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A statically determinate symmetric beam-type truss has a reinforcement of the racks.
The method of induction shows the dependence of the deflection of the farm on the number of
panels. The system of symbolic mathematics Maple and the Maxwell-Mora formula are used.
Analytic expressions are obtained for the forces in some of the bars most dangerous in terms
of stability and loss of strength. It is shown that the optimal position of Sprengel's fastening is
close to the middle of the vertical rack. Special Maple operators are involved to compose and
solve the recurrence equations necessary to obtain the coefficients of the sought formulas.
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Simple analytical solutions to the problems of building structures are useful as
estimates of more complex numerical solutions that take into account a larger number of
factors. In [1], the problem of the deflection of a truss (Fig. 1) was solved under the action
of a concentrated force; in [2], a particular solution was found for deflecting the same truss

under the action of a load along the lower belt at 4, =h,. In [3], the induction method
derived a formula for the deflection of a truss under a load on the upper belt.
The considered truss has a height 4, + 4, and 2n panels in the span (Figure 1). In the



belts of the 4n rod of length a, 4n racks are high 4, and £, , one central stand is tall and 4n

long strings d, =+/a’ +h° and d,=./a’+h,’. The task is to determine the analytical

dependence of the deflection of the truss against the number of panels in the case of
uniform loading of the truss by the nodes of the upper or lower belt.
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Fig. 1. A truss with n = 6. Load on the upper belt

To calculate the forces in the rods of the truss, the program [4] is used. In the
program written in the language of symbolic mathematics Maple, it is necessary to enter the
coordinates of the nodes. We number the rods and nodes of the truss (Figure 2). We set the
origin in the left fixed support.

Fig. 2. Numbering of knots and rods, n = 2

The fragment of the coordinate input program has the form
>for i to 2*n+l do

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

>  x[i+2*n+1] :=x[i]: y[i+2*n+1l] :=hl+h2:
>od:

>for i to n do

> x[i+4*n+2] :=a*i-a: y[i+4*n+2] :=hl:
> x[i+5*n+2] :=a*i+n*a: y[i+5*n+2]:=hl:
>od:

A matrix of the system of equations of node equilibrium is formed in the program.
Among the unknowns, the reactions of the supports are included. The solution is obtained in
symbolic form. The forces are determined separately for the given load and for the unit force
applied at the deflection point. Calculation of the deflection is carried out using the Maxwell-
Mohr's formula:

K3
A=) Ssl/(EF),
i=1
where: EF — the stiffness of the rods, S,— the forces in the rods from the load, s, — the
forces in the rods from the action of a single vertical force applied to the middle node of the
lower belt, . — the length of the rods, K = 12n + 1 — the number of rods, rods, modeling

supports, they are taken rigid). The solution is successively for n = 1, 2, 3 ... Each time the



solution has the form
EFA=P(Ca’+C,d +Cid,” +C,h> + Csh) + Chhi + C, bk’ (2(h + k).

The coefficients C,,C,,...C; depend only on the number of panels and are determined
by the induction method previously used in analogous problems in [1-3, 5-11]. Identify the
recurrence equation, which is subject to the terms of this sequence can operator
rgf findrecur of the Maple system. This operator only works with an even number of
arguments, and the necessary sequence length is determined by the type of the equation
obtained (the coefficients in it must be integer) and the physical validity of the solution. In
addition, the solution is checked numerically for large values of the number of panels. The
solution of the equation is given by the rsolve operator. For the program to work, you need
to connect a special package genfunc. Here is a fragment of the program for compiling a
recurrence formula for the sequence of coefficients:

>n:='n':with(genfunc) :

>S:=seq(Cl[i],i=1. .Nmax) ;

>NN:=nops([S])/2:

>Z:=rgf findrecur (NN, [S], t,n); # The equation

> ZZ:=simplify (rsolve({Z,seq(t(i)=S[i],i=1..NN)},t)) ;# sulution
> factor (22) ; # Simplification of the formula (factorization)

All actions (matrix compilation, solution) are performed in for n to Nmax do

end loop. In the same cycle, with the help of the operator coef £, the coefficients are
determined for the degree of the given variable. The operator seq creates a sequence of
coefficients. Thus, the program compiled a recurrence equation for the sequence 0, 6, 42, 152,

400, 870, 1666, 2912, 4752, 7350 of the coefficients for a :
Q,n = SCvl,nfl - IOQ,n—Z + 106‘1,/1—3 _SQ,n—4 + C

1,n-5°
The solution of this equation has the form [3]
C, =n*(5n-1)(n-1)/6.
Similarly, recursive equations for other coefficients are obtained and their expressions
are determined
C,=C,=C,=n",C;=n"+1, C, =2n+1,C, =2n.

When loading the lower belt (Figure 3), we get the following expressions for the
coefficients:

C =n’(Sn—1)(n-1)/6, C,=C,=C, znz,C5 =n’+1, C,=2n+1,C, =2n.

Fig. 3. A truss with n = 5. Load on the lower belt



In general, the strings can be fixed not in the middle of the post. Fixing the height
H = h + h, of the truss, we study the effect of the deviation ¢ of the hinge mounting point on
the post: 4y =H /2—¢. Denote A'=AEF /(PL) the dimensionless relative deflection, where

P =(2n+1)P the total load on the truss when loading the upper belt, L =2na . Dependence

(1) shows that the minimum deflection has a truss with a joint hinge in the middle of the
column (Figure 4, — & in meters). Any displacement of the hinge causes an increase in
deflection.
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Fig. 4. Deflection depending on the number of panels

ra

However, the exact minimum is not necessary ¢ =0. Assuming the value & to be
small and using the Maclaurin expansion operator mtaylor (DEL, epsilon, 3), from the
condition dA'/ de =0 we get that the minimum deflection corresponds to the value:

oo (4n-1)c*H*?
2¢((3n* —2n+1)He+3n*(2a*> + H?))

With an increase in the number of panels ¢ tends to zero. Another useful asymptotic
analysis can be performed for the deflection function as a function of #. Judging by the curves
in Figure 3, the deflection increases with the number of panels. Accepting the previous
limitations P, =(2n+1)P,L =2na for relative deflection we have the slope of the horizontal
asymptote

limﬂ _ h’ —hh, +h’ '
n>® g 2L(h +h,)
To test the strength and stability of the structure as a whole, it is useful to know the

expressions for the forces in the most stretched and compressed elements. Consider forces in
the middle panel of the structure when loading the upper belt (Figure 5).



Fig. S. Forces in rods

The calculation shows that in some bars the forces do not depend on the number of
panels:
V,=-PQ2h +h,)/(2H),V, =-3Ph /| (2H),

D,=-Pd,/(2H), D, = Pd,/(2H),V, =—Ph | H.

By induction we obtain expressions in two other rods. The upper belt is compressed,
the lower one is stretched:

O=-U=-Pa(n’-1)/(2H).

In problems on the deflection of planar trusses, the method of induction with the
support of the Maple system was applied earlier in [2-9]. Problems in the symbolic form for
arch trusses are solved in [10-16], lattice — [17-22], spatial — [23-27]. The formula for
deflecting an externally statically indeterminate truss for an arbitrary number of panels was
obtained in [28]. In [29], the mtaylor operator was also used to study the forces of the
mounting error on deflection. Surveys of work in this direction can be found in [9,10,30].
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