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Abstract

The lattice frame has four rod-type supports. The load is applied evenly over the
nodes of the upper belt. The dependence of the deflection of the frame on the
number of panels in the crossbar at a fixed number of panels vertically is obtained.
To solve the problem, the Maple computer mathematics system is used. An
inductive method is used to generalize a number of particular solutions to an
arbitrary case. When calculating the deflection, the Maxwell-Mohr formula is used.
For some values of the number of panels, the case of degeneration of the
determinant of the equilibrium equations is observed.
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The truss grating with height mh+h (Fig. 1) with span consisting of 2n
panels of length a is loaded along the upper girder belt. Four pillars make the
structure is externally statically indeterminate. Reactions of supports in such
systems (if it is, of course, not a composite frame with one articulating hinge) can
be found either from the General system of equilibrium equations of all nodes, or
on the principle of possible displacements. The first method is preferable, since to
determine the deflection it is still necessary to make the equilibrium equations of
all nodes and determine the forces in all rods. Here the task is not only to find the
deflection, but also to display the analytical (formula) dependence of the deflection
of the structure on the number of panels. This is necessary, firstly, to expand the
scope of the solution, and secondly, to analyze it. To calculate the forces, we apply
the program [1]. Previously, this program was used in some analytical calculations
of arch [2-9], spindle [10-13], spatial trusses [14-18] and multi-lattice trusses [19-
26].

In the truss under consideration with n panels in half of the span the number
of rods — N, =8n+8m+20, including four rods modeling supports. These rods
are assumed to be non-deformable and are not included in the deflection
calculation. For farm nodes, equilibrium equations in projections on the coordinate
axis [2-8] are compiled.
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Figure 1- Truss at n=5, m=6
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The program must enter the coordinates of the nodes and the order of
connection of nodes and rods. Nodes and rods are numbered (Fig. 2).
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Figure 2 - Numbering of nodes and rods at n= 3, m=6

The fragment of the program of input of coordinates of nodes in language of
system of symbol mathematics Maple has the form

>for i to 3 do
x[i] :=a*i-a; y[i]:=0;
> x[i+2+2*n+2*m] :=2*n*a+a+i*a; y[i+2+2*n+2*m] :=0;
>end:
>for i to m do

> x[i+3]:=2%*a; y[i+3] :=h*i;
> x[i+24+2*n+m] :=2*a+2*n*a; y[i+2+2*n+m] :=m*h-h*i+h;
> x[i+5+2*n+2*m] :=0; y[i+5+2*n+2*m] :=h*i;

> x[i+3*m+4*n+10] :=2*n*a+4*a; y[i+3*m+4*n+10]:=m*h+h-h*i;
> end:
>for i to 2*n-1 do
x[i+3+4m] :=a*i+2*a; y[i+3+m] :=h*m; od:
>x[3*m+2*n+6] :=a/2:y[3*m+2*n+6] :=h/2+m*h:
>for i to 2*n+3 do
> x[i+3*m+2*n+6] :=a*i; y[i+3*m+2*n+6]:=h*m+h; od:
>x[3*m+4*n+10] :=x[3*m+4*n+9]+a/2: y[3*m+4*n+10] :=m*h+h/2:

The order of connections of nodes and rods is introduced by operators with
special vectors containing numbers of the ends of the corresponding rod (by
analogy with the task of a flat graph in discrete mathematics). The solution of the
system of linear equations in symbolic form (the operators of the system of
symbolic mathematics Maple [1]) gives expressions for the forces in all rods. To
calculate the deflection, the Mohr's integral is used in the form of:

Ns—4
A= SPSPIL [ (EF).
i=1

Denoted: EF — the rigidity of the rods, S{”’— the forces in the rods of the
truss from a given load, I, — the length of the rods, S" — the force from a single
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force applied at the middle node of the lower belt. The total load in the considered
problem is equal P, =P(2n-1).
It is noticed that for odd values of m the determinant of the equilibrium

equations system turns to zero. We calculate at m=6 and n=3. Induction on 22
farms gives the formula for the deflection of the form:
A=P(@’A +c’C_+h°H_)/(4h’EF). 1)
Upon detection of a General member of the sequence of coefficients a®
needed to perform the 22 expressions of deflection and to obtain the next natural
number: 176, -208, 288, -96, 360, 1376, 1080, 5920, 3776, 15888, 10416, 34272,
23608, 64704, 46600, 111456, 83280, 179440, 138176, 274208, 216456, 401952.
It is difficult to find a common term of this sequence by conventional methods.
The rgf_findrecur operator of the genfunc package of the Maple system for the

sequence members can obtain a linear homogeneous recurrence equation of the
ninth order:

Ah = A]—l +4A1—2 _4A1—3 _6A1—4 + 6A1—5 +4Ah—6 _4'0}1—7 - Ah—s + Aw—g'

The rsolve operator finds the solution of the equation that sets the desired
formula for the coefficient at a°

A = (10n4 +(-30+44(-1)")n° + (46 -102(-1)" )n* + (153-521(-1)")n - 291(-1)" + 99) /6

Similarly, in the analysis of numerical series 198, -111, 342, -155, 494, -191,
654, -219, 822, -239, 998, -251, 1182, -255, 1374, -251, 1574, -239, 1782, -219,
1998, -191, we find that the coefficient C, satisfies a homogeneous equation of the
fifth order C,=C, ,+2C, ,-2C, ,—-C, ,+C, , and has the form

C, =n*+(20—48(-1)")n—94(-1)" + 35,

In turn, for the coefficient H_ of the numerical series: 158, 0, 290, -24, 422,
-48, 554, -72, 686, -96, 818, -120, 950, -144, 1082, -168, 1214, -192, 1346, -216,
1478, -240 the following homogeneous equation of the fourth order is obtained:
H,=2H, ,—H,_,, and its solution has the form:

H. =(27-39(-1)")n—34(-1)" +58.

The curves in figure 3 is constructed according to the formula (1) for the
dimensionless relative deflection A"=AEF /(LR,) , P, =P(2n+3) at a span length
of L=100 m. The length of a panel depends on the span: a=L/(2n).
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Figure 3 - dependence of deflection on the number of panels

It is interesting to note that at n=2 the middle point of the frame under load
does not fall, as one would expect, but rises.

As you can see, with increasing the height of the truss and n > 5 the number
of panels does not affect the amount of deflection in such a setting.

The graphical tools also allow Maple to give a clear picture of the
distribution of stresses in the bars of the frame. In figure 4, stretched bars are
highlighted in red, compressed bars are highlighted in blue. The thickness of the
lines is proportional to the relative forces S, /P whose values are specified. It is

interesting to note that the most compressed rods were in the middle of the
supporting parts of the truss on the outside, and the most stretched are located in
the upper belt, which never happens with such loads in beam trusses.
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Figure 4 - Force distribution, a=2m, h=3m

The method of induction and the program of calculation of forces in the

Maple language was also used in the calculation of the cable — stayed system [27],
the planar frame [28, 29], the frame of the ship modeled by the truss [30], the
tower structure [31], the broken truss [32].

A review of some similar works using the program [1] in the problems of

planar trusses deflection is performed in [5, 34, 35].

The formula for the deflection of the considered frame at m=4 and the

loading of the lower belt is obtained by the authors in [36].
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