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Phenomenological viscoplasticity models constitute an important part of engineering analyses 
involving inelastic deformation at elevated temperatures or under high strain rates. These models 
eschew a direct micromechanical description in favor of continuum-level state variables whose 
evolution is calibrated against macroscopic experiments. The goal is to capture rate sensitivity, creep, 
relaxation, and cyclic hardening with a tractable set of equations suitable for finite element 
implementation. Despite their widespread adoption, each major formulation rests on a distinct set of 
fundamental assumptions that inevitably introduce limitations. This article examines the conceptual 
underpinnings, governing equations, logical interplay, and practical usage of three influential classes: 
the Perzyna overstress model, the Chaboche unified model, and the Anand model.

Foundational Framework

Nearly all phenomenological viscoplasticity models begin with the additive decomposition of the total 
strain rate into elastic and inelastic parts:

where the elastic strain rate is linked to the stress rate by Hooke’s law, , assuming small 
deformations or an objective rate formulation for finite strains. The inelastic (viscoplastic) strain rate 

 is defined by a flow rule that depends on the current stress and a set of internal state variables.  A 
second assumption is the existence of a dissipation potential, from which the flow rule and the 
evolution equations for the internal variables are derived, ensuring thermodynamic consistency. 
However, the manner in which rate dependence is introduced, the choice of internal variables, and the 
treatment of a yield surface constitute the main differentiators among the models.

Perzyna Model: Overstress as a Driver of Viscoplastic Flow

The Perzyna model is historically the simplest phenomenological extension of rate-independent 
plasticity. Its fundamental assumption is that viscoplastic flow occurs only when the stress state lies 
outside a static yield surface defined by a function 

 

The viscoplastic strain rate is then taken as a monotonic function of the overstress :

Here  is a viscosity parameter,  is often chosen as a power law , and the Macaulay 
brackets ensure that flow is activated only when . The yield function typically follows  plasticity, 
e.g., , with  a backstress for kinematic hardening and  an isotropic 
hardening function.

The logical derivation of the Perzyna model proceeds from a viscoplastic potential
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such that . This guarantees non-negative dissipation. However, the model suffers from a 
profound conceptual weakness: it retains a sharp elastic domain. For stresses below the static yield 
surface, however small, the predicted inelastic strain rate is identically zero. This contradicts the 
physical reality of thermally activated dislocation motion, which yields measurable creep at any finite 
stress, especially at elevated temperatures. The discontinuity at  is an artifact of the 
rate-independent heritage and leads to difficulties in numerical integration when the stress state 
hovers near the yield surface. Furthermore, the viscosity parameter  is often found to be strain-rate 
dependent when fitted to experiments, undermining the model’s internal consistency. In practice, 
Perzyna models are still used in metal forming and impact simulations where high strain rates 
dominate, but they are increasingly replaced by unified formulations for applications requiring a 
smooth transition from creep to plasticity.

Chaboche Unified Model: Nonlinear Kinematic Hardening and a Reference Yield Surface

The Chaboche unified viscoplasticity model was developed to overcome the artificial 
elastic-viscoplastic boundary of the Perzyna approach by incorporating rate dependence directly into 
the flow rule while retaining a yield surface as a reference. Its central assumption is that viscoplastic 
flow is governed by a viscous stress, or drag stress, leading to an equation of the form:

where  is the backstress tensor (usually deviatoric),  the isotropic hardening variable, and  
rate-sensitivity parameters. The model unifies creep and plasticity by using the same set of internal 
variables to describe both monotonic and cyclic behavior. The backstress evolution follows the 
Armstrong-Frederick nonlinear kinematic hardening rule:

where  is the accumulated viscoplastic strain rate, and  are material 
constants. Isotropic hardening is similarly described by a saturating exponential.

The derivation of the Chaboche model is thermodynamically consistent when the flow rule and 
hardening laws are derived from a dissipation potential expressed in terms of the viscous stress. Its 
major strength lies in its ability to reproduce a wide array of phenomena, including cyclic 
hardening/softening, stress relaxation, and rate-dependent hysteresis loops, using a single unified 
framework. Nevertheless, a persistent theoretical criticism concerns the physical interpretation of the 
backstress . Although it is intended to represent the directional hardening arising from dislocation 
substructures, its evolution is purely phenomenological. In particular, the dynamic recovery term 

 is known to produce an overly rapid saturation of ratcheting under asymmetric stress cycles, 
often necessitating ad-hoc modifications (e.g., the Ohno-Wang rule) that introduce additional 
parameters and deviate from the original thermodynamic structure. Moreover, the model still 
presupposes a yield surface as a reference, even though the flow rule allows inelastic deformation at 
arbitrarily low stresses when  is large enough; the surface simply becomes a convenient normalizing 
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quantity. This duality can lead to conceptual confusion and complicates the calibration of the initial 
yield stress  when the model is intended to represent high-temperature creep where no distinct yield 
point exists.

