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The mathematical theory of plasticity is a fundamental aspect of materials science and engineering

that deals with the behavior of materials undergoing permanent deformation when subjected to stress.
Unlike elastic deformation, which is reversible, plastic deformation is permanent and entails a complex
interplay of material properties, external forces, and environmental conditions. This theory is crucial for
predicting how materials will respond under various loading conditions, which is essential in fields such

as civil engineering, mechanical engineering, and geotechnical engineering.

Introduction to Plasticity

Plasticity theory provides a framework for understanding the conditions under which materials will yield

and deform permanently. It originated in the early 20th century, evolving from the study of metals and



their behavior under stress. The significance of plasticity extends beyond metals to other materials,

including polymers, soils, and concrete.

The Basics of Stress and Strain

To comprehend the mathematical theory of plasticity, it is essential to understand two fundamental

concepts: stress and strain.

- Stress is defined as the internal force per unit area within materials. It is expressed mathematically
as:

\[

\sigma = \frac{F{A}

\

where \( \sigma \) is the stress, \( F \) is the force applied, and \( A \) is the cross-sectional area.

- Strain refers to the deformation of a material due to applied stress. It is a dimensionless quantity and
is calculated as:

\[

\epsilon = \frac{\Delta LKL 0}

\

where \( \epsilon \) is the strain, \( \Delta L \) is the change in length, and \( L_0 ) is the original

length.

Yield Criteria

Yield criteria define the conditions under which a material begins to deform plastically. Several key

yield criteria are widely used in the mathematical theory of plasticity:

1. Von Mises Criterion: This criterion is based on the idea that yielding occurs when the shear stress



reaches a critical value. It is particularly applicable to ductile materials. The von Mises stress, \(
\sigma_{vm}\), is defined as:

\[

\sigma_{vm} = \sqrt{\frac{1}{2} \left( \sigma_1 - \sigma_2 \right)*2 + \frac{1}{2} \left( \sigma_2 -
\sigma_3 \right)*2 + \frac{1}{2} \left( \sigma_3 - \sigma_1 \right)*2}

\]

2. Tresca Criterion: This criterion is based on the maximum shear stress theory. According to Tresca,

yielding occurs when the maximum shear stress in the material reaches a critical value.

3. Mohr-Coulomb Criterion: Commonly used in soil mechanics, this criterion incorporates both

cohesion and internal friction angle to describe the yielding behavior under shear stress.

Mathematical Formulation of Plasticity

The mathematical theory of plasticity incorporates several key equations and principles that describe

the behavior of materials under loading:

Constitutive Models

Constitutive models relate stress and strain in materials and are fundamental in plasticity. The most

common models include:

- Perfect Plasticity: Assumes that once the yield stress is reached, the material deforms plastically

without any increase in stress.

- Hardening Models: These models account for changes in material properties as deformation
progresses. Common hardening models include:

- Isotropic Hardening: Assumes the yield surface expands uniformly with plastic deformation.



- Kinematic Hardening: Assumes the yield surface translates in stress space as plastic deformation

occurs.

Flow Rules

Flow rules describe how plastic deformation occurs in materials. The two primary types of flow rules

are:

1. Associated Flow Rule: The plastic strain rate is normal to the yield surface in stress space. This rule

is commonly applied in perfect plasticity scenarios.

2. Non-Associated Flow Rule: The plastic strain rate is not normal to the yield surface, which is often

the case in materials like soils.

Equilibrium and Compatibility Conditions

In addition to yield criteria and constitutive models, plasticity theory also takes into account the

equilibrium and compatibility conditions:

- Equilibrium Conditions: These conditions ensure that the sum of forces and moments in a system
equals zero. Mathematically, this can be expressed as:

\[

\sum F = 0 \quad \text{and} \quad \sum M =0

\]

- Compatibility Conditions: These conditions ensure that deformations are consistent throughout the

material. This is crucial for maintaining the integrity of structures subjected to loads.



Applications of Plasticity Theory

The mathematical theory of plasticity has numerous applications across various fields, including:

Structural Engineering

In structural engineering, plasticity theory is employed to analyze and design structures that can
withstand extreme loads. For instance, in the design of beams and frames, plastic hinges may form

during overload scenarios, allowing for redistribution of loads without leading to catastrophic failure.

