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Аннотация  

Построена точная математическая модель деформации конструкции для 

крепления груза (рекламного щита и др.). Конструкция представляет собой 

плоскую ферму и состоит из двух частей - вертикальной опоры и консоли. 

Поставлена задача получения зависимости прогиба от числа панелей. 

Жесткость стержней одинаковая. В системе компьютерной математики Maple 

методом индукции по решениям для ферм с различным числом панелей 

получается решение для общего случая. Смещение находится по формуле 

Максвелла- Мора. 
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Abstract 

An exact mathematical model of the deformation of the structure for securing 

cargo (billboard, etc.) has been built. The design is a flat truss and consists of two 

parts — a vertical support and a console. The task is to obtain the dependence of 

the deflection on the number of panels. The stiffness of the rods is the same. In the 

system of computer mathematics Maple by the method of induction on solutions 

for trusses with different numbers of panels, a solution is obtained for the general 

case. The offset is found by the Maxwell-Mohr formula. 

Key words: truss, the console, the formula of Maxwell – Mohr, deflection, 

induction, Maple 

 

In the domestic literature there is a large number of works devoted to the 

derivation of the analytical dependencies of deformations of flat and spatial trusses 

in the Maple system. In these works, the induction method is used as a working 

tool. Calculations of more complex structures consisting of articulated trusses are 

much less. In particular, there are no convenient and accurate formulas for 

calculating structures used in road constructions for fixing lighting, commercials 
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and various electronic devices (signs, tracking cameras, etc.). Consider a structure 

consisting of a vertical truss with m panels in a rack and n panels in the console 

(Fig. 1). A characteristic feature of the truss  is a cruciform lattice.  

In the truss 4( ) 8m n     rods, including three support. To determine the 

efforts in the rods in an analytical form, we apply the program [1-5], developed in 

the Maple system, and tested in a number of works [6-9] and others. 

 

 
Figure 1— Truss, n = 4, m=5 

 

 The coordinates of the nodes are entered for arbitrary numbers n and 

m (Fig.2).  

 
 

Figure 2— Truss, n = 3, m=2 

 

In the language of the Maple system, it looks like this: 

 
h_1:=m*h+c: 

for i from 1 to m+1  

do   
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 X[i]:=0:Y[i]:=h*i-h;  

od: 
X[m+2]:=0:Y[m+2]:=h_1: 
for i from 1 to n+1  

 do   
  X[i+m+2]:=b*i+a-b:Y[i+m+2]:=h_1; 
  X[i+2*m+n+3]:=b*i+a-b:Y[i+2*m+n+3]:=h_1-c; 
od: 

for i from 1 to m  

 do   

  X[i+m+n+3]:=a:  Y[i+m+n+3]:=h*i-h; 

 od: 

 

Solving a system of equilibrium equations in a matrix form is simple 

 
G1:=1/G: S1:=G1.B1: #  Solution 

  

where S1 is the force vector in the shafts of the truss, G1 — inverse matrix. 

Multiplication of a matrix by a vector in the Maple system is performed by a “dot”. 

Deflection is determined by the well-known formula of Maxwell-Mohr: 
3

2

1

.i i

i

EF P S l




    

The following notation is used: iS — the force from the action of a unit force, 

EF — the stiffness of the rods, 
il — the length of the rod i. The calculation of a 

number of structures with different numbers of panels vertically and in the console 

showed that the deflection always looks like 
3 3 3 2 2

,( )n n n n mEF P A a C c D d H c h c     .                                (1) 

To obtain a general formula suitable for an arbitrary number of panels, you 

first need to calculate the deflection in a number of trusses with the number of 

panels n = 1, 2, 3, ... for some fixed number m. Based on the coefficients in these 

solutions, we obtain recurrent equations, of which the desired formulas for the 

coefficients are found. We confine ourselves to the cases m = 1,2,3,4,5. 

When m = 1, we have the following recurrence equations for the coefficients 

of the required formula 

        1 2 3 44 6 4n n n n nA A A A A        

1 3 42 2n n n nC C C C      

1 2 33 3n n n nD D D D      

1 2 33 3n n n nH H H H      

 

Solutions of these equations using the Maple rsolve operator for m from 1 to 

5 give the following expressions: 

                                               ( 1)(2 1) 3nA n n n   , 
2 0,5( 1) 0,5n

nC n    ,                                           (2) 

( 1)nD n n  ; 
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                                       m=1:
2

,1 2 2 1nH n n   , 

                                       m=2:
2

,2 4 4 2nH n n   ,                                                

                                      m=3:
2

,3 6 6 3nH n n   , 

                                     m=4:
2

,4 8 8 4nH n n   , 

                                     m=5:
2

,5 10 10 5nH n n   , 

Thus, the three coefficients of formula (1) do not depend on the number of 

panels in height and a generalization is required only for the coefficient ,n mH . In 

the general case, we obtain the following generalization to an arbitrary number m: 
2

, (2 2 1) .n mH n n m  
                                                     

(3) 

These expressions (2), (3)  and formula (1) give a solution to the problem. 

The method used to obtain the formula was previously used to calculate 

lattice trusses [2–13], arch type trusses [14–19], and spatial structures of the 

regular type [20–29]. Analytical solutions for trusses that allow instant variability 

are calculated in [30–33]. The induction method in [34,35] derived the statics 

relations of scissor mechanisms. Analytical solutions for Fink or Bolman's type 

trusses were obtained in [36-40]. The calculation of the deflection of a flat 

statically definable frame by the induction method was made in [41]. 

Surveys of papers using the induction method for calculating trusses are 

contained in [42–44]. The particular solution of the problem of the deflection of 

the studied bracket is obtained by Orlov I.V. in [45]. 
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