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MEMORIAL RESOLUTION (composed by Thomas J.R. Hughes and David M. Barnett)
JUAN CARLOS SIMO (1952 - 1994)
Juan Carlos Simo, Professor of Mechanical Engineering and Chairman of the Applied Mechanics Division, died
in Madrid, Spain on September 26th, 1994 after a long illness. Juan, a native of Spain, was an internationally
renowned expert on computational mechanics, a synthesis of physical insight, computer technology and
advanced mathematical methods that has wide application in engineering analysis.
Juan received his bachelor's degree in civil engineering from the Universidad Politecnica in Madrid in 1976 and
a master's degree in business administration in 1979 from the Escuela de Organizacion Industrial, also in
Madrid. He continued his graduate studies at the University of California in Berkeley as a Fulbright Scholar. At
Berkeley he received a master's degree in civil engineering in 1980 and a Ph.D. in civil engineering in 1982. In
his Ph.D. dissertation, Some Bifurcation Topics in Nonlinear Elastostatics, performed under the direction of

Professor James Kelly, Juan obtained fundamental solutions to design problems of base isolation systems used
to protect large buildings from the destructive forces of strong earthquakes. Upon completing his Ph.D., Juan
commenced postdoctoral studies at Berkeley under the direction of Professors Robert Taylor, former Chairman
of the Department of Civil Engineering, and Karl Pister, former Dean of Engineering and currently Chancellor
of the University of California at Santa Cruz. Juan also taught graduate courses at Berkeley and Stanford before
being appointed assistant professor at Stanford in 1985. Juan received the Presidential Young Investigator's
Award in 1987 and was promoted to associate professor with tenure in 1990 and to full professor in 1993. In
1994 Juan received the Humboldt Prize from the Alexander von Humboldt foundation.
By the time Juan came to Stanford he had already made fundamental progress on computational approaches to
problems of solids and structures undergoing inelastic deformations and, in the process, he had established
himself as a rising star. Juan revitalized a long tradition of activity in the mechanics of inelastic media in the
Applied Mechanics Division by developing a graduate sequence in Theoretical and Computational Inelasticity
which became his signature course. Each time Juan taught the course it was updated to include the latest
research developments, much of which derived from Juan himself. It is generally conceded that Juan took the
subject to a new level and he will long be remembered for the body of work he produced in this field. Two
monographs, still to be published, summarize these endeavors: Topics in the Numerical Analysis and
Simulation of Plasticity, and Plasticity, Viscoplasticity and Viscoelasticity: Formulation and Numerical
Analysis (with T.J.R. Hughes).
Simultaneously, Juan did outstanding work in a number of other areas. He had an abiding interest in structural
theories and nonlinear continuum mechanics. He developed formulations for nonlinear rods, beams, plates and
shells undergoing large overall motions. As with all his work, he created excitement and presented results that
attracted tremendous interest. Nonlinear beam formulations that would be applied to rather mundane, technical
problems by most engineering researchers were used by Juan with tremendous flair and wit to simulate "flying
spaghetti." Of late he focused on models for shell intersections and asymptotic methods for nonlinear shells.
He continued to work on fundamental aspects of continuum mechanics and Hamiltonian systems, work that
began in collaboration with Professor Jerrold Marsden, a Norbert Wiener Prize recipient, at Berkeley. In the last
few years, his interests were devoted to the development of time integration schemes that preserved
fundamental conservation laws of Hamiltonian systems and decay inequalities of dissipative dynamical
systems. He also made significant progress in the area of algorithms for coupled field phenomena, such as
thermoplasticity and magnetohydrodynamics. Recently, he had turned his attention to localization of
deformation and phase transition in solids, and he had begun to examine problems of incompressible fluid
dynamics. In all these endeavors, fundamental nonlinear mechanics principles were embedded into numerical
formulation. Throughout all his work one finds beautiful syntheses of mechanics and numerics.
