
INNOVATIVE 

COMPUTATIONAL 

METHODS 

FOR 

STRUCTURAL MECHANICS 





INNOVATIVE 

COMPUTATIONAL 

METHODS 

FOR 

STRUCTURAL MECHANICS 

Edited by 
M. Papadrakakis and B.H.V. Topping 

SAXE-COBURG PUBLICATIONS 

EDINBURGH 



@ Civil-Comp Ltd., Edinburgh 

published 1999 by 
Saxe-Coburg Publications 
10 Saxe-Coburg Place 
Edinburgh, EH3 5BR, UK 

Saxe-Coburq Publications is an imprint of Civil-Comp Ltd 

ISBN 1-874672-05-9 

British Library Cataloguing in Publication Data 
A catalogue record for this book is available from the British Library 

Printed in Great Britain by Bell & Bain Ltd, Glasgow 



Contents 
Preface iii 

Chapter 1: 
MA62 - A FRONTAL CODE FOR SPARSE POSITIVE-DEFINITE 
SYMMETRIC SYSTEMS FROM FINITE ELEMENT APPLICA- 
TIONS, I.S. DU@* and J.A. ~ c o t t t ,  tCentre Europeen de Recherche 
et de Formation Avancee en Calcul Scientifique (CERF'ACS), Toulouse, 
France, *Rutherford Appleton Laboratory, Oxfordshire, England, UK. 1 

Chapter 2: 
DUAL DOMAIN DECOMPOSITION SOLUTION TECHNIQUES 
ON WORKSTATION CLUSTERS, D.C. Harbis and M. Papadrakakis, 
Institute of Structural Analysis and Seismic Research, National Tech- 
nical University of Athens, Greece. 27 

Chapter 3: 
BLOCK DIAGONAL PRECONDITIONERS FOR THE SCHUR COM- 
PLEMENT METHOD, L.M. Carvalho and L. Giraud, Centre Eu- 
ropeen de Recherche et de Formation Avancee en Calcul Scientifique 
(CERFACS), Toulouse, France. 55 

Chapter 4: 
DOMAIN DECOMPOSITION TECHNIQUES: EXPERIMENTAL 
RESULTS ON HP-CONVEX S-CLASS SYSTEMS, N. Fornasarit, 
G. Gazzaniga*, S. Rovida* and G. Sacchi*, ~C.I.L.E.A., Segrate, Italy, 
*Istituto di Analisi Numerica - C.N.R., Pavia, Italy. 77 

Chapter 5: 
USE OF HYBRID MIXED FINITE ELEMENT MODELS FOR THE 
CHARACTERISATION OF THE BOUNDARY LAYER IN REISSNER- 
MINDLIN PLATES, E.B.R. Pereira and J.P. Moitinho de Almeida, 
Departamento de Engenharia Civil, Instituto Superior Tecnico, Lis- 
bon, Portugal. 97 

Chapter 6: 
PARALLEL SOLUTION TECHNIQUES FOR HYBRID MIXED FI- 
NITE ELEMENT MODELS, I. ~ismasiut ,  J.P. Moitinho de ~ lme ida t ,  
L.M.S. Castrot and D.C. Harbis*, tDepartamento de Engenharia Civil, 
Instituto Superior Tecnico, Lisbon, Portugal, *Institute of Struc- 
tural Analysis and Seismic Research, National Technical University 
of Athens, Greece. 109 



Chapter 7: 
PARALLEL DYNAMIC RELAXATION FORMFINDING, P. Ivanyi 
and B.H.V. Topping, Department of Mechanical and Chemical Engi- 
neering, Heriot-Watt University, Edinburgh, United Kingdom. 127 

Chapter 8: 
MESH OPTIMALITY CRITERIA AND REMESHING STRATE- 
GIES FOR SINGULAR POINT PROBLEMS, O.J.B. Almeida ~e re i r a t  
and G. Bugeda*, t ~ e ~ a r t a m e n t o  de Engenharia Civil, Instituto Su- 
perior Tecnico, Lisbon, Portugal, *International Centre for Numer- 
ical Methods in Engineering, Universitat Politecnica de Catalunya, 
Barcelona, Spain. 149 

Chapter 9: 
PARALLEL ADAPTIVE MESH GENERATION AND GEOMET- 
RIC MODELLING USING NURBS, B. Cheng and B.H.V. Topping, 
Department of Mechanical and Chemical Engineering, Heriot-Watt 
University, Edinburgh, United Kingdom 163 

Chapter 10: 
INNOVATIVE COMPUTATIONAL METHODS FOR STRUCTURAL 
OPTIMIZATION, M. Papadrakakist, Y. ~ s o m ~ a n a k i s t ,  N.D. ~ a ~ a r o s t ,  
E. Hinton*, J. Sienz*,G. ~hierauf t  and J. Cait, tInstitute of Struc- 
tural Analysis and Seismic Research, National Technical University 
of Athens, Greece, *Department of Civil Engineering, University of 
Wales, Swansea, United Kingdom, $Department of Civil Engineering, 
University of Essen, Germany. 195 

Chapter 11: 
SOME STUDIES ON INTEGRATING TOPOLOGY AND SHAPE 
OPTIMIZATION, J. Sienzt, E. Hintont, G. Bugeda* and S. Bulmant, 
t ~ e ~ a r t m e n t  of Civil Engineering, University of Wales, Swansea, 
United Kingdom, *International Centre for Numerical Methods 
in Engineering, Universitat Politecnica de Catalunya, Barcelona, 
Spain. 223 

Chapter 12: 
A COMBINED ALGORITHM BASED ON GENETIC ALGORITHMS 
AND EVOLUTION STRATEGIES, J. Cai and G. Thierauf, Depart- 
ment of Civil Engineering, University of Essen, Germany. 257 

