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SUMMARY 

TITUS is a general finite element structural analysis system 
which performs linear/non-linear, static/dynamic analyses of 
heat-transfer/thermo-mechanical problems. 

One of the major features of TITUS is that it was designed by 
engineers, to address engineers in an industrial environment. 
This has resulted in an easy to use system, with a high-level 
free*formatted problem oriented language, a large selection of 
pre-and post processors and sophisticated graphic capabilities. 
TITUS has many references in civil, mechanical and nuclear 
engineering applications. 
The TITUS system is available on various types of machines, 
from large mainframes to mini computers. 

Fig. 1 Nuclear engineering 
Steam generator (primary part) 
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Fig. 2 - TITUS .- propagation of p l a s t i c i t y 
in a CT spacimen 



MAIN FEATURES OF THE SYSTEM 

Analytical capabilities 
Within TITUS, analytical capabilities - ia terns of 
heat transfer, elasticity, oc therno-mechanical 
analyses - are classified into different options : 
plane elasticity, places, thin/thick shells, beans, 
3-diaeasioasl continua, heat transfer, axisymmttric 
structure with/without axisymnttric loading etc ... 
The choice of Che option depends upon the following 
criteria : 
- coordinates used, 
- displacements calculated (degrees of freedom), 
- solicitations applied. 
The purpose of this choice is to optimize the com
putations of the specific problem to be solved. 
Please also note that the results of "heat trans
fer" option .(steady or transient state) are tempe
ratures which can be automatically used as input 
for other options in order to complete a thermo-
mechanical analysis. 
Analytical capabilities of TITUS are summarized in 
table 1. 

Element library 
The different types of elements available in the TITUS 
system library are summarised in table 2. 
All elements can be mixed one with another, within 
the same option of analysis ;* their modeling (shape 
functions, physical properties, loadings ...) depends 
upon the selected option. 

Non-linear analysis 
The TITDS system can deal with different types of non-
linearity such as : 
- geometrical non-linearity, e.g. large displacements 
large strains .. - When combined with an eigen value 
algorithm, this type ' of non-linearity allows the 
study of instability problems (buckling), 

- non linearity of material properties : strain de
pendent Young's modulus, temperature dependent 
conductivity . <. 

- plasticity : kinematic hardening, isotropic harde
ning, thermoplasticity, 

- creep, 
- incompressible material, 
- special mechanisms : unilateral boundary conditions, 
gap, friction etc ... 

Several types of non-linearity can be combined toge
ther. 
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Table 1 - TITUS 5 Analytical capabilities 
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Table 2 - TITUS ; Element library 
Notes : (1) Number within the element indicates the 
number of associated nodes. (2) Curve, surface and 
volume elements are in a 3 dimensional space. (3) 
Users can also program and integrate their own 
special elements. 



Pig. 3 - TITDS : 45° tee branch analysis 

Fig. 4 - TITUS : shell/nozzle interaction analysis 



Dynamic analysis 
TITUS offers several capabilities in dynamic ana
lysis of structures : 
- natural frequency (eigenvalues, natural modes), 
- response to harmonic forcing functions (with or 
without damping), 

- response to random forcing functions 
. by modal analysis, 
. by direct integration, 

- seismic analysis. 
Dynamic analyses can be performed in areas where the 
structure has a non-linear behaviour. 
Modal analyses may take into account, either d.o.f. 
reduction (Guyan's method) or mass matrix diagonali-
zation (lumping). 
Dynamic analyses can be applied to heat transfer pro
blems. Also, input data for a dynamic analysis are 
fully compatible with a linear or non-linear static 
analysis « 
A special module performs spectral analysis from 
natural frequencies. This procedure is used for seis
mic analysis ; the total response of the structure 
may take into account ; 
- either a uniform support acceleration for each di
rection (mono spectral analysis), 

- or a non-uniform excitation inducing pseudo-sta
tic stresses due to motion of supports relative to 
each others (multispectral analysis). 

The combination of responses may be performed with 
respect to the N.R.C. Regulatory Guide Requirement 
1.92. 
Dynamic analyses are listed in table 3. 

Super-Elements 
The concept of "SUPER-ELEMENTS" (or sub-structures) 
allows the TITOS system to perform static analysis 
of structures with virtually no limitation in the 
number of degrees of freedom. 
With reference to this method, a structure is consi
dered as an assembling of super-elements (SE) or 
(substructures), each S.E. being itself an assembling 
of lower level SEs. Theoretically, there is no li
mitation in the number of levels of that tree-struc
ture assembling. 
The method of handling S.E.s is based upon some 
techniques such as : 
- partial reduction of stiffness matrices and right 
baud side members. 

- fully automatic management of all files created 
at different levels during the calculation process. 

