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A scheme of a statically definable frame with two hinged fixed supports is proposed. The induction method us-
ing the computer mathematic system Maple obtained analytical expressions for the deflection of this structure under the
action of concentrated force and load uniformly distributed over the nodes of the crossbar's belts. It is shown that for
some values of the number of panels in the crossbar and racks, the truss is kinematically degenerate. The determinant of
the system of equilibrium equations vanishes. The corresponding scheme of possible node velocities is given.
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PaccmarpuBaeTcst craTMdecku OIlpenenumasl paMa ¢ ABYMsl LIAPHUPHBIMUA HENOJIBUKHBIMHM onopamu. Mero-
JIOM MHIYKIHH C IPUBJICUCHUEM CHCTEMbI KOMIIBIOTEPHOM MaTeMaTuku Maple mnoiyueHbl aHATUTUYECKUE BhIPAKEHHS
JUIS TIpOruba 3TON KOHCTPYKIIUH MO ACHCTBHEM COCPEIOTOUCHHOW CHJIBI M HArPy3KH, PABHOMEPHO paclpeIeieHHON
0 y3J1aM MosICOB purens. [lokazaHo, 4TO MPH HEKOTOPHIX 3HAYCHUSX YMCIIA MTAHEJICH B pUTesie U CTOMKaxX GepMa KUHE-
MaTHYECKH BhIpoXxaaeTcs. OnpenenuTellb CUCTEMbl YPAaBHCHUH paBHOBECHs oOpaIraercs B Hyjb. [IpuBeneHa COOTBET-
CTBYIOIIAsi CXeMa BO3MOXHBIX CKOPOCTEH y3JI0B.

KoueBsle ciioBa: pama, ruiockas ¢pepma, nporud, MeTo MHAYKIUK, Maple, aHanuTHYecKoe pelieHue

Introduction

Hinged-pivot frames can enter as an integral part in spatial structures, for example, hulls of
industrial buildings. As a rule, the calculation of such trusses is carried out numerically, taking into
account all the features of the structure. Analytical solutions can serve either for checking and de-
bugging numerical solutions, or for a preliminary simple evaluation of the design being designed.
The most effective are those analytical solutions that are represented not by a complicated formula
with the greatest number of parameters of the system. The greatest difficulty in obtaining such for-
mulas is the consideration of numerical characteristics, for example, the number of rods or panels.
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In [1-5] by induction, calculation formulas were obtained for some statically determinate
planar frame-trusses. Polynomial formulas for deflection and forces are found in some critical rods
with respect to stability or loss of strength.
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Fig. 1. Truss: n=4, m=3

Calculation of forces in a symbolic form is carried out according to the program [6], in which the
coordinates of the nodes and the order of connection of the hinges and rods are entered. The first calculations
showed that for odd n and even m there is no solution to the problem, the determinant of the system of equi-
librium equations vanishes. The system becomes instantly kinematically variable. This is confirmed by the
obtained picture of the possible node velocities (Fig. 2). The majority of nodes remain stationary, the speeds
of others are equal to U,V and u'. Obviously the ratio of velocities u/h=v/a=2u'/c, where

c=+a’+h* . Let us consider the case m=2k —1, n=2K, and k, =k, =k .
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Fig. 2. Scheme of possible rates of the variable truss: n=2, m=2

The deflection is determined by the Maxwell-Mohr's formula [7]:
K—4
A=Y Ssl/(EF),
i=1

where: EF — the stiffness of the rods, S;

; — the forces in the rods from the load, S, — the forces in

the rods from the action of a single vertical force applied to the middle node of the lower girdle of
the crossbar, I — the length of the rods, K=8(n+m)+20 — the number of rods in the design without

taking into account four rods simulating the fixed hinge supports, which are adopted to be rigid. The
calculation shows that the general form of the formula for deflection does not depend on the number
of panels and has the form:

A=P(Ca’+Ca’+C,a’)/(4h’EF). (1)

The following non-monotonically increasing sequence is obtained for the coefficient a’:
39, 99, 1191, 379, 5895, 979, 16583, 2027, 35687, 3651, 65639, 5979, 108871, 9139, 167815,
13259. Identifying the formation of terms of this sequence allows the operator rgf findrecur pack-
age genfunc system Maple, which returns the next recursion equation of the eighth order

C,, =4C 6C,, ,+4C C

1,n Ln-2 1,n—4 L,n-6 ~ ~1,n-8*
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The solution of the equation is given by rsolve

C, =(810-9(=D")k* +6(5(-1)" =1k* +26(3(=1)* =1k —=36(-1)* +69)/3.
Similarly, other coefficients are obtained
C, =481 - (=D’ +6((-D* =DKk*> + (=D +4)k +1),
C, =2(32(1- (-D)")K® + 30((=D* =1k + 2(4(=1D)* + 5)k — 6(=1)* +3) /3.
In the case of loading by a uniformly distributed load (Fig. 3), the solution becomes more
complicated. The sequence of coefficients required for analysis is lengthened, which leads to an in-
crease in the counting time. In the case of symbolic transformations, computer mathematics systems

work much more slowly. In some cases (including for the structure under study), the solution can
not be obtained simply because of the not really long time of the transformations.
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Fig. 3. Truss with load on the lower belt: n=4, m=5

The required length of the sequence is 20, and the recurrent equation is of the tenth order:

C, = SC1,n—2 _locl,n—4 + 10C1,n—6 _5C1,n—s + Cl,n—lO'

I,n
The coefficients in (1) for this load have the form

C, = ((132-160(=1))k* +4(9(=1)" =37)k* +(76(—1) —60)k* + (148 —114(-1)*)k —33) /3,
C, =64(1— (=D))k* +32((=1)* =3)k* + (42 —8(=1))k* =4(=D)* (=1)*k — (=1)* =3,
C, =2(64(1— (=) )k* +12(4(—=1)* =9)k* + 19(=D)* +41)k* +3(1-9(—=1)" )k + 6(-1)" —3)/3.

Simultaneously with calculating the deflection in the same cycle in terms of the number of panels by
induction, one can obtain an expression for the expansion (horizontal reaction of the hinged support)
X =2kPa/h and vertical reaction Y = (4k —1)P /2. In the case of loading by one force (Figure 1), these

reactions have the form X = (1—(=1))Pa/(2h), Y =P /2.
When the upper belt is loaded, the coefficients of the solution (1) have the form
C, = (4(33-40(=1))k* —4(39(=1)" + K> + 4(22(=1)* = 57)k* +2(15(—=1)" +8)k —57(-1)" +102) /3,

C, =64(1—(=1))k* =32((=D* + DK’ + 6(4(=1)* =9)k> +4((=1)* +6)k +(=1)" +7,
C, =2(64(1— (=1))k* =4(4(=D)* +1DK> + 67((=D* =DK> + (7(=1)* +29)k —15(=1)* +12)/3.
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Fig. 4. Truss with load on the upper belt: n=6, m=5

A characteristic feature of the solution obtained is the strong jumps in the deflection when the num-
ber of panels changes. This is due to the presence in the coefficients of the terms with a factor (—1)k . That is
why to evaluate the deformation it is necessary to calculate the deflection at several neighboring nodes.

An overview of some papers containing the derivation of analytical dependences for the arch of arch
and frame structures is given in [8].
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