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Summary. This publication is devoted to struction for strength and stability involve
practical aspects of a new method of form correthe ability to import finite data from the spe-
tion of planar rod constructions. This metho cjalized software's environment for building
should be used after the initial shape of the frarof graphic models of these constructions.
construction is already defined. At the same tim yg\wever, models that are products of graph-
suggested method makes it possible to determ/; o programs created directly by the users
the components of the stress-strain state of t(architects, engineers, designers, etc.), while

construction and has the same mathemati(automated algorithms for morohogenesis of
foundation as a method of cutting out of nodes 9 phog

theoretical mechanics. Also, the article dem0|ConStrUCtIonS in the environment of these
strates the principle of applying the method cPrograms are nearly absent. Should be add-
the example of correction of form of elementar€d, that existing mathematical algorithms of
frame construction with hinge joint of rods. Armorphogenesis of building structures do not
example illustrates the advantages of this methhave sufficient variability to describe the
over methods of numerical simulation, because features of work of construction elements in
does not require changing of instrument base dithe process of loading and operation with
ing the transition from automated shaping of coirequired accuracy.

struction to determination of efforts in its rods. All the above mentioned points to the

Key words: geometric modeling, discreteneed to prepare a theoretical and tool base to
mqqlel, rod frame cqnstruptlons, differential regicreate a unified method of building struc-
larities, numerical simulations. tures shape modeling, with possibility of
their adjustments and subsequent calculation
of component of SSS of their elements.

One of the most pressing areas of this
problem is the formation and modeling of
the rod building structures’ work. Rod con-
structions have an important place among
building structures, because their designing
requires from engineers a high level of skills
. “and responsibility. They are used in the de-
tions. In the case, wher_1 before the_ Calcu."sign of beam coatings, trusses and covering
tions the morphogenesis process is Carme nampranes, bearing and self-supporting

out, it is hecessary to apply two distinct MEtrames of buildings, frame structures and
thods: the first one — to determine the actu: ’

form of construction, the second one — t
calculate the parameters of SSS.

At the present stage of development o
computer aided design systems the mo
programs intended for calculation of con-

INTRODUCTION

Most of the tasks of building mechanics
involve determination of certain component:
of the stress-strain state (SSS) of constru
tions. It is assumed, that the geometrical ps
rameters of structures are predetermined ai
represent the initial conditions for calcula-

many others.

In this publication we will consider the
outlined problems in the context of research-
ing and modeling of planar rod or frame
structures with hinge joint of rods.
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PURPOSE OF WORK system of equilibrium equations of arbitrary
node (taking into consideration equality (1)):
Basic principles of morphogenesis prob
lem solving and subsequent adjustment of (. _
mesh and rod constructions were presented Z( j S*)DD” +Hs =0, (2)
in a series of works [1-5]. The main idea o*

described in these works method is to appl,here:s — generalizing designation of coor-

the fundamental differential patterns be: dinates:n — quantity of uncommitted nodes
tween geometric and physical parameters ‘of construction.

networl; struptures_and e'xternall fields for |t \ye assume, that the rigidity parameters
systemic reQ|str|bgt|on of interaction for.cesOf rods 0;; and external load), is prede-

between their vertices [6]_. _At the same t'metermined, then system of equations of type
works have the gen.eralllzmg character ?‘Q(Z), composed for all free nodes of rod con-
dedicated to the realization of mathemat'ccstruction, can be solved relative to coordi-

ap_paratuls of dmlorpk;ogetnesi(s otn etxamples Inates of these nodes. In this way, the process
universal models of network structure (Sucls o morphogenesis of construction can

as discrete ?“”‘?‘CG& as in [5]). Obvious, thibe implemented. Having the coordinates of
for the application of the proposed metho‘nodes, and determining the length of rods, it

In th? tasks of structural ”?e‘?ha”'cs and MYs not difficult to calculate internal forces
chanics of rod systems it is necessary trom formula 1)

?hdeagtn Itir:gesr%mi eexéﬁcir:;té tgla'gﬁ ;r:]t(; daafct(;l;iz To make it possible to determine appro-
g gsp ' P priate rigidity parameters of rods;; during

