
Plasticity Theory
Yield Conditions in 
the Invariant Space

SpringerBriefs in Applied Sciences and Technology
Continuum Mechanics

Andreas Öchsner



SpringerBriefs in Applied Sciences and Technology 

Continuum Mechanics 

Series Editors 

Holm Altenbach, Institut für Mechanik, Lehrstuhl für Technische Mechanik, 
Otto von Guericke University Magdeburg, Magdeburg, Sachsen-Anhalt, Germany 

Andreas Öchsner, Faculty of Mechanical and Systems Engineering, Esslingen 
University of Applied Sciences, Esslingen am Neckar, Germany



These SpringerBriefs publish concise summaries of cutting-edge research and 
practical applications on any subject of Continuum Mechanics and Generalized 
Continua, including the theory of elasticity, heat conduction, thermodynamics, 
electromagnetic continua, as well as applied mathematics. 

SpringerBriefs in Continuum Mechanics are devoted to the publication of 
fundamentals and applications, presenting concise summaries of cutting-edge 
research and practical applications across a wide spectrum of fields. Featuring 
compact volumes of 50 to 125 pages, the series covers a range of content from 
professional to academic.



Andreas Öchsner 

Plasticity Theory 
Yield Conditions in the Invariant Space



Andreas Öchsner 
Faculty of Mechanical and Systems 
Engineering 
Esslingen University of Applied Sciences 
Esslingen am Neckar, Baden-Württemberg, 
Germany 

ISSN 2191-530X ISSN 2191-5318 (electronic) 
SpringerBriefs in Applied Sciences and Technology 
ISSN 2625-1329 ISSN 2625-1337 (electronic) 
SpringerBriefs in Continuum Mechanics 
ISBN 978-3-031-58870-9 ISBN 978-3-031-58871-6 (eBook) 
https://doi.org/10.1007/978-3-031-58871-6 

© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2024 

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether 
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse 
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and 
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar 
or dissimilar methodology now known or hereafter developed. 
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use. 
The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or 
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations. 

This Springer imprint is published by the registered company Springer Nature Switzerland AG 
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland 

Paper in this product is recyclable.

https://doi.org/10.1007/978-3-031-58871-6


Preface 

Classical engineering materials have reached in many technical applications their 
limits, and the demand for more performance drives the development of new mate-
rials such as composite or structured materials. This is many times the result of strict 
regulations, for example, in regards to fuel consumption or ecological aspects. Many 
of such advanced materials cannot be described by classical constitutive equations 
and as a result, commercial finite element packages may lack such advanced formu-
lations. To experimentally investigate the yield condition of advanced materials, the 
realization of multiaxial stress states is required. Thus, a comprehensive overview 
of different experimental techniques is given. An advantageous description of such 
yield conditions is based on so-called stress invariants, which are independent of 
particular coordinate systems and represent the physical content of the stress matrix. 
This theory is also introduced and serves at the end of the book as the basis for the 
implementation of constitutive equations into finite element programs. 

Esslingen, Germany 
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