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Preface

FLAC and FLAC3D are two-and three-dimensional finite-difference/finite-volume computer codes for
geomechanics applications. The inherent complexity associated with geo-engineering problems and the
lack of suitable analysis tools prompted the development of FLAC, in 1986, and FLAC3D, in 1994. To-
day, both codes enjoy extensive application worldwide.

Dr. Bo Liu, a member of scientific committee for the 4" FLAC Symposium to be held in Spain in
2006, has given graduate-level FLAC numerical modeling course in China University of Mining and Tech-
nology (Beijing) for the past six years. Yanhui Han has worked on FLAC support and development for
two years and now serves as the principal programmer for FLAC. The combination of their knowledge and
experience provides the sound basis for the preparation of this first FLAC/FLAC3D book in China.

This volume provides a Chinese version of significant portions of the theoretical section, verification
and example applications section, and user’s guide section of the FLAC and FLAC3D manuals. In addit-
ion, the book also includes several practical applications in geotechnical engineering using FLAC/
FLAC3D in China. This should provide a sound introduction to the capabilities and practical application
of these codes for Chinese engineers. I recommend this guide for both engineers investigating the potential
applications of FLAC and FLAC3D, and also new users leaming to operate these codes.

Principal, Itasca Consulting Group, Inc., Minneapolis, Minnesota, USA

Director of Software Services and Development
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A Brief History of FLAC®

“FLAC” stands for Fast Lagrangian Analysis of Continua—but why “fast?” And is FLAC a finite
difference or a finite element code? This book is a good opportunity to answer some of these questions for
Chinese engineers and users; after all, some people would not exactly describe FLAC as fast, and others
have called it a finite element code in the literature. FLAC’ s ancestry can be traced to the 1960s, when
I wrote traditional finite-difference (FD) codes, with rectangular grids and small strains. It was not until
1972, after meeting Mark Wilkins at a workshop in California, that FLAC’ s future persona evolved. I
was astonished by the " hydro codes’ developed by the U.S. National Laboratories. These codes could
have elements of any shape, and could track impressively large distortions, using a general FD scheme
developed by Mark. A year or two later, I was able to play with PISCES (a commercial hydro code) and
apply it to cases like slope failure, hoping to compare the results to limit equilibrium methods. This was
only partially successful, but I learned a lot about the method.

By simplifying the material models (omitting various energy terms, for example, that are unneces-
sary at low stresses) , 1 wrote the codes DAMSEL and NESSI, which worked like PISCES but were about
ten times faster; hence the source of the letter F in the name. Both codes used the original constant-strain
quadrilateral, with an ‘hourglass comection’ scheme to deal with the two unconstrained modes. Then I
had a nasty shock when applying NESSI to the problem of combined viscous and plastic flow. The anti-
hourglass scheme completely dominated the response! I resolved never again to use constant-strain quadri-
laterals; thus, FLAC elements are based on mixed discretization that avoids any correction scheme. How-
ever, FLAC still derives its equations by direct approximation of the governing differential equations, un-
like the finite element approach. Therefore, it is strictly a finite difference code.

FLAC was born in the early days of Itasca, when the consulting business was uncertain and we had
the idea that software would provide a steady ‘baseline’ income. Charles Fairhurst was very encouraging,
and John Marham agreed to share the development costs. Looking back at version 1.0, I can hardly be-
lieve that anyone would buy it, because it did so little, and was really slow (despite the name) . The cur-
rent version 5.0 embodies far more physics and flexibility, and it appears to run about thousands times
faster because of machine improvement since 1985. One drawback with this increased computer power is
that people can more easily push the code to its limits. The double-precision arithmetic version was pro-
vided in version 4.0. In version 4.0 and later versions, a full graphical interface, the GIIC (Graphical
Interface for Itasca Codes) , makes all features in FLAC available by using graphical tools. No doubt may
more changes will be necessary before FLAC finally dies of old age.

Peter Cundall

O Slightly modified from “FLAC and Numerical Modeling in Geomechanics, Detournay & Hart (eds) (©1999 Balkema, ISBN 90 5809 074 4”.
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