- coordinate of the next point of the i-th element
E%ggganiagram break; n - number of elements in the bea{lng
system. By the defined increment of parameter PEgnhe values
of internal forces, strains and loads at the stége and are
determined. ‘

on of the above algorithms in the design process is
§§§i§2§tiy the elaborated recommendations on buildings
design as well as strain diagrams of structural elements
and joints. A set of applied computer Programs‘allows to
automate both individual stages of design and integrated
testing of safety of the building's spatoal bearing system
over all limit state groups.
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ABSTRACT

The examination of qualitative characteristics of building
structures dictates a certain mathematical formalization of
their physical and engineering properties, The formalization
is generally described by boundary problems for diffrential
equations in partial derivatives. Conditions imposed upon the
solution of the problem are formalized as equalities and in-
equalities., The resultant relationships do not always corres-
pond to the "typical" problems realized in software, e.g., on
the basis of the finite element method,

On the other hand, the experience of numerical solution of
boundary problems allows the most suitable form %o be chosen
for their description - variational expression realizing a
concrete physical or mathematical concept,

In thie case, problem formulation is reduced to putting down
an integrand and additional conditions imposed upon the solu-
tion of the problem, It is, therefore, reasonable to develop
a universal algorithm for computer-aided study of building
structures wherein mathematical formulation as well as geo-
metrical einditions and engineering requirements are set forth
at the level of formal parameters, Software developed on the
basis of such algorithms make it possible %o obtain numerical
results in solving non-standard houndary problems of structu-
ral mechanies in a short period of time, It is very important,
€.8.5 in studying new siructures av the development stage or
in investigating into a prompt engineering intervention into
operating conditions of existing structures,

A number of variants of such an approach the the computer-
alded design of structures have been developed in the USSR.
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Sommaire:

L'btude des caractbristiques qualitatives des structures pré-
détermine une certaine formalisation mathematique de leurs pro-
priétes physiques et technigues. In général, elle est décrite a
1l'aide des probldmes aux limites pour équations différentiellls
4 dérivbes partielles., Les conditions appliquées 2 la solution
de ces problémes sont formulées sous forme d'égalités et d'in-
égalités, Les dépendances obtenues en fin de compt ne corres-
pondent pas souvent aux problémes-"types", qui sont réa}isés
dang les programmes d'aprds la methode des léments finis. )
Dtautre part, l'expérience de la solution des probldmes aux li-
mites a demontre une forme qui convient le plus pour leur de-
scription, celle de notation variationnelle qui réalise le
principe physique ou mathfmatique comcret.

La definition de travail dans ce cas consist en enregistrement
d'une fonction sous l'integral et des counditions complémentai-
res appliquées & la solution.

Done, il est conseillé d'utiliser la posegibilité d'établir un
algorithme uuiversel pour 1'étude des arructurea_é }'aide des
ordinateurs, ol la formulation mathbmatique aussi bien que les
conditions géometriques et techniques sont déterminées au ,ni-
niveau des paramétres formels,

rogrammes développés sur la base de ces algorithmes per-
é:itgntgde fournir dang le plus court délai des résultats nu-
mériques pur résoudre les problémes aux limites non normalisds
dans la méecanique des constructions. C'est trés important pour
1'6tude de nouvelles structures ou pour l'analyse des possibi-
1ités d'intervention opérative dans le conditione de leur tra-
vail, En URSS sont élaborées plusieurs méthodes de calcul des
structures a l'aide des ordinateurs.
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1, INTRODUCTION

Computerization of scientific studies in the design of struc-
tures mainly consist of computerizing numerical investigations
of new design models and engineering theories,

New engineering theories and improved design models come to
life with the advent of new structural concepts, building ma-
terials, operating conditions of structures and new require-
ments imposed upon reliability and strength of structures.
Thus improved engineering theories are developed, e.g., in
studying shells taking into account shear characteristics,
ncn-{inear factors, reinforcements, etc, New design models are
created in calculating structures of composite materials such
as with polymer fibers, granular aggregates, and the like, or
as a result of continualization of discrete systems. Improved
models are now used in studying structures of reinforced con-
crete, asbestos cement, stonework and non-compressible mate-
rials. Taking into account unilateral constraints, slits and
eracks in structures resulits in non-standard boundary condi-
tions giving birth to new design techniques.

A problem arises before a reaserch worker, how efficient, if
necesgsary, is a revised or new theory as applied to a real-
life structure? Computerization of investigations is aimed at
finding a prompt answer to such questions, and one cannot do
without computer here.