's the main purpose of this work. adjustment of position of nodes, and to be
able to calculate internal forces, the system
(2) should be supplemented by a system of
parametric equations of rod’s state. These
.equations have the following form:

sioi(;ro? tﬁ;a::;e\tl\r/li dprsejrir;:watzgega}i"[%{) rg\r/]: 1) for the rods, connecting two free nodes
' ' 7 "of construction § ands,):

simplified for two-dimensional case.
Suppose there is some two-dimensiona )

rod system with hinge joint in the free and 25; [, , +x B2, O

basic (reference) nodes. We shall assume, = ' 3)

that the known topological characteristics of =%,

the system (number and order of rods con-+25b,j M, = (6. +¢5)+ By, =0

nection) and rigidity (stiffness) parameters '™

of its rodsll;;, which are expressed by the

ratios of the absolute values of longitudina

efforts in rodsR;; and their lengthg;;:

=1

REVIEW OF PREVIOUS RESEARCHES

2) for the rods, that connect one free and
one basic node§(andSey):

m-1
Divj = I%J/éi,j . (1) zéi,i +X[6aref a,ref _¢a + (4)
i=1
It is known, that the equilibrium state of +( Reer Ber TR Ey,ef) B, =0,
each node can be described, using the pri
ciple of cutting out of units by replacing where:m andn — number of nodes adjacent
each rod, that connects to the node, on corTtg the a-th andb-th (or ref-th) nodes,x —
Spondlng resistance efforts. Omlttlng thfsome non- negat|ve Constama and ¢b -

projection of vectors of force§l, acting on nodal values of the scalar potential (of the
the node from the outside, and vectors of irfield of objective function)R.s — values of

ternal effortsR;j, which cut off rods, on the efforts in the rods that are connected to the
coordinate axes, we obtain the followingrocker bearingBap andBa et — general oper-
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ating constants of integration. If we need to move theelected set of
In a matrix form the process of forming nodes in the individual order, each of these

and subsequent correction of rod construcnodes will have the functions of the scalar

tion shape can be described by followin¢potential. Thus, in each node, which exposed

system: by moving, scalar potential value will be
represented by its objective function. Obvi-
[Sp]: [D p—l]‘l [ﬁ_[gp—l]_[mp])’ ously, the objective function value must de-

o cline to zero under the condition, that the
{D p}: [(5")2] [ﬁ{¢’9}—{¢P}+ (5)  coordinates of the node come near to values
set by the engineer. Therefore, objective
+[(6p)2][ﬁDp‘l}). function of an arbitrary-th node$S should
be presented in the form of its distance from

Here: | — matrix of coordinates (with di- & certain established poifit

mension kx2, where k — the quantity of _
nodes of the model),g] — matrix of the o =0(s) =c(x,y) =
boundary conditions (with dimensid2), =9 (% — %)%+ (y; — y)?)"2.
[O] — matrix of external influences (with di-

mensionkx2), [] — matrix of stiffness pa- Here: 9 — coefficient, entered to effect on

rameters of rod structure (with dimensiorspeed of convergence of the iterative calcu-
kxk), {J} — column vector of stiffness pa- |ation.

(6)

rameters of rod structured’] — matrix of The value of the expected node potential
geometric parameters of rod structure (witlwill be zero:¢’; = 0.
dimensionhxh, whereh — quantity of mod-  Let's consider the example of shape cor-

el's rods), $} — column vector of nodal rection of elementary rod construction in the

values of the scalar potentiaty’J — column  form of a planar frame, which consist of 2

vector of expected nodal parameters of throds and has 2 hinged-fixed reference node
scalar potentialp — index corresponding to (A andB) and only 1 free hinge nodéwith

the current step of the iterative calculation. the given loadly (see. Fig. 1a).

Solving the system (5) (if necessary usin
iterative calculation), we define values of
corrected parameters of rods rigidity and co-
ordinate of nodes of the model. 3)

CORRECTING OF THE SHAPE
OF ROD CONSTRUCTIONS b)

