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Fig. 1 Numerical verification of the reproducing conditions
for 2D isogeometric meshfree shape functions using

quadratic mixed basis function
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Fig. 2 Reproducing kernel meshfree representation of the

gradients for 2D quadratic B-spline basis functions
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2D meshfree reproduced gradients using quadratic mixed

basis function
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A superconvergent isogeometric meshfree collocation method

QI Dong-liang®, LIU Jian-xiu

(Department of Civil Engineering, Hebei University of Water Resources and Electric Engineering.Cangzhou 061001, China)

Abstract: Both meshfree methods and isogeometric analysis enjoy the highly smooth shape functions or
basis functions. However the basis degree discrepancy issue is observed for the meshfree and
isogeometric collocation analysis. This study presents a superconvergent isogeometric meshfree
collocation method, which is based upon the consistent conditions of isogeometric basis functions and
meshfree gradient reproducing theory. In the proposed method,a mixed gradient reproducing basis vector
is defined in accordance with the reproducing kernel meshfree formulation of isogeometric basis
functions. Subsequently,a meshfree framework is developed to construct the gradients of isogeometric
basis functions in a meshfree fashion, which avoids the costly gradient computation of isogeometric basis
functions, which is trivial for numerical implementation. Meanwhile, the second order recursive gradients
of the transformed isogeometric meshfree shape functions are established by introducing the basis
transformation technique and the recursive gradient formulation. It is noted that the proposed recursive
transformed gradients meet extra one-order higher reproducing conditions, which provides an important
safeguard for superconvergent collocation analysis. Finally, a series of typical numerical examples are
used to systematically verify the convergence and accuracy of the proposed method. Numerical results
well demonstrate that the proposed methodology exhibits superior computational accuracy in contrast to
the conventional isogeometric collocation,and a superconvergence with two additional orders of accuracy

is realized by the proposed approach.

Key words: meshfree method;isogeometric collocation analysis; reproduced gradient; recursive gradient;

superconvergence