Chapter 13: 
COMPUTER AIDED DESIGN OF PROFILE EXTRUSION DIES, 
J. Sienz, C.E.K. Silks and E. Hinton, Department of Civil Engineer- 
ing, University of Wales, Swansea, United Kingdom. 271 

Chapter 14: 
AUTOMATIC DESIGN OF REINFORCED CONCRETE STRUC- 
TURES WITH PARALLEL COMPUTING, C. Butenweg and G. 
Thierauf, Department of Civil Engineering, University of Essen, Ger- 
many. 305 



Preface 

Following the first workshop which was held in Barcelona, Spain in 1995, a second 
workshop was held on the island of Santorini, Greece, June 13-15, 1997, in the frame- 
work of the Human Capital and Mobility Network "Advanced Finite Element Solution 
Procedures on Innovative Computer Architectures". This network and the workshops 
were supported by the European Union. The aim of the second workshop was to present 
the results of the research work carried out within the three and a half years duration 
of the project. The focus of activities was the development of efficient computational 
methodologies, using innovative computer architectures, for solving computationally 
demanding problems in structural mechanics. 

The first four chapters are concerned with parallel solution techniques for solving lin- 
ear finite element problems. Chapter 1 presents a frontal code for the solution of large 
sparse symmetric systems. The performance of the code is compared in a number of 
real engineering and industrial applications with previously published codes taken from 
the Harwell Subroutine Library. Chapter 2 presents dual domain decomposition tech- 
niques for the solution of large-scale linear structural analysis problems on workstation 
clusters. The techniques presented are based on the dual domain decomposition imple- 
mentation on the interface in which the domain is partitioned into a set of totally dis- 
connected subdomains and the subdomain equilibrium equations are established using 
Lagrange multipliers. The algorithms are applied according to the master-slave model 
for distributed computing and numerical tests are performed on ethernet-networked 
workstations running the message passing software PVM. Chapter 3 discusses a non 
overlapping domain decomposition method for solving two-dimensional elliptic prob- 
lems having high variations in the matrix coefficients and high anisotropy. A new local 
preconditioner is described for the Schur complement that exhibits better numerical 
behaviour than the block Jacobi preconditioner with almost the same computational 
complexity. Chapter 4 deals with the parallel i~nplementation of two domain decom- 
position methods, namely the Dirichlet-Neumann algorithm and the Three-Fields al- 
gorithm for elliptic boundary value problems. The algorithms are implemented on a 
HP-Convex Exemplar SPP 2000 S-class system following the explicit message passing 
style and PVM to perform interprocessor communication. An investigation is per- 
formed on communication and computation costs as well as on architectural features 
such as interconnected networks and cache memories. 

Chapter 5 is concerned with non-conventional finite element formulations and in 
particular with hybrid mixed finite elements where the approximations are based on 
Legandre polynomials. A study is performed on "thin" bending plates where high 
stress gradients occur near the edges and for which the Reissner-Mindlin behaviour is 
assumed. Chapter 6 presents a parallel solution of large non-conventional finite element 
systems. The finite element model used is the implementation of the stress Hybrid 



Mixed formulation for digital Walsh approximation functions. This formulation leads 
to systems of equations characterized by a sparse and non-overlapping block structure 
which makes them amenable to a natural parallelization. 

Chapter 7 is concerned with parallel dynamic relaxation schemes for formfinding 
of tension structures. A number of interprocessor communication schemes are devel- 
oped and assessed. In Chapter 8 two h-adaptive strategies for singular problems are 
proposed, one based upon the equidistribution of the error and the other based upon 
a non-uniform distribution of the error. The behaviour of the proposed strategies is 
studied for singular problems in plane elasticity and is compared with the standard 
Zienkiewicz-Zhu procedure. Chapter 9 discusses the use of NURBS in parallel and 
distributed mesh generation. 

Chapter 10 investigates the efficiency of combinatorial optimization methods and in 
particular algorithms based on Evolution Strategies when incorporated into structural 
optimization problems. Evolution Strategies are used either on a stand-alone basis, 
or combined with a conventional mathematical programming technique. Furthermore, 
the structural analysis phase is replaced by a neural network prediction, while advanced 
domain decomposition techniques are incorporated for the solution of the sensitivity 
analysis problem. Chapter 1 1  describes a fully integrated design optimization ap- 
proach including topology optimization using the evolutionary and homogenization 
methods, post-processing of the topology images by automatic and manual shape fit- 
ting techniques and shape optimization using gradient-based methods with adaptive 
finite element techniques. An example using a two dimensional plane stress finite 
element model is given to illustrate the fully integrated design optimization process. 

In Chapter 12 the basic concepts and a comparison of Genetic Algorithms (GAS) 
and Evolution Strategies (ESs) are described. By introducing a variable coding tech- 
nique, a parallel optimization method based on a combination of GAS and ESs is 
presented. The advantages of both GAS and ESs, like coding of genetic information 
and adaptation of optimization parameters, are enhanced by this method. Chapter 13 
deals with computer aided design of profile extrusion dies used for polymer processing. 
Tkaditionally, dies have been designed by an expensive trial and error procedure be- 
cause of the unknown flow patterns that are developed inside the dies. In this work the 
flow patterns inside dies are simulated using a 3D finite elements analysis and accurate 
material properties. The intention is to develop software to automatically determine 
the best die design for a given application using design sensitivity and mathematical 
programming techniques. In Chapter 14 a concept for the analysis and optimal design 
of reinforced concrete structures is described. It  is based on a nonlinear optimization 
algorithm and a finite element program for linear and nonlinear analysis of structures. 
A two stage optimization problem on global (structural) and on local (cross-sectional) 
level is formulated. A parallelization concept for solving the two stage problem is 
presented. 
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