CAWENE BT

Research Article ISSN 2304-6295
Received: April 28, 2022 Accepted: May 11, 2022 Published: May 11, 2022

Deformations and Natural Frequency of a Triangular Truss:
Analytical Solutions

Kirsanov, Mikhail Nikolaevich?!

1 Moscow Power Engineering Institute, Moscow, Russian Federation; c216@mail.ru;
Correspondence:* email c216@ya.ru; contact phone +79651833534

Keywords:

Triangular truss; Vibrations frequency; Maple; Analytical solution; Deflection; Induction; Dunkerley
method; Asymptotics; Maxwell-Mohr formula

Abstract:

The object of research. A new scheme of a lattice externally statically indeterminate truss in the
form of a triangle with a lower chord supported by vertical posts and a fixed hinge is considered. When
looking for the forces in critical bars and deflection, a vertical load is considered, which is evenly distributed
over all external and internal nodes of the truss. The dependence of the deflection of the truss top on the
load, dimensions and number of truss panels is given. A formula is derived for the lower estimate of the
first frequency of natural oscillations. Method. The calculation of forces is carried out by cutting out all the
nodes of the structure. The number of unknowns of the system of linear equilibrium equations in the
projection on the coordinate axes includes both forces and reactions of supports. The deflection is
calculated in analytical form using the Maxwell-Mohr formula and is generalized by induction from solving a
number of problems for trusses with a different number of panels to an arbitrary order of a regular truss. To
find an analytical estimate of the first frequency of natural oscillations of nodes endowed with masses,
each of which has two degrees of freedom, the Dunkerley lower estimate method is used. Results. The
formulas obtained for the forces in the rods, deflection and the first frequency have a compact form, which
can be used to obtain simple evaluation solutions. The lower analytical estimate of the first oscillation
frequency is in good agreement with the numerical solution for the entire spectrum of structure oscillations.
All necessary transformations are performed in the Maple symbolic mathematics system. Linear
asymptotics of solutions for deflection and forces are found.

1 Introduction

Truss structures are used both in construction and in mechanical engineering. The advantage of
trusses is their strength, light weight, ease of installation and comparative ease of calculation. Such
constructions are usually durable, easy to use. The methodology for calculating the strength, stability and
oscillations of real trusses is traditionally based on numerical calculations, usually using the finite element
method with specialized packages [1]i [5]. Analytical solutions are used less often. For the first time,
Hutchinson R., Fleck N., and Zok F., Latture R, Bergley M. [6]i [8] took up the problem of the existence and
calculation of statically determinate regular systems (planar and spatial) that allow analytical solutions for
an arbitrary number of panels. Some analytical solutions are known in the form of finite formulas for
deformations of regular planar [9]i [12] and three-dimensional trusses [13]. In [14] formulas for the lower
estimate of the first natural frequency of planar trusses obtained by induction for an arbitrary order of a
regular structure are given. There are another directions in the analytical study of structures using the
representation of the solution in the form of trigonometric series [15]i [19] or using the Bubnov - Galerkin
method [20]. In [21]i [23], regular constructions are studied in connection with optimization problems.
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Handbook [24] contain diagrams of planar statically determinate regular trusses and formulas for
calculating their deflection under the action of concentrated and distributed loads of various types.

Here, too, the method of induction was used, which consists in generalizing a series of separate
calculations of trusses with a successively increasing number of panels to the case of an arbitrary number
of panels. The operators of the Maple symbolic mathematics system were used in analytical calculations.
The method of induction is also applicable for deriving the dependences of deformations of spatial trusses
[25] on the order of the system (the number of panels).

In this paper, a new scheme of a regular statically definable planar lattice in the form of a triangular
truss supported on base nodes is studied. The task was set to derive analytical dependences of the top
deflection and oscillation frequency on the number of panels. The results of the performed research can be
used in optimization problems and for evaluating numerical solutions, for which, in the case of a large
number of rods, numerical calculations may inevitably lead to errors due to the accumulation of rounding
errors.

2 Materials and methods

A truss with a length of 2na and a height of nh contains nodes, including the
support nodes. Number of internal nodes . The number of bars, including the bars
modeling supports, is twice as many as The truss is statically determinate. When

calculating the oscillation frequencies of the structure, it is assumed that the mass of the truss is
concentrated in nodes that have two degrees of freedom each.

Fig. 1. Truss structure under uniform load N =4

Forces are calculated in the Maple system using the [26] program. Truss nodes and rods are
numbered (Fig. 2). The origin of coordinates is in the left support. Coordinates are set in cycles. Here is the
corresponding fragment of the program in the Maple language:

s:=0: nl:=(n+1)*(n+2)/2;
forjto n+1 do

forito n+2 -jdo
x[i+s]:=2*a*i+a*] -3*a:
y[ i+s]:=h*(j -1):
end:
S:=s+n+2 -|;
end:
foriton - 1 do x[i+n1]:=2*a*i.y[i+nl]:= - h:end:
Kirsanov, M.

Deformations and Natural Frequency of a Triangular Truss: Analytical Solutions;
2022; Construction of Unique Buildings and Structures; 100 Article No 10005. doi: 10.4123/CUBS.100.5