- automatic generation of computation sequences. 



r 

Table 3 - TITOS : Dynamic Analysis Capabilities 
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Table 4 - TITOS : Super Element Assembling 
Mote : stiffness ?nd matrix calculations are per
formed only on SEs with framed numbers (i.e.1,2, 
12,100,1000) 



From a practical point of* view, the analysis of a 
problem is greatly eased by using the S.E. method, due 
to : 
- geometry transformation procedures (rotation, sym
metry . . . ) . Modeling and computing a structure with 
repetitive elements becomes an easy (and cost-
effective) task. 

- "restart", capability which allows the user not 
only to analyse a structure step by step but also 
allows him to modify a part of a structure without 
having to recalculate the lot. 

Each level 0 SE is considered and computed indapen-
dently as a separate problem with its own input data 
and its own output results. 
Table 4 gives an example of assembling SEs. 

HODElDfS CAPABILITIES 

Material properties 
Within TITUS, materials can he : 
- isotropic, 
- orthotropic, 
- anisotropic. 
And their physical properties can be : 
- constant, 
- or variable (constitutive non-linearities). 

Boundary conditions 
TITUS accepts the following boundary conditions : 
- rigid : U = Do 
- elastic : F = K(U - uo) 
Boundary conditions can be : 
- concentrated at a node, 
- or uniform on an element. 
Boundary conditions can be defined with reference 
to any local or general system of axes. 

Special mechanisms 
Special mechanisms, or special behaviours can be easi
ly oodelized, using the following capabilities of 
TITUS : 
- release of any degree of freedom, 
- multipoints constraints, 
- contact mechanisms : unilateral support, gap, fric
tion ... 

Mass and damping {dynamic analysis) 
They can be lumped, or specified at nodes. Damping 
matrices can be proportional to stiffness and mass 
matrices, uniformly or not, or specified in tera of 
percentage of critical damping for each mode. 



Fig. S - Undoformed 
structure 

(hidden lines removed) I 

Fig. 6 - Deformed 
structure 

Fig. 7 - Isostrosses (Tresca) 



Functions 
Functions are used to describe the variation of some 
parameters (e.g. material properties, boundary condi
tions , loadings • • • ) versus time, or dependent of 
the behaviour of the structure. A library of elemen
tary functions is available to describe the most 
frequently used types of variations (linear, harmonic, 
exponential functions). 
A special feature of TITUS also allows the user to 
describe his own function in a Fortran subroutine. 

ALGORITHMS 

Solution of linear equations 
Several methods - all based upon a Gauss triangula-
rization - are currently available, no the user can 
select the one that fits his problem ; they are : 
- the sparse matrix technique, 
- the variable bandwidth technique, 
- and the frontal technique. 

Solution of non-linear equations 
For son linear systems of equations, the solution is 
obtained by iterative methods using different techni
ques depending on the problem to be solved : 
- initial stress method, 
- constant or variable stiffness, 
- Newton-Raphson iterations. 
- BFGS. 
Eigenvalue problems 
Three different algorithms are currently used : 
- GIVENS' method : this tridiagonalization gives all 
the eigenvalues. The number of computed eigen
vectors is chosen by the user (who also has the 
optional choice of a Guyan's reduction). This me
thod is well adapted to small problems (hundreds 
of degrees of freedom). 

- Inverse power method : This method supplies the 
user with natural frequencies if. a selected fre
quency range and with corresponding eigenvectors. 

- Subspace method : This method only provides the 
user with the first natural frequencies of a 
structure. It is especially well adapted to large 
problems since the number of eigenvalues regains 
small. 

Mote : all 3 methods above apply to the calculation 
of natural frequencies of free-structures (by shif
ting eigenvalue spectrum). 
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Fig. 3 - TITOS : non linear analysis (plasticity) 

Fig. 9 - TITUS : large displacement analysis 
(suspended bridge) 

I Fig. 10 - TITUS : dynamic analysis of a plate 



DESIGN OF THE TITUS SlfTEM 

General architecture 
TITUS is an integrated set of programs organised into 
4 main functions (see table 5 below) : 
- a supervisor : i.e. a general procedure (with its 
own language, its own keywords, syntax rules ...) 
which manages and organises the different opera
tions to be performed. 

- a library of specific computation subroutines adap
ted to the type of problem to be solved. 

- preprocessors : a set of routines especially desi
gned to assist the user in modeling his problem 
(mesh generators, debugging facilities, file mana
gement routines e t c . ) . 

- postprocessors : a set of facilities to make the 
vast -amount nf numerical results supplied by a fi
nite element program easier to assimilate, more 
"engineer-oriented" (graphics» combinations/sorting 
out of results, etc ) 

PRE-PROCESSORS 
1 SPECIFIC 

COMPUTATION 
PROGRAMS 

SUPERVISOR 
SPECIFIC 
COMPUTATION 
PROGRAMS 

SUPERVISOR 
SPECIFIC 
COMPUTATION 
PROGRAMS 

1 

SPECIFIC 
COMPUTATION 
PROGRAMS 

I POST-PROCESSORS 

Table 5. TITO*", : general architecture. 

