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CATEGORICAL AND ALGEBRAIC METHODS IN
COMPUTER SCIENCE

J.Adámek* and J. Reitermun**
* Faculty of Electrical Engineering, CTU,Teclinická 2, 166 27 Praha 6

* Faculty of Nuclear Science and Physical Engineering, CTU.
Brehová 7, 110 00 Praha I

Key words: Continuous algebras, data types, accessible categories, tolerances,
semigroups

Data Types. An important method of solving formal-data-type equations is by using
continuous algebras for various "degrees of continuity" Z (where Z is a system of choosing
subsets in ordered sets). Logic and equatiortal theory for continuous algebras have been
presented in a series of papers of J. Adámek, J. Reiterman and E. Nelson. In a forthcoming
paper [1], disparate results on rontitmitity are unified. The formal inequality relation
for terms is proved to be (surprisingly) independent of the choice of Z. and thus, a
unified description of the free Z-continuous algebra is obtained. Furthermore, a new.
simplified proof of the BirkhofT variety theorem, characterizing classes of roiitinuous
algebras presentable by equations, follows for Unitary algebras. In contrast, for inh'nitary
algebras a counter-example is exhibited: a class of algebras continuous for Z-directed sets
is constructed which, although an HSP-class, cannot be described by equations.

Another formalism of abstract data types is by means of sketches, and categories of
sketch models are well-known to coincide with the accessible categories of Makkai and
Pare. In a recent paper [2], the role of accessible categories as classes of relations specified
by (small) injectivity is studied. This suggests a new approach to description of data types:
by using injectivity of relational structures. The main result of [2] is a characterization of
small injectivity classes of relations as precisely classes which are (i) weakly reflective and
(ii) accessibly embedded. Moreover, (ii) can be ommited if the (set-theoretical) Voprnka's
principle holds - this solves the old problem of L. Fuchs of characterizing the injectivity
classes of Abelian groups.

Tolerances on semigroups. Generalizing a previous partial result, B. Pondělíček
characterized in [5] varieties of semigroups whose tolorance lattices are modular, and
varieties of semigroups whose principal tolerances are congruences. It is proved that, a
variety of semigroups has modular tolerance-lattices if and only if it satisfies (xy)n+x = xy
and (xyx)n = xn for some positive integer n. This result generalizes results from [4]. In
addition, a variety of semigroups has all tolerances equal to congruences if it satisfies
xny = y and yx" = y for some positive integer n. The paper [6] describes all varieties of
regular *—semigroups whose tolerance lattices are modular or distributive.

Cartesian closed categories and lambda calculus. We investigated cartesian closed
categories which are models of typed lambda calculus. Those cartesian closed categories
which are topological and have representations of strong partial morphisms are called
concrete quasitopoi. It is important to know under which conditions a concrete category
can be embedded into a concrete quasitopos. . A necessary and sufficient condition is
exhibited in our recent paper [3] which also contains a construction of the smallest
concrete quasitopos containing a given concrete category. This generalizes previous results

1-1 13
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describing concrete instances of quasitopos hulls. . Moreover, the difference between a
cartesian closed hulls and quasitopos hulls is illustrated by an example of a cartesian
closed topological category not having the quasitopos hull.
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TOWARDS AUTOMATION OF FINITE DIFFERENCE
METHOD

R. Liška, L. Drska

Fac. Nucl. Sci. k Phys. Eng., CTU, Brehová 7, 115 19 Praha I

Key words : Computer algebra, partial differential equations, finite difference method,
code generation

The paper deals with automation of the process of numerical solving of partial
differential equations systems (PDES) by means of computer algebra. For solving PDES
the finite difference method is applied. The computer algebra system (CAS) REDUCE and
the numerical programming language FORTRAN are used in the methodology presented.
The main aim of this approach is to speed up the process of preparing numerical programs
for solving PDES and decrease the probability of bugs in these programs. We intend to
automate only the mechanical analytical computations which are performed during the
preparation of numerical programs. By automating the whole process we would reach the
same conclusion as classical programs, i.e. a limited set of solvable problems. In order to
allow the user to influence the process of solution, the control over this process should
remain in his hands.

In the process of preparing finite difference numerical programs several stages can
be found / I / in which computer algebra can be used for performing routine analytical
calculations, namely: (1) transformation of differential equations, (2) discretization of
differential equations, (3) analysis of difference schemes, (4) building of numerical
programs.

Several algorithms for performing these tasks have been implemented in the FIDE
package, which has been accepted to REDUCE program library and is available on
reduce-netlib@rand.co fileserver. The package consists of several modules performing
different tasks involved in numerical solving of PDES by the finite difference methods.
The EXPRES module performs transformation of scalar, vector, or tensor differential
equations containing vectors, tensors, and vector differential operators into the component
form in the given 2-D or 3-D orthogonal coordinate system. For discretization the integro-
interpolation method is used and implemented in the IIMET module. The basic principle
of the integro-interpolation method is in integrating the given PDES over the whole cell
of a grid, from which the difference scheme results.

One of the present restrictions of the FIDE package is the necessity of using only
orthogonal grids. In order to remove this serious restriction the basic operator method
for constructing difference schemes on non-rectangular meshes has been chosen to apply
jij. This method can be formalized and automated on logically rectangular meshes and
is used in 2-D and 3-D spaces for discretization of spatial differential operators grád, div
and curl. The discretization is carefully derived from integral equations representing the
conservative laws of the solved PDES, so that the resulting difference scheme is fully
conservative. In cooperation with National Center for Mathematical Modelling, Moscow,
the research on the formalization of the method / 3 / and its implementation in the
GRIDOP program is going on.

1-3 15
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In order to result in a successful numerical algorithm, a difference scheme ought to have
certain properties. Such main properties of a difference scheme are truncation error and
stability. The truncation error analysis is performed by expanding all discrete function
values in the difference scheme into the Taylor series and is performed by the APPROX
module of the FIDE package. The CHARPOL modulo employs the Fourier method,
probably the most common method for local stability analysis. The W'RW'P module
allows the transformation of the von Neumann condition of stability to a set of inequalities
with have to hold for all values of wave numbers for the scheme to be stable.

After discret ization and the analysis of the properties of the difference scheme the next
las>k is to develop the numerical code for solving the system of algebraic equations which
formed the difference scheme. This task can be acomplished by computer algebra systems
/4/ by means of code generation facilities. Code generation is the process during which
CAS creates a text file containing a source numerical program. Having the linear difference
scheme in forms of formulas in CAS, we can analyze the scheme extracting the matrix
of the system of algebraic equations and general** t lie code which prepares the input
parameters for the solver routine, calls the routine and extract the output parameters to
numerical data structures. Usually the solver routine from a numerical programs library is
used. The LINBAND module from the FIDE package performs automatic code generation
for linear systems with band matrices.

The methodology presented here lias been applied in designing simulation program
for Fokker-Planck equation which is used for modelling the interaction of ultrashort laser
pulses with plasma. The designed program ha.s brought new physical results reported eg.
in /5/. The experience gained while solving the real physical problem proves the effectivity
of the presented methodology, i.e. shortening the time necessary for a code development
cycle and avoidance of bugs and shows another advantage of the methodology, namely the
possibility of very quick modification of the problem solved or of the numerical method
of its solution , e.g. adding some earlier-neglected term to the equations or other type of
discretization of some terms.
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SOLUTION OF PARTIAL DIFFERENTIAL EQUATIONS
BY HIGH ORDER METHODS

Milan Pultar
Faculty of Civil Engendering. CTI'. Thákurova 7. 16629 Praha 6

Key words: Spectral methods, finite elements method

In the last decade, an increasing interest in high order methods for scientific computing
has been observed. This trend has been motivated by the need of a better accuracy in the
numerical simulation of more and more romplex scientific and technological problems;
it has been supported by a sound mathematical investigation and stimulated by the
availability of faster supercomputers. The first International Conference on Spectral and
High Order Methods for Partial Differential Equations was organized in 1989. The next
will be this year.

There are two very important high order methods - the spectral method and the h-p
version of finite element method. The spectral method has been applied extensively to
the problems in fluid mechanics (C.Canuto [2], Y.Maday, A.T.Patera). At first, there was
a monodomain approach. The main drawback was that the method was limited to very
simple domains. Recently, there has been interest in using this method over partitioned
domains the so-called spectral elements method. In this context, the spectral method
over a partioned domain is very similar to the h-p version, though the emphasis of the two
methods is different - the h-p version of the FEM concentrating on the special needs of
structural mechanics analysis, while the spectral methods being specialized more in fluid
mechanics.

The h-p method of finite element method was developed for the solution of problems
of structure mechanics. If the mesh is fixed and the accuracy of the solution is achieved
only by increasing the degree of the elements, we obtain the p-version of the FEM. If
we simultaneously refine the mesh and increase the degrees of elements unifirmely or
selectively, we obtain the h-p version. The development of h-p version of FEM is due to
mathematicians as Babuška [1], Súri, Szabó. The h-p version of the finite element method
has various features which are reflected in the implementation and architecture of the
program and are different from the h-version (classical FEM).

Both methods mentioned were found to have their strengths and weaknesses. They are
based on similar principles - the use of variational principles combined with the use of
polynomials of high degree. Due to his fact, they offer a high rate of convergence when the
solution is smooth. In the case of non-smooth solution, these methods with special mesh
generation give also good results. Another possibility is using the coupling of spectral
and finite elements method which is very useful for the solution of partial differential
equations on complicated domains. This method allows one to take advantages of both
methods high rate of convergence and considerable flexibility. This way of generalization
of mentioned high order methods is very useful.

We dealt with some problems of using this methods for the solution of partial
differential equations, including some aspects of using these methods, especially
the spectral elements methods, for solving partial differential equations of fourth
order (eventually of higher order). We investigated the problem of nonconforming
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approximation. The so-called nonconforming mortar element method is used to solve
this problem which allows for greatly improved flexibility as regards mesh generation. It
is based on the introduction of an auxiliary "mortar" trace space that drives the traces of
the discrete solution on the interfaces of the subdomains. In the case of fourth (or higher)
order some compatibility conditions of trace space must be given. The so-called spectral
convergence of numerical solution was proved. This method can be applied in coupling
spectral and finite elements method which is a necessarily non con form ing problem.

References:

[lj I.Babuška, M. Suri: The Treatement of Nonhomogeneous Dirichlet Boundary Conditions
by the p-version of finite Elements Method, Numerische Mathematik, Vol. 55, No. 1, 1989.
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Springer-Verlag, New York, 1988.

[3] N.Debit,l.Maday: The coupling of spectral and finite elements method for the
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This research has been conducted at the Departement of Mathematics of the Faculty
of Civil Engeneering as a part of the research project "Numerical methods in engeneering
problems" and has been supported by the CTU grant No. 8011.
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A CONTRIBUTION TO THE NUMERICAL SOLUTION OF
THE WAVE EQUATION

J. Kopačka
Faculty of Civil Engineering, CTU, Thákurova 7, 166 29 Praha 6.

Key words: Hyperbolic equation, estimate of error.

/. Introduction to the problem :
Let G be a convex simply continuous subset of R2 with the boundary G = /', U ľ2. Ľ '

T > 0. Let us put GT -G x (0, T), VlT = /; x (0, T) for i = 1,2 and assume that ľ2 / 1.
We say that u = u(x,t) is a classical solution of the problem if:
u e C2(GT) n C\GT) solves the equation

guM -t- au,( - ajji/ji = / on GT (1)

( atJ = a}i, i =1,2 ; Q > 0, a > 0 and the V-elliptic conditions [ 3dud2 € (0,oo);V(7 €
R2,CT = (<Ti,a2) : d\ \\ a ||2 < a^aia, < d2 \\ a ||2 ] are accepted ) with the initial
conditions

u(i,0)= ^(i) / 0 )

u,,(a;,0)= 4>(x) f o r a l l i e G ' " '
and with the boundary conditions

u(x,t)= 0 on l'2T

t i , 2 (x , t )= 0 on I'1T
 K>

ip, V' are given functions, / € C(GT) is a given function and a, p, atJ are given constants.
Further, we use this convention: a^u^ = 5ľľj=i a ú u j t-
Note: The problem (l)-(3) has a physical motivation for example in the spread of the
SH-waves through the homogeneous isotropic body.
Generalized Solution :

It's easy to see that the weak solution of the problem can be defined as a function
u e (ľ(<0,r>,// 1 ((7))

u = u(..t) , which satisfies the following requirements : « t € C(< 0,T >,L%{G))

(eu,t,,v) + (ou,(,t>) + ((u,w)) = ( / » (4)

for all i-€ W'(G)and
«(-,0)= v»(i)

«,,(., 0 )= V(i) on G (5)
«(.,<)= 0 on/jT ,

where (f,g) = fGfgdx , ((f,g)) = fGatjf,j9,idx , //'((?) is a set of functions from Sobolev
space H\(G), whose trace is zero or I'2 and (//'(G))' is a dual space of the space Hl(G).

2. The approximation of the solution in the finite dimensional spaces .
Let Vh , A € (0,1) be a class of finite dimensional subspaces of the space HX(G) with

the following property : for each function u € H](G) we can find functions in € 14 so
that limf,_o II "ft — « ||//j(G)= 0- It seems that each function from the space //"'(C) can be
arbitrarily precisely approximated by means of the elements from the spaces Vh-
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Definition: We say that the function uA = Ufc(f) is the approximative solution of tli<
prebi n (l)-(3) in the space Vh when uh(t0) € V'/i for all t0 € 14 and

* (/.«•*) (6)

for all vh € Vh ,

«;,(. 0) = ,/•, * '

where <̂>| and 0i arc the approximations of the functions, from tin- initial conditions (2)
in the space Vh-

3. Estimate of error and the choice of the functions y?j, ii'\ .
In this chapter, we focus on the estimate of error, i.e. of the "distance" between tin-

weak solution of the problem and the approximative solution. We shall also show, how to
choose the functions <pt , V'i •

For each element v € //J(f») we denote Pv , such element from the space IJ,, for which
{[Pv — v,Vh)) = 0 for all i1/, € 14- H seems that Pv is an orthogonal projection of the
function v on the space Vi in the norm || v ||g= ((ľ, f))1''1-
Evidently , || u - uk \\E < || u - Pu \\E + || Pu - uh \\E- From the characteristic of the
class of spaces V* it results that linriA—o || u — Pu | | E = 0 . Hence it remains to estimate
|| Pu — uh \\E • For simplification of the record we denote e = Pu -u^ and ť = e.t. Then
II Pu - uh \\E = ((e,e))'/2 < [e(e',e') + ((e,e))]1 / 2 and from (4) and (6) it follows that

(eu'\e') + (au',e') + ((u,ť)) =(/,e')
(ffuř.c') + (a«í,e') + ((u4,e')) =(/,€*).

After the subtraction we receive: 0 = (o(w" - u'^.e') + (a{u' - u'h),c') + ((w - uh,e')) =

Q(e',e') - g(Pu" - u",e') - Q(PU' - u',e').
This procedure is correct because a, g and al} are constants - hence P(u") =
(Pu)",£((e,e)) = 2((e,e')) nd j,(e',e') = 2(e",e') . Using the Schwarz inequality, we
receive the following estimate lf,[g(e',e') + ((e,e))) < r(e',e')'/2(|| Pu" - u" | ! M C , + f ||
Pit' - «' ll^fo)) < | r(e',e') + ({e.e))]"2 + (|| Pu" - u" | |^ ( G ) + | || Pu' - u' H^^,) .
Now, let us denote y(t) = \e(e\e') + ((e,e))]1/2. Afterwards, we obtain for |j Pu - uh \\E

the following estimate:

II Pu - uh \\E< 2,(0) + /0' || Pu" - u" || t3(G) + J || Pu' - «' U^jc dř .
Summary
II u - ufc | |E < || u - Pu | |E +(g(e',e') + (( e,e)))'/ l/ l = 0 + /0' II ^u" - u"

For the special choice
V3, = ufc(.,0) = P<p and T/>, = u'h(.,0) = P ^

the second member is equal to zero. The rest of the right-hand side of the inequality
depends on the choice of the class of spaces Vj,. But it's easy to see that this rest of the
inequality is approaching to zero for h —• 0 because

|| u - Pu | | E < H u - Vfc | | E < const. \\ u - vh | | H . ( G ) for all vh € Vh.

This research has been conducted at the Departement of Mathematics of the Faculty
of Civil Engineering as a part of the research project "Numerical Methods in Engineering
Problems" and has been supported by the CTUgrant No. 8011.
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Discrete n-Dimensional Dynamical Systems

./. GregoT

Department of Mathematics. Faculty of Electrical Engineering. Technická 2. 366 '11
Praha 6

Key words: partial difference equations, discrete systems, linear systems

In general, discrete dynamical systems with several independent variables (u-l)
systems) are operators acting on a set of vector functions x: A —• K. where A is a subset
of Zn and K and Z is the sel of reals and integers.respectively, with values in an analogous
set of vector functions. We have restricted our attention to linear dynamical systems. 1/0
relations of these systems, as well as essential parts of their state space description, can
be written in a form, which we call partial difference equation. It reads as follows

«(o. 3)r(a + ;i) = y(a).a 6 A. lie B. (I j

where the summation is understood over all the elements of the finite set B and A.B
are subsets of Zn. The coefficients a in (1) are square matrices of order in and they may
be independent of a. Equation (1) ' s then with constant coefficients; x. y are vectors of
corresponding dimension.

Previous investigations by the author established sufficient existence and uniqueness
conditions for the solution of (I), and conditions for application of functional transforms.
The attention of our team has been focused on qualitative investigations. We wanted to
characterize the behavior of solutions for special classes of equations (I) which do not
allow application of standard results. The results of these investigations will be shortly
described here.

One part of our efforts was devoted to summarization of our results originating from
algebraic and analytic approaches to equation (1) if its coefficients arc constants. A basic
result in 1-D system theory says that the solution x of equation (1) under zero initial
conditions can always be expressed as convolution of a certain sequence h (usually called
the impulse response) with the input y. In [1] it has been proved thai for n > 1 not
all equations (1) have this property and the class of convolutional systems has been
fully characterized. In these systems x = h * y. Systems (1) with constant coefficients
are also often solved by z-transform. Again definition of the z-transform as an analytic
function of several variables with exact formulation of the translation theorem showed
that some equations (1) cannot be solved by z-transform. Surprisingly, the class of z-
transform solvable systems coincide with the class of convolutional systems under very
mild assumptions on the algebraic structure of the set A in (1). This result is the core of
the paper submitted to the EMCSR 92 [4].

If A = Z2 then the equation (1) is convolutional (trivially) and our main task was
centered around the asymptotic behavior of the fundamental solution of (1). Conditions of
its existence are well known. For a broad class of these equations the asymptotic behavior
has been derived and for a slightly narrower class of 2-D equations new methods for
the analytic description of the fundamental solution have been found [2).These methods
enable a numerical construction of this solution and some advantageous features of these
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asymptotic can be utilized when solving boundary value problems in both interior and
exterior sets.

Some results were obtained for nonslaiidard situations of two kinds. First, if the
coefficients in (1) are square matrices and some of them (for details see [3] ) are
singular, then the existence and uniqueness theorems hrt- no longer valid. Detailed analysis
shows that in some special cases of 2 1) equations.winch can be called equations of first
order, sufficient conditions for the existence of solution, and also sufficient conditions
of uniqueness of solution can be formulated via linear transforms of matrix pairs.
We have found necessary and sufficient conditions for wellpusediiess of these singular
systems.Canonical forms of matrix pair* enable also give sufficient conditions for BIBO
stability (i.e. for bounded outputs whenever the input is bounded) of equation (I).
These conditions will be presented to the 1KKK International Conference on Derision
and Control, at Brighton this year. Second, stability results for imncoiivolulioiml systems
cannot be obtained by z-iransform techniques. We succeeded in finding the kernel for
some equations of first order in these cases and in this way some preliminary results on
stability of these difference equations were formulated.

We made some progress in the vast area of n-I) discrete linear systems, and, last
but not least, we have clearly formulated for our team some problems, the solution of
which could significantly contribute to worldwide efforts in this important area of applied
mathematics.

References:

[1] Gregor J.. Convolutions! Solutions of Partial Difference Equations, Math.of Conlro!, SIR.
and Syst. 4(1991 ),2O5-2I5.
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Numerical Solution of Nonlinear Problems of Physics and
Technology with Applications in Reactor Kinetics
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differentiability, incompressible fluids.

1. Introduction.

The great part of short time processes on delayed neutrons which basically c Jin arise
in nuclear reactors, is a consequence of strong iocal change of parameters. Particularly,
for large rear-.,,rs it is necessary to consider this fact, which requires to describe such
processes more precisely than it is possible e.g. in point kinetics mode).

2. Reactor Kinetics with Delayed Neutronu.

Models of solution of linear reactor kinetics equations with delayed neutrons

, „ . NG XG A'JDG

o
were tested numerically in (1], (2). After space discretization, there is obtained a system
of ordinary differential equations which is stiff, and this fact is a source of difficulties
in numerical solution. In [1], [2] the backward difference method was suggested and
used in [2] quite successfully. In [3] research in this direction continued. After analyzing
stability properties more thoroughly, it was shown that A-stability of the method of time
discretization is not sufficient for these problems, and that they require L-stable methods
combined with methods that exponentially fit the asymptotic solution. In particular, the
behaviour of the 9- method for varying values of B was investigated. The analysis indicates
that employing variable ̂ -strategy could allow using greater time steps and thus accelerate
the computations.

3. Reactor Kinetics Equations with Feedback.

Equations (]) describe the kinetics with delayed neutrons without feedback. For
reactors on power, however, it is necessary to consider the presence of feedback effects.
These effects are caused by an impact of temperature changes and isotopic composition
changes of fuel. The equations describing the processes with feedback are formally the
same as (1), but the coefficients are complicated functions of external and internal
parameters, and the system becomes nonlinear. An analysis of the system was done in (4].
Comparative study of algorithms and programs available, was prepared {5}. It shows that
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then- U a -ílrong need for a program system solving both the kinetic* problems and
feedback in 3'dimensional geometry.

J Hackqnnind Hi starch.

Above mentioned rcsi-arrli needs a thorough theoretical background. In [6] the
int'Tiwdi/itt* differentiability of Lipschitz functions on some Hatiach spaces WAS studied.
The [>a)»er j7] analyses second order (laleaux different lability on separable Danách spaces.
I iiis ViH> written when Dr. Kabia'i was on a visit stay at I In* I'niversity of Waterloo.

Auphi .itions of numerical techniques for other lype of nonlinear problems, namely the
Navief Stokes equations i> p»esentei| in [K|. where the pulsatile flow of incompressible
Newtonian lluid in a circular lube with an axisyminelric constri<"ficnn is investigated,
Niimeticd results are shown, loo.

Jlj I*. Hurda. On thr Time Discretization of Roaclor Kinrtics EquatiotiN. Acta ľolytprliiuca.
20(IV..Í). 10S7.

[2j P. Hurda. V. Lrlrk. C. Simorská. J. VVipsnor. NunipricaJ Solution of Reactor Kinrtics
I'rolilnnis I'sing the Sourer Iterations . Acia Polylnchnica 20 (IV'.3).I!>87 (in Czech).

(3) C Sinicrská. V. Ixlok. Methods for Solving Timedepondent Reactor Kinetics Equations.
Proc ronf. Mathematical Modelling in Engineering, Praha 1091.

|'í] P. Hurda, V. Lelek. C. Simerská, I. Vrba. J. Wiesner. Space-dependent Reactor Kinetics
witl- Feedback. Pro.-, conf. Math. Modelling in Engng.. Praha. 1991.

[5) L. Vrba. Short Review of the Methods and Programs Used to Describe Short Time
Processes in Reaclors. Preprint 1991 (in Czech).

|6j M. Fabian, I). Preiss. On Intermediate Differentiability of Lipschitz Functions on Certain
liatiach Spaces, ace. in Proc. Amer. Math. S o c , 1991.

[7] J M. Horwein. M. Fabian. On Generic Second-Order Gateaux Differentiability. Preprint.
Univ. of Waterloo, 1991.

[ft] P. Hurda. .1. Korenář. Numerical Solution of Pulsatile Flow in a Symmetrically Constricted
Circular Tube. Prcc. Conf. Math. Modelling in Engng.. Prague 1991.

77.w rrscarrh has brrn donr at tht Faculty of Mechanical Engineering , under the
research project "Numerical Solution of Nonlinear Problems of Physics and Technology",
and has bien supported by the CTV grant No. S0I9.
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NUMERICAL SOLUTION OF 2D AND 3D FLOWS
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Praha 6

Key words: Transonic flows, Navier-Siukťs Equations. Kulcr Equation*. I-~ir*it«- Volume
Methods, Finite Difference Methods

The presented work is a continuation of th<* works <»i mjiniTÍ<;il method?- in fluid
dynamics „nderlake nin this department since 1972. The work deals with minierical
methods of the solution of some rases of transonic flows through a 21) cascade or in
2D and 3D channels. The cases arc described by the system of Euler equations and solved
by finite volume methods in the cell centered or cell vertex form. Both numerical methods
are compared in the case of SE 1050 cascade of Škoda Pilsen (turbine cascade) for steady
transonic flow with M^,=0.4 and Mj €<0.7,1.5>. The numerical results are also compared
to experimental results of the Institute of Thermomechanics. We present the numerical
solution of Q3D results using two methods of solution and numerical solution of unsteady
flows through considered cascade caused by a change of downstream pressure as known
function of time t. We also present a numerical solution of incom^resible Navier-Stok<*s
equations in a channel and over airfoils (two different methods) as well as a solution of flow
over NACA 0012 described by compressible Navier-Stokes equations. The last numerical
solution is compared to numerical solutions of other authors published in the Proceeding
of GAMM Workshop on Numerical Solution of Navier-Stokes Equations.

The research has been conducted ot the Department of Technical Mathematics, Faculty
of Mechanical Engeneering TU Prague under the research project "Numerical Solution of
Inviscid and Viscous Fluid Flows' and has been supported by IBM Academic Initiative.
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MATHEMATICAL AND NUMERICAL METHODS OF
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J. Benda* and K. Kozel*
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Technická 4, 166 07 Prague 6

Key Words: Potential Flows, Inviscid and Viscous Flows, Existence, Uniquenes, Finite
Volume Methods, Transonic Flows, 2D and 3D Flows.

This work is some continuation of work undertaken at our department since 1976. The
work deals with mathematical methods of formulation of flows through a cascade or in a
channel described by full potential equations, Euler equations and Navier-Stokes equations
in several modifications. The mathematical part deals with the existence of the solution of
Navier-Stokes equations (common model and bipolar model) and other properties of the
solution. We consider the model of the Navier-Stokes equation for incompressible flows in
a channel and for compressible in general. The existence and uniqueness of a solution of
inviscid subsonic flow was also investigated. In the part dealing with numerical solution
we consider:

J. Numerical solution of subsonic flows described by the equation for stream function and
solution in a 2D cascade by the finite element method with proven convergence rate.

2. Numerical solution of transonic flows in a 2D cascade by finite volume methods in cell
centered form(Mac Cormack scheme) and cell vertex form (Ron - Ho - Ni scheme).
We compare both steady numerical results for the case of transonic flows through SE
1050 cascade of Skoda Pilsen to experimental results of Institute of Thermomechanics
ČSAV.

.'{. Numerical solution of transonic flows in 2D and 3D channel of special form by finite
difference methods (Mac Cormack difference scheme). We compare our 3D numerical
results to numerical results computed by ID theory. This method has not been finished
to the form applicable for numerical simulation of considered cases of subsonic and
transonic flows as it is possible to say about method b).

4. Numerical solution of incompressible Navier-Stokes equations over NACA 0012 for
Reynolds numbers Re€<500,5000> and angle of attack a=0 or a nonzero.

This research has been conducted at the Department of Technical Mathematics, Faculty
of Mechanical Engineering T U Prague as a part of the research project " Numerical solution
of Inviscid and Viscous Flows" and has been supported by CTU grant No 8017.
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NONLINEAR MODELS IN QUANTUM PHYSICS
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+ Department of Physics, Faculty of Nuclear Sciences and Physical Engineering, CTU,
Břehová 7, 115 19 Praha I

-f-+Department of Mathematics, Faculty of Nuclear Sciences and Physic.ii Kiigincoring,
CTU, Trojanova 13, 120 00 Praha 2

Key words: Quantum theory, nonlinear equations, differentiate Tiia'iif-.ii'K. <pi.Mii •mi
groups.

Rigorous investigation of nonlinear systems in classical and quantum physics represents
one of the most important trends of contemporary research in mathematical physics. The
delinearization of the formerly linear-models of current interest has been studied in the
following three main areas:
1) Nonlinearities connected with nonzero curvature and nontrivial topology of underlying
configuration or phase spaces (studied using modern geometric methods).
2) Nonlinear evolution equations of classical and quantum systems (studied also by
geometric methods).
3) Nonlinear supplementary conditions imposed on the algebras of observables (studied
by modern algebraic methods and methods of representation theory).

In this brief exposition of our research we shall concentrate on the main results achieved
at the Departments of Mathematics and Physics the Faculty of Nuclear Sciences and
Physical Engineering. Further results are the subject of the companion research report[9]
on the classification of nonlinear terms in a generalized Schrodinger equation, which has
been investigated as part of the common grant project No. 8002 at the Department of
Physics of the Faculty of Mechanical Engineering.

1. The investigation of general quantum theory on manifolds was conducted with the
aim to find its consequences in general, as well as in special models: [1] The general
geometric structure of quantum mechanics on homogeneous configuration manifolds
was shown to be closely connected with generalized symmetries involving invariant
connections. [2] Quantum theory of gravity in two dimensions was reformulated in a
preliminary investigation in the form of equivalent field models (Liouville field theory,
matrix models).[3] For the special but complicated model of inultisolenoid Aharonov-
Bohm effect Green's function was determined by means of Krein's formula. [4] For the
two-solenoid Aharonov-Bohm effect the scattering matrix was calculated. [5] Quantum
mechanical study of electrons in quantum waveguides represents topic important also
from the point of view of technological applications. Here a new effect was discovered by
application of rigorous methods of functional analysis: in thin curved conducting tubes, the
curvarture induces bound states or resonant levels. [6] Nontrivial self-adjoint extensions of
model Hamiltonians with a symetry may lead to nontrivial Schrodinger operators which
do not preserve this symmetry.

2. Nonlinear evolution equations were studied in the classical field theory of instantons.
[7], [8] The instanton moduli spaces were explicitly described as certain algebraic sets. [9]
Possible nonlinear terms in a generalized Schrodinger equation were the subject of
investigations reported by K.Koštál and B.Rudolf.

3. Great part of our studies was devoted to a rapidly and unexpectedly expanding field
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of quantum groups. [10] The representation theory was developed for the exceptional Lie
algebra G2. [11], [12] A two-parameter deformation of si (2) was discovered in [11] and the
corresponding representation theory developed in [12]. [13] Representations of qauntum
groups U3(gl(n,C)) .vere investigated.

The reported work in 1991 resulted from the longstanding research of our group with
a number of collaborators from other Czechoslovak institutions as well as from abroad
(see references [1], [5], [6], [10], [11], [12], [13]). As the mediators for the exchange of
information two regular seminars were of invaluable help; the Seminar of Mathematical
Physics at the Faculty of Nuclear Sciences and Physical Engineering and the Seminar of
Quantum Groups at the Physical Institute of the Czechoslovak Academy of Sciences.Both
were attended by research students who learned whilethere to report on their work [2],
[14], [15].
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[1] H.D.Doebner, J.Tolar: "Quantum mechanics on homogeneous spaces and invariant
topological potentials" ,to be published.

[2] P.Jiráček : "Quantum theory of gravity in two dimensions", to he published.
[3] P.Štovíček: "Krein's formula approach to the multisolenoid Aharonov - Bohm effect",
Journal of Mathematical Physics 32( 1991 ),2114-2121.

[4] P.Štovíček "Scattering matrix for the two-solenoid Aharonov-Bohm effect"1, to be
published in Physics Letters A.

[5] P.Duclos, P.Exner, P.Štovíček: "Curvatureinduced resonances in two-dimensional
Dirichlet tube",to be published.

[6] H.D.Doebner, J.Tolar:"Algebras and symmetries-quantum mechanical symmetry
breaking. In "Symmetries in Science V", Plenum New York 1990.

[7] P.Štovíček: "On the initial condition for instanton solutions". Communications in
Mathematical Physics 136(1991)53-82.

[8] P.Štovíček"" The instanton moduli spaces as algebraic sets, to be published in Journal of
Geometry and Physics.

[9] K.Koštál,B-R-udolf: "Nonlinear models in quantum physics. Nonlinear terms in the
generalized Schrôdinger equation", to be presented at the WORKSHOP1 92, CTU, Prague.

[10] Č.Burdík, M.Havlíček, M.Thoma:" Note on finite-dimensional representations of the
simple Lie algebras: An example G2", to be published in the Proceedings of the Wigner
Symposium II, Goslar 1991.

[11] Č.Burdík, M.Hlavatý: "A two-parameter quantization of sl(2)", Journal of Physics A:
Mathematical and General 24 (1991) L165.

[12] M. Bednář, Č. Burdík, M. Couture, L.Hlavatý: "On the quantum symmetries associated
with the two -parameter free fermion model", to be published in Physics Letters B.

[13] Č.Burdík, M.Havlíček,A. Vančura: "Irreducible highest weight representations of quantum
groups Us(gl(n,C))", to be published.

[14] M. Thoma: "Study of representations of algebra G2 '\ Diploma Thesis, CTU 1991.
[15] R Levinsky: "Quantum groups", review report, 1991.

This research has been conducted at the Departments of Mathematics and Physics of the
FNSPE as a part of the research project "Applications of modern algebraic and geometric
methods in subnuclear physics" and has been supported by CTU grant No. 8002.

28 1-16



CTU PRAGUE WORKSHOP 92, SECTION 1. MATHEMATICS
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The classical theory of probability and statistics is based on the Kolmogorov model.
The event structure described by this model obeys the laws of classical logic and it
is therefore Boolean. For instance, whenever A, B are two events that are considered
in an experiment, they can be treated simultaneously and hence their conjunction and
disjunction can be considered, too. We however may deal with an experiment whose event
structure is not subject to Boolean laws. What happens is that some events cannot be
considered (observed) simultaneously - we encounter the noncompatibility phenomenon.

Quantum physics is a typical source of such situations. Due to the uncertainty principle,
each measurement affects other measurements and in turn it changes the system itself.
Thus, every model of quantum mechanics has to have the noncompatibility notion
embodied. There are also other systems in which measurements change the state of
the system or the initial state of the experiment cannot be determined precisely. This
is often present in "soft sciences" (psychology, sociology, etc.). The state of the society
varies all the time - once the results of a social study are known, they are likely to
change people's opinion and thus influence further investigations. Also, when we try to
determine psychological categories, for instance, measure such quantities like IQ, we again
encounter the noncompatibility phenomenon since each measurement changes irreversibly
the knowledge of an individual. The same problems may also appear in complex systems
of AI [10].

The appearance of the noncompatibility phenomenon requires an alternative
(nonstandard) probability model. Several attempts were made to formulate reasonable and
plausible axioms of such models and develop an alternative probability theory suitable for
applications. Some of those models were dealt with (and contributed to) by the research
team which applies herewith for a grant. Let us mention explicitly the areas of the main
activity of the team:

1. Models based on projections in von Neumann algebras (a commonly used tool of
quantum physics - see [6]).

2. Set-representable logics (a set-theoretic generalization of the notion of Boolean algebra
- see [2]).

3. General quantum logics (a common generalization of the lines under 1 and 2 - see [2]).
4. Models based on fuzzy sets, especially fuzzy quantum space models.

Our research team has contributed considerably to the development of alternative
probability models as numerous publications and high international reputation of the team
proves. Here are some of our recent substantial results: In the first model, achievements
in the study of vector-valued measures were made (e.g. in [1,9]). We contributed to the
second model by developing the basics of integration theory in the more general context
[3]. One of the main results in the third model was proving that there is no dependence
between the most important structures (from the physical point of view) in quantum
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logics [5,8]. In the fourth model, we established and clarified the similarlities between
fuzzy quantum spaces and Boolean algebras. Based substantially on results of our team,
the monograph [7] was written.

Undoubtedly, the alternative probability model theories are very topical. They
challenge mathematicians (both pure and applied) as well as physicists. Areas of potential
applications of the results achieved have been indicated at the beginning of this paper,
but there are many others. The team of the Department of Mathematics has already
established its position in this rapidly developing discipline. It seems highly desirable to
carry on this research.
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The method of orthogonal functions for approximation of multidimensional observed
data has been further developed. The crucial theoretical problem in this field is the
question how to choose base functions. A possible requirement on the base functions may
be that they are symmetric with respect to the independent variable quantities. Such a
linear independent function set symmetric with respect to two variables was found.

Note the space of observed data appurtenat to n — 1 independent variables as Xn~'. It
is necessary to investigate approximation behaviour within the space X"~'. The number
of observed data and its distribution in X n - 1 is relevant; subsequently the quality of
approximation differs in various domains of Xn~'. Numerical experiments were carried
out for this purpose; approximation seems to be satisfactory within the domain including
the observed data (a process of interpolation in the space X""1 in fact). In the other
domains of X""1 the approximation behaviour deteriorates with increasing distance from
the observed data. The configuration of the observed data domain in the space X"""1 itself
may be complex in particular cases and approximation properties may considerably vary
within the X""1 space.

At the present time the translation of the appropriate programme from BASIC to
PASCAL is carried out in order to make it possible to solve the problems requiring larger
computer memory.

The further development of the programme package ATLAS for regression of curves
and surfaces proceeded in two ways: 1) A new library of subrutines and functions better
utilizing possibilities of graphical unit was created, 2) A new main programme written in
C language makes it easy to control the computation process by the use of a single scroll
bar menu.

Moreover the properties of the ATLAS function

p(x) = b,xki + b2xk2 + b3xk3

and its derivative dp/dx (bl,b2,b3 are real parameters, kl, k2,k3 are rational numbers)
were investigated. The intervals including zero points or the zero points itself were
determined analytically in particular.

The noninteractive programme package NONLIN for nonlinear regression was also
considerably altered. The new version is interactive. That is why the new main programme
was necessary; it was written in C language. A new user friendly option makes it easy to
see all the outcomes of the regression analysis also on the display.
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In accordance with the object of this grant, the mathematical model of reliability of a
technical machinery was derived. The reliability is comprehended as a general property
of considered technical machinery to satisfy desired functions during a given time. If we
comprehend the reliability in this way, then this general property will be defined by values
of a technical machinery state. For the record simplicity, we consider here a case, when
a technical state is only determined by one parameter, so that the technical machinery
state may be a function of the type S(t), t>0.

Now, if we consider the factors which have an effect upon the technical state, we
can roughly divide them into two classes: non-random and random factors. The random
factor; we can subdivide into two following classes: the random factors, which present
themselves continuously and the random factors, which present themselves as jumps on
the trajectories. If the effect of these three groups of the factors is additive, we can suppose
that the function S(t) is a solution of a stochastic differential equation of a type

dS(t) = a(t,S{t))dt + f(t.S(t))dw(t) + í c(t,S(t),x)Ji(dt.dT) (1)
JE\

The solution of equation (1) with initial condition S(s)=x. s>0, is denoted by SJr(t),
t>s. It may be proved, that SSJ:(t) is a Markov process.

Let a set C have the following meaning: if S, r(t)€C then x€C' and the technical
machinery is able to satisfy the desired function during an interval <s,t> and if S,x(t)
is not a member of C then x€C and the technical machinery is not able to satisfy the
desired function at time t. The set C may be any Borel set. Now, we denote r „ = inf {t:
t > s, S„.(t) is not in C }. Further, the estimators of the probabilities of events {r,r > t}
or {T,T < t} were derived. These events can be interpreted as events of the first failure
after time s comes after time or before time t by the assumption that at the time s the
technical machinery was able to satisfy the desired functions. To obtain the estimators of
these probabilities, we used the method of Ljapunov's functions. With respect to different
conditions, several estimators of the probabilities under consideration were derived. By
means of these general estimates, the complete analysis of the cases was performed when
S3j:(t) are solutions of the linear stochastic differential equations. The received estimates
are simple and may be easily calculated so if we know the state of the technical machinery
at time s, we promptly get the answer for the question: what is the probability of the
failure at time t, where t is arbitrary and t>s.

Another problem we studied was connected with some physical, biological or other
phenomena which can be described by means of time series which are not stationary but
stepwise stationary. The problem was to find points of change and to classify finding
segments. The analysis consisted in following three steps: identification of the model,
segmentation of the signal, and classification of segments. We verified our results by
a numerical simulation using our own program. We used the real signals obtained by
monitoring the vibration of car wheels hinges on different road surfaces.

This research has been conducted at Ike Faculty of Mechanical Engineering (Department
of Physics and Department of Technical Mathematics) as a part of the research project
"Statistical Methods in Physics and Technology" supported by Czech Technical University
grant No.8020.
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Reliability of a building structure is generally dependent on many uncertainties which
are, in the presented research work, divided into two groups: randomness, handled by
classical theory of probability, and imprecision or vagueness in definitions, handled by
methods of fuzzy sets theory as an attempt to extend previous investigations [lj -m<J
results of own research (2).

Performance of a structure is verified by suitable reliability parameters correspond'r.g
to relevant functional requirements imposed on the building or civil engineering work.
In many cases one parameter u may be considered independently of the others and this
fundamental case is considered here to demonstrate progress in the research until now.
The parameter u is defined in such a way, that with its increasing value ability of a given
structure to comply with the specified requirements gradually decreases and the level of
satisfaction with these requirements may be expressed by the membership function //.(u)
indicating support for the structure to be a member of a fuzzy set of satisfactory si ructures
S. The previously used tri-linear form [2] of that function is generalized by the following
power function

th(u) =1 if u < /,.
/Í,(U) = (/j - u)"/(/, - /,)" if /, < u < l2.

fi,(u) = 0 if lj < u,
where /i and h denote the lower and upper limit of the transition region, whore tin-
structure gradually loses its ability to comply with the functional requirements, and
n denotes a suitable exponent derived from the character of this requirements ami
implied dependence of the ability of a structure on the parameter ti; all these parameters
characterize the fuzziness (not randomness) of the relevant functional requirements and
should be derived from the nature of the considered requirement. The complement of the
fuzzy set of satisfactory (safe) structures 5" is the fuzzy set of damaged (failed) structures
F; thus it holds that F = non S, and the corresponding membership function of the
fuzzy set F is given as fij(u) = 1 — ftM(u).

Both membership functions /JS(U) and fij(u) may have considerable scatter and
consequently are assumed to be monotonie random functions described by certain type
of marginal probability distribution in "vertical" or "horizontal" section. The first type
of distribution ( for a given parameter u) seems to be more suitable for experimental
investigations, while the second type of distribution ( for a given value of membership
functions) appears to be more convenient for further probabilistic analysis. Thus, generally
both types of distributions and their mutual transformation are needed. However as
there are no principal difficulties to transform one type of distribution to another, recent
theoretical investigation as well as this contribution considers the failure membership
function fij(u) and marginal probability density distribution <f>/(u | fi/) of the parameter
u, given the damage level ///. Moreover it is assumed that the membership functions,
indicated above represent the mean functions and the distribution 4>j{u I /*/) is the
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normal distribution of approximately constant standard deviation aj for at least a certain
domain of the dami"»e level fij. The standard deviation aj is therefore the characteristic
of randomness of the boundary of the fuzzy set F and should be df termined using relevant
statistical data.

The probability that for a certain value of the reliability parameter u the functional
requirements are violated at a given damage level fij, can be expressed by the appropriate
cumulative distribution function • / ( " | fij) which is called cumulative damage function;
the probability of failure of a structure at the level ft/ is then given by the integral

where 4>,(u) denotes the probability density function of the actual (structural) valur r of
the parameter u , which depends on the mean m,, the standard deviation at and possibly
by other statistical characteristics.

An accepted simplified optimization model for design of building structures is based on
the requirements for the minimum total cost of a structure and its long term performance
[3). The objective function is derived as the expected total cost of structural performance,
which may be written as

C{mz.a2) - C0(m.,<r.) + * (m.,<Ts)Cf .
where Co (m„<r,) denotes the initial and C/ the malfunction cost of the structure

due to its complete lost of suitability. For a given membership function fij{u), the fuzzy-
probabilistic measure of the structural reliability * (tnt,az) follows as

*(m,,<r,) = /„' n Pj(m) dfij .
Necessary conditions to minimize the total cost are derived from partial derivatives of the
function C (mz,<rz) with respect to the decision variables being implicit arguments of m.
and <r, [3j.

