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Abstract

The task is to obtain an analytical dependence on the number of panels of the
deflection of a flat symmetrical truss under the action of a load uniformly
distributed over the nodes of the upper belt. It is assumed that the rods of the truss
are elastic, the stiffness of the rods is the same, and the hinges are ideal. By
induction, a series of solutions for trusses with a different number of panels is
generalized to an arbitrary case. All transformations are performed in the computer
mathematics system Maple. The deflection is sought by the Maxwell-Mor formula.
Keywords: truss, Maxwell -Mohr's formula, deflection, induction, Maple

Externally statically indeterminate trusses are much more difficult for both
numerical and analytical research. Forces in the rods and the reaction of supports
in such structures must be determined jointly, from the solution of the general
system of equilibrium equations for all nodes of the truss. The usual «manual»
methods of determining the forces (the Ritter method and the method of cutting
nodes) are not suitable here. Consider a truss with two additional support rods (Fig.
1). Analogous trusses (Fig. 2.3) with other types of supports were studied in [1, 2].
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In the truss n panels on the lower belt, the total number of rods —
n, =4n+18,including five support rods. To determine the forces in the rods, for

the nodes of the truss, equilibrium equations are drawn up in the projections on the
coordinate axes.
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Figure 2—Truss [1] Figure 3—Truss [2]
The coordinates of the nodes and the structure of the connection of the rods
are entered in the text of the program [3]. The fragment of the coordinate input
program in Maple has the form:

for i to 3 #Lateral hinges

do
x[i] :=a*(i-1): y[i] :=4*h-h*i:
x[i+n+4] :=3*a+2*n*a+a*i: y[i+n+4] :=h*i;
end:
Hinges of the lower belt:
for i to n+l do x[i+3]:=a+2*a*i:y[i+3]:=0: end:

Hinges of the upper belt:
for i to n+2 do x[i+n+7]:=2*a*i:y[i+n+7] :=3*h:end:
The order of connections of nodes and rods is introduced by operators
for i to n+6 do Q[i]:=[i,i+1]  ;end:

Q[n+7] :=[1,n+8];Q[n+8] :=[2*n+9,n+7] ;
for i to n+l do Q[i+n+8]:=[i+n+7,i+n+8] ;end:
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for i to n+2

do

Q[i+2*n+9] :=[i+1l,i+n+7]:
Q[i+3*n+1l] :=[i+n+7,i+4]:
end:

Here we introduced special vectors Q with end numbers. In the process of
counting, it is noted that for certain values of the panel numbers, the determinant of
the system of equilibrium equations degenerates [1,2,4-11]. This corresponds to the
kinematic degeneracy of the structure. In order to exclude from the sequence of
numbers the values at which this occurs, the following function was introduced

1 . 3 3
k= 4( 1) 4+2u, u=123,.... (1)
Only even numbers of panels n = 2k — 1 are accepted.
The deflection is calculated using the Maxwell-Mohr's formula:

ns—5
EFA=Y S™sYI.
i=1

Indicates: |.— the length of the rods, S!¥’— the forces in the rods from a

given uniform load, Si(l)— the forces from a single vertical force applied to the

middle of the upper belt (at the knot where the deflection is determined), EF—
stiffness of the rods. The stiffness is assumed to be the same for all rods in the
truss (except supports). The calculation of eighteen trusses for the load in the
middle of the lower belt (Figure 1) showed that the deflection formula has the
same form

A=P(a’A, +¢°C,)/ (2EFh?). )

The investigated truss belongs to the number of regular ones, for which,
regardless of the number of panels, the form of the solution does not change. The
problem of the existence of regular statically determinate trusses was studied in
[12]. It is necessary to find expressions for the coefficients of this formula. When a
common term of the sequence of coefficients was found, it was necessary to
analyze 18 deflections and obtain the following numbers: 1, -19, 65, 129, 1037,
1785, 5173, 7733, 16169, 22197, 39161, 50841, 80725, 100769, 148877, 180525,
253073, 300093, 404209. Using the rgf findrecur operator from the package
Maple genfunc for the members of the sequence, a linear homogeneous recurrence
equation of the ninth order

A=A +4A 2 —4A 3 -6A 4 +6A, s +4A ¢ —4A 7 - A gt Ay
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The rsolve operator gives a solution to the recurrence equation that specifies
the desired formula for the coefficienta® in formula (1)
A, =30u” + (=120 -16(-1)")u® + (18(-1)" +122)u* +

+(—24-16(-1)")u—-19-5(-1)") /8. (3)
For the coefficientC,, the solution has the form
C, =(6u*—6(1+(-)")u—(-1)"+13)/4. 4)

Figure 4 shows the curves of the relative deflection A'=AEF /(P,L) versus

the number u (1), which characterizes the number of panels at L=an=100 w,
P,=(n+4)P.
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Figure 4 — Dependence of the deflection on the number of panels

The spasmodic change in the deflection characteristic of such trellis farms is
noticeable. Similar effects were previously observed in lattice farms [13-21].
Formulas for the arch of arch trusses using the same technique were found in [22-
33]. More complex problems of deformation of spatial structures by induction are
solved in analytical form in the Maple system in [5, 34-39]. All these solutions can
find application in the estimation of solutions obtained numerically [40-42].
Surveys of analytical solutions for planar trusses are given in [43-45].
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