MESHLESS

METHODS
AND THEIR

NUMERICAL
PROPERTIES

Governing equation

Local interpolation domain
around virtual node X
o discretization domain

°
o\ P_» around virtual node 1
P Y

_—

P
7

B

[1 Domain boundary
Q Internal domain

© Randomly distributed field nodes T,, Surface traction

Virtual nodes distributed in fixed pattern (uniform or Chebyshev-Gauss-Lobatto)

HUA LI
SHANTANU S. MULAY

CRC Press

Taylor & Francis Group






MESHLESS

METHODS
AND THEIR

NUMERICAL
PROPERTIES






MESHLESS

METHODS
AND THEIR

NUMERICAL
PROPERTIES

HUA LI
SHANTANU S. MULAY

CRC Press

Taylor & Francis Group

Boca Raton London New York
CRC Press is an imprint of the
Taylor & Francis Group, an informa business



CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway N'W, Suite 300
Boca Raton, FL 33487-2742

© 2013 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works
Version Date: 20130320

International Standard Book Number-13: 978-1-4665-1747-9 (eBook - PDF)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts
have been made to publish reliable data and information, but the author and publisher cannot assume
responsibility for the validity of all materials or the consequences of their use. The authors and publishers
have attempted to trace the copyright holders of all material reproduced in this publication and apologize to
copyright holders if permission to publish in this form has not been obtained. If any copyright material has
not been acknowledged please write and let us know so we may rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmit-
ted, or utilized in any form by any electronic, mechanical, or other means, now known or hereafter invented,
including photocopying, microfilming, and recording, or in any information storage or retrieval system,
without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.
com (http://www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood
Drive, Danvers, MA 01923, 978-750-8400. CCC is a not-for-profit organization that provides licenses and
registration for a variety of users. For organizations that have been granted a photocopy license by the CCC,
a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used
only for identification and explanation without intent to infringe.

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com



Dedicated first and foremost to my motherland,
and to Duer, Anne, and my parents

Hua Li

Dedicated to my parents, and Janaki, Kaustubh,
Supriti, and little angel Aadhip

Shantanu S. Mulay

© 2010 Taylor & Francis Group, LLC






Contents

Preface xiii
Author xvii
1 Introduction 1

1.1  Background 1
1.2 About This Monograph 3

2 Formulation of classical meshless methods S

2.1  Introduction 5
2.2 Fundamentals of Meshless Methods 6
2.3 Common Steps of Meshless Method 7
2.3.1 Geometry creation 8
2.3.2  Approximation of field variable 8
2.3.3  Discretisation of governing differential equation 9
2.3.4  Assembly of system of equations 9
2.3.5  Solving assembled system of equations 10
2.4 Classical Meshless Methods 10
2.4.1  Smooth particle hydrodynamics 11
2.4.2  Diffuse element method 13
2.4.3  Element-free Galerkin method 16
2.4.4  Natural element method 18
2.4.5  Reproducing kernel particle method 20
2.4.6  Partition of unity finite element method 25
2.4.7  Finite point method 27
2.4.8  Meshless local Petrov—Galerkin method 30
2.4.9  Local boundary integral equation method 35
2.4.10 Point interpolation method 38
2.4.11 Gradient smoothing method 40

© 2010 Taylor & Francis Group, LLC vii



viii  Contents

2.4.12 Radial point interpolation-based
finite difference method 42
2.4.13 Generalized meshfree (GMF) approximation 47
2.4.14 Maximum entropy (ME) approximation method 49
2.5  Summary 52

3 Recent developments of meshless methods 53

3.1 Introduction 53
3.2 Hermite-Cloud Method 53
3.2.1 Formulation of Hermite-cloud method 54
3.2.2  Numerical implementation 60
3.2.3  Examples for validation 62
3.2.4 Remarks 72
3.3 Point Weighted Least-Squares Method 73
3.3.1  Formulation of PWLS method 73
3.3.2  Numerical implementation of PWLS method 80
3.3.3  Examples for validation 83
3.3.4 Remarks 92
3.4  Local Kriging (LoKriging) Method 93
3.4.1 Formulation of Kriging interpolation 94
3.4.2  Numerical implementation of LoKriging method 99
3.4.3  Examples for validation 103
3.4.4 Remarks 114
3.5 Variation of Local Point Interpolation Method (vLPIM) 115
3.5.1 Mesbhless point interpolation 115
3.5.2  Numerical implementation of vLPIM 117
3.5.3  Examples for validation 122
3.5.4 Remarks 125
3.6 Random Differential Quadrature (RDQ) Method 125
3.6.1  Formulation of fixed reproducing
kernel particle method 128
3.6.2  Formulation of differential quadrature method 132
3.6.3  Development of RDQ method 134
3.6.4  Remarks 143
3.7 Summary 143

4 Convergence and consistency analyses 145

4.1  Introduction to Convergence Analysis 145
4.2 Development of Superconvergence Condition 146

© 2010 Taylor & Francis Group, LLC