Juan was a talented teacher and possessed incredible energy. He was a prodigious worker and had a number of
outstanding graduate students. He put a tremendous amount of effort into guiding and nurturing their research
and was truly dedicated to the process of Ph.D. education.
Despite his propensity for hard work, Juan was very human. He loved parties, good food and wine, baroque
music, riding motorcycles and flying airplanes. As a young man in Spain, he ran with the bulls in Pamplona. He
had a zest for life and was great fun to be around. He often held meetings with his graduate students in the
Coffee House. He enjoyed travel, lectured extensively at conferences, hosted many prominent academic
visitors, and collaborated with many outstanding researchers around the world.
Just prior to becoming aware of his illness, he had been involved in planning a party for close friends. The plans
were cancelled after he became aware of the severity of his illness. When things temporarily stabilized, he
urged that the party be held. The party was arranged and all present were aware of the gravity of his illness.
Despite this, everyone had a wonderful time. Juan, in particular, seemed to really enjoy himself.

Shortly before Juan's death a conference was held in Palo Alto in honor of professor Robert Taylor's 60th
birthday. Taylor was one of Juan's mentors, a very close friend and scientific collaborator. Juan was one of the
prime movers behind the conference and desperately wanted to attend. Up until a few weeks before the
conference he seemed determined to return from Spain, but he had become much too ill to travel. During the
conference, a copy of the book prepared in Taylor's honor, to which Juan had contributed a paper, was express
mailed to him. He apparently was very happy to see it.
Our dear friend and colleague Juan is gone and it is very hard for us to believe it and even harder to accept it. In
a relatively short time he accomplished great things of lasting impact. Through his efforts he changed the fields
in which he worked. The acknowledgment of his many published works through an enormous number of
citations in the literature is a testament to the importance of his contributions and their lasting value.
We are burdened with the sadness that he died much too young. One can only guess at the amount of truly
creative work he would have produced had he been able to continue. Nevertheless, he did accomplish many
wonderful things, and he made a lasting impression on all those with whom he came in contact. We will miss
him very, very much.
Juan is survived by his wife Constance Rylance. Their first child, Jonathan Carlos, is due in March 1995. Juan
is the son of Ana Mary Muerza Amatriain of Madrid, Spain and Manuel Simo Perez de Guzman who is
deceased. Juan is also survived by his brothers and sisters, Ana Simo Muerza of Madrid, Manuel Simo Muerza
of Malaga, Gonzalo Simo Muerza of Madrid, Julio Simo Muerza of Fuengirola, Rosa Simo Muerza of Madrid
and Fany Simo Muerza of Madrid.
The Applied Mechanics Division of Stanford University has established the Juan Simo Memorial Fund. The
fund will support an annual award, the Juan Simo Memorial Prize, for outstanding achievement in
computational mechanics. The award will be presented to a graduate student completing the doctoral program at
Stanford. Contributions to the fund can be made through the Division.
Selected Publications:
Simo, J. C., and Marsden, J. E., “On the Rotated Stress Tensor and the Material Version of the Doyle–Ericksen
Formula,” Archives of Rational Mechanics and Analysis, Vol. 86, 1984, pp. 213–231.
Simo, J. C., and Taylor, R. L., “Consistent Tangent Operators for Rate Independent Elasto-Plasticity,”
Computational Methods in Applied Mechanical Engineering, Vol. 48, 1985, pp. 101–118.
J.C. Simo, 'A finite strain beam formulation. The three dimensional dynamics problem'. Part I Computer
Methods in Applied Mechanics and Engineering, 42, pp. 55-70, (1985).
J. C. Simo and R. L. Taylor, “A Return Mapping Algorithm for Plane Stress Elastoplasticity,” International
Journal for Numerical Methods in Engineering, v. 22, p. 649-670, 1986.
Simo J.C., Vu-Quoc L., A three-dimensional finite strain rod model, Part II: Computer aspects, Comput.