The existing commercial software for design of structures is
mainly based on approved models and can be used by a design
engineer who is not familiar with the mathematical formulation
of the original problem, Constructing a new model with the em-
ployment of such software would take much time, and it would
be nonsensical to make trial of an inadequately tested model or
theory in this manner, Special software for computer-aided nu-
merical study of new engineering theories, mathematical models
ane structures is, therefore, necessary, which could be used by
a research worker familiar with the mathematical formulation of
a problem he faces and with elements of program compilation.

To bring a solution to these problems, variants of software for
computer-aided numerical study of structures based on new the-
ories, models and structural features have been developed at
the Central Reaearch Institute for Building Structures and Mos-
cow Civil Engineering Institute,

2. FORMULATION OF A PROBLEM

Almost any theory or design model is formulated either in the
form of a boundary problem for difrerential equations or in the
form of boundary integral equations or variational problem,

The latter is the simplest and most versatile one since it in-
cludes, in a compact form, both geometriecal characteristics and
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boundary conditions and facilitates approximation of the prob-
lem. A typical variational formulation of a problem of structu-
ral mechanics is represented by a functional;

Bu
P(u) = [P (x,u, 575 ax
@ qa

for a set of vector functions @ = G(x), wherein X (X ,..,%;)
are the three-dimensional coordinates ;%2 is the area {aken by
a structure in space; F is the function being integrated, The
functions u comply with certain additional boundary conditions
associated with various supports of structures. A function u*
for which the functional P(u) has minimum value taking into
accouht additional limitations, will describe lthe state of
gtress/strain of a structure,

3. FORMULATION OF PROBLEMS USING THE STANDARD AREA METHOD
Let ug consider a boundary problem in a preset area®l;

Im=F x€Q, lu=£f, x32,

wherein L and 1 are the difterential operators. Let us place
the area & into a standard area w (Fig.1). It can be shown

that the original boundary problem

may be formulated also withinw.
' Thus the Poisson formula (Neumann

problem) will take the form:
w R -
Fig. 1 )E__1 %_Xi[sg%i) =8P+ S(p)‘i’, x€w,

wherein 6(x) is the characteristic function of the area$;

8(p) is the function concentrated at the boundary [3] ; F and

f are known functions set forth within, and at the boundary of

the area, respectively, It can be seen that no additional boun-

dary conditions are necessary. The corresponding variational
formulation has the following form:

P (u) = f [%eg (%%1)2 - (0F+ 3(p)£)] ax.
2 =

Let us give similar formulations, within a standard area, for:
a problem of the elasticity theory:

- operator ﬂ—a—i’aedij =9Fi+ %(p)a‘.’:L , €W, 1=1,2,,,, N
J=1
Ju, du
1 i
wherein Gij = 2/HEij+ Siaka i €157 3 ( 3_7_-; MCE )FE‘E‘:}.IE‘L‘J

- functional P (u)= %Jei 361;] Sijdx = sz'( OF;+ 8{p)fi)uid1;
? w

and a problem of slab bending:
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7t P
] X3 '3::2 '6::18:2

2 2 2
o°eM, ,  BMy, 28 ou,,

- operator = F(x), zxew,

wherein M, = =D (2,+ Jaz), My,==DVE 1+ 2 ,), M, p==D( 1=V )2, 5.

% P
Fa373 3 1= 125 =gpay
Xi 182

wherein D and 0 are the cylindrical rigidity and Poisson's ra-
%io, respectively

- funesional P (w)= %je(m11&1+ Iv122332 + M12312)dx~595‘-wdx .
w W

Solving a problem within a standard area may be physically ex-
plained as adding to a structure occupying an area <2 (Fig.1) a
zero~-rigidity structure of an areaw/S%2 . In another variant
of the method, the design area @ is
supplemented up to a standard area W
(Fig.2) so that its real physical cha-
racteristics be preserved within & and
that a step of the function being sou-
ght occur within 92(in other words, a
8lit is set around the original area
® ). Solution of the problem is reduc-
ed to minimizing the funetional within
the standard area in the class of dis-
Fig.2 cpntinuous functions,

The additional unknown variables are steps of the function be-~
ing sought at the boundary, and minimization is carried out not
only for nodal unknown variables within &2 and 9% (this is an
averaged value of unknown variables on the sides of disconti-
nuity), but also for unknown values of steps of the function
within 9R. This approach is physically meaningful with an ac-
tual partial cut through a structure (crack, slit or the like)
and in this case its use would be undoubtedly broader than that
of the preceding wvariant,

The opportunities offered by the second variant of the standard
area method are enlarged within the framework of a so-called
"two~step algorithm! In this case steps of the function being
sought Au_ are first coneidered as a parameter, and the solu-
tion is found in the form @ = G(A u), Further solution of
the problem involves a detailed representation of the funetion
being sought in the original functional and its minimizing by
the parameter 4u, This approach is easily realized in the dis-
crete variant, The second step of the "two-step algorithm" is
the discrete analog of the method of boundary integral equa-
tions, the resolving system of equations being slways symmet-—
rical and positively determinate.

