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CASTEM 2000 : A MODERN APPROACH OF COMPUTERIZED 
STRUCTURAL ANALYSIS 

Pierre VERPEAUX, Alain MILLARD?Alain HOFFMANN and Loys EBERSOLT 

SYNOPSIS 

Since the early begining of the computerized structural analysis, many general purpose 
programs have been developped. Their complexity has increased rapidly and they became difficult to 
use and to maintain. 

The needs for an improved user's friendliness and the treatment of complex coupled problems 
have led to a modern tool : CASTEM 2000. It has profited by the general progress in computers 
technology and by a twenty years experience in large finite element codes. Its basic principles as well 
as examples of applications will be presented in this paper. 

INTRODUCTION 

The Department for Thermal and Mechanical Study (D.E.M.T.) of the C.E.A. has a twenty years 
experience in the development of large computer codes for structural analysis. The CASTEM System 
comprises several codes with warious non linear (geometrical as well as material) capacities. 
Their complexity has increased with time and they are often difficult to maintain. 

By the way, the improvements of the computers and the requirements of the users concerning, 
on one hand the user's friendliness, and on the other hand the treatment of more complex problems, 
have originated a new computer code CASTEM 2000. 

Prior to its development, a long period of time has been devoted to an intense reflexion on the 
organisation of a calculation and the corresponding architecture of the computer code. 

This has led to the concepts of objects and operators which have been implemented in CASTEM 
2000. 

.../... 
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1. BASIC PRINCIPLES OF DEVELOPMENT 

The basic principles which have been observed for the development of CASTEM 2000 are not 
restrited to structural analysis computer codes and in reality can be applied to any type of calculation. 

Generally speaking, a calculation can be seen as a sequence of elementary operations. 

Each operation receives some information, treats it, and eventually supplies new information. 
Therefore, a general computer code must have all the elementary operations which are required to 
perform a given calculation. Moreover, it must be easy to introduce new elementary operations to 
treat new problems which will occure in the future. 

In order to achieve such a general goal, some basic principles of development of CASTEM 2000 
have been stated : 

1.1 - Orthogonality, i.e. the various elementary operations called "operators" must be indépendant 
from one another, and the operation performed by an operator must not be conditionned by the 
results of previous operators. 
The only conditions for an operator to work is to provide of the necessary input information, 
called "objects" in the following. Therefore, the operators will communicate only through the 
objets. 

1.2 -=• Visibility, i.e. the information required by an operator must be explicitely supplied by the user. 
There should not be any hidden data. 

1.3 - Locality, i.e. the required information must be supplied there where it is used. This enables a 
very convenient data check. 

1.4 - Regularity, i.e. there should be no exception either in the possibilities of some operators or in 
the way to input the information. For exemple, a general operator like '+' should work on any 
object (scalar, vector, matrix, etc,...) provided that the operation is memaningfull. 
With other respects, a plane will always be defined by three points. 

1.5. - Documentation; i.e. the operator cannot exist without its documentation which specifies what is 
the operation performed by the operator, and what are the input and ouput objects. 

.../... 
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These basic principles have been observed stricly in CASTEM 2000. In order to perform a 
given calculation, the user selects the relevanbt operators necessary for the calculation. The objects it 
manipulates are referenced only by their name, chosen by the user. Thus the generic syntax of an 
elementary operation writes as follows : 

RESULT(S) = OPERATOR OPERAND(S) ; 

One of the benefits of the above mentioned principles is to authorize the "meta-operators", i.e. 
operators which call operators, they are known as "procedures" in CASTEM 2000. They enable the 
user to make himself his own operators using the data language. Thus, it becomes very easy to 
implement and test algorithms. 

An exemple will be given for creep problems in the following. 

.../... 
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2. SOME OBJECTS AND OPERATORS OF CASTEM 2000 

2.1 - Some objets 

The different objects may be classed in two categories : 
* Objects required for the mesh : 

. POINT 

. ELEMENT 
The objects of the POINT type store the point coordinates, while the objects of the ELEMENT 
type store the data concerning a mesh. 
* Objects required for numerical computation : 

. AFFECTE 

. CHPOINT 

. CHAMELEM 

. RIGIDITE 

. SOLUTION 
Objects of the AFFECTE type specific type of finite element to be used. 
Objects of the CHAMELEM type store the data whose geometric supports are objects of the 
ELEMENT type. 
Objects ot the CHPOINT type store the data whose geometric supports are objects of the POINT 
type. 
Objects of the RIGIDITE type store the rigidity and mass matrices. 
Objects of the SOLUTION type store all the intermediate results in an interative computation. 

2.2 - Some operators 

Various categories of operators are available : 
. mesh operators, 
. mechanics operators, 
. "utility" operators. 