Methods Appl. Mech. Engrg., 1986; 58; 79-116.
Simo, J.C., Hughes, T.J.R. On the Variational Formulation of Assumed Strain Methods, J. Appl. Mech., 53, 5154 (1986).
Simo, J. C., “A Framework for Finite Strain Elasto-Plasticity Based on Maximum Plastic Dissipation and
Multiplicative Decomposition: Part I. Continuum Formulation,” Computational Methods in Applied Mechanical

Engineering, Vol. 66, 1988, pp. 199– 219.
Simo, J. C., “A Framework for Finite Strain Elasto-Plasticity Based on Maximum Plastic Dissipation and
Multiplicative Decomposition: Part II. Computational aspects,” Computational Methods in Applied Mechanical
Engineering, Vol. 68, 1988, pp. 1– 31
Juan C. Simo, Jerrold E. Marsden and P. S. Krishnaprasad, “The Hamiltonian structure of nonlinear elasticity:
The material and convective representations of solids, rods, and plates”, Archive for Rational Mechanics and
Analysis, Vol. 104, No. 2, 1988, pp. 125-183, doi: 10.1007/BF00251673
PARTIAL INTRODUCTION: It is our belief that a thorough understanding of the mathematical underpinnings
of elasticity is crucial to its analytical and numerical implementation. For example, in the analysis of rotating
structures, the coupling of the equations for geometrically inexact models obtained by linearization or other
approximations with those for rotating rigid bodies can easily lead to misleading artificial “softening” effects
that can significantly alter numerical results. …. In this paper we consider fully nonlinear geometrically exact
models for rods, plates (and shells) which take into account shear and torsion as well as the usual bending
effects in traditional rod and plate models. These models can be obtained either from the three-dimensional
theory by a systematic use of projection methods … or by a direct approach within the context of Cosserat
continuum…
J. C. Simo and D. D. Fox (Division of Applied Mechanics, Department of Mechanical Engineering, Stanford
University, Stanford, CA, U.S.A.), “On a stress resultant geometrically exact shell model. Part I: Formulation
and optimal parametrization”, Computer Methods in Applied Mechanics and Engineering, Vol. 72, No. 3,
March 1989, pp. 267-304, doi:10.1016/0045-7825(89)90002-9
ABSTRACT: (no abstract given)
J.C. Simo, D.D. Fox and M.S. Rifai (Division of Applied Mechanics, Department of Mechanical Engineering,
Stanford University,Stanford, CA 94304, U.S.A.), “On a stress resultant geometrically exact shell model. Part
II: The linear theory; Computational aspects”, Computer Methods in Applied Mechanics and Engineering, Vol.
73, No. 1, April 1989, pp. 53-92, doi:10.1016/0045-7825(89)90098-4
ABSTRACT: Computational aspects of a linear stress resultant (classical) shell theory, obtained by systematic
linearization of the geometrically exact nonlinear theory, considered in Part I of this work, are examined in
detail. In particular, finite element interpolations for the reference director field and the linearized rotation field
are constructed such that the underlying geometric structure of the continuum theory is preserved exactly by the
discrete approximation. A discrete canonical, singularity-free mapping between the five and the six degree of
freedom formulation is constructed by exploiting the geometric connection between the orthogonal group
(SO(3)) and the unit sphere (S2). The proposed numerical treatment of the membrane and bending fields, based
on a mixed Hellinger-Reissner formulation,provides excellent results for the 4-node bilinear isoparametric
element. As an example, convergent results are obtained for rather coarse meshes in fairly demanding,
singularity-dominated, problems such as the classical rhombic plate test. The proposed theory and finite element
implementation are evaluated through an extensive set of benchmark problems. The results obtained with the
present approach exactly match previous solutions obtained with state-of-the-art implementations based on the
so-called degenerated solid approach.
