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Abstract. The implementation of a law of mechanical behavior into the finite element 
software Cast3M using an open source code generator named Mfront is realized. An elasto-
plastic behavior model is chosen from the existing laws in the literature. Following an im-
plicit discretization, a hardware library corresponding to the isotropic and kinematic strain-
hardening model is generated using Mfront. The UMAT computer interface is used to build 
the library in Cast3M. A validation of the approach is carried out by comparing the numeri-
cal results obtained with the generated hardware library and the equivalent pre-existing li-
brary in Cast3M. The simulations for the case of a tensile bar and a perforated plate show 
almost identical results. 
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Introduction. 
The simulation and numerical analysis have been developed over the last decades in in-

dustrial research (automotive, aeronautics...), improving industrial productivity, minimizing 
design costs and product quality [1 – 3]. The engineers are often confronted with the prob-
lems of safety and durability of structures. These problems necessarily require a better 
knowledge of the behavior of the materials used in the elaboration of these structures.  

Nowadays, many mechanical parts are made from new materials. These materials can 
have the complex behavior: sensitive to strain rate, temperature, etc. Numerous models of 
mechanical behavior have been developed to describe the elastoplastic/viscoplastic behavior 
of a large number of materials [4]. In order to predict the behavior of mechanical parts sub-
jected to a set of complex stresses, the use of numerical methods, such as the finite element 
method (FEM), is essential. The quality of numerical prediction is strongly dependent on the 
law of mechanical behavior used. The numerous FEM software packages available on the 
market (ANSYS [5], Cast3M [6], ABAQUS [7], etc.), offer users a variety of behavioral 
laws for different problems. However, in certain situations, engineers are often led to devel-
op or use a mechanical behavior law that is not available in the software used. In these cas-
es, it is necessary to know how to implement in the software of one's choice, a mechanical 
behavior law of some kind.  

To date, significant progress has been made in the development of methodologies for 
implementing mechanical behavior laws in existing software. Bergheau et al. [8, 9] have 
proposed a methodology for the integration of a behavioral model coupling elastoviscoplas-
ticity and damage for the study of a nuclear vessel requiring the consideration of creep and 
damage phenomena. Bernard et al. [10] have studied two behavior models through two FEM 
computation codes: a simple phenomenological model, introduced in Cast3M, and a micro-
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mechanical model, introduced in ABAQUS/Explicit. Helfer et al. [11, 12] have developed a 
tool to help the integration of new behavioral laws in the Cast3M calculation code and the 
CODE ASTER. 

The aim of this paper is to implement a law of elastoplastic behavior of CHABOCHE in 
the finite element analysis software Cast3M, via the UMAT computer interface. We will use 
the Mfront tool developed by Helfer [13]. Finally, the implemented behavior law will be 
validated on simple geometries to ensure its conformity. 

1. Presentation of the material behavior model. 
The material behavior model that will be used in this paper is CHABOCHE’s isotropic 

elastoplastic behavior model with nonlinear kinematics and nonlinear strain-hardening [4]. 

Stress-strain-elastic deformation relationship: 
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Plasticity criteria: 
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Evolution of plastic strain: Law of normality: 
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The isotropic strain-hardening function ( )R p  is defined by: 
0( ) ( )exp( ).R p R R R bp                                              (6) 

The identified values of the constants of CHABOCHE’s law are presented in Table. 
 

Table 
Constants R  0R  b  1с  2с  1  2  

Values 150 150 0 309 3343 149 103 

 

2. Discretization by the implicit method. 
The discretization of the equations of the law of behavior is carried out according to an 

implicit algorithm. Thus, the implicit scheme consists in determining the quantities |t tY   

at time t t   from the same quantity at time |, tt Y  [14]. The discretized function to be 

solved is presented in the equation: 
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According to this algorithm, the hardware library of CHABOCHE’s law is built using 
an open source code generator "Mfront", compatible with the Cast3M software, thanks to 
the UMAT computer interface [11]. 
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3. Results and discussions. 
In this section, we present the results of numerical simulations obtained from our const-

ructed hardware library. Our results will be compared with the equivalent model existing in 
the Cast3M code.  In a first step, the hardware library is used on hardware point simulations. 
In a second step, the simulations are performed on a bar and a plate with hole in tension. 

3.1. Simulation on material point. The simulations presented in this paragraph are car-
ried out using an open source tool to simulate the mechanics of a material point called 
"Mtest" [15]. The simulations are performed for repeated and completely reversed trac-
tion/compression loading cycles. In this part, we will be using our library built materials. 

