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EVALUATION OF PRAGER AND 

CHABOCHE MODELS FOR 

RELIABLE PREDICTION OF 

ELASTOPLASTIC BEHAVIOUR 

IN  LOW-CYCLE FATIGUE

The object of this research is the cyclic elastoplastic behavior of materials, principally austenitic stainless steel (304L). The paper 
studies the 304L stainless steel behavior of exposed to different uniaxial and multiaxial cyclic loadings. It also determines the accuracy 
with which classical models, such as the Prager model, reproduce the phenomena of work hardening. All the models have which limits 
the reliability of fatigue life predictions for structures. For that, in this numerical study, a comparative analysis is performed between 
the Prager model and the Chaboche model. Chaboche model was selected to overcome the shortcomings of classical approaches,  
it can incorporate isotropic and nonlinear kinematic work hardening together. Numerous numerical simulations were conducted under 
various loading scenarios allowed to estimate the predictive capacity of the constitutive models and the limitations of simplified linear 
approaches. The results obtained, show that Chaboche model reproduces with excellent accuracy the phenomena of work hardening, 
additional work hardening, and ratcheting compared to the Prager model. This is explained by the fact that the Chaboche model can 
take into account the coupling between different phenomena which guarantees a realistic representation of cyclic elastoplastic behavior. 
Compared to similar models known in the literature, the Chaboche approach offers significant advantages: increased predictive accu-
racy, better representation of complex cyclic phenomena, and a fatigue life assessment of 304L stainless steel that closely reflects reality 
in demanding industrial applications.
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1. Introduction

Modelling the behavior of elastoplastic materials used in much 
industrial installation is very important task to estimate their lifetime, 
principally when this element is subject to cyclic loading that can 
causes fatigue phenomena and to crack propagation  [1]. These phe-
nomena observed have a big responsibility in failures of structural and 
industrial systems [2].

A great method was developed in [3] that permit the prediction of 
the deformation over time, as well as the increase of damage resulting to 
failure, which is indispensable for continuing solicitations. In paper [4], 
mechanical structures made from in metallic materials and exposed to 
cyclic loading reveal very complex behaviors, like isotropic and kine-
matic hardening, stress relaxation, and cyclic softening. These mecha-
nisms affect directly the development of stresses and strains over time.

While classical plasticity models proposed are based on the von 
Mises criterion, isotropic and kinematic hardening, and Prager model 
and Armstrong-Frederick laws, they stay incomplete and restricted 
in the representation of complex cyclic loading phenomena, such as 
ratcheting, saturation, or memory effects [5].

All these phenomena were represented by various constitutive 
models inspired by authors from plasticity theory. Between the classical 
approaches, Prager law simple and easy to implement, stays restricted in 
its capacity to define certain phenomena such as the ratchet effect [6, 7].

To overcome these limitations, Chaboche model occupies a promi-
nent place. It introduces two mechanisms simultaneously: the expan-
sion of the plasticity surface and the translation of its center in stress 
space, while adopting the von Mises plasticity criterion [8]. The use of 
these two effects corresponding respectively to isotropic hardening and 
nonlinear kinematic hardening permits a more realistic reproduction 
of the cyclic behavior of materials [9].

Chaboche model was extended to new version by taking into ac-
count the temperature and strain dependence  [10]. Explicit and im-
plicit integration schemes was compared and applied to the Chaboche 
isotropic-kinematic model, it have revealed that the explicit method, 
very faster, becomes unstable for large time steps, while the implicit 
approach gives good precision and stability, at the cost of superior 
computational effort [11].

These robust models are widely implemented in large FEA software, 
where they are essential tools for evaluating the fatigue life of compo-
nents exposed to severe thermomechanical loading conditions  [12].

The complex multiaxial elastoplastic cyclic behavior of structures 
made from steels has also been the subject of numerous studies, highlight-
ing the need to refine multiaxial constitutive models to better prediction 
of the actual answers of materials, mostly in functional applications [13].