Simo, J. C., Fox, D. D., and Rifai, M. S., “Geometrically Exact Stress Resultant Shell Models: Formulation and
Computational Aspects of the Non-linear Theory,” Analytical and Computational Models of Shells, edited by

A. K. Noor, T. Belytschko, and J. C. Simo, American Society of Mechanical Engineers, New York, 1989, pp.
161–190.
J. C. Simo, S. Rifai, D.D. Fox, On a stress resultant geometrically exact shell model. PartI V: variable thickness
shells with through-the-thickness stretching, Comput. Methods Appl. Mech. Engrg. 81 (1990) 91–126.
Simo JC, Rifai MS (1990) A Class of mixed assumed strain methods and the methods of incompatible modes.
Int. J. Num. Meth. Eng. 29:1595-1638
J.C. Simo, D.D. Fox and M.S. Rifai (Division of Applied Mechanics, Department of Mechanical Engineering,
Stanford University,Stanford, CA 94304, U.S.A.), “On a stress resultant geometrically exact shell model. Part
III: Computational aspects of the nonlinear theory”, Computer Methods in Applied Mechanics and Engineering,
Vol. 79, No. 1, March 1990, pp. 21-70, doi:10.1016/0045-7825(90)90094-3
ABSTRACT: Computational aspects of a geometrically exact stress resultant model presented in Part I of this
work are considered in detail. In particular, by exploiting the underlying geometric structure of the model, a
configuration update procedure for the director (rotation) field is developed which is singularity free and exact
regardless the magnitude of the director (rotation) increment. Our mixed finite element interpolation for the
membrane, shear and bending fields presented in Part II of this work are extended to the finite deformation case.
The exact linearization of the discrete form of the equilibrium equations is derived in closed form. The
formulation is then illustrated by a comprehensive set of numerical experiments which include bifurcation and
post-buckling response, as well as comparisons with closed form solutions and experimental results.
J. C. Simo, M. S. Rifai and D. D. Fox (Division of Applied Mechanics, Department of Mechanical Engineering,
Stanford University, Stanford, CA, U.S.A.), “On a stress resultant geometrically exact shell model. Part IV:
Variable thickness shells with through-the-thickness stretching”, Computer Methods in Applied Mechanics and
Engineering, Vol. 81, No. 1, July 1990, pp. 91-126, doi:10.1016/0045-7825(90)90143-A
ABSTRACT: This paper in concerned with the extension of the shell theory and numerical analysis presented in
Part I, II and III to include finite thickness stretch and initial variable thickness. These effects play a significant
role in problems involving finite membrane strains, contact, concentrated surface loads and delamination (in
composite shells). We show that a direct numerical implementation of the standard single extensible director
shell model circumvents the need for rotational updates, but exhibits numerical ill-conditioning in the thin shell
limit. A modified formulation obtained via a multiplicative split of the director field into an extensible and
inextensible part is presented, which involves only a trivial modification of the weak form of the equilibrium
equations considered in Part III, and leads to a perfectly well-conditioned formulation in the thin-shell limit. In
sharp contrast with previous attempts in the context of the degenerated solid approach, the thickness stretch is
an independent field, not a dependent variable updated iteratively via the plane stress condition. With regard to
numerical implementation, an exact update procedure which automatically ensures that the thickness stretch
remains positive is presented. For the present theory, standard displacement models would exhibit ‘locking’ in
the incompressible limit as a result of the essentially three-dimensional character of the constitutive equations.
A mixed formulation is described which circumvents this difficulty. Numerical examples are presented that
illustrate the effects of the thickness stretch, the performance of the proposed mixed interpolation, and the wellconditioned response exhibited by the present approach in the thin-shell (inextensible director) limit.
P. Wriggers and J.C. Simo, A general procedure for the direct computation of turning and bifurcation points,
Int. J. Num. Meth. Eng. 30, 155-176 (1990).

