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[Tnockass ¢epma ¢ AByMs HEMOABM)KHBIMU IIAPHUPHBIMU OIMOPAMH  BHEIITHE
CTaTUYECKU Heompeaennuma. PaccMOTpeHO JAeicTBUE BEpPTHUKAIBHON Harpys3ku
PaBHOMEPHO pacHpeeICHHON MO y3/1aM BepxHero mosca. BeiBoautcs dopmyna
11 iporuda GpepMbl. 3aMEUeHO, UTO MPU HEUETHOM YHUCIIE MaHeIeH ONpeaeIuTeNb
CUCTEMbl YpaBHEHMH paBHOBecHs oOpamiaercss B HOJIb, 4YTO COOTBETCTBYET
MTHOBEHHOM HM3MEHSEMOCTU KOHCTPYKIMH. MeTogoM WHAYKIUU (opmyna s
nporuda o0o0IIaeTCss Ha MPOU3BOJIbHOE YKCIIO maHeneil. Mcnonp30BaHa cucteMa
CHMBOJIBHOM MaTematuku Maple.
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Abstract

A flat truss with two fixed hinged supports is externally statically indeterminate.
The effect of a vertical load uniformly distributed over the nodes of the upper belt
is considered. A formula is derived for the deflection of the truss. It is noted that
for an odd number of panels, the determinant of the system of equations of
equilibrium turns to zero, which corresponds to the instantaneous variability of the
structure. By induction, the deflection formula is generalized to an arbitrary
number of panels. The system of symbolic mathematics Maple was used.
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The lattice truss with two supports (Figure 1) is externally statically
indeterminated. To determine the forces in the rods and the reactions of support, it
IS necessary to compile a system of equations of equilibrium for all nodes at once.
In a farm with n panels in, counting on the lower belt, the number of rods
m=8(n+1) including four support rods (two bars per support).
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Figure 1 — Truss at n=3k=6

To determine the deflection by the Maxwell-Mora formula, it is necessary to
know the forces in the rods. The solution in symbolic form will be obtained
according to the program [1]. To do this, it is needed to number the rods and knots
(Figure 2). The origin is located in the left fixed support.

Figure 2 — Numbering of nodes and rods, n = 2k = 4

Here is the fragment of input of the coordinate in the program:

>for i to 2*n+1 do x[i]:=(i-1)*a; y[i]:=2*h; od:
>for i to n+2 do x[i+2*n+1]:=(i-1)*2*a-a; y[i+2*n+1]:=h; od:
>for i to n+1 do x[i+3*n+3]:=(i-1)*2*a; y[i+3*n+3]:=0; od:

The coordinates of the nodes determine the direction cosines of the system
of equilibrium equations written in the matrix form. The solution is obtained using
the inverse matrix method, which is easily implemented in the Maple system and
significantly faster than the specialized operators of the Linear Algebra package of
the same system. To calculate the deflection of the truss, we use the Maxwell-Mora
formula in the form:

A=S'ssl I (EF) (1)
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where E — the modulus of elasticity of the rods, F— the cross-sectional
area of the rods (the same for the entire structure), I; andS; — the length of the j-

th rod and the force in it from the action of a given load, s;— the force from a

single vertical force applied to the middle of the span in the upper belt. The
summation is carried out over all the rods of the farm, except for the support ones,
which are assumed to be rigid.

Analysis of a series of solutions for trusses with a number of panels from 1
to 20 showed that the deflection formula has the same form

EFA=P(Aa’+Cc’)/h. (2)
Using the rgf_findrecur operator of the Maple system, it turns out that the
sequence of coefficients a® satisfies a homogeneous linear recurrence equation of

the fifth order
A< = 5A<—1 _10A<—2 +10A<—3 o 5A<—4 + A<—5 '
The solution of this equation with the initial conditions
A =8, A, =64, A; =248, A, =680, A, =1520
is a function A =k(k®+10k* + 7k +2) /3. Similarly, from another equation
C. =3C_,—-3C_,+C, ., we have the solution C, =k(1+Kk). Thus, the solution of

the problem of the deflection of a truss is obtained for any number of panels.
In Fig. 3 shows the solution curves (2) for the dimensionless deflection
A'=EFA/ (P, L) calculated at a constant span length of the truss L = 100 m,

um

a=L/(n+1) and the total load P, =(2n+1)P.

sum

A

234
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Figure 3 — Dependence of the deflection on the number of panels,
height h in meters