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Abstract

A planar statically determinate truss is loaded on the half of the lower belt by a
uniform vertical load. The lattice of the truss is triangular. The dependence of the
deflection of a truss on the number of panels is derived by induction using special
operators of the computer mathematic system Maple. The deflection is found using
the Maxwell-Mora formula.
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In the truss with n panels in half of the span, the number of rods with
supports - n, =8n+ 2, the number of nodes with supports - m=4n+4 (Figure 1).
The task is to obtain an analytical dependence of the deflection of the truss on the
number of panels. This problem was previously posed and solved in a number of
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papers [1-5]. The load in all these works was assumed to be symmetric. However,
in order to obtain a complete picture of the deformability of the truss, it is
necessary to solve the problem with the load in different parts of the span. Let the
load be applied on the left side of the span. Calculate the deflection of the truss in
the middle of the span.
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Figure 1 - The truss at n = 3. Load on the lower belt

Forces in the truss are determined according to the program [6], used earlier
for solving similar problems for flat [7-17] and spatial [18-25] trusses. Figure of
the numbering the rods and knots:
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Figure 2 - Numbering of nodes and rods for n = 3

Here is a small fragment of the coordinate input program

for i to 2*n+l do x[i]:=a*i-a: y[i]:=0: od:
for i to 2*n do x[i+2*n+l]:=a*i-a/2: y[i+2*n+l1l]:=b: od:

The structure of the lattice is given like in the graph theory by means of
vectors, with the numbers of the ends of the rods. In the cycle of i, the numbers of
conditional ends of the bars of the lower belt are given:

>for i to 2*n do Nbeg[i]:=i; Nend[i] :=i+l; od:

Similarly, we have vectors for the upper belt:

>for i to 2*n-1 do
Nbeg[i+2*n] :=i+2*n+1; Nend[i+2*n]:=i+2*n+2;
od:

For braces, we write
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for i to 2*n do

> Nbeg[i+4*n-1]:=i; Nend[i+4*n-1]:=i+2*n+1;

> Nbeg[i+6*n-1]:=i+1l; Nend[i+6*n-1]:=i+2*n+1;
> od:

Supports:

Nbeg[8*n] :=1: Nend[8*n] :=4*n+2 :
Nbeg[8*n+1] :=1: Nend[8*n+1] :=4*n+3 :
Nbeg[8*n+2] :=2*n+1: Nend[8*n+2] :=4*n+4 :

The system of linear equations in the program is solved in symbolic form.
Expressions are obtained for the forces in the rods and the reactions of the
supports, which also enter into the number of unknown system of equations. These
values enter into the Maxwell-Mora formula, which has the form:

n,—3
A=Y PSP [ (EF).

i=1
It is indicated: S — the forces in the rods from the given load, I. — the
length of the rods, S® — the forces from the unit force applied to the knot of the

lower belt in the middle of the span, EF — the rigidity of the rods. The solution for
trusses with an arbitrary number of panels has the form

A=P(C,a*+C,c%) / (8b°EF). (1)

Here c=+a?+4b? . The calculation of a series of trusses reveals sequences

of coefficients for a® and c®. Operators of the Maple system rgf_findrecur and
rsolve from the solution of recurrence equations

C1,n = 5C1,n—1 _locl,n—Z +10C1,n—3 - 5Cl,n—4 + Cl,n—5’
C2,n = 3C2,n—1 - 3C2,n—2 + C2,n—3
give the following patterns:
C,=n(10n*+8n*-n+1)/6, C,=n(l+n)/2. (2)
Note that the normal operation of rgf findrecur requires an even number of
elements of the analyzed sequence of such length that the corresponding recurrence
equation would have integer coefficients. For example, if we limit ourselves to

only eight calculations with the number of panels from 1 to 8, then the «truncated»
sequence 3, 37, 170, 510, 1205, 2443, 4452, 7500 will give the following result

1831756 1123438 966132 1013579
C(n)="3g6250 “(" 1)~ 1753 (" ~2) T 158753 “(N~3) ~ 356259
There is no solution to this equation. Note that the coefficient at C,_,

1831756/386259 is 4.74, which is already close to the true value of 5. The order of
the recurrence equation is half the length of the required sequence of coefficients.

C(n-4)
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The verification of the solution (1) with the coefficients (2) can be performed
numerically, setting the numerical program in place of the symbolic values of the
dimensions in the same program.

Surveys of some papers using the induction method in combination with the
capabilities of the Maple system are given in [26, 27].
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