Although the wide diversity of proposed material constitutive mod-
els, rigorous computational a validation remains important to evalua-
tion of their abilities. Simulation studies must be conducted to evaluate 
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the model responses under diverse loading situations and compare 
the predicted stress-strain curves with experimental data. These com-
parisons between models allow to define the accuracy of each of them 
and to identify its limitations to reproduce phenomena such as cyclic 
softening, or mean stress relaxation. Furthermore, the computational 
performance of the integration algorithms in terms of stability, conver-
gence, and time efficiency must be analyzed to guarantee their fitness 
for large-scale numerical simulations. This phase is critical for bridging 
the gap between the formulation of the theoretical model and its reli-
able engineering application.

Researchers and engineers for a long time study 304L stain-
less steel because it is one of the most widely used stainless-steel 
grades, and understanding its behavior is essential for improving 
performance in real-world applications. Studying its behavior un-
der cyclic loading helps ensure safety, durability, and reliability in 
a lot of industries such as chemical processing , food production, 
construction, and medical equipment. This new investigation helps 
to better material choice and a development of more resistance and 
long-life components.

Therefore, the object of this research is the cyclic elastoplastic behav-
ior of materials, principally austenitic stainless steel (304L). This take 
in consideration the research and comparison of constitutive models in 
order to identify the best model for predicting the material’s response 
under cyclic loading.

The aim of this research is the evaluation of Prager and Chaboche 
models for predicting the behavior of elastoplastic material under 
low-cycle fatigue. To achieve the set aim, the following tasks must be 
completed:

1.	 To achieve numerical computation on 304L stainless steel un-
der cyclic loading.

2.	 To study and analyze the capacity of each model to repre-
sent uniaxial hardening, over-hardening, and ratcheting phenomena  
in material.

3.	 To estimate what is the isotropic and nonlinear kinematic hard-
ening effects on cyclic material behavior.

4.	 To determine the best model for reliable finite element computa-
tion of material subject to cyclic elastoplastic behavior.

2. Materials and Methods

2.1. Materials
This section presents the constitutive model describing the ma-

terial’s elastoplastic behavior, where total axial strain is the sum of 
elastic and plastic components. The von Mises criterion defines the 
elastic limit and the onset of plastic flow. The material used in this 
study is a 304L SS, an austenitic chromium-nickel stainless and heat 
resistant steel with high toughness even at cryogenic temperatures 
due to its austenitic structure. It is used for many applications like 
automotive, machinery and nuclear engineering. All this for its great 
combination of strength, ductility and corrosion resistance. The 
chemical composition, see Table  1 and the mechanical properties 
can be found in [10].

Table 1

Chemical composition of 304L (%)

C Si Mn P S Cr Ni Nb Co N

0.04 0.52 1.09 0.019 0.014 17.5 9.3 0.57 0.028 0.33

The axial strain is composed of two components expressing two 
different mechanisms

� � �T e P� � , 	 (1)

where εT – the total strain tensor; εe – the elastic strain tensor; εp – the 
plastic strain tensor. The elastic domain is given by von Mises yield 
criteria given in equation

f J X R yi� �� �� �� � , 	 (2)

where f – the yield function; J – the second invariant of the tensor devia-
tor of stress.

2.2. Prager law
Prager law describes the elastoplastic behavior of a material with  

a flow surface represented by a linear kinematic variable X . It assumes 
that the movement of the yield surface center is proportional to the 
plastic strain.

The linear kinematic hardening law [3] is written

X C P� � , 	 (3)

where X  – kinematic backstress variable; C – hardening modulus con-
stant; εp – plastic strain.

2.3. Chaboche law
The elastoplastic model of Chaboche simulates the response of ma-

terial when it is put into service by the combination of the two harden-
ings, isotropic R and kinematic nonlinear X .

Isotropic Hardening: The evolution of the isotropic hardening is 
governed by the following equation

dR b Q R dp� �� � , 	 (4)

where Q and b – two materiel parameters; Q – the maximum value of R 
while b controls the kinetics.

The Non-linear Kinematic Hardening: This can be written in its 
simplest form as

d X C p d p Xdpp� � � � � �2
3

� � , 	 (5)

where C and γ  – some material parameters; d pε  – plastic strain and 
p – the accumulated plastic strain which may be deduced from

dp d dp p� �

�
�

�

�
�

2
3

1 2

� �: .
/

	 (6)

The evolution of the kinematic variable was proposed through the 
superposition of m variables [14]

X Xi
m

��
1

, 	 (7)

X C D X
X

J X
pm m

P

m m
m

..
.

