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[Tnockast pepma ¢ pacKOCHOM PELIETKOM U CTOMKAaMU 3arpyeHa 1o BEpXHEMY HIIN
HIWKHEMY noscy. Mckomasi 3aBUCUMOCTh Mporuda OT 4YMciia NaHeNei, pa3MepoB
(dbepMbl U HArpy3KH MOIYYaeTCs METOJIOM MHAYKIIMM Ha OCHOBAaHUM aHAJIM3a psAla
depM ¢ mocneaoBaTeNbHO YBEIUUYMBAIOIIMMCS YUCIOM NaHened. Mcnonb3yroTes
AHAJIMTUYCCKUE BO3MOXKHOCTH CHUCTEMBI KOMIIbIOTEpHOW Matematnku Maple,
NO3BOJISIIOIIME  COCTaBIATH M pellaTb PEKyppeHTHbIE ypaBHeHus. s
ONPENENICHUS] YCWIMM B CTEPKHAX MCIHOJB3YETCS METOJ BBIPE3aHUS Y3JIOB.
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Abstract

A planar truss with a diagonal grille and racks is loaded on the upper or lower belt.
The required dependence of the deflection on the number of panels, the size of the
truss and the load is obtained by induction on the basis of an analysis of a number
of trusses with a consecutively increasing number of panels. The analytical
capabilities of the Maple computer mathematics system are used, which make it
possible to compose and solve recurrent equations. To determine the forces in the
rods, the method of cutting out the knots is used. It is assumed that all the rods
have the same rigidity.
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Calculation of forces in trusses is usually done in specialized programs
based on the finite element method. With the advent of computer mathematics
systems for some types of trusses, it became possible to derive simple analytical
dependencies of forces and deformations on dimensions and loads.
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However, it is more practical to use formulas that include the number of
panels as a parameter. This substantially extends the range of applicability of the
formulas.

Previously, such solutions were obtained for a number of flat trusses [1-10],
arched [11-14], lattice [15-25] and spatial [26-29]. In [30, 31], an analytical
calculation of cable-stayed structures was given, in [32] — a pile foundation. In
[33-35] the derivation of formulas for flat scissor (sliding) mechanisms used in
transport and machine building is presented. The analytical method proved to be
very effective in the calculation of externally statically indeterminate trusses [36-
38].

Consider a symmetrical flat, unconscionable truss under the action of a load
in the middle of the span (Figure 1).

Such a scheme is quite common in practice (Figure 2), however, compact
and convenient in practice design formulas for calculating its deflection in the
known literature does not exist. In a truss with 2n panels, the number of rods is -
m=38n including three support rods. Number of hinges 4n+3. Obviously, the
truss is statically determinate and has a regular structure (formed from triangles)
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Figure 1 — Truss with load in the middle of the bottom, n=5

Figure 2 — one of the bridge spans

To calculate the forces in the rods and the deflection of the truss, we use a
well - proven algorithm based on the program [39], written in Maple. The
coordinates of the nodes are entered in the program (Figure 3).
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Figure 3— Numbering of nodes and rods, n = 3

The origin of coordinates is placed in the left stationary node (support). The
fragment of the coordinate input program has the form

>for i to 2*n-1 do

> x[i]:=a*i: y[i]:=0:

>end;

>for i to 2*n+l do

> x[i+2*n-1]:=a*(i-1): y[i+2*n-1]:=b:
>end:

The order of connecting nodes and rods is analogous to entering data of a
flat graph in discrete mathematics and has the form

>for i to 2*n-2 do
N[i]:=[i,i+1]; # HmxHNMI nDosic
>od:
> for i to 2*n do
> N[i+2*n-2]:=[i+2*n-1,i+2*n]; # Bepxumit nosic
> od:
>>for i to n do
> N[i+4*n-2]:=[2*i-1,2*i+2*n]; # packocu
> N[i+5*n-2]:=[2*i-1,2*i+2*n-2]; # packocu

>od:

>for i to 2*n-1 do

> N[i+6*n-2]:=[1i,i+2*n]; # crTornku
> od:

In the matrix of the equations of equilibrium of the nodes, the direction
cosines of the forces in the rods are recorded while observing the accepted rule of
signs of forces. Compressed rods have negative forces (these rods can lose stability
and must be calculated according to the corresponding formulas). Stretched rods
have positive forces. The deflection is calculated using the Maxwell-Mohr's
formula:

m-3
A=Y sPSPI 1 (EF).
i=1
Here: EF — the stiffness of the rods, S\¥’— the forces in the rods from a

given load, |.— the length of the rods, Si(l) — the forces from a single vertical
force applied to the middle of the lower belt. The stiffness EF is assumed to be the
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same for all the rods. The calculation of ten trusses for the load in the middle of the
lower belt (Figure 1) showed that the deflection formula has the form

A=P(@A +b’B +c°C )/ (20°EF), c=+/a® +b?. 1)
It was necessary to analyze ten deflections and obtain the following natural
numbers: 1, 6, 19, 44, 85, 146, 231, 344, 489, 670 to obtain a common term of the
sequence of coefficients a®. Finding the general term of this sequence is not easy.
The rgf_findrecur operator from the Maple genfunc package makes it possible to
obtain a linear homogeneous recursion equation of the fourth order that is satisfied
by the terms of the sequence
A =4A_—6A,+4A ;- A .
The recursive equation can be solved using the rsolve operator:
A =n(+2n%)/3.
For the coefficient at ¢*, we obtain the simple equation
C =2C ,-C, ..
The solution of this equation has the form C, =n. Similarly we find
B, =(-1)" +1.

The algorithm makes it easy to change the condition of the problem and
obtain a formula for deflection under a different load. Consider a uniform load
along the nodes of the lower belt (Figure 3). In the program, only the line of filling
the load vector B (the right-hand side of the system of equilibrium equations, the
even elements correspond to the vertical load) needs to be changed:

>for i to 2*n-1 do B[2*i]:=1; end:

For a distributed load from below (Fig. 4) applied to the formula (1), we
obtain the coefficients:

A =n’(L+5n?)/6, C . =n’, B, =(-1)"+1.
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Ifigure 4 - Truss with distributed load on the bottom belf, n=5

For a distributed load on the upper belt (Figure 5), applying the same
formula (1), we find that the coefficients are almost unchanged:

A =n’(l+5n%)/6, C, =n* B =0.
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Figure 5 — Truss with load distributed on the upper belt, n =5

The formulas obtained can be used both for checking numerical solutions

and for a simple approximate evaluation of the deformability of a structure. The
linear combination of the three solutions obtained, by virtue of the linearity of the
problem, significantly expands the range of applicability of the formulas. An
overview of some papers that used the induction method to derive the dependence
of the deflection on the number of panels is given in [40]. In [41], in addition to the
analytical calculation of the deflection, an algorithm for mounting a truss is
proposed on the basis of the method of discrete mathematics — a system of regular
coloring of graphs.
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