Changing the position of nodes, using
model systems (5), must be carried out byFig. 1. Therod framesa — frameAVB
replacing the current values of the scalar poy, - frameACVDBR obtained by adding nodes
tential ¢; on expected value$’i. It is as- ¢ andD to the frameAVB
sumed, that external influends,; is in gra-
dient connection with the current scalar po
tential. However, in [7] was founded that Thjs frame is statically undetectable. In
this relationship is not required. Moreover aqgition, it can not be corrected, using the
there is possible the variant of local correcgystem (5). The fact is, that in order to prop-
tion of construction. In this case the potentiagrly influence to the changes of rigidity pa-
¢i should be corrected only in certain pointirameters of rods, using nodal potentials, in
of the model. each parametric equation of rods of type (3)
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or (4) must be contained various combina

tions of nodal potentials. In our case, the eq- Opc Ba+0cy & —
uations of rodAV andVB contain only po- (0, +0g, )& =0 (15)
tentialsdy of nodeV. These equations have AC Ty ’
the following form: ey & +0yp 55— (16)
) ) _(Dc,v"'Dv,D)st"'st:O'
XEBA,V l:D:'A,v"'év,B [D]V,B_¢V+ 7) O, 3 +0p 6 B —
' ' 17
+(R<AD(A+R/A[yA)+BA,V:O’ _(DV,D"'DD,B)E'BD:O- an
Ohy Muy + X8 o M, 5 — b, + ) Rewrite equation (15) — (17), taking into
-n. account the identities (13) and (14) and all
* (R‘B e+ Ryg EYB)Jr Bre =0 possible simplifications:
From equations (7) and (8) we see, that s, —2l[s. +5, =0, (18)

when we change potentigl,, then parame-
ters0ayv andOy g Will change in direct pro- Oav e +0y p 085 - (19)
portion. In this case, the trajectory of the —(DAM +DV’B)DBv +0,,/2=0,

nodeV can not be controlled.

To make control of rigidity parameters of S 720 5 =0. (20)
construction possible, we should halve rod )
AV andVB by additional node€ andD re- Now we compose system of parametric
spectively. We obtain the following rela- quBuatlons of state for rodsC, CV, VD and

tions:

Opc =0cy = 6A,\//2’ (9) X [62A,C M ac +6(2:,V My =0 + 1)
=0,5 = 2. 10 +(R<AD(A+RyA [yA)+BA,C:0’
,D D,B B ( )
Bi,c Mac +X mé\/ Mey + 29
The resulting structure is shown at Fig. 1.b. +82, M, 5 - (9 +b,) =0, (22)
Obviously, if any external forces will not , oo e T
act the additional nodes C and D, then inter- Ocy Mey +X18y,p My o + (23)
nal forces in a rod&C andCV, VD andDB +8 My 5 —(d, +9,)=0,
will be equal and in fact will remain in solid 2 o x2
: m, , + Mys—¢p +
segment@\V andVB. That is: %o Mo *X05e Mo = 0o (24)

+(Re D +R T+ éD,B =0.

e = o = R OD e shall add pairs of equati (21) with

_ _ e shall add pairs of equations wi
Rip=Ros =Ris: (12)  (22) and (23) with (24), given the identity
o . (9), (10), (13) and (14), setting the coeffi-
Considering the equation (9) — (12), wegjenty =2 (according to [2], since as quan-
rameters of rod&\C, CV andAV, as well as quantity of rods), and performing all possi-

VD, DB andVB: ble simplification:
DA,C :DC,\/ ZZDDA,V’ (13) 3[6'20\'V I:D]A,V +(]/2)|:6\2/,B DIIV,B_
Dv,D = DD,B = ZD:DV,B' (14) -(2 Ebc +¢v) + (25)

Let’'s compose the equilibrium equations * (&A X\ +R,, EVA)J’ Bac =0,
of type (2) for all free node£(V andD):
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2\ 32 . +3032 _ [ _ Now, on the basis of equations (25) and
v2) av Day +300y g My s (26) we can write the components of the
-(¢, +20d,)+ (26)  second expression of system (5). They will

+ (&B X + R, [yB)+ B, =0. have the following form:

1. The column vector of stiffness parame-

Using equations (18)-(20), we write theters of rod constructioni{}:

components of the first expression of syster.
(5). They will have the following form: {0y =[0,, O,.) (37)
1. The matrix of coordinates]{
2. The matrix of geometric parameters of

[s]=[x V], (27)  rod structure§?:
where: {X} and {Y} — column vectors of co-
ordinates of nodes, which have the form: 3E62 V2@,
)= : (38)
T 1o, 3%,
(X} =lx % x| (28)
(Y} =lye W Yol (29) 3. The column vector of expected nodal

potentials §'}:

2. The matrix of boundary conditiong]{ { }T [ ] [ ]
¢/ = ¢/A,v ¢\//,B =0 0Of- (39)

=9, , (30)
[g] [g QY] 4. The column vector of current nodal po-
where: {3 and {g} — column vectors of tentials @}
boundary conditions, which have the form:
=[0nr busl=
N (40)
{of =13, 0 -13¢], @) =[200 +0, @, +200,]-