3.1.a. Loading cycle completely reversed. The simulation of the material behavior is 
carried out for a loading cycle with completely reversed imposed strain in the range [-0,007; 
0,007]. Fig. 1 shows the imposed strain loading and the material response, respectively. 

 

      
a                                                                   b        

Fig. 1 (a) reversed top-up loading cycle, (b) simulation result obtained on material point 
 
Fig. 1, b presents the answer obtained from our material library of CHABOCHE’s elas-

toplastic law for a uniaxial, cyclic loading, completely reversed (fig. 1, a). We observe in 
figure 1b a material behavior describing a stabilized hysteresis curve, called accommoda-
tion. This result is consistent with the observations made in the literature by other authors on 
the law of elastoplastic behavior for this type of loading [4]. 

3.1.b. Repeated loading cycle. In this paragraph, the simulation is carried out for a load-
ing cycle with repeated imposed strain between 0 and 0,007%. Fig 2 shows the loading cy-
cle and its material response respectively. 
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a                                                                   b        

Fig. 2 (a) repeated top-up loading cycle, (b) simulation result obtained on material point 
 
Fig. 2, b shows the material response obtained for the deformation cycle in Fig. 2, a. As 

in the case of the reverse cycle, we also see an accommodation response for this loading case. 
3.2. Structural simulation. The simulations presented in this section are all performed 

in Cast3M. The objective is to compare the results generated by our material library and the 
library available in Cast3M. The simulations are performed for a plain axial tensile load on a 
rectangular bar and a plate with hole. 
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3.2.1. Structures studied. The 2D bar is meshed by QUAD4 type elements (fig. 3, a). 
The plate with hole is meshed with TRI3 type elements (fig. 3, b). Fig. 3 shows the dimen-
sional characteristics and meshing of the bar and the perforated plate in tensile. 

 

 
Fig. 3 Dimensional characteristics and meshing of structures 

3.2.2. Results on rectangular bar. The simulations carried out in this paragraph are per-
formed for a tensile load of 20 kN. A zero imposed displacement is applied on one of the 
faces of the bar. The load is applied on the opposite side. Fig. 4 presents the stress maps of 
the structure obtained from our material library and the one existing in Cast3M. 

 
a 

 
b 

Fig. 4 Stress mapping obtained for the case of a bar in tension: (a) using the compiled 
model (our built library) and (b) equivalent behavior model available in Cast3M 

Fig. 4, a illustrates the constraint mapping obtained from our material library. Fig. 4, b 
presents the stress mapping for the equivalent model library available in Cast3M. Regardless 
of the constraint mapping considered, we find that the stress values are identical. The ob-
served stresses have a minimum value of 260 MPa and a maximum value of 644 MPa. 
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In fig. 5, a, a second result confrontation is performed by comparing the response 
curves (stress-strain) for cyclic stress with imposed strain. We can observe on this fig. 5 that 
our library generates the same curve as the one generated by the equivalent reference model 
available in Cast3M. 

   
a                                                                   b        

Fig. 5 (a) imposed loading (b) comparison of the response curves of the Compiled mod-
el and the model available in Cast3M 

 
3.2.3. Results on plate with hole. The simulations carried out on the plate containing a 

hole as we present in this paragraph, are performed for a tensile load of 1kN. This load is 
applied on the opposite side to the one where a zero displacement is imposed. After simula-
tion, we obtain the stress maps of fig. 6. 

   
a                                                                   b        

Fig. 6 Stress mapping obtained for the case of a plate with hole in tension: (a) using the 
compiled model (our built library) and (b) equivalent behavior model available in Cast3M 

Fig. 6, a illustrates the stress mapping obtained from our material library. We find a 
stress that evolves from a Minimum value of 129 MPa to a Maximum value of 1470 MPa. 
Fig. 6, b on the other hand presents the stress mapping for the library of the equivalent mod-
el available in Cast3m. It can be seen that the stress evolves from a Minimum value of 137 
MPa to a Maximum value of 1490 MPa. 

Conclusion. 
This paper presented a successful implementation of a law of mechanical behavior in a 

finite element software Cast3M. A material library of CHABOCHE’s behavior law has been 
defined thanks to the Cast3M compatible Mfront code generator using the UMAT computer 
interface.  
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In a first step, simulations performed on material points from the Mtest tool [15] for dif-
ferent cyclic loading cases gave satisfactory results. In a second step, the implemented be-
havior law was validated by comparing the simulations on simple geometries in Cast3M. 
The confrontation consisted in comparing the results obtained from our new library with the 
existing equivalent library in Cast3M. The stress maps obtained in the case of a bar and a 
plate with holes in tension are practically similar for the two material libraries. 