)(
,

� � �

� � �2
3 1 1� 	 (8)

where Cm and Dm – some material parameters which may depend 
on the accumulated plastic strain p; J(Xm) – the von Mises equivalent 
stress of the tensor Xm;  – the MacCauley bracket, X = 0  if X ≤ 0 
and X X=  if X > 0.

2.4. Comparison between Prager law and Chaboche model
Table 2 presents the key aspects of Prager and Chaboche models, 

showing how Chaboche formulation advances beyond Prager law and 
its relevance in reproducing certain plasticity phenomena.

Fig. 1 illustrates the difference between linear and nonlinear kine-
matic hardening in the principal stress space (2D).
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Table 2

Comparison between Prager law and Chaboche model

Aspect Prager law Chaboche model

Type of hardening Linear kinematic hardening Non-linear kinematic hardening

Mathematical form X = Cεp
 (single linear term)

– Isotropic hardening dR b Q R dp� �� � .

– The non-linear kinematic  hardening d X C p d p Xdpp
� �� � � �2

3
� �

Number of parameters Few (simple formulation) Several parameters (greater flexibility)

Phenomena captured Basic Bauschinger effect Bauschinger effect, cyclic hardening/softening, ratcheting

Complexity Simple and easy to implement More complex, suitable for realistic cyclic loading

Limitations Cannot model ratcheting or saturation Can account for load history, ratcheting, and shakedown

Displacement of the yield 

surface (Fig. 1)

Linear: Along a straight path, without any change 

in shape or saturation
Nonlinear: Nonlinear, with a term that introduces progressive saturation
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Fig. 1. Difference between linear and nonlinear kinematic  

hardening in the principal stress space (2D): a – linear kinematic;  

b – nonlinear kinematic

Fig.  1,  a shows a simple translation characterized by a constant 
shape without saturation, whereas Fig.  1,  b depicts a translation as-
sociated with a change in shape, reflecting nonlinear effects and the 
complex phenomena of cyclic behavior.

3. Results and Discussion

3.1. Validation of the material parameters
For the validation of numerical results from numerical computa-

tion with the experimental data must be down to guarantee the reli-
ability of the chosen model before carrying out further simulations. 
Fig. 2 presents the superposition of cyclic hysteresis curves obtained 
from simulation and experiment down on 304L stainless steel under 
an imposed plastic strain of 0.5%.

The ZeBuLon finite elem ent code was used in all the computa-
tion. simulated curve generated using the ZeBuLon, based on material 
parameters reported in the literature, whereas the experimental results 
were obtained through laboratory testing experiments. It is noted the 

obtained of a good agreement between the two curves with the con-
vergence of the results. All this confirms both the accuracy and the 
mathematical credibility of the adopted model [15].
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Fig. 2. Superposition of the experimental stabilized loop and simulation of 

304L (SS)

3.2. Simulation on 304L (SS) using Prager Law
Using Prager law model, the numerical computation is done on 

304L stainless steel for imposed value of strains of 0.5% and 1%, respec-
tively, in order to analyze the material behavior.

3.2.1. Isotropic hardening simulation
The results of the numerical simulations are reported in Fig.  3. 
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This figure shows the obtained hysteresis loops with isotropic hard-
ening, from simulations on 304L stainless steel using Prager law, for two 
imposed strain of 0.5% and 1%. It can be noted that indicates that the 
hysteresis loop corresponding to 0.5% strain is narrower than the one 
obtained for 1% strain, which reveals an increase in stress accompany-
ing with superior plastic energy dissipation.

From Fig. 3, it is showed the existence of symmetry in tension and 
compression. This reveals isotropic hardening; moreover, the non-
appearance of translation of the loop centers shows that Prager model 
law does not account for kinematic hardening.

3.2.2. Linear kinematic hardening simulation
Fig.  4 is a reproduction of results in form of hysteresis loops  

for 304L stainless steel under application of two imposed strain levels, 
0.5% and 1%, using a linear kinematic hardening model. The curve 
loops exhibit a progressive translation of their center during the cycles, 
which is characteristic of kinematic hardening behavior.
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The linearity of the kinematic model doesn’t permit a good repre-
senting certain nonlinear macroscopic phenomenon that can be ob-
served in real situation.