Results of the research until now clearly indicate, that vagueness in definitions of
limit states is the most significant source of variances in evaluation and assessment of
structural reliability. Applications concerning optimization of serviceability limit states [3]
show, that proposed new approach enable appropriate specification of imposed functional
requirements and their rational transformation into the practical rules for design and
assessment of buildings and civil engineering works.
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The random and progressive character of earth slope failures has been recognized
for many decades. Like most geotechnical engineering problems the stability analysis
of earth slopes involves not only spatially varying properties but also numerous
uncertainties resulting from insufficient information and inadequate knowledge of the
random characteristics of soil profiles. As for the spoil heap, arisingin close proximity of an
open-pit mine, ainsiderable changes of material properties of soil in lime also have to be
taken into account. Let us shortly enumerate some of factors that contribute to progressive
failure of earth slopes (see e.g. (I]}: Nonuniform stress and strain distributions, strain-
softening of soils, softening due to the presence of fissures and the action of water, stress
release, increase of water pressure, weak lenses of sand or soft clay, and environmental
effects.

Direct observations of slope failure and inferences drawn from many case records have
confirmed the existence of slip surfaces as boundaries of earth masses subject to sliding.
Therefore, it is desirable to retain the concept of a potential slip surface while modelling
progressive failure. There are two basic approaches to the estimation of a shape of potential
slip surface:

The first one utilizes the varialional technique in prospective combination with the
minimum reliability of the first slice above the slip surface with a non-circular shape (Fig.
1)-

1-1

Pig.]. Variational determination of the critical sliding line

The efficient program has been developed at our department this year and a very
good correspondence has been achieved while comparing our results with observations
of real slopes. Linear approximations for the function y and for the normal stresses
are adopted whereas the shear stress is kept constant within the framework of each
segment of the sought boundary [2]. The perturbation method has been applied to the
description of random material properties along the respective slip line. Starting from the
autocorrelation function of the material parameters (cohesion and friction), the transition
failure probability can be determined. It appears that the critical surfaces obtained are
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usually associated with high values of transition probabilities along lliese surfaces (i.e.
high probability of global failure).

Simulation, involving sampling and estimation, is the most prevalent statistical
approach which requires, in contradiction to the above mentioned perturbation technique,
only a moderate arrangement of conventional programs for the deterministic stability
analysis of earth slopes. The authors have very good experiences with direct Montr Carlo
simulation, stratified sampling and Latin hypercube sampling {3].

The versatile finite clement method is now a well accepted procedure in many areas of
engineering. Its efficiency for the non-linear stability analysis of spoil heaps is emphasized
in t lie contribution. The original mode), based on the approximation of stresses and
making use of the incremental theory of plasticity for soils, is the second basic approach
to the estimation of a shape of potential slip surface as well as the second main result of
foregoing solution of the project.

The fundamental problem is how to obtain a hitlficienl amount of experimentally
acquired input data which make possible to define cla.slo-pla.slic properties of the material
under consideration in a sufficient way. That is why considerable attention has been paid
to the undrained triaxial tests of heap material up to now. Unfortunately, we still cannot
predict which kind of CAM-rUy family should be suitable for this purpose (see e.g. [i]).
The laboratory tests are to be completed with the measurements in situ. The solid-soft
inclusion instrument is applied to the monitoring of the entire stress field. The instrument
is an epoxide solid cylinder with six strain gauges. When using the Kantorowitsch method
the equilibrium state of stress can be computed from the measured strains. A number of
numerical tests were carried out to verify the proposed theory.
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Tlte rest-arch project currently undertaken al the Klokner Institute is partly devoid!
to t tic improvement of available statistical methods for quality control to (.ike into
account specific features (small samples, asymmetrical distributions) of quality control
in building. In view of previous results and experience the International Organization for
Standardization asked the authors of this contribution to accept chairmanship of the newly
established Working Group ISO/TC98/SC2/WG3 developing a new ISO document on
"Statistical methods for quality control of building materials and components". Therefore
some results of the research described below are also included in the first draft of the ISO
document, which has been elaborated in the Klokner Institute (see description in [I]).

In building one of the most important questions is the estimation of population fractile
ip using the sample mean m, standard deviation s, and possibly non-zero skewncss a.
The three-parametric lognormal distribution for the observed variable x is assumed to
generalize previous results [2] derived for the normal distributions. It has been shown
that the interval estimate of the fractile xv may be given as

m — k s £ xp < m — k' s ,
where the coefficients k and k' depend on the probability p, confidence T, sample size
n as well as on the coefficient of skewness a. Numerical results confirm, that for a given
probability p the accuracy of the estimate (width of the interval) is significantly dependent,
on the confidence T, on the sample size n as well as on the skewness a. The results seem to
be particularly important for evaluation of small samples often encountered in the quality
control of building materials and components.

The methods for estimation of the population fractiles are related to another important
problem of quality control in building, namely to the inspection procedures. A lower
limit L for the control variable x is given and using sample data acceptability of the
whole population is to be verified. The acceptance criterion may be specified as follows: a
population with the percentage of defectives equal or greater than 5% should be accepted
uttermost with the probability 0.05 (i.e. with the confidence r = 0.95 such a population
will be rejected). However, according to the international Standard ISO [3] concrete should
be judged for compliance by a single criterion which at a 5% fraction of defectives gives
a probability of acceptance between 0.50 and 0.95 (i.e. with confidence r = 0.05 to 0.50
a population will be rejected). Such a single criterion may be written as

m — k s > L ,
where L denotes the specified lower limit of the control variable (say, the characteristic
cube strength) corresponding to 5% fractile io,os of the variable x and the coefficient k
depend on the confidence T, sample size n and the coefficient of skewness a. For example,
if n = 15 and a = 0, derived values of the coefficient k for selected values of the confidence
T are given as:

confidence r 0.05 0.50 0.78 0.95
coefficient it 1.11 1.68 2.04 2.57
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It is obvious that the required confidence r has considerable effect on the coefficient
k and, consequently, on risks of making a wrong decision. The best control over the
power of various sampling plans is however obtained from the corresponding operating
characteristic curves indicated for the above criterion and for selected coefficients k in
Fig.l.

A sampling plan always involves both producer's risk a corresponding to the acceptable
quality level AGL, and consumer's risk 0 corresponding to the limit quality LQ. The effect
of sampling is thus a classical compromise where producer's and consumer's risks need to
be delicately balanced by taking account not only inspection and test cost but also cost
of failure in service. The proposed sampling plan, indicated in the Fig.l. by the full line,
is based on the requirement of even respect for both producer and consumer concerns,
namely a = 0 = 0.05 [1], or in more general terms on the requirement of limited permitted

Oregion for acceptable operating characteristic curves.

Fig.l. Operating characteristic
curves for the sample size n =
15 and various coefficients k cor-
responding to the confidences r,
that a population with 5% of
defectives will be rejected. The
full line indicates the sampling
plan included in the draft of the
ISO document valid for a =
0 = 5%, AQL = 0.25% and
LQ = 10%; the corresponding

5 10 15 coefficient k = 2.04.
PERCENT DEFECTIVE

Methods of quality control in building should be systematically based on rigorous
statistical principles and well-defined terms to avoid frequent misunderstanding and
misinterpretation of the controlled data. In the near future the research project should be
focused on further development of quality control methods applicable to small samples
and asymmetric distributions.

Methods of quality control in building should be systematically based on rigorous
statistical principles and well-defined terms to avoid frequent misunderstanding and
misinterpretation of the controlled data. In the near future the research project should be
focused on further development of quality control methods applicable to small samples
and asymmetric distributions.
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We have prepared a project which deals with the research and development of the
headline topic. Although our project obtained no grant in 1991, we have worked on this
problem and can announce some results of our activities:

1) Two papers which will be described later were presented at the 7-th International
Symposium on High Voltage Engineering in Dresden (Germany), and

2) Our team provided several measurements using three different diagnostical method
on the new type of transformer fabricated by CKD. These methods were elected with the
aim to find changes in transformer winding during both high-voltage and short-circiut
tests. The mechanical state of winding was tested by the frequent characteristic method,
the partial discharges were detected by the acoustical method and by the global electrical
method. The measurement results are filed in the high voltage laboratory.

Abstracts of papers
T.Hasman, V.Kvasnička: Method for Testing of Transformer Windings
This method is suitable for the detection of such failures of transformers as short-

circuits of winding turns or deformations of windings. It is based on the recognition that
failures of transformer windings change frequency characteristics of wind! ig coils. When
detecting failures of transformer windings by this method, it is necessary to compare
the frequency characteristics of the new transformer with the frequency characteristics
measured on the same transformer when it is under suspicion of failure. When the
frequency characteristics are identical, the winding is in order. When there is any difference
in these characteristics, there is a failure in the winding. The measuring circuit is shown
in fig.l.

The sensitivity of this method was tested on the transformer 200 kVA, 10 kV / 400 V.
The short-circuit of one high voltage winding turn was detected and the deformation of
the high voltage winding was detected too.

F.Wohlmuth, K.Záliš: Partial Discharges Measurement on Large Generators
The global method for PD-measurement on electrical machines (off line) represents a

simple and inexpensive means for insulation diagnostics but it has some disadvantages.
First, the dielectric stress of insulation is independent of the position of turns or coils
related to the terminals during the testing with the external source while this stress
changes during the usual operation from zero in nodal point to maximum on terminals.
Second, the impulses caused through PD-activity in the insulating system of the machine
can be overlapped by impulses originating outside the machine. The first problem can
be removed by using the off-line method, i.e. by using the voltage of the tested machine
which has the same voltage distribution as with usual operation. The second problem can
be solved by using the off-line method with the bridge connection.
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The new method solves both of these problems as long as the machine to be tested
is a large alternator with encapsulated outlet conductors (EOC). It is based on mutual
interference of impulses originated outside the machine when these are detected in two
places of the EOC and led to the detector through two different ways while the searched
impulses (originated in the alternator) are added in the same connection, see fig.2.
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This research has been conducted as the joint work of several departements reassuming
results and knowledges obtained in last years. It mas not financed by any grant. We have
now prepared a new project "Reliability of Power Devices Insulation Systems" and we
hope it will be supported by a grant from the Czech Technical University.
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An electrostatic precipitator is an apparatus which serves for the removal of suspended
solid or liquid particles from a gas stream. The gas with particles is passed through an
electric field created by the system of discharge and receiving electrodes. The discharge
electrodes (usually wires or strips with points) are connected to the negative high DC
voltage, the receiving electrodes are grounded. When the electric field strength around
the discharge electrodes is big enough (it depends on the voltage, on the shape of discharge
electrodes and on the distance between discharge and receiving electrodes) the negative
corona discharges develop in the vicinity of discharge electrodes. The particules included
in the gas are charged by the negative charge and owing to the electrostatic strength move
to the receiving electrodes where they are deposited. The precipitators are equipped with
the trapping mechanism to let the collected particules drop and fall by the gravity into a
hopper.

The precipitation efficiency depends among other things on the magnitude of the
voltage of discharge electrodes. The magnitude of this voltage should be as great as
possible but too high voltage causes many breakdowns between electrodes and the work
of the precipitator is very unstable. The voltage magnitude is set by a control unit which
follows the number of discharges in a time interval. The control system cannot recognize
the places of breakdowns and if any breakdown occurs out of the 'active' space of the
precipitator (the space where the negative charge arise by the negative corona) the control
system is confused and decreases the working voltage incorrectly. For that reason such an
arrangement of the electrode system which enables breakdowns only in the 'active' space
is of great importance.

The producer of electrostatic precipitators in Czechoslovakia, ZVVZ Milevsko, asked
the authors of this paper for help with the arrangement of the electrode system in
connection with the increase of the precipitator power. An experiment arrangement was
suggested which contained both 'active' and 'nonactive' parts of the precipitator electrode
system. Each part was tested in order to measure the breakdown voltage.

It follows from the experiments made in the High Voltage Laboratory of the Faculty of
Electrical Engineering of the CTU that bushing-insulators are those parts of precipitators
on which breakdown can occur in lower voltage then in the 'active' space of the
precipitator. Therefore the attention was focussed on the arrangement of the bushing-
insulator.

There are two functions of the bushing-insulator in the precipitator:
• They hold the whole system of the discharge electrodes (they are loaded by the

mechanical stress).
• They insulate discharge electrodes from the grounded parts of the precipitator.
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Besides, the bushing-electrodes are exposed to the thermal load (the temperature of the
gas in the precipitator is about 200° C) and to the electrical breakdowns.

In order to increase the breakdown voltage of the bushing-insultator the new shape of
the bushing-insulator was suggested. The basic idea of this suggestion [1] was the increase
of the tangent stress of the insulator material. This new shape of the bushing-insulator
increases the breakdown voltage.

Because some cracks of bushing-insulators occurred in the operation of precipitators
the authors of this paper were asked to find if breakdowns can cause these cracks.

The experiments on the model of the bushing-insulator were made [2] which enables
one to explore the influence of electrical discharges (breakdowns) on the bushing-insulator.
It was shown that electrical breakdowns on the bushing-insulator can cause cracks in it.

References:
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Manufacturing, traffic and database management systems, communication protocols
and logistic (service) systems are examples of event-driven dynamic systems that we
classify as Discrete Event Dynamical Systems (DEDS). They are characterized by
transitions that occur in them rather than by continuous flow of specific quantities. The
existence and timing of interactions called "events"are fundamental characteristics. DEDS
is discrete in time and state structure. For example in a production line events are the
arrivals and departures of parts at and from the workstations, the failure of a machine,
etc.. The contributing sciences in modelling and control of DEDS are notable control,
computer k communication and engineering together with operations research. With this
variety of supporting disciplines it is no surprise that the DEDS research encompasses
a wide variety of problem types and modelling approaches. The industrial applications
[1],[2] of computer control of manufacturing systems inspired the author to investigate
the state of the art in modelling of DEDS and to develop a Discrete State Space Model
as a basis for optimization, scheduling and control tasks.

No single model can capture the characteristics of the system at all levels of interest.
The following are well known and frequently used: Automata, Petri Nets (PN), Minimax
Algebras, Queueing Networks and Perturbation Analysis. In the automaton-based model
[3] the DEDS is modelled as the generator of a formal language. Unfortunately the
size of the model increases with the number of components exponentially. This leads
to the computational complexity of the resulting algorithm. Petri Nets [4] models the
system in every possible detail. PN is good modelling tool but not very useful when the
synthesis of control actions are to be designed. The minimax algebra [5] exhibit large
compactness. Large complicated model can be built through the combination of simple
ones. As a resuit, the whole structure of linear system theory can be emulated. A queueing
network [6] is a collection of queues with interdependent operation. As a model it is useful
for long run performance evaluation in steady state situations. They cannot tackle the
transient phase. The simulation tools for DEDS are very important. There exist numerous
software packages or single programs. The question is what information about the system
properties serving for the controller design will be achieved from a single simulation run.
The perturbation analysis [7] is the technique that provide further information based on
simulation. The conclusion from the overview given above is that no general and compact
model as the state space model for continuous (variable) systems is available.

The model similar to the state space discrete time model for describing a class of flexible
manufacturing systems has been proposed in [8]. The synchronization with a clock has
been artificially introduced while the other natural characteristics of the system have been
preserved. The system dynamics is described as x(k+l) = f (x(k),u(k),k) , where x ... state
variable (state of a machine, buffer, etc.), u ... event (starting of the operation, failure
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of a machine, departure and arrival of a customer), k ... timing. While x is discrete, u
is logical. There are usually many restrictions connecting the state of a system with the
manipulated variables u in the time instant k. Those are described by a set of algebraic
equality and inequality conditions valid in the time instant k. The optimal control and
scheduling problem can be easily formulated using various types of integral criteria. Thus
the optimal control problem can be established. The resulting problem is basically discrete
optimization problem. As the dimension of a state vector is usually extremely high no
classical method like dynamic programming or mixed integer programming can be used.
Fortunately the model is usually decomposable [8].

The proposed model has been adopted for describing two particular manufacturing
systems one in chemical and the second in machine industry. An optimization problem
has been formulated for a class of flexible, unidirection flow manufacturing system. A
solution methodology has been tested on a case study.

References:

[1] Horáček,P.-Babuška,R.: ČKD TRAKCE - Technology description. ČVUT-FEL, Report
No.K335-1991-46 ,Prague, 1991.

[2] Horáček,P.-Sládek,B.: UNILEVER - Liquid detergent production system. ČVUT-FEL,
Report No. K335-1991-45 , Prague, 1991.

[3] Ramadge,P.,J.,G.-Wonham,W.M.: The Control of Discrete Event Systems. Proc. IEEE,
Vol.77, No. 1,pp.81-98, January 1989.

[4] Reisig,P.: Petři Nets. Springer Verlag, New York, 1985.
[5] Cohen,G.-Moller,P.-Qadrat,P.-Viot,M.: Algebraic Tools for the Performance Evaluation
of DES,Proc.IEEE,Vol.77,No.l,pp.39-58,1989

[6] Kleinrock.L.: Queueing Systems, Vol.l:Theory. Wiley, New York, 1975.
[7] Ho,Y.,C: Performance Evaluation and Perturbation Analysis of DEDS. IEEE
Trans.Auto.Control. Vol.AC-32, No.7,pp.563-572, July 1987.

[8] Horáček,P.: Optimal Control of Dynamical Systems with Logical Variables. Proc.Prague-
Linz Workshop on Modern trends in Cybernetics and Systems, Temešvár, June 1990.

This research has been conducted at the Department of Control Engineering as a part
of the research project "Planning, Scheduling and Control in CIM" and has been supported
by Czech Technical University grant No.8048.

48 3 - 2



CTU PRAGUE WORKSHOP 92. SECTION 3. INFORMATICS

TECHNOLOGICAL CONTROL OF INDUSTRIAL ROBOTS

M. Valášek*. J. Žáček** and R. Kalný**

* Department of Mechanics. Faculty of Mechanical Engineering. CTľ.
Karlovo nám. 13, 121 35 Praha 2

** Department of Electrotechnology. Faculty of Electrical Engineering, ("TU,
Technická 2, 166 27 Praha 6

Key words : robot manipulator, control, programming, technology

Introduction: The programming and control of industrial robots is a difficult problem
because it requires knowledge about mechanics, electronics and control. Especially difficult
is the CAP, resp. CAM of working places with robots because it is difficult to transform
the required robot operation described from the point of technology into particular control
instructions of robot servoes. A possible solution is a technological control programming
language which enables direct description of the required robot motions which are
automatically transformed into control instructions.

Background: The intensive knowledge of mechanical description of robot motion lias
been gained at the Department of Mechanics, FME CTU Prague during research activities
in the previous 15 years. A powerful formalism for description of kinematics of robots
is based on a matrix approach, especially on the basic matrix approach (e.g. [1], [5]).
This knowledge has enabled the development of efficient methods for inverse kinematic
transformation of robots, in particular for so-called simple robots [5] for which there
exists an analytical solution and for so-called non-simple robots [4] for which only a
numerical iterative solution exists. The inverse kinematic transformation is the basis for
sophisticated control of robots, the so-called continuous path control.Close cooperation
between the Department of Mechanics, FME and Department of Electrotechnology, FEE
started while solving this problem, to develop the inverse kinematic transformation for a
non-simple robot PR60-M of VUSTE Praha,. Other important results such as the time
parametrization of pure technological paths which satisfies the dynamic contraints on
servoes for trajectory planning have been achieved [2].

At the Department of Electrotechnology, FEE CTU Prague a prototype of school
training robot with six degrees of freedom has recently developed [3]. It includes the
complete mechanical construction of the robot as well as the design and realization of
servoes and control system (including algorithms) on the basis of microprocessors 8051.

Results: The whole project is divided into the following stages and simultaneously we
expect the following results:

- definition of technological requirements on the robot motion (the application of basic
matrix description of position and orientation of robot effector in end position and also
in continuous path.

- transformation of technological description of robot motion into geometrical
description including the time parametrization of robot trajectory

- division of robot effector trajectory into particular intervals suitable for interpolation
- transformation of interpolated intervals of the trajectory in cartesian coordinates into

joint coordinates of the robot
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interpolation of trajectory intervals in joint coordinates ami input of these values
into the loiilrol system of servoes of the robot including possible compensation of robot
stiffnesses Arid clearances.

This solution will l>e verified on the prototype of the school training robot. The solution
is being prepared as a modular solution and thus it is applicable in different industrial
robots. The side effect of the project is the possible application of school training robot
in education on both faculties FME and FEE as a basis of mechatronica! study at C'TI'
Prague.

Conclusion: '["he aim of the project is to develop the technological control language of
robots including the implementation of control algorithms and the verification on school
training robot. The input of the control language will be the geometrical description of
the required robot motion by means of the basic matrix approach and the result will be
the sequence of final control instructions for particular servoes of the robot.
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introduction: Many mechanical systems such as underwater robot manipulators,
flexible robot manipulators, flexible mechanical structures, flexible spacecraft, cranes,
servo-controlled systems, walking machines etc. have multiple input (control variables)
and multiple output (desired variables) and the number of control and desired variables
is different. Similar important systems are also in chemistry. The control of these systems
is generally very difficult especially in cases when the introduction of classical feedback
control is nonrealizable.An example of such problems is the unwanted residual vibration
of the crane at the final position. The nonlinear dynamic properties of these systems make
such control even more difficult.

The main problem of control of these systems is that we cannot construct one-to-
one mapping between desired and control variables, therefore one control (input) variable
must control two or more desired (output) variables. Therefore the input/output feedback
linearization does not exist.

Background: During last 20-30 years there have been several case studies of control
of such systems, two extensive bibliographies can be found in [1] dealing especially with
spacecraft and in [2] dealing especially with inverse pendulum and walking machines. The
theory described in [1] is exactly valid only for I degree of freedom vibration systems
without damping and can be extended for systems with damping.

Main results: 1 have independently developed the concept of exact input/output
feedback linearization and this concept together with the idea of constructive synthesis
of subspace of control variables satisfying boundary constraints have been successfully
applied for efficient synthesis of optimal control of robots.I then completed a case study
of the control of crane [3] where I recognized an important class of systems with different
number of inputs and outputs and again applied the idea of constructive synthesis
of subspace of control variables satisfying some boundary constraints. In 1990 after
a discussion with Prof. Olgac, University of Connecticut, in Prague I completed and
described a general approach towards the control of systems with different number of
inputs and outputs with application for control of flexible manipulators [4]. It uses the '

idea of constructive synthesis of such subspace of control variables which control one part •(
of the desired variables to their required values and the determination of the complete
control for the other part of desired variables is then realized inside this subspace. On the
basis of the paper [1] I recognized that my results are quite general.

Conclusion: The aim of the project is to develop methods of off-line and on-line
nonlinear control of systems with different number of inputs and outputs. A general
concept of off-line control of systems with a different number of inputs than outputs has
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been developed [4]. For brevity of description we shall speak about nonequaj (number of
inputs and outputs) MIMO (multiple input, multiple output) systems. The development
of particular methods of such control will be realized in several stages:
1) Off-line control of linear nonequal MIMO systems

The construction of the subspacc of control variables and the choice of particular
control behavior inside this subspace can be realized analytically.
2) Robustness and on-line control of linear nonequal M1M0 systems

The robustness of the achieved solution with respect to the values of parameters of the
controlled system is very important.
3) Off-line control of nonlinear noncqua! M1M0 systems

The same genera) concept as for linear systems will be applied. Nevertheless the
construction of the stibspare of control variables and the choice of particular control
behavior inside this subspace can be realized only numerically and is more difficult than
for linear systems.
4) Robustness and on-line control of nonlinear nonequal M1M0 systems

The robustness for nonlinear systems is even more important than for linear systems.
5) On-line control of nonlinear nonequal MIMO systems by sliding mode control

A very interesting and-from the point of view of robustness-important problem is how
to apply the new concept of control of nonlinear nonequal MIMO systems within sliding
mode control. The inner relations between these approaches are very close because of their
connection through the exact input/output linearization. The way of solving this problem
is an open question, a possible approach being through Ljapunov functions based on the
off-line computed system behavior.

The project wil! develop methods of control of quite a new class of systems. The
importance of applications comes from examples of such systems mentioned at the
beginning of the Background. Practical applications mentioned (by Singhose and Seering,
1991) based only on theory for I DOF systems have been the arm of US space shuttle,
disk drive system, and a coordinate measuring machine. Another example (from Prof.
Olgac) is an underwater robot.
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The contemporary expansion of microprocessor and computer technology into the
process control system could be characterized as an integration of both methods and means
of control. While until recently the theory and methods of automatic control belonged
only to the project stage of control system design, nowadays - as special software - they
become its inherent part, being permanently employed in process monitoring and control.
The recent distributed control systems with multiple inputs and outputs allow not only the
performance of any control operations in the whole set of co-operating control loops. But
also enable the application of sophisticated methods of process diagnostics in measured
data processing. In this way a vast area of fault detecting methods application has opened.
The fault detection and identification (FDI) becomes inevitable in case of the plants whose
break-downs represent a serious threat to environment and human lives.

The Department of Automatic Control (DAC) with its parallel involvement in both
process control and engineering informatics was in good initial condition to open the FDI
research considering the fact that the results and publications in this area were achieved
several years ago. Particularly the recent personal contacts with TU Duisburg, Dept. of
Electrical Eng. have been inspiring in this matter.

The grant topic has been followed and solved in several levels and directions
simultaneously. Firstly all available evaluation methods of process data and state
estimation procedures were classified and evaluated with respect to their applicability
in real plant conditions. As to our previous experience not only the model-based FDI
methods were explored but also some methods of direct data processing particularly
statistical procedures and frequency analysis application. On the other hand the hardware
redundancy approach was not considered as too expensive one.

The FDI problems have not only been investigated in their theoretical and computer
solution level that appears to be insufficient for a successful FDI inplementation. Since
the higher level of the latest distributed control systems (DCS) appears to be the most
suitable to implement the FDI methods the DAC research has developed a co-operation
with Honeywell Co. as a well-known producer of such systems. There is a project prepared
for establishing a training center with Honeywell S9000 and laboratory control equipment
on DAC.

Nevertheless the main results of the grant have been achieved in the field of FDI
methods classificasion and evaluation, in diagnostic employment of frequency analysis
method, in process identifiability evaluation and in reliability analysis application for
diagnostics purposes. The method of model-based state estimators was investigated in
connection with the problem of how to distinguish the sensor failures from the process
component faults and how to overcome the undesirable sensitivity to model parameter
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deviations. Only partial results were achieved in decision logic design needed for evaluating
the estimator outputs. This problem seems to be one of the most demanding one. The
main interest in FDI application is to be expected in chemical and power plants. The DAC
succeeded in establishing a large co-operation with Nuclear Power Plant in Dukovany
where a FDI application is considered too. Furthermore a co-operation contact with
Oil Refinery in Kralupy has been established. However, in these areas of application
substantial problems with highly non-linear, time variant and moreover largely unprecise
models were encountered. Particular attention will be paid to them next year. An original
result was achieved in generalizing the state estimator for dynamical systems with delays
and/or one-dimensionally distributed parameters. Further original grant results were
focussed on the identifiability of processes. New inference methods and nets with a
technique of so-called corrective identifying of measured data the Fast Fourier Transform
(FFT) was applied to detect the errors or disorders in paper plant production (South-
Bohemia Paper Mill). Besides the fields mentioned above modal analysis and statistical
characteristics application were investigated.

Fault detection and identification methods represent a perspective and desirable
trend of advanced control development whitch has to be reflected in both graduate and
postgraduate education area. Therefore curricula modification in the courses on Control
Theory, Computer Modelling, CAE and Means of Automatic Control resulting from the
grant solution belong to its important outcomes.
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The production process used for a given product is dependent on the level of knowledge
and practical habitue in the appropriate manufacturing branch. The choice of the
manufacturing method is influenced by former experience of the responsible engineer, who
usually works in a relative narrowly-oriented field. The production engineer's decision is
limited by the shape and dimension of the part, used material etc, given by the designer
of the part.

When the production of a new part is planned, the choice of the process is influenced
by the method used for a similar product. At the same time criteria such as appearance,
shape, functional properties or limits imposed by ecology, energy consumption etc. may
have altered and these changes must be considered. The pressure on manufacturers to
introduce new products is permanently increasing.

When choosing the best production method, it is necessary to establish the decision
criteria and then to evaluate how these criteria are fulfilled by the different methods. It
is insufficient to consider one stage of the production process only, even for instance only
one method of deformation, but all other production stages such as machining, surface
treatment or protection etc. should be included.

The different operations influence each other. As the quantity of possible techniques and
their combinations is growing, the correct decision is increasingly difficult. Furthermore
the designer's knowledge of production possibilities is usually limited.

One of the possibilities how to improve the decision-making process for the choice of
the production method, without omitting some important limiting criteria, is to design
an expert system for the given field. This system can't just replace the intuitive decisions
of a long time expert in the field, but it can give a whole range of supporting information
and it increases the objective part of the decision making process.

From this short analysis it is clear, that in the initial phase of the project it is necessary
to find the limiting factors and input data for all given production methods. Then it
must be analyzed whether the chosen method can be used at all and whether the target
properties of the product can be reached. Furthermore material consumption, workforce
need and qualification, influence on environment, economy etc. must be considered.

Manufacturing methods of die forging, deep drawing of metal sheets by solid and elastic
tools and forming of powder metallurgy parts were chosen.

The effect of factors which are later given was described. It is necessary to point out
that it is not enough to find out the types and value of input data, but it must be stated
how true they are, what are their mutual relations and their interaction.

To use true data means to use complete data, to use correct limiting factors and to
know their scatter. For instance the mechanical properties of materials will be influenced
by the changes in chemical composition and/or changes in their heat treatment.
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To describe the individual production method the following input data are mainly
considered:
• domain of product: material shape, dimensions, properties (mechanical strength,

function, performance), required accuracy, volume of production, kind of semiproduct,
etc.

• domain of production process: availability of machines and tooling, design for
production, related production processes

• domain of economy and environment: the consumption of material and energy, the
optimum use of machines, low labor and investment coasts, environmental protection
The work on these data for given technologies is not yet finished, but it is clear that this

activity is very time consuming and from the very beginning cooperation with a specialist
in the software equipment field is required.

In our study different expert systems were also described and classified with respect
to possibilities of:
• cooperation with foggy sets of input data
• using of external modules
• cooperation with mathematical relation, and
• the manner of data processing (function UNDO etc.)

For the final choice of the expert system, financial and time requirements will also be
decisive, especially the financial needs for the empty system, its filling in by data and its
maintenance.

For deep drawing it is possible to use an Expert System used by TU Chemnitz. Together
with the Metal Forming Department of the University in Chemnitz we are applying for a
Common European Tempus Project.

In the next phase the input data of chosen production processes will be evaluated from
the point of view specified above and the designed structure of the expert system will be
practically verified.
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In 2D region based image processing, regions are frequently created, searched for and
described (both numerically and structurally). A region representation must be defined
and a region creation algorithm must be chosen. There are several methods which can
be used. A lot of region representation approaches employ a pyramidal data structure
[1], parallel connected stripes [2], quad-tree concept [3], raster image masks, a picture
supergrid, pixels lists, and others. However, these representations do not often handle
region as one object. They do not represent arbitrary shaped region in a easy way, as a
connected set of pixels. Further access to each pixel of the region is often very complicated.

We use regions represented by a significant pixel and a search function that can
access each pixel of the region . The search function operates in a raster image in which
all pixels belonging into the region have the same label. It is assumed that the regir*" is a
maximal 4-connected set of pixels having the same label. Each region is labelled according
to a certain property.

Sequential methods build every region without any influence to neighbouring regions.
Having picked out a pixel of the created region (called seed) the search through the region
starts. Every boundary pixel of the region is replaced with its 4-neighbours outside the
processed part of the region. Already processed pixel is labelled not to be accessed again
during the following processing of its neighbourhood. The expansion (spreading) of the
region continues until no expandable pixel exists. The flags are kept in a temporary image.

Our method uses a circular list (a membrane) representing the boundary of all
pixels of the region that have been so far processed. The membrane can be transformed
into a crack coďj at the end of grouping. Obtained region boundary is 4-connected and
it is between pixels. This boundary representation is suitable for region shape feature
evaluation. A faster search is the same as a region scan line fill algorithm used in the
computer graphics.

A region adjacency graph can be built using this method.The algorithm works on
the image segmented into regions. The unprocessed area is defined by its boundary. Inside
that area one region is detected and points of its boundary are found. Both boundaries
are represented as lists of crack code with the same start pixel. The common boundary
is extracted by comparing the both lists. Using these boundary segments the region
adjacency graph is updated. New boundary of the unprocessed area is obtained as a
result of "subtraction" of boundary lists. These steps are repeated until the unprocessed
area disappears (i.e. the list of its boundary points is empty).

What are the advantages of presented algorithms compared with classical approaches
(e.g. blob colouring and edge following)? Algorithms for region handling usually require
a unique label for each region which may lead to an implementation problem because the
number of regions may be very large. The proposed algorithms have no such constraints
because the region is defined by any its pixel and connectivity of pixels in the region.
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After finishing the region growth, the membrane represents the boundary of the region.
Certain characteristics of region (e.g. area, perimeter, statistical moments, ...) may be
computed from the boundary. Features of region interior can be computed in process of
region growth. The algorithm is able to process multiply 4-connected regions (regions
with holes). "Be-inside" relation graph can be constructed.Every region abstract
representant is uniquely defined only by one significant pixel (upper left) and by the
procedure, which can search the whole region one pixel after the another.

Presented methods have been used for 2D segmentation and image approximation
by piecewise continuous function. Criteria for definition of one region can be very simple.
They are based on the difference between a pixel and the seed pixel of the region,
and/or based on the difference between two neighbouring pixels.There is prepared another
similarity criterion based on comparing the region models. These models are N-th order
polynomials that approximate image function on the region.

0'ir graph-based segmentation algorithm is very simple too. At first, the region
adjacency graph of the whole image is created. Afterwards, the split and merge algorithm
processes all regions, criterion of homogeneity is calculated for each region and its each
neighbouring regions . The most similar region is chosen for each region. After that the
region pairs are merged into one region. All operations are done on the region adjacency
graph. Criterion of homogeneity is based on region area, region average grey level and
grey level variance. Another criterion is based on the weakness of the region boundaries.

Algorithms have been implemented in C programming language on personal computer
IBM PC 386. The processing time is 6 sec.
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Based on structural image, two discrete-time state space models of dynamic systems
containing a deadtime either at the input or output, are presented in the work.Although
partial results concerning the first case can be found in [1] and [2] the detailed analysis
of deadtime computer controlled processes has not yet been performed.The obtained
relations may be significant for controlled systems analysis as well as state controllers
design including robustness demands.Special effort is directed at general deadtime values
and intersample behaviour.

Our consideration starts with two continuous-time,single input u-single output y,linear
systems denoted by I and 0 containing deadtime d.They show identical input-output
behaviour but the different structures described by the equations

/ : v'(t) = Av{t) + Bw(t) 0: x'(t) = Ax{t) + Bu(t)
y(t) = Cv(t) (1) r(t) =Cx(t) (2)

where w(t) - u(t - d) with y(t) = r(t - d).

The relation v(t)=x(t-d) between n-dimensiorial state vectors in both structures is
obvious.

Assuming a sampling period T and u(t) being zero-order reconstructed pulse input the
discrete-time state equations in the standard form have been derived.

Hereafter,in the results the following denotations are used:

M = exp(AT),N = exp{Aa)Bda and Nh
a=l exp{Aff)Ba ,

JO JaT

t=kT+hT and d=mT+qT with integers k,m > 0 and 0 < h,q < 1 and Im for (m x m)
identity matrix.

The resulting state equations are as follows:

I.I case vp(kT + T) = Mvvp(kT) + Nvit(kT)
y(kT+hT) = Cv{h)vv{kT) + Dv{h)u{kT) where

vp(kT) = [vT(kT)pT(kT)]T with p(kT) = [u(kT -mT- T);...; u(kT - T)}1
(3)

and l.a) for m > 0

0 0
: : In
0 0 0

J - Í
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Cv(h) = C[Mh\ N%; 0;...;0] if h<q ,

Cv(h) = C\Mh; < _ , ; N^A - ; 0 ] if h>q, and Du(h) = 0;

l.b) for m = 0

A / , = , 0

'; Atf] anrf D„(A) = 0 if h < q ,

if h>q, .

2. O case
xT{kT-rT) = Mxxp{kT)

y(kT + hT) = Cx{h)xp{kT) + Dx{h)u(kT)

where xp(kT) = [xT(kT)pT{kT)]T , p(kT) stands in (3) and

2.a) for m > 0

Mx =

M
0

0

0
0

0

0

/ m

0

A

0
1

(4)

' - T n [ / n ; Mm+"-hNt9] -Mm-lN;...; - A/iV; -JV]

ifh<q (5)

CX(A) = CM k- ' -m[ /" ; Mm(N% - M'1 N); -Mm~2N;...; -MN; -N]

if h>q and Dx{h) = 0 ;

2.b) for m = 0 MI,Nx,CI(h) and Dx(h) stand in (4) and (5) if h < q and p(kT)=0;
MJ.=M,NI=N,CI(h)=CM'l-« and Dx(h)=CNo"' if h > q .

Unlike in continuous-time case of deadtime systems, the discrete-time models are finite
dimensional.The derived state equations are characterized by several advantages:

1.Sampling of the state variables v or x (usually identical with the measurable process
quantities) is synchronized with the input sampling time instants.

2.The distinctions between the both models correspond to the different position of
deadtime in regard of a system (A,B,C) only being independent on the various forms of
matrices A,B or C.

3.The both models are simply mutually transformable.
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The grant project 8012 was started in June, 1991. During 6 month (till December, 1991)
following the aims of the project proposal relatively significant, results of research have
been achieved with minimal financial requirements. All technology used in the research
was the property of the Faculty of Civil Engineering before the start of the project which
means that no funds for purchasing new measuring devices or computers were necessary.
The useability of the results of the research for other grant projects was emphasized.

In the period of the grant project the original system for automatic control of
experimental investigation of properties of materials with small value of modulus of
elasticity and high range of deformations (asphalts etc.) was developed. Software of the
system is newly written in the C language with communicative and graphic features.
Hardware of the system is based on the agregation of the testing stand with PC XT or
AT computer working in the regulation loop with load cell and measuring amplifier in
the feedback. The system is a significant contribution to the automatic data acquisition
system used in the Central Laboratories of the Faculty of Civil Engineering and is used
for other grant projects.

The system of automatic control of the existing electrohydraulic testing equipment
(EDYZ INOVA) for dynamic testing of Civil Engineering Structures was developed and
manufactured. The original software and hardware of the system is designed for the
application of random dynamic loading. The signals recorded on the real structure during
a regular traffic can be used for the control of loading during dynamic tests performed in
the laboratory.

The reconstruction of the interior of the measuring truck AVIA 30 following the
requirement of modern field testing of Civil Engineering Structures was a part of the
activities included in the grant project as well. The modern mobile testing laboratory has
been developed which can be used for testing of structures in situ.

The analysis of the methods of experimental investigation of Civil Engineering
Structures used in Central Laboratories of Faculty of Civil Engineering was conducted.
The 47 experimental methods have been chosen for the automatisation and accreditation
in the future. The supporting software for basic registration of testing methods, devices
and measuring means was developed on the base of DBASE III+ package. The basic
documents for accreditation procedure as well as the local metrology codes have been
manufactured. All this can be considered as good base for the activity in the field of
accreditation of Central Laboratories in 1992.

The research project mentioned is an example of how it is possible to achieve significant
results at very low cost.

This research has been conducted at the Faculty of Civil Engineering as a part of the
research project "Automation of Methods of Investigation of Civil Engineering Structures"
and has been supported by CTU grant No.8012.
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The main idea of robust control is the design of a control law having acceptable
properties in the presence of relatively large uncertainty in the model of a controlled
plant. By acceptable properties we mean first of all the stability of the whole feedback
system and then the performance evaluated by use of a suitable cost function.

The interest in control system design under model uncertainty was initiated by
difficulties in the utilization of control theory in practice. Great attention has been paid
in recent years to problems of the robust control in the world control literature. It is
expected that robust control will bridge the existing gap between control theorists and
engineers.

The design of robust control algorithms depends on how the uncertainty is included into
the system model. Uncertainties can be divided to two groups. The first one is uncertainty
whose structure is related to the structure of the model - like uncertain transfer function
parameters; this type of uncertainty is generally denoted as structured. Another possible
uncertainty modelling is perturbing the nominal system by an unknown, but norm-
bounded perturbation system. This uncertainty has no relation to the model structure,
we denote it as unstructured. The unstructured uncertainty is more general - it can cover
structured uncertainties and also neglected dynamics. On the other hand, it covers such
perturbations as well which physically cannot occur. The robustness conditions (which
are always a limitation of achievable performance) are more strict for the unstructured
than for structured uncertainty.

One of most successful theories in robust multivariable control is the H,*, theory. The
main advantages of this approach are its ability to deal with the robust stability condition
as the optimization constraint and further the design parameters can be specified in terms
of closed loop frequency responses similar to the classical design.

Various efficient algorithms for the Hoc, optimization are available and most of them
are implemented in the Robust Control Toolbox for use with Matlab. Using of this
toolbox, the HiC program for Hoo optimal controller design was created in our research
group. This program provides a very comfortable interface between optimization routines
and the designer. After specifying design parameters and rinding the optimal controller
there are wide possibilities for closed loop analysis, including robust stability and
robust performance measures, perturbation analysis (simulating responses of the system
perturbed by a random perturbation) and loop analysis for a suboptimal, reduced order
controller. The optimization algorithm itself was adapted from the algorithm implemented
in the Robust Control Toolbox, so the search for optimal controller is a little more efficient
and more flexible - for details see [7j. This program was used for the design of the
controller for a helicopter laboratory model which was developed under the TEMPUS
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It was mentioned above, that the unstructured uncertainty is rather conservative
and the inclusion of any information of uncertainty structure relaxes the condition of
robustness. In the case that several independent perturbations occur in the plant model
instead of only one, we can derive the robust stability condition in terms of the structured
singular value (the /u function). Wé can also formulate the robust performance by use of
the /i function as well. There are still many problems witli evaluating this function and for
complex cases we are able to obtain only its upper estimate. In our project we performed
an initial research of fi analysis and synthesis. Evaluating the robust performance measure
using fi function was integrated into the HiC program.

Robust synthesis results in a robust controller the order of which is usually very high.
So much attention is given to order reduction of dynamical systems. Besides classical
methods like the singular perturbation method, aggregation, and minimal realization, the
use of Hoc theory proved to be very advantageous.

The algorithm for order reduction using the Hankel norm was elaborated and tested.
This approach was aiso used in the control design of the machine for testing of rotative
parts of airplanes engines and compressors. Now three such machines are working in the
research institute VZLU Letňany and Motorlet Prague.

Attention was also given to the synthesis of control algorithms in special control
structures, predictive control, and discrete models of systems with time delay.
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The idea and the background of a Multiple Level Pavement Management system PUMA
RW will be described. It includes a decision-making process generating the maintenance,
rehabilitation and reconstruction technics inferred by an expert system, which is the
rational core of the whole PMS. This system was developed to assist the Road Fund
Administration in planning, managing and execution of maintenance works in the selected
part of the roadway network. The basic level of the system (i.e district level) and the expert
system is implemented on PC IBM-compatible running MS DOS.

The multi-level PMS [1] is conceived as a project-level system but it can serve for
the whole roadway network. It means that it is at the same time the network level
system. Usually the network-view and the project-view are different [2]. The network-view
allocates maintenance resources from a long-term perspective based on political or/and
economical considerations, while the project-level system is the engineering deliberation
seeking to assess all highway sections and find out an objective treatment technics based
on engineering judgment.

The conception of the system covers up the important marketing principles, too. These
are: the active participation of users in decision-making process, the partnership of all
instance levels, the reinforcing of activities coordination and the motivation for future
activities.

The multi-level system is composed on each level of several moduli. The basic level [3]
covers up the following moduli:

- Data collection.
The data on pavement condition parameters on Road Inventory, Traffic volume data

and Register of Structures form the central data base (CDB). Pavement distress classified
with reference to their significance for the DM process and other necessary data collected
and stored by district Offices constitute their own extended data base (EDB).

- Pavement Condition Assessment
The structural degradation model of flexible and semi-rigid pavement structures, the

pavement condition classification criteria and traffic loading models for all vehicles (S)
and heavy lorries (TNV) transformed into a number of repeated axle loads are the main
pieces of the knowledge base of the expert system for pavement condition assessment.

- Decision-making of maintenance technics
A large set of production rules leading to conclusions - to the final choices expressing

M & R &: R technics alternatives - is formulated on the basic of formalized highway and
traffic engineering knowledge or on intuitive-empiric knowledge or expert opinions.

The inference engine generates not merely the basic maintenance operations, but also
for basic intervention thresholds it can produce in the neighbourhood of 4.000 combined
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technics sets.
- Urgency sections selection

Regardlles of the budget constraints by means of moving intervention thresholds of all
variable pavement condition parameters, the urgency section of different points of view
can be repeatedly selected (e.g. serviceability, traffic safety, life expectancy, etc.) till the
desired condition state will have been achieved.