.
{gv} =[-10y. 0 -10]. (32) Call attention to the elements of the col-
umn vector $}. If one follows an algorithm

3. The matrix of external force&T[: of application of the system (5) and choose
as an objective functions the distances of
0] = [D 0 ] 33) type (6), then in case of the unsuccessful se-

X yl?

lection of coefficient and low value of cal-
. culation error iterative calculation may be
where: {} and {L};} — column vectors of giyergent. This can happen, because at the

external forces, which have the form: stage close to achieving nodes of their
planned coordinates, displacement step of
=[0 va/z 0]. (34) one of the nodes will exceed a distance to
T —[O 0 /2 0] (35) the point of his appointment. At the same
- yv/ ' time algorithm (5) will try to shorten the dis-

tance of a particular node to the established
4. The matrix of stiffness parameter$]{ point by subsequent replacement of poten-
tials (objective functions) "without realizing
-2 1 0 a miss". This will only lead to further dis-
tancing of the node from its destination.
O={0, -0 +00s) Ovel| (36) To gvoid the described effect, should use
0 1 -2 as a coefficiend not a constant but logical
operator. The operatd®@ must analyze the
differencesA¢ between elements of the col-
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umn vector of potentialsf} on the current operator in the expression (44).

and previous steps of iterative calculation: For nodesC and D objective functions
can no longer be defined as the distances to
AP =P 0P (41) the centers of segmemd andTB, because
these distances are always equal (see.
Fig. 2).

Thus, the value of operatér should be

i . For the selection of objective functions of
determined by the expression:

scalar potential in node§ and D we will
_ use the following fact. Obviously, in case of
1 if AP, >0, coincidence of nod¥ with pointT, vertices
97, =c(AdP) =10 if APP, =0, (42) of tr'ianglesACT andBDT will be placed on
~1 if AdP <O s_tralght Iengths_AT(V) an_d BT(V) respec-
bl tively. Then will be valid the following

_ _ equations:
This character of dependence of functiol

from the values of the argument can be de-
scribed by hyperbolic tangent of the argu-
ment (such as logical operators used in neu- BT = AD+DT. (47)
ral modeling [11-13]). Such continuous
function will look like:

AT = AC+CT, (46)

97 =¢(09)) = tanh(a (Do /2) =
_1-expa@g)) (43)
l+exptadg’)’

where: o — coefficient, whose value deter-
mines the sharpness of the character chang-
ing of the function (43) during the transition

Therefore, the column vector of the cur- 1) atthe moment of formation (dashed);
rent potentials ¢ P}, which will take into 2) in corrected state (solid)
account the values of each component at tt
previous step of calculation, will have the
following form:

A

However, until the equalities (46) and
(47) are not valid, iterative calculation
should be continued. The values, that will
characterize proximity to the completion of
the calculation, will be objective function in

:
{or} =[00, 2, 00, 10,]=
=|gp PrdP) 9P ProdP )|

[ AV[GZEPC ¢V) Ve [(tbv @D)] the nodesC and D. The following differ-
ences will be serve by them:

Let us consider the objective functions
that make up the column vectap {}.

Obviously, for the nod¥ the functiondy , oy
is defined as a distance to a certain estab- =((% =Xa)"+(¥r =Ya))" =
lished pointT (using formula (6)): (% = %)%+ (Yo - yA)Z)J/Z -

(45) _((XT _XC)2+(yT _yC)z)]/zi

(44)

0. = AT —(AC+CT) =

(48)

¢v :((XT _Xv)2 +(yT - YV)Z)]/Z-

Here, we don’t have to use the coefficient
9, because it is already counted as a logical
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¢, =BT -(BD+DT) = ing on nodeV, the value the initial rigigli'gy_
_ v V4 (v — v )2)Y2 parameters of the frame, as well as rigidity
= (% =%)" +(¥r = ¥a)) (49) parameters, nodes coordinates and internal
~ (%o = %g)* *+ (Yo = ¥&))** - efforts after adjustment of position of node
—((% = %)%+ (¥ = ¥o)2)¥2. V, are shown in Table 1. The initial and cor-

rected frames are shown in Figure 3.