Anand Model: A Yield  -  Surface  -  Free Unified Internal Variable Formulation  

The Anand model, originally proposed by Lall and Anand (1985) for hot working of metals and later 
widely adopted for solders and other materials, represents a distinct philosophy within the 
viscoplasticity literature. Its fundamental assumption is the absence of an explicit yield surface. 
Instead, viscoplastic flow is considered a thermally activated process that occurs at all stress levels, 
governed by a single scalar internal variable  (often termed deformation resistance) that captures the 
isotropic hardening/softening of the material. The flow rule is given by a hyperbolic sine law, which is 
typical for dislocation creep:

where  is the von Mises equivalent stress,  a pre-exponential factor,  the 
activation energy,  the universal gas constant,  the absolute temperature,  the stress multiplier, 
and  the strain rate sensitivity exponent. The deformation resistance  evolves according to a 
differential equation that couples hardening and recovery:

where  is the initial hardening modulus,  the hardening exponent,  a coefficient, and  the strain 
rate sensitivity for the saturation value . This formulation ensures that at steady state,  approaches 

 and the flow rule reduces to a power-law or hyperbolic-sinus creep equation. The model thus 
seamlessly spans low-stress creep and high-stress plasticity without invoking a yield surface.

The logical derivation of the Anand model is rooted in the concept of a single internal state variable 
representing the average resistance to dislocation motion. Although it is not derived from a dissipation 
potential in the classical sense, it can be shown to satisfy the second law of thermodynamics if the 
free energy is taken as a function of elastic strain and the internal variable, and the evolution equation 
for ) is chosen such that the dissipation is non-negative. The principal theoretical advantage of the 
Anand model is its elimination of the sharp yield surface, making it physically more plausible for 
applications such as solders (where the melting point is relatively low) and superalloys at homologous 
temperatures above 0.5. The single-variable structure reduces the number of material parameters 
(typically nine constants) compared to Chaboche models with multiple backstresses, simplifying 
calibration when only monotonic or moderately cyclic data are available.

The most significant limitation of Anand model is the use of a single isotropic internal variable, which 
precludes the description of kinematic hardening. As a result, the model cannot capture the 
Bauschinger effect, cyclic hardening/softening beyond the isotropic evolution, or ratcheting under 
asymmetric stress cycling. For applications involving significant reverse loading, the Anand model 
often overestimates the cyclic hardening rate and fails to reproduce the transient softening observed 
after load reversal.  Another point of critique is the hyperbolic sine flow rule itself; while it works well for 
a wide range of strain rates and temperatures, it can become numerically stiff when the argument 
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 becomes large, necessitating implicit integration schemes. Furthermore, the model’s 
parameter calibration is notoriously sensitive to the choice of experimental data. Because all nine 
parameters appear in coupled nonlinear equations, non-unique parameter sets can often fit the same 
dataset equally well, compromising predictive confidence for extrapolatory conditions. In practice, this 
has led to the proliferation of different parameter sets for the same material in the literature, a situation 
that underscores the identifiability problem inherent in highly parameterized unified models.

Practical Usage

In finite element analyses, the choice among these models is often dictated by the required fidelity for 
the loading scenario and the availability of material parameters. The Perzyna model, owing to its 
simplicity and ease of implementation, remains a workhorse for forming simulations where the focus is 
on high-rate deformation and the details of cyclic behavior are of secondary importance. Its major 
drawback—the sharp elastic-viscoplastic transition—is often masked when rate effects dominate. The 
Chaboche family, particularly with multiple backstresses, has become the standard for fatigue and 
durability analyses in aerospace and automotive applications because of its proven ability to simulate 
cyclic hardening, mean stress relaxation, and ratcheting. However, its calibration is resource-intensive, 
requiring a suite of uniaxial and possibly biaxial tests, and its predictive accuracy for complex 
multiaxial histories remains an active area of research.  The Anand model occupies a middle ground: it 
offers a unified, yield-surface-free description with a manageable number of parameters and has been 
extensively validated for monotonic and moderately cyclic loadings, especially for solder joints in 
microelectronics and for high-temperature metals subjected to creep-fatigue interactions. Its inability to 
model kinematic hardening is a severe limitation for applications involving large reverse plasticity, yet 
for many creep-dominated or monotonic forming processes this deficiency is tolerable. Moreover, the 
Anand model is available in all major commercial finite element codes (Abaqus, Ansys, etc.), often 
with specialized integration algorithms that ensure numerical robustness.

A cross-cutting criticism that applies to all three model families is their inherent reliance on the 
assumption of isotropy in the evolution of internal variables, unless elaborate anisotropic extensions 
are introduced. Real metallic materials develop texture and anisotropic hardening during large 
deformations, phenomena that these phenomenological models capture only approximately, if at all. 
Furthermore, the coupling of viscoplasticity with damage—essential for failure prediction—is typically 
treated through independent damage models (e.g., ductile damage or creep damage) that are not 
consistently derived within the same thermodynamic framework. This separation can lead to 
inconsistencies when damage alters the elastic stiffness or accelerates the viscoplastic flow.

Concluding Remarks

The leading phenomenological models of viscoplasticity—Perzyna, Chaboche, and Anand—each 
embody a distinct set of fundamental assumptions that determine their range of applicability and their 
inherent limitations. The Perzyna model introduces a sharp yield surface and a linear overstress law, 
offering simplicity at the cost of physical fidelity in the low-stress regime. The Chaboche unified model 
provides a more sophisticated description of cyclic behavior through nonlinear kinematic hardening but 
retains a yield surface as a reference and suffers from ratcheting over-prediction unless artificially 
modified. The Anand model eliminates the yield surface entirely, relying on a single scalar internal 
variable and a hyperbolic-sine flow rule; it excels in creep-dominated and monotonic applications but 
cannot represent kinematic hardening.  In practical usage, the selection of a model is therefore a 
compromise between the fidelity required for the specific loading history and the cost of parameter 
identification.
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