- Budget priority factors selection
In case of given budget constraintes and for chosen urgency section alternatives the

comparison of different M & R & R alternatives can be generated to select these M &
R & R alternatives that have been found out the balance between the available budget
amounts and maintenance costs.

- Budget allocations optimalization
A special programme modulus generates all necesary data in volume and financial

terms for annual plans and for budget allocation.

- The other two moduli: definition of maintenance strategies and follow-up of the
realizations can not yet be activated due to lack of reliable life ;ycle prediction functions.
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The problem of saving energy for heating by optimization of the process of optimal
control has been solved in the Department of Control Engineering of the Faculty of
Electrical Engineering CTU in the project "Energy Savings in Dwelling and Civil
Structures" supported by the grant of CTU No 8003. The main goal of this research
was to analyze methods of heating control from the point of view of reaching maximal
energy savings and propose needed measures and procedures based on obtaining results.
With respect to this goal we assumed that the heating system itself is optimally designed
and the only object to be investigated is the controller and its operation.

The controllers of heating system can be classified according to several criteria. One of
them is the size of heated space. According to this criterion there are following controller
types:

a) Central - the only controller for the whole heated object.

b) Sectional - the object is divided into autonomous sections with independent heating
systems and controllers.

c) Individual (local) - every bounded heated part of the object (a room) has its own
independent controller.
Each of conceptions mentioned above has its own characteristic properties from the

point of view of savings which can be positively utilized in objects with corresponding
character of use. For example, the central controller will be economical for heating in
small objects, especially residential houses or large objects but with an equal kind of
operation in all heated rooms. The principal advantages of the central controller are lower
specific purchase prices, possibility of central programming of time course of temperature
of heated spaces e.t.c. The principal disadvantage is a restricted possibility of respecting
individual requirements for temperature in different rooms in the object. Beside this, the
central controller is unable to accept individual requirements for different time course of
temperature either over 24 hours or a week. Nowadays technical means exist which indicate
for instance an open window, or presence of persons in the room. Such information can
be used for intervention into the heating system in order to limit or interrupt heating.

Indicated requirements cannot be met by a central controller, but only by a local
controller equipped with necessary inputs. The local controller can be connected with a
central control unit which controls heating of a large object, which can require priority
performing certain commands, restrictiors or time programs. Only a local controllers
realizing an algorithm of automatic heating control of separate bounded parts of the
object can ensure the reaching of maximal savings. Therefore the theoretical analysis of
the control of the radiator valve of a hot-water-heating system was performed as a part
of the project. Attention was paid to power necessary to position control of the valve.
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controller. The analysis has proven that repositioning of the valve can be realized by
power of approximately 1W in 12s.

In next stage of our research it will be necessary to design the drive unit and its
connection to an adaptive controller of the adaptor type whose control algorithm ensures
optimal steady state control. Beside this the principle of controller function accepts not
only changes in outer environment but also changes arising in the heating system itself.
Controller of this type was realized and tested successfully in operation in the Department
of Control Engineering.

This research has been conducted at the Department of Control Engineering as a part
of the research project "Energy Savings in Dwelling and Civil Structures" and has been
supported by Czech Technical University grant No 8003.
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In the last decade, the research in the area of expert systems has been mainly
oriented towards the development and implementations of problem-independent expert
systems (shells) or to the tools for their development. The programming technology of
the first generation of the expert systems has already been captured. At present, the main
bottleneck of the expert systems applications seems to be knowledge bases creation. In
connection with this creative process of knowledge elicitation/acquisition/reformulation
we are very often even speaking about a new branch of engineering - about
knowledge engineering.

Currently, the AI research focuses on the programming tools which can efficiently
support the knowledge engineer's activity. Different tools have been developed or their
development is in a progress:

• Screen editors of the knowledge bases (they enable fast writing of syntactically correct
knowledge bases)

• Programs for an efficient knowledge elicitation from an expert

• Inductive systems capable of creating knowledge bases (or their "drafts") by exploring
a data set of examples (without any presence of an expert)

The Department of Control Engineering has a long-term (nearly 30 years old) tradition
in the research of adaptive and learning algorithms. In connection with the research in
the area of expert systems, some special methods of inductive knowledge acquisition have
been developed. They are partly based on the pattern recognition approach.

The other approach to inductive knowledge acquisition has been oriented to the
exploration of the Quinlan's ID3 inductive algorithm. The output of this algorithm is
a decision tree which has to be transformed into the knowledge base notation in a proper
way.

A lot of ad hoc inductive algorithms - expecially those oriented to the medical diagnosis
area - have been developed by the team within the last decade [1],

By the support of the CTU Grant No.8049 the following results have been achieved:
a) Three basic approaches to knowledge acquisition (based on pattern recognition,

Quinlan's algorithm and intensional approaches, respectively) have been compared from
different theoretical viewpoints. The applicability of different approaches in various types
of tasks has been experimentally tested and widely discussed. This comparison has been
accepted for publication in an international journal Knowledge Based Systems (2).

b) The intensional (pure probabilistic) approach has been applied as a background of
a new complex inductive algorithm. In this development the methods of data analysis
and machine learning have been stressed, namely those for searching of optimal graph
log-linear models. The algorithms are looking for such models which are the best

68 3-22



CTU PRAGUE WORKSHOP 92, SECTION 3. INFORMATICS

approximation of the dependency structure of random variables described in the form
of a contingency table. A method of exploration of these log-linear models in knowledge
base construction has been designed, it's implementation will be the focus of research
activity in the next period.

c) A program which is able to process a set of rules (external source of knowledge)
by a machine learning algorithm has been designed and implemented. This program
is executable directly from the FEL-EXPERT shell. It forms both the theoretical and
experimental basis for the study of knowledge integration processes. This topic belongs
to the front-ends of the current AI research: The robustness of the knowledge bases
considerably increases if the knowledge obtained by different inductive algorithms is
combined.

d) A prototype of a knowledge base screen editor for the FEL-EXPERT system has
been designed, developed and implemented. It has a user friendly fashion and ensures
comfortable creating as well as complete syntactic checking of the knowledge bases. This
prototype has been widely tested in the educational process at the Czech Technical
University and J.Kepler University in Linz.

e) Based on a detailed analysis of the user's demands a quite new user's interface of
the FEL-EXPERT family of expert systems has been designed and implemented.

The current research is oriented towards the development of the knowledge integration
algorithms within the intensional (pure probabilistic) approach. There is a lot of
theoretical problems to be solved. Among them are the problems of optimal conversion
of the probabilistic models into the notation of rules acceptable by the expert systems.
Narrow cooperation with the University of Porto, Portugal which belongs to the leading
European centers in this area is expected.

The team intends to extend the screen editor and to integrate it with the FEL-EXPERT
shell environment.
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Expert systems are programs which simulate the decision-making activity of experts in
complex domains. The experience in the use of the artificial intelligence methods gathered
in last two decades is a very encouraging one.

The programming technology of the simple rule-based diagnostic expert systems has
already been captured. These first generation systems (working with several hundreds
of rules in maximum, making use of a simple uncertainty processing model and being
applicable in the oif-line mode only) can reach a high quality of decision making, but only
in a narrow problem domain.

Almost all of the first generation expert systems suffer from a lot of shortcomings,
namely:
• They are not able to use larger knowledge bases or sets of them.
• The combination of diverse knowledge sources which differ in both the knowledge

representation schemes and generality is not possible. However, such a combination
is the only way to more sophisticated systems which could be able to cover a wider
application area.

• Their direct linkage to the real processes or their integration with the other program
systems is not easy.

• They are not able to solve a task outside their domain of specialization.
• They suffer from the lack of graceful degradation of their competence on the border of

their expert domain.
• The functional and causal models are not used by both the inference engines and

explanation facilities.
• The knowledge cannot be reused in a renewal context.

The research in the area of expert systems has been started at the Department of
Control Engineering in 1981. The family of problem independent diagnostic rule-based
systems (shells) called FEL-EXPERT has been developed. The systems of this family differ
by inference engines, models for uncertainty handling, communication modules etc. All
versions have been widely experimentally tested and some of them are used in industrial
or clinical practice (about 60 real-life implementations).

Some new results on the way of transforming the FEL-EXPERT system into a second
generation one have been reached within the frame of the CTU Grant. No. 8041 in 1991:

a) The direct bi-directional data communication between the FEL-EXPERT system
and external programs is completely solved. This extension of the system is based on a
DATACOM module which "coordinates" the information transfer. This solution required
the introduction of a new entity - priority links - into the knowledge base syntax.
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b) A special module for direct integration of the shell with the database systems (dBase
IV, Foxbase) has been developed and tested when solving practical tasks. It became
possible to store the user's answers, intermediate and final results or other facts in the
database which is created/filled during the consultation run and to recall these facts
(for an automated consultation run) if necessary. The same data base may be shared by
different knowledge bases or expert systems. It may also be used to an advantage in the
case of hypothetical reasoning (to store the snapshots of a consultation run).

c) A taxonomy structure as a tool for knowledge representation which may be used in
parallel with the inference net structure has been designed. The methods of an efficient
cooperation of the multiple taxonomy trees with the inference net have been developed,
implemented and tested on a real task of medical diagnostics [1].

All the theoretical and experimental achievements mentioned above resulted in
the implementation of the system FEL-EXPERT version 3.2 for IBM-PC compatible
computers which is able - in comparison with the version 3.0 from 1990 - to be linked
with external programs and database systems and can make use of one or more parallel
taxonomy trees. The user manual of the FEL-EXPERT 3.2 is available [2]. This version has
been widely tested and used in the educational process at the Czech Technical University
and J.Kepler University., Linz.

In addition to the results mentioned above the research team has started and
substantially proceeded in solving of the following subtasks:

- The development of a problem independent, QSIM-like system for qualitative
reasoning (65% of the implementation of this system has been completed). The QSIM-
like module is planned to be used for simulation in causal models based on structural
descriptions of the considered environment. For the moment, experience in the creation
of such models for qualitative physics is being gained.

- The first steps to the direct linkage of the FEL-EXPERT inference net with the neural
network emulator have been done.

All the results achieved by the solution
of the Grant No. 8041 have been oriented to the long-term goal of the research team:
to develop a modular tool-kit having significant features of a second generation shell.

For the next period, the team would like to concentrate the efforts on the development
and implementation of a higher-level frame based tool (shell). This shell should be able
to integrate diverse knowledge representation and exploration subsystems (as modular
knowledge sources) by the methods of distributed AI. The implementation is supposed to
be oriented to the SUN-workstations.
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There is at the Department of Automatic Control at the Faculty of Electrotechnical
Engeneering of Czech Technical University at Prague a small specialisation in Airborne
Instrumentation which participates in the education of students for our aircraft industry
and research through several courses devoted to the Automatic Flight Control, Airborne
Instrumentation and Navigation Systems.

We are especially interested in Automatic Flight Control. In this course we introduce
an advanced educational tool for demonstration and easier comprehension of aircrafts
dynamics and kinematics and their presentation on the CRT display and various types of
automatic and semi-automatic flight control as well.

This educational tool is anticipated to be composed of Flight Simulator and joined
Primary Flight Display (PFD), both simulated on the current digital computer of type
PC, using the abilities and advantages of digital graphics and Flight Control Simulator
simulated on the same computer according to the user's option.

This programm consists of several tasks to be solved:

1. Flight simulation in real time.

2. Simulation of automatic and semi-automatic control systems.

3. Simulation of Primary light Display.

Flight simulation includes simulation of aircraft dynamics, currently described by
linearised differential equations of longitudinal and lateral motion of aircraft and aircraft
kinematics, connecting navigation variables with flight ones via two groups of kinematics
equations for cross flight and approach respectivelly.

Aircraft dynamics involve aircraft motion arround its centre of gravity. It is convenient
to solve the differential equations describing this motion via state space method to obtain
solution for all flight variables occuring in these equations. They are solved in discrete time
with an eligible sampling period with respect to the aircraft dynamics and the following
graphics. This problem involves the following steps:

1. transduce given differential equations to the state space representation

2. convert continuous state space matrix into the discrete ones with desirable accuracy

3. solve these discrete state space equations in real time, which is one of the basic problem
of this simulation.

Aircraft kinematics describe aircraft motion along the flight track or inside the flight
path in both planes, horizontal and vertical. We are speaking about flight guidance. While
the solution of kinematic equations for cross flight causes no difficulty, the solution of those
for approach, i.e. the flight in glide slope and localizar path is rather complicated in spite
of the time variable gain coeficient.
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A further purpose of these simulations is to present various types of autopilots and
automatic flight control and semi-automatic control as well and their influence on aircraft
behaviour and aircraft control. There are assumed autopilots with position, rate and
composed type of servomechanismus with various fedbeck variables. There is also assumed
a semi-automatic control improving the aircraft's characteristics (short period damping
ratio, natural frequency).

To the significant semi-automatic flight control and flight guidance belongs the Flight
Director which generates commands to the pilot for vertical and horizotal flight control
and flight guidance computed in a similar way as in automatic control is done.

All the above mentioned variables are displayed on the CRT of PFD, which presents
variables connected with longitudinal motion of aircraft and several supplementary
variables of lateral motion. Displayed variables are:

1. Flight data: attitude of aircraft (pitch and bank angle - image of artifical horizon),
sometimes also heading and yaw rate.

2. Navigation data: high data - in collumn on the right side of airtifical horizon, speed
data - in left collumn.

3. Flight Director: cross pointer or single cue on the image of artifical horizon.

4. Approach data: deviations from centre of Glide Slope and Localizer, sometimes image
of run-way, often connected with radio altimeter.

5. Digital data: High decision, heading, DME, GSPD, radio altimeter, etc.

6. Announcement: data sources, flight modes, etc.

7. Warning: farb code for warning, caution, advisory.

The displaying of all of these data in consequence on the solution of differential
equations in real time is the second basic task to be solved.

This suggested task contains two of the above-mentioned basic problems to be solved.
After their solution to achieve an advanced educational tool for a group of students in the
course Automatic Flight Control.
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R. Chudoba*, P. Krysí**, Z. Bittnar*
* Faculty of Civil Engineering, CTU, Thákurova 7, 166 29 Praha 6

** Klokner Institute, CTU, Šolínova 7, 166 08 Praha 6

Key words: Object-oriented, object-oriented database, software development life-cycle,
data modelling, programming environment

The shortcomings of the traditional (i.e. watterfall) approach to application software
development are well recognized.

They include
- no support for iterative development,
- no emphhasis on reuse,
- no unifying model to integrate phases of development (i.e. analysis, design and

implementation).
Consequently, each system is built from scratch. Besides, the need to integrate

applications necessitates the design of interfaces, which increases the development costs
considerably. The aim to minimize the effort connected with the development and
maintenance of application programs has given rise to the design of the distributed
object-oriented and development integrating environment (DOODIE) based on the object-
oriented paradigm, which addresses all the issues mentioned above. The features expected
of the enviroment may be summarized as follows:

- managing tasks concerning the database management system (DBMS) (like integrity
and concurrency control, querying and indexing),

- object-oriented database features (OODB), that include identity, multiple inheritance
and encapsulation,

- effective support for the team development,
- support for reuse of existing applications and
- maximum portability of the system.

The powerful support for the fountain development approach [1] is provided by
the concepts of inheritance, encapsulation and versioning. These enable the reuse and
modification of existing modules and classes without the necessity of the knowledge of
their structure.

In order to achieve maximum portability and to provide the possibility of inserting
existing programs into the DOODIE, the decision has been made to code the system in
the FORTRAN ANSI 1978.

DOODIE is constituted by OODB modules, that may be regarded as views into
the database world. Each module may possess different database schema and behavior
interpreting the information stored in the database from certain point of view.

The modules are determined either for the development or for the execution. While
the schema of the development module (DM) is flexible and extensible, the schema of
the execution module (EM) is fixed to address the performance issue. The DM is used to
develop (i.e. to analyze, design, implement and verify) the EM. The release of the new
verified EM from the DM includes FORTRAN code generation.
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The demands on the expressive power of the EM language have led to the design of the
language interpreter based on the C + + programming language syntax. The process of the
execution of a command in a module is demonstrated in the figure. After being checked in
the SYNTAX ANALYZER the command proceeds into the SEMANTICS ANALYZER,
which selects the operation with the highest priority and initiates the retrieval of the
attached operands from the PERSISTENT DATA. When the operation with its operands
is prepared to be performed, it is passed to the BINDER, which invokes corresponding
CLASS FUNCTION, where the member function representing the operation is selected
and performed. In this way coupling of the data with the functions is achieved.

SEA OF FUNCTIONS

Figure: The architecture of a module
The architecture of the database corresponds with the client-server concept. When

the module (DM or EM) is running on the client machine, its mirror process represented
by the server module (SM) is running on the server machine. The SM maintains tasks
connented with database management and schema management.

When an existing application program is to be inserted into the DOODIE, the problem
on which the application operates must be submitted to the 0 0 analysis and 0 0 design.
This includes identifying of classes and relations between them and the design of the
classes. The implementation of identified relations is then realized by functions taken
from the existing application. The resulting new module posesses all the features of
other modules, except the possibility of modifying the behavior represented by functions
accepted from the existing application.
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Computer Integrated Manufacturing (CIM) tasks for small or medium sized companies
cover all the needs of administrative, managerial, technical and marketing activities. It
seems that most of these activities can be performed by handling of various data that
reflect current state of the production, processing of orders, utilization of manufacturing
resources including stocks etc. It looks that CIM is based on pure, although quite
complicated, database management schemes. This could be true if no special needs on
manufacturing efficiency are supposed. Exploitation of computers in industry is usually
connected with demand of some kind of optimization - a task being very complicated in
real life.

The optimization task can be found at the phase of estimation of delivery dates on
orders, at resource allocation, circumvention of machinery failures and at many other
opportunities. Most of these tasks include planning and are in general NP-complete and
thus intractable. Since the long-term aim of our research project is to develop a general
methodology for routine design of CIM systems, it is necessary to get experience with real
practical tasks.

During the last 6 months, a system for CIM in a small-sized factory that manufactures
ceramic building prefabricates (panels), was developed. The system (having a working
name PACEB) includes data management on products assortment (catalogue), stores
management, reception of orders with the chance of customer's changes of the products,
invoicing with payments checking and many other daily administrative routines. However,
the most interesting part of the system is our first attempt to involve the task of short-time
planning. Let's specify the optimization task, now.

The standard assortment of panels consists of about 500 types differing in dimensions,
shape, construction and edge profile. The factory receives orders containing desired
numbers of customer chosen products. The delivery dates are estimated and the orders are
to be processed to satisfy the customer requirements. However, there are many technology
and economic points to be taken into account:

1. Each panel has to harden 28 days before it can be dispatched.
2. The planning has to consider limited capacity of the factory.
3. Due dates satisfaction on whole orders without superfluous stocking is highly desirable.
4. The production operates in 24 hours cycles, 15 hours of which is spent by drying each

pane] in a steam kiln to get firm enough for manipulation.
5. Panels are manufactured on special mobile bases on which boarding is fixed to create

the panels shape. The panels are assembled on these bases, too. The factory possesses
22 bases in 4 different dimensions.

6. A set of panels can be planned for each base to achieve maximal utilization of the
base area. Only certain combinations of panels can be scheduled for each base. The
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admissible combination and panels arrangement is given by their dimensions, edge
profile and material composition. Moreover, it is restricted by the amount of boarding
pieces available.

7. Care must be taken to minimize the necessity of boarding rearrangements on each base
compared to "yesterday" layout. (The rearrangement costs surplus labour.)

As it can be seen from this brief overview, the task of (sub)optimal planning of
production is very difficult. By a deeper analysis, the conditions can be split into
two groups: conditions involving temporal dependencies (1, 2, 3, 4) and constraints of
geometric nature (5, 6, 7). Our first solution of the task issues from this decomposition.

The temporal planning is based on creation of a queue of panels to be manufactured.
The system registers all ordered panels. From this register the queue is formed using an
evaluation function which reflects overall volume of each order, the order due date and
also considering the fact that processing of that order has started. Every day the queue
is regenerated and its depth is limited to a fixed number of items that can be used for
current layout configuration on every mobile production base.

The scheduling of panels from the queue onto the production bases is a typical task of
layout planning. Special attention has been devoted to this task. It can be considered to be
a classical optimization problem, namely that of integer programming. The criterion can
be formulated as a combination of two antagonistic values: maximization of daily economic
profit and minimization of the boarding rearrangement. However, the restrictions for this
programming task can be expressed neither analytically nor through enumeration. For
example the admissible combinations of panels on each base can be expressed by a set of
rules, only. Moreover, there exists a chance to manufacture some panels with alternative
edge profile not influencing their usability.

In the current version of the system, the optimization is solved in a very simple way:
the first-fit method with the possibility of user's interaction has been used. It means that
the system keeps track of what was the last arrangement on each base. Then it tries
to pick from the front of the queue that panel which fits on the base with no need for
rearrangement of the layout. If no such panel exists, the largest one is picked regardless
to the consequences it can bring.

In the near future we suppose to develop more sophisticated methods of layout
planning based on the principles of artificial intelligence. The application of constraint
logic programming methods will be investigated. The use of knowledge for reduction
of the search space may bring considerable results, too. From the point of view of
implementation, object oriented approach might make the system very flexible and easy
to modify.

This research has been conducted at the Department of Control Engineering as a part
of the research project "Planning, Scheduling and Control in CIM" and has been supported
by the Czech Technical University grant No. 8048.
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SOFTWARE FOR QUANTITATIVE METALLOGRAPHY

V. Beneš and M. Postler
Dept. of Technical Matematics, Faculty of Engineering,

CTU Karlovo nám. 13, 121 35 Praha 2

Key words : Quantitative metallography, stereology, software

The new sources of getting information about three dimensional structures in material
science, medicine, biology etc. cause a large development of mathematical methods
including stochastic modelling of structures and statistical and stereologic.al estimation
of geometrical parameters. Modern laboratories of electron optical confocal microscopy
are fully automatized including the image analysis. In spite of the large basic software
equipment of these systems, there are plenty of methodological problems for the solution
of which new programs have to be built. The aim of the present research was to develop
algorithms for some recent methods of quantification of the material structures and to
write and verify computer programs which enable their practical use.

The nature of the information about the geometry of the structure depends on the
measuring technique used. In quantitative metallography the sample planes or electron
micrographs are the most frequent sources. It is assumed that the image is measured by
the means of an automatic image analyser to obtain the input data file. The computer
programs written in FORTRAN or PASCAL language can be executed on PC compatible
systems under MS DOS. It yields output structural parameters, i.e. its estimators
including statistical properties or graphical output.

In the first solved problem the studied structure was formed by spherical particles
dispersed randomly in a matrix. As the analysis of a single section plane leads to ill-posed
numerical problems, the disector probe consisting of two parallel section planes with a
small distance h of each other is used. The disector principle enables one sample particles
with the same probability and thus to estimate particle density N„ directly. Concerning
the size distribution estimation, the particle hit by both planes are sampled [1]. The size-
weighted distribution (with probability density function-pdf g) of true particle diameters
is obtained which is transformed to the desired non-weighted distribution (pdf f) according
to the formula

g(x) dx = ((x-h)/(a,-h)) f(x) dx

aj = J x f(x) dx . The discretization leads to a system of linear equations.
The method was verified in a real data analysis. The bubble structure of enamel

coatings corresponds to the mathematical model. In order to predict protective properties
of enamels depending on various production technologies it is sufficient to quantify the
size and spatial distribution of bubbles. The problem was posed and specimen supplied
by the National Research Institute for the Protection of Materials, Praha-Běchovice. The
disector probes were prepared in the Research Institute for metals, Panenské Břežany, and
measured by an 1BAS image nalyser. The mean number N^ of bubbles per unit volume
with diameter larger than d was concluded to be an informative parameter from the
practical point of view.
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The second problem concerns the description of the shape of particles and is restricted
to a planar analysis. The aim is to obtain characteristics of shape suitable for further
classification of particles. Besides the well-known simple shape factors another approach
was worked out in [2]. For a given particle the periodic shape function is evaluated and
vector of its Fourier coefficients yields the desired shape characteristics. Using the image
analyser for the measurement one needs a discrete form of the shape function

+ s-í<A (1

where
j i

GA(s) = Y, A Q" h < s < Lj+UL, =- (2TT/(/) J2 *,;

£'* = -*-1 / (2*) ££><»>,
J=I

s, being the length of boundary, U the total perimetr, A Q ; the tangent angles in vertices.
The input ordered set of n vertices is obtained using a special measuring program.

The output set of shape vectors for different particles is further classified using
distance methods. The software developed was applied for solving a practical problem
of classification of graphite particle shape in cast iron. Using the information from a
planar probe the evaluation yields a classification rule for the division of particles into
three groups.

The developed software presents a valuable enrichment of the library of statistical and
stereological methods for the evaluation of structural data in image analysis laboratories.
Its application is directed to quantitative metallography, however, the corresponding
mathematical model may appear in the applied research elsewhere.
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Rewriting has been accepted as an interesting new computing paradigm. It can serve
e.g. for the formal specification prototyping. Formal specifications are mostly accepted
as a necessary background for the description and development of large and complex
systems. One of the principal problems concerning formal specifications is the question:
how to recognize that the formal specification really describes the intended system. The
formal specification is not comparable to the informal requirement specification. A possible
solution of this problem can be prototyping of the formal specification. The behaviour of
a prototype can serve as a model of a final system and can be informally matched against
requirements.

In the case of algebraic specifications, term rewriting seems to be the most general
approach to prototyping. The equational algebraic specification is transformed into
corresponding term rewriting system with the help of some version of well-known Knuth-
Bendix completion algorithm. The result of completion is the canonical rewriting system.
It means that the process of rewriting driven by this system is always terminating and
does not depend on the particular selection of rewriting rules. Such of a rewriting system
can therefore be used as a prototype of a specification.

There still remain many problems in this method of prototyping of algebraic
specifications. For example commutative equations are the problem for completion and
implies problems with the finiteness of rewriting. From the practical point of view, one
of the main problems is the sufficient efficiency of a prototype. This problem is usually
solved with the help of some abstract rewriting device. The efficiency of a prototype is
strongly dependent on the architecture of this device.

Generally speaking the Warren's machine originally designed for Prolog can be used
for these purposes. But this choice is not the most effective one because Warren's machine
is based on unification whilst the sufficient concept for prototyping is matching (one way
unification).

The abstract rewriting machine ARM consists of the program memory and global data
structures. A program stored in the program memory is accessible by the instruction
pointer. The program consists of the sequence of instructions and is also cited as the
ARM-code. The instruction pointer is incremented during the execution of an instruction,
so the succeeding instruction is executed next if there is no exception. Such exceptions I
are jumps, calls or failing branches. In contrast to the Warren abstract machine (WAM)
no continuation pointer is necessary, because failing is elaborated by failing branches of
instructions.

The abstract rewriting machine is devoted to the rewriting of terms to the normal
form. The term being rewritten is held on the global stack. At the beginning the input
term is pushed onto the global stack and when the machine stops, the normal form of the
term remains there.
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The process of rewriting starts with searching for an appropriate rule for the term
on the top of the global stack. The search can terminate with a found position and a
substitution or with the message that no match is possible. The latter case means that
the input term is already in its normal form and computation should stop. In the former
case, an elaborating term is not yet in the normal form, and matching has to return
corresponding substitution and position. We propose the variable stack called trail for the
purpose of substitution maintenance. The trail also serves for the maintenance of return
addresses during procedure calls.

For the purpose of better manipulation with the trail, substituted values are not stored
directly on the trail, but the structure called heap is suggested. An actual value of any
variable is stored on the heap and the only pointer to it is on the trail. When the value
is no longer required, the trail and heap are released.

The instruction set of the abstract machine is as follows:

COMPARE number, labe l

SWITCH [ t a b l e ] , l a b e l

REMOVE number

SAVE number

FUNCTOP f u n c t o r

RESTORE number

CALL l a b e l
RETURN
ENTER number
LEAVE
JMP l a b e l
NORM
STOP

. . . compares t h e t o p of t h e g l o b a l s t a c k
with the actual value of a variable of
a given number

. . switches execution according to the
value on the top of the global stack

. . removes given number of terms from the
top of the global stack

. . saves the term on the top of the global
stack onto the heap as a value of a
variable of a given number

. . creates the representation of the terra
f ( . . . ) on the top of the global stack

. . restores the value of a variable onto
the top of the global stack

. . procedure ca l l

. . returns from the procedure

. . al locates space on the t r a i l

. . deallocates the space on the t r a i l

. . unconditional jump

. . normalizes the top of GS

. . stops the computation
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The notion of syntax-directed translation was a highly influential idea in the theory
of formal translation. Models for the description oi the forma! translation are syntax-
directed translation schemes. The special case of syntax-directed translation schemes are
simple syntax-directed translation schemes, which can be written in the form of translation
grammars. It is possible for an arbitrary translation described by a translation grammar
with LL(k) input grammar to create one-pass translation algorithm by a simple etension
of the algorithm of a syntax analysis for LL(k) grammars. Similar approach for a LR(k)
grammar led to the result that it is possible to perform an one-pass formal translation
during LR(k) analysis only in that case when the translation grammar has a postfix
property. The construction of algorithm is studied, which can, for a particular class of
translation grammars (called LR(k) R-translation grammars), perform one pass formal
translation. The basic idea is the following: It is possible to make an extension of the
algorithm of the syntax analysis for LR(k) grammars in such a way, that the output
symbols can be performed not only as a part of the operation reduction but also as a part
of the operation shift.

Definition
A translation grammar TG is called R-translation grammar if the strings of output

symbols appear at the right-hand sides of the rules and/or immediately in front of input
symbols.

There are some translations which enable to transform some translation grammars
on R-translation grammars. Two of them are called postponing and shaking down
transformations.

A postponing is the following transformation:
Let TG = (N, T, D, R, S) is a translation grammar and R contains rule A —» axC0,
where
a, /9 G {N U T U D)', C € T or C G N and C =»* y, y £ D', x e D&. Then translation
grammar TG' = (N,T, D, R1, S), where R' = {R - {A -» axC0}) U {A -* aCxfi],
is equivalent to grammar TG. String x in TG' is the postponned string.

A shaking down is the following transformation:
Let TG = (N, T, D, R, S) is a translation grammar and R contains rule A -» axBf3,
a,/? € (N U T U D)', B G JV, and B -> 7! | 72 | ... | 7„ are rules in R with nonterminal
symbol B on the left-hand sides. Let TG' = (NU {[xB]],T, D, /<",5), where
R1 = {R - {A -t axB0})U {A -* a[xB]/3,[xB] -» 3:7, | X72 | ... | *7„}. Then
Z(TG) = Z(TG'). String x in TG' is the shaken down string.
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Using postponing and shaking down transformations offers the possibility to transform
some class of translation grammars to R-translation grammars.

For some class of R-translation grammars called LR(k) R-translation grammars, the
translation can be performed using an extended LR parser. These extension are: During
the operation reduce the string of output symbols from the end of the righ-hand side
of the reduce rule is emitted, During the operation shift the string of output symbols is
emitted which is just in front of the shifted input symbol in the corresponding grammar
rule.

The results obtained are:

1. The formulation of the algorithm for the construction of translator directed by LR
parser for an R-translation grammar.

2. The algorithm of the translator.
3. The algorithm for the construction of the translator for an LR-translation grammar

which includes postponing and shaking down transformation.
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The class of L-attributed grammars (LAGs) is widely used and popular in the field
of design of programming languages, since these grammars have very simple properties,
and they allow a simple procedure of attribute evaluation. At the same time, LAGs can
be considered as powerful enough to express almost all features of real programming
languages.

If the attribute evaluation of an LAG is to be performed during LR parsing, the
common approach is to impose some restrictions on possible dependencies between
attributes. There are many methods that define-by means of these restrictions- different
classes of LR-attributed grammars. The restrictions enable a combination of parsing and
attribute evaluation, but complicate the eligible grammar definition (violating one of the
very attractive properties of LAGs) and limit the original expressive power of LAGs. The
restrictions of LR-atributed grammars are essential. There are common constructions
of real programming languages that cannot be described by LL- and LR-attributed
grammars. However, there are LAGs with underlying LR(k) context-free grammars (e.g.,
the optimal code generation for boolean expressions).

It is a common situation that the designer of a language produces an LAG, however,
the grammar is neither LL-attributed, nor LR-attributed. If the designer wants to use a
compiler writing system to produce an efficient compiler, then he or she is usually forced
to perform one of the following two steps.

1. Transform the original grammar into another (equivalent) LL- or LR-attributed
grammar, and then use a system that would produce a one-pass compiler based on the
transformed grammar.

2. Use a system that would produce a two-pass compiler based on the original grammar.
Both approaches have considerable disadvantages. In the former case, the

transformation step probably decreases the simplicity and transparency of the original
description. The transformation requires some additional effort, and errors can appear
during this process. Moreover, in general, the transformation need not even exist.

In the latter case, the grammar remains unmodified. However, the one-pass attribute
evaluation may frequently be excluded only due to a local part of the overall attribute
grammar. In these cases, the two-pass compiler obtained can be considered rather
inefficient. There may even be programms in which that particular part of the attribute
grammar is not used during analysis (e.g., separate compilation, etc.). Such programms
could be completely compiled in one pass.

We can consider a compromise solution: a compiler that would basically work in the
one-pass way, but it would be able to perform a local second pass, if necessary (depending
on the input string structure). Such a method, inspired by [1], has been presented in [2].

Attributes are evaluated during LR parsing (as if the grammar were LR-attributed)
as long as this evaluation is possible. At the moment when an attribute value cannot be
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computed directly, this evaluation is replaced by the construction of the expression dag,
and a pointer to a node of this graph is further used instead of the proper value. The
nodes of the expression dag are marked by names of functions for attribute evaluation,
the edges represent attribute dependencies. The evaluation of a dag-represented attribute
(replacement of the pointer by the proper value) can be postponed to the moment when
all information for this computation is available.

The attribute evaluation by means of the expression dag represents the above-
mentioned second pass. In this process, the expression dag may disappear, and the second
pass can be considered as local, since further attribute evaluation can again proceed
together with parsing as for LR-attributed grammars. This means that the time and
space requirements of this procedure can be only a little higher than in case of the pure
one-pass strategy, and they may be much lower than for complete two passes.

In the method described, the second (evaluation) pass is minimized not only with
respect to the grammar, but also with respect to the particular input string. This means,
for example, that for an LAG, which is not LR-attributed, there can be input strings
whose complete analysis is performed in one single pass. This is a consequence of the
full dynamic construction of the expression dag, according to the input string structure
(unlike [1] where the expression dag construction is based on a prior classification of all
attributes in the grammar).

The method (more details can be found in [2]) has considerable advantages. Any LAG
(with the underlying LR(k) context-free grammar) may be used for the formal specification
of the programming language. The specification can be concise and comprehensible,
and the same grammar as for the compiler construction may be used for a language
documentation. Consequently, the language and grammar are easy to modify, extend,
etc. The compiler obtained cannot be worse than if the common two-pass strategy were
adopted. For LR-attributed grammars, the combination of LR parsing and attribute
evaluation is always purely one-pass. For other grammars, the local second pass can be
much more efficient than the statically predefined two passes. Moreover, even for non-LR-
attributed grammars, (some) attribute values are available during LR parsing, and can
be used to influence the parser.
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This article describes a concurrent algorithm for solving a problem of combinatorial
optimization by the stochastic heuristic method - stochastic evolution (SE).

The network bisection (NB) problem consists of splitting an unoriented graph into
two components with an equal number of vertices while the number of edges connecting
the two components (cut value) is minimal. Because the number of bipartitions is an
exponencial function of the number of vertices, heuristic algorithms are used to find a
local optimal solution.

The new algorithm of SE was presented in [1]. The algorithm can be outlined as follows:
BIPARTITION := RANDOM.BIPARTITION;
BEST.STATE := BIPARTITION;
CONTROL.PARAMETER := INITIAL.VALE.C.P;
R := INITIAL.R;
CONTER := 0;
repeat

OLD.COST := CUT.VALE(BIPARTITION);
BIPARTITION := PERTURB(BIPARTITION,CONTROL.PARAMETER);
NEW.COST := CUT.VALUE(BIPARTITIO);
UPDATE(CONTROL_PARAMETER,OLD.COST,NEW.COST);
i f NEW.COST < CUT.VALUE(BEST.STATE) t h e n

BEST.STATE := BIPARTITION;
COUNTER := COUNTER - R

else
COUNTER := COUNTER + 1;

u n t i l COUNTER > R;
r e t u r n BEST.STATE;;

The parameter R plays the role of stopping criterion. Each time there is generated
a bipartition with lower value of the cut, the COUNTER is decremented. The function
UPDATE increments the control parameter.

f u n c t i o n PERTURB (BIPARTITION, CONTROL.PARAMETER);
f o r each VERTEX do

NEW.BIPARTITION :=
MOVE.THE.VERTEX.INTO.ANOTHER.COMPONENT;

GAIN :=
CUT.VALUE(BIPARTITIO') - CUT.VALUE(NEW.BIPARTITION);

if GAIN > Randlnt(-CONT JL.PARAMETER.O) then
BIPARTITION :« NEW.BIPARTITION;

BIPARTITION :* MAKE.BIPARTITION(BIPARTITION);
return(BIPARTITION);
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During each call of the PERTURB function are all vertices of the graph scanned. If the
cut value of the new bjpartition is better (or with given probability also worse) then the
old one, it is accepted. After scanning all vertices, the resulting state may not represent
a bipartition. The function MAKEJBIPARTITION returns the nearest bipartition of the
last generated state.

The concurrent algorithm was implemented on 31 Transputers T800 on T-NODE
computer in the 0CCAM2 programming language. One processor ("Master") performs
the main program, the 30 other processors ("Slaves") only compute the cut value. The
bipartition is represented by the bit vector NODES (card(V) long). This vector is stored
in all processor. The list of edges is splitted into 30 parts (each card(E)/30 long). All
processors perform simultaneously the move of the vertex into another component (change
one bit in the NODES vector).

Master

<- 0

<— Chan OF INT

Slave 1

<- CUT_VALUE

Slave 2 Slave 30

D
Nodes

Edges/30 D
Nodes

Edges/30

The times of one perturbation cycle of the sequential (one Transputer T800) and the
concurrent versions are compared in the following table.

card(V) :
Seq.
Cone.

30
100
111

60
140
121

90
190
131

120
270
141

300
1250
202

600
4700
350

900
10400
580

1200

890

Further research activities concern implementation of other new concurrent algorithms
of combinatorial optimization and application of these algorithms in the area of VLSI
design and concurrent task allocation problems.
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1. Introduction
Layout is the VLSI design stage which starts at a logical level circuit description and

ends at a physical level circuit description. In the combinatorial sense, the layout problem
is a constrained optimization problem [2]. Practically all versions of the layout problem
are intractable; that is they are NP-hard. So therefore we have to resort to heuristic
(approximate) methods. This does no harm in fact because we do not need to reach the
exact optimum in practice. However, we would like to know how good the solution found
is.

There are a couple of heuristic techniques or "frames" convenient for intractable
constrained optimization problems solving. The aim of this article is to identity and
to describe these techniques in a formal way. Optimization problems can viewed from
the point of a search process on the space of legal configurations. This model (or rather
metaphore) has been well established [1]. However, this metaphore is not a suitable formal
model for all heuristic techniques used in practice. Further we will focus our attention to
the techniques of decomposition and reduction.
2. Problem decomposition

The traditional technique of complex problem solving is to break up the problem into
subproblems, which are then solved independently, usually one after the other. Definition:
Decomposition of a problem P is such a n-tuple (P],...,Pn) of simpler subproblems that we
can obtain a solution S of any instance F of P by combining solutions Si,...,Sn of l"i,..., ľn:

S = f(Su...,Sn)

where f, is the instance of P<.
Essentially, we require that a problem can be broken up into subproblems such that

the solution of subproblems guickly leads to the solution of the original problem instance.
So therefore we do not loose at least one solution. We may impose more hard restrictions
not to lose at least one optimum solution in the process of decomposition; the proper
decomposition of a problem is characterized as follows:

^opt = J [£>lopt, •••i>nopt)

The most common way of breaking up the layout problem is first to do component
placement, and then to route the wires and finally to optimize (compact) mask patterns.
Each of these subproblems is further broken up in a similar fashion. A necessary
consequence of this approach is that the resulting layout is not optimal; moreover, w<-
may loose a solution even if it exists. So therefore this approach is not the decomposition
in the above sense. Mismatch among cost function is a central problem for that matter.
3. Instance decomposition
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Instance decomposition is another technique of difficult problem solving. Essentially,
it means that for the given input data (the given problem instance) the problem is
decomposable while a solution is not lost. Definition: Decomposition of an instance F
of P is such a n-tuple (Fi,...,r„) of smaller instances of P that we can obtain a solution S
of ľ by combining solutions S],...,Sn of ri,...,rn:

The proper instance decomposition is defined similarly:

Jopt — J W l o p t i ••'•> Jnopt j

Instances of many layout subproblems are often decomposable [2]. However, the
problem of decision whether a given instance decomposition is proper or not is often
NP-complete problem. Binate covering problem [3] can serve as an example.
4. Instance Reduction

The last approach we will describe is the technique of an instance reduction. Essentially,
it means that the size of the given input data may be reduced while a solution is not lost.
Definition: Reduction of an instance ľ of P is such a pair (ľ r, R) that the size of F r is
smaller than the size of F and that we can obtain a solution S of F by combining a solution
Sr of F r and R where R is a part of S:

S = f(Sr,R).

Similarly we can define the proper reduction:

Sopt = f(Sropti R)

Instances of many layout subproblems are often reducible [3]. However, the problem of
decision whether a given instance reduction is proper or not is often NP-complete.
5. Conduding Remarks

The design of an efficient layout heuristics is a process of experimental refinement of
existing algorithms. We believe that the notions of decomposition and reduction are useful
for this purpose.
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Problems of cooperation of parallel processes in concurrent systems have caused
the origin of a discipline of modelling concurrency. The aim of modelling behaviour of
parallel processes is to find out their characteristics, e.g. possible termination, deadlock
or divergence, and equivalence of several concurrent systems. Different levels of abstraction
are used for description of modelled behaviour in existing theories of concurrency [1.2,4].

In this abstract, a Structural Theory of Concurrency (STC) is introduced. A semantics
of STC is based on a structural bisimulation relation, by which a structure of modelled
behaviour is preserved. Termination, deadlock and divergence are distinguished (many
existing theories are not able to model the divergence in a natural way). Using a glass-box-
principle instead of a black-box-principle, an autonomous behaviour of modelled systems-
can be distinguished by the semantics of STC.

STC is determined for modelling of systems consisting of parallel processes. An
equivalent sequential description of all possible cases of behaviour can be found. From
this sequential description, characteristics of modelled system can be simply discovered.
On the other side, an equivalence of behaviour of two parallel systems can be tested.

A basic unit of behaviour is an action. Three types of actions are distinguished:
autonomous, input, and output actions. Autonomous actions are internal but observable,
input and output actions can cooperate and processes can be synchronized by them.

Process behaviour is described by process expressions, which can be assigned to process
identifiers. Process identifiers with assigned process expressions are denoted as processes.
A syntax of process expressions is given by the following BNF:

E ::= X | NIL | LOCK \ DIV \ g \ E + E \ E; E \
recX.E \ E\E \ E\.E | E\\E | E\a | (E)

where X is a process identifier, NIL, LOCK, DIV are predefined process constants
representing terminated, deadlocked and diverging processes, g is an action, + is an
alternative composition operator,; is a sequential composition operator, recX is a recursion
operator, | is a parallel composition operator, |_ is a left composition operator, || is a
synchronization operator, and \a is a restriction operator. Process expressions have to
be finite. By an equation X=E, the meaning of a process expression E is assigned to a
process identifier X.

A semantics of STC is defined by means of a structural bisimulation relation - an
extension of a bisimulation relation, originated by Park [5].

Structural bisimulation relation is based on a transition relation, on a termination
predicate, on a deadlock predicate, on a divergence predicate, and on an initial alternative
mapping.

Let SB be a structural bisimulation relation, which is defined as follows:
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SB(E,F) iff
1. E-g -> E' =? F-g-> F'k SB(E', F') (transition relation)
2. F~g -^ F' => E-g -> E'k SB(E', F') [transition relation)
3. End(E) = End(F) (termination predicate)
4. Dead(E) = Dead(F) (deadlock predicate)
5. Cycle(E) = Cycle(F) (divergence predicate)
6. Ini(E,g) = Ini(F,g) (initial alternative mapping)

Let = be a structural equivalence relation. It is defined as the largest bisimulation
relation. Two processes E, F are equivalent in the semantics of STC (written E = F) if
there is a structural bisimulation relation such that SB(E,F). The semantics has many
nice properties, which are discussed in [3].