The main mechanics operators are : 
. AFFECT declaration of the finite element formulation, 
. RIGI computation of rigidity matrices, 
. MASSE computation of mass matrices, 

.../... 
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. RESOU inversion of a matrix, 

. SIGMA stress computations, 

. BSIGMA stress divergence computations, 

. VIBRAT eigen values and eigen vectors computations. 
To give an example, the main steps in an elastic computation may be : 

. specification of a certain number of pc 

. ELEMENT mesh, 

. declaration of the finite element formulation (. kFFECT operator) 

. material properties (MATER operator) 

. loading and boundary conditions (FORCE and BLOQUE operators) 

. computation of the rigidity matrix (RIGI operator), 

. resolution of Ku = F (RESOU operator) 

. stress computations (SIGMA operator) 
The main steps of an eigen mode search computation are identical to those listed above, apart 
from the last three : 

. RIGI operator, 

. MASSE operator, 

. VIBRAT operator, 
The main steps in a buckling mode searcr. computation will be : 

. RIGI operator, 

. KSIGMA operator, 

. VIBRAT operator. 

.../... 
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3. E X A M P L E O F A C R E E P P R O B L E M 

3.1 - Mechanical problem 

T h e mechanical problem consist in calculating a s t ruc ture made of viscoelastic material and 

subjected to a time varying load. General ly, the time variation is d iv ided into step and the 

gener ic step consists in calculating an increment of solution, s tar t ing from init ial conditions. 

One way to proceed is to use the classical initial stresses a lgori thm which wri tes as follows. 

Suppose we know at time to : 

. <70 the initial stresses 

. AF e the external forces increment 

. K the elastic stiffness matrix 

Then the equilibrium equations are solved by means of the following iterative system : 

NO 

AFj = AF e 

K A q n + 1 = AF n 

Aa=D.B A q n + 1 

0e = f (<70, t 0 , ACT, At) -» flow 

A<fi = a0 + Aa - a° 

A F C = B 1 Acfi 

A F J I = A F e + A F C 

l ^ n + i - ^ - l n l l * « > 
YES END 

wi th the notations : 

D = Hook matrix 

B = symmetric part of the gradient 

a° = material admissible stress 

Af c • corrective forces 

A q n = displacements increment 

At = time increment 

.../... 
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3.2 - Solution usina CASTEM 2000 

Thanks to some operators the above algorithm can be written in CASTEM 2000 language very 
easily. The names of the operators have been underlined for sake of clarity. The meaning of the 
operation is give aside. 

OPERATIONS 

DF = DFE ; 
REPETER LOOP 50 ; 
DQN = DQN1 ; 
DQN1 = RESOU K DF ; 
PS = SIGMA MAT DQN; 
SC = FLUAG MAT SO TO DS DT ; 
DSC = SO + DS - SC ; 
DFC = BSIGMA DSC ; 
DFN = DFE + DFC ; 
NOR = MAXI (ABS (DQN1 - DQN)) ; 
SI (NOR < PREC) ; 
QUITTER LOOP ; 
FINSI ; 
FIN LOOP ; 

MEANING 

A F X = A F e 

Loop operator 

A Q n + 

= K - 1 AF 
l 

ACT = D B A n 

<TC = P (CT0, t 0 , ACT, At) 

ACT= = = <70 + ACT - 0 e 

A F C = B* a<fi 

A F n 
= A F e + A F C 

Max 
i ' A i „ + 1 - A Q „ ' 

Test Max < e 

End of iteration 

The objets which are there manipulated by the operators are : 

fields of nodal forces 
fields of nodal displacements 
stiffness matrix 
field of element material properties 
fields of element stresses 

• scalars 

DFE, DFC, DF 
DQN, DQN1 
K 
MAT 
DS, SC, DSC 
NOR, PREC, 
TO, DT 
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The above sequence of operations can be put together in a procedure, let us call it 
"ONE-STEP", which will be used by the user as : 

SC DQN = ONE-STEP K SO MAT DFE ; 
and which will supply directly the displacement increment and the material admissible stress. 
Thus, CASTEM 2000 can also be used as conventional computer codes, in a "black box" manner. 
The advantage of CASTEM 2000 is to give to the user the opportunity to modify this black 
box, to some extent, since the procedure are written in data language and can be overlaid, as 
well as operators. 

.../... 
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4. CONCLUSION 

The twenty years experience in the development of the CASTEM system has led to a new 
computer code architecture, which is valid for a very large class of physical calculation. It is based 
on one hand on the specification of the problem to solve in terms of elementary operations, and on 
the other hand on basic principles which must be observed by these operations. The result is a vary 
general and powerfull tool that the user may adapt to his own problem, and in which he can himself 
develop new possibilities simply using the data language. 

.../... 
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