345




Realization of the "two-step algorithm" proved very effective
in solving problems involving unilateral constraints owing
both to algorithmic simplifications ahd reduction of unknown
variables taking part in the non-linear calculatiom.

4, AFPPROXIMATION

The approximation begins with setting forth a discrete grid in
a standard area which is topologically equivalent to a rectan-
gular grid with the unity step.

Formulation of a problem (integral in the stanaard area) is
regarded as a sum of integrals in unit squares

wIF( Jax = ? <EilT'( )dx:‘?‘driﬁ‘( )dax ,

wherein ¢ is the grid mesh, i is the mesh number, O is the
unit square, J is the Jacobian,

The functions that are part of the original functional are de-
termined by their values at nodal points of the grid. Discrete
values are then supplemented at all other points, e.g.s by po-
lynomials, The resgearch worker may take part in the whole pro-
cess or intervene in individual steps if necessary. At any ra-
te, such participation woulu prove useful as it can help assess
correctly the calculation results, At the same time,_represent—
ing the discrete analog of the mathematical formulation of ?he
problem, which actually involves representation of the original
functional as a set of functions supplementing discrete values,
as well as other calculations, are performed automatically,
without participation of the rsasameh worker,

5, BASIC RELATIONSHIPS INVOLVED IN SOFTWARE

The function u is sought in the form u= %E u;e;, wherein e;
are the unit basic funetions; uy is the element of vector of
discrete wvalues ﬁ:(u1,...,um5.
The general path for finding minimum of the functional<®(u) is
written in the form of the Newton~houth procedure

g1 GF - A" with @%=0.
Elements of the matrix A, and vector ?k are calculated by the
formulae:

2
k _0°ch 1 i =AY sk
aijﬂbui'auj =gt ¥ 52 tgh t§'1(2t1 1}(2t2 ) P(@+

tEey +5, Eej)
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,ail __kzz% ST P ks t€ey).

k
e =
1 u=i t=1,-1

If the Eroblem is linear, the above formulae are simplified.
Since @1¥=0 in this case,

t2=0, 1(2t1-1)(2t2-1 )'qD (‘t1ei+t2ej)
1

£y= 23 Pt

172 45T, Pling?

a = E N
137 4570,

and T =1,
6,PRACTICAL APPLICATION IN SCIENTIFIC RESEARCH

Studies of wvarious three-dimensional structures, design médels
and engineering theories hawe been conducted based on the avove
techniques and software.

Structures such as shells with various reinforcements such as
ribg and the like, multilayer shells, underground structures
and mamsive structures have been studied; problems involving
ogeillations of tunnels and machine foundations have been solv-
ed and reinforced concrete slabs design using N.I. Karpenko mo-
del and asbestos cement structures using G,A,Geniev model were
studied. Numerical studies of errors of optical simulation (mo-
dels of non-compressible materials), structures of rubber pro-
ducts and non-compressible polymers were designed, and a con-
tinuous dependence of the solution on Poisson's ratio has been
shown, Studies and calculations of strucwures were conducted
based on revised shell theories taking into account shear cha-
racteristics, non-linear factors and layered design. Structures
in permafrost sreas with varying freezing boundary influencing
physical characteristics of the structural materials were cal- |
culated and numerically studied, Non-stationary problems are

also solved using the software,

Computerization of numerical studies with the employment of the
proposed algorithms results in a reduction of total effort and
acceleration of the studies as compared to the employment of
standard software based on finite element method and individual
program compilation by 7-8 tipes on the average, the total time
necessary for studying new models and structural concepzs being
2~3 times shorter.
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SUMMARY

USG Corporation, Research Department, has developed a computer
program, DSCSRACK, for designing racking bracing in cold-formed
steel-framed buildings.

The program uses as input the building geometry, wind loading
condition, and member specifications. From these data, using
finite element analysis, the loads and stresses on the braced
panel components are calculated. The bracing is then sized and
the fastening specified.

To verify the computer program, a full-scale load test
simulating wind conditions was conducted on a 1-1/2 story
cold-formed steel-framed building, 3.66 meters by 7.32 meters in
plan, having screw-attached, gypsum sheathing.

The computer program modeled the behavior of the building within
10%. These test results verified experimentally that the com-
puter program is adequate for analyzing and designing racking
bracing and connections in cold-formed steel-framed buildings.

349




