)
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Fig. 2 Finite element model of rotating plate

Fig. 3 Comparison of ABAQUS Standard 

and Explicit results

Hence, from [ ]F  and [ ]′V  values given by ABAQUS, 

one can get [ ]R  matrix. Normally, time increment is 

very small in explicit calculation, so difference 

between [ ]R  at time step t  and tt Δ+  is not 

significant. After getting [ ]R ,

(27)

[ ] [ ][ ] [ ] tt T Δ′=Δ RDRD (28)

are used to get the components of the stress and 

strain increment with respect to the fixed frame. 

These components are used for the constitutive 

equation of UMAT.

Because Green-Naghdi rate is desired in VUMAT 

and Jaumann rate in UMAT, small correction will 

be considered as follows (Gullerud et al., 2003). 

(29)

Here,  is provided as relSpinInc array in 

ABAQUS/Explicit (ABAQUS, 2006). Therefore after 

getting , the correction terms by  can be 

added to get  for VUMAT. Finally, the components of 

the updated stress should be rotated back to the 

rotating frame.

3. Numerical example 

Accurately of the conversion scheme between UMAT 

and VUMAT is exemplified by a test problem. Tensile 

loading is applied on a plate-shaped body rotating 

around the pinned vertex point in the plane as shown 

in Fig. 2. The tensile load increased proportionally 

from zero and then decreased with time. The material 

behavior is assumed as isotropic with linear elasticity 

as in (30), so the components of elasticity tensor C  

are independent of coordinate system.

(30)

The material response was calculated by UMAT in 

ABAQUS/Standard. The conversion scheme is used 

with the UMAT subroutine included in the VUMAT 

subroutine for the explicit calculation. Fig. 3 shows 

the calculated stress state in the body. The two 

results are almost identical, which demonstrates the 

accuracy of the conversion scheme. ABAQUS Viewer 

plots 11σ  which is a Cauchy stress component on a 

global frame, and the stress value increases linearly 

according to the external loading and bends little bit 

later as the rotation angle gets large, and then falls 

back to zero with the unloading. In the explicit 

calculation, the loading is applied slow enough to 

avoid any inertia effect.

4. Conclusion 

A conversion scheme is provided for a user material 

subroutine written in ABAQUS/Standard environment 

to be applied for ABAQUS/Explicit. Some instructions 

about programming ABAQUS user material subroutines 

were given, and difference between UMAT and VUMAT 

was summarized. An example of stress calculation 

shows that the conversion method works accurately.



Conversion of ABAQUS user Material Subroutines

640 한국전산구조공학회 논문집 제23권 제6호(2010.12)

Acknowledgment

This paper was supported by the Education and 

Research Promotion Program (2009) of Korea University 

of Technology and Education.

References

ABAQUS (2006) ABAQUS 6.6.1 Reference manual, 

HKS, Providence.

Bonet, J., Wood, R.D. (1997) Nonlinear Continuum 

Mechanics for Finite Elment Analysis, Cambridge 

University Press, pp.57~116.

Flanagan, D.P., Taylor, L.M. (1987) An Accurate 

Numerical Algorithm for Stress Integration with 

Finite Rotations, Computre Methods in Applied 

Mechanics and Engineering, 62, pp.305∼320.

Gullerud, A., Koppenhoefer, K., Roy, A.R., 

RoyChowdhury, S., Walters, M., Dodds Jr, 

R.H. (2003) WARP3D-Release 14.1 User Manual, 

University of Illinois, Chapter 1.

Lubliner, J. (1990) Plasticity Theory, MacMillan, 

pp.450∼463.

z 논문접수일 2010년 10월 29일

z 논문심사일 2010년 11월 4일

z 게재확정일 2010년 12월 3일



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


