
Unlocking the Secrets of Plasticity: Exploring
the Mechanical and Thermodynamical Theory
Plasticity, a fundamental concept in the field of materials science and
engineering, holds the key to understanding the response of materials to external
forces and the deformation they undergo. This phenomenon has far-reaching
implications for various industries, including manufacturing, construction, and
automobile. In this article, we delve into the mechanical and thermodynamical
theory of plasticity, unearthing the underlying principles and shedding light on
how it shapes our world.

What is Plasticity?

Plasticity, in simple terms, refers to the ability of a material to undergo permanent
deformation without fracturing or breaking. Unlike elastic behavior, where
materials spring back to their original shape after being subjected to stress,
plasticity allows materials to retain their deformed shape even after the stress is
removed. This unique property enables the formation of various complex
structures and shapes, making plasticity a fundamental aspect of material design
and engineering.

Historical Evolution of Plasticity

The study of plasticity dates back to ancient times when blacksmiths and
craftsmen intuitively manipulated metal and stone to shape tools and artifacts.
However, the formal mathematical descriptions of plasticity emerged in the 19th
and 20th centuries.
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One of the pioneering figures in this field was Émile Clapeyron, a French
engineer, who proposed a theory linking the flow of materials to the distribution of
shear stress across their surfaces. His work laid the foundation for subsequent
developments in the field of plasticity, particularly in understanding the behavior
of metals under strain.

Building upon Clapeyron's work, Heinrich Hencky, a German civil engineer,
introduced a mathematical framework commonly known as the "Hencky
deformation theory." This theory provided a more comprehensive understanding
of plastic deformation by incorporating strain measures and establishing the
relationship between deformation, stress, and material behavior.

Mechanical Theory of Plasticity

The mechanical theory of plasticity focuses on understanding the mechanisms
through which materials undergo plastic deformation. It involves modeling how
materials respond to different types of stresses, such as tension, compression,
and shear.
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At the heart of the mechanical theory of plasticity lies the concept of yield criteria.
These criteria define the conditions under which a material transitions from an
elastic state to a plastic state. Various mathematical models and yield criteria
have been developed over the years to describe the behavior of different
materials. These models include the von Mises criterion, Tresca criterion, and
Mohr-Coulomb criterion, among others.

The von Mises criterion, developed by Richard von Mises, is widely used and
offers a reliable approximation for the plastic behavior of metals. It quantifies the
amount of shear stress a material can sustain before undergoing plastic
deformation. Materials that satisfy the von Mises criterion are considered ductile
and exhibit significant plastic deformation without fracturing.

Additionally, the mechanical theory of plasticity considers concepts such as strain
hardening, strain rate sensitivity, and stress relaxation. Strain hardening refers to
the increase in material's resistance to deformation as it undergoes plastic strain.
Strain rate sensitivity, on the other hand, emphasizes how the rate of loading
affects the material's ability to undergo plastic deformation. Lastly, stress
relaxation refers to the gradual decrease in stress within a material under
constant strain, showcasing the time-dependent behavior of plasticity.

Thermodynamical Theory of Plasticity

In contrast to the mechanical theory focusing on the microscale interactions of
materials, the thermodynamical theory of plasticity takes a macroscopic
approach. It places emphasis on the energy aspects and the overall
thermodynamic equilibrium of the material during deformation.

This theory leverages concepts from classical thermodynamics, incorporating
notions of energy dissipation and entropy production. It treats plastic deformation



as a dissipative process that converts mechanical energy into heat. By studying
the dissipation of energy, researchers can gain insights into the underlying
mechanisms driving plasticity.

The thermodynamical theory of plasticity introduces the concept of plastic work,
which represents the energy expended during plastic deformation. It also
considers the concept of plastic potential, which is a function that determines the
direction and magnitude of plastic flow, providing a thermodynamically-consistent
framework for plastic behavior analysis.

By combining the mechanical and thermodynamical theories of plasticity,
researchers can develop comprehensive models that accurately capture the
material's response under various loading conditions. These models aid in the
design of structures and materials that can withstand the demands of real-world
applications.

Applications of Plasticity

The understanding of plasticity plays a crucial role in a multitude of industries. It
enables engineers and designers to anticipate and account for the deformation
and failure of materials under varying conditions, ensuring the safety and
longevity of structures and devices.

In the automotive industry, plasticity modeling allows for the optimization of car
body components, ensuring crashworthiness and occupant safety. The ability to
accurately predict the deformation behavior of metals and composites aids in
designing lighter and more fuel-efficient vehicles.

In the realm of aerospace engineering, plasticity theory becomes critical as
materials are subjected to extreme forces and environments. By comprehending



how materials respond under high temperatures or rapid cooling, researchers can
ensure the structural integrity of aircraft components and spacecraft.

In the field of manufacturing, plasticity guides the forging, shaping, and machining
processes used to fabricate intricate parts. Understanding the limits of materials
and their ability to undergo plastic deformation determines the efficiency and
quality of the manufacturing operations.

The Future of Plasticity Research

The study of plasticity continues to evolve with advancements in computational
modeling and experimental techniques. Researchers are exploring new materials,
such as polymers and nanomaterials, and investigating their unique plastic
behavior.

Furthermore, incorporating plasticity models into computer-aided design (CAD)
software enables engineers to simulate and optimize complex structures,
reducing the need for costly physical prototypes. This convergence of simulation
technology and plasticity theory opens new possibilities for innovation and
efficient design processes.

The growing interest in sustainable materials and processes also influences
plasticity research. Scientists are exploring eco-friendly materials and
investigating their plastic behavior to enhance recyclability and reduce the
environmental footprint of industries.

, plasticity unveils the intricate relationship between external forces, deformation,
and the behavior of materials. By harnessing the mechanical and
thermodynamical theories of plasticity, researchers have unlocked the secrets
that shape our world. From constructing safer vehicles to designing stronger



structures, plasticity remains a fundamental concept propelling technological
advancements and shaping our future.
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Born out of 15 years of courses and lectures on continuum mechanics, nonlinear
mechanics, continuum thermodynamics, viscoelasticity, plasticity, crystal
plasticity, and thermodynamic plasticity, The Mechanical and Thermodynamical
Theory of Plasticity represents one of the most extensive and in-depth treatises
on the mechanical and thermodynamical aspects of plastic and visicoplastic flow.
Suitable for student readers and experts alike, it offers a clear and
comprehensive presentation of multi-dimensional continuum thermodynamics to
both aid in initial understanding and introduce and explore advanced topics.

Covering a wide range of foundational subjects and presenting unique insights
into the unification of disparate theories and practices, this book offers an
extensive number of problems, figures, and examples to help the reader grasp
the subject from many levels. Starting from one-dimensional axial motion in bars,
the book builds a clear understanding of mechanics and continuum
thermodynamics during plastic flow. This approach makes it accessible and
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applicable for a varied audience, including students and experts from engineering
mechanics, mechanical engineering, civil engineering, and materials science.
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