3.3. Simulation on 304L (SS) using Chaboche law
3.3.1. Nonlinear kinematic hardening simulation
Fig. 5 illustrates the hysteresis loops simulated for 304L stainless 

steel under two imposed strain levels by employment of a nonlinear 
kinematic hardening model.

-300

-150

0

150

300

A
xi

al
 s

tr
es

s
  z

z
(M

Pa
)

Plastic strain 
  zz    (())

-0.010 -0.005 0.000 0.005 0.010

ε11 = 0.5%

ε11 = 1%

Fig. 5. Nonlinear kinematic hardening

The hysteresis loops are well curved representing the nonlinear-
ity present in material. It can provide a more accurate description of 
the plastic behavior.

3.3.2. Combined hardening (Isotrope + Nonlinear kinematic)
Fig.  6 illustrates the behavior resulting from the combined ef-

fect of isotropic and kinematic hardening. The formation of hystere
sis loops can be observed for two strain levels: 0.5% and 1%. The 
evolution of the size of the yield surface indicted the increase of the 
yield strength as a function of accumulated plastic strain. All this 
reflect isotropic hardening. In other hand, the translation of yield 
surface in the stress space demonstrates the occurrence of kine- 
matic hardening.
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Figs. 7, 8 show results of the application of two levels of imposed 
strain with value (0.5%) and (1%). 

The superposition of the curves, have the objective of comparing 
the two used models. Prager model represents a simple linear kine-
matic hardening, but Chaboche model add the nonlinear kinematic 
hardening.

This comparison allows, evaluating the influence of nonlinear 
effects on cyclic behavior, particularly through the coupling of iso-
tropic and nonlinear kinematic hardening, as illustrated by the shape 
of the curves.
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3.4. Uniaxial strain-controlled
3.4.1. Loading histories 
Numerical computations were performed on the 304L material by 

using Chaboche model law in order to study and analyze its behavior 
for its structural and industrial implementation. These were carried out 
by applying imposed strain rates, following loading histories H1 and 
H2, respectively, in the uniaxial direction (Table 3).

Figs.  9,  10 illustrate hysteresis curves of the results of corre-
sponding two applied strain levels, 0.5% and 1%, revealing the re-

lationship between axial stress and plastic strain under application 
of cyclic loading.

From all the results, it can be observed that the wider loop repre-
sents the most greater strain amplitude in the specimen. It can be seen 
a greater energy dissipation and a more pronounced plastic behavior. 
The phenomenon of hardening is present due to the increase in stress 
during plastic strain.

3.4.2. Superposition of two curves
Fig.  11 illustrates the hysteresis loops obtained for two imposed 

strain levels: 0.5% (in black) and 1% (in blue). It can be observed that 
increasing the strain amplitude leads to a significant widening of the 
loops, indicating greater energy dissipation and an enhanced plastic 
behavior. The phenomenon of hardening is present due to the increase 
in stress during plastic strain.

These results confirm the ability of the Chaboche model to repro-
duce the effects of cyclic loading at different strain amplitudes.

3.5. Multiaxial strain-controlled loading
This investigation illustrates the evaluation of the behavior of 304L 

steel under application of biaxial cyclic cross-loading using two loading 
histories:

–	 the first history involves strain-controlled tension-compression 
cycles of ±0.5% for 10 cycles, followed by an equivalent torsional 
strain of ±0.86%;
–	 in the second history, an axial strain of ±1% is applied, fol-
lowed by an equivalent torsional strain of ±1.73%, also for 10  cy-
cles (Table 4).

Table 3

Loading conditions

Loading path Loading history Reference Tensile/compression Torsion

 

 
 

H1 Fig. 9
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Fig. 9. Behavior of 304L SS under uniaxial loading for 0.5%: a – imposed strain as a function of time; b – hysteresis loops
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Fig. 10. Behavior of 304L SS under uniaxial loading for 1%, imposed strain as: a – function of time (H2); b – hysteresis loops
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Fig. 11. Behavior of 304L SS under uniaxial loading for 0.5% and 1%

Table 4

Loading conditions in biaxial loading

Loading path Loading history Reference Tensile/compression Torsion

 
 

 

 

H3 Fig. 12

εmax, % εmin, % γmax, % γmin, %

+0.5 –0.5
+0.865  

0.0086

–0.865  

0.0086

 
 

 

 

H4 Fig. 13 +1 –1 +1.73 –1.73

Fig. 12, a and Fig. 13, a show the evolution of axial strain and equiv-
alent shear strain over time under multiaxial cyclic loading.

