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Аннотация
Статически определимая плоская симметричная  рама закреплена на четырех опорных стержнях и нагружена по верхнему поясу. Дается вывод формулы для прогиба средней точки ригеля. Замечено, что при нечетном числе панелей по высоте рамы, независимо от числа панелей в пролете, определитель системы уравнений равновесия узлов, из которой находятся усилия в стержнях,  обращается в ноль. Для обобщения  формула для прогиба на произвольное число панелей в пролете для двух панелей по высоте применяется метод индукции. Прогиб рассчитывается по формуле Максвелла - Мора в системе Maple. 
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Annotation
The statistically determinable flat symmetrical frame is fixed on four support rods and is put under load along the upper belt. It is given a formula for the middle point flexure. It is noticed, that for an odd number of panels along the frame height, independently from the panel number in width, the determinant of the nodes’ equilibrium system of equations, from which the forces in the rods, equals zero. The induction method is used for the general flexure formula for any number of panels in width for two panels in height. The flexure is calculated using the Maxwell-Mohr formula in Maple.
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The lattice type truss frame (Fig. 1) is externally statistically undefinable. To determine the forces in the four support rods, it is necessary to study the state of equilibrium of all the truss nodes, or alternatively apply the method of possible displacements. The horizontal part of the frame (crossbar) consists of 2n panels, counting along the lower belt, having a length a and height h. The number of rods in the frame – N=8(n+m)+20, where m=2 – number of panels along the frame height.

[image: f300v]

Figure 1 — Frame for n=5, m=2.

The flexure is determined by the Maxwell-Mohr formula. For that, it is necessary to acknowledge the forces inside the rods. The force values are obtained in its symbolic form in the program [1]. Rods and nodes are numbered (fig.2):

[image: ]

Figure 2 — Rod and Node Numbering, n=1, m=2.

In the program, the connection order of rods and nodes is also given: 

> q:=2*n+2*m:
> for i to q+4 do 
   N[i]:=[i,i+1]; 
>   N[i+q+4]:=[i+q+5,i+q+6];
> end:
> N[2*q+9]:=[1,q+6]:N[2*q+10]:=[q+5,2*q+10]:
> for i to m+2*n+2 do 
    N[i+2*q+10]:=[i+1,i+q+5];
    N[i+6*n+5*m+12]:=[i+m+2,i+3*m+2*n+8];
  end: 
> for i to m-2 do 
    N[i+8*n+6*m+14]:=[i+q+5,i+5];
    N[i+8*n+7*m+12]:=[i+3*m+4*n+12,i+m+2*n+2];
  end:
> for i to 2 do 
    N[i+4*q+10]:=[i,6-i];
    N[i+4*q+12]:=[q+i,q+6-i];
  end:
 N[4*q+15]:=[3*m+2*n+4,3*m+2*n+8]:
 N[4*q+16]:=[3*m+4*n+8,3*m+4*n+12]:

From this, matrix of the coefficients of the equilibrium’s system of equations for the nodes data is formed. The system’s solution is obtained in the symbolic form using the inverse matrix method, which in Maple is realized way faster compared to other methods, and the transformation speed in this type of task has a significant value. To calculate the flexure,the Maxwell-Mohr formula in the next form is used:

                                                                                       (1)





where — rod section area, — rod modulus of elasticity,  and — length of j-th rod and the efforts in it from the action of a distributed load, — efforts from a single vertical force, applied to the mid-span on the lower belt. The summation is carried out over all of the frame rods, except the four support ones, that are considered stiff. 
The analysis of the series of solutions for the truss with a number of panels from 1 to 18 showed, that the formula for the flexure has the same form:	

	.                                 (2)

Using the Maple system operator rgf_findrecur, it turns out that the sequence 12, 142, 208, 808, 1060, 2734, 3360, 6968, 8220, 14878, 17072, 28152, 31668, 48798, 54080, 79144 coefficients for corresponds the ninth order homogeneous linear recurrent equation  


The solution of this equation with the initial conditions 


is the polynome 
[image: ]
Analogically, from the equation 


is determined the coefficient 


And from the relatively simple equation 


we obtain the solution 


The solution of the problem of truss flexure is obtained this way for any given number of panels in the girth rail.



On Fig. 3 are shown graphs of obtained solutions for the dimensionless flexure , calculated for constant truss span length L=100 м, and total load.
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Figure 3. — Flexure in function of the panel number

It should be noted that the characteristic flexure jumps in such lattice trusses, decrease with increasing panel number. On the other hand, such jumps allow the possibility to smartly choose the optimal panel number at a fixed span. It is enough to just change this number by one unity to decrease the flexure by one and half or even two times. The dependence of the flexure in function of the height is shown graphically on Fig. 4.
[image: ]
Figure 4 — Dependence of the flexure in function of the truss height, L=100m

The truss is calculated for an even panel number m=2 in height, however the attempt of obtaining a solution for an odd panel number was unsuccessful.
The system of equations degenerates, which indicates the kinematic variabilities of the system (fig. 5).


Figure 5 — The distribution of the virtual velocities of the nodes of the variable frame, m = 1

[bookmark: _GoBack]An external statistically defined truss with analogic lattice is analogically calculated with the same method as in [2]. The induction method, that permits the obtention exact solutions for any panel number, was earlier used in the solution of problems for flat and three-dimensional trusses. [8,9]. The overview of some works on this topic are shown in [10-12]. Problems of statistically defined regular trusses are discussed in [10,13].
A solution similar to (2) for the considered frame was obtained in [14]. 
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