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Аннотация 
Ставится задача получения аналитической зависимости прогиба плоской 

статически определимой фермы от числа панелей. Усилия в стержнях 

определяются в символьной форме по программе, написанной на языке 

системы компьютерной математики Maple. Для обобщения решений на 

произвольное число панелей применяется метод индукции. Вычисление 

перемещения производится по формуле Максвелла-Мора.  
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Abstract 
The task is to obtain the analytical dependence of the deflection of a flat statically 

definable truss on the number of panels. The forces in rods are defined in symbolic 

form according to a program written in the language of the computer system of 

computer mathematics Maple. To generalize the solutions to an arbitrary number 

of panels, the induction method is used. The calculation of the displacement is 

made according to the Maxwell-More formula. 
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In the truss (Fig. 1), all the rods of the lattice, except for the central and 

lateral, intersect two panels. The truss is statically determinable, the number of 

rods is 8n, where n is the number of panels in half the span. To solve the problem, 

we will use the program previously used in the calculations of beam trusses with 

various types of gratings with an arbitrary number of panels [1-10]. There are 

known final formulas obtained using the same program for deriving formulas for 

the arch trusses [11-16] with an arbitrary number of panels, including the 

outwardly statically indefinable arch trusses [17-21]. In these works, the induction 

method and the Maple computer mathematics system [22–25] were used to 

generalize a number of particular solutions to an arbitrary case. More complex 

problems of deformation of spatial trusses by the induction method were solved in 
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[26–32]. The deflection of externally statically indeterminate trusses in analytical 

form was found in [34–36].  

To enter data, it is necessary to number the rods and nodes (Fig. 2) and enter 

the coordinates of the nodes in the program: 

 
> for i to 2*n+1 do  

>   x[i]:=a*(i-1): y[i]:=0: 

>  od: 

> for i to 2*n-1 do   x[i+1+2*n]:=a*i: y[i+1+2*n]:=h: od: 

> y[2+2*n]:=h/2:y[4*n]:=h/2: 

 

 
 

Figure 1 - Truss with load in center, n = 5 

 

 
Figure 2 -  Number of rods and knots 

 

The order of connecting the rods is given by special vectors containing the 

numbers of the ends of the rods. Similarly, flat graphs are introduced in discrete 

mathematics: 

 
> for i to 2*n do  N[i]:=[i,i+1]; od: 

> for i to 2*n-2 do N[i+2*n]:=[i+2*n+1,i+2*n+2];  od: 

>     N[4*n-1]:=[1,2*n+2]:N[4*n]:=[4*n,2*n+1]: 

> for i to 2*n-1 do N[i+4*n]:=[i+1,i+2*n+1];      od: 

> for i to n-2 do N[i+6*n-1]:=[i+1,i+2*n+3];   

>                 N[i+7*n-3]:=[i+n+2,i+3*n];   

> od: 

> N[8*n-4]:=[n+1,3*n]:N[8*n-3]:=[n+1,3*n+2]: 

 

To calculate the deflection of the truss, we use the Mohr's integral: 
3
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where 2 2d a h  , 2 24c a h  . Denoted: EF— stiffness of the truss bars,  

il —  length of the rods, iS  — forces from the unit force applied to the middle of 

the upper belt. Calculation of the deflection for arbitrary dimensions a, b, c, h gives 

the following formula 

 

              3 3 3 3 2

1 2 3 4 / (4 ).P C a C c C d C h h EF    
          

            (1) 

 

Operator rgf_findrecur from genfunc packet of the computer mathematic 

system Maple gives  a simple linear homogeneous recurrence equation for 

coefficients  

1 1 1 1 2 1 3 1 4 1 5 1 6 1 73 5 5 3,n ,n ,n ,n ,n ,n ,n ,nC C C C C C C C ,            
 

2 2 1 2 2 2 3 2 4 2 52 2,n ,n ,n ,n ,n ,n .C C C C C C        
 

3 3 2 3 42,n ,n ,n .C C C  
 

4 4 1 4 2 4 3 4 4 4 52 2,n ,n ,n ,n ,n ,n .C C C C C C        
 

The operator resolve gives the polynomial expressions 

 
4 2

1 ( 20 6(3 ( 1) ) 15 15(10 1) ) / 6,n nC n nn       
 

2

2 (6 2(( 1) 1) ( 1) /1 4) ,n nC n n        

3 (1 ( 1) / 2,nC n    
2

4 (6 2(5( 1) 1) 5 13( 1) ) / 4.n nC n n        
These expressions in conjunction with (1) and give a solution to the 

problem. Obviously, the solution is non-monotonous, since it contains the terms of 

an alternating sign. 

Graphic tools Maple allow you to visualize the distribution of forces in the 

rods. In Figure 3, for a = 5 m, b = 6 m, compressed rods are highlighted in blue, 

and red are stretched. The thickness is proportional to the relative values /kS P . 

 

 
Figure 3 - Force distribution in truss rods 

 

The lower zone, as expected, turned out to be stretched, and the top - 

compressed. Somewhat unexpected was the fact that the most compressed were not 

the rods in the middle of the upper belt, but adjacent to them.  



Постулат. 2018. №11                                                                     ISSN  2414-4487 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

 

The advantage of the solution is its accuracy and usability. With an increase 

in the order of complexity of the design, the efficiency of the solution only grows, 

since numerical solutions with an increase in the order of the system of linear 

equations begin to lose accuracy. This is due to the accumulation of rounding 

errors. Formulas can be useful for engineers in assessing the deformability of a 

structure and checking the accuracy of numerical solutions. 

An overview of some of the solutions that use the induction method and the 

Maple system in the analytical calculation of flat trusses is contained in [20, 35, 

37]. 
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