Geotechnical Engineering

In geotechnical engineering, plasticity theory is applied to understand the behavior of soils under
loading. The Mohr-Coulomb failure criterion is often utilized to predict failure surfaces in soil

mechanics, assisting in the design of foundations, slopes, and retaining structures.

Manufacturing Processes

Plasticity theory plays a critical role in manufacturing processes like metal forming, where materials are
subjected to large deformations. Understanding the plastic behavior of metals is essential for

processes such as forging, extrusion, and rolling.

Numerical Methods in Plasticity

Given the complexity of plasticity problems, numerical methods are often employed to obtain solutions.



Common numerical techniques include:

- Finite Element Method (FEM): FEM is widely used for solving complex plasticity problems by

discretizing the material and applying numerical techniques to solve the governing equations.

- Finite Difference Method (FDM): This method approximates solutions by discretizing the equations

and is often used for time-dependent plasticity problems.

- Boundary Element Method (BEM): BEM is useful for solving problems with infinite domains, such as

those encountered in geotechnical engineering.

Conclusion

The mathematical theory of plasticity is a vital discipline that underpins our understanding of material
behavior under stress. By combining principles of mechanics, materials science, and applied
mathematics, plasticity theory enables engineers and scientists to predict how materials will perform in
real-world applications. The evolution of this theory continues to influence various fields, ensuring that
structures and materials can withstand the demands of modern engineering challenges. As technology
advances, ongoing research in plasticity will further enhance our capabilities in designing safer, more

efficient structures and materials.

Frequently Asked Questions

What is the mathematical theory of plasticity?

The mathematical theory of plasticity is a framework used to describe the behavior of materials that
undergo permanent deformation when subjected to stress beyond a certain yield point. It incorporates

mathematical models to predict how materials yield and flow under various loading conditions.



What are the key components of plasticity theory?

Key components of plasticity theory include yield criteria, flow rules, hardening laws, and the concept
of plastic potential. These components help in defining how materials transition from elastic to plastic

behavior and how they respond to different types of loading.

How is the yield surface defined in plasticity theory?

The yield surface in plasticity theory is defined in stress space and indicates the limit of elastic
behavior. When the stress state reaches this surface, the material yields and begins to deform

plastically. Different yield criteria, such as von Mises and Tresca, are used to describe this surface.

What role does strain hardening play in plasticity?

Strain hardening refers to the phenomenon where a material becomes stronger as it undergoes plastic
deformation. In the mathematical theory of plasticity, hardening rules are used to characterize this

behavior, allowing for the prediction of how the yield surface evolves as the material is deformed.

How does plasticity theory apply in engineering design?

Plasticity theory is crucial in engineering design as it helps predict how structures will behave under
loads that may exceed their elastic limits. This understanding helps engineers design safer and more

efficient structures by accounting for potential plastic deformations.

What are some common numerical methods used to solve plasticity

problems?

Common numerical methods used to solve plasticity problems include finite element analysis (FEA)
and finite difference methods. These techniques enable engineers and researchers to simulate
complex loading scenarios and material behaviors, providing insights into the performance and safety

of materials and structures.
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CAT 1693 - Specs and the story on them? - The Diesel Garage
Nov 2, 2006 - I have been searching around for info on the old CAT 1693. What are the specs,
weaknesses, etc. All I know is that it is a predecessor to the 3406. Any info or comments are ...

what do you think about a cat 1693? - The Diesel Garage
Jan 4, 2012 - yes sir! actually, googling 1693 cat is how i found this forum. i could not remember for
the life of me what the number of the motor was, i knew it was not a 33 or 3406, and i was ...

Caterpillar 1693 Specs + Pics? - The Diesel Garage
Mar 13, 2008 - Does anyone have pictures of the Cat 1693 on the ground? I've been looking for
information on this engine for a while now, and from the descriptions and a few youtube videos ...

