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Professor Kirsch has been develop-
ing structural reanalysis and approxi-
mate analysis techniques for over three
decades. Over the last decade he has
refined his so-called combined approxi-
mation (CA), a reduced basis method
that employs base vectors generated by
the binomial series. The CA has proved
to be able to provide accurate approxi-
mations even for large changes in size,
geometry, and topology, and thisreviewer
has used it to great benefit for large-
scale wing-design problems. This book
provides the reader with a general back-
ground on reanalysis and approximations
with the CA at center stage.

The book is divided into two parts.
Part 1, titled “Concepts and Methods”
provides the general background. Part 2,
titled “A Unified Approach” introduces
the CA and presents applications and
generalizations.

Part 1 has six chapters. Chapter 1, In-
troduction, presents the basic concepts
of structural analysis, design variables,
structural changes, and reanalysis, as well
as aroadmap to the rest of the textbook.
Chapter 2, Structural Analysis, provides
a brief overview of finite element static
linear analysis, nonlinear analysis, and
vibrational and buckling eigenanalysis.
Chapter 3, Reanalysis of Structures, de-
fines the equations that need to be solved
in reanalysis and classifies methods for
exact reanalysis (direct methods) and
approximations.

Chapter 4, Direct Methods, pres-
ents the Sherman—Morrison-Woodbury

(SMW) procedure for exact reanalysis of
linear equations to account for alow-rank
changein the matrix of theequations. Sec-
tion 4.3 also presents amethod by Argyris
and Roy from 1972, which is sometimes
easier toimplement than SMW. However,
it has been shown to be inefficient.

Chapter 5, Local Approximations,
presents Taylor series approximations,
thebinomial series approximation, as well
as intermediate variables and response
variables. Also featured in detail is the
use of scaling, a topic which is sadly
neglected in many textbooks. Chap-
ter 6, Global Approximations, briefly
introduces response surface approxima-
tions, the reduced basis technique, and
the preconditioned conjugate gradient
approximation.

With these basics introduced, Part 2
opens with Chapter 7, Combined Ap-
proximations, introducing the CA for
linear static analysis. The CA is shown
to be equivalent to the preconditioned
conjugate gradient method when the pre-
conditioner is a Cholesky factor of the
stiffness matrix. Results are presented for
several truss structures. Chapter 8, Sim-
plified Solution Techniques, comparesthe
CA with its simpler predecessors, the bi-
nomial and scaled approximations. The
efficiency of the CA compared with full
reanalysisis presented through foradense
stiffness matrix. Finally it is shown that
the CAisequivalent tothe SMW formulas
for achangein asingle truss element, with
aproper choice of base vectors for changes
in several elements.

Chapter 9, Topological and Geomet-
rical Changes, presents the CA for mem-
ber addition and deletion. In addition,
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many truss examples demonstrate good
accuracy for modified geometries and
topologies. Chapter 10, Design Sensi-
tivity Analysis, deals with derivative
calculations. Both first and higher order
derivatives are demonstrated for an ex-
ample of a 10-bar truss.

Chapter 11, Nonlinear Reanalysis,
deals with geometrically nonlinear an-
alysis and reanalysis. First it is shown
that the CA can be used instead of New-
ton’s method or in Newton’s method for
nonlinear analysis. Then the process is
generalized to reanalysis.

Chapter 12, Vibration Reanalysis, de-
scribes the use of CA for approximating
the vibrational modes and frequencies of
modified structures. A different set of ba-
sis vectors is used for each mode. It is
possible that the approach can be im-
proved in some cases by combining the
basis vectors.

The textbook is easy to read and is
full of detailed examples. It should be
very useful to students and practitioners
interested in structural approximation
techniques.
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