Both signals appear to be almost in phase, which suggests a propor-
tional loading path. Fig. 12, b and Fig. 13, b are presentation of hysteresis 
loops associated with cyclic plastic behavior on material. It is found 
that the maximum stress that occur reaches approximately +300 MPa. 
The phenomenon of over-hardening is already clearly evident, in the 
case of cross-loading applied, as indicated by the increase in stress, in 

the second loading direction, with a progressive strengthening, of the 
material during successive cycles.

3.6. Cyclic stress-controlled simulation
3.6.1. Ratcheting uniaxial 1D
The tensile-compression simple test is done by imposing two ex-

treme asymmetrical stresses at 50 cycles on material with progressive 
stress amplitude and constant average stress (Table 5).
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Table 5

Stories, loading path, imposed stresses 

 

 

Loading, MPa

Axial stress

σmax 275

σmin –75

Mean stress �
� �

mean �
�max min

2
100

Stress amplitude �
� �

a �
�max min

2
175

Shear stress

3� �z max 0

3� �z min 0

Fig. 14 shows a cyclic relationship between axial stress and axial 
strain under tension-compression loading with a non-zero mean stress.

The following observations can be made:
1.	 The hysteresis loops progressively shift to the right, indicating 

an accumulation of plastic strain, which is characteristic of the ratchet-
ing phenomenon.

2.	 The stress amplitude remains constant: the maximum and mini-
mum stresses are nearly stable, confirming that the test was performed 
under stress-controlled conditions.

3.	 The stresses reach up to 275 MPa, suggesting that the behavior 
falls within the low-cycle fatigue domain, where ratcheting becomes 
particularly critical.
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Fig. 13. Behavior of 304L SS for 1% under biaxial loading: a – axial and angular strain as a function of time; b – evolution of stress versus plastic strain
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3.6.2. Ratcheting biaxial 2D
A cross stress-controlled test was performed, consisting of one 

tension-compression cycle ranging from 200  MPa to −150  MPa, fol-
lowed by one shear cycle with stress varying between 150  MPa and 
100 MPa (Table 6).

Table 6

Stories, loading path, imposed stresses 

 

 

Loading, MPa

Axial stress

σmax +200

σmin –150

Mean stress �
� �

mean �
�max min

2
+25

Stress amplitude �
� �

a �
�max min

2
+175

Shear stress

3� �z max +150

3� �z min –100

The obtained results of loop cycles under biaxial cyclic loading 
applied at constant stress are presented of Fig. 15. It can have deduced 
the following observations from all results:

–	 application of cyclic loading produces a non-zero average stress, 
making an anomaly caused the appearance of phenomena noted the 
ratchet effect;
–	 change of cycles progressively towards increasing plastic strain 
values, demonstrating an accumulation progressive of deformation;
–	 it detects a high stress levels, reaching approximately the value of 
±200 MPa. This corresponds to the low-cycle fatigue range, within 
which the ratchet phenomena effect can occur.
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Fig. 15. Ratcheting biaxial 2D of 304L steel for (σmean = 25 MPa, 

σa = 175 MPa)

Ratcheting under uniaxial and biaxial cyclic loading is one of the 
most critical phenomena affecting the integrity of engineering struc-
tures. This effect represents a major risk in many industrial applications, 
as it can lead to progressive deformation and ultimately severe structural 
damage or failure. In such cases, the likelihood of spontaneous failure 
remains high regardless of the applied mean stress value.

In the present research, the most relevant and widely used con-
stitutive models for accurately describing the in-service behavior of 

engineering materials are identified and examined. To realistically 
predict material response and contribute to the prevention of struc-
tural failure, materials must be subjected to various cyclic loading sce-
narios by specialists. Among the available plasticity models, the linear 
Prager model and the nonlinear Chaboche model remain the most 
frequently applied in the fatigue analysis of materials and structures. 
The Chaboche model, established and expanded across several foun-
dational works  [1,  2,  14], has been widely adopted for its ability to 
reproduce complex cyclic phenomena.