Properties of the semantics of STC are well suited for modelling of behaviour of systems
consisting of parallel processes. These are especially:
- a preservation of a structure of modelled behaviour,
- an observation of communications between processes (glass-box),
- an unambiguous meaning of processes with left recursion,
- a detection of deadlock and divergence.

There are no problems with modelling of finite state systems (i.e. systems, with finite
or regular type of behaviour). This behaviour can be simply described as a sequential
process with right recursion, which can be found in a straightforward way. But the question
is whether there is a way to find an equivalent sequential description of the behaviour
of a system with context free type of behaviour. Because the problem of bisimulation
equivalence of context-free languages is decidable, the author hopes that there is the way
to solve this problem.
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There exist a lot of approaches to object description. One of them is a generative
approach . This method of description is compact and allows description of a very
complex object by means of a small amount of data. This method is widely used for the
description of objects we can meet in nature. We can generate for example objects known
as fractals, graftals etc. The use of generative process usually results in a picture of an
object with regular structure which is not typical for natural objects. There are methods
which enable employment of randomness in the generative process - e.g.natural fractals
where geometrical properties of graphical elements displayed are changed randomly (e.g.
length, angle, width etc.).

The generation of a picture consists of two phases:

• generation of a formal description of a picture. This corresponds to the creation of the
topological structure of the picture.

• interpretation of the formal picture description

The first phase is realized by means of picture grammars. This approach is based on
the assumption that a picture is not considered to be a set of lines without any mutual
dependence. The picture has usually some internal structure with different parts of the
picture. In many cases the picture can be considered a sentence in some pictorial language.
We can use similar approach as in the case of string based grammars by means of which
we can generate strings which belong to a certain class. Also in our case we can define
some starting symbol and a set of rules which enable us to transform different parts of
the pictures. These pictures also belong to a certain class only.

In our approach we employ randomness in generation process in such a way that there
exist several rules which can be applied in one derivation step. We choose randomly one
of these rules . The result is that different parts of the picture have different structures.

As an example we can consider the following rules:
0 -» 1(0) 1(0)0
1 —• 1N; N is a whole positive number which is chosen randomly

That means: instead of N rules with identical left side we have one rule which is
parametrized by N.

Example of derivation proces:
Step String

1 0
2 1(0)1(0)0
3 111(1(0)1(0)0)1(1(0)1(0)0)1(0)1(0)0

As we can see, the formal description of a picture is in a string form. Now we come to the
interpretation of the formal picture description. We can assign a meaning to each symbol
in the string. One possible assignment can have these forms:
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0 — there is a leaf
1 — there is a line

( — start of a branch
) — end of a branch

The branches grow on alternate sides of the trunk. The interpretation of any generated
string results in a picture of a plant. It is possible to vary the length and the thickness of
the branch (line corresponds to symbol 1), the angle of branching etc. We can also change
the size and shape of leaves and their colors.

The above given approach was used for 2D space. A very important aspect is that we
can generate a 3D object using the same method. Branching could be extended in the
direction which is perpendicular to the x-y plane. When we obtain a formal description
of the plant in 3D, we can use this description both for generating projection of the plant
in x-y plane and for generation of a shade (for a given position of a light source). The
shade and projection are derived from the same formal description. Here we can use the
fact that for both interpretations we obtain the same sequence of pseudorandom numbers.
The result is that we can obtain a "natural-like" object with natural appearance.

Generative methods have gained increasing popularity in recent years. One reason is
that in case of transport of a picture in a computer network it is necessary in many cases
to transport a large amount of information. In the case of pictorial information the time is
needed for the transport of the pictures but their formal description only. In the receiving
computer the picture is generated in accordance with its formal description.

One of approaches is the use of IFS (iterated function set) method. The possibilities
of the above given method are not exhausted. When we consider the 3D case we can
use several sets of rules. Each set, of rules is used during generation of one picture. It is
possible to construct these sets in such a way that the consecutive pictures have similar
structures and they represent rotating 3D object in different phases of rotation.

Another promissing direction of research is the use of parallel methods for the
generation of pictures. The rules can be applied either serially or in parallel. This leads
in the case of multiprocessor system to the considerable speed up of computation. The
above given methods can be used in generation of synthetic scenes where display of some
natural objects like trees, bushes etc. is demanded.
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Current interactive systems enable direct manipulation with geometrical objects. There
are usually no constraints imposed on the manipulation. The objects can be placed in
any position. This often loads lo the situation when the configuration of objects doesn't
correspond to some deterministic state of the dialogue.

The graphical interaction has a dynamic nature. That means that also relations among
objects must have a dynamic nature. Several principles there exist to satisfy demands
resulting from the nature of graphical interaction. The most prospective one is usage
of definitive programming principles. The graphical objects that make up the graphical
image are represented by a system of variables of the appropriate type . The value of a
variable can either be specified explicitly or implicitly by a sort of an algebraic expression
in terms of the values of other variables and constants. Every part of the image (in 2D
case) or the scene (3D case) is associated with a variable and the interrelationship between
parts is expressed through the defining formulae.

The situation is very similar to worksheets where relations among specified variables
are given. When a value of some variable has been changed it is necessary to recompute
values of all variables which are dependent on the variable with the value changed.

In our approach we defined the following characteristics of 3D objects:

• shape (e.q. cube, prisma, etc.)
• color
• size (there are several standard sizes of each shape)
• coordinates x,y,z specifying the position of the object in 3D space

Each of these characteristics can be dependent on the position of an object in 3D
space. The relations among object can be expressed in the form of an oriented graph. The
graph determines whether an object is somehow dependent on another object. The nodes
to which no entering edges coincide correspond to the objects which are independent.
Attributes of the other objects are dependent on the position of independent objects.

The formal description of the graph has a form of a program written in a special
language. The program is translated by a special compiler into internal form which is
an internal representation of the graph. From the user's point of view this (relation
of the program) was the first stage of the description of the interface behaviour. The
second stage is initialization of the interface - i.e. to move independent objects into
initial positions. The positions and attributes of dependent objects are derived from the
positions of independent objects. The final stage represents the direct manipulation with
independent objects.

The user interface described is based on a different model than classical user interfaces.
The behaviour of graphical objects in classical user interfaces is usually controlled by

4-15 97



CTU PRAGUE WORKSHOP 92, SECTION 4. COMPUTERS

an application program what has a significant influence on the response time during
interaction. In our case the control of a graphical object is concentrated in the presentation
module.

There are several applications of the above given approach. In 2D case there can be
established links among different objects which can be derived from physical dependencies
between real objects. As an example we can give some control panel where a control
handle (or handles) is moved and as a response the corresponding indicators change their
positions or attributes. The change of attributes can have e.g. a form of change of color (the
indicator has the red color in case when some "dangerous" value has been achieved). In
the 3D case there can be different applications. There can be of course some modification
of the 2D case. Another application field can be in case of information retrieval when
symbols on the screen represent some information quality of which is dependent on the
position in 3D. This is one of the recent trends to represent information in 3D space. As
an example can be given "cone-tree" [1] and some other methods [2].

One of the most difficult was the presentation of the 3D scene on the 2D screen. Because
the system was implemented on the IBM-PC computer the speed of computation became
critical namely in case of direct manipulation with 3D objects. The objects manipulated
were displayed in a wire-frame form and they obtained their "solid" form in their final
position providing that they didn't collide with another object. Another problem which
had to be solved was interaction in 3D. A lot of specialized input equipments exists and
input techniques which are not adequate for our purpose. We have developed a 3D cursor
which can be moved through 3D space by means of a mouse. To determine the cursor's
position in 3D space with more comfort the shadow of the cursor is generated together
with projection of the cursor in 3D space. Besides this also shadows of 3D objects are
generated together with cursor's shade in a ground plane. In case of cursor collision with
a 3D object the cursor's projection disappears. To obtain the most natural picture the
objects and the cursor (together with projections) change their size which is dependent on
the value of z-coordinate. In such a way the identification and manipulation with objects
in 3D is very easy and very natural from the user's point of view.

References:

[1] Robertson, G.G., Mackinlay, I.D., Card, S.K.: Cone Trees: Animated 3D Visualizations
of Hierarchical Information. Proceedings iof SIGCHI 1991, pp.189-193

[2] Mackinlay, J.D., Robertson, G.G., Card, S.K.: The Perspective Wall: Detail and Context
Smoothly Integrated Proceedings of SIGCHI 1991, pp.173-179

[3] Slavík, P.: Some theoretical aspects of geometric modelling. Proceedings of the Third
International Conferencve on Computer Graphiocs - Dubrovník 1988

This research has been conducted at the Department of Computers as a part of the
research project "VAPPIENS" and has not been supported by CTU, but by the British
Council.

98 4-16



CTU PRAGUE WORKSHOP 92. SECTION 4. COMPUTERS

INTERLAN STRUCTURE EVALUATION

Jan Janeček, Jiří Kašpar, Martin Bílý, Stefan Jedlik

Department of Computers, CTU, Karlovo náměstí 13, 121 35 Praha 2

Key words: internet, bridge, router, network modelling

Local Area Networks are not more closed, frequently incompatible,systems. On the
basis of different Ethernet technologies (10BASE5, 10BASE2, 10BASET), broadband
networks, Token Ring, ARCNet and others, a new internetwork architecture has been
formed. The internetwork connects LAN segments and/or LAN areas of different
technology, accepts packets of the Novell Netware, Digital DECNet and obviously DoD
TCP/IP and permits the use of these "incompatible" protocols simultaneously. Bridges,
routers and their modifications (intelligent bridges, brouters, etc.). havel the main role in
multiprotocol internetwork architecture. The access mechanism of the backbone network
and its structure, is important.

When internetwork had been constructed at Charles Square departments of the CTU
(based on classic Ethernet technologies and supporting Novell. DECNet and TCP/IP
protocols) some network components had been evaluated, modified and created. The key
element of the internetwork is the remote multiprotocol bridge and the local multiported
bridge that can support some protocol filtering and statistic evaluation for different
protocols. The construction of the multiprotocol router was started recently.

Connecting LANs directly by routers and bridges, or remotely using point-to-point lines
determines response times of the network under specific load. Optimization of internetwork
structure can improve the overall capacity of interconnected networks.

The most frequently used scheme for interconnection of LAN segments and/or LAN
areas is the backbone based on Ethernet, broadband network or some token ring
architecture. Optical star Ethernet backbone is, for example, constructed on the Dejvice
university campus. Networks connected by the polygonal backbone with intelligent bridges
and routers and point-to-point lines seem to be an alternative to the LAN backbone
scheme.

Evaluating internetwork parameters under specific load can be effectively done using
a network modelling system. A modelling system must respect the differences in different
LAN technologies, connecting elements and supported protocols. Modelling of network
architectures is obviously based on the closed queueing system. Programs used in this
area don't have sufficient selectivity, the description of specific elements is far from reality.

An "object oriented" library created for the closed queueing system simulation in Pascal
obtained preference to the direct use of Simula 67 language. The library includes Simula-
like two-direction queues and quasi-parailelism primitives. On this basis some queueing-
system elements were constructed.

Key elements of the library were tested on simple queueing system configurations,
functions for experiment evaluation are added and model management is under design.

Example As an example of the network model, we present a standard CSMA/CD 1-
persistent access mechanism used, for instance, in standard Ethernet. The CSMA/CD
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network consists of a group of MAC models loaded by exponential sources of frames.
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Fig.l. 1-persistent CSMA/CD model
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Geometric modelling has been for many years a very important part of computer
graphics. With increasing capability of graphics hardware the quality of generated pictures
also has been increasing. It was necessary to solve various problems concerning the natural
appearance of generated pictures. This includes first of all solution of hidden-line-hiddeu
surface problems. We had to choose such an algorithm which should be adequate for the
solution of our problem in general.

The main problems which are to be solved concern the work with light. The quality of
the generated picture depends on the type of the light sources and on their number and
directions of light beams in relation to the surface of illuminated objects. The first step
to obtain a realistic picture of the scene is to solve shading and mirroring on the surface
of objects. The solution is influenced not only by attributes of light sources but also by
quality of the surface.

To obtain the possibility to investigate various algorithms and approaches we
implemented an experimental system which contains features which enable one to solve
most of above given problems. The aim was to create an environment where some new
algorithms could be tested. The main problem is the computational speed. Several ways
exist to speed up the computation:

• usage of special data structures

• usage of special arithmetic computations

• replacement of high-level language procedures by assembler procedures

• development of new algorithms
In the experimental system which was mentioned above we used the first two topics. The
second one in particular contributed significantly to the reduction of computational time.

Another criteria of the quality of the system is the quality of generated pictures. We
have already used dithering or halftoning to obtain smooth transitions between different
colors. The next related problem is now under our intensive investigation - how to display
a great number of colours (24 bits per pixel) on low-cost monitors (8 bits per pixel).
We are looking for such algorithms like Floyd-Steinberg's or Sierra's error distribution
method, but we want also to develop methods that use an adaptive palette instead of a
standard 3-3-2 bits per colour encoding palette.

The principal method which was used for the picture generation is known as the ray-
tracing. In this case the computer program simulates the propagation of the light in the
scene. This method gives relatively satisfactory results. From the point of reality there
are some deficiencies such as very sharp boundary of shaded areas. Another problem is
the fact that the computations are highly dependent on the position of a viewer. When
this position is changed everything must be recomputed from the very beginning. This is
very inefficient especially in situations when several different views should be generated.
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The solution is to use such an approach which uses the fact that the distribution of light
in the scene is not dependent on the view point. This is the basic idea in new approach
called radiosity. A scene is viewed as a collection of patches where the light emitted by the
surface of a given patch Q is either constant or a linear combination of the light falling
on Q from all other patches. In essence the use of radiosity approach leads to solving a
set of simultaneous linear equations. Each equation represents a portion of the discrete
simulation of the light flow, that is, the portion of the light from the rest of the scene that
is eventually reflected by the patch. The equation for patch Q depends on which patches
are visible from Q. The approximate form of this equation is:

Yj).ľU,J).L} (1)

Li is the amount of light emitted from patch,
P (i, j J is the portion of the light emitted from patch, that can reach patch
HID(ij) is a Boolean function - indication whether patch j is hidden from patch

Usage of this method removes the above mentioned deficiencies and at the present time is
one of the most promising methods in the field. The aim of research is to develop methods
which will reduce time needed for the computation. These methods will be tested in the
frame of our experimental system.

Another direction of the research is specification of the quality of surfaces of objects
which create the scene. In our experimental system there exists a possibility of how to set
up the quality of surfaces presented. We can define e.g. a very shiny surface which results
in generating reflections in the resulting picture. To obtain more natural results we can
employ different methods which enable definition of surface textures which contributes to
the natural appearance of objects.

Methods for synthetic scenes generation are objects of intensive research abroad. The
research of these methods in our country is not on a proper level. This is one of the reasons
why these methods are of interest to our research . Another field for research in this area
exists as we have stated above computation is very time consuming. One way to reduce
the computation time is the development of a new algorithm. Another very promising
approach is investigation of methods for parallel processing - i.e. development of parallel
algorithms. Also this aspect represents up-to-date trends in computer graphics research.

This research has been conducted at the Department of Computers as a part of the
research project "Parallel Methods and Tools for Computer Graphics" and has not been
supported.
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At present, the ray-tracing is one of the most important methods used in computer
graphics, which allows a realistic rendering of three-dimensional scenes. The most time-
consuming part of this method is computing of intersections of a ray and objects within
a scene. It costs about 70to increase speed, respectively to decrease the amount of
computations.

One approach is to divide modeling space by using an octree encoding technique and
to trace through it similarly as in a two-dimensional raster space. In each voxel (Volume
Element), there are only several objects which must be tested for intersections. Of course,
there is an additional time-consuming process of creating an octree by dividing spare
according to shapes of objects and their positions, but it is processed only once and any
generation of many images of this scene is possible later. This paper describes our research
in speeding up ray-tracing only in octrees. We suppose that an octree corresponding to a
space scene was already constructed.

The method for traversing an octree is called 3DDDA algorithm (3-Dimensional Digital
Differential Analyzer) [1]. Although each voxel is divided into 8 subvoxels of equal size,
this process is adaptive, so we will get an octree with branches of nonequal length as a
result of dividing. The problem is to traverse the leaf nodes of different size.

In case of voxels of the same size, the basic step in 3DDDA is called a horizontal
traversal and it is called a vertical traversal otherwise.

Let DA (Driving Axis) be an axis (in 3D space) with the biggest change of coordinates
of ray vector and PA (Passive Axis) is one of the remaining axes. Then for each horizontal
traversal we can incrementaly compute the coordinates C for all axes as:

DA-step: C n +, = C + 1
PA-step: C + i = C n + 1/S, where S = dDA/dPA.

In case of vertical traversal from the current leaf node to the following but smaller one,
we have to compute a new value C for each axis:

if C n <S = then C n +, = S - 2((S-Cn ) mod (S div
2))

else C n + , = S + 2(Cn -S).
Similar computations are needed for tracing from a small leaf node to next bigger voxel.

Although this method allows an increase in the speed of rendering in some cases more
than 100 times comparing to classic ray-tracing, there is still one disadvantage - slow
vertical traversal. Here we address the problem to find a more efficient traversing method.

There is a new approach in [2], that uses a simplified 3DDDA algorithm for traversing
adaptively subdivided octree with constant step, called BTU (Basic Traversal Unit). The
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ba.sir iď"a is to compute this H l i accordingly to ň size of lhe smallest voxel.

Fizc of thp smallest !c>f nod-
1 Basic Traversal Unit ÍBTU)

Figure 1: 2DDDA on a quadtree

The simplified 2D version is shown in Figure 1. For traversing, we need to deride
whether the current BTl ' is a leaf node of an octree (BTl* 07 and 08) or whether not -
in this case the parent node of BTl ' is required (e.g. parent of BTl r 01-06). The sp<fia)
indexing of voxels, that allows easy finding of the parent node is used. Nodes, which are
not leaves, don't rontain any information about real space objects, therefore it is necessary
to store only leaf nodes. A large static table accessed by hash function is used for storing
leaf nodes.

Our current research involves study of optimal hash function, which depends on
encoding of voxels, and development and implementation of algorithms for 3UDDA
traversing without real arithmetic.
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lexture inappiug is a technique often used fur modelling surfaces of natural materials.
In this abstract an interesting method for synthesizing stochastic l<-xtur<-s is discussed
and other possibilities of its utilizing in computer graphics are suggested.

Iexture is loosely defined as local variations of visual properties of surface. There
are many properties that can be texture mapped • from color. coefiici<-iits of reflection.
direction of anisotropy of reflection to slight perturbation of surface's normal vector or
shape. I ex t u res can be deterministic (paintings and repetitive patti-rnsl or stochastic.
The latter seems to be more suitable to model natural materials.

Stochastic function (noise) used as texture must have controllable statistic
characteristics. Many ways how to achieve that have been published these can be roughly
divided into (wo classes:
I. A noise vvith band limited frequency spectrum is constructed and the desired spectrum

is synthesized as a weighted sum of such noises with increasing frequency:

k

Control over the spectrum is done by adjusting weights wj.
2. The function is constructed directly, the desired spectrum being achieved bv filtering a

noise with (ideally) unlimited spectrum. Control of the resulting spectrum is possible
by changing the filter shape.

Let a (r) be a noise with unlimited spectrum, then using convolution for (b) we get

(9)= /°(q)h(
Jn

L-<i)dq (2)

where h(r) is the filter impulse response. We can choose conveniently impulses with
random amplitudes and locations (Poisson process) for <r(r):

<r{r) = '^2ak6(r-rJc) (3)

where i(r) is the Dirac's distribution. Then the integral (2) reduces to a mere summation

n{r) = ̂ 2akh(r-rk) (4)

In fact, (4) means a sum of randomly located and scaled impulses of the shape h(r)
mutually overlapping in noise domain. For one-dimensional case see Figure 1.

ff Ä(r) is non-zero in a limited domain it is not necessary to sum over aíí k - proper
algorithm ca,n be written which selectively sums only impulses with non-zero value at r.

4 " 2 3 105



< Iľ ľHAC.ry. WORKSHOP 92. SECI ION 4. COMPl'TER-S

Average number <JÍ rv within the domain of h(r) is thus most derisive for efficiency, it
rcmlti (><• used only len rk (o produce a quite high-quality noise. I here is no need to use
real arithmetic for the algorithm (with li(r_\ stored in a lookup table).

O I) V^

KIR. I: I D case nf noise synthesis as a sum of random impulses
Control over properties of the noise is done by changing h{r). Suppose thai texture

spare is t wo-rlimrnsional, then fi(r) = h(r. y) ran be imagined as a spot. An important fact
is thai a Hose iMuitivc relation between spot's shape and the resulting noise exists. E.g. if
the spot is isotropir (with rotational symmetry) the corresponding texture will be isotxopic
as well, if the spot is stretched in a certain direction the texture will be "stretched" in the
sHiiu- direction, if the spot is a pattern, similar pattern will appear in the texture, sharp
edges of i he spot will result in fractal-like character etc. Collecting a sufficiently large
set of s'ich heuristic rules could be valuable for designing textures of natural surfaces.
Thai would be a more convenient and straightforward way to design textures than e.g.
synthesizing the spectrum intuitively or sketching a sample of the pattern by hand.

Additionally, if the shape of A(r) varies with location in texture space the texture is
different at different places while the change can be continuous. This possibility gives us
a chance to model such effects as a carving in material.

Dimensionality of the texture space can be arbitrary and therefore generating of solid
texture is also possible. Solid textures have some advantages over conventional 2-D ones

avoiding a problem with distortion of a plane texture warped on a curved surface and
the resulting necessity to parametrize the surface is avoided, a possibility of creating
a stochastic space vector field for simulating random trajectories, modelling coral-like
objects etc.

Our further research will study the relation between shape of h{r) and a corresponding
texture, efficiency of the algorithm and we will explore other possibilities of utilizing noise
in image synthesis.
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The n-dimensional binary hypercube represents nowadays the most important topology
for interconnecting processing nodes of highly parallel multiprocessor systems. The graph-
theoretical properties of the hypercube are well understood, even if sonic problems remain
still open. An incomplete hypercube is an irregular graph resulting from the hypercube by
removing some vertices and all edges incident with them. An incomplete hypercube models
a faulty communication network of the hypercube multiprocessor in which a failure of a
node causes an interruption of all communication links passing through the faulty node.
It arises also during the computation on the hypercube machine when dynamic allocation
and deallocation of subcubes for the computing processes is performed. Very few results
on graph-theoretical properties of the incomplete hypercubes have been reported so far
[1,2]. In this paper several new results on embedding Hatniltonian paths and circuits
into incomplete hypercubes are presented. Refer [3] for the constructional proofs of these
results.

An undirected graph G with vertices V=V(G) and edges E—E(C!) is denoted G=(V'.K).
An edge joining two vertices u and v is specified <u,v>. An n-dimensional binary
hypercube is denoted Q„. The dimension of a hypercube Q is denoted dim(Q). (liven
a subcube Q of Qn, the set of directions of Q is denoted dir(Q). (liven u.v £ V(Q„).
their Hamming distance is denoted /i(u,v) and the set of all dimensions in which their
coordinates differ is denoted <5(u,v). The Hamming distance between subgraphs Hi and
H2 of Q„ is denoted /?'(H,,H2).

A Hamiltonian path of G starting in a vertex u passing through x,y,... in this order
and ending in v is denoted hp<u,x,y,...,v:G>. A Hamiltonian circuit of G passing through
u,v,... is denoted hc<u,v,...:G>. The v-difference of two graphs G] and G2, denoted Gi
G2, is the subgraph of Gl induced by the vertex set V(Gi)-V(G2).

A hypercube with one vertex missing is clearly not Hamiltonian because a circuit in
a hyperc.ube Qn has always an even number of vertices. If one vertex of a hypercube is
missing, then a Hamiltonian path between two vertices of the incomplete hyperenbe exists
only under certain conditions.

Lemma 1 Let n<3 and let u,v,x be three distinct vertices of Qn such that /3(u,x) and
/3(v,x) are even. Then there exists no Hamiltonian path hp<u,v:QTl ({x},<J>)>.

Lemma 2 Let n<2 and let u,v,x be three distinct vertices of Qn such that fi(u,x) is odd
and 0 (v,x) is even. Then there exists no Hamiltonian path hp<u,v:Qn({x}.<!>)>.

Lemma 3 Let n<3 and let u,v,x be three distinct vertices of Qn such that l3(\i,x) and
/?(v,x) are odd. Then there exists no Hamiltonian path hp<u,v:QTI-({x},4>)>.
The simplest case of an incomplete hypercube is a graph Q,,-Q' where dim(Q')>l.

Lemma 4 Let n>2 and let Q' be a subcube of QT1 such that dim(Q')>l. Let u.v s V(Q„-
Q') be two vertices such that 0(u,v) is odd. Then there exists a Hainiltonian path
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hp<u,v:Qn-Q' > except the case when n=3, /?(u,v)=l, and Q' is an edge parallel with
<u,v> at distance 2.

Lemma 5 Let n>4 and let Q' be a subcube of Q„ such that dim(Q')>l. Let ei and e2

be two edges of Qn-Q' such that /3(ei,e2)>2. Then there exists a Hamiltonian circuit
C=hc<Qn-Q' > such that e, e E(C) and e2 e E(C).
More injured hypercubes can be modelled by subtracting two or more subcubes.

Lemma 6 Let n>4 and let Q',Q" be two vertex-disjoint subcubes of Qn such that
dim(Q')>l, dim(Q")>l, and the graph Qn-Q'~Q" is connected. Then there exists a
Hamiltonian circuit of Qn-Q'-Q".
To prove the main result of this paper, a lemma similar to the previous one is needed.

Lemma 7 Let n>4 and let Q',Q" be two vertex-disjoint subcubes of Qn such that
dim(Q')>l, dim(Q")>l, and G=QB-Q'-Q" is connected. Let, <u,v> e E(G) such that
<r(u,v) e dir(Q'), /3"(<u,v>,Q')=l , and G-<u,v> is connected. Then there exists a
Hamiltonian circuit C=hc<G> such that <u,v> e E(C).

The following theorem is the main result of this paper.

Theorem 1 Let n>5 and Q' ,Q",Q'" be three vertex-disjoint subcubes of dimensions at
least 1 such that the graph Qn-Q'~Q"~Q"is connected. Then there exists a Hamiltonian
circuit of Qn-Q'-Q"-Q'".

The irregular structure of the incomplete hypercube implies that the complexity of
the embedding problem increases with adding new constraints for more incomplete
hypercubes. It is the subject of further study to investigate the graph-theoretical
properties of incomplete hypercubes. The last result can be generalized in several ways,
e.g.

Conjecture Let n>5 and n-2>i] >i2 >-.>in-2 >2. Let Qii,...,Q,-(n-2) be mutually
disjoint subcubes of Qn such that G=Q„-Q;i-Q,2-...-Q;(n_2) is connected. Then G is
Hamiltonian.
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The objective of the Pollux oroject was to create a programming language suitable
for education (the Distributed Systems courses) and for programming of some small
distributed applications. The project has been started at CINVESTAV del I.P.N. (Mexico,
D.F.) in 1989, where the pilot version of the language: Pollux 1.0 was also implemented
and used.

The Pollux language is based on the Remote Procedure Call concept implemented
in a Pascal-like environment. The unit of distribution is an agent that is defined by its
data space, its code and interface. Definition of the agent type resembles a procedure
definition, the interface resembles a formal parameter list. An agent is activated by the
activation statement that looks like a procedure call, actual parameters of the activation
statement define communication of the agent with its environment. Communication with
an environment and especially with other agents that form the program is fully defined
and restricted by the interface.

The primary communication method used in Pollux 1.0 was the Remote Procedure Call
in the scarcely used form introduced by Hansen as the Distributed Processes' concept.
Because of the principal intention to create a language for education, two communication
mechanisms have been added in Pollux 2.0: asynchronous (buffered) and synchronous
message passing, in the point-to-point and broadcast form. Sharing of variables has been
added to improve effectiveness in shared memory systems.

Agent code in Pollux 1.0 is usually sequential. If some form of parallelism is needed
subagents (children) can be defined, declared and activated. In Pollux 2.0 an Occam-like
structured statement has been added, arbitrary concurrent structure can be specified using
it. Three variants of the statement are: the parallel statement, the alternative statement
and the sequential statement.

Pollux language design has been substantially influenced by Conic [1], a programming
system based on Pascal with processes that communicate by asynchronous and/or
synchronous channels. Syntax and semantics of the agent definition, declaration and
activation have been influenced by Occam 2 and Joyce.

A new compiler and interpreter for Pollux 2.0 was recently implemented. More
generality was added to the standard point-to-point and broadcast communication concept
(specification of the channel capacity gives the channel declaration a more regular form),
internal implementation structures are influenced by the Joyce language ("procedure-
less" concept) and the compiler is based on a standard compiler technology (LR parser
generator). The communication support based on Novell IPX is in preparation with fixed
and dynamic distribution over a network.

As an example of a Pollux program serves the following synchronization service. Two

4 - 2 7 109



CTU PRAGUE WORKSHOP 92, SECTION 4. COMPUTERS

synchronizers Si and S2 supports two applications Al and A2:

SYNC

XFS XFR

SI
SYNC

XFS XFR

S2

type
name = char;
SyAg » agent Synchronizer

( share const a:name;
define procedure Sync;

procedure XfR;
use procedure XfS; );

var Cont:boolean;
procedure Sync;
begin

XfS; Cont:=false;
end;

procedure XfR;
begin
when Cont=false do
Cont:=true

end;
begin
Cont:'false;

end;
ApAg = agent Application

( share const a:name;
use procedure ASync; );

begin
repeat
ASync;

until false;
end;

var Sl,S2:SyAg; Al,A2:ApAg;
begin

Sl('l',Sl.Sync,Sl.XfR,S2.XfR);
S2('2',S2.Sync,S2.XfR,Sl.XfR);
AACA'.Sl.Sync); AB('B',S2.Sync)

end.
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The interaction of high-power picosecond or femtosecond laser pulses with matter has
now become an important field of study, as the advent of high-power short-pulse laser
systems with the irradiance in range 1014- 1019 W/cm2 offers the chance of studying a
completely new and very complex regime of laser plasma generation.

We investigate here the interaction of ultrashort laser pulses with fully ionized
plasma via numerical simulation. For subpicosecond laser pulses almost all gas dynamics
may be neglected. The plasma is treated in kinetic description by the solution of the
Vlasov-Fokker-Planck (VFPE) kinetic equation, which includes both the Fokker-Planck
collision operators for electron-ion and electron-electron collisions, and self-consistent
quasistatic longitudinal electric field, induced to ensure the quasineutrality of plasma.
Light absorption by inverse bremsstrahlung is treated in a self-consistent manner.

For the construction and analysis of the numerical code we have used our package FIDE
(Finite difference method for solving partial Differential Equations) for a semiautomatic
approach to the solution of partial differential equations systems (PDES). A detailed
description of the package can be found elsewhere / I / , the code and the complete
documentation have been included in the REDUCE program library (managed by A.C.
Hearn, The RAND Corp., Santa Monica, fileserver reduce-netlib@rand.org). This study
involves three types of problems:
(1) Interaction of laser radiation with prepulse-produced plasma with a gradient scale
length comparable to laser wavelength in plane geometry.
(2) Interaction of laser radiation with solid state density plasma in plane geometry when
no significant expansion occurs.
(3) Interaction of laser radiation with an underdense plasma in cylindrical geometry,
relevant to the laser beam transport studies and to X-ray laser research.
(4) The impact of the space oscillations in amplitude of the laser electric field and that of
the ponderomotive force on the shape of the electron distribution function, on laser beam
absorption and on electron heat transport has been demonstrated /2,3/.

The profiles of the symmetric fO and asymmetric fl parts of the electron distribution
function are plotted in Fig.l at the maximum of the laser pulse of the maximum intensity
Imox = 10*5 W/cm2. The oscillations in the distribution function in the underdense corona
are coincident with oscillations in the amplitude of laser electric field. The region behind
critical surface, where the large thermal transport is present, is pronounced on the plot
of fi. The plot of fo depicts the non-Maxwellian tail of electron distribution function in
the cold overdense plasma due to penetration of relatively energetic electrons far behind
the absorption zone. (2) When the laser prepulse is eliminated the laser radiation is
absorbed in a skin layer of a fraction of laser wavelength, from which most of the energy is
transported into the target by electron heat conduction. The electron distribution function
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at the plasma-vacuum boundary at the maximum of laser pulse is modified by a smaller
oscillation velocity of the subthermal electrons due to their frequent collisions with ions
/•!/. The laser absorptance is higher than in homogeneous plasma, especially during the
rise of laser pulse, rise of laser pulse, when the layer is very thin with a steep gradient of
the dielectric constant.

(3) The relative growth of filamentation and self-narrowing of radially symmetric laser
beams is caused by lower central absorption due to higher electron temperature and
stronger modification of electron distribution.

Fig. I The symmetric (a) and asymetrie (b) rise of laser pulse, parts of the electron
distribution function as the heated plasma at the laser pulse maximum Im = 1015W/cm2.
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Here are described the essential features of a new support environment for the design,
development, debugging and maintenance of programs written in the programming
language Prolog. This environment is being enhanced by the use of a visual programming
metaphor. The visual model used for this representation is based on a procedural
interpretation of Prolog. This environment is called Hypolog and provides quick
prototyping of logic programs. Only the visual aspects of Hypolog are considered here, but
it is expected that it should be seen as being a part of a more wide-ranging programming
environment which covers many programming paradigms.

The major investment in computing today is in software and the ability to maintain it.
It is common to attempt to maximize the profit from this investment by trying to achieve
good software development and maintainance via the creation of a uniform software
environment. This uniformly developed environment moves the developer away from the
unstructured style and into a more rigorous and controlled teamwork style. The resulting
tools have been referred to as IPSE (Integrated Programming Support Environment),
CASE (Computer Aided Software Environment), and a variety of other names. In this
paper such a software support environment for logic programming, which uses a visual
model to enhance the conceptualisation of the programming process is described. This
new environment is referred to as a VIPSE (Visual Integrated Programming Support
Environment).

Integrated graphical programming environments (IGPE) supported by Computer
Aided Software Engineering (CASE) tools have become a reasonably successful
commercial development. At present these IGPEs tend only to support the classical
procedural languages. Design and development of IGPEs for other various programming
paradigms is the proposed way of taking full advantage of the power of an IGPE.

The Hypolog basic visual model [6,7] is derived from the box model which was
developed during Edinburgh's Prolog implementation.

The box model also formed the basis of a debugger developed by [3]. The output from
this debugger was in a textual form rather than being visual. An extended version of
the box model with eight entry/exit points, rather than the four of the original one, was
developed by [2]. It also had the ability to provide a detailed control description of the
program.

The BPM model [4] also extended the basic box model by the introduction of a
representation for backtracking and the use of cut. However, this enriched expressiveness is
achived by both subtle and spatial additions to the box model's graphical representation.
Although workable the end results create a visual image of the Prolog programs which is
too complex and confusing for some levels of programmer ability.

Another approach for the visual representation of Prolog programs, based on and-or
trees, was developed at the Open University and is used in their course on Prolog, [1].
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It is felt that the strengths of the box model still have not been surpassed. Due to
its ability to describe the procedural flow of a Prolog program in a singularly clear and
efficient way for the beginner,while at the same time providing sufficient detail for the
advanced programmer. There is a close connection between the "Prolog story" [5] and the
visual model.

The Hypolog model offers several advantages other models discussed

1. The representation is based on a few graphical units (box, line, variable binding box).

2. The model provides a clear and concise representation for unification, matching,
variable instatiation and uninstatiation, and deals clearly with all built in predicates

.'t. The model provides an advanced user interface for the Prolog system which can also
form a basis for graphical representation in actual media. Conclusions

It has long been known that a visual representation aids the comprehension of most
programming tasks. Initial work has shown [5,6] that in the field of logic programming
this theory also holds.

The development of Hypolog is just one part of an ongoing project to
address the introduction of various programming paradigms into more everyday use.
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GEOMETRIC DIAGRAM AND PARAMETRIC METHODS
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Introduction: Small computational complexity of solving different problems of a
multibody systems is important for practical applications of multibody system modelling
approach. Recently / I / ; /2/; /4/; /5/ there has been developed a new method for
kinematical, statical and dynamical solution of multibody systems which decreases the
computational complexity. Computational complexity of solution of all problems of
multibody mechanics by traditional methods is 0(n ) where n is the number of bodies in
the system. Recently methods have been developed for the solution of direct dynamic
problem of multibody systems with tree structure (without loops) which have linear
computational complexity O(n).A similar algorithm for the solution of direct dynamic
problem of multibody systems with loops has the computational complexity 0(n) 4-
0(1 ) where I is the number of loops. The development of algorithms which could
decrease the computational complexity for multibody systems with loops is very important
because such systems are often in modelling complex machines. Such possible algorithm
(/I/; /2/) is based on the efficient solution of kinematics which can be realized by the
geometric diagram and parametric methods in kinematics. However the same methods can
substantially improve the computational complexity of the solution of statics of multibody
system.

Background: The geometric diagram method together with the parametric method
are under development however their properties are very promising and important for
highly efficient solution of dynamic analysis of multibody systems. At the end of the
last century and at the beginning of this century the graphical methods, e.g. /3/
were the original methods of solving kinematic and static analysis. These methods
can be generalized /4/, /5/ and treated in an analytical way and then they could
offer advantageous methods for solving multibody system kinematic analysis. These
possibilities are now investigated (/I/; /2/). The advantage of these methods is the
theoretical ability to achieve the linear computational complexity of multibody system
differential kinematic analysis in comparison with the cubic computational complexity
which is achieved by all other methods. This is very important for the possibility of linear
computational complexity of dynamic analysis of multibody system with loops.

Results: The generalization of old graphical methods in kinematics and statics
is based on the combination of the geometric diagram method and the parametric
one. The geometric diagram method in kinematics uses the geometric relation among
velocities of different points of multibody system which are constructed in the so-called
velocity or acceleration diagram. We fix in space a point O as origin. The velocities
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(or accelerations ) of points of interest of the investigated multibody system we shall
describe as radius vectors with the same origin 0. The velocity (or acceleration) diagram
is a diagram of velocity (or acceleration) vectors and their end points. In this way we
obtain geometrical interpretation of relations among velocities (or accelerations) in the
investigated mullibody system. The end points of velocities (or accelerations) of important
points in the investigated multibody system lie in different geometrical sets (e.g. plane,
straight line) and hence they can be determined by the intersections of these sets. The
geometric diagram method in statics is Cremon's diagram applied to trusses.

The parametric method uses other facts. In many cases if we knew the velocity (or
acceleration or reaction force) of some point of mullihody system then we could finish the
kinematic solution. Thus we choose the value of this velocity (or acceleration or reaction
force) and we finish the kinematic solution. However such solution is not in general correct
because it must fulfill some condition. And from these conditions we determine the correct
value of the chosen velocity (or acceleration or reaction force).

There is a more efficient algorithm which uses the combination of the geometric diagram
method and the parametric one. This algorithm transforms at first the planar or spatial
multibody system into an equivalent truss and then solves this truss by a special case of
the geometric diagram and parametric method.

Conclusion: The described algorithms (/4/, /5/) decrease the computational
complexity of the solution of all problems of multibody system rapidly. However the
proof of their linear computational complexity for general multibody system is still an
open question. Further investigation are also necessary in order to study the application
of these algorithms to singular cases in mechanics of multibody systems.
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Modal analysis has been used to improve the dynamic properties of machine
tools structures for a couple of decades. This is the technique for testing, modelling
and analyzing the dynamic performance of mechanical structures. The older analog
instrumentation has a great disadvantage, harmonic exciting, and it is very lime
consuming. Practically, it is not possible to build a mathematical model adequate for
the investigated machine. The new development of hardware and software products in
this field gives new a instrument to the hands of engineers.

The tasit of the presented research was to acquirewin the new software in order to
apply it. together with adequate up-to-date instrumentation, on an example of a machine
tool. The physical niodel of a tool-holding slide of vertical turret lathe was chosen as the
object of investigation.

The dynamical problems of machine tools are, in the majority of cases, the self-excited
vibration as well as the resonances, excited by some technological forces. The first problem
is solved by the modification of the structure with the goal to minimize the negative total
extreme of the real part of the machine frequency response function, measured on a
the certain point near a cutting instrument. The second problem needs an appropriate
machine modification as well, but the criterion is the return of the natural frequencies.

In any case, the modal frequency, damping and mode shapes are asked in order to
describe th." dynamic behaviour of the machine structure. These modal parameters form
the mathematical model of structures that can be derived analytically or experimentally.
Our goal was to use both models. The analytical model was calculated on the cooperating
Department of Mechanics, using the Finite Element Analysis. There is an idea of
identification of these two models in order to create a reli?*ble model and to use it for
the purpose of modification of the investigated machine tool structure.

In order to fulfill the experimental part of the task, the impact excitation of the
structures was used- The ideal instrumentation is, in this case, the impact hammer
excitation and dual channel averaging FFT procedure of measured force and acceleration
response signals. The measured data are proceed to PC software VTKi (bought for this
purpose) in order to calculate the above mentioned modal parameters.

There were several variants of the vertical lathe support for measuring, adequate to
FEM calculation:
1. free-free beam,
2. hinged-hinged beam with free end,
3. fixed-fixed beam with flexible supports and free end,
4. fixed-fixed beam with ideal supports and the flexible plate on the free end, which

models a cutting instrument holder,
5. fixed-fixed beam with flexible supports and the flexible plate on the free end.
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In all rases t ho nuxlal frequencies ami shapes were compared and tlie causes of
differences were studied, repeating both measurement and calculation. 1 lie graphical
results will he presented on the Workshop"i)'J.

In order to estimate the possibilities of the new soft- and hardware in the field
conditions and also to acquire new experience some unproposed applications were done.
I he first on the radial drilling machine, second on the robot frame. The modal parameters
were successfully measured. In this case the mam goal was to create the !{|) geometrical
models for mode shapes measurements. Another task was to measure the damping of
machine tools for later applications in FKA calculations. After (lie hrst application of
the new software we can say. that it is a powerful instrument for modal parameters
measurement. We are able to create the experimental modal model of a machine structure
considerably quickly and much more exactly. The conclusions for machine- structure design
could he directly done. Comparing this model with the I" K A -modal model, we can estimate
the dynamic properties of a machine structure in the stage of project.

Tin* research has been ranductrd at tin l)i parlwrnl of Sladinu and Equipment
for Machiiif Engineering as a part of the research "Modal Analy.-ts of Machine Tools
Structures', whtch has been done in cooperation with the Dtpartvient of Mechanics, and
has b<rn supported by the grant nf Czech Technical Inicersity .Xo.tfOJI.
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The Department of Machine and Equipment for Mechanical Engineering has been
building grounding for systematic RfcD work in the field of structures of non-conventional
production machines and equipment and their special and very accurate components for
approximately the past twenty years. The department gained a lot of valuable experience
from many such devices introduced into practice in manufacturing enterprises.

The task of the project is the continuation of this R&D work with the aid of computer
technique including graphic output and the possibility of optimalization of proposed
variant of solved problem and, in the frame of cooperation with manufacturing enterprises
to materialize selected solutions into practice. At present the work on the project is
intent on development and realization of non-conventional lathe with four NC axes. Such
a machine will enable even milling complicated shapes of bulky objects. After adding
variable extensions in various space configurations on the machine it will be even possible
to make research and verify work on non-conventional methods of cutting. The work is
made on the basis of experience gained from the development and realization of a special
NC machine for cutting propeller blades, made for the state enterprise Aero.

There are two ways of solving the project: design work (modification of the standard
SUT 80NC lathe determined for the task) and theoretical work (modelling of a dynamic
system of the machine and its drive).

Together with a modification of design work, disassembly work on the machine is under
way. It will be necessary to modify several parts of the lathe including first of all a spindle
of the lathe. On the standard type of the SUT 80NC lathe a spindle is driven by gear
wheels. This drive will be replaced by a toothed belt drive. And in order to establish a
feedback into the whole drive system it will be necessary to install a rotational measuring
instrument (type RON 706 by Heidenhain company). All these changes need to shorten
the spindle and to make some modifications on it. This work is made in cooperation with
the producer of the lathe, state enterprise TOS Čelákovice. But the whole work will need
some more cooperation. With regard to the very high transmission ratio and the very high
torsion stiffness required, it is necessary to use a belt pulley of an non-standard width
and diameter. Cooperation will be broadened to other manufacturing enterprises. Some
talks with TOS Holoubkov and Kovosvit Sezimovo Ústí are under way.

