
Finite-element-model Updating Using  
Computional Intelligence Techniques



T. Marwala  

Finite-element-model 
Updating Using  
Computional Intelligence 
Techniques 

Applications to Structural Dynamics

123



 
 

Prof. Tshilidzi Marwala 
University of Johannesburg 
Faculty of Engineering and the Built Environment 
Cnr Kingsway and University Road 
Auckland Park 2092 
South Africa 
tmarwala@gmail.com 

 
 

  

ISBN  978-1-84996-322-0 e-ISBN 978-1-84996-323-7 
DOI 10.1007/ 978-1-84996-323-7 
Springer London Dordrecht Heidelberg New York 
 
British Library Cataloguing in Publication Data 
A catalogue record for this book is available from the British Library 
 
Library of Congress Control Number: 2010929648 
 
© Springer-Verlag London Limited 2010 
 
MATLAB® and Simulink® are registered trademarks of The MathWorks, Inc., 3 Apple Hill Drive,
Natick, MA, 01760-2098 USA, www.mathworks.com 
 
Apart from any fair dealing for the purposes of research or private study, or criticism or review, as
permitted under the Copyright, Designs and Patents Act 1988, this publication may only be
reproduced, stored or transmitted, in any form or by any means, with the prior permission in writing of
the publishers, or in the case of reprographic reproduction in accordance with the terms of licences 
issued by the Copyright Licensing Agency. Enquiries concerning reproduction outside those terms
should be sent to the publishers. 
The use of registered names, trademarks, etc. in this publication does not imply, even in the absence of 
a specific statement, that such names are exempt from the relevant laws and regulations and therefore
free for general use. 
The publisher makes no representation, express or implied, with regard to the accuracy of the
information contained in this book and cannot accept any legal responsibility or liability for any errors
or omissions that may be made. 
 
Cover design: eStudioCalamar, Figueres/Berlin 
 
Printed on acid-free paper 
 
Springer is part of Springer Science+Business Media (www.springer.com)



Foreword  

Finite-element modeling in this book is viewed as the mathematical and numerical 
process through which a physical structure is translated into a mathematical model 
and from that mathematical model a numerical procedure is used to estimate such 
dynamic characteristics as mode shapes and natural frequencies. Finite-element 
updating is a process through which such models are tuned to better reflect the 
measured data. 

In this book, the Nelder–Mead simplex and Broyden–Fletcher–Goldfarb–
Shanno (BFGS) optimization methods are introduced, applied and compared for 
finite-element-model updating. The use of reduction and expansion methods to 
equate measured modal data to finite-element systems matrices is also investigated. 
Furthermore, genetic algorithms are introduced and applied to finite-element-
model updating. 

The particle-swarm optimization method is also introduced and applied for 
finite-element-model updating and the results are compared to those obtained from 
the genetic algorithm. Furthermore, simulated annealing is also introduced and 
applied to finite-element-model updating and the results are compared to those 
from particle-swarm optimization. To deal with the issue of computational 
efficiency, a response-surface method that combines the multi-layer perceptron and 
particle-swarm optimization is introduced and applied to finite-element-model 
updating. The results are compared to those from genetic algorithm, particle-swarm 
optimization and simulated annealing. 

To exploit the combined advantages of different optimization methods, a hybrid 
optimization method is introduced that combines particle-swarm optimization, with 
the Nelder–Mead simplex method and it is applied to finite-element-model 
updating. The results are compared to those from when genetic algorithm, particle-
swarm optimization and simulated annealing are used individually. 

Furthermore, a multi-objective optimization method that uses both modal 
properties data and frequency-domain data is introduced for finite-element-model 
updating. In addition, the multi-layer perceptron network is used for finite-element-
model updating. 

To bring the finite-element-model updating procedure onto firm statistical 
grounds, a Bayesian approach is applied. To illustrate the use of finite-element 
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updating, an application of this procedure for damage detection in structures is 
conducted. Finally, the book concludes with key recommendations and outstanding 
issues for further development. 

 
May 2010     Snehashish Chakraverty, PhD 
National Institute of Technology-Rourkela  
Orissa, India  



Preface 

Finite-element-model Updating Using Computational Intelligence Techniques 
introduces the concepts of computational intelligence for finite-element-model 
updating. Finite-element modeling is a subject that has received acceptance and has 
applications in various disciplines of engineering including aerospace, civil, 
mechanical and electrical engineering. These finite-element models, however, do 
not necessarily predict the measured data sufficiently accurately. Because of this, 
there is a need for these models to be updated to better reflect the measured data. 

This book introduces computational intelligence techniques to update finite-
element models. The computational intelligence methods used for finite-element-
model updating include neural networks, genetic algorithms, particle-swarm 
optimization, simulated annealing, response-surface methods, hybrid methods and 
Bayesian methods. Applications to engineering problems are considered especially 
for updating of finite-element models and its application to damage detection. 

This book makes an interesting read and it will open up new avenues in the use 
of computational intelligence techniques to the problem of finite-element-model 
updating. 

 
May 2010      Tshilidzi Marwala, PhD 
University of Johannesburg, Johannesburg 
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