Numerous researchers have investigated the effectiveness of the 
Chaboche model in describing ratcheting and cyclic plasticity across 
different materials and temperature ranges. Recent studies confirm its 
capability to capture nonlinear kinematic hardening, ratcheting ac-
cumulation, and hysteresis loop evolution under uniaxial and multiaxial 
loading [3–5]. Experimental and numerical analyses on stainless steels 
also highlight the superior accuracy of the Chaboche model when com-
pared with simpler linear hardening laws, particularly for predicting 
multiscale and stress-path-dependent deformation mechanisms [6, 9, 10].

Comparisons between the Prager and Chaboche models consistently 
show the limitations of the linear Prager formulation in reproducing 
ratcheting, mean stress relaxation, or cyclic stabilization. In contrast, the 
nonlinear multi-component Chaboche model effectively replicates mac-
roscopic phenomena such as strain growth, cyclic hardening/softening, 
and hysteresis loop translation, as demonstrated in several investigations 
on stainless steels and aluminum alloys [7, 8, 11–13]. Accurate prediction 
of cyclic behavior also depends strongly on the identification of mate-
rial parameters, as demonstrated in parameter-sensitivity studies  [15].

Extensive numerical results obtained using the Chaboche model 
under uniaxial and multiaxial loading covering diverse stress and strain 
amplitudes confirm its suitability for improving fatigue life predic-
tions and supporting the design of structures exposed to service cyclic  
loading. The analysis of one-dimensional and two-dimensional ratchet-
ing phenomena through hysteresis loop evolution further strengthens 
its applicability to industrial cases.

3.7. Limitations and future directions of the research
When using Prager or Chaboche models to describe the behavior 

of 304L stainless steel, several limitations must be considered. Both 
models rely on simplifying assumptions, such as material homogeneity 
and isotropy, and often neglect temperature, microstructural effects, 
and strain-rate sensitivity. Prager linear kinematic hardening can-
not capture cyclic phenomena such as ratcheting, mean stress relax-
ation, or complex softening/hardening, while even the more advanced 
Chaboche model may be limited under multiaxial, non-proportional, 
or extreme loading conditions.

For future work, the research could be extended to more complex 
geometries to generalize the current findings. Considering additional 
factors such as temperature fluctuations, environmental conditions, and 
long-term aging would further enhance the practicality and accuracy of 
the adopted constitutive models.

4. Conclusions

1.	 In this research, a demonstration with the use a perfect numeri-
cal simulation, these tools are an efficient method to analysis and pre-
dicts the material behavior and performance of 304L stainless steel used 
to make components, consequently allowing more safe and optimal 
designs in structural applications. The superposition of the numerical 
and experimental results of cyclic loading on 304L is in good agree-
ment. The superposition of the numerical and experimental results of 
cyclic loading on 304L is in good agreement; it is presented results by 
the hysteresis curves obtained under an imposed plastic strain of 0.5%.

2.	 The simple linear model noted by Prager model offers a good 
description of kinematic hardening but in other hand cannot show the 
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nonlinear effects such as over-hardening or ratcheting. In difference, 
the more complex model noted by Chaboche model can when used 
accurately reproduces the uniaxial hardening, controls over-hardening, 
and ratcheting behavior. It is noted the presence symmetry in tension 
and compression noted the isotropic hardening.

3.	 The results obtained from this research gives a comparative 
analysis to be able to evaluate with the two models, the effects of taken 
in consideration isotropic and nonlinear kinematic hardening on cy-
clic material behavior in 304L stainless steel. It is known that simple 
isotropic hardening effectively can describes the monotonic hardening 
but it is not used to represent the effects of cyclic loading and mean 
stress evolution. From this, combined isotropic-kinematic hardening 
models can significantly be used to improve the predictions and the 
capturing of the initial hardening and the subsequent stabilization of 
hysteresis loops. The obtained results from the use of the two models 
were presented with the growth and translation of surface in the stress 
space demonstrates the occurrence of kinematic hardening.

4.	 In conclusion, when using the Chaboche model it is possible 
to say that this model is the most suitable and reliable constitutive 
formulation for the simulation of material behavior when exposed to 
the cyclic elastoplastic behavior of 304L stainless steel and for sup-
porting fatigue life prediction and structural design under complex 
loading conditions. From that, it is a confirmation of the ability of the 
Chaboche model to reproduce the effects of cyclic loading at different 
strain amplitudes.
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