In the theoretical part some experimental work is being done in laboratories of the
department. The task of these experiments is to get a basic value of constants for
theoretical calculations of a dynamic system of the machine model. Necessary measuring
equipment is being prepared. The first measurements will involve measurement of stiffness
of a toothed belt drive.

Some experience has been gained from above mentioned special NC machine for
cutting propeller blades in Aero works and its working has thus been improved. But
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tin's infonnation is applied to the project ol the above mentioned non-conventional lathe
as well. It is mainly the problem of optimalization of drive constants during curve
interpolation in order to keep shape accuracy of a propeller blade profile even during
high speeds of iced (up to v= 8 m/min).
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Present understanding of fatigue mechanisms in metais and alloys is still insufficient
and the fatigue of structures remains a significant problem all over the world. A complex
research programme was started at the Department of Materials with the aim to obtain
a deeper knowledge of fatigue crack initiation and growth in engineering materials, as a
base for the prospective goal: to improve predictive models of fatigue behaviour of bodies
and structures under variable loading.

Until now, the predictive models for variable-amplitude loading consider the crack
retardation by evaluating the plastic zone size on the crack tip, and predict the crack
retardation by reducing the crack growth rate (CGR) within the plastic zone created
by an overload. Yield zone models (e.g., Wheeler or Willenborg models) and strip yield
models (e.g., Seeger or De Koning model) were complemented by models based on the
occurrence of crack closure, e.g., models ONERA, PREFAS or CORPUS [1].

One of the intentions of our project is a deeper understanding of the mechanisms of
fatigue crack growth by mathematical modeling of stress and strain fields on the crack
tip, e.g., by studying processes controlling the phenomena dealt in the models mentioned
above (e.g., changes of the plastic zone characteristics and crack closure). In 1991, our
research was oriented to the fatigue crack behaviour after a single overload and to the
finite element modeling of fatigue crack closure. Results were presented in [2] and a short
synopsis follows in the Proceedings of WORKSHOP ČVUT '92 [3], [4].

The mathematical modeling was completed by an experimental study of the overload
effect: the flat specimens of Al-alloy type 2024 (ČSN 42 4202.61) were tested under
monotonie cycling with single overload and the changes of fatigue crack kinetics were
measured by the electric potential method (Howden Machinery Ltd.). The experimental
results are summarized in [5] and will be confronted with a theoretical solution.

An another independent source of information is the micromorphology of fracture
surface which can be considered as a coded record of the failure process. We have developed
methods of the fractographic reconstitution of fatigue crack kinetics [6] offering valuable
data on the macroscopic crack growth and on the time necessary for crack initiation.
The reliability of fractographic results depends largely upon the level of knowledge of
the relation between microfractographic data (striation spacing) and macroscopic crack
growth rate [7]. In the framework of the presented program, we have studied the Ni-base
alloy El 437 B from this point of view, i.e., the relation between the results of quantitative
microfractographic analysis and the macroscopic characteristics of fatigue crack growth
has been determined. A synopsis is published in the Proceedings of WORKSHOP ČVUT
'92 [8].

The stochastic basis of processes conditioning fatigue crack initiation and growth in
microvolume results in the random character of fatigue failure on the macroscopic level.
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So the complex view on the fatigue reliability cannot omit the probabilistic aspects of the
fatigue process. In 1991, we have oriented the research to two problems prospective for
further studies:
1. The optimization of statistical processing of experimental data with regard to the

transition of frartographic results from microvolume to the macroscopic scale and
quantification of the dispersion level.

2. The correlation analysis of fatigue crack rate deviation, with the aim to identify the
sources of crack rate variability. The crack growth was studied as a random process,
and the main results are summarized in [9].

On the base of results summarized in [3], [4], [5], [8] and [9], we proposed a further research
program covering all areas mentioned in the presented short survey. The next step of
the mathematical modeling of fatigue crack growth will be oriented to the simulation
of the overloads interaction and to the calculation of the crack growth rate accounting
changes of the stress ratio and a new approach to the kinematic hardening of material.
A corresponding experimental verification will be done on Al-alloy specimens, with a
subsequent fractographic analysis of fracture surfaces. In the area of development of the
fractographic reconstit.ution of fatigue crack kinetics, we would emphasize the application
of the computer image analysis, as a potential source of a new information on the fatigue
crack growth in bodies and structures under variable loading.
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SINGLE OVERLOAD EFFECT ON THE FATIGUE CRACK
GROWTH

V. Oliva, I.Kunte and J. Karlík
Department of Materials, Faculty of Nuclear Science and Physical Engineering,

CTU, Křemencová 10, 110 00, Praha I

Key words : fatigue crack growth, variable amplitude loading, overload effect, finite
element method

Fatigue crack growth prediction under variable amplitude loading is difficult, since the
immediate crack growth rate depends also on the previous load history. This is caused by
the development of the plastic deformation around the crack tip and by the growth of the
crack through the plastic zone. Therefore, the mechanics of the elastoplastic deformation
around growing fatigue crack is intensively studied by the finite element method. Our
first attempt at the FEM modeling of a simple interaction between immediate cycling
and previous single overload was described in /I/ . The same problem is now solved by
an improved FEM program /2/ and with introduction of so called "dead" cycles into the
model loading.

Thin plate (Fig.l) with edge crack is loaded by repeated remote tensile stress. A
single 50% overload is applied at the crack length aO. At the maximum of every second
("active") cycle a crack increment of the length of one element's side is simulated. In
the "dead" cycles the crack does not propagate. Elastoplastic FEM solution of the plane
stress problem uses the incremental theory of plasticity with the isotropic hardening.

120

Figl.
The results show that plastic deformation during the "dead" cycles is almost reversed

and doesn't change the character of the process. The immediate effect of the overload
consists mainly in the opening of the crack, so that during the following cycles the crack
remains open. Therefore the opening stress is low and the crack accelerates. However,there
is a significant source of future crack retardation - high residual strains and stresses in front
of the crack. When the crack length increases, these fields move behind the crack tip. The
typical protrusion appears on the crack proile, giving rise to high contact pressure on the
crack faces during unloading. The crack is firmly closed, the effective stress intensity factor
range decreases and the crack decelerates. Plastic zones are very small now. However, as
the protrusion moves away from the crack tip, it is less and less important. Opening stress,
stress and strain fields and the crack rate return back to their original pre-overload state.
Fig.2 shows an open crack profile (a) and distribution of stresses along a closed crack
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(b) before overload and at the stadium of fading away of the interaction effect (c,d). The
arrow sign defines the tip position. The local changes of the curves c,d are due to overload
and correspond to previously described effects.

0.01 r

0.OO1
19 ao a

Fig.2 Fig.3
The crack rate was determined from the effective stress intensity factor range and from

energetic Sih's criterion. The basis for the latter approach is an increment of deformation
energy density per cycle at a certain point in a very short distance in front of the crack tip.
The crack is supposed to extend to this point after N cycles, during which accumulated
energy density in this point reaches a critical value. The solid line in Fig.3 shows the
theoretical crack rate determined from the energy increments during the "active" cycles.
Qualitatively the crack acceleration and retardation is quite well predicted. However, the
rate for constant amplitude conditions before overload is higher then experimental values.
This is probably caused by too long elementary crack extension in the "active" cycle,
inducing large plastic strain redistribution. Therefore, the "dead" cycles were modeled
and used for the evaluation of the crack rate (dashed line in Fig.3). Since the situation in
the "dead" cycle better corresponds to a real, little change of crack length per cycle, the
agreement between theoretical and experimental results for constant amplitude loading
is better. For more accurate estimation of the crack rate at the maximum retardation a
more fine mesh will be necessary.

FEM solution gives a reasonable qualitative explanation of the fatigue crack behavior
after a single overload. Mesh density, crack advance scheme and the constitutive model
of a material are the main factors influencing the accuracy of the results.
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FRACTOGRAPHIC INVESTIGATION OF FATIGUE
CRACK KINETICS
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Prognosis of failure process in the complex structure is very uncertain and we cannot
avoid the experimental data provided by full-scale tests. The efficiency of these expensive
and time-consuming experiments can be considerably increased by the fractographic
analysis of fatigue failures. We published new methods of quantitative fractography, based
on the striation spacing [l], [2] and solving the problem of the transition from microvolume
to the macroscopic scale with help of the factor D = v/s, reflecting the relation between
striation spacing s and macroscopic crack growth rate v. Results of our fractographic
analyses have furnished proof that the factor D is a function of delta K, characterized
by the inequality D < 1 for lower values of delta K and by the D > 1 for higher A
K. The value of D is influenced by: a/ The mean deflection of local rate vectors from
macroscopic direction of fatigue crack propagation, b/ The occurrence of "idle" cycles,
i.e., the load cycles which did not produce a striation on the fracture surface, c/ The
proportion of non-striating micromechanisms, e.g., ductile fracture, quasi-cleavage and/or
in-tercrystallic decohesion [2].

We have studied the Ni-base alloy (El 437 B, used for aircraft engines) [3], [4] : fatigue
tests and quantitative fractography lead to the results D = D(A K) presented in Fig.l.
Qualitatively, the same shape of dependence was previously found on the Al-alloy 2024
widely used for air-frame structures [5].

For fractographic reconstitution of fatigue crack history, D-factor data are expressed
in the form of D = D(s) (see Fig. 2). The left branch of this S-shape curve is mainly
influenced by a mean number of idle cycles. In the middle section, D is approximately
constant and its value (D K 0,8) is controlled by the deflection of local rate vectors.
In the right branch, D > 1 corresponds to the increasing participation of non-striating
micromechanisms.

New information on D-factor enhances the reliability of the fractographic reconstitution
of fatigue crack kinetics. The processing of microfractographic data is based on the formula

dx
., s(x).D(s) ' -

allowing a continuous calculation of the number of load cycles N as a function of the crack
length a.

On the base of fractographic data, it is possible to obtain [6] : the time for crack
initiation; the time-dependent, two-dimensional description of fatigue crack propagation;
the sequence of individual cracks and/or failures; and the consequences of design changes
or repairs on the fatigue-proof properties of structure components, etc. The above items
are very valuable, especially in the case of hidden cracks inaccessible to monitoring during
the structure test or service.

6-5 129



e r r PRAGUE WORKSHOP 92, SECTION 6. STRUCTURAL MECHANICS

Tin" information encoded in fracture micromorphology is objective and irreplaceable
the detailed fractographic data on fatigue crack propagation are unobtainable by any

oilier means. The quantitative fractography is a very effective tool for detailed study of
tenuous changes of the crack growth rate, e.g., in bodies under the variable-amplitude
loading. A further research program is prepared within the broader project, in linkage
with mathematical modeling of the stress and strain fields on the crack tip and with
experimental study of the fatigue process.

j

EI43 7B

Fig.l Fig.2
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Fatigue crack growth is a complex random process. Its randomness cannot !><• described
by means of concept of error of measurement. Recent research has reached the limits of
pure mathema- tical models. In the descriptive sense a perfect fit to the experimental data
was attained, but the identification of variability sources is missing. Htiwevit. t iris im<k
is primary: if we receive different life-times of exposed bodies under the same conditions.
then we do not know some causes which affect the process.

The standard method of crack growth data evaluation is a regression of crack rates
by means of crack growth laws. Basic regression models suppose uncurrelated random
deviations of a dependent variable. As to the crack growth rate it. is absolutely invalid.
Several attempts to analyze the correlation properties of crack growth rate haw been
published. Their failure has a common cause: The process under study was not stationary.
Before the correlation analysis, it is necessary to transform the crack growth process ulS)
into a random process d(z) stationary especially in two aspects: 1. The distribution of the
process stated must be unchanging in the whole extent of the process. 2. The correlation
between two process states, d(z) and d(z+/c), must be independent of z. so that it can be
fully expressed by the autocorrelation function Rd(/c).

As an example, the analysis of fatigue experiment outlined by Virkler, et al. /2/ will In-
described. 68 panels from Al-alloy were loaded by constant cycle. The crack growth was
observed in the region of crack lengths 9 mm < a < 50 mm in 164 points on earii body.
In Fig.l classical evaluating is presented. The set of experimental crack rates is filled by
a power growth law with threshold and critical value of A K.

The crack rate logarithms deviations from the crack growth law logarithm have t lie
same normal distribution in the whole data set. So this deviation can be taken as (he state
variable d. For the main source of crack rate deviations, the local material properties are
expected. It follows that for the variable z the coordinate identical to crack length would
have to be taken. In Fig.2 the crack length correlation coefficients are plotted with regard
to the distance of their location, separately for four crack length regions covering the
whole data extent. While the course of the dependence in the first two cases is similar, in
the other two increasing correlation length is perceptible.

A possible transformation to a stationary process occurs by a-axis contraction in the
region of crack lengths a > a t. As the best fitting couple of z(a) and Rdf*) the following
functions have been found:

z(a) = a for a < a],
= ai + q.log[(a-ai)/q + 1] for a > aj,

Rj(/c)= 1 for K=0,
= pi.exp(-p2 K) + P3 for K > 0.
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The function R</(K) is plotted in Fig.3 on the background of the whole set of crack
rate correlation coefficients. According to Fig.3 the deviation d can be analyzed into
three components: 1. uncorrelated component changes independently in the sequence
of deviations and makes 46% of the total variance; 2. correlated component with
exponentially decreasing correlation changes "continuously" and makes 47% of the total
variance; 3. correlated component with constant correlation does not change within a
single specimen and makes 7% of the total variance.

Only the first deviation component is of the type "error of measurement". The length
of correlation of the second component is about 1.5 mm in the n'gion a<ai and can be
connected with internal stress areas. Also the diameter of plastic zone at the limit al equals
this value. For a>aj the length of correlation strongly increases. The deviation becomes
controlled by forming special shapes of crack surface and front. The third deviation
component has its origin in the differences between test bodies.

The main result of the procedure described above is the analysis of crack rate deviation
into components with direct physical interpretation. This model fits the initial data set
very well: Model (continuous) and sample (points) distribution functions of time to reach
given crack lengths are compared in Fig.4.
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Analysis of the macrocrack propagation making use of the continuity parameter
concept.

Plenty of result s for tests in uniaxial creep conditions with the force or strain-controlled
(e.g. [1], [3]) bear no resemblance to the experiments on more complex loading that have
been performed up to now. Additionally, the affection of both the deformation properties
and strength of material is the most considerable, too.

Let the process of damage accumulation become instable at tp = p0, where 4' means
the continuity parameter. When this takes place, one or several macrocracks will appear.
If the stress field is uniform, failure occurs as soon as the level ýo is reached, because a
macrocrack in the field of scattered damage propagates very rapidly when the field is on
the verge instability. If the stress field is non-uniform, the critical value xl>o is reached at
the moment tj on a certain part of the body surface where one or several cracks nucleate
and propagate into the body. Depending on the ability of a metal to undergo plastic
deformation, stresses at the crack tip may be either limited by the yield stress as (plastic
behaviour) or estimated by value kai (brittle behaviour) where at is the nominal tensile
stress in the region of the crack tip and k is a certain correctional coefficient (sometimes
called the effective coefficient of stress concentration). In the first case, <j\ — ay at the
crack tip. It is possible to suppose that under creep conditions instantaneous mechanical
properties of steels do not depend significantly on the level of damage.

Fracture at the crack tip occurs at 4' = const. Hence

dt+dudt ' ( )

where u is a distance in the direction of crack propagation. Seeing that the rate of damage
is relatively small, we can assume that the damage at a certain distance from the crack
tip is approximately characterized by field V/ at time tj. On the other hand, near the
crack, damage rapidly turns to the critical value t/v

Suppose that the gradient d\l> / du is proportional to the difference 0/ — ýo. We obtain

dft = * r>/ - *.)-», (2)
where k is a constant to be determined experimentally. Since V>/ is a function of u, the
foregoing equation reads

/ (tf,-tfo)rfii = * ( * - ! , ) . (3)
Jo

From this equation, the time of fracture can be found for failure occurring in the case
when u reaches a certain value u.. The character of the final stage of fracture depends
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on the ductibility of the metal and on the loading type. For example, propagation of a
large crack in a ductile metal may lead to a plastic collapse of the body. In the process
of brittle fracture of tubes under internal pressure, the outer surface of tubes is often
covered with a net of cracks that corresponds to the propagation of the fracture front.
One of the cracks can propagate through the wall, thus rendering the lube inoperative.
The crack originating on the outer surface of the tube will propagate inside the wall and
spread along the generatrix.

As an example of the multiaxial state of stress in creep conditions it is possible to
state the closed cylindrical shell under internal pressure. This problem may be transposed
applying fracture criteria to the analysis of integro'differential equations or we express
creep damage in terms of a variable material density correlated right, with accumulated
creep deformation. Considering the concept of a moving front of fracture, we obtain
a complex nonlinear problem of the boundary moving values for the closed shell with
temperature gradients. It is possible to analyse the strain controlled creep state using
Taylor's algorithm. There are involved the thermophysical properties of the material in
the governing equations system: the thermal conductivity coefficient, the density, the
specific heat capacity coefficient at constant pressure and the heat transfer coefficient.

In the case of the crack propagation on the terms of elasioplasticity. the damage variable
procedure has proven competent.

It is possible to apply results to perform the experimental program, namely on the
steel samples, for all three stages of creep under complicated states of stress including the
mathematical evaluation.
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The effect of the repeated character of patch loading on the ultimate limit, state of steel
plate girder webs fittfid with longitudinal ribs was the topic of this part of experimental
research. A large number of panels was tested within its framework, the flange size, the
position, and dimensions of the longitudinal vihs being varied, [\\. During Uic tests, tne
"breathing" of the girder webs under the action of a cyclic patch load, the initiation and
propagation of cracks in the most heavily stressed areas of the webs, and their influence on
the "erosion" of the plastic failure mechanisms of the test girders were carefully studied.

The variable repeated loading was materialized by means of a 1000 kN AMSLER
pulsator, the frequency of loading cycles being of 3.75 Hz. The following quantities were
registered during the tests:

i. the initial imperfections of the experimental girders,
ii. the values of deflections and strains at a number of selected places,

iii. the initiation and propagation of cracks, and
iv. the acoustic emission in the web in the neighbourhood of the applied load.

The load P cycled between (i) zero and (ii) a value / ' „„ , which in turn was varied
between a) the constant ultimate load Pu;( and j3) the onset-of-surface yielding load
detected also in the related constant loading test, Thus, under the above loading, the
webs of the girders tested behaved in the elasto-plastic range and, consequently, their
performance was expected to be governed by low-cycle fatigue.

An examination of the data obtained revealed that in the failure mechanism consisted
of a set of three plastic hinges in the loaded flange and of a segmental line plastic hinge in
the adjacent zone of the web sheet, which in the case of thin flanges emanated from the
two outer flange hinges. In addition, during the repeated loading tests, cracks appeared
in the web sheet, either in the zone of the (subsequent) segmental line plastic hinge or
close to the weld connecting the web sheet to the loaded flange. In most cases, the cracks
occurred in the course of the last loading step. In some cases, they developed as late as
the failure of the girder, and in others they did not appear at all.

The acoustic emission method was employed to observe the initiation and propagation
of cracks. It was concluded that, in comparison with the visual observations, the acoustic
emission approach gave more accurate results. For example, this method was able to
detect the initiation of cracks by 4500 - 9000 cycles (i.e., by 20 - 40 minutes) earlier. This
means that, within the regime of 5 x 104 repeated cycles, the difference was of 9 - 18 %.

An examination of the results obtained shows that even in the case of webs "breathing"
under the action of a repeated partial edge load a certain (and quite significant) degree
of plastification in the webs does not jeopardize the safety of the girders.
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Further experiments, dealing with the "breathing" of slender webs subject to shear,
have recently been started. The comprises experiments on 16 test gird?rs, whose general
details are shown in Fig. 1. The results of experiments on four girders under constant shear
loading (for the sake of comparison) are listed in Table 1. The results and conclusions
of this new stage of research are going to be published after the completion of the
experimental programme.
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Fig. 1

Table 1. Main Characteristics of Test Girders Nl-1 - N2-2

Notation
of test girder

Nl-1
Nl-2

N2-1
N2-2

Yield
Web
Ry,W

(MPa)

307.9

stress
Flange

(MPa)
264.2

309.8

Constant
ultimate load

Pult

(kN)
610
640

780
780

Onset-of-surface
yielding load

p
(kN)
364
407

392
511
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CRITICAL LOAD USED AS AN ESTIMATE WEB
BEARING CAPACITY
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Klokner Institute, CTU, Šolinova 7, 166 08 Praha 6

Key words: buckling resistance, steel webs, critical load

One of the buckling problems attracting professional attention over recent years has
been that of the ultimate load of thin steel webs stiffened by longitudinal ribs and
subjected to a partial edge loading [1].

Together with experimental investigations the numerical studies have been carried out
examining the influence of the longitudinal stiffener on the global stability of a steel girder.

The applied computer program ICES STRUDL II assumes the linear displacement vs
loading relationship until tlie loss of stability. A query arises, whether the critical load,
as known from the classical literature, can be considered the upper bound of a stable
behaviour.

It is well-known that bars and thin plates buckle in a different way than shells.
In contrast to bars and plates Fig. 1, buckling of shells is accompanied by the

development of (a) secondary bending stresses and (b) of additional membrane stresses
in the median surface, which phenomena cannot be neglected. In shells, the decrease of
potential energy of external loads is reflected not only by the growth of deformation
bending energy, but it also contributes to the increase of deformation energy of the
membrane forces.

The relation between the acting load and horizontal displacement have been plotted
based on experimental results. The respective curves indicate that the upper bound of
web stability can be really expressed by the critical load according Fig. 1.

Hence, the linear stability solution offers a good estimate of the critical state of stiffened
webs [2].

The affected calculations result in the following findings:
- The "classical" critical load approximates well and with a certain reserve the buckling

resistance of actual steel webs.
- A longitudinal rib can be simulated in computations as a bar.
Such simplification economizes the time of computation in comparison with a rib

modeled by finite elements.
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Fig.l The relationship between load and displacement
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Fig 2. a) Vertical section of the buckled pattern relating to individual loading steps
b) Relationship between load and displacement

This research has been conducted at the Klokner Institute as a part of the research
project "Load-bearing Capacity, Stability and Plastic Behaviour of Steel Plates, Webs and
Shells".
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STEEL GRIDS DESIGNED BY YIELD LINE THEORY
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In recent years, the theory of steel structures has been undergoing a major change,
with more emphasis being laid rather on plastic than on elastic analysis. After the plastic
design of beams and frames has been well mastered, attention is then focused on plated
structures: webs, plates and shells. The assumption of rigid plastic behaviour of such
structures enables relatively simple solutions based on the.yield line theory.

Grids represent a transition from beams to plates. The authors felt beneficial to learn
with what accuracy grids may be designed on the basis of a plate analogy. Collapse
patterns and plastic limit loads of plates are well known for many plate shapes and
various support conditions. Then why not to utilize the thesaurus of such results for a
fast design of grids? Both systems from Fig. 1 are related by the formulas

/y = fpiUy ; 'i.A'/p/,, = "V,,£i ; ", = Li/l, - 1 ; i -- x or y .
A handy tool for comparing the results is the kinematic method ( leading to lhe upper

bound estimate of the limit load): Plastic limit loads, corresponding to the individual
collapse patterns, are determined from the equality of virtual works done by external and
internal forces

E ľp',j WJ = E Mri* dk •
Here FpitJ and Wj are, respectively, the plastic limit loads and the deflections in the points
j of load action, while Mpi^ and ůk represent plastic moment capacity of a beam and the
centre line rotation in the plastic hinge k. For plates, MPi,k = n>ri,k-Lk - where ?/;,,/,<. in the
unit plastic moment capacity of the plate along the yield-line k , of the length £•<,..

For a rectangular grid, results are compared in a graph (Fig.2). While the hyperbolic
paraboloid mode c of collapse is characteristic for the grid, the plate fails in an inverted
roof mode d. However, the difference in plastic limit loads is less than 10% for most
Tfipi,! / nipt.y ratios- Such a good agreement needn't be received for other situations (e.g..
for a point load). Hence, a fast design of grids by a plate analogy should be used preferably
for the cases already verified.
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Fig.2 Comparison of results for the grid from Fig.l

This research has been conducted at the Klokner Institute as a part of the research
project "Load-bearing Capacity, Stability a Plastic Behaviour of Steel Plates, Webs and
Shells".
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Key words: Framed structures, stability, finite elements.

The problem associated with the non-commutativity of successive rotations about axes
fixed in space in the derivation of tangent stiffness matrices led the authors of [1] to the
adoption of the semi tangential degrees-of-freedom (DOF's). They argued that the so-
called energy method of stiffness derivation yields incomplete expressions with respect to
the moment resultants and that it leads to wrong results.

As some recent contributions on the subject show, using the same definition of DOF's
as it was adopted here, a tangent stiffness operator that is symmetric can be derived in a
geometrically exact manner [2], [3].

The present work was aimed at derivation of closed-form expressions for the stiffnesses
of a very simple displacement-based finite element [5]. The inclusion of load terms in the
energy-based derivation of stiffness matrices lead to qualitatively identical results to those
of[l].

The restrictions and assumptions adopted are the small strain -large displacement
hypothesis, conservativity of external loads and linearly elastic material. The finite
elements are prismatic and initially straight, of doubly-symmetric cross-sections satifying
the Mindlin hypothesis.

The principle of virtual displacements in its referential form has been adopted as a
starting point. The principle leads to a system of nonlinear equations that can be solved
incrementally using a variant of the Newton-Raphson procedure after discretization of
the structure.

The iteration matrix used in the solution algorithm can be in fact arbitrary. But
if the stability of some particular configuration of the structure is to be assessed an
approximation to the tangent stiffness is required. This tangent stiffness is in our case a
Jacobian of the potential system and must be therefore positive definite and symmetric.

The material and geometric stiffness of a generic element are not discussed here as their
derivation is well-established. Let us turn our attention on the load-stiffness matrix.

The boundary, on which there are the distributed external loads applied in the case
of an isolated beam, are its end cross-sections (note that nodal loads only are assumed).
Integration over the surface of the cross-sections leads to a non-zero, non-symmetric
element load-stiffness matrix. The non-zero terms in the load stiffness matrix are due to
the presence of the rotation increments in the kinematic relations. The external moments
which we consider to be applied in a conservative manner, may be either semitangential
or quasitangetial [I]. Their contribution to the system stiffness matrix is non-symmetric
matrix.

Now, when the system stiffness matrix is assembled in an equilibrium configuration,
the sums of internal and external moment resultants at nodes will equal zero and
correspondingly the sum of all the non-symmetric matrices at a particular node will cancel
out. The system stiffness matrix will be as a consequence symmetric at all equilibrium
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configurations of the structure, but non-symmetric otherwise. This complies with the
required property of conservative systems. Due to the nature of the finite magnitude
rotations belonging to a non-linear manifold, the stiffness matrix may be non-symmetric
away from equilibrium [3].

The element described in the present paper and in [4], and [5] has been tested
comprehensively on a number of demanding benchmarks. One illustration is presented
in Fig. 1.
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Fig. 1 Convergence of the linear and nonlinear buckling loads.

The elements implemented show good convergence properties in problems of linear
and nonlinear buckling analyses of framed structures. Their advantage is the extreme
simplicity and computational efficiency with respect to finite element matrix generation
and evaluation of internal forces.
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In plated structures, the webs and flanges are interconnected so that relative
displacements cannot occur between them. Shear flows are developed between the webs
and flanges, causing shear stresses and deformations and the corresponding warping of
the flange plates. This well-known phenomenon, called shear lag, leads to a nonuniform
distribution of the longitudinal normal stresses across the flange width. The shear lag.
in its classical meaning, results in an increase of the longitudinal stresses in the regions
of the flange close to the webs when compared to those near the midpoint of the flange.
Previous studies have shown that the classical shear-lag effect is particularly significant in
regions adjacent to concentrated loads, in flange plates that are wide in relation to their
spans, and in longitudinally stiffened flanges.

In recent studies, however, a case has been shown where the longitudinal stresses at
the middle of the flange exceeded those nearer the webs. The writers have found that this
"negative shear lag" is not a particularly exceptional phenomenon but an effect which can
occur at various structural arrangements of plated structures with a considareable degree
of significance. This paper's objective is to describe the main features of the negative-
shear-lag phenomenon.

Several analytical models and methods are available to analyze the negative-shear-
lag effects. Among these are numerical solutions based on finite element or finite
difference methods, exact and approximate methods based on the folded-plate theory,
and approximate methods based on simplified structural behavior. As the finite element
method is well-documented in the literature, no attempt will be made to review it here.
The folded-plate theory is a technique ideally suited to predicting shear-lag effects in
girders of constant cross section. It is in fact an exact method because it considers the
box girder - including all details - in the actual form as an assembly of plate elements
forming a real spatial system. The use of the folded-plate theory results in a considerable
saving of computer time over the finite element method.

A simple method of calculation of the negative shear-lag effect in unstiffened, stiffened,
and composite flanges of box girders, employing harmonic analysis, has been developed
by the writers that enables the effects to be predicted easily and quickly. The method is
regarded as a design aid that has the great advantage of allowing analysis to be carried
out by hand calculations or on a small personal computer (see [1]). A simple computer
program was developed and is available for practical use. The figure shows, as an example,
results of analysis of stress distribution in flanges of a cantilever box girder carrying a
uniformly distributed loading. The stress distribution in the clamped-end cross section
of the cantilever box girder has usual character with an increase of stress values close to
the webs. However, in the cross sections remote from the clamping, an opposite stress di-
stribution occurs with the highest values at the middle of flanges, which is typical for the
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negative shear lag. It is even observed that stresses at the flange edge are of the opposite
sign than those at the middle of the flange in some limited part of the cantilever length.

Results of a wide parametric study performed to illustrate the influence of various
parameters shown that the both main parameters, the width/length ratio and the cross-
sectional area of stiffeners, which have an extreme influence upon the classic shear lag,
are very significant also at the negative shear lag, but the relations are much more
complex. The shear/lag factor does not increase monotonously with increasing value of
the width/length ratio and the effect of stiffeners at the negative shear lag is not so
detrimental as at the classic shear lag.

It should be noted that characterization of the negative shear lag effect by the classical
concept of effective widths (which are related to the stress values at the edges of a flange)
becomes questionable and may be a source of confusion.

top flange
' 'i A'/ ; <

^ bottom flange
Cantilever Steel Box Girder Analyzed by rolded-Plate Theory:
Longitudinal Stresses in Flanges
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Behaviour of concrete arid reinforced concrete in transient dynamic phenomena is
important when assessing the safety margins of reinforced concrete structures under
extraordinary loadings for example impacts or blast waves. For this type of analysis, on one
hand the corresponding tools must be available i. e. computational methods and computer
programs, on the other hand appropriate constitutive laws and actual material constants
must be known. Dynamic effects and the associated dynamic limit loads differ from their
static counterparts particularly in that the knowledge of the material strength alone is not
sufficient for successful analysis. Constitutive equations must include gradual damaging
and failing of the material since structures under dynamic loads may still perform well
though the material strength was reached. At the same time, the strain rate sensitivity
should be taken into account.

Multiaxial tests are difficult to carry out. Even if we imagine their hypothetical results
one could hardly compile and compress them into a tractable mathematical form. We
therefore choose some mathematical formulation of the constitutive equations among
several more or less commonly aknowledged hypotheses. For the experiments then the
material constants from uniaxial or utmost biaxial tests remains to determine . Even then
the task is complex.

The distinct feature of failing materials is the localization of damage and the associated
size effect. This feature is particularly pronounced in concrete in tension. At the same
time, the tension strength and associated strain in concrete play much more important
part in the dynamic transient phenomena than in the static analysis. To support this
opinion consider the dimensioning of reinforced concrete structures for the ultimate static
load where tension-cutoff concrete is assumed. The size effect entails that several scaled
specimens must be tested. The appropriate material constants for the analytical model
are those which we get as asymptotic values when the size of the specimen approaches
zero.

In the experiments carried out so far an appropriate methodology was sought rather
than actual material constants since the strain rate effects combine with the size effect to
make the tests even more difficult to design and evaluate. We tested:

a) Very small specimens in compression. Cylinders 15 mm diameter and 30 mm length
in split Hopkinson bar, é = 100 s"1.

b) Small specimens in tension. Cylinders 60 mm diameter and 120 mm length in Zwick
test machine, ě = 1 s"1.
None of these tests proved useful. In case a) the size does not allow for proper,
homogeneous and reproducible specimens which would substitute actual concrete. Namely,
the compression strength of these cylinders is a mere fraction of that of the corresponding
mass concrete. In case b) the test machine accompanied by necessary suspension device is
too flexible so that the vibration of the whole setup obscures useful results. We conclude
that standard test devices do not meet the requirements for dynamic fast testing of
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concrete. However, the construction of a special testing equipment based on freely falling
mass does not seem beyond our possibilities.

There is another, indirect way to determine material constants of a specific constitutive
law. We admit general non homogeneous stress and strain state in more complex specimens.
Time dependent events may also be acceptable. The results are then compared to analytic
solutions and optimum material constants are obtained by parameter matching. For this
purpose, a series of impact tests were carried out on plain concrete and reinforced concrete
discs, see l'ig-1- Four strain gauge channels were recorded on both faces
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Fig.l Arrangement of the impact tests.
of the discs. Reproducibility of the test was carefully checked for. At least three identical
specimens were tested. In Fig.2 a sample average record is shown.

Fig.2 Circumferential strain, front face, at 41 mm diameter.

The research was supported by CTU grant No.8005 during the course of the project
"Environmental impact and time dependent load effects in concrete structures"
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It has been known for a long time that, at simultaneous drying, the deformation of a
roncrete specimen under sustained load exceeds the sum of drying shrinkage deformat.ion
of a load-free specimen and of the deformation of a specimen that does not get dry.
i.e. it is sealed during loading (Pickett effect). However, the drying creep mechanisms of
concrete - basic creep, free shrinkage, stress induced shrinkage, and microcracking effect,
have been identified directly by eccentrically-compressed prisms with two different loading
eccentricities until recently (see e.g.[l]). An efficient and realistic model for drying creep
consisting of separated models for each mechanism can be found in [1], [2]. It demonstrates
a new theory for aging creep which is based on solidification (see e.g. [2]).

When modelling creep and shrinkage deformations of precast structures it is necessary
to take into consideration the history of moisture in concrete panels as well as the humidit}'
of the environment. Therefore, it is very important to consult the theoretical results and
experimentally obtained data from laboratory tests with measurements vin situ". As it is
demonstrated in Fig. 1, both shrinkage and creep deformations are considerably affected
by changes in humidity of the outdoor and indoor environment.

J'doys!

Fig. 1. Shrinkage (a) and creep (b) of prisms
Material modelling is always based on a feasible compromise between the desired

complexity and accuracy of the material law and the efficiency of the computer code.
Using the nonlinear curve fitting method the following simple formulas have been obtained
for shrinkage

and for creep deformation

yO,85

- 0,368) (1)

(2)
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The tested prisms have been sealed on two sides. Power

D ~ b (3)

reflects the change of the average humidity of the air before and after the assembly of
a precast building. Another approximation for a compliance function can be derived by
exploiting the well known Poynting-Thompson model.

The most effective approach to numerical step-by-step structural creep analysis is to
approximate the stress-strain relation for the time step as an incremental quasi-elastic
relation, and then solve the structural creep problem as a sequence of elasticity problems.
The resulting incremental equation based on the Poynting-Thornpson model similar to
that derived by Bažant in [2] is implemented into the JADRO program set. The stresses
computed from the "in situ" measured strains are plotted for the chosen point 11 of a wall
in Fig. 2. When comparing the experimentally measured plots with numerically predicted
strains we could state that very good correspondence has been achieved at majority of
controlled points.
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Fig. 2. Stresses computed from measured strains
Material models, numerical methods, and computer capacities are more available for

the time-dependent analysis of a structure. The authors are about to focus their attention
on the application of probabilistic methods in creep and shrinkage analysis of high rise
buildings in the coming year [3].
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At concrete structures large stresses are caused by temperature and moisture content
gradients. There are two types of problems associated with this phenomena :

- evaluation of stresses caused by changes of temperature and shrinkage to assess
bearing capacity of structure,

- evaluation of real stiffness of structure including reduced modulus of elasticity in
tensioned parts for dynamic analysis.

From this point of view shrinkage is also very important, because it produces tensions
in surface layers when the strength of concrete is still low. Presented work deals with
solution of transfer of water and heat in concrete structures and modelling their effects
to stresses and strains. Because the water vapour being transfered in the volume of
material represents heat energy and heat and water conductivity of material depends
on its moisture content and temperature, this task is solved as an associated problem of
water and heat transfer. The equation of heat transfer has been used in form :

(pmcpmT + />„cp„uT) = div(Xgrad T) + lvp[pvdiv(kdJgrad f + kdiTgrad T) - ^(ffc,)] (1)

and the equation of transport of water :

^-(>„u + £fc.) = pvdiv(kugrad u + kd/grad f + kd,,grad T) (2)

Variational principle was used for the solution of this system of two equations with three
unknowns :

T - temperature [K]
u - moisture content of material [m^/m^]
f - humidity of air in pores [1] .

If the same mesh of finite elements is used for all three functions as follows :
T = N.rT u = N.ru f = N.r, ,

where N is matrix of shape functions and rj ru rs vectors, the matrix form of previous
equations we get in form :

(3)
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i—tT + — r u ) + C, 2 -f + Qa-jf - K ( 1r r - K ( 2r ; = 0at at at at

C/i—- + C/2-j-— K/ir„ — K/jľy — K/3rT = 0

Values of moisture content ru is considered as a function of rj can be evaluated from
results of experiments or in case of large humidity (0.9 < f < 1) directly from Kelvin-
Thomson relationship.

A linear rectangular finite element was derived for analysis of plane problem. The aim
was to obtain moisture and temperature distribution in cross-section of drying concrete
beam. The boundary condition, which is very important to take into account because of
remarkably higher evaporation in corners of the cross-section, is considered in simplified
form :

Ql = Gf(fsurf - f e x l ) , QT = GT(T,urf - Tczl) (5)

was added to the variational principle. Equations (2) are integrated in time using Cranck-
Nicholson scheme.

For the physically nonlinear analysis of space frames the layer model was applied. The
cross-section of the beam is divided into number of filaments, where stress and strain is
assumed to be constant on the area of the filament. In presented algorithm the same mesh
was used for solution of moisture and heat transfer as for filaments. The relationships for
shrinkage were used according to Z. Bažant and creep was modeled in form of 'triple
power law' and according to relations from CSN 73 1201.

A computer program based on presented algorithm was composed (in the meantime
equations (3,4) are solved in simplified form).

Fig. 1 - moisture content and stress distribution
The results of study of previously mentioned effects to dynamic properties of structure

of frame foundation of turbogenerator are presented. On fig. 1 the distribution of moisture
and stresses caused by shrinkage on the cross-section is depicted. After 80 days when the
surface layers are cracked, the stiffness of the beam is about 70% of original value. On fig.
2 the corresponding difference of frequency - displacement relationship of harmonically
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excited structure is presented.

elastic
cracked

S fi 1 S 1 S frequency (Hz)

Fig. 2 - dynamic properties of structure

This research has been conducted at the Klokner Institute as a part of research project
"Influence of the. environment and time dependent load on the response of concrete
structures and has been supported by CTU grant No. 8005.
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Technical diagnostics are means for a qualified determination of particularly negative
changes of properties of the system, of the foundation, their parts or elements and for the
determination of the origins of these changes and the trend of their development in time.
It is necessary to understand it as an activity of evaluation the condition of structures
by using appropriate methods and means.It is a systematic and qualified collection and
analysis of information from all periods of the realization and operation of the structure,
connected with a repeated operative diagnostics. Research involves the development of
methods and processes for the evaluation and improvment of utility properties of new and
especially old structures.

It contains the solution of the following thematic units:
- Application of methods concerning the reliab'Iity and method of stochastic dynamics

for the evaluation of the applicability of engineering structures.
- Properties of materials of structural members and bonds, especially of reinfor.c-d

concrete members and bonds exposed to long-term stress.
- Models for numeric analysis of systems with nonlinear characteristics.
- Diagnostic methods and their application to structures and systems, especially in

power engineering.
- Conditions and means of influencing the applicability and the service life of structures

and systems.
The theory for the evaluation of the reliability of civil structures in power engineering

is based on the Hasofer-Lind safety index and on fuzzy sets. Thi? appro<n.!i allows one
to define the limit amplitudes of vibrations of structure under dyn?.;riic load and the
conditions for determination of the limit statistical characteristics of the response of the
structure.

The solution for the second limit state was given in the first research period. The
application of the safety index for the evaluation of the life expectancy in the first limit
state is being solved.

Within the part of the research project, concerning with materials and technology,
detailed statistical valuation of the quality of ingredients and results of control tests in two
big concrete plants in last two years were carried out. The evaluation of the efficacy of this
technologic services and their importance expressed by the consumption of ecologically
dangerous cement with huge absorption of energy is based on results of these tests.

The influence of long-term dynamic harmonic load on the properties of mortar,
concrete and concrete with fine wire admixture was experimentally tested. Deduced
statistic relations illustrate the significance of concrete weight concentration of ingredients,
ways of treatment and the age of tested building materials. Evaluated parameters ( quasi-
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strength /30 belonging to certain number of load cycle n0 ) help to express obtained results
very easily.

With the aim to fill the gap between the theoretical and experimental approach the first
version of FEM-prograrr. for a better assessment of civil structures under dynamic load
was finished. It allows the variation of the frequency spectrum of an analytical FEM-model
according to measured values. The program, at present restricted only to beam elements
was assembled as an dependent module of the program package AGNES by P. Krysl.
The module is based on the theory of successive linear approximations by Prof.V.Zeman
and the tuning of the frequency spectrum is reached by changes of the elasticity modul
of chosen elements. The goal of the work is to evaluate the influence of certain types of
deterioration on the complex behaviour of building structures.

Tests of three types of connecting adhesive layers between concrete elements were
carried out as a part of the research project called " Conditions and means of influencing
the applicability and the service life of structures and systems ". The object of these
tests was to determine durability of this layers under shear force in cyclic loading and
to provide information concerning the applicability to concrete elements joints of the
Palmgren-Miner partial damage hypothesis. Results of these tests indicate, that it is
possible to use this hypothesis for determination of the durability of concrete element
joints under dynamic load with different amplitudes.

Examination of the repair of reinforced concrete structures was aimed at model
laboratory testing of mostly domestic materials and processes. At the same time tests
in situ were carried out. The ongoing experimental program comprises especially the
tests of adhesion bonding between the original concrete and the new repair coating.
The bonding variants (e.g. moistening, acrylate dispersion coat, polymercement grout as
well as filled epoxide resin coating) were tested for dynamics and for cyclic temperature
and moisture stress. The results prove that epoxide resins withstand dynamic stress the
best, the polymercement grout bonding showed good results under simulated atmospheric
stress.

Laboratory and in situ tests have been carried through by the available domestic and
foreign means for secondary concrete protection. The test stage finished up to this time
shows that, unexpectedly, the domestic unfilled styrenacrylate dispersions at their average
or lower than average water tightness, are extraordinarily resistant against water vapour
permeance, more so than the epoxide emulsion coats.

This research has been conducted at the Klokner institute as a part of the research
project " Diagnostics and improving of the serviceability of engineering structures " and
has been supported by CTU grant No. 8060.
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Methods of structural strengthening and repair are more developed and available to
practice than suitable tools for diagnosing and monitoring structural behaviour. Similary,
there is also a lack of physical and mathematical models for assessment of the residual
strength of damaged structures. Often, strengthening is not a necessary measure, but
is often carried out due to lack of reliable information on the stress state and the load
carrying capacity of the existing structure and its material. When the structure is cracked
or seriously damaged the conventional linear elastic analysis is insufficient and even
inappropriate. There is a need to use the nonlinear computional methods with the real
constitutive model, which could be used to model the behavior of existing structures.
Research and development in this field are carried out at the Klokner Institute and their
results are applied directly to practice.

The power station Počcrady I. has been a subject of long term monitoring. The
aim of this activity was to determine the extent of wearing of the structure of steam
turbine footing after twenty years' service. Three turbines, generator and excitor rest
on the prefabricated reinforced concrete frame structure. There were some doubts about
the quality and correct casting of the filler concrete placed between the prefabricated
elements [1], [2]. It was not possible to verify this by local observation [1], [4]. The
experiencies and knowledges from local examination of this construction and results from
the approximate calculations served as a basis for the detailed nonlinear numerical study.
As the first case the contact between two longituduinal girders was chosen. This part
of construction showed the most considerable wearing. The behaviour of this part was
analysed by means of the nonlinear finite element program SBETA [3]. The constitutive
model in SBETA is based on the smeared material approach, nonlinear elasticity and
nonlinear fracture mechanics. The crack band theory is used to model tensile cracking of
concrete. A paramater study was conducted in the view of results of local observation and
examination. Real material characteristics were used in the analysis.

