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[Inockast cTaTUYECKH ONMpeAeanuMas CUMMETPUYHAsE KOHCTPYKIIUS, COCTOSIIAs U3
purens U JByX OOKOBBIX OMOPHBIX (pepM, 3arpykeHa IO y3jaM HIDKHEro Iosica
paBHOMEPHOU Harpy3koil. KOHCTpyKIIMSI UMEET YEThIPE OMOPhI, OJHA U3 KOTOPBIX
HEMOJBW)KHAS, JApyrue TNOABMXKHBIE. Jlns BbIBOJA HCKOMOW 3aBUCUMOCTHU
MPUMEHSIETCA METOJI UHAYKIUH U CIIELUATIbHBIE ONIEPATOPbI CUCTEMbI CUMBOJIBHOM
matematuku Maple. [l BblYMCICHHS Tporuba HCHONb3yeTcss  (popmyria
Makcgeina - Mopa. PaccMoTpeHs! 1Ba BapuaHTa KpPEIUIEHUS PAMBI.
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Abstract

A flat statically determinate symmetrical construction consisting of a crossbar and
two lateral support trusses is loaded over the nodes of the lower belt by a uniform
load. The structure has four supports, one of which is fixed, the other are movable.
To derive the required dependence, we apply the induction method and special
operators of the system of symbolic mathematics Maple. To calculate the
deflection, the Maxwell-Mohr’s formula is used. Two variants of supports of the
truss are considered..
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A flat frame structure (Fig. 1) can be used in spatial structures - warehouses,
hangars, etc. The frame is statically determinate, it contains 2n horizontal panels in
the crossbar, m panels (vertically) in the side racks. In total, in the design of the
rods — K =8(n+m)+18 including five rods, which simulate four supports

(Figure 1). Number of internal joints — 4(n+m)+9. The task is to obtain an

analytical dependence of the deflection of the structure (vertical displacement of
the assembly in the middle of the lower belt of the crossbar) from the numbers n
and m that define the configuration of the structure.
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Figufe 1- T'russ'at af n= 3, m=2

Efforts in the rods of the truss are determined using the algorithm [1]. The
rods and knots are numbered (Figure 2).
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Figure 2 — Numbering of nodes and rods forn =2, m =2

The coordinates of the nodes and the order of joining the rods and knots are
entered in the program. In the symbolic form, a system of equations of node
equilibrium is compiled and solved. There are expressions for the forces in the rods
and the reactions of the supports, also included in the number of unknown systems.
The system is externally statically indeterminate [2-6], which does not allow us to
find the reactions of the supports from the equilibrium equations of the structure as
a whole. The values of the forces are substituted into the Maxwell-Mohr’s formula
with summation over all the bars, except for the five reference ones, taken rigid:
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K-5
A=P) SH, 1 (EF). (1)
i=1
Here is denoted: S,— the forces in the rods from a single load in the direction
of the desired displacement, applied to the average evil of the structure, . — the
length of the rods, EF — the rigidity of the rods. The solution has the form
A=(Ca’+C,.’+C,h’)/ (h*EF), (2)

where ¢ =+a’ +h? , and the coefficients are determined by induction.

It is noted that for m = 1,4,7, ... the determinant of the system of equations
turns to zero, which indicates the geometric variability of the farm [7-11].
Excluding these numbers from the analysis, we set the sequence in the form

m=(1-(-1)* +6k)/4,k =12,3,... The number of panels in the crossbar n does not

affect the geometric variability of the truss. The patterns are based on a sequence
of calculations in double induction first for n = 1,2,3 ..., then for k = 1,2,3 .... The

calculation reveals the sequence of coefficients at a°, c®,h®. Maple operators
rgf_findrecur and rsolve give the following expressions
C,=(8n°+24n* +25n+9) /3,

C,=(2n+3-(-D" +6k)/2,
C,=(5+14k —5(-1)")/ 4.

If we fix the supports at the corner points of the side trusses (Figure 3), then
the stressed state of the structure changes abruptly.
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Figure 3 — Supports at the corner points of the frame, n=m =3

The cases of geometric variability of the structure also disappear. The
coefficients in (2) take a simpler form
C,=n@n*+1)/3, C,=n, C,=m.
Similarly, we define the deflection from the effect of distributed load on the

lower belt (Figure 3). The formula for the deflection has the same form (2), but
with the coefficients
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C, = (10n* +40n® +35n* —10n—9) / 3,
C,=n"+(2m+1)(2n-1),
C,=(5(2n-1)(1—-(-1)*) +14k(2n-1)) / 4.
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Figure 4— Load on the lower belt of the truss

Under this load, the extreme supports are unloaded, and the internal

reactions are also determined by induction and have the form: Y, =P(2n-1)/2.
The supports do not depend on the number m of reactions.

Analytical solutions for plane arches obtained with the application of the

program [1] are given in [12-17]. In [18], the inductive method is applied in the
problem of optimizing a truss from rheological material.
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