About the Cat 1676 - The Diesel Garage
Sep 15, 2009 - About the Cat 1676 1673 1676 1693 caterpillar v-8 diesel Jump to Latest 14K views 6
replies 5 participants last post by Tutu'z Garage Oct 25, 2010 G

1693 | woodworker
Metabo tku 1693 w Motor Hallo,hatte mal eine Frage bezuglich oben genannter formatsage! Ich
kann fur kleines Geld an eine tku 1693 w incl.allem Zubehor in einem guten Zustand kommen! ...

Probleme mit Metabo TKU 1693 d Hohenverstellung | woodworker
Feb 24, 2013 - Hallo zusammen, ich habe gestern die bei meinen Eltern im Keller "stillgelegte"
Metabo TKU 1693 aufgebaut. Soweit klappt auch alles ganz gut. Mit der 5-Schnitt Methode ...

CAT 1693 - ¢(Especificaciones e historia sobre ellos?
Nov 2, 2006 - He estado buscando informacion sobre el antiguo CAT 1693. ¢Cudles son las
especificaciones, debilidades, etc.? Lo Unico que sé es que es un predecesor del 3406. ...

CAT 1693 - Specificaties en het verhaal erachter?
Nov 2, 2006 - Ik heb rondgezocht naar info over de oude CAT 1693. Wat zijn de specificaties,

zwaktes, etc. Het enige wat ik weet is dat het een voorganger is van de 3406. Alle info of ...

The KTA 600 VS The 3408 Cat | Page 6 | The Diesel Garage
Apr 14, 2006 - All a 1693 needs is a good stinger and bye bye to everything else on the road. Nothing
sounds like a 1693 when it idles it sounds like a million ballpin hammers randomly ...

CAT 1693 - Spezifikationen und die Geschichte dazu?
Nov 1, 2006 - Ich habe nach Informationen uber den alten CAT 1693 gesucht. Was sind die
Spezifikationen, Schwachen usw.? Ich weil nur, dass er ein Vorganger des 3406 ist. Alle ...

Impairment of Financial Assets (IFRS 9) - IFRS Community
Jun 20, 2025 - Expected credit losses (ECL), significant increase in credit risk, credit-impaired
financial assets and more about impairment in IFRS 9.

7.13 Impairment of financial assets - Viewpoint
7.13.2 Impairment principles The credit impairment accounting approach under both US GAAP and
IFRS follows an expected loss model. Thus, under both standards, a “day 1 credit loss” ...
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Impairment of financial instruments under IFRS 9 Financial
Apr 12, 2018 - This publication draws on our experience from working with clients around the world
and includes guidance from the International Accounting Standards Board, its Transition ...

IFRS 9 Financial Instruments
This includes requirements on embedded derivatives and how to account for changes in own credit
risk on financial liabilities designated under the fair value option. In October 2010 the ...

IFRS 9 Financial Instruments: Classification, Impairment & More
Classification of Financial Instruments IFRS 9 divides financial assets into three categories: °
Amortised Cost - If the asset is held within a business model that aims to collect contractual ...

IFRS 9 Financial Instruments An Overview of the Impairment Requirements
IFRS 9 uses an expected credit loss (ECL) model which replaces the current incurred loss model
under IAS 39. The IFRS 9 impairment requirements aim to address concerns raised during the ...

IFRS 9 Financial Instruments, Part 4: Impairment
Learn the key accounting principles to be applied to impairment per IFRS 9. This is part 4 of a 4-part
series.

BDO - IFRS IN PRACTICE 2019 / IFRS 9 Financial Instruments
IFRS 9 replaces the rules based model in IAS 39 with an approach which bases classification and
measurement on the business model of an entity, and on the cash flows associated with each ...

Impairment of financial instruments under IFRS 9
What you need to know The impairment requirements in the new standard, IFRS 9 Financial
Instruments, are based on an expected credit loss model and replace the IAS 39 Financial ...

Microsoft PowerPoint - AP2-Impairment [Compatibility Mode] - IFRS

Sovereign debt under IFRS 9 Would be classified at amortised cost (if held to collect contractual
cash flows) No more AFS, so no transfer of losses between OCI and P&L Sovereign debt at ...

Explore the mathematical theory of plasticity and its applications in engineering and materials
science. Discover how it shapes our understanding of material behavior.
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