The numerical model of first case was analyzed with two different load cases. In the first
load case the full interaction of parallel longitudinal girders was assumed and each carried
only half of the whole technological load. The all previous approximate calculations were
based on this assumption. It had been required in the design of this structure. In the
second case we assumed that these girders did not interact together and the inside girder
carried the whole technological load.

Two alternatives of boundary conditions were considered for the numerical model. In
the first one the column under the contact of the longitudinal girders was modeled by
springs. The continuity of the structure was modeled by conditions of the symetry in tht;
middle of the girders. In the second case the column was modeled by the rigid support
and continuity of the structure was modeled by the springs in the middle of the girders.
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The insufficient contact of girders was modeled by the changes of material characteristic
of the concrete. The compressive strength of the filler concrete was considered by follo-
wing values 1%, 10%, 60% and 100% of its designed strength in both alternatives of the
boundary conditions and both cases of loadings. In total 16 analyses were carried out.

Each analysis provides ample information on stress and strain state, crack development
and failure mode. For all analyses fixed crack models have been used.

The following conclusions were made from the results of the study in the most
unfavourable case, which is when the parallel girders do not interact and the horizontal
displacement is possible, the load carrying capacity was 1.5 of design load. This value
decreased gradually with decline of the quality of the concrete in the contact. In the view
of the uncertain quality of the most joints it would be advisable to test load carrying
capacity of other joints by another analysis. It would also be interesting to prove the
influence and the importance of the steel sheets which served as a form during casting
contacts in situ. The results will create a basis for assesment of the performance of this
structure. The comparison of results of the nonlinear statical and dynamical analyses
with the in-situ measurements provides the possibility to determine the behaviour of
investigated structure and its remaining structural capacity and to design the appropriate
retrofitting measures.
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Strengthening of concrete elements by added concrete layer is one kind of reconstruction
of concrete structures. It can be used for structures subjected to static and dynamic load.
The joint between old and new concrete parts determines the durability and quality of
the repair. Adhesive layers between old and new concrete are used to create a joint with
required characteristics. The object of our tests is to determine the durability of three
types of connecting adhesive layers under shear force in cyclic loading and to provide
information concerning the applicability to concrete elements joints of the Palmgren -
Miner partial damage hypothesis. These tests were carried out within the part of the
research project, called " Conditions and means of influencing the applicability and the
service life of structures and systems ".

The strength of concrete elements joint can be determined [1] by equation

fi. = fcl-Ä6cm (1)

where R, denotes the strength of the joint, Rbcm lower strength of connected concrete
elements and ki depends on quality of adhesive materials, surfaces of concrete elements
etc. The relation between the fatigue strength and the number of load cycles to failure
can be expressed by Wôhlers curves. According to [2], this curves can be determined by
equation

O < Ä < l (2)

where j m a x denotes the highest level of loading, /o = R, denotes the static strength,
R = f mini fmaxi f min denotes the lowest level of loading, N denotes the number of load
cycles to failure and /? depends on the rate of the drop in strength. This equation is valid
for loading with constant amplitude only, but amplitudes and frequencies of loading of
real structures may vary in time. The influence of this change of loading amplitudes can be
expressed by the Palmgren - Miner partial damage hypothesis. This hypothesis is based
on the assumption

J>/W) = l (3)

where n,- denotes number of load cycles with constant amplitude fi, Ni denotes number
of load cycles with the same amplitude to failure. In our experiment tests were carried
out in two stages, and in such a case the Palmgren - Miner partial damage hypothesis
becomes

n 2/Ai = l (4)

Our tests were carried out for adhesive layers, made from cement mortar, mixture of
acrylate dispersion Sokrat with cement and fine sand, and from epoxy resin.
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The first part of tests was determination of parameters of Wohlers curves, i.e. the value
of coefficient á in equation (2). The results obtained are: for cement mortar /3 = 0.0736,
for dispersion Sokrat 0 = 0.08956, and for epoxy resin j3 — 0.06912. According to [2]. the
value of coefficient /? for plain concrete is 0 = 0.0634 - 0.0685.

The applicability of the Palmgren - Miner partial damage hypothesis was tested only
for the adhesive layer made from cement mortar. Determination of the values for this test
( table 1 ) was carried out as follows: The value of fo was determined by performing shear
tests on concrete specimens. Values f\max/ fo and f2max/ fo were chosen. The ratio R =
0.2 was kept constant in all tests. JVJ and Ni were calculated from equation (1). The ratio
ni/ N\ was selected. With the value of load f\max the specimens were pulsated over n\
loading cycles. The specimens were then subjected to the value of load f2m*x and pulsated
at this value until failure occurred. The number of load cycles i%2 was compared with the
value njteo calculated according to the Palmgren - Miner hypothesis.

Table 1
Ser. No

1

2

3

4

Jlmax

0.90

0.78

0.90

0.78

J2rnax

0.78

0.90

0.78

0.90

n\
8.50xl03

4.40xl0s

1.36xlO4

1.76xlO5

4.40xl0s

8.50xl03

1.76xlO5

1.36xl04

n2

5.30xl05

9.70xl03

1.20xl05

1.90x10"

Results of these tests until now indicate that it is possible to use the Palmgren - Miner
partial damage hypothesis for determination of the durability of concrete elements joints
under dynamic load with different amplitudes.
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STRUCTURAL MODELS OF CONCRETE SHEAR JOINTS
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Key words: structural models, shear key joints, failure process

The vertical reinforced shear key joints may be considered efficient components of
various concrete structures. The aim of the vertical reinforced shear key joints is to
mutually connect two concrete wall elements, two concrete columns or a wall element with
a column along their vertical planes, both in precast or monolithic concrete structures.
The contact surfaces of the connected concrete elements are usually shaped so as to form
opposite shear keys made from the infill concrete along their height. The concrete elements
are held together by means of reinforcing bars which are protruding into the joint space
either as straight bars or loops. The straight bars are connected by butt welding, the
loops by a vertical bar dia. 10 mm passing through the loops. The diameter of the bars
may vary from 7 mm till 20 mm, the reinforcement ratio from 0.0012 till 0.0150. The
height of shear keys varies from 70 mm till 200 mm. The compressive strength of infill
concrete is usually Rc — 15 MPa. The yield stress, Rsy, of the reinforcement steel may
vary from 250 MPa till 350 MPa. The failure process of the joint is the succesion of the
mutually linked partial failure states, characterized by deformations of infill concrete and
those of reinforcement, by appearance and development of cracks within the joint and by
the mutual displacement of connected concrete elements. The process is subdivided into
four intervals. The limits of intervals, Q,-, are to be determined from the experimental
relationships Q = Q(eoi,,). The first interval <fC Qo = 0; Q\ > involves the elastic state of
the joint without cracks. The second interval < § i ; (J2 > may be called the interval of
the shear keys failures. The shear keys in the examined joints failed mostly by shearing
off along the partial vertical cracks which finally, at the upper limit of the interval, were
integrated into one dominant vertical cracks. The third interval >C Q2', Q3 3> is subdivided
into two partial intervals. Within the first partial interval, the joint may be considered
the combination of two elements - horizontal steel bars and inclined infill concrete struts.
The behaviour of that combination may be expressed by means of the modified shear
friction hypothesis, which takes into account also the shear resistance of the dominant
crack resulting from the roughness of its borders. Within the second partial interval, the
joint remains to be the combination of two elements, but additionally, the bars are stressed
in bending as dowels. The intensity of plastic deformations of concrete around the dowels
depends on the reinforcement ratio, the diameter of the bars and the strength of infill
concrete. If the reinforcement ratio is very low, the plastic deformation of bars precede
those of infill concrete. When the load reaches the upper limit of the interval, i.e. the
bearing capacity of the joints, Q3 = Qobs, one of two elements fails, since it ceases to
withstand its internal stresses. A new combination having arisen afterwards resists only
the forceQ <c <?3. The fourth interval < Q3 = Qobs; Q4 » is the interval of plastic
deformations and excessive displacements. Experimental investigations were performed
in order to estimate the values of limits mentioned above. The concept of experimental
investigations was based on two groups of test specimens, identified as SP and SO. The
reinforcing bars in the specimens SP were straight, in the specimens SO shaped as opposite
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loops. Each test specimen was assembled from two L-shaped reinforced concrete elements,
connected by the vertical reinforced shear key joint, subjected to the shear force Q. In
contradiction to the actual structures, the joint space was open. It enabled one to visually
follow the failure process of the joint and to measure the strains of infill concrete by
means of strain gaugue rosettes. The dimensions of the specimens were determined in
accordance with the elastic stress state analysis. The thickness of joint was equal to that
of elements (140 mm). The contact surfaces of the elements were shaped so as to form
along the length three opposite shear keys. The height of shear keys was variable. The
reinforcing bars were positioned on the level of the centres of shear keys. The total amount
of 11 test series involved 26 specimens. The following quantities were measured: (a) the
strains, esl, of the bars, (b) the strains, ej, of the infill concrete, (c) the horizonal and
vertical displacements, u,- and «,-, of the connected elements. Over 18000 data have been
recorded. Fifteen experimental relationships related to each test specimen were stated. The
examination of all relationships mentioned enabled the establishment of (a) the equations
expressing the upper limits Q\, Q2 and Q3, respectively , (b) the constitutive models of
the joints witliin the third interval, based on the midified shear friction hypothesis, the
physical coefficients involved in the models express the influence of the structural lay-out
and that of material characteristics of the joint, the values of the coefficients have been
derived from the test results. The shear force-displacement relationships have been also
derived, considering both vertical and horizontal components of the displacement vectors.
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The process of rehabilitation and up-grading of existing structures is in general
a closed loop which consists of the inspection and assessment, identification of the
main deterioration mechanisms, development of the engineering models describing the
type and rate of deterioration, classification of the main parameters, development of
the models describing environmental actions and compability with the corresponding
deterioration mechanisms, development of the quidelines for the design and detailing for
the rehabilitation and reconstruction and for the design of new mere resistant structures.
While the general concepts of these activities are known the quantitative data are still
not available.

With the aim to obtain those missing data a special exploration of the bearing
systems in the interiors and exteriors of cooling towers was performed. In order to
improve the diagnostics procedures in verification the concrete quality and to determine
measure of steel corrosion the comparative tests using new partly destructive method
(CAPO - TEST), half-cell potentional corrosion mapping technique "BLOODHOUND"
and traditional cs. standard approaches were done. The first draft of the complete system
for inspection of industrial structures exposed to the aggressive enviroment was partly
finished.

The reinforcing steel corrosion and the subsequent deterioration of reinforced concrete
is also induced by chloride ions and carbon dioxyde. That's why the method of sampling
of the hardened concrete with either core drill or a rotary impact drill for chloride ion
and neutralization determination was tested. Empirical expression was derived which
describes the distribution of chlorides in concrete as related to depth below the surface of
concrete long-term exposed to the action of the gas acid atmosphere containing mainly
HCI. Protection of concrete against the action of CO2 was studied by CO2 permeability
measurement of some insulating materials with the aid of differential method.

Special attention was given to the masonry structures. Their reliability depends on
their structural condition, on the interaction of both masonry clay units and mortar, and
on the material elastoplastic properties. Those dependences are undergoing considerable
changes caused by the increasing loading within the failure process. The existing masonry
arches reveali crack openings. In many cases, it is indicating the considerable decrease
of their reliability. Within the failure process, thrust line falling beyond the middle third
of the arch thickness, tensile stresses lead to joints opening up, either at the extrados
or at the intrados. It is assumed (having been proved by the experiments) that in most
cases when linear load is being applied four virtual hinged are forming within the arch.
At ultimate load, mechanism failure mode, i.e. collapse mode, is considered. Eight most
current arch geometries and load cases have been studied.
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Another part of the solution is oriented to the evaluation of a real reliability,
vulnerability of structures under dynamic (seismic) loading and risk reduction of building
structures. The Solution involves the analysis of masonry wall components under static
and dynamic loading. For theoretical analysis of components (1200 x 1200 mm) is utilized
the finite element method. The first series of models (element - brick) under different
loading is used for the determination of simplification of models. The theoretical and

perimental analysis is oriented to the evaluation of static and dynamic characteristic
before and after application of strengthening methods.

A special method of a strengthening of concrete structures by reinforced resin concrete
was developed. The principle of strengthening is due to redistribution of a live-load
bending moment from the centre of span to the support. After removal of 4 plaster floor,
grouting of cracky impurities and released parts of concrete, the siliceous sand blasting
of the surface creates mechanical and chemical bonds improving adhesive properties. A
compression strength condition of concrete higher than 22 MPa precludes bond failure of a
contact layer. Another improvement is attained through the low-viscous epo>ty-penetration
placed immediately before casting of the resin concrete layer and quarantees both adhesion
and concrete and. elimination of influence of volumenous changes within resin concrete
hardening. The 4 cm load-bearing resin concrete layer casted as double layers is interposed
by a hoops reinforcement mesh. The surface of resin concrete is saturated by sealing coat.
Experimental verification of this method fully confirmed its statical and technological
efficiency.

Our investigations also pertained to a steel strut strengthened under & compression
load by introducing an intermediate support. The original member was considered as
an "actual" strut, with (a) a symetrical or (b) an unsymetrical initial deformation. The
buckling strength of such a strengthened strut was derived on the basis of the relation for
maximum stresses in external fibres

maxai + max IT = R^., (])

where max <j\ - is considered in the original strut with the compression load Nl ; max <x -
in the strengthened strut with a supplemental compression load N; Ry = yield strength.

The quality of the strengthening of the concrete structures depends on the quality of
a bond and anchorage. That's why experimental research of bond was started with the
aim to formulate the basic bond law in conditions of low cycle not reversed loading. The
first test series w ŝ performed and the effect of the following parameters is just analysed:
The upper load level, number of cycles, cover thickness, concrete quality.

Further the critical comparative study of cs. standard, EC2 and CEB FIP Model
Code 1990 was finished. It was concluded that the valid cs. standard detailing rules do
not comply with the European design rules, especially the cover thickness, anchorage
length and the overlapped splices length. That's why the durability of concrete structures
designed by cs. standard is in some cases insufficient.

This research has been concluded at the Department of Concrete structures as a part
of the research project "Rehabilitation and up-grading of the building structures" and has
been supported by Czech Technical University grant No 8062.
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An anchoring bolt embedded in a concrete mass represents a structural detail which
exhibits strong nonlinear behaviour. The load carrying capacity of anchors is a design
problem, which up to now was typically solved experimentally. This research project deals
with the size effect on the pull-out force of anchoring elements. It. has been solved in two
parls.

The experimental part was a continuation of the previous activities. Since August
1990 two series of pull-out tests of the anchoring elements described in reports [3] and [4]
have been performed. In total 35 specimens of three different sizes have been tested.
The specimens were cast from the concrete of nominally identical quality and were
cured in a similar way. The characteristic parameter was the embeddment depth of the
anchoring bolt. It has been varied in ratios 1:3:9 (50mm, 150mm and 450mm). The tests
of the experimental specimens were carried out using the advanced automated system
for the testing of concrete mechanical properties developeci at the Klokner Institute of
CTU [1]. Effects of the fracture toughness and the lateral constraint were investigated.
During the tests displacements of anchor bolts with respect to the concrete specimen were
measured. The pull-out tests were accompanied by a number of material tests to verify the
mechanical and fracture properties of concrete. The experimental results were compared
with values according to the formulas of Eligahausen and Sawade, ref. [5]. It was found
that experimental pull-out forces are between the values calculated from Eligehausen's
and Sawade's formulas. These formulas are based on the exponential size effect law. The
experimentally derived function of the similar form

Fu = s . hr

where ae= 0.0399, r = 1.6717 and Fu is in kN. Additional attention was paid to the
analysis of the random nature of tests. Some computer simulations of a random behavior
were conducted.

The pull-out tests were simultaneously analyzed by the nonlinear finite element
method. The analysis was made in a plane stress state, which can approximate the axially
symmetrical failure mode, if appropriately formulated. The geometry of the plane stress
specimen was derived from the three-dimensional pull-out specimen using the criterion of
failure energy. The computer program SBETA [2] was used for the analysis.

The constitutive model in SBETA is based on the smeared material approach, nonlinear
elasticity and nonlinear fracture mechanics. The crack band theory is used to model
tensile cracking of concrete. The softening modulus of concrete is adjusted according
to the element size and fracture energy. A paramater study was conducted in the view
of experimental test results, especially in relation to real material characteristics. The
size of the specimens and the lateral constraint were varied. In total 60 analyses were
planned and the first part (about one third) has so far been carried out. Each analysis
represents a simulation of experiment and provides ample information on stress and strain
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state, crack development and failure mode. The results of the study show the following
effects: influence of lateral constraint, size effect and finite element size sensitivity. For all
analyses fixed and rotated crack models have been used for their bounding nature, whirh
was experienced in some previous calculations with SBETA.

The results from both parts of the project form an extensive synthesis of information
and create a basis for detailed analysis in the next period. Extensive experimental research
of pull-out forces carried out here has been supplemented by powerful analysis, which can
explain experimental behaviour on the basis of realistic material laws. The results are
useful for practical aplications. They are applicable for design of detailing of anchoring and
connecting elements, in reconstruction and strengthening. Continuation of this research
is also prepared. It will be focused on the development of the micro-level material models
with a nonlocal approach to the concrete failure. The results create a basis for perspective
3D nonlinear analysis. The anchoring technology is a fast-developing field of concrete
industry, in which pull-out tests are needed to check the safety of anchoring elements.
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A reasonable combination of different structural materials in one structural element
and/or structure enables the efficient exploitation of their particular characteristics,
which may lead to significant effects. Our research is directed to the combinations steel-
concrete, concrete-concrete (of different qualities), concrete-plastics and concentrates on
the following problems:

a) Design of composite elements from reinforced concrete beam connected with a
concrete slab cast on site, taking into account the influence of shrinkage and creep. The
design procedure for such structures was developed and its large experimental verification
has to follow. Also a large experimental programme has been prepared incl. the design
and computation of 28 concrete beams and 420 small specimens.

b) The theoretical evaluation of creep and shrinkage in composite steel-concrete bridges.
This influence cannot be neglected in serviceability limit states and for elastic design
procedure. For the theoretical solution it was necessary to evaluate several existing theories
and then a complex computer programme was developed.

c) Concrete-glass - reinforced concrete elements. The theoretical studies of higher
crack resistance of concrete composed with tougher GRC element were confirmed by
experimental tests based on holographic method. The new experimental tests have been
prepared.

d) Composite columns (steel tubes filled with concrete). Design procedure and
computer programme for the analysis (including confinement effect) was developed. The
results are in good agreement with both experimental full-scale tests and on-site test
(made in the city of Ostrava on an industrial building now under construction) and tests
on small specimens. Statical computation of a building in Ostrava was finished.lt will
serve for the second full-scale test next year.The theoretical solution is directed at the
real behaviour of composite columms both under compression and bending load.

e) Semi-rigid steel - concrete composite frames. A computational model of semi-rigid
composite frame based on the assumption of non-linear behaviour of flexible beam-
to-column connections and elastic behaviour of composite beam was developed. Using
the computer programme a parametrical study concentrating on the influence of joint
flexibility was carried out. Three different types of beam-to-column angle connections
with continuous concrete slab were tested in the laboratory and the results were
incorporated into the data base for semi-rigid connections of the E.C.C.S.

f) Composite continuous beams. Three experimental steel beams with concrete slab
were tested with special regard to the negative moment region (cracks, stress, strain). The
influence of uplift was checked and the cracks in concrete were considered.

g) Partial interaction in steel-concrete composite beams. A design procedure including
the uplift forces was developed for elastic design. The influence of slip was checked both
theoretically and experimentally. Connection stiffness obtained from push-out tests was
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compared to that measured on beam tests. It was found out that in beams the connection
rigidity is twice higher than that in push-out specimens. According to results of theoretical
research a computer programme based on elastic behaviour of the composite beam was
developed. Using this programme it is possible to check the structures in which the use
of partial connection can be effective.

h) Composite bridges. A design method based on FEM was developed. It enables the
analysis of bridge structure as a space unit. A modification of Preflex system was used in
an old bridge reconstruction in cooperation with consulting engineering company SUDOP
Hradec Králové.

i) Universal mt̂ thod for composite structure analysis. The developed procedure is based
on a model of a bar-element group including elements both of concrete and of steel with
connectors. The analysis takes into account also creep and shrinkage'of concrete, the
influence of temperature, humidity and reinforcement as well as the tensile strain softening
in negative moment regions. This method of analysis can be used both for steel-concrete
and concrete-concrete composite structures.

The conclusion made in all the above mentioned items will be proved in 1992 mainly
by a large experimental investigation. Partial results are given in 12 papers published in
1991.

This research has been conducted at the Departments of Steel Structures and of Concrete
Structures as a part of the research project "Composite Structures in Civil Engineering"
and has been supported by Czech Technical University grant No.8014 and No. 1120.
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A building structure consisting of masonry walls and reinforced concrete walls behaves
together as a rigid or semi-rigid frame. Behavior of this frame is complicated by both the
limited rigidity of the wall/slab joint and by varying wall stiffness. The change of the wall
stiffness is caused by the low tensile strength of masonry which can lead to cracks, and then
by the stress-strain relationship which is generally non-linear. For analytical investigation
of the phenomenon a program for PC a computer was compiled. The composition and
shape of the investigated structure was the same as in the specimens used for experiments
described in [1] to enable the comparison of results.

The investigated structure was divided between the wall and the slab, which influence
each other by a bending moment and a force at their common joint.

The masonry wall is divided into an optional number of parts. Among these parts the
position of the resulting force is found (see fig.l .a) and for every section the corresponding
stress distribution is stated. The following presumptions are used for stress distribution:

• every crossection remains flat after deformation,

• tensile strength is equal to zero,

• the stress-strain relationship is optionally either linear or nonlinear, for which the
equation (1) is used (see [2]), the graph is on fig.l.b.
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! J /2 í d/2 I ' i " deflection « 3S ^_

•H* *f*— >\ to i- initial deflection fc„ l-^ín €
eg - t e c e n t r i c i t y

a> k>

Fig.l.: a) Position of the acting force relating to the i-th section, b) graph of nonlinear
stress-strain relationship

Two conditions of equilibrium are used in every section for the calculation of the stress
blocks, then strains are evaluated. Curvature adequate to these strains is expressed using
deflections, which are finally worked out as the solution of simultaneous equations. The
deflections are inserted back into the formulae for the position of the resulting force in
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the section and further iteration follows until there is only a very small addition. This
process is described in [4] in detail.

The reinforced concrete slab was calculated using common static rules for an elastic
beam.

The wall/slab interaction is accomplished by a joint, the properties of which are
assumed to be similar to masonry itself: zero tensile strength, plain crossection after
deformation and either a linear or nonlinear stress-strain relationship. By an iteration
process the same angular displacement of the end rotation of the slab and of the wall
takes place. This method of calculation was used for a tested structure described in [1],
see fig.2.

The graphs published in [1] were used for comparison with calculated results. These
graphs show the relationship between the fixity ratio and the slab load related to the
precompression W/Pu. The fixity ratio of the joint is defined as the ratio between the
bending moment measured or calculated in the joint and the bending moment on the fixed
end of the equivalent propped cantilever. In figure 3 is an example of the final graphs.
The experiment results are indicated by circular or squared points, solid and broken lines
mean the edge pivot and modified pivot model described in [1]. The results obtained by
the analytical process are plotted with dotted and centered lines according to the used
stress-strain relationship. The horizontal -..- line expresses the fixity ratio for a rigid frame
using the gross stiffness value of the wall .

o..„bfta... ._ 1 _ r s ^ ^ . - " - l
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Fig.3. Comparison of experimental Fig.2. Tested structures
and analytical results
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PHYSICAL APPROXIMATIONS IN VISCOELASTIC
ANALYSIS

V. Kovařík
Klokner Institute, CTU , Šolínova 7. 166 08 Praha 6

Key words: Correspondence principle, identification problem, material characteristics,
distributional concept

Viscoelastic analysis as compared with the elastic one is more complex because
of the time dependence of material characteristics. For that reason, considerations of
approximate solutions very often seem to be inevitable. Generally, two paths of these
considerations can be followed, either the mathematical or the physical ones.

Choosing the latter way we shall restrict our attention to the time invariant hereditary
theory of viscoelasticity and make use of the distributional concept of the problem
(for details see [1],[2]). Material characteristics enter our considerations by means of
constitutive equations relating the respose (output) Z of the material (i.e.strain or stress)
to the initiator (input) I (i.e. stress or strain). In the elasticity theory these equations are
expressed in the form of the Hooke's law

Z = C.I (1)

where C denotes the constant of proportionality, whereas in the viscoelasticity mentioned
we have

Z = Fw * I = F * /[1) (2)

instead. In (2) F(t) is the unit function response (the creep function D(t) or the relaxation
function R(t)), the symbol [1] denotes the distributional (generalized) time derivative and
the asterisk stands for the convolution. The unit function response F(t) is a right-sided
distribution

F(t) = f(t)h(t) (3)
where f(t) is a continuous and smooth function defined over the entire interval (—oo , +co)
, h(t) denotes the Heaviside function. Eq. (2) is an algebraic equation in the convolution
algebra ft , Eq. (1) is an algebraic equation in the algebra of numbers. The transition
from Eq.(l) to Eq.(2), in another words from the elastic analysis to the viscoelastic one,
means the transition from the algebra of numbers to the convolution algebra Í2, and the
substitution F' 1 ' for C, respectively. This fact can be formulated in the distributional form
of the correspondence principle.

Problems of physical approximation reduce to those of the simplifications of Eq.(2) cf
[3],[4],[5]. In the present short report an attempt will be made to extend the considerations
of paper [3] concerning the experiments giving practically stationary results towards the
end of measurement to those being rather unsteady at that time.

The identification problem can be formulated as follows: Given a set of discrete values
of a certain measured quantity /m(t) for / = ť,, (i=0,l,2 ,<„), tn = r where r is the time
of observation. Find the analytical expression f(t) so as to fit the experimental data.

No doubt, the present problem can easily be solved by means of the regression analysis
methods. However, another solution based on the idea given in [3] seems to be preferable
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to this usual approach. We have shown that for long-term experiments satisfying results
can be obtained for f(t) chosen in the form

f(t) = r + aexP(-t/0) (4)

where a , 0 , F are constants to be determined. The simple-form unit function response
(4) is general enough to be able to manifest the same global properties of the material as
Ut).

The idea of the approach proposed is as follows:
Have the plot of fm vs t and join the adjacent points fm(ti) (i=0,l,2,...,n) by a straight line.
As the result a polygonal line fm{t) is received. Draw a horizontal line B, the momentary
basis, through the point /m(?") • Denote the area between the polygon fm{t) and the basis
B as Am , the coordinate of the centroid of this area as fim. These quantities can easily
be calculated.

Next turn to the theoretical curve f(t). With respect to the procedure described in
connection with fm(t), the reduced form

f(t) = f(t) ~ f(r) = | a[exp(-ť//J) - exp(-T//S)J | (5)

instead of f(t) will be considered. The area between <ř(í) and the time axis will now be
denoted as A, the coordinate of its centroid as ft. Both the quantities A,fi depend upon
the parameters a, /?, T.

The formulation and solution of the identification problem can schematically be given
in the form

fir) =Ur) => r (6)
P = /«m => 0 (7)

A =Am => a (8)

It should be noted that Eq.(7) represents a transcendental equation the solution of which
is found by means of successive approximations.

The solution a, fl, T has been found for the interval (0, r) the interval of duration
(observation) of the experiment. The validity of f(t) defined in the described way may be
extended to the interval (0,2T) practically without any loss on accuracy.

Extending successively the interval (0, r) by choosing r = TI,T2, ...,Tn, r,+i > T;, the
sets of values Ai and fii can be calculated. The set Ai converges to a fixed quantity defining
the so-called steady-state viscosity no. Similary,the set /«,- converges to the so called time
constant tp (the mean retardation time for F=D,and the mean relaxation time for F=R).
The quantities no , tp represent basic global characteristics of a viscoelastic solid.

Further possibilities of physical approximations based on certain transformation of Eq
(2) are given in [4] ,[5].
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VISCOELASTIC STABILITY AND RANDOM MATERIAL
CHARACTERISTICS

P. Šlapák

Klokner Institute, CTU, Šolínova 7, 166 08 Praha 6
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The buckling and wrinkling of viscoelastic sandwich plates with a light core is
considered in what follows. The behaviour of polymer layers is based on the Boltzmann's
law and leads to the following rheological equations:

on = RA* eft + RB * eft . *u = Rr * eft .

<T22 = RA * 4'i + RB * eft ,
(1)

en = DA * aft + DB * aft , t, 3 = DT * aft ,

t22 = D A * aft + DB * ffJV ,

in external layers, and

cis = (112)DC * aft , i = 1,2 ; e 3 3 = D, * erg (2)

in the core where an = O\2 = CT22 = 0 • The upper index [1] denotes distributive derivative,
D, R are creep and relaxation functions, a , e are functions of independent argumentsl xj,
X2, t . Setting

oa = $i(xi,x2,t) , a 3 3 = -
(3)

e,3 = (l/2)/?ľ' * *ť , E33 = -X3D
l?] * (•,., + $2,2) ,

the relations are recieved:

«3 = * 4 - (l/2)z3D[1] * (•!.! + *a,a) , (*4 = u; + (l/2)S
2Dft * (*,,, + * a, 2)) (4)

t'l * $, - *4,,) + (l/6)x|£»ft * (*!,„ + *2,2.) (core) (5)

DÍ" * ($,,,i + $2i2,)] - x3w,i (externallayers) .
Here 2s is the thickness of the core. Next, the geometrical and physical equations lead to
the stress components, and the statical equations attain the form

0 = 4, -rsDW*[RW *$, ,„ + «[" • • , .« + ( /£ ' + Ä1,'1) * $2,12] + (6)

(l/3)rs3D^ * [Ä« * (#,,, + 4.2,2),ni + (M" + 2ÄÍ11) * (*,,, +

•a.2).i2al + "„[fiSSw.ui + (fift + 2Ä1,11) • w,m],
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0 = <t>2-
(l/3)rS

3/}[1J * [(flM + 2ÄS1J) * (•,,! + #J.2),I12 + Ä?1 * (*,,, + *2,2),222] +
^„[(Äi11 + 2Ä[ I J) * w,u2 + Äf'l * w,222] ,

0 = iVn«),n + iV22U;,22 + 2yV12U;,22 + 2 S < ) (* , , 1 +* 2 , 2 )-( l /3) r 3 [ ( l /2)4 1 1 *
(u>,nn + u),2222) + (fi^1 + 2Ä[ ! 1) * io,1122] ,

where 2/i is the thickness of the plate, r = h — s, 2s — 2s0 + r and /V,j are load resultants.
The formulation of the problem is completed by the edge conditions (i,j=l,2 ;i<dif>j)

3>> = 0 , $,,, = 0 , (*i,i + *2,2),« = 0 , w = 0 , w,u = 0 . (7)

The solution for the rectangular plates is expressed by double Fourier series with the
time dependent coefficients am n , bmn , cm n. Setting

N« = -<*aN, N12 = 0, ; (JV > 0), Nw*, = N * w% ľ = h/h, (8)
the equations (6) provide a homogeneous system

0 = CWn*{AT^(a.i + r2a2 2)-(l/3)r3/?4[(l/2)Ä í.(l+r4)+ (9)

0 = aWn

(ft + ft) + (1/3)82P7D[?] *
[Ra + T2{Rb + 2ft)]) - i&rslf * [ft + T2(Rb + 2Rt)} ,

0 = aWn*rsp2r[DW*(Rb + Rt) + (l/3)s2p2DlS(r2R« + R> + 2Rt)
6W * {u + ra/?2[DW * (T2Ra + ft) + (l/3)5

2/?2r2Z?[l! * (ľ2Äa +
ft + 2ft)]} - cM, * r S ^ 3 r(r 2 Ä a + ft + 2ft) ,

where u is the Heaviside's function.
The Laplace transform of (9) leads to

(l/so)£N =
1

+ r2a22
+ 2T2(£Rb + 2£ft)]

Sofo
(10)

where 0 = £6m n/£am n , ÍÍ = £a[i]
n/£cE

The final step is represented by inverse transformation.The solution of this problem
and numerical examples of a plate strip are shown in [1].

Critical load depends strongly on the variation of material characteristics. The load is
thus a nonlinear function of random quantities.

In the case of an elastic plate strip this relation can be expressed as follows [2]

jj^p (11)

where

w =
(l+ft)l2
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X,Y are independent random moduli of elasticity, fi is Poisson ratio and / is the span of
the strip.

To establish the probability characteristics of critical load, we use a method, which
is based on the expansion in Taylor serie, either linear or quadratic [2]. In the first
approximation we get

- wE(x)E(Y)
( '"~ E{X) + wE{Y) '

6x Sy

where 5 = [E(X),E{Y)} and

6$
Jx

w2E2{Y)
[E(X) + wE(Y] 6y

Var(r) ,

w2E2(X)

(14)

[E(X) + wE(Y)Y
(15)

The case of a square plate we consider in [2]. With 1-/*=U (random quantity) it is

w2Y

where w\ = rs2/sol
2 , u?2 = rsjl2 .

The following results are reached:

WlE(X)E(Y)
w2E{Y)+E{X)E{U

= \w2E{Y) + E{X)E{U)]-Í\W2
XW\E\Y)V&T{X) +

w\E\X)E2{U)Wax{Y) + w\Ei(X)E2{Y)\&r(U)\
(18)
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VIBROPROTECTION OF BUILDINGS TO SEISMIC
EFFECTS

D. Makovická
Klokner Institute, CTU, Šolínova 7, 16608 Praha 6

Key words: Structures, vibrations, response, damping

In connection with the construction of transport structures (Underground lines and
traffic roads) built-up on territories of cities it is necessary to solve the problems of
reduction of vibrations which propagate from them to the foundations of buildings in
their close proximity. The design normalized frequency spectra of excitation (Fig. 1) in
the source of these effects (tunnel tubes, structures of roads) were derived on the basis of
experiments .

The frequency range of dynamic effects up to 80Hz is very important for the building
structures. The lowest natural frequency of the buildings and their parts with the
exception of horizontal vibrations of the building as a whole and the flexural vibrations
of slender tower structures usually varies from 5 - lOHz. The lowest natural frequency
of standard floor structures (with the exception of large-span floors) usually varies from
15 - 30Hz, the natural flexural frequencies of walls and partitions from 40 - 60Hz; the
same frequency range applies also to the second and third natural frequencies of floors,
etc. These effects can cause nonstationary vibrations of these parts of building structures.
However, the extent of technical seismic excitation in this region is very low, of the order
of tens m. A reliable protection against these effects can be ensured by a dynamic filter
or by elastic mounting of the whole building or of part, based on dynamic analysis of the
building structure, which may be useful for the re-tuning of the most sensitiveparts of
the building.
Springing of building structure by means of rubber blocks:

The rubber slabs showed non-linear behaviour in the experimental investigation of their
properties. With reference to dynamic load which is supposed to fluctuate only within the
narrow interval of the tested static load, the linearity of the material can be assumed
within this interval of the dynamic load. For the excitation frequency spectrum of the
Underground transport the dynamic modulus of elasticity then equals approximately the
secant static modulus of elasticity. With regard to the precast structure above the R.C.
grillage it seemed advisable to tune the sprung structure of the building to the natural
frequency of approximately lOHz. The computation determined the first group of natural
frequencies:

/(D = 9.2 to 16.4 Hz.
The damping of the rubber blocks is determined approximately by the logaritmic

decrement 6 = 0.7 - 1.2. If the building is sprung in this way, the vibration transfer
from the Underground to the building will be radically reduced particularly in higher
hyper-resonance frequencies, i.e. in the range above !5Hz. In this hyper-resonance range
the structure (the building mounted on springs) behaves as a filter and reduces radically
the transfer of high-frequency effects. In the resonance range, in its close proximity and
in sub-resonance frequencies the transferred dynamic effects will increase. Therefore, it is
necessary to take further measurements, e.g. the shading of the foundation tank (see the
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next part) to reduce the transfer of low-frequency dynamic effects of excitation.

Fig. 1 Design frequency spectra (a - Underground, b - road lines)

Shading of dynamic effects - dynamic filter:
The transfer of dynamic effects from the soil to the foundation of building is considered

as a non-periodic wave motion. At the boundary of two linear elastic media the ratio of the
passing dynamic effects - the time history of pressure p(t) is determined by the formula

where pt, pi are pressures, rj and r^ densities, Cj and C2 propagation velocities of a
longitudinal wave in mediums 1 and 2. By the passing of the pressure wave through n
layers of dynamic filter we obtain

pn = 0.16 p, .
The formula holds for a perpendicular incidence of the pressure wave proceeding from

one medium to the other. The magnitude of the passing wave (pressure wave), according
to this formula, is independent on time, if the medium is homogeneous and loaded in
the linear elastic region. However, since in fact both media contain cracks, holes, etc., i.e.
dislocations, the thickness of the layers must be several times as big as the dislocations of
the medium and the length of the passing wave must be at least 5 to 8 times as long as
the dimensions of the dislocations. In our case, concerning the damping of particularly the
low-frequency component, this condition for the dislocations of cm magnitude is complied
with by layer thicknesses on the order of 10cm. The application of a dynamic filter (2
layers of pearlite mattresses under 3 concrete layers) to a building in Prague resulted
in a reduction of the transfer of dynamic effects to 0.2% of their initial magnitude. The
efficiency of the designed filter was verified experimentally during the assessment of the
transfer of the effects of blasting operations used in the Underground tunnel propagating
to the building sprung through the filter. The effects of blasting have the character of
transient phenomena. Under their impact the building structure vibrates, the dominant
component being on the level of natural frequencies of the structure. The level of maximum
amplitudes of the building and the adjacent ground was observed. For the transfer of
vibrations from the ambient earth medium to the building foundations only the first peak
(the 1st time step of blasting) is reliable, as the other peaks of the time steps of the
blasting are burdened with the error of undamped vibrations of building structure. This
ratio for the first time step was measured as 0.16 to 0.20 which included also the intensified
resonance of some floors of the sprung building.

This research has been conducted at the Klokner Institute as a part of the research
project "Modelling of structural systems under dynamic load " and has been supported by
CTU.
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DYNAMICS AND RELIABILITY OF BRIDGES ON
ROADS AND HIGH SPEED RAILWAYS

Bata,M.-Bílý, V. -Bruna,M.-Havlůj, V.-Plachý, V.-Polák,M.-Sýkora, J. and
others

Faculty of Civil Engineering, CTU, Thákurova 7, 166 29 Praha 6

Key words: Physical model, dynamic response of bridge, vehicle, high speed railway,
road, simulation, measurment.

The general aim of this research problem was to improve the analysis of the bridge
structure on the high speed railways and on the roads loaded by the moving vehicles. This
problem was being solved theoretically and experimentally. The solution of this problem
is possible to summarize to the problem points:
• construction of the comprehensive space physical model of the system consisting of the

bridge structure and the moving vehicles,
• making up of the railway and/or road vehicle database
• creation and verification of the computer program set solving the dynamic

characteristics and the response of the bridge during interaction with the moving
vehicles,

• paying attention to the verification of the theoretical results,
• study of bridge structures on the high speed railways with applications to Czechoslovak

conditions,
• analysis of behaviour of rail-vehicles, the question of the ratio of wheel-force and of rail

fastening of the rail,
• the fatigue tests on concrete beams,
• pick-ups were made for investigation of distribution of wheel-forces in road pavement

layers (testing polygon ŠKODA-VW Mladá Boleslav), item bringing up-to-date of the
measurment line including the control computer and the intelligent analyzer,

• creation of the computer measurment and evaluation programs.
In this paper we concentrate our attention to the interaction of the moving vehicle and the
bridge structure during their mathematical description and analysis. Our research work
was commited to creating of the most suitable model of system consisting of the bridge
structure and the moving vehicles. The model suitable for the purpose, with simplified
modelling of the vehicle is constructed. The vehicle is modeled as a non-linear dynamic
system of mass elements mutually interconected by massless force links by means of the
Component Element Method. Displacement of the vehicle elements in a contact point
with the bridge structure are expresed as summ of the bridge structure displacements and
the magnitudes of unevenness on the surface of pavement with exception of tyre rebound
from pavement surface. Greater attention is given to modelling of the unevenness of the
bridge pavement surface. On the basis of road surface measurements it is possible to
generate random unevennesses of the road by a random unevenness generator. When
we simulate the dynamic loading test we introduce the standard obstacle according to
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the Czechoslovak standard ČSN 73 6209. In the formulation of the physical model of
the analysed system it is necessary to abandon the formerly used simple vehicle models
and introduce into the computation more adequate models of vehicle as planar or space
systems of n-degrees of freedom. We determine the response of the bridge structure in
characteristic points in a scale of deflection, rotation, shear force and bending moment.

The results of grant No. l l l l were immediately applied in the engineering praxis. We
carried out the analysis of the dynamic behavior of the outstanding bridges, e.g. the
highway bridge in Rostov, Stadice, Hybica, the set of the structures of the highway bridge
over the Labe river in Děčín, the cable-stayed bridge in Poděbrady and Tábor.
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Cost efliciency of the computation is crucial for broader use of the numerical modeling
in engineering practice. Various degrees of simplification may therefore be acceptable
for various problems. Kirchhoff or Mindlin hypotheses in connection with numerical
integration through the thickness seem to be the appropriate trade off for a broad range
of applications for the above scope of structures.

Specific features of the stress and strain states in RC slabs and shells are taken
into account in the analytical model. The Mindlin hypothesis is adopted. Material
law for reinforced concrete involves the following events - plasticity in compression of
concrete, plasticity in reinforcement, strain softening, tensile stiffening and influence of
rate deformation on behaviour of composite structure. Concern about numerical modeling
of reinforced plates and shells has created the need for experimental verification of the
analytical model described above.

TEST ON CIRCULAR SLABS
An experimental program has recently been iniciated, which will assess the ultimate

bearing capacity of the RC plates subjected to an air blast wave. First tests of the series
were carried out and are compared to the analytical results. Experiments were performed
with RC - circular slabs. (Diameter 2360 mm, 140 mm. Details are in [1]). The plates were
reinforced by orthogonal net with distance of bars 100 mm and diameter 12 mm. Based
on standard tests of concrete and steel specimens the material constants were determined.
The blast wave was generated in blast tube. Maximum pressure in the wave front was
400 kPa, the wave length was 30 ms - Fig.4, During the experiments the time histories
of the following quantities were measured - strains in center of slab on loaded surface
by strain gauges - Fig.2, displacements of two points of slabs by inductive displacement
transducers - Fig.3. The data were recorded by measuring equipment DYNALOG 2000
and then transfered to HP VECTRA, where the results were evaluated.

CONCLUSIONS
In Fig.3 the recorded time history of the central deflection is compared to analytical

results obtained by the above numerical model. Good results were achieved.
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Ultimate load capacity of RC slab
Strain in reinforcement - Fig.1

Ultimate load capacity of RC slab
Strain in compressed concrete - Fig.2
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FEM PROGRAM FOR FATIGUE CRACK GROWTH
MODELING

I.Kuneš, V. Oliv a and J. Karlík
Department of Materials, Faculty of Nuclear Science and Physical Engineering, CTU,

Křemencová 10, 110 00, Praha I

Key words : finite element method, fatigue crack growth

Two processes are essential for fatigue crack growth - the cyclic plastic deformation
of material around the crack tip and the propagation of the crack through the plastic
zone. Modeling of these processes by continuum mechanics can be a very powerful tool
for the understanding of the fatigue crack behavior under variable amplitude loading.
Therefore a special finite element program DODO has been developed for fatigue crack
growth studies.

The program is designed for solving elastoplastic plane problems with a straight crack
growing along the axis of symmetry x. The boundary conditions and cyclic loading must
be symmetric according to the crack axis. The program is derived from the FEM code
JUPITER /I/ and has the following features: small deformation formulation, the classical
incremental theory of plasticity, von Mises yield criterion with deformation hardening,
the initial stiffness method for the numerical solution of nonlinear equations and 8-node
isoparametric elements. The original code had to be substantially modified to satisfy the
following basic demands for fatigue crack growth modeling.

Crack closing, opening and propagating must be covered. To insure this, displacements
and force reactions are checked in the nodes along the crack face after every load increment.
If an inadmissible displacement is found in any node, the same displacement with an
opposite sign is prescribed and the node is fixed. Similarly, if a tensile reaction is found in
a previously fixed node, reverse force is prescribed and the node is released. Then the FEM
solution takes place again. This process is repeated until the correct contact boundary
conditions are insured. Crack tip advance is simply modeled by appropriate extending of
the zone on the crack faces, where the boundary conditions are checked and modified. The
elementary crack extension (usually of the length of one element's side) can be prescribed
in any moment of the variable loading.