 
 
РЕЗЮМЕ.  Використано закон механічної поведінки середовища в програмі скінченних елеме-

нтів Cast3M за допомогою генератора відкритого коду Mfront. Модель пружнопластичної поведінки 
вибирається з існуючих в літературі законів. Після неявної дискретизації за допомогою Mfront гене-
рується бібліотека, що відповідає ізотропній та кінематичній моделі деформаційного зміцнення. 
Комп’ютерний інтерфейс UMAT використовується для створення бібліотеки в Cast3M. Перевірка 
підходу здійснюється шляхом порівняння чисельних результатів, отриманих із згенерованою бібліо-
текою та еквівалентною попередньо існуючою бібліотекою в Cast3M. Моделювання для випадку 
стержня, що розтягується, і перфорованої пластини показує майже ідентичні результати.  

 
КЛЮЧОВІ СЛОВА: використання закону поведінки середовища, пружнопластичне середо-

вище, скінченні елементи, бібліотека з Cast3M, програма Mfront. 
 

1. H.K. Kim, S. K. Hong, “FEM-based optimum design of multi-stage deep drawing process of molybdenum 
sheet,” Journal of Materials Processing Technology, 184, Issues 1–3, pp. 354-362. (2007).  

2. S. Bhardawaj, R.C. Sharma, S.K. Sharma, “Analysis of frontal car crash characteristics using ANSYS,” 
Materials Today: Proceedings, 25, Part 4 pp. 898-902 (2020). 

3. F.S. Wang, X.S. Yu, S.Q. Jia, P. Li, “Experimental and numerical study on residual strength of aircraft 
carbon/epoxy composite after lightning strike,” Aerospace Science and Technology, 75, pp. 304-314 
(2018). 

4. J.L. Chaboche, J. Lemaître, A. Benallal, R. Desmorat, « Mécanique des matériaux Solides,» Dunod, Paris, 
2009.  

5. ANSYS Fluent User’s Guide, 2019R1. 
6. CEA, Cast3M. Digital simulation software, (2019). Web site URL : 
7. A.U. Manual Abaqus 6.12. Providence, RI, USA: Dassault Systèmes Simulia Corp. (2012). 
8. J.M. Bergheau, G. Mottet, O. Débordes, «Intégration numérique de lois de comportement élastovisco-

plastique endommageable et applications» Revue Européenne des Éléments Finis, 7:6, pp.681-708 
(1998).  

9. J.M. Bergheau, P. Saillard, H. Floch, J.Y. Sablon, «Modélisation par éléments finis de structures coques 
en béton armé» Revue Française de Génie Civil,  6:7-8, pp. 1257-1281(2002). 

10. C. Bernard. Ph.D Thesis (2015). “Intégration dans un code éléments finis d'un modèle de comportement 
en grandes déformations pour les polymères amorphes : applications à une large gamme de vitesses de 
déformation et à la mise en forme ». Université de Strasbourg, (2015). Français.  

11. T. Helfer, J.M. Proix, O. Fandeur, «Implantation de lois de comportement mécanique à l’aide de MFront 
: Simplicité, efficacité, robustesse et portabilité» In : 12ème colloque national en calcul des structures. 
Giens, France : CSMA, June 2015. 

12. T. Helfer, B. Michel, J.M. Proix, M. Salvo, J. Sercombe, M. Casella, “Introducing the open-source 
mfront code generator: Application to mechanical behaviours and material knowledge management 
within the PLEIADES fuel element modelling platform,” Computers & Mathematics with Applications, 
70, Issue 5, pp. 994 – 1023 (2015). 

13. T. Helfer, J. Bleyer, T.Frondelius, I. Yashchuk, T. Nagel, D. Naumov, “The ‘MFront Generic Interface 
Support‘ project” Journal of Open Source Software, 5, no. 48, p. 2003 (2020). 

14. E. Goncalvès da Silva, Méthodes et Analyse Numériques. Engineering school. Institut Polytechnique de 
Grenoble, 2007, pp.99. ffcel-00556967. 

15. T. Helfer, O. Fandeur, D. Haboussa, D. Deloison, O. Jamond, et al., “New functionalities of the 3.0 
version of TFEL, MFront and MTest” 13e colloque national en calcul des structures, Université Paris-
Saclay, Giens, Var, France (2017). 

 
From the Editorial Board: The article corresponds completely to submitted manuscript. 

 
Надійшла 24.09.2020                                                       Затверджена до друку 13.12.2022 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


