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Аннотация 

Плоская статически определимая ферма с треугольной решеткой имеет 

консольную часть. Ферма загружена по всему верхнему поясу равномерной 

вертикальной нагрузкой. Зависимость прогиба консоли фермы от числа 

панелей в пролете и на консоли выводится методом индукции с применением 

операторов системы компьютерной математики Maple. Для вычисления 

прогиба используется формула Максвелла - Мора. 
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Abstract 

A planar statically determinate triangular trussed lattice has a cantilever part. The 

truss is loaded over the entire upper belt with a uniform vertical load. The 

dependence of the deflection of the truss console on the number of panels in the 

span and in the console is derived by induction using the operators of the computer 

mathematic system Maple. To calculate the deflection, the Maxwell-Mohr formula 

is used. 

Keywords: truss, console, Maxwell's formula - Mohr, deflection, induction on two 

parameters, Maple 

 

Numerical methods for calculating truss are not unique. With the 

development of computer mathematics (Maple, Mathematica, Maxima, Reduce, 

etc.), it became possible to find formulas for calculating an entire class of 
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constructions. In [1-4] by induction, proposed by Professor MN Kirsanov [5,6], 

formulas were obtained for the dependence of the deflection on the number of 

panels, the load, and the size of the truss. In [7-10], the same problem solved the 

problem of arches, in [11-22] solved the problem of lattice trusses. More complex 

problems on deformations of spatial constructions are solved in [23-30].  

In the truss with n panels in  the span and m in consol, the number of rods 

with supports - 4( ) 2sn n m    (Fig. 1). For the solution we use the system of 

computer mathematics Maple [31]. We number the rods and knots (Figure 2). We 

select the origin of coordinates in the left support and determine the coordinates of 

the nodes (hinges). 

 
Figure 1 — The truss at n = 4, m=3. Load on the top belt 

 

 

 
Figure 2 — Numbering of nodes and rods for n = 3, m=2. 

 

Here is a  fragment of the coordinate input program 
> for i  to n+m+1 do  x[i]:=2*a*(i-1):y[i]:=0: od: 

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

 

The structure of the connections of rods and knots is given by vectors 

containing the node numbers at the ends of the corresponding rods. The rods of the 

lower belt are given by vectors: 

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

 The upper belt elements are also coded in a cycle 
> for i to n+m-1 do 

>    N[i+n+m]:=[i+n+m+1,i+n+m+2]; 

> od: 
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The rods of the grid and the support are set in a similar way. 

The matrix G of the equilibrium equations for the nodes consists of the 

direction cosines of the forces, which are calculated from the coordinates of the 

nodes at the ends of the rod 

 
>     for i to ns do 

>       Lxy[1]:=x[N[i][2]]-x[N[i][1]]: 

>       Lxy[2]:=y[N[i][2]]-y[N[i][1]]: 

>       L[i]:=subs(h^2+a^2=c^2,sqrt(Lxy[1]^2+Lxy[2]^2));     

>      for j to 2 do  

>     p:=2*N[i][2]-2+j:  

>     if p<=ns then G[p,i]:=-Lxy[j]/L[i]:fi;  

>     p:=2*N[i][1]-2+j:  

>     if p<= ns then G[p,i]:= Lxy[j]/L[i]:fi;  

>  od; 

>  od: 

 

Here p is an auxiliary parameter, Lxy is the projection of the conditional 

vectors of the rods, L [i] is the length of the rods, ns is the number of rods (the size 

of the matrix G). Conditional operators are introduced to ensure that the indices do 

not go beyond the matrix. The external load is added to the right side of the system 

of equilibrium equations. For the considered load on the upper belt, we have the 

following notation 
 

> for i from n+m+2 to 2*n+2*m+1 do B[2*i]:=1: od: 

 

The solution of the system is the inverse matrix method 

 
> G1:=1/G:  S:=G1.B: 

  

Here S is the vector of all the forces in the rods. The deflection at the end of 

the console is determined by the Maxwell-Mora formula: 
3

( ) (1)

1

/ ( ).
sn

P

i i i

i

S S l EF




   

It is indicated: 
( )P

iS — the forces in the rods from the given load, il  — the 

length of the rods, 
(1)

iS  — the forces from the unit force applied to the knot of the 

lower belt in the middle of the span, EF — the rigidity of the rods. The solution for 

trusses with an arbitrary number of panels has the form 
3 3 2

1 2(C ) / (3 ).P a C c h EF                                     (1) 

Here 2 2c a h  . The calculation of a series of trusses reveals sequences of 

coefficients for 3a  and 
3c . Operators of the Maple system rgf_findrecur and rsolve 

from the solution of recurrence equations and give the following patterns for m=1: 

                          
4 2

1 2 7 6 1c n n n     , 2 3( 1)c n  ,                             (2) 
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For case m=2 we have: 

 
4 2

1 22(2 31 48 4), 12( 2).c n n n c n      
                          

(3) 

 

For case m=3 we have: 
4 2

1 26 213 486 27, 27( 3)c n n n c n       .                       (4) 

 

In the general case, by induction on the parameter m, we obtain 
 

2 2 3 2

1 2( )(6 2 2 ), 3 ( ).c m m n m n n m m n n c m n m       
              

(5) 

 

Figure 3 shows the curves of the obtained dependence at 

0 0( ), ( ), ' / ( )L a m n P P n m EF P L       , 100 , 5L m h m   . Positive values 

of the deflection of the console are lowered) correspond to small values of the 

number of panels between the supports. 

 

 
Figure 3 — Dependence of the relative deflection on the number of panels 

 

A similar, simpler solution is obtained in the concentrated load problem (Fig. 

4). 

 
 

Figure 4 — The truss at n = 7, m=3. Load on the end 

 

The coefficients in (1) have the form 
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1 22 ( )(8 1), 6 ( ).c m n m mn c m n m      

Surveys of some papers using the induction method in combination with the 

capabilities of the Maple system for planar trusses are given in [32, 33]. 
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