Cyclic plastic behavior of material ought to be carefully respected. Therefore a stable
hysteresis loop is used for stress-strain curve description. Moreover, the original isotropic
hardening model of material has been significantly improved and also the Ziegler's
modification of Prager's kinematic hardening rule has been implemented jif.

Extremely long computing times (typically tens of CPU hours on IBM 3090
supercomputer) are to be dealt with. The code was therefore modified to enable long-run
calculations by dividing them into several parts. This also allows spare time by branching
several tasks from one common initial part.

Very fine meshes with many elements should be used and thus an enormous amount
of data is to be handled. A specially customized pre-processor was written for generating
meshes extremely refined in an exactly prescribed area ahead of the initial crack tip. All
output data from every load increment are stored on disk in a highly compressed form.
Thus the memory demand is reduced to about 1/10 of usual needs. A special program
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for post-processing of the compressed data has been written, which prepares input data
for the GDDM graphic system on the IBM 3090 or for other graphic programs. The post-
processor enables also evaluation of the theoretical fatigue crack growth rate from effective
stress intensity factor range or from Sih's energetic criterion.

A typical form of the graphic output from a simulation of an edge crack growth in
a thin rectangular plate is shown in Fig.l. Deformed mesh around the open crack tip
(a), total plastic strain (b), the change of plastic strain within the loading half-cycle (c)
and stresses (d) are plotted along the crack axis x at the maximum of a loading cycle.
Other quantities can be evaluated in a similar way: elastic strain and deformation energy,
total plastic deformation energy, material hysteresis loops, crack opening stress and crack
growth rate.

ftttf
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Developed FEM program DODO can be effectively used for example for numerical
research of overload effects on the fatigue crack growth. Typical results are presented in

IV-
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RHEOLOGIC AND CRACKING EFFECTS IN CONCRETE
STRUCTURES
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It is well-established that a realistic prediction of long-time stress and deformation
distribution in concrete structures must take into account creep, shrinkage, thermal effects
and also cracking. These phenomena run simultaneously and influence each other.

In order to obtain a reliable experimental background, extensive measurements of
strains on two segmental bridges has been carried out in cooperation with the School
of Engineering, University of Wales, Cardiff, U.K. to investigate their actual behaviour
during construction and under service conditions. The strain gauges were cast into the
segments and therefore the measured strains include the shrinkage strains, the clastic
strains induced by various kinds of applied loads (including temporary loading and
prestressing) and the time dependent strains (creep). These experimental results were
compared with the theoretical values.

The analysis has been divided into three steps. 1) Shrinkage analysis on the segments
prior their assembly into the bridges; 2) The cantilever construction stage; and 3) The
later construction stages and early service life.

The shrinkage study covers the discussion of measured strains (in flanges and webs
of individual segments), of the influencing factors (humidity and temperature of the
environment) and the mathematical modelling of the time developments of the strains.

The second step includes the analysis of the influencing factors (dead load, prestressing,
creep and shrinkage) of the strain development if the structure is statically determinate.
In particular the attention is devoted to the prestress losses.

The last stage includes the analysis of the statically indeterminate structure
(continuous beam, 6 spans, 370 in long) during construction and early service life and
comparison of the calculated and measured strains in strain-time plots.

The excellent agreement of the measured and theoretical results in all three steps proved
that the modelling used in the study ran express the actual behaviour of the structure
with sufficient accuracy and showed important factors, which have the decisive influence
on the structural performance [1].

When predicting theoretically the creep, shrinkage, thermal and cracking effects in
concrete structures., prior to the solution of stresses, it is necessary to calculate the
distributions of pore relative humidity as well as temperature through the entire structure
at various times. It is assumed that the pore humidity and temperature is to be governed
by diffusion equations.

The stresses produced by nonuniform shrinkage and thermal expansion, along with
the stress-induced shrinkage cause elastic deformations and creep. Nonuniform drying
as well as temperature changes typically produce strains which exceed the maximum
stress state and engender microcracking, manifested as strain-softening. The analysis of
the structure is carried out numerically by finite elements (each of the beam elements
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is further subdivided into a number of layers), in small time steps. The method is fully
described in [2] and has been applied for the analysis of the behaviour of a box girder
assembled from precast segments. We analyse the behaviour of the segment assuming two
dimensional response and plane strain conditions. The segment is cured in the formwork
and after 7 days the form is stripped. At that moment, the drying of concrete begins and
'is own weight begins to act.

Firstly, the variation of internal forces has been calculated. The maxima of the
distribution of the bending moments at the observed time arise at the upper corners
at which the top plates and the web join. The moments caused by nonuniformity of
shrink-age are not particularly manifested. The distribution of the normal forces indicates
that the effect of own weight dominates. However, in contrast to the bending and axial
internal force resultants in the cross sections, the stress distribution is strongly influenced
by nonuniform drying as well as strain softening. Even in regions where the usual
analysis without drying would indicate compression, significant tensile stresses arise due
to shrinkage. In these distributions, the effect of strain softening due to microcracking is
clearly seen, whit h causes the drop of stresses near the surfaces. The largest compression
stresses are reached in the bottom plate, which is the thinnest. The proposed method
allows analysis of the concrete structures for the effect of the diffusion nature of the
drying process, for the effects of creep which significantly reduces the stresses due to
drying shrinkage, for the effect of the additional stress-induced shrinkage and for the effect
of strain softening, which greatly reduces the shrinkage stresses. The results indicate that
these effects on the stress distributions are very large, in fact so large that the stress values
obtained by the customary methods are merely fictitious.

Most of material models for concrete type materials are limited to the short-term
behaviour. The proposed new model, developed for concrete including the short-term as
well as the long - term loading conditions, covers the three components of strain: a)
Elastic strain in combination with linear creep; b) inelastic strain including the plasticity,
fracturing and nonlinear creep strain; and c) stress independent strain (shrinkage and
temperature induced strain). The first component is expressed by means of the Maxwell
chain model, which also provides the possibility to take into account the different paths
for loading and unloading. The incremental form of the constitutive relations is applied
in finite element analysis. The developed model is intended for use as a tool for analysing
the long-term behaviour of highly stressed parts of concrete structures.
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The Department of Mechanics and Materials, Faculty of Electrical Engineering of the
CTU in Prague has been occupied for several ^ears with the optimum form shaping of
round flown bodies and their systems and especially ducts in turbomachines. Since the
very beginning those phenomena have been conceived as the problems of analysis and
boundary synthesis of multidimensinal flow fields (i.e.both direct and indirect problems
of hydrodynamics). For this purpose the appropriate apparatus based on all three ways in
fluid mechanics, i.e mathematical methods, methods of practical analysis (originally with
the use of electro-hydrodynamical and hydro-aerodynamical analogy, later complemented
by numerical algorithms and computers) and methods of experimental solving has
been developed. Especially the third way is limited by the technical equipment of our
department. Nowadays it consists of two fan-powered aerodynamical benches with the
diameter of 80 and 300 mm respectively, of a small circulating water tunnel, of classical
means of flow, pressure and velocity measurement, of a hot-wire anemometrical apparatus
and of some flow visualisation devices. Particularly the method based on glycerine
evaporation in a low speed tunnel proved to be useful.

The methods of flow field analysis are based on a potenciál flow fluid pattern. Two
dimensional flows are solved with the help of computers by means of grid or finite element
methods. For three dimensional problems the electrical analogy realized in single-purpose
electrolytical models seems to be the most efficient one. For this purpose the staff of the
department has developed and built a modern computer-controlled experimental plant
with a spatial gradient probe and five degrees of freedom movement posibility.

The algorithms including those respecting the influence of compressibility up to high
subsonic velocities are available too. The knowledge of a potential stream pattern is both
the input condition for considering the viscosity effects by means of the boundary layer
theory and the basis for the comparison analysis of the experimental data making it
possible to identify the effects of viscosity, turbulence, compressibility etc.

The methods of synthesis developed at the department are based on the transformation
of a domain demanded with prescribed velocity or pressure distribution on boundaries into
the complex potential or complex velocity plane. Approximate computer algorithms of the
design of axisymmetrical ducts or of spatial ducts with the plane of symmetry have been
developed as well. For three-dimensional duct wall shaping the methods of materialized
stream tubes are used (with the bending stiffness of a streamline model exploitation).
Shape optimation is usually done with respect to the boundary layer development,
occurence of the cavitation, a low drag coefficient and sometimes with respect to

the form of velocity profile, i.e. in the case of turbomachine inlet sections.
An experimental flow field research on the plants mentioned with their limited

possibilities gives the input information about a new problem to be solved, verifies the
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results obtained theoretically and makes the premiliary choice of alternatives possible.
Follow-up tests on models on large scale models in specialized laboratories are necessary.

The results reached by the complex method described are often realized in industry. For
illustration, let's count the most important enterprises and institutes: CKD-Lokomotivka,
CKD-Kompresory, 1.brněnská strojírna, VÚHŽ, Elitex Liberec, Sigma and especially
Škoda-Turbíny Plzeň. As an example of the cooperation with the latter see Fig. 1
showing the survey of the main alternatives of the stream turbine outlet part development
containing the section between the diffuser and the condenser inlet (the optimizing
condition is the coefficient of loss). The resulting solution C developed at the department
has its loss coefficient at about 40 % less than the original alternative A, making the
welding technology also possible and the production costs of both are nearly the same (it
is covered by Europatent).

These complex optimized-shape design methods mentioned above require uninterrup-
ted development and inprovement. That's why the subject of a grant-suggestion for 1991
contains the extension of numerical method and a corresponding software, modernization
and automation of a measuring and data sampling system and the improvement of abilities
of the flow visualisation system.
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THE FEM FOR INCOMPRESSIBLE VISCOSITY
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The problems of flowing, supposing a higher constant viscosity,slower velocity and
an adequately great bounded domain of solution can be mathematically modelled by the
system of partial differential equations involving the equation of continuity and stationary
Navier-Stokes equations. The components of velocity and pressure represent unknown
functions in this system. The problem is originally a three-dimensional one. Because the
numerical realization is very complicated, it is often transformed into a two-dimensional
one. For rotary symmetrical problems, the three-dimensional problem can be transformed
exactly into a two-dimensional one.

As mentioned above, the system of equations contains the equation of continuity. The
numerical solution of the problem can be divided into several ways according to the
realization of the equation of continuity. One way may be can be given in detail here.

The equations of continuity are realized as a structure condition in every element. In the
case of two-dimensional or rotary symmetrical problems, three equations are approximated
in every element, i.e., the equation oi continuity and Navier-Stokes equations for two-
dimensional flowing. The velocity is expressed by means of six quadratical shaped
functions, the pressure by means of three linear shape functions. The Navier-Stokes
equations contain a nonlinear convective part. In the problems with the low Reynold's
number it is possible to transfer the convective part at the right side of the system, in
the problems with with higher Reynold's number the convective part is linearized. The
matrix of the system is thin, as an appropriate method of the solution of linear system,
the frontal method is used. The complication of this way of solution is connected with
the boundary conditions. By proceeding from the originally constructed linear system
Ax=b,we should have to determine not only the velocity in the boundary nodes, but
also the pressure in one node. The determination of value of pressure in one node
leads to serious numerical disorders disturbing qualitative character of flowing field. This
complication can be avoided by changing the originally constructed system in system (A +
a*I)x = b. In this case,the pressure is not known in any node in advance. As a consequence
of this procedure^ further complication arises, i.e.,the optimal determination of number
a. If parametre a is too small,the system is unstable and character of flowing is changedjif
parametre a is too great, t he equation of continuity is disturbed.

The above mentioned problem is realized by means of program system using triangular
finite elements, containing six quadratic functions modeling velocity and three linear
functions, modeling pressure. The program system contains also the programs for
numerical and graphic elaboration of the results.

This research has been conducted at the Departement of Mathematics of the Faculty
of Civil Engeneering as a part of the research project "Numerical methods in engeneering
problems" and has been supported by the grant of the CTU No. 8011.
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Increasing importance of knowledge of a wet steam flow in turbine blade cascades is
being connected with the design of steam turbines for saturated inlet steam conditions,
which is the case of nuclear power plants with PWR. Similarly, several last stages of
condensing steam turbines for fossile-fuel power plants operate in the wet steam region.

Flow of wet steam in the steam turbines is characterized by additional energy losses
caused by the liquid phase of wet steam being in form of fine and coarse water droplets.

Existing theoretical treatment and experimental data concerning the wetness losses,
clearly show the complexity of the problem and numerous uncertainties in predicting these
energy losses. Referring to the present state the problem has not been satisfactory solved
yet.

Flow of wet steam in the steam turbines is generally in nonequilibrium. Departure
from the state of equilibrium of wet steam is responsible for the onset of irreversible (with
entropy increase) relaxation phenomena i.e. mass, heat and momentum exchange between
the liquid and vapour phases. Additional wetness energy losses can be defined by means
of the corresponding entropy increase [1].

The aim of the research program is to account for these wetness losses in design of the
turbine blade cascades operating in wet steam conditions. The wetness losses due to the
irreversible relaxation phenomena were found to be comparable with the profile losses in
blade cascades (friction in the boundary layer and mixing in the wake past the trailing
edge) and should be therefore taken into account in efficiency predictions [1]. It was further
shown that the relaxation and profile losses are dependent on the velocity distribution over
the suction and pressure profile surface. The aerodynamic cascade design should be aimed
at minimizing these total losses by means of predicting the corresponding optimal velocity
distribution. An approximate simplified method solving this problem is introduced in [2].

Research work in 1991 was aimed at developing a more realistic mathematical model of
the preceeding problem
1. Concerning the relaxation losses both heat and momentum transfer between the liquid

and vapour phases are taken into account. :i
2. Prediction of the boundary - layer development over the profile surface is based on

the 3 - component model describing laminar, transition and turbulent boundary-layer
regions.

3. Velocity distribution along the streamlines in front, within and past the blade cascade
is found by means of the EulerYs code.
The corresponding computer code is now being developed with use for sensibility

analysis of dependence of the total energy
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losses (including the relaxation wetness losses) on profile surface velocity distribution
of the turbine blade cascades operating in wet stean: conditions. Finally, this will give
information of possibilities of optimizing the blade cascades.
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Matematical Formulation of a Two-Phase System Mechanics
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A system of solid and liquid phase has been investigated. The axiomatic concept
of continuum approach was developed to get mathematical formulation of basic laws
governing the two-phase system mechanics.

The crucial position in kinematics of two-phase belongs to the first and to the second
axiom of continuity. Definitions of both solid and liqud flow densities as well as the
definition of the relative flow density were derived from the continuity axioms. The main
laws of kinematics are the continuity equations of the liquid phase and the solid phase.
Both these equations were shown to be consequences of the continuity axioms.

According to the first continuity axiom, the resistance force is a volume force. Special
formulas were introduced to define the resistance force density tensor, the liquid phase
pressure and the effective stress tensor of the liquid phase.

Making use of the second continuity axiom, the intertial forces in both the phases were
defined. This made it possible to use the d'AUambert's principle and derive two vector
equations of motion.

It was derived from the equations of motion that for small values of number D, the
system of equation can be simplified to following form ( Mis,1991 ):

^ ( i , o + ̂ (*,«)fe(*,OM*.0 + |^(*,o}=o (3)
and

^ ^ n ( i , 0 f c í I ( x , í ) « i ( í , t ) - ( l - n ( x , 0 í ^ ( x , í ) - ^ ^ ( * , 0 ) (4)

i = 1,2,3
where x,t are the space and time coordinates, u, v, and w are the flux densities,n is
the porosity. fiw and mu, are the liquid and the solid phase densities, k is the hydraulic
conductivity tensor, H and Hs are the hydraulic head,and the modified hydraulic head, K is
the effective stress tensor.The resulting system of equations contains,as its special case,the
Darcy law.Hence,it is referred to as the system of equations of Darcian mechanics.

When solving a problem for these eguations, the function k(n) and values (iw and fi3 are
supposed to be known parameters.Moreover, the functions K(TI) must be defined. These
known functions are characteristics of the porous medium in question. They complete

192 7 - 6



CTU PRAGUE WORKSHOP 92, SECTION 7. FLUID MECHANICS

the system of equations so that it contains exactly eight unknown functions: v, w, H and
n. An additional work is proposed to develop an experimental method of defining the
characteristics K(TI) and k(n) for sludges.

The dewatering of sludges is one of the main problems of the sewage treatment
plants.Considering minimum power needs, the gravity thickening is of great practical
importance.The important reduction of sludge volume by gravity thickening minimizes
the space of digestion tanks, reduces the energy for their heating, improves the efficiency
of filtration or centrifugation etc.

Sludge in the gravity thickener behaves as a deformable porous medium
(Koníček,Handová, 1983 ) and, therefore it can be described using the theory outline
above.This approach requires the definition of two physical characteristics for each sludge:
the compressibility characteristics «(n) and the hydraulic conductivity k(n), which is a
relative flow characteristic of a sludge.

This approach enables us to use experimental research. The laboratory thickener used
for the continuous thickening study consist of a plexiglass cylinder-ID of 0,253 m, length of
2 to 4 m equipped on its top by the inflow well and the overflow weir and at the bottom by
the rake and the underflow for withdrawing the thickened sludge. The cylinder is equipped
with a set of taps to control the concentration of the sludge and to measure the pressure.
Piesometric pressure is measured by inductive tensometers Hottinger-Baldwin, the total
pressure is calculated from the concentration profile.

For the laboratory continuous tests, the mixed storage tank and the dosing pumps
are needed. The effective pressure, transmitted by solid-phase particles during the gravity
thickening,proved to be extremely low. The temperature control is necessary to correctly
obtain the total and the piezometric pressure head.
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Approximate characterization of the complicated dynamics of heterogeneous plasma-jet
(e. g. plasma-spray coating process) may be useful in obtaining optimal results. The usual
industrial method of obtaining such a characterization by experimental trial-and-error
procedures may be more time-wasting and costly than a combined procedure of analysis
and trial-and-error. This paper describes such approximate numerical solution. A very
interesting physico-mathematical characterization was described in [1] and its philosophy
was used here.

A system of differential equations (dimensionless particle velocity V, particle
temperature Tp, and mass flow rate Qp) and algebraic equations (the dimension less
momentum, energy, continuity, and state equations for two phase jet flow) must be
solved in such a mathematical model. The equations describing the change of velocity
V, temperature Tp, and mass flow Qp may be approximated by

^ _3 P;(u-v)\u-v\

and

ddx dDVScp; \-Xp
 {>

where Xp, and Xp are mol fractions on the surface of a particle and at a great distance
from the surface respectively (they can be got from the Clausius Clapeyron equation).

Equations of momentum, energy, continuity and state are solved together with
equations (1), (2); (1); and (1),(2),(3) for injected particles prior to melting, during
melting, and during evaporation respectively.To solve this set of nonlinear equations one
need the proper empirical and/or theoretical expressions for the heat Nu , diffusions Nupg

as well as for the drag coefficient of the particles in the gas. Following formalae have been
used

Nu = 2 + .6fie1/2Pr1/3 (4)

Nupg = 2 + .6Äe1/25c1/3 (5)

where
Re = D(p3 - Pe)\U - VMS, (6)

and Pr , Sc. are given by empirical formulae for the particular gas. U , D , and fi" are
dimensionless gas velocity, particle diameter and dynamic viskosity. The drag coefficient
may be given by

cD = .48 + 28fie"8S (7)
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The above described mathematical model has the following simplifying assumption: 1.
The heterogeneous plasma-jet is one dimensional. 2. Particles are spherical and they do
not interact. 3. The gas and vapour of particles are in dynamic and thermal equilibrium
and build a homogeneous mixture. 4. External forces do not act on plasma jet. 5. The
temperature gradient inside the particles has to be neglected. 6. The vaporization of
particles has to be slow-acting.

One solution of the temperature field for argon plasma and molybdenum particles is
given in Fig. 1. (71/ and T/l are gas and particles velocity respectively, mass flow rate-
r s — QP = 1> Particle diameter d = 20 \i m). The dotted lines portray the end of slow-
acting evaporation. Attempts to remove the 5th and 6th assumption nad been tried and
therefore the equation (2) was replaced by quasi-linear heat transfer equation, where r is
the distance from the center of the sphere. T(, T pr are partial derivative of T with respect
to t (time) and r respectively.

r, i) = r'^T.yT^r. (8)

The initial temperature distribution is

Tr(r,0) = TpO, O)

the symmetry condition can be written as

?V(0,r) = 0 (10)

and the remaining boundry condition is

kp(Tp)TpT{dl2,t) = (hP + hT)(Tg - Tps), (11)

where hP = {Nukp)/d and hr = konst 7'pV(Ts - Tps).
The finite difference method has been used to determine the heat transfer and phase-

change processes (Stefan problem) of a spherical particles. The two approaches have been
used: The first method, where the mathematical model of melting is built in (8) and the
mechanism of evaporating is built in (11), had been described in [2] and was considered to
be unstable; the second one, where the mechanisms of melting and vaporization is built in
procedures of specific heat and thermal conductivity computation, had been mentioned
in [3]; it is a very simple and reliable method.

The solution of the system where the equation (2) is replaced by equation (8), gives
considerably higher temperatures of the particles than the original system. The reason is
being studied at this time.

References
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In the aerodynamic laboratory of the Department, there are two large wind tunnels, Tl
and T2. The wind tunnel Tl is of metal construction, driven by a 100 kW motor. It is used
both for the research activity of the Department staff as well as for student's laboratory
lessons in the basic study (3rd year) and specialisation (5th year). The other unit is the
T2 tunnel of wooden construction driven by a 60 kW electric motor; this tunnel is used
less often, e.g. for some low speed measurements. Both tunnels are driven by electric DC
motors controlled by the Ward Leonard drive.

The target of the present project was reconstruction of the motor control for the tunnel
Tl. The new control is to be based on modern semiconductor elements. The basic part
of the new design is the semiconductor control unit CKD Polovodiče 2300, produced in
Czechoslovakia. This unit was bought already in the year 1988 for the then-planned overall
re-construction of the whole laboratory K 212.

According to the original re-construction project, the required financial sum for the
control system was to be 55 000 Kcs. This amount was asked for in the proposal for the
internal CTU grant. In co-operation with specialists from CKD Polovodiče factory a new
project was prepared, including the complete list of necessary new components of the
control system. The present minimal cost estimate is 142 000 Kcs, a substantially higher
sum than the granted one. The available money could be thus spent only for purchasing
a few of the more expensive items.

We have started a co-operative action with the Department of Electric Drives of
the Faculty of Electrical Engineering at CTU. Their Faculty members Ing. Gric and
Ing. Adámek proposed an alternative solution based on substantially less expensive
components. As a result, we are able to finish not only the reconstruction of the electric
drive for the wind tunnel Tl, but also the tunnel T2 without there being a need for further
financing. An important factor is the replacement of noisy and ineffective Ward Leonard
drive unit.

Presently, practically all the most important components of the new control unit were
already purchased. The installation work is to begin during December 1991. It is planned
that this work is to be concluded during March 1992 - an earlier date, while possible in
principle, would result in serious problems with the teaching activity, which takes place
in the tunnels right now.

This research has been conducted at the Department of Fluid mechanics and
Thermodynamics as a part of the research project "Modernisation of operation of the
Tl wind tunnel in the laboratory of the department K 212" and has been supported by the
grant of the Czech Technical University No. 8022.
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WIND TUNNEL FOR VERY LOW VELOCITIES

J. Ježek , J. Nožička
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The target is to design, manufacture and set up in operation a small wind tunnel for
calibration of various probes as well as for experimental investigation of flow past bodies
at low Reynolds numbers. The design was aimed at achieving high quality flow in the
tunnel test section (constancy of velocity distribution and low level of turbulence) and at
a suitable method of measuring the flow in the test section even at the lowest operational
velocities. We have produced several alternative solutions. The last variant is as follows:

The wind tunnel is of the Eiffel type, i.e. without circulation and with a very long
diffuser. The whole inlet part is of rectangular cross section with 4:3 aspect ratio; the
dimensions of the test section are about 400 x 300 mm. Behind the inlet collector there
is a short space without contraction, intended to accept various devices influencing the
generated jet (sieves, honeycomb flow straighteners etc.). Through the nozzle, which is
contoured after Wytoszynski and has contraction is 1:9, the air flows into the test section.
This is designed with a massive upper wall, which is to serve as the base for the traversing
gear. The side walls are transparent, which should make adjustment of the calibrated probe
or a model easier and also will make possible visualisation of flow.

In the original layout, an orifice flowmeter was to be used for velocity measurement.
However, at low velocities the ouput signals would be hardly measurable with our
instruments and at the high velocity end the pressure drop would be several times higher
than the pressure drop across the rest of the tunnel. This is why a modular arrangement
was selected: in the 5 to 20 m/s velocity range the output of the tunnel will be directly
connected to a diffuser with a drive unit. The flow velocity in the test section will be then
evaluated from the difference between the barometric pressure and the static pressure in
the test section. The correction for the pressure loss across the inlet part of the tunnel
will be evaluated by calibration. In the very low velocity regime, in the range from 1 m/s
to 5 m/s an additional module will be inserted between the test section and the diffuser.
This module will have a shape of a Venturi, throttling down the cross sectional area of
the tunnel to one fifth. The pressure meters will be connected to this module and their
output signal will be then roughly the same as the one for the previous alternative, so
that it will be unnecessary to change even the measuring range of the manometers.

Using this layout, the drive unit rated at 400 kW will be sufficient for the test section
speed 20 m/s. This unit with a contolled electric motor is available at the Department.
The motor is to drive a two-bladed propeller. The early design diameter of the propeller
was 570 mm. A 70 % efficiency is guaranteed at 10 m/s air velocity in the diffuser oulet.
Finally, it was decided to use a 600 mm dia propeller with 68% efficiency at 9 m/s speed.
This is going to result in a lower overall pressure loss in the tunnel. Making the diffuser
longer to achieve a larger exit diameter is not a suitable way as it would result in much
larger overall tunnel dimensions and further decrease propeller efficiency at lower wind
speeds.
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At present, work was initiated on manufacturing individual components. It is possible
to expect the tunnel being finalised in the first half of 1992.

This research has been conducted at the Department of Fluid Mechanics and
Thermodynamics K 212 as a part of the. research project "Design, Manufacture, and
Calibration of the Wind Tunnel for Very Low Velocities" and has been supported by the
grant of the Czech Technical University No. 2034.
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Knowledge of turbulent flow properties and its mathematical model in a stirred tank
provide a fundamental basis for optimum stirring equipment design. Namely low energy
consumption and high stirring process efficiency are required.

Theoretical description of turbulent flow is based on some assumptions, the most
important of them are: 1) mixed fluid is considered as a homogeneous continuum, 2) flow
is turbulent, quasisteady and isothermal, 3) time averaged flow field is symetrical to axis,
4) radial mean velocity component is small compared with the axial one and radial mean
velocity profiles can be expressed by a set of linear relations, 5) the universal similarity
hypothesis of turbulent convective flow can be applied to the system studied. It, has
been verified by many authors that the first three assumptions are generally correct. The
fourth assumption is satisfied if the geometry and arrangement of the stirring equipment
is suitable. The last assumption is closely related to general turbulent flow laws and for
many years it has been a subject of experimental and theoretical study which is far from
being completed up to now. The mathematical approach to the problem is based on using
various mathematical models of turbulence. All these models aim to simplify and solve the
general system of differential equations describing turbulent flow under specific conditions.

Our work is focussed on verification of k-e model applicability in a stirred tank, k-t
model is derived from an assumption that the local velocity of energy dissipation e is
proportional to the specific turbulent kinetic energy k

e = c.k, (1)

where c is the so-called model parameter. It is suppossed that for the actual model, the
c is constant within all the agitated volume. However, it is true only if the turbulent flow
is homogeneous and isotropic. The values of the model parameter in single points of the
tank were calculated from experimental data and the dispersion of c was considered as a
significant parameter characterizing the applicability of k-e model.

Experiments were carried out in a cylindrical vessel of diameter D = 297 mm and height
h = 297 mm, equipped with an agitator of diameter d = 99 mm (four inclined profiled
blades, 350 r.p.m. and 750 r.p.m. respectively). Turbulence intensity and mean velocity
components were measured by Laser Doppler Anemometer in 9 horizontal sections, in
about 20 points in each section. In each point the values of k and e were calculated and
corresponding values of the model parameter c were determined. The spatial distribution
of c values was analyzed and according to the results obtained, the following conclusions
were made :

In the region below the agitator near the axis, where the flow direction is downwards
and near the walls of the vessel, where the flow direction is upwards, the k-e model
corresponds very well to the actual conditions. But in the region above the agitator,
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where the flow is drawn downwards, the values of c differ too much to suit the k-£ model
of turbulence. No significant influence cf the agitator frequency on the spatial distribution
of the model parameter c has been observed.

References:
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The contribution deals with the study of kinetic energy of turbulence in a system with
high-speed impeller (impeller with four asymmetrically profiled blade.1; at the angle of 30°
- 17°) placed axisymmetrically in a cylindrical vessel with four baffles. Two experimental
techniques were used to determine vectorial sum of all three components of the RMS value
of fluctuating velocity: Laser-doppler anemometer (standard method) and a piezoelectric
mechanico-electric transducer with an electrical receiver (processor). Experiments were
carried out in the pilot plant system (diameter of the vessel was 300 mm) rnd both
experimental techniques were applied in the same position in the spaces below and above
the body of rotating impeller pumping agitated liquid downward towards the flat bottom
of (he vessel. It follows from the experiments that the ratio of kinetic energies of turbulence
calculated from the results of both experimental techniques used is independent of the
position in agitated system, i.e. of the direction of the macroflow of the charge as well
as of the value of kinetic energy of turbulence measured. This ratio, however, depends
on the square of the frequency of impeller revolution at the fully developed turbulence of
agitated liquid. The highest value of kinetic energy of turbulence and the following highest
rates of mechanical energy dissipation appear in the stream streaking from the body of
the rotating impeller and the lowest ones appear above the impeller in the recirculation
stream.

Signal of the mechanico-electrical transducer (kinetic energy per unit volume of
turbulent flow) can be in gas-liquid system expressed in the form

? + <,*,«£) (1)

For quasistacionary flow we can assume for both liquid (1) and gas (g) phase

*j = *, + *'j, j = 9,l ( 2 )

v^Vj+v',, j=g,l (3)

*> = «, Í =9,1 (4)

For gas-liquid agitated bioreactors we can further assume

* 3 < 0 , 1 0 (5)

ill6, ~ 103 (6)
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i i.'-ally for QÍÍÚM-' tcionary flow neglecting double and tripplecorrelations of the fluctuating
• -'irity and O':v .'uration components Q'jVj and <ř^ 2 for both liquid and gas phase we
. ...i simplify the r ,r:!e-averaged form of Eq. (1) and we have

F.s/M = 1/r / eSIM(t)dt = K[óg(*gvl + *,itf) + «,(•,«? T * ^ ) ] (7)
Jo

The kinetic energy of turbulence per unit volume of gas-liquid system is then

e'siu = Kfottf + Sffrf) (8)

and with respect of Eq.(4) and (5) we can simplify Eq.(7) in the form

e'S]M = KSfoiv'f (gas — liquidsystem) (9)

Results of the experiments made serve as data for calculation of the distribution
of mechanical energy dissipation rate in an investigated agitated system. Moreover,
the experimental technique with piezoelectric mechanico-electrica] transducer makes it
possible to measure distribution of the local kinetic energy of turbulence in heterogeneous
systems, e.g. in fermentors (gas-liquid system or gas-liquid-solid system). Such information
can play an important role both in design of bioreactors and in successful cultivations
of corresponding microorganisms (growth, production rate etc.). Thus the experimental
techniques tested can be used for optimization of fermentation conditions under turbulent
rogime of agitated charge.

This research has been conducted at the Department of Chemical and Food Process
Equipment Design as a part of the research project "Study of Kinetic Energy of Turbulence
m Mechanically Agitated Bioreactor" and has been supported by the grant of Czech
Technical University No. 8026.
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CIRCUTS BY SURFACTANTS DRAG REDUCERS
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Key words: drag reduction, heat transfer, pipe flow

The phenomenon of drag reduction in turbulent flow was discovered nearly 40 years
ago. Significant reductions in frictional energy losses or increases in throughput in pipe
flow can be achieved by the addition of small amounts of drag reducing additives to the
system.

Pumping energy costs are a major component of operating costs in closed loop district,
heating/cooling systems. The use of cationic surfactant drag reducing additives to reduce
the energy requirements, to increase water throughput, or to reduce pump size or pipeline
diameter is potentially attractive.

Potential use of drag reducing additives in recirculation networks for district
heating/cooling systems has stimulated interest in surfactant friction reducers in the past
few years. While high polymer additives are the most efficient drag reducers, they are
susceptible to irreversible mechanical degradation and loss of effectiveness. Surfactant
drag reducers appear to be the most promising candidates in these systems. Although
they may also suffer mechanical degradation in regions of high shear such as pumps, they
are "repairable" and regain their drag reducing effectiveness when the level of shear stress
decreases, such as in flow through pipes. This behaviour has been ascribed to breakdown
and reformation of a secondary network structure composed of rod-shaped micelles. The
presence of rod-shaped micelles appears to be necessary for drag reduction behaviour to
be observed.

Certain cationic, anionic and non-ionic surfactants under particular conditions have
all demonstrated drag reducing behaviour in aqueous systems. In addition to shear level,
the conditions for effectiveness are dependent on chemical composition of the surfactant
system including counter-ions and co-additives, preparation technique, electrolytes and
other solutes present in solution, concentration of surfactant, and temperature.

Above mentioned surfactant additives which should be used for district heating/cooling
purposes are specially developed tenside, which shows a good stability against
temperatures and shear stress. These properties are important for the use in these systems.

When the substance is added to water, the molecules will assemble in positively charged
so-called micelJes. The micelles are assumed to form a cubic superlattice and when the
water flows, the micelles are assumed to orient in the direction of the flow. Hereby a
stratification occurs, which according to the theory reduces the turbulence.

The well known Reynolds analogy which assumes that the eddy diffusivities for
momentum and heat are approximately equal is very often used for Newtonian fluids.
This approximation is based on the concept that the physical mechanisms leading to the
transport of momentum and energy by mixing are very similar. In terms of macroscopic
coefficients, the equivalence to the Reynolds analogy is the Colburn analogy which slates
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that
St.Pr = //2 (26)

( St - Stanton number, Pr -Prandtl number, / - friction coefficient). In another words,
the friction and heat transfer coefficients are directly related to Newtonian fluids.

Standard Newtonian correlations for predicting heat transfer correlations in pipe heat
exchangers are not applicable for drag reducing solutions. While a few scale-up correlations
for predicting heat transfer have been suggested for polymer drag reducing solutions, they
appear to be system specific and no correlations have been proposed for drag reducing
surfactant solutions which appear to have a different drag reduction mechanism. As well
as correlations for predicting pressure, drops in pipes are not applicable for drag reducing
solutions. While a few scale-up correlations for predicting pressure drops in large diameter
pipes have been suggested for polymer drag reduction, none are reliable and no correlations
have been proposed for scale-up of surfactant drag reducing solutions which appear to have
a different drag reduction mechanism. In view of these problems a new experimental set-
up was developed to utilise a range of tube diameters varying by 5 to 1 and measurements
of the viscoelastic character of the fluid to develop a scale-up correlation. At the same
time studies of heat transfer effects of surfactant drag reducers in tube and plate heat
exchangers will be establish whether this type of exchanger can avoid any adverse effects
of drag reducing surfactants.

References.
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This research has been conducted at the Czech Technical University, Faculty of Civil
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During the first stage of the task solution (for 1991) the latest advances in the
world were achieved in solving the problem of friction drag reduction in liquid flow
through pipeline systems, above all in central (district) heating and cooling networks.
The reduction of friction losses,i.e. liquid flow drag in pipelines, results in cost savings for
liquids transport in the named systems.

It is the aim of this work to utilize the achievements in this field in the Czech and Slovak
Federal Republic above all for long distance heat carrier pipelines, in which a saving
of power for heat carrier (hot water) circulation can favourably affect the operational
efficiency of such systems. The task is being solved in close cooperation with the building
faculty of the Czech Technical University, which again is cooperating with a partner in
the U.S.A. (the Ohio State University).

The following main steps have been made in 1991:
1. a literature retrieval on the problem for the last 5 years;
2. a visit to Dortmund University, Germany;
3. stating the optimum working procedure according to the retrieval conclusions;
4. preparing the theoretical and experimental background for the task solution proper.

ad 1) The literature retrieval was focussed on the study of the properties of micellar type
surfactants. These substances, if added to water in a certain concentration, effect liquid
flow drag reduction in the pipe flow. This phenomenon is affected above all by the value
of shear stress in the liquid close to the pipe wall, by the solution temperature and by
the concentration of additives. Up to the present time, polymer-based additives have
been used for this purpose; they were, however, marked by a steady degradation of their
rheological characteristics at larger variations of shear stress values and temperatures.
The additives of micellar type differ from the polymers by their ability of recovering
their properties. This is very important above all in case of heating systems, where
the shear stress values as well as the temperatures undergo cycling variations. Another
important feature for heating and/or cooling systems is a decline in the coefficient
of heat transmission in the state of drag reduction in the following liquid. The two
phenomena of micellar type additives could not be fully theoretically explained and
experimentally verified yet /1,2,3/. It seems therefore necessary to pull up the solution
of the following problems, influencing the liquid flow drag reduction and the heat
transmition coefficient:

• choice of additives type, their concentration and requirements on the respective
solvent for a given temperature range;

• verification of the influence of geometry and aerodynamic parametrs of pipe
networks elements;
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• investigation of the conditions for the renewal of rheological properties of solutions
at cycling variations of shear stress and temperature gradient;

• modifications to the existing real heating and cooling systems, or eventually
constituting background principles for the design of new systems;

• considering the new environmental aspects of additives application.

ad 2) A visit was inade to Dortmund University, which is a coordinator oi a similar task,
solved in Germany. We have gained valuable information on the results of laboratory
experiments, on the design of test equipment for verification of the properties of inicellar
additives in a operation-scale district heating network. Positive results were obtained
and contemplations are being made for utilizing them in the rebuilding of long-distance
heating systems in the eastern sector of Germany.

ad 3) Based on the information gained, it was decided to focus the working party at
the Department of Compressors, Refrigerating Systems and Hydraulic Machines on
the problems of relationships between the decline of the heat transmission intensity
and the liquid flow drag reduction in pipe network elements and to construct there a
measuring system for this purpose there.

ad 4) With the view of continuing in 1992 a measuring circuit project was designed and a
methodic approache to the measurements of the coefficient of heat transfer in the state
of liquid flow drag reduction was elaborated. A circulation pump for the envisaged test
circuit was bought and some preliminary work was performed for the adaptation of the
existing central measuring station for the requirements of the new experiment. Jointly
with the software engineering company ETP a !.O version of a program for computing
of the conditions existing in real heating and cooling systems and for designing a project
of such systems was prepared. This program, designed for an IBM PC computer will
enable us to perform already next year the studies of implemented use of micellar
additives which will be completed consecutively by the measurement results obtained.

References:

[1] H.W.Bewersdorff.D.Ohlendorf " The behaviour of drag-reducing cationic surfactant
solution; Colloid Polymer Sci 266,1988

[2] A.Steif , W.Althaus : Application of Drag Reducing Additives in District Heating Systems
; A rew. Proc. of Int. Conf.Drag Red.in Fluid Flow , Paper 7.3 , Davos 1989

[3] J.Pollert , R.H.J.Sellin : Mechanical degradation of drag reducing polymer and surfactant
additives ; A rew. Proc. of Int. Conf.Drag Red.in Fluid Flow , Paper 7.3 , Davos 1989

This research has been conducted at the Czech Technical Universi- ty, Faculty
of Mechanical Engineering, as a part of the research project "Saving of Energy in
Heating/Cooling Systems by Means of Surfactant Drag Reducing Solution" and has been
supported by the grant of the CTU No.8006.

206 7 - 2 0



CTU PRAGUE WORKSHOP 92, SECTION 7. FLUID MECHANICS

NUMERICAL SIMULATION OF GROUNDWATER
ABSTRACTION DEVELOPMENT

/ . K a z d a
Czech Technical University, Faculty of Civil Engineering,

Department of Hydrotechnology.

Key words: groundwater flow, numerical modelling, finite element method.

Groundwater resources management for the supplying the needs of the population,
industry and agriculture has always meant a considerable intervention in the environment.
It is therefore necessary to devote much attention to the prediction of the possible impacts.
At the same time it is necessary to investigate the changes of the seepage flow in large
regions over time.

For this purpose numerical modelling with the help of the finite element method has
been proven most convenient. With the use of the Dupuit theorem it is possible to simplify
the groundwater flow in large regions to a quasi-3D unconfined flow in the horizontal plane.

The modelling of this type of flow requires the solution of the non-linear initial value
problem in a domain which is nonhomogeneous and often also anisotropic as regards
seepage. The solution of a great number of practical problems has shown that numerical
modelling consists in this case of several stages:

• the collection of hydrogeological data and their processing correspondingly to the
demands concerning the input data for the numerical model,

• the choice of the domain and the prescription of adequate boundary conditions,

• the preparation of the numerical model and its verification with help of available
hydrogeological data,

• the determination of the initial condition and its physical verification,

• the simulation of the unsteady seepage flow in the domain, the graphic interpretation
and evaluation of the results.

As all the stages mentioned are very laborious it is necessary to use purposefully all
the possibilities of computers as well as a special kind of software. The annual report
will present in full detail the techniques which have proved for this purpose and their
application will be documented by the results of practical applications.

This research has been conducted at the Department of Hydrotechnology as a part of the
research project " Mathematical models of problems of rivers and hydrotechnical objects"
and has been suported by the grant of University of Civil Engineering No. G 1145.
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The main idea of the discused project is based on experience from an earlier
development and exploitation of turbocharged vehicle gas spark-ignition (SI) engines,
derived from diesel engines. Conclusions obtained can be illustrated by fig. 1. This figure
reports some features of two various SI gas engines in comparison with the original diesel
one. Both of these gas engines reached very good emission parameters and a power output
comparable with the diesel engine at rated speed. At a low speed the gas engine parameters
become worse because of a boost pressure drop due to the decreasing turbine power. In I he
case of the OSAO-engine, an insufficient torque at a low speed is obtained. At the SKKO-
engine a decreased charge-air density is compensated by means of an mixture- enrichment,
which is followed by a negative influence to emission level.

To obtain satisfactory emission and power features at the same time, there is a necessity
to increase the boost pressure, especially if an engine runs out of rated point. A new
concept of a mutual adjustment of the both turbocharger and engine characteristics is
needed. This task has to be done by means of mathematical modelling because of the
cost of changes of turbocharger parts is substantial and there is a danger of mechanical
damage of a turbocharger if used in improper way.

In our department the certain software equipment for a thennodynamic analysis of
a working cycle of diesel engine is available. There are models of the different level
of both precision and complexity, based on stationary or quasi-stationary concepts, i.e.
using algebraic or differential equations describing real phenomena. In these mathematical
models, ft .v presumptions are made concerning the relation between engine design and
rating and the thermodynamic features on the other hand. These presumptions are not
strictly valid for an SI gas engine. Only thermodynamics of an engine is modelled,
not including pollutants production. Creation of a data set, which makes possible a
modification of the computation procedure aiming to an estimation of the features of
SI engines, was a goal of experimental efforts in year 199i.

For this purpose a special test bed has been prepared. The diesel engine AVIA A712.1S
(4 x í 102/110 mm) was rebuilt to a SI gas engine. Compressed natural gas was used as a
fuel. All important motor parameters were measured by means of common methods and
devices. The sizes of both air and fuel measuring orifices were optimized to obtain the
best precision of measured values in the operating region near to the maximum torque.
The engine equipped in such a way is not able to operate satisfactorily at another speed
because of the negative influence of pressure and flow pulsation inside the intake manifold
and the fuel line.

The test engine is naturally aspirated. This fact extracts influence of charging pressure
changes from experimental results. During all tests the engine runs with a fully open
throttle at a constant speed. A serie of measurement was made to estimate the relation
between mixture strength, ignition timing and overall efficiency of the engine. At the same
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time emissions of pollutants were also measured. These values should be compared later
to results of a future theoretical evaluation of N0x production.

Fig. 2 represents an example of the experimental results. The mixture strength is
evaluated in terms of an air excess factor lam (proportional to the inverse value to F/A
ratio). The mean effective pressure p f . the specific fuel consumption mpe, the exhaust
temperature tv and the concentration of pollutants CO, NOX in exhaust gas are plotted.

The lean misfire limit lies at a comparatively low air excess value in this case because
of poor running stability of engine with the above mentioned equipment and settings.
Nevertheless some basic conclusions can be deduced. According to expectation ,but in
contrast to the same relation valid for diesel engines the overall efficiency decreases if the
fuel-air mixture is extremely lean because of the increased time of burning. In this way
the mathematical model of working cycle of turbocharged SI gas engine will be corrected.
The bases for the model improvement have been obtained from described research.