Modularity 
Modularity ia the key-word of TITUS design. Func
tional programs are organised as a hierarchy, which 
allows : 
- an efficient structure of the whole system, 
- easy developments, modifications and add-on of new 
modules. 

- the implementation of customised versions of TITUS 
with only a few modules (e.g. on mini-computers), 

- an easy transcription of the system on different 
computers (CDC 7600, CYBER, UNIVAC ... VAX . . . ) • 

Programming language 
TITUS is mostly written in FORTRAN IV. Only a few 
subroutines have been written in Assembler language 
in order to optimize some calculations, or in order 
to perform some operatioas which are not possible 
with Fortran. 



?ig. 11 - TITUS : température vs time curves 

Fig. 12 - TITUS : efforts in a cross-section 



Input Data - Preprocessors 
Since it was designed and developed by engineers for 
engineers, TITUS is definitely user-erienced. The 
only input it requires from the user is a general de
finition of the problem to be analyzed» using logic, 
words and symbols familiar to every structural engi
neer. Detailed modeling is performed by preproces
sors. 
A large number of procedures are available to gene
rate automatically plane and 3 dimensional meshes. 
Other procedures are also used to copy, alter, modify 
or complete a predefined mesh. 
Models can be displayed on a digital plotter or a VDU, 
e.g. : 
- plotting whole/part of a structure (with zoom ef
fect, cissoring, windowing, contouring, e t c . ) , 

- perspectives, 
- plotting with, hidden lines removed, 
- automatic numbering of nodes/elements... 
Some utility programs included in TITUS allows one 
to save, delete, edit... input data files. 

Output of results - Postprocessors 
Host of the time, users expect more than the standard 
results (displacements, support reactions» internal 
efforts) given by a finite element program. 
With TITUS, the user has access to a wide range of 
postprocessors which perform selection, combination 
or special process of results. Of course, all these 
sophisticated results can be visualised (on a digital 
plotter or a VDU) for examples : 
- deformed structure, 
- principal stresses, 

isovalues (isostresses, isodisplacements ...)> 
- curves of variation of results along cross-sec
tions ... 

FLEXIBILITY AND RELIABILITY 

Data input 
The tasks of modeling and data input are significan
tly reduced due to TITUS language main characteris
tics : 
- it is a problem oriented and user oriented langua
ge. As already mentioned it is a structural engi
neering language. 

- it is free formatted. Chances of making mistakes 
because of format constraints are then minimised. 

Because TITUS is easy to use, efficient and flexible, 
an actual dialogue between the computer and the desi
gner is immediately created. 



Fig. 13 - TITUS : analysis of a pump body 

Fig. 14 - TITUS : bottom head a£ s p ressur ize r 



Data checking/Debugging 
An extensive control of input data logic is performed. 
In case an error is detected, an explicite report is 
printed out and, depending on the type of error, the 
process can be either completed o** interrupted. 
(Some "conditional jump" commands allow the user to 
short-circuit some unnecessary calculations once an 
error has been detected). 
A special extraction report gives not oaly the ini
tial input data file image but also gives an Image 
of actua.1 data as they have been assimilated by the 
program (including default options, default values 
e t c . ) . 

Accuracy of results 
In order to estimate the accuracy of a computation, 
it is helpful to consider the following results sup
plied by TITUS at various stages of the process : 
- balance of all solicitations applied to the 
structure» 

- residuals : they show the maximum unbalancing for
ces at every node, as calculated after solving the 
linear system of equations. 

- summing up support reactions. 

Save and restart procedures 
The possibility of dividing a large problem into 
several small problems has been especially studied. 
This is achieved mainly by a flexible automatic file 
management system. 
This capability is not only necessary when using 
Super-Element techniques ; it is also very convenient 
in order to perform sequentially different types of 
analyses (involving different options), for example : 
- Thermo-elssticity after heat-transfer analysis, 
- Dynamic after static analysis, 
- Non-linear after linear analysis, etc... 

. Results accessibility 
Users can access and process results : 
- by using standard postprocessors available in 
TITOS. New postprocessors can be easily developed 
whenever new requirements arise, 

- by using a library of utility subroutines which can 
access all internal files created by TITUS. This 
way, engineers can program their ova procedures. 



REFERENCES 

TITUS 1 » been proven effective by hundreds of inde
pendent users ; it has been used to solve a broad 
range of engineering applications (fig- 1 to 1'» 
illustrate sone of then). 
It is maintained and developed by FR.AMATOME «ho are 
responsible for continual enhancements based on user 
feed back. 

AVAI1ABILITY 

TITOS is available on various machines, from large 
mainframes to minicomputers (CDC 7600, CYBER 730, 
VAX 11/780, VAX 11/750, etc..) • 
It can be installed andularly, starting from a basic 
version (e.g : static linear elasticity) and progressi
vely increased up to the complete system. 
TITOS is market on a licence fee basis. Quotation on 
request. 


