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[Tnockas hepma ¢ poMOMUECKOW PEIICTKON MMEET JABE HEMOJBHKHBIC OMOPHI U
OTHOCHUTCS K KJIACCy pacHoOpHBIX KOHCTpykKmui. CTaBUTCS 3amada BBIBOJA
3aBUCUMOCTH Tporuba OT 4Ymclia maHene. PaccMoTpeHo Tpu THIa Harpys3ok.
Yeumus B CTepXKHAX (PepMbl M pEakIWK OMOp HAXOIATCS C IOMOIIBIO METO/a
BBIpPE3aHus y3J10B. J{JIs1 BBIYKMCIICHUS TepeMENIeHuUs TPUMEHIeTCsl nHTerpain Mopa.
MeTonoM WHAYKIUU P peuieHud g GepM ¢ pa3IuyHbIM YKCIOM IaHelen
o0o0IaeTcs Ha TMPOU3BOJIBLHOE YHUCIIO TMaHenel. Beruucienus ycwimii u
aHAIUTUYECKHE TIPeoO0pa3oBaHUsl BBINOJIHEHHl B CHUCTEME KOMIIBIOTEPHOU
maTtematuku Maple.
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Abstract

Flat truss with rhombic lattice has two fixed supports and belongs to the class of
spacer structures. The problem is to derive the dependence of the deflection on the
number of panels. Three types of loads are considered. The forces in the truss rods
and the reactions of the supports are found by the method of cutting the knots. To
calculate displacement applied integral Mohr. To generalize the solution to an
arbitrary number of panels used the induction method. A number of solutions for
trusses with different number of panels is generalized to an arbitrary number of
panels. Computing forces in the rods and the analytical conversion are made in the
system of computer mathematics Maple.
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In [1], the rigidity of the truss (Fig. 1) is calculated for the load on the upper
and lower belts. The h — height truss has n panels of length a in the half span of
the upper belt. Number of rods M=4n+4 including four support rods. The task is
to supplement the solution [1] by calculating separately for the load on the lower
belt, the upper belt and the load in the middle of the span. To determine the forces
in rods, the program [2] is used, which makes it possible to obtain the forces in the
rods in symbolic form. For the same program using the induction method,
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solutions were previously obtained for the deflection of flat trusses [3-11], lattice
[12-21], arched [22-25] and spatial [26-29] ones. The method of induction was also
used for the analysis of sliding («scissor») mechanisms [30-33], cable-stayed
structures [34, 35] and pile foundations [36].

P {P *P {P

{P

h/2

h/2

Figure 1 - Truss with load from above, n =6

Input coordinates (origin in the leftmost hinge of the upper belt) has the form
(Figure 2):

>for i to n+l do x[i]:=a*i-a: y[i]:=h:od:

>for i to n-1 do x[i+n+2]:=a*i: y[i+n+2]:=0:0d:
>x[n+2]:=a/2:x[2*n+2] :=n*a-a/2:#
>y[n+2],y[2*n+2] :=h/2 ,h/2:#

Figure 2 - Number of rods and knots

Here is a fragment of the program in which the matrix G of the equations
of node equilibrium is filled.

>m:=4*n+4:
>for i to m do
> Lxy[1] :=x[N[i] [2]]-x[N[i][1]]:

> Lxy[2] :=y[N[i] [2]]1-y[N[i][1]]:

> L[i] :=subs (a*2+h"*2=c”*2,sqrt (Lxy[1] *2+Lxy[2]*2)) ;
> for j to 2 do

>  z:=2*N[i] [2]-2+7:

> if z<=m then G[z,i]:=-Lxy[j]/L[i]:£fi;

> z:=2*N[i][1]-2+7:

> if z<=m then G[z,i] :=Lxy[j]l/L[i]:£fi;

> od;

>od:
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Here Lxy[1] — is the projection of the rod i (with the conventionally
chosen direction) onto the x-axis, Lxy[2] — IS the projection onto the y-axis. The
substitution operator subs is used for a more compact record of the result. To
calculate the deflection, use the Mohr integral:

M -4
A=Y SPSOI [ (EF).

i=1
where ¢=+/a®+h*. Denoted: EF— stiffness of the truss bars, S"'—

forces in the rods from the given load, I, — length of the rods, S — forces from

the unit force applied to the middle of the lower belt.

It is noted that for an odd number of panels the determinant of the
system of equations becomes zero. This indicates the kinematic changeability of
the structure. Indeed, the obtained pattern of distributions of possible velocities
confirms this (Fig. 3).

\

Figure 3 - Virtual node velocity of truss, n =1

Induction on 14 trusses with a consecutively increasing number of panels
gives a formula for the deflection of the species

A=P(C@a’+C,’)/ (2h’EF). (1)

To identify the common terms of the coefficient sequences obtained from the
calculations of individual farms, we apply special operators rgf _findrecur of the
genfunc packet of the computer mathematic system Maple. For the coefficients a®,
a linear homogeneous recurrence equation of the seventh order is obtained

Cl( k) — 3C1( k-1) Cl(k—2) - 5C1( k=3) + 5C1( k—4) + Cl( k-5) 3C1( k—6) + Cl( k=7)"

For the remaining coefficients of the deflection formula, the recurrent
equation has the same form:
C2(k) = 3C2( k-1) — 3C2( k2) T Cz( k-3)"

The rsolve operator gives the following expressions-

C, = (5k* —10k® + k2 + (4 — 6(=1) )k —3(L— (1)) / 6,
C,=(k*—k)/2.
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For the case of a load on the lower belt (Figure 4), the coefficients in (1)

have the form

C, =k(5k® —10k? + 7k —2) / 6,
C,=(K—k+1)/2.

Figure 4 — Truss under load from below, n = 8

For the case of a concentrated load in the lower belt (Fig. 5), the

coefficients in (1) have the form

Figure 5 — Truss under concentrated load

C, = (4k® —6k? +3(~1)* +8k —3) /6,
C,=(2k-1)/2.

Linearity of the problem allows a combination of three solutions to

obtain a wide class of exact solutions for various types of loading.

A survey of papers using the induction method in calculating the

deflection of trusses is contained in [37].
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