This research has been conducted at the Department of internal Combustion Engines,
Automobiles and Railway Vehicles as a part of research project "Electronicaly governed,
lean burned piston gas engine" and has be supported by the grant of Czech Technical
University No. 8008.
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FLUIDIC CONTROL VALVE FOR PISTON ENGINE
TURBOCHARGER

V. TESAR
Department of Fluid Mechanics and Thermodynamics, CTU,

Technická 4, 166 07 Praha 6

Key words: Fluidics, turbocharger, valves

The project is aimed at development of a fluidic device, a valve without any moving
parts, which is to control exhaust gas flow to a turbocharger. In 1991, the initial feasibility
study took place. Its first part was calculation of engine performance at various regimes
both without turbocharger control and with the fluidic control device to show the
expected improvement obtained by the fluidic valve. The other activity included design
and manufacture of a full-scale model valve suitable for laboratory tests. Finally, some
initial laboratory investigations into the properties of the device were made, using air
as the working fluid, to demonstrate the capability of the fluidic valve to perform the
expected control action and to identify the problem areas to be solved in the subsequent
development of the operational fluidic valve.

Waste gate
Inherent properties of an uncontrolled turbocharger do not match those of a piston type
internal combustion engine. Generally speaking, at low speeds the engine does not generate
sufficient flow of the exhaust gases to drive the turbocharger at the high enough speed. On
the other hand, at high-speeds the supply of the driving gas is such that the generated air
pressure might easily surpass the acceptable limit. The most widespread present solution
to thjs problem is to limit, above a certain level of the generated pressure, the exhaust
gas flow coming to the turbine. For this purpose, mechanical valves are used, usually
actuated by the pressure of the generated compressed air on a diaphragm against the
opposing force of a spring. Such a valve, called a waste gate, is often quite expensive. Its
operating conditions are quite demanding: there is the high temperature of the controlled
exhaust gas and high level of vibration, making its design a difficult task. In general, there
are problems with achieving suitable life and reliability.

The advantages offered by fluidics
The proposed solution is based on a device in which the control action is performed solely
by aerodynamic phenomena acting within an enclosure with fixed walls. The whole device
may consist of just a single-piece casting. Thus there are no moving parts and no contact
surfaces, which it would be necessary to manufacture by the use of cutting tools. Also the
assembly costs are basically zero. There is nothing which could seize, rupture (like the
diaphragm) or break (like the spring). The casting and the internal processes in it are not
influenced by high temperature nor by vibrations. This means that the life and reliability
of the unit are effectively unlimited. There are no problems with lubrication and there is
absolutely no maintenance required.

The design
The design which was the basis for the present feasibility study is not a direct replacement
of the mechanical waste gate, but uses a more sophisticated arrangement. It is the subject
of a Czechoslovak Patent application ref.[lj. Initially, it was assumed that the device would
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simply divert a part of the jet to the by-pass at higher engine speed by the action of the
increased pressure in the control nozzle. The calculations for a typical truck diesel engine
LIAZ produced in Czechoslovakia have shown however that exhaust gas pressure growth
rate with engine speed surpasses the growth rate of the air at the compressor exit, so thai
this plain arrangement would not work. The later design worked on the opposite manner:
at low speeds the relatively higher flow of the air jet emerging from the control nozzle
was to divert the exhaust gas jet past the splitter into the turbine. As the engine speed
increases, the pressure ratio changes in favour of the exhaust gas and the diverting effect
decreases: the progressively increasing part of the exhaust flow is then "pecled-off" by the
splitter and by-passes the turbine.

Finally, a layout was arrived at, the outstanding feature of which is a different control
effect, other than the common by-pass mode. The idea is to increase the compressor r.p.m.
at low engine speed by decreasing the turbine stator exit area and thus to obtain higher
gas velocity at the rotor entrance. No direct energy losses due to by-passing the turbine
ensue and the arrangement should be inherently more effective. To avoid the necessity
of changing the standard turbocharger design, the use of the turbocharger with the two-
passage turbine scroll is proposed. Both passages are to be used at the high engine speed.
As the speed decreases, the exhaust gas flow is to be diverted to just the single scroll
passage.

Expected problem areas:

1. Hydraulic loss in the fluidic valve might endanger the resultant effect. The loss must
be minimized by careful aerodynamic design and gradual experimental improvement.

2. Bleeding the air from the compressor may decrease the overall efficiency. However,
thermodynamic calculations performed so far indicate that to the contrary, the "re-
cycling" of some air may be beneficial.

3. Problems may arise from the fact that at some operating conditions the turbine is to
be supplied by the driving gas at only a part of the rotor periphery.

Reference

[1] Kliment V., Macek J., Tesár V.: "Ways and means for control of supercharging
turboblower for an internal piston engine, in particular for motor vehicles" (in Czech),
Czechoslovak Patent Application No. PV 244-90, January 1990

This research has been conducted at the Department of Fluid Mechanics and
Thermodynamics K 212 as a part of the research project "Fluidic Control Valve for
Turbocharger Control", supported by the internal grant of the Faculty of Mechanical
Engineering No. 2033.
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MATHEMATICAL SIMULATION OF NUCLEAR POWER
PLANT TRANSIENTS

F. Klik, O Ubrá
Faculty of Mechanical Engineering, CTU, Technická 4,16607 Prahafi

Key words: Nuclear safety .secondary systcm,simulation.transient s

The objective of this project, in which the Faculty of Mechanical Engineering t. kes an
active part, is to develop a full scope dynamic mathematical model of a Nuclear Power
P'ant (NPP) unit equipped with a pressure water reactor (PWR). Such a model applied
mostly for nuclear safety assessment can be also used to analyse operational transients
(starting-up, shutting-down), transitions between operational stages, commissioning etc.
Results of these analyses may answer many problems of design, const ruction and operation
of NPP unit. Ft;r example: - In the field of design and development to choose the proper
technological scheme and the systems and components.
- In the field of operation to reach proper operational stages.
- In the investigation of dynamic behaviour of systems and components to reach a proper
design of NPP unit's control system and its adjustment.
- In a more detailed investigation of some technological problems, which may be used for
the proper design and construction of the most important systems and components, etc.

The structure of the mathematical model should be modular. The individual
macromodules simulating partial systems and components of NPP unit should be applied
also independently, if the required input data are entered, and should be interchangeable.
All parts of the mathematical model are being verified by the meassurements performed
during the commissioning and operation of NPP units.

The effort of the Faculty of Mechanical Engineering (Department of Thermal
and Nuclear Power Plants and Department, of Mathematics) is concentrated on the
mathematical model of the secondary system of NPP unit. It has to be mentioned that
according to the world-wide operational experience the same attention has to be paid
to the secondary as to the primary system. It was not the case in the earlier stage of
nuclear power engineering development. The secondary system was considered to consist
of well-known and operationally-verified systems and components similar to those used
in conventional power plants. The facts that the secondary system is very diverse and its
components are usually arranged in a series which result in a decrease of its operational
reliability were not taken enough into account. In fact, the consequence of failures in the
secondary system are not limited to this system and may influence the heat removal from
the primary system and therefore adversely affect nuclear safety.

As a result of the above mentioned effort set of the modular dynamic mathematical
models of the all main systems and components (submodels) of the secondary system of
NPP unit have been developed [1]. The submodels simulate:
- High and low pressure cylinders of the condensing turbine for saturated admission steam;
determination of the steam expansion, of the pressure and enthalpy in the extraction
rooms and calculation of the flow and power for the whole turbine.
- Moisture separator - double reheater with associated pipes and drainage tanks;
determination of the heat transfer in the reheater, the pressure and temperature at the
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primary and secondary sides of reheater, the pressure and condesate level in the drainage
tanks.
- Main condensers.
- Feed heating system - the system of feed heater stages (feedwater heaters, drain coolers,
condensate extraction pumps).
- Deaerator and feedwater tanks.
- Feedwater pipeline system - feedwater pipes between the feedwater tank and the steam
generator and feedwater pumps.
- Main steam pipe system between steam generators and turbines; determination of the
pressure in the main manifolds.
- Governing and emergency stop valves and the modular electronic control systems of
SKODA steam turbines.
- Turbine bypass system including the control system and the pipe system between the
main manifold and the condensers.
- Emergency bypass system including the control system (for a short time the steam may
be blown off in the atmosphere).
- Auxiliary systems.

These submodels have been developed to describe the thermohydraulic behaviour of the
fundamental components of a secondary system during NPP unit's transients. Besides that
the simplified version of a secondary system's model is being developed which, together
with a primary system's model developed by the Nuclear Research Institute, can be
applied to the postulated accident analyses of NPP unit.[2],[3].

The Czech Technical University (CTU) grant received in 1991 allowed us to extend the
above mentioned research of the secondary system of NPP unit's transients. The objective
of this extension is to complete, to summarize and to generalize the results obtained till
now and to present them in the form of lecture notes for training courses to be given to
the postgraduate students of nuclear power engineering at the CTU. The detailed outline
and program of this new activity has been prepared and is being performed in both
Departments. It is assumed that this activity will continue also in the following years and
that its results will represent appreciated contributions to the Joint European Project
(JEP) accepted by EC in the frame of the TEMPUS program in 1991. The objective of
this JEP (No.1525-91-1), in which also the Universities of UK, Germany and Belgium are
involved, is to develop and operate "Advanced Training Program in the Field of Nuclear
Power Plant Technology, Management and Safety in Czechoslovakia".

References

[1] O.Ubrá, F.Klik, P.Hejzlar: System analysis of LWR (type VVER) Nuclear Power
Plant during Operational Transients and Small Accidents. Paper presented to the Third
International Forum on Mathematical Modelling and Computer Simulation of Processes in
Energy Systems, 1989, Sarajevo, Yugoslavia.

[2] B.Lidický and others: Dynamic Mathematical Model of the Secondary System of NPP
unit VVER-440,Progress Res. Reports 1989, 1990, 1991.

[3] V.Dundr and others: The Simplified Mathematical Model of Secondary System of NPP
unit VVER-1000, Res. Rep. 1991.
This research has been conducted at the Department of Thermal an<i Nuclear Power

Plant and the Department of Mathematics as a part of the research project "Nuclear Power
Plant Safety" and has been supported by the grant of CTU No.8024-
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PHYSICAL START-UP AND TRIAL OPERATION OF
REACTOR VR-1

K. Matějka, J Fleischhans, L. Sklenka, S. Polách, T. Sejba, M. Kropík
Department of Nuclear Reactors, Faculty of Nuclear Sciences and Physical Engineering

(FNSPE), CTU, Brehová 7, 115 19 Praha !

Key words : reactor VR-1, physical start-up, trial operation

Reactor VR-1 VRABEC first began operating in December 1990 in the FNSPE CTU.
CTU has now joined the ranks of those universities that either operate their own reactor
for teaching purposes or at least have a share in the direct operation of one. This reactor
was built as part of the State Project for the Advancement of Science and Technology
and its first stage of operation (physical start-up and trial operation) was therefore
predominantly for research purposes.

The reactor start-up followed strict procedures approved by the State Committee on
Nuclear Safety. These procedures, besides containing methodical instructions and safety
analyses, also included instructions for carrying out individual experiments. The aim of
these experiments was to verify in practice the basic physical characteristics of the newly
built equipment and for comparisons with theoretically predicted values.

During physical start-up the following significant activities took place:
• verification in practice of the critical size of the specific active core arrangement and

the critical mass of fission isotope for the chosen configuration
• measurement of the characteristics of the reactor control rods
• verification of the basic parameters of the digital control system including the

characteristics of the automatic power regulator

• a study of the effects of different artificially imposed accident conditions on the
shutdown of the reactor

• measurement of the values of the equivalent dose rate of gama rays and neutrons in
different locations around the reactor (inside and outside the building)

• measurement of the neutron flux'density in selected locations of the reactor active core
Upon completion of these procedures, separate research reports were written and some
suggestions were made for improvements (especially for the control system). Immediately
after its physical start-up the reactor passed to its trial operation, whose aims were the
following:
• the verification in practice of a sequence of prepared instructional experiments for use at

the reactor in teaching college students (reactivity measurements, calibration of control
rods, reactor operation, measuring delayed neutrons, decontamination experiments,
measurements on reactors technical systems, etc.). Essentially, every experiment was
a separate area of research

• verification of instructional activities in the reactor with the incorporation of chosen
experiments in the education process of college students. Already in the course of trial
operation students from 5 faculties (2 of which are from CTU) attended classes at
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thf reactor, and furthermore, students took measurements for diploma works or other
projects

• verification and completion of the majority of the reactors experimenial equipment
thai was pot a part of the reactors delivery but is important for setting up scientific
research projects in the reactor. Very important are the so-called neutron basket and
pneumatic tube

• of no little importance was the attention devoted to the combination (completion) of
the procedures for the use of the reactor with regard to changing conditions which
happened in the course of the reactors construction.

An example of research/teaching employed in the reactor VR-1 could be the preparation
and carrying out of the basic criticality experiment with the active core designated A2.
The program for the basic criticality experiment was written by fourth year students
specializing in TTJR and after it was approved by the State Committee on Nuclear
Safety they then carried it out.

The main conclusions following from the trial operation can be summarized as follows:

• the reactor was shown to operate safely and reliably, the control system operated well,
and the control system parameters agreed with theory

• the staff demonstrated itself able to operate the reactor reliably and safely within
"Limits and conditions" and its regulations. The staff were skillfully able on their own
tend to upkeep and necessary modifications that arise from ihe demands of reactor
operation

• on the basis of operating experience some changes were proposed and carried into
operation, for example increasing the nominal power of the reactor by a power of ten,
increasing the velocity of control rod movement, etc.

On the basis of verifying experiments and the doing of educational experiments during
physical start-up and trial operation, the reactor VR-1 is now ready within the framework
of long-term operation to fulfill the functions for which was built. These functions can be
summarized in skeletal form as follows:

• incorporation of the reactor into the preparation of college students in different
specializations

• incorporation of this reactor into training programs for chosen staff of nuclear power
stations

• use of the reactor in scientific research activities

• use of the reactor and facilities for public awareness purposes

This project has been supported by Department of Nuclear Reactors, FNSPE CTU
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THE PROBLEMS OF DYNAMIC PROPERTIES OF
POWER STATIONS

F. Čihák
Faculty of Civil Engineering, Division of Hydroteclmology

Key words: Power stations, response functions,transfer functions, reservoir, power
tunnel, surge tank, penstock, turbine

The design of the hydropower systems safe operation cannot be optimised without
understanding the dynamic properties of these systems. For example the system of a
water power station is in fig.I.

PENSTOCK
RESERVOIR POWER SURGE TURBINE

TUNNEL TANK CONTROLLER

GENERÁTOR

Fig. 1. Power station system
The understanding of the dynamic properties musí ne optimised not on routine

operating conditions but also in extreme operating conditions during possible failures.
All possibilities are being used to efficiently penetrate into complex internal and external
interactions of the systems. Highly appreciated are such methods which do not require the
building of demanding physical models and facilities, which are quick and make it easy
to alter the characteristics of all internal and external components of the system. These
methods can be used for the system and it is possible to call these functions "response
functions".

In order to be able to calculate response functions in the system of a power station,
we shall first describe this system using a mathematical model.

The mathematical model of the different units represents complex nonlinear equations.
In the neighbourhood of the steady operation of a power station, we could use a linearised
mathematical model. First equations of the individual components of the system must be
used. The power station system includes for example :

Reservoir, power tunnel, surge tank, penstock, turbine, generator, controller, drought
tube etc. The equation of the components is the following:

Equation of the power tunnel and surge tank:

(-TkTd.p
2 - 2.la.Tk.p - I ).A = (Td.p + 2.la).(qd - qe); (0

p = dh/dt; (2)

The variables have the following meanings in the equation: h relative deviation of net
head from steady value He with regard head Hn in the project,
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qd-qe relative deviation of water discharge from valume Qe (steady value) with regard to
projected water discharge Qn.
The parameters have the following meanings: T* the standarting time of water in the
surge tank
Tk = He.Sk/Qn

S* surface of the cross section of the surge tank
Qn projected water discharge
Tj starting time of water in the conduit between the storage reservoir and surge tank
Td = Qn.LI{Sp.Hc.g)
Sp the surface of cross section of the conduit pipe
L is the length of conduit pipe
He projected steady of value of head Hn.
la coefficient of loss
Equation of controller is very difficult: The type of controller is PIDP ( Proportional,
integrational, derivational and proportional parts of controller.)

mi = [1/6, + \/(bp + btT,.p) + Tdtr.p}.\/(\ + T,jP).ePs (3)

b, temporary irregularity of control
bp permanent irregularity of control
Tj integration time constant
T,/er derrivation time constant
Tj, time constant of hydromotor eps relative deviation of turning of turbine (fi)
mi relative deviation of distributor opening from opening at steady state
The transfer function R(p) for the controller is for example:

mi — R(p).eps (4)

The transfer function for the whole system determines the equation between fi and fireg.
The system of hydro power plant respecti ves three types of operating modes of the system:

1. An open system in which speed control is connected but feedback is not connected.

2. A closed system in which the speed control and feedback are connected. This mode is
implement when the power station operates in an isolated network.

3. A connected system in which speed control is determined by the frequency of the powei
network to which the power station is connected.

The first mode is most important. This mode is implemented during the test of system
operation. The calculated response or transfer functions may be used for investigating the
stability of the system. The methodology of investigation the dynamic properties of the
power stations and pumped storage plant by means of transition and response functions
has been well proven.It not only allows assessment of the basic stability aspects of the
system but also creates all perquisites for the consistent and detailed optimisation of the
system and its individual components.

This research has been conducted at the Department of Hydro technology as a part of the
research project " Mathematical models of problems of rivers and hydrotechnical objects"
and has been suported by the grand of University of Civil Engineering No. G 1145.
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OPTIMIZATION OF MIXING EQUIPMENT PROCESS
AND DESIGN PARAMETERS

F. Rieger, V. Novák a P. DM

Faculty of Mechanical Engineering, CTU, Technická 4, 166 07 Praha

Key words: mixing, non-Newtonian fluids, pumping capacity, suspensions

Our research on mixing equipment optimization was subdivided into four parts. The
first part was devoted to the agitator power consumption at mixing of non-Newtonian
fluids. The power characteristic is a dependence of the power number on Reynolds
number and it serves to power consumption calculations. The apparent viscosity of a non-
Newtonian fluid at effective shear rate is used for the Reynolds number determination.
The effective shear rate is proportional to the agitator speed. The following empirical
correlation was suggested to express the coefficient of proportionality k as

Jt = m a / ( m-" (1)

where m is the flow behaviour index. The values of constant a were determined
experimentally for five geometrical configurations of screw agitator with a draught tube,
two geometries of screw agitator in ofF-centred position and three of a helical ribbon
agitator. The results of measurements in CMC and PA A solutions will be published [1]
and also presented on the next rheological conference [2].

The second part of our research concentrated on pumping capacity of screw agitators.
These agitators are usually used in one of the following two configurations - in a vessel
equipped with a draught tube or in a calandria(e.g in sugar vacuum pans). In such a case
the pumping capacity of an agitator can be determined by simultaneous solution of the
pumping characteristic equation for an impeller and the hydraulic characteristic equation
for vessel with a draught tube or calandria. The pumping characteristic of screw agitator
in the creeping flow regime can be calculated theoretically. The pumping characteristic
in the transition region must be determined experimentally by the method based on
measurements in different draught tubes, calandrias and closed tube that is reported
in reference [3]. Our results proved that pumping characteristic strongly influences the
hornogenization time and that the best geometrical configurations from the point of view
of pumping capacity are the best for homogenization as well [4].

The third part of our research was devoted to the mixing in unbafBed vessels. Mixing
equipment with unbaffled vessels is often used if frequent and perfect cleaning is required,
e.g. in a food and painting industry. Mixing time of the three types of high-speed impellers
- pitched three-blade turbine, pitched six-blade turbine and six-blade disc turbine -
was measured by the conductivity method. Experimental results were evaluated in the
graphical form which represents the relationship

nt = /(fie) (2)

where n is a impeller speed, t is the mixing time and Re is Reynolds number. Obtained
results were applied in the frame of cooperation with industry [9].
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The fourth part of our research was devoted to the mixing of suspensions. The curved
blade turbine is often used for mixing of concentrated suspensions of line particles. The
optimum parameters of this impeller type were investigated experimentally In the vessel
equipped with two special baffles. From the experimental results ií follows that the
relatively large impellers with a wide blade are the best. The strong effect oí solid content
on the impeller speed required to suspend particles was also found [5]. The following
dimension less relation for this speed was suggested [61 on the basis of irspection ar.aiysis
of governity equations

FT' = Ahea(áp;D)1 (3)

where FT' and Re are modified Fronde an.'. Reynolds .numbers, dP is a particle diameter
and D is vessel diameter. The values o f coustr-nts V i. arci \. depend on the flow regirrif
(characterised by R.e), the relative part'ele dlarA-rUT - P / D a.'id on the sci'd content
Experimental values for the six pitched I lade turbine were presented in [7j. Tl;5 critical
agitator speed for suspension is an ;npo;-iant parameiT wh'.ch is critical for desigriing of
many processes j.g. solid phiss dissolution [81.
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ADVANCED SYNERGIC PLATES APPLIED IN
ORTHOPAEDICS

V. Květ

Czech University of Technology. Dep. of Materials,Karlovo nám.13. 121 35 Praha 2

Key words: synergic effect, plates, carbon, epoxy, rigidities

The material system of composite plates (owing to the synergic effect) acquires quite
new properties presented in loading capacity, stress responsibility, changes of rigidities
and many other specific requirements of application in the living tissue space.

The composite made of oriented high-strength carbon fibres in the matrix based on
epoxy resin (C/E composite) may serve as an example. The plates that our team designed
are just made of C/E composite and fulfil a wide spectrum of specific demands. These
demands on plate material are due to:

1. the exposition of plate material in the biological condition of living organism with
effects of treatment,

2. the necessity for stimulation of reparative processes in tissues,

3. the operational technique (e.g. an easy sterilisation and fixation of plates, elimination
of spongilization of bone at the area of ostemiae and bone represent).

The essence of the solution is based on the Czechoslovak patent No.232 064 - The
Spinal Column Plate - Kvet and the Czechoslovak patent No. 270 070 - The material for
Production of Implants Kvet/Ort.

The research of composite plates have to be realised both in the field of Mechanics and
Material Science and on the field of Medical Science.

A special scope of our team activity is directed to a complex investigation of the implant
properties studied both on micro and macro level with reverse informations resulting in
a definition of pre-data for a newly prepared implant.

The dominant problem concerns the rigidity of the plate mainly in the rigidity of the
plate mainly in the advanced stage of the programmed rigidities with respect to the time of
treatment and locality. The programmed rigidities will respect the integral correlations to
reparative processes for real treatment conditions of the compresive fracture of vertebrae
corpus or to the healing of long bone fracture. Therefore the research is complicated and
rather interdisciplinary.

Our investigation is based on a good knowledge of material properties of all components
on micro, mezo and macro levels of the structure, interconnections and interactions
(physical, chemical, etc.) . The results of experiments are compared with pre-stated
demands for both short- and long-term treatment.

At the Czech University of Technology of Prague, Faculty of Mechanical Engineering
there exists a possibility for students to undertake the study of biomechanics. Some
of them have been preparing their Student Scientific Works and thesis for degree. The
students are trained for such a difficult task at the study programmes of the following
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MICROWAVE APPLICATORS FOR CANCER
TREATMENT

J. Vrba*. J. Vokurka*. K. Novotný*, J. Endal* M. Lapeiľ, A.
Kobranov0, J. Cervtnf, J. Vránová"

* Fac.of Electrical Engineering. CTU. Technická 2. 166 27 Praha 6
o Radiotherapeutical Institute. Na Truhláŕce 100, 180 00 Praha 8

Key words: Hyperthermia applicators, cancer treatment.

Project aim was to extend and accelerate works on deep local, intracavitary and
regional hyperthermia applicators in order to improve the clinical results of the <an«er
treatment by electromagnetic hyperthermia (combined with other oncological modalities
of the treatment, like e.g. radiotherapy, chemotherapy, etc.). Hyperthermia is clinically
applied in USA and EC countries and also in Czechoslovakia from the early l!)80s. Here
in Prague we have treated more than 150 patients. Basic statistics of uur clinical results
is:

Complete response (tumor eliminated) 52 % of treatments
Partial response (tumor reduced) 32 % of treatments
No response 16 % of treatments

Successful treatment has been indicated in the case of 84 % of the treated patients.

1. Deep local hyperthermia applicators
Circular evanescent mode waveguide applicator with appertiire diameter 20 cm.

working on frequency 27 MHz has been developed and tested.
Principle and construction of our applicator follows from the possibility to excite and

transfer energy to certain distance in the cut-off waveguide band by aid of a resonant
circuit suitably arranged inside the applicator in such a way, that it is used also for the
electromagnetic excitation of the suitable evanescent mode. In the cut-off waveguide the
TE mode has a fully inductive characteristic admittance:

Ke = - j 2 , 6 5 4 [ ( / / / e ) 2 - l ] ' / 2 (1)

At a low enough working frequency f (in comparison with the cut-off frequency fr) the
absolute value of capacitive admittance Yt — G& + jC& of the heated tissue does not differ
much from the absolute value of the quantity Yc. This fact implies a possibility to couple
the resonator with a cut-off waveguide closely to the heated tissue.

Muscle tissue phantom has been heated by these applicators. Maps of thennal
distributions have been measured for circular and rectangular shapes and various
dimensions of the applicator aperture. The possibility to reach theoretical limit of efficient
heating depth (if f <: fc)

d = 0.27 D (2)
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has been proven for different applicators and frequencies:

Frequency
f [MHz]"

434
27
in

Applicator
diameter D [mm]

100
200
200

Efficient heating depth [mm]
theory

27
54
54

measurement
26

50 to 58
52

2. Intracavitary applicators
First of all we have studied theoretical limits of inlracavitary applicators. Several

types of intracavitary applicators has been developed and tested by aid of agar phantom
measurements. We have found basic function for determination of the limit of maximum
heating depth Dm for the case of "very long" intracavitary applicator

Dm = D.expl-20d)/{D+2d)
(3)

where D is diameter of the intracaviUry applicator, d is the depth under the surface of
the heated cavity, /? denotes the attenuation of the heated media. We have found, that
some works published in this field give too optimistic results.

3. Models of the themperature distribution
To be able to broaden our work in the above mentioned field we have created some

basic equipment for theoretical and experimental modelling of the electromagnetic field
and temperature distributions. We would like to improve this equipment during next year.

Setup of experimental equipment consists of big water phantom (30 x 30 x 50
cm) with possibility to scan this area with probe to measure the electromagnetic field
distribution for different local, intracavitary and regional applicators. This distribution is
than important for comparison of different applicators.

In the IBM project frame we are preparing software tool for theoretical modelling of
such electromagnetic field distributions. During this year we have developed first version
of this programm. It works on IBM PC 386 compatible computer. Next year we hope to
transfer it to IBM 3090 computer.
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Introduction.
In this contribution a computer image processing method which enables one to follow

the development of changing conditions in the process of biting and the duration of the
abrasive effect in the dentition is briefly discussed. Natural occlu.sal conditions are of
utmost importance in reconstructive prosthetic dentistry. Wrong choice and/or faulty
reconstruction of dentures are the source of difficulties in mastication and can destroy the
new dentures and remaining teeth. An optimum formation of removable dentures is based
on complete reconstruction of the dental arches. At the time being there exist several
approaches to reconstruction of the occlusal area. We are aiming in our project to develop
a technique enabling full 3-D reconstruction of occlusal configuration. The introductory
experiments followed by statistical evaluation proved that the digital image processing
was reliable enough for such a task.

Method.
An occlusal contact area is formed by contact of opposite teeth. In little used dentition,

the occlusal contact is performed by point areas which increase due to longer use and
become flat.

Evaluation of the development of occlusal contact changes through life was the aim
of our introductory study. For the purpose of correct evaluation, a reference value of the
whole occlusal area was measured.

An interocclusal registration using the special wax Ceradent was made under
the standard conditions in each patient. The material (produced by DENTAL,
Czechoslovakia) shows the most constant results in reproduction of contact surfaces.
Digital image processing methods were used for evaluating the samples. The image was
captured by standard TV camera and then digitized The result of this process was a
matrix of normalized integer grey-level values in the range of 0 - 255 with the spatial
resolution 512x512 pixels. Each pixel represents the average brightness in an elementary
square of 0.0248 mm2 of the viewed wax surface. Since the desired characteristics were
not visible in reflected light, the sample was penetrated by slightly diffused light. The
observed brightness in every point of the occlusal bite sample is reciprocally proportional
to the thickness of the material in this point along the light-source - sensor line. In order
to increase the image contrast, light with complementary spectral composition to the
spectral permeability of the material was used.

Pins and Stops Occlusal Contacts.
The digitized image of a sample has a characteristic two-peak histogram. The image of

the pin occlusal contact (deep bites through the wax) was obtained by thresholding the
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grey-level image using threshold value corresponding to the second maximum of the image
histogram. An appropriate threshold for stops contacts (less deep bites) was determined
by the minimum between the histogram maxima.

Configuration of the Occlusion.
Full reconstruction of 3-D occlusal field is a complex task. We proved that for the

purpose of statistical evaluation a method characterizing the anatomical configuration
of the occlusion is sufficient. The image of the configuration was defined as a union of
occlusal contacts areas image plus the gradient image of the occlusal area.

The gradient of the original image was obtained by the convolution operation with
the derivative of Gaussian filter. This technique reduces noise in the gradient image.
Thresholded image was used for further statistical evaluation.

Results.
Proposed method of image acquisition and processing proved a capacity for

reproduction. All measurements were statistically significant.
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The levels of the environment concentrations of mercury are generally low, except in
the immediate vicinity of mining sites, chloralkali plants for the industrial extraction of
mercury and in Czechoslovakia also in the vicinity of power plants burning brown coal.

Inorganic mercury can be transformed into methylmercury in the environment and the
methylmercury species are than taken up by some organisms more readily than inorganic
mercury. Although environmental levels are generally low, the high capacity of some
organisms to accumulate mercury means that the metal is generally found in both aquatic
and terrestrial animals and plants. Methylmercury is released more slowly by aquatic
organisms than the inorganic mercury.

In Czechoslovak agriculture phenylmercury chloride is commonly used as a pesticide.
About 90% of seed is treated by Agronal, containing 6% of phenylmercury chloride so
that the mercury species are gradually accumulated in soil.

A simple, selective and sensitive method has been developed for the determination of
methylmercury chloride by isotope exchange between methylmercury cation and an excess
of labelled inorganic mercury (II) cation in sulphuric acid medium / I /

C3Hg+ + 2 0 3 Hg+ = CH™Hg+ + Hg} (1)

An alternative procedure for the determination of methylmercur}' chloride consists of its
extraction into benzene and the addition of potassium iodide-131 to the separated organic
phase. Chloride in the form of methylmercury chloride is replaced by iodide ion and the
activity of organic phase is directly proportional to the amount of methylmercury in the
sample under analysis / I / . The radiochemical methods described above were applied to
the determination of methylmercury presented in different kinds of fish. As a part our
research programme /3/ supported by the International Atomic Energy Agency grant
the stability and distribution constants of inorganic mercury (II) and methylmercury
complexes with inorganic and organic ligands were compiled and the most reliable
data were chosen. These data were used for the calculation of the optimum conditions
(type and concentration of the ligand, pH value, organic solvent) for the separation of
methylmercury complexes from inorganic mercury (II) complexes using the extraction and
chromatographic methods. Farther more, isotope exchange between 203Hg+ and CH3Hg+
cations has been used for the development of the preparation of labelled CH3203HgOH
of high specific activity. The separation of methylmercury and inorganic mercury(II) was
investigated in the optimal experimental conditions. It has been found that inorganic
mercury(II) is partially extracted from alkaline medium even in the presence of 0.5 M NaBr
or Nal.These results suggest the benzene used contains some impurities capable of effective
extraction of traces of mercury species. The use of purified benzene substantially decreases

9-7 231



WORKSHOP 92, SECTION 9. BIOMEDICAL ENGINEERING CTU PRAGUE

the extraction of inorganic mercury(II), whereas distribution ratio of methylmercury
species does not change. The extraction of inorganic mercury(ll) can be decreased also
by the addition of copper salts because of the decrease of equilibrium concentration of
impurity capable of the extraction of inorganic mercury. The decrease of equilibrium pH
value, decreases the distribution of inorganic mercury. In the presence of acetate buffer
solution (pH 4.5) the extraction of inorganic mercury is negligible (DjO.OOl) even from 0.5
M NaBr or Nal using non-purified benzene, whereas methylmercury species are extracted
from the above conditions with distribution ratio D > 30. The separation factor is then
higher than 30 000. Ion exchange separation is based on the sorption of negatively charged
complexes of inorganic mercury(II) on a strongly basic anion-exchanger, whereas neutral
methylmercury complexes remain in the aqueous phase. The separation factor decreases
from about 400 for 0.02 M KCN - 0.1 M NaOH to 30 - 40 for 0.01 M cysteine -0.1 M NaOH
or 0.1 M Kí - 0.1 M NaOH. From the experimental results obtained it is quite evident that
solvent extraction is a much more effective method for the separation of methylmercury
species from inorganic mercury(II) species than the ion exchange method.
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The research project follows several years collaboration between the Laboratory of
Photoelasticity (Faculty of Civil Engineering) and orthopaedic clinics. This collaboration
has contributed to the solution of many problems of biomechanics of the human body
by means of photoelastic stress analysis of two-dimensional or three-dimensional models.
Parts of the human skeleton and their prostheses had been studied in regards to the
influence of surgical interventions nevertheless applications of new biomechanical materials
and progress in prosthesis design are subject to the further experimental works. The
photoelasticity as a full-field technique of stress analysis testing with quick qualitative
and quantitative image of the over-all stress distribution is an appreciable tool to avoid a
potential mechanical failure of the prosthesis-bone system and to find the solution with
the best prosthesis-to-patient fit.

In the framework of the new hip total prosthesis development (without bone cement),
a comparative study of two acetabular cup shapes has been initiated. For conic and
hemispheric metal thread shells the models of contact with acetabular bone were made
from Epoxi 1200 resin. Both models were loaded by forces corresponding to the usual
conditions and submitted to the stress-freezing cycle. The slices which had been made
by sectioning the freezed resin model were observed in a transmission polariscop. The
observation of isoclinic fringe patterns in linear polarized light served for the isostatic
trajectories tracing. The observation of isochromatic fringe patterns in circular polarized
light determined stress concentration zones and has given a quantitative idea of the
problem.

The photoelastic stress analysis has made possible the comparison of both prostheses
from the point of view of the stress distribution in acetabular bone, which is the main
factor of the bone tissue rebuilding. The suggestions for orthopaedic practice could be
discussed with medical representatives.

Nowadays the phenomenon of the shape memory effect is employed in orthopaedics,
dentistry or other medical devices in many countries, especially in Japan, USA and
Germany. However, it is far from being currently used in our clinics. The collaboration
with the Institut of Theoretical and Applied Mechanics has initiated investigations of
the Ni-Ti alloy, the most employed shape memory material in medical practice. Some \
experiments were started aiming the knowledge of the behaviour of this material so that a) ,t
comparisons with a mathematical model could be made, b) stresses acting in biomaterials
after the application of shape memory elements could be determined and c) a way to the
high temperature application during the surgical intervention could be proposed.

Therefore, stress-strain diagrams of shape memory alloy for medical use specimens were
determined for several temperature levels. These diagrams allowed among other things
the possibility to fix the martensitic transformation temperature.
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To study the influence of a Nitinol hooked nail on the bone tissue, a photoelastic model
was loaded by real orthopaedic hooked nail heated over 60 centigrades. Stress directions
distribution and quantitative data were obtained by the observation in the transmissing
polariscop.

The heating of the shape memory specimen by the electric current was tested, aiming
the easy thermal transformation method applicable in medicine.

All the works in medical use of the shape memory effected phenomenon are continuing
so that clinic tests could be started as soon as possible.

This research has been conducted at the Department of Structural Mechanics of the
Faculty of Civil Engineering and has been supported by the grant of the Faculty of Civil
Engineering No 11 IS.
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Key words:

A national conference was held at the Faculty of Civil Engineering in 1990 to cope
with problem of negative impact zones, in the building of the Faculty of Architecture. As
a result, research has been done to find the zones and to specify the practical impact they
have on the workers. It has been found out that the working conditions in the building are
far from being healthy- The climatic conditions have a negative influence on the human
organism, particularly in summer. However, there are also some other negative factors.
The skeleton of the building, the plastic materials used here and the metal furniture
further increase the negative impact of the climatic conditions. They also increase the
effect of the geo-anonialous zones that normally exist under every building, small or big.

A major step necessary in order to solve the problem is. first of all. to define and
then, if possible, eliminate such zones. This is also the topic of the Faculty Research No.
404, which was submitted on 21 June 1991 to the Scientific Council of the Faculty of
Architecture and rather late, on 18 September 1991, approved.

The research being done is based on subjective measurements and the results are
indicated in the plan of the A Building (scale 1:50). The works goes into detail arid in
each room the places that may prove harmful to people if they stay heres for a longer
time are established.

At present, various methods are being studied to solvp the problem. Following the
experience gained in this field, dipóle antennae "DAR-ZON" are being installed to monitor
the harmful effects and to facilitate their elimination. The present treatise wishes to help
improve the working conditions in the Faculty of Architecture.

This research has been conducted at the Faculty of Architecture CTU.
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Powerful symbolic mathematics packages, now also beginning to appear on inexpensive
and reliable micros, including laptops and palmtops, significantly expand the potential of
computers in the education process. The present contribution reports about research and
development activities related to the using of some computer algebra systems in teaching
physics and theoretical foundation of high technologies.

Computer algebra in applied physic courses. Thanks to computer algebra
systems with sophisticated, user-friendly interfaces and advanced visualization, the
technology now exists to change dramatically the teaching and learning physical disciplines
based heavily on mathematical activities. The course creation process for such an approach
using various computer algebra systems ( DERIVE, MATHEMATICA, REDUCE ) has
been tested.

Research in this field done at the Computational Physics Group, Department
of Physical Electronics has enabled the identification of the following fundamental
pedagogical applications of these systems : 1) Theoretical topic teaching supported
by symbolic computations 2) Interactive educational programs and performance tests
involving computer algebra 3) Symbolic and algebraic computing as a tool for student
problems solution and exploration learning.

A conceptual basis for computer algebra software packages for some complex,
computerized courses ( Fundamentals of Computational Physics, Fundamentals of Plasma
Physics ) has been proposed.

Computer algebra in exercise generation and examination. Computer algebra systems
can be used also to bring up some new approaches to traditional tutorial activities.
Three specific applications have been considered : 1) Exercise generation. 2) Formula
examination. 3) Automated qualitative reasoning.

In the first case, a full set of questions on relations between physical quantities bounded
by a given set of algebraic equations is generated. The program EXERC solving this task
is realized in the computer algebra system REDUCE.

In the second case, computer algebra algorithms are used in routine formula testing
with predefined denotation. Experimental program FORMULA2 for testing relations
without predefined meaning of symbols via pattern matching has been also developed.

The third, challenging application is based on the use of dimensional analysis and needs
to develop a computer algebra-based system for qualitative physics. This approach can
be useful for building intelligent tutoring systems generally.
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DERIVEing for physics reviving. A specific study has been undertaken to check
the potential of a small and cheap computer algebra system to increase the effectiveness
of the work in physics and engineering by the automation of some in principle trivial,but
sometimes tiresome operations /3/ : 1) Transformation of physical equations from one
system of units to another. 2) Transformation of expressions from one standard system of
units to a normalized form using special units most suitable for calculations. 3) Application
of a coherent set of fundamental physical constants based on up-to-date estimation and
analysis and recalculation of numerical factors to a one-value form.

ľsing the computer algebra system DERIVE a package of utilities easily solving
comfortably these tasks has been implemented. The programs allow one to obtain natural,
• limensionally and numerically correct forms of a broad category of physical formulas
without al) initio rederivation in every system of units. The package contains compact
databases of the last ( 1986 ) adjustment of fundamental physical constants, allowing
comfortable application of their values in specific formulas and the preparation of correct
numerical factors consistent with the system of units used in calculations.

Simplified versions of the relevant programs have been developed also for handheld
computing environment - HP 28S Advanced Scientific Calculator.
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Computer assisted learning (CAL) acquires more and more importance in the
educational and training processes. This report presents research and development
activities at the Computational Physics Group, Department of Physical Electronics,
related to this topic.

The authoring system GENIE. Authoring systems are powerful computer tools for
preparing programs for the communication of knowledge in an instructional environment.
They represent specialized packages of programs supporting the use of the methods of
Computer Aided Software Engineering (CASE) for courseware development.

The authoring system GENIE, version 3.33 / ! / , constitutes an integrated environment
for the following activities: 1) Courseware and computer presentation programs design. 2)
Knowledge testing programs design. 3) Archiving and administration of education process
results.

The complete system GENIE, see Fig. 1, includes: 1) the shell of integrated
environment, 2) Six authoring modules, 3) several supplementary packages /2 / . Lessons
semiautomatically generated by GENIE's code generator are executable programs
supported by packed data files. Lessons can be delivered independently of the authoring
environment.

The
structure
of the
GENIE
system

national
language supplement

xgrab

Fig. 1. The structure of the system GENIE
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The system GENIE is destinated for IBM PC / XT / AT / 386 / 486 and compatible
computers with minimum 640 kB RAM, hard disk and Microsoft compatible mouse,
working under operating systems DOS 3.x, 3.x and 5.0. Lessons can utilize CGA,
HERCULES, ĽCIA or VGA graphic cards. The automatic lesson generator requires the
installation of Borland's Turbo Pascal compiler, version 5.0 and higher.

The authoring system with intelligent features. Contemporary development
work on the system GENIE stresses elaboration of distinct intelligent features for this
package /3/. The most important tasks are as follows : 1) addition of some intelligent
features to the fore of the system, 2) embodying intelligent database properties and
tools, 3) including some intelligent programs in the library, 4) incorporating the tools for
cooperation of the system with external AI systems. 5) Creating intelligent help for the
authors of the courseware.

As a base for potential improvement of the system a sophisticated Hypertext /
HyperCard facility has been elaborated. It is used as an development tool for products
suitable for inclusion in generated lessons and for future construction of intelligent
databases. The Hypertext / HyperCard module allows adaptive control of the browsing in
knowledge bases based on student's / user's activity evaluation. The module represents
an effective toolbox for the solution of the listed tasks 2), 4) and 5).

An other new important facility developed for the system GENIE is a special
microinstruction interpreter, which is able to simulate the control of external cooperating
systems from the keyboard. This module is supposed to be useful in connection with the
solving of task 3).

System GENIE use. The system GENIE is commercially availab!e;it has been
effectively used for elaboration of a series of education programs at various universities
and secondary schools in Czechoslovakia. The use of the system GENIE a plays very
important role in the development of complex computerized courses in the area of
theoretical foundations of high technologies at the Faculty of Nuclear Sciences and
Physical Engineering. The following courses of this category are being developed : 1)
Fundamentals of computational physics. 2) Fundamentals of plasma physics. 3) Concepts
of real plasmas.

References

[1] L. Drska, T. Jerie, R. Liska, M. Sínor, J. Turek, J. Vondrasek : The authoring system
GENIE and its applications. In : CALISCE 91 : Proc. Int. Conf. on Computer Aided Learning
and Instruction in Science and Engineering, Lausanne 1991 (edited by E. N. Forte). Presses
Polytechniques et Universitaires Romandes, Lausanne 1991, p. 251.

[2] L. Drska, R. Liska, J. Sinor, J. Turek, M. Vondrasek : Supplementary packages for
CAL/CAI purposes. In : CALISCE 91 : Proc. Int. Conf. on Computer Aided Learning and
Instruction in Science and Engineering, Lausanne 1991 (edited by E. N. Forte). Presses
Polyteehniqnes el Universitaires Romandes, Lausanne 1991, p. 541.

[3] L. Drska, T. Jerie, R. Liska, M. Sinor, J. Turek, J. Vondrasek : Authoring system for
courseware development : artificial intelligence aspects. Paper presented at the CAEE 91:
Computer Aided Engineering Education, Prague 1991 (to be published).

This research has been conducted at the Department of Physical Electronics of the Fac.
•Vuc/. 5c*. & Phys. Eng. without any financial support.

, 0 .



Sborník příspěvku pracovního semináře ČVUT WORKSHOP 92, vydán nákladem400 ks,
vydavatel ČVUT, vytisklo ediční středisko ČVUT, leden 1992, neprodejné.


