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BbIBO/ 32aBHCHMOCTH NPOruda MJIOCKOH 0AJT0YHO-KOHCOJIbHOI GepMBbI OT
yHciIa maneeii B cucreme Maple

Jlomanoe Eezenuti Bukmoposuu
HUY « MOy
Cmyoenm

AHHOTALIUA

Cratnuecku onpenenumasi pepmMa paBHOMEPHO 3arpyXaeTcs MO y3JIaM BEPXHETo
nosica. KoHconbHbIe YacTu UMeIOT 1o onHoi manenu. KoadduumeHntsl popmysl
NOJIYYalOTCS MO MHAYKIMM HAa OCHOBE psjaa pemeHuil ansa  depMm ¢
IIOCJIEA0BATEIbHO YBEJIMYMUBAIOIIMMCSA YMCIOM IaHelen. Ui  HaXOoXIAeHUs
nporu0a ucnonb3yercss @opmyina Makceemna - Mopa. Bece crepxkHu ¢depmbl
UMEIOT OJJMHAKOBYIO JKE€CTKOCTh. /{151 mpumepa mocTpoeHbl rpaduKy NOJTy4YEeHHOU
HEMOHOTOHHOM 3aBUCHUMOCTH.
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Abstract

A statically definable truss is uniformly loaded over the nodes of the upper belt.
Console parts have one panel each. The coefficients of the formula are obtained by
induction on the basis of a number of solutions for trusses with a consistently
increasing number of panels. To find the deflection, the Maxwell — Mohr formula
is used. All truss rods have the same stiffness. For example, graphs of the obtained
non-monotonic dependence are plotted.
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In most cases, the truss used in construction and engineering, have supports
at the ends, ensuring the overlap of some workspace. However, if the same
structure is slightly extended beyond the supports, the resulting console can serve,
for example, to protect the walls of the building from rain or simply serve as a
decorative part of the structure. This poses a separate challenge for the engineer in
calculating such a design.

In this paper, the task is to derive the analytical dependence of the
deflection of the cantilever structure (Fig. 1) from the number of panels. To
calculate the forces, we apply the program [1]. Previously, this program was used
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in a number of analytical calculations of frame and arch [2-6], lattice [7-13],
externally statically indeterminate [14-16] and spatial trusses [17-22].

In the truss under consideration with n panels in half of the span the number
of rods — n, =8n+4, including three support rods. The number of joints (nodes)
— m=4n+5. For these nodes, the equilibrium equations in the projections on the
coordinate axis are compiled.
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Figure 1 — Truss under load, n=4.

We take as a basis the program [1] of calculation of coefficients of this
system. The program must enter the coordinates of the nodes and the order of
connection of nodes and rods. The program of input of coordinates (the origin in
the left support) in language of system Maple has the form

>for i to 2*n+l1 do

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

x[i+2*n+1] :=a*i-a:y[i+2*n+1] :=h:
od:

The coordinates of supporting points (fixed on the basis) are

x[m-2]:=-3: y[m-2]:=0:
x[m-1]:=a:y[m-1]:=-2:
x[m] :=2*n*a-a: y[m]:=-2:
end:

Here, the lengths of the support rods are taken arbitrary. These rods are rigid
and nothing depends on their length. All actions are recorded in cycles. The
structure of the joints of nodes and rods (node number at the beginning of the rod
and the number at the end) for the diagonal lattice truss is somewhat more
complicated than in simple beam trusses. In this case, the grid is entered by
operators

>for i to 2*n do

N[i]:=[1i,i+1];

N[i+2*n] :=[i+2*n+1l,i+2*n+2];
end:
>for 1 to n-1 do
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N[i+4*n] :=[1i+2,i+2*n+1];
N[i+5*n-1] :=[i+n,i+3*n+3];

end:
N[6*n-1]:=[2*n+3,1]: N[6*n] :=[4*n+1,2*n+1]:

>for i to 2*n+l do N[i+6*n] :=[i+2*n+1l,i]; end;

To calculate the deflection, the Maxwell — Mohr formula is used in the form
of:

ns—3
A=Y SISO | (EF).

i=1
Here it is indicated S® — forces in the rods from the given load, I, —

lengths of rods, Si(l) — forces from the unit force applied to the middle of the

lower belt, EF — stiffness of the rods. Induction on ten trusses for load from above
(Fig. 1) showed that the formula for deflection has the same form

A=P@A +h*H_+c*C. + f°F.)/ (EFh?), 1)

where f =+a?+h?, c=+4a%>+h? and a=Ln/ 2. When a common term of the

coefficient at a® sequence was found, it was necessary to analyze 12 deflection
expressions and obtain the following numbers: 8, 75, 192, 517, 1032, 1975, 3328,
5409, 8200, 12099, 17088, 23645, 31752, 41967. The regularity of the formation
of these numbers (the General term of the sequence) can only be found
programmatically. Operator rgf_findrecur from genfunc package of Maple to the
members of the sequence of derived linear homogeneous recurrence equation of
the seventh order
Av=3A — A2 —OSA 3 +OA 4+ A s —3A g+ A7

With the help of the rsolve operator, a polynomial solution of the recurrent
equation is obtained, which sets the desired formula for the coefficient at a® in the
formula (1)

A =(0n* —40n° +44n* + (22+30(-)")n-3B+(-1)") /12 . (2
Similarly, we find that the coefficient H, and C_ satisfies the same

homogeneous equation
Hn = anl + 2Hn72 - 2Hn73 - Hn74 + Hn75
and have form

H. =(2n*+(6(-1)" +18)n+3(-1)" +5) /8, (3)
C.=2n° +2((-D)"-)n+1-(-1"))/8 . 4)
Coefficient F, satisfies the homogeneous equation
F=2F ,—F_,.

For the coefficient F_ , the solution is as follows
F=(@A+CFD)"Yn+-D)"+1)/2. (5)
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The curves in figure 2 are constructed for dimensionless relative deflection
A'=AEF / (PL) at a span length of L=100 m and a height of 3 to 5 m for the total

load P=PR./(2n+1)
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Figure 2— Dependence of deflection on the number of panels

A review of some similar works using the program [1] in flat truss deflection
problems is performed in [23, 24]. In [25,26] in addition to the solution of the
deflection problem, a wiring diagram of the lattice truss and an algorithm for its
preparation are given. This task is important for the design of the lattice, taking
into account the location of the individual rods, in which they do not experience
forced bending at the intersection. The induction method is quite universal. In [27]
this method solves the problem of deformation of the regular pile foundation, in
[28] — the solution of deformation of the elastic suspension of the micromechanical
wave solid-state gyroscope.
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