J.C. Simo and J.G. Kennedy (Division of Applied Mechanics, Department of Mechanical Engineering, Stanford
University, Stanford, California, USA), “On a stress resultant geometrically exact shell model. Part V.
Nonlinear plasticity: formulation and integration algorithms”, Computer Methods in Applied Mechanics and
Engineering, Vol. 96, No. 2, April 1992, pp. 133-171, doi:10.1016/0045-7825(92)90129-8
ABSTRACT: The continuum basis and numerical implementation of a finite deformation plasticity model
formulated within the framework of the geometrically exact shell model presented in Parts I and III of this
work, is discussed in detail. The model is formulated entirely in stress resultants, and hence the expensive
integration through the thickness associated with the traditional degenerated solid approach is entirely bypassed. In particular, the classical Ilyushin-Shapiro plasticity model for shells is extended to accommodate
kinematic and isotropic hardening, and consistently formulated to accommodate finite deformation. The
corresponding closest-point-projection return mapping algorithm is shown to reduce to the solution of a system
of two nonlinear scalar equations, and proved to be amenable to exact linearization leading to a closed form
expression of the consistent elastoplastic tangent moduli. Numerical simulations are presented and comparisons
with exact and approximate solutions are made which demonstrate the excellent performance of the proposed
methodology.
J. C. Simo (Division of Applied Mechanics, Department of Mechanical Engineering, Stanford University,
Stanford, CA 94305, USA), “On a stress resultant geometrically exact shell model. Part VII: Shell intersections
with 5/6-DOF finite element formulations”, Computer Methods in Applied Mechanics and Engineering, Vol.
108, Nos. 3-4, September 1993, pp. 319-339, doi:10.1016/0045-7825(93)90008-L
ABSTRACT: If the mid-surface of a shell is smooth, the classical theory describes the orientation of the
director field attached to the mid-surface by two independent (rotational) degrees of freedom. At a shell
intersection, where this smoothness assumption no longer holds, it is shown that the director field in the full
nonlinear continuum shell equations must be necessarily described by three degrees of freedom. This added
degree of freedom, however, is totally unrelated to the so-called drill rotation, widely used as a means of
tackling the shell intersection problem. A computational procedure involving a trivial modification of the global
singularity-free update procedure described in Part III of this work is described, which completely resolves the
shell intersection problem without introducing ‘drill springs’ or related ad-hoc devices. The proposed approach
leaves unchanged standard finite element formulations in terms of 5 DOF/node, affects only the global update
formulae and exhibits excellent performance, as illustrated by representative numerical simulations.
Simo, J. C. and Hughes, T. J. R., 1998, “Computational Inelasticity: Interdisciplinary Applied Mathematics”,
Vol. 7, Ed. Springer-Verlag New York, Inc., 404 p.
Simo, J.C., and R.L. Taylor, "Quasi-Incompressible Finite Elasticity in Principal Stretches: Continuum Basis
and Numerical Algorithms," Comp. Meths. Appl. Mechs. Eng., 85, pp. 273-310, 1991
J.C. Simo, 'The symmetric Hessian for geometrically nonlinear models in solid mechanics: Intrinsic definition
and geometric interpretation', Computer Methods in Applied Mechanics and Engineering, 96, pp. 189- 200,
(1992).
C.R. Steele, Marie-Louise Steele and J. C. Simo, “In memory of Professor Juan Carlos Simo”, International
Journal of Solids and Structures, Vol. 33, No. 20-22, 1996
Computational inelasticity by J. C Simo ( Book )
13 editions published between 1997 and 2008 in English and held by 426 libraries worldwide

"This book describes the theoretical foundations of inelasticity, its numerical formulation and implementation.
The subject matter described herein constitutes a representative sample of state-of-the-art methodology
currently used in inelastic calculations." "Computational Inelasticity will be of great interest to researchers and
graduate students in various branches of engineering, especially civil, aeronautical and mechanical, and applied
mathematics."--Jacket.
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