Should be added, that algorithmic imple-
mentation of the system (5) can be some
what simplified by excluding the coordinates
of fictitious nodesC andD from the calcu-
lating process. To do this we have to makg
two steps:

1) to bring the system (18) — (20) to the
static equations describing the equilibrium
of nodeV only:

Tablel

XB
_ (@] XT
Uy 84 +0y 5 35 (50) -§ Va
_(DA,V+DV,B)B5V+DSV =0, o | ¥s
- Y1
from where we can easily determine the co EC";
ordinates of nod¥. lterations 150 250
2) tg rewrite the formglas (48) and (49), o > 00001 300216
taking into account equations (18) and (20): Xy 3.00003| 4.00433
X 4.00001| 4.50216
be = (% = %) 2 +(¥r — Y)Y - 3 yE 3.49998| 4.4961
5 N12 Sl w 5.99995| 5.99219
XX H YatW _ : S [ yo || 3.49998| 3.4961
2 Xa 2 Ya (51) ) -0.35 | —0.46085
, N2 Ovg 0.15 0.07594
{2 o) Ak
2 2 B : -
¢D = ((XT _XB)2 +(yT - YB)Z)]/2 -
2 n\¥2
(X X% (W tYe _ _ CONCLUSIONS
o e o e (52)
" Demonstrated method allows not only to
X, +Xg 2 Y, + Vs 2 correct the shape of pre-formed structures,
T 2 R 2 ' but also to determine its internal efforts in the

rods. At the same time shown approach to
The values of internal forces in the rodsChOice pot_entiall ijective function; can .be
of construction can be determined from th‘greatly varied, giving scope for the Ingenuity
formula (1): of engineers and rgsearchers. In gddltlon, !t is
possible to use logical operators in correcting
the position of nodes of constructions.
All of these provides for the possibility of
application of the suggested method not only
Let's consider a few options of determin-jn tasks of theoretical and structural mechan-
ing the components of SSS of rod framejcs, but also in other fields of science and

ACVDB technology.
The values of the load vector, which act-

R;=0,0;. (53)
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OOPMOOBPA30OBAHUME 1 KOPPEKIINA
TJIOCKUX CTEPXXHEBBIX KOHCTPYKIIWIA
C HEBOJIBIIMM KOJIMYECTBOM
CBOBO/IHBIX Y3JIOB

AnHoramusi. [lyOonmukanmss ocBemiaer Ipak-
TUYECKHUE aCIEKThI METOAa KOPPEKTUPOBKU (Hop-
MBI TUIOCKHX CTEPKHEBBIX KOHCTPYKIHH, KOTO-
pBI ClieyeT TMPUMEHSATh TOCIe WX TpeaBapu-
TeNbHOTO (hOpMOOOpa3oBaHUsI. MeTo 1 TO3BOJISET
OTIpEeTISATh KOMITOHEHTBI HaIpPsHKEHHO-
Je(hOPMUPOBAHHOTO COCTOSTHUS KOHCTPYKITUH H
UMEEeT Ty K€ MaTeMaTHYeCKyl0 OCHOBY, YTO H
METOJ BBIPE3aHHs y3JIOB TEOPETUUECKOW Mexa-

ukn. Taxke, B CTaThe MPOJACMOHCTPUPOBAH
MPUHIIAIT KWCIIONB30BAHUS METOJIa Ha TpHUMEpe
KOPPEKTHPOBKUA (HOPMBI DJICMEHTApHON KOHCT-
PYKIIMU C MIAPHUPHBIM COCTUHEHUEM CTEpIKHEH.
[MpuMmep mOKa3bIBACT NPEUMYIIECTBA JAHHOTO
METOAa HaJ METOJAaMH YHUCJICHHOTO MOJCIHUPO-
BaHUs, TaK Kak He TpeOyeT CMEHbl MHCTPYMEH-
TajgpbHON 0a3bl mpu mepexoae oT (popmoodOpazo-
BaHUsI KOHCTPYKIIUU K OIMPEIACICHUIO YCHIMU B
€€ CTEePKHSX.

KiroueBbie cj10Ba: TeoMETPUYECKOE MOJie-
JUPOBaHUE, JUCKPETHAas MOJEINb, CTEP)KHEBBIE
paMHbIe KOHCTPYKIIUH, TU((epeHInaIbHbIC 3a-
KOHOMEPHOCTH, YACIICHHOE MOJICTTUPOBAHHE.
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