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[IpuBOoUTCS BBIBOJA 3aBUCUMOCTH MpPOrvMOa IJIOCKON CTAaTUYECKU OMpeesIMMOM
dbepMbl OT uuKclia TIaHENIeW MpU 3arpy>KEHUU CUIIOW B cepeauHe mposiera. Jlis
pelieHrs TIOCTaBJIEHHOM 3aJauyd MPUMEHSIETCS METOJl HMHAYKIMM MW CHUCTeMa
cuMBOJIbHOM Matematuku Maple. CocTaBisioTcs W pEIIaOTCs PEeKyppPEHTHBIC
ypaBHeHUs 11 KOI(PGUUIUEHTOB (OPMYJbl, TMOJIYYEHHBIX TIPU PEIICHUU
MOCJIEIOBATEIBLHOCTU 3a7]a4 O Mporude Gepmbl ¢ pa3IUYHBIM YHCIOM IaHEJeH.
Yeunust B CTEPKHIX HAXOASATCS METOJIOM BBIPE3aHHUS Y3JI0B, NMEPEMENIEHUE —IIO0
dbopmyrne Maxkcpenna - Mopa. Ilpennonaraercsi, 4To *KECTKOCTh BCEX CTEp)KHEU
OJIMHAKOBasi, a ONOPbI HeiehOPMUPYEMBIE.
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Abstract

The derivation of the dependence of the deflection of a planart statically
determinate truss on the number of panels under the load of force in the middle of
the span is given. To solve this problem, we use the method of induction and the
system of symbolic mathematics Maple. We compose and solve recurrent
equations for the coefficients of the formula obtained in solving a sequence of
problems on the deflection of a truss with a different number of panels. The forces
in the rods are found by the method of cutting out the knots, the displacement by
the Maxwell-Mora formula. It is assumed that the rigidity of all rods is the same,
and the supports are not deformable.
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The scheme of the truss with two lateral horizontal struts is proposed. The
truss has a diagonal grid (Fig. 1). A similar truss under the action of uniform
loading along the lower belt and in the middle of the lower belt with a similar
lattice, but with other additional support bonds was considered in [1]. To obtain the



[Toctynar. 2018. Ne6 ISSN 2414-4487

dependence of the deflection on the number of panels, it is necessary to calculate a
series of trusses with a different number of panels, and then generalize these
solutions to an arbitrary case. In [2-8], the method of induction was used to solve
similar problems for planar trusses. In [9-15] by the induction method, fairly
simple formulas for the dependence of the deflection on the number of panels for
some regular trusses of arched form were found. Even more complex problems on
the deformation of spatial trusses with an arbitrary number of panels in an
analytical form are solved in [16-21]. Separately, solutions can be identified for
lattice and externally statically indeterminate trusses [22-28]. The problem of
deformation of a pile foundation with an arbitrary number of piles by induction
was solved in [29].

The considered truss, despite four supports (Figure 1), is statically
determinate. In a truss with 2n panels on the upper belt, the number of rods —
M = 4n +18 including five support rods, the number of hinges — m=2n+14.

Figure 1 — Truss with load in the middle of the top belt

Calculation of the deflection begins with the determination of the forces in
the rods. In the program [30], the coordinates of the nodes and the order of
connection of the nodes and rods are entered. The fragment of the coordinate input
program in the language of the Maple system has the form

>for i to 3 do

x[i] :=a*(i-1): y[i]:=(4-1i)*h:
> x[i+n+4] :=(3+2*n+i) *a: y[i+n+4] :=h*i;
>od:
>for i to n+l do x[i+3]:=a+2*a*i:y[i+3]:=0: od:

>for i to n+2 do x[i+n+7]:=2*a*i:y[i+n+7]:=3*h: od:

The coefficients of the system of equations of node equilibrium (direction
cosines of forces) are determined by the coordinates of the nodes and the structure.
To calculate the deflection, the Maxwell-Mora formula is used in the form:

M-5
A=Y SPSOL [ (EF).
=1

Here: EF — the stiffness of the rods, S{” — the forces in the rods from a

given load, I.— the length of the rods, S — the forces from a single vertical

force applied to the middle of the upper belt. The stiffness EF is assumed to be the
same for all the rods.
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Calculations show that for some numbers of panels the determinant of the
system of equilibrium equations turns to zero. We introduce a function that takes
on natural numbers only the admissible values of the panels n =3, 5,9,11,15,17, 21

. Only odd numbers are considered when there is a central point on the upper
belt to which the force is applied. The function has the form

k=(1+6u—(-1)")/4,n=2k-1,u=123..

Induction on ten trusses showed that the deflection formula has the same
form

A=P(@°A, +c’C,)/(EFh?), c=+a*+h’.

If a common term of the sequence of coefficients a® was found, it was
necessary to analyze 12 expressions of deflection and obtain the following series
of coefficients: 9, 34, 66, 139, 219, 364, 516, 757, 1005, 1366, 1734, 2239. To
reveal the general term of this sequence in manual enough complicated. The
rgf_findrecur of the Maple system genfunc of the Maple system for the terms of
this sequence Yyields the following linear homogeneous recursion equation of the

sixth order
A=2A L+ AL —4A +A L H2A - A
For the coefficients ¢, a simpler equation
Cu = Cufl + Cufz - Cu73
Solving recurrence equations with the help of the rsolve operator, the
following regularities are obtained for the coefficients:

A, = (4u® +12u® + (20 +6(-1)")u +(-1)"* +5) / 4,
C,=(6u+(-1)"*+5)/4.
The graph of the dependence of the dimensionless deflection
A'=AEF / (PL) on the number of the parameter u, which determines the number

of panels (Fig. 2), despite the appreciable jumps, suggests the presence of an
asymptote. Indeed, there is a limit

limAYu=3h/(2L) .

U—o0

Taking into account that at the beginning of the graph the deflection drops,
and then there is an oblique asymptote with a positive inclination angle, it can be
asserted that the obtained dependence has a minimum. This can be used to
optimize the rigidity design.
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Figure 2 — Dependence of the deflection on the number of panels, L=4na=100m

A review of some papers using the method of induction can be found in

[15,31]. In [32], using the same approach, an analytical solution was given ont the
optimal truss with allowance for creep.
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