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Abstract: 

The object of research is a flat statically determinate trapezoidal truss with a rectilinear lower 
chord and four supports, one of which is a pinned, and three are roller. The purpose of this work is to 
analyze the dependence of the deflection of the truss and the shift of the movable support on the size, 
load, and number of panels. The load concentrated in the middle of the span, the load uniformly 
distributed over the nodes of the upper or lower belt are considered. Method. The initial forces in the 
elements are determined in analytical form by method of joints in the Maple computer mathematics 
system. The dependence of the truss performance characteristics on the number of panels is derived by 
induction based on analytical calculations of the sequence of trusses with different numbers of panels. 
External static uncertainty is revealed by adding five reactions of supports to the number of unknown 
components of the equilibrium system of the structure. The deflection of the truss and the displacement 
of the support are based on the Maxwell-Mohr formula. Results. By solving a number of problems for 
trusses with a different number of panels, it is found that for trusses whose number of panels is a multiple 
of three, the determinant of the system of equilibrium equations of nodes turns to zero, which corresponds 
to the instantaneous kinematic variability of the truss. The corresponding scheme of possible node 
speeds was found. For kinematically unchangeable trusses, formulas for deflection depending on the 
number of panels are obtained. The coefficients in the formula are polynomial type. The solution graphs 
show an abrupt increase in deflection as the number of panels increases. 

1 Introduction 

The practice of real calculations of building structures is based, as a rule, on numerical modeling 
of the object and the use of standard computer programs, most of which use the finite element method 
[1-7]. With the advent of computer mathematics systems, analytical methods began to develop [8-13]. 
Separately, we can distinguish analytical methods that lead to relatively compact resolving formulas that 
include not only the size, load value, and material properties of elements, but also quantitative 
characteristics, such as the number of periodicity elements in a regular structure. In a truss, this 
characteristic is the number of panels or the number of elements (rods). The handbook [14] contains 
analytical solutions for the deflection problem of more than 70 planar statically definable trusses with 
various lattices, chord outlines, and supports, including externally statically indeterminate trusses. 
Solutions are obtained for three types of loads (concentrated force in the middle of the span, uniformly 
distributed load along the lower or upper chord). The Maple system of computer mathematics and the 
method of induction served as a tool for obtaining solutions in a closed form. Despite the large number 
of problems already solved [15-19], the search for regular statically definable trusses for which the 
induction method can be applied and an analytical solution obtained continues. Hutchinson R. G., Fleck 
N. A., and Zok F. W., Latture R. M., Begley M. R. were among the first to begin such searches, not only 
for flat but also for spatial schemes [20ï22]. In this paper, we propose a new scheme for a multi-lattice 
statically definable truss and derive formulas for its deflection under various loads. 
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2 Methods 

The scheme of the truss. Determination of the forces in the bars.  The proposed scheme 
cannot be fully attributed to regular constructions. The frequency of panels is broken by beveled sections 
at its ends. Taking the struts and a rod of length a in the lower chord as one panel, we assume that the 
truss consists of 2n panels (Fig. 1-3). 

 

Fig. 1. Truss. Concentrated load in the middle of the span, n=7 

Four external supports with five unknown reactions turn the truss into an externally statically 
indeterminate structure. The reactions of the supports cannot be found separately from the forces in the 
rods. 

 

Fig. 2. Truss. The load on the upper chord, n=4 

In addition, such a scheme does not allow the use of the section method to calculate the initial 
forces in almost all the rods (except for a few along the edges of the structure). However, if we compile 
a general system of equilibrium equations for the nodes of the truss, including five external reactions 
among the unknowns, the problem of determining the reactions of supports and initial forces can be 
solved, since the number of rods in the truss and the number of reactions total  two times the 

number of nodes. To compile the matrix of the system of equilibrium equations, we use a program written 
in Maple. The rods and nodes of the truss are numbered (Fig. 4), the coordinates of the nodes and the 
lattice structure are entered into the program [7-9]. 

 

Fig. 3. Truss. The load on the bottom chord, n = 7 

It is convenient to compile the system of equations in a program written in Maple and tested in 
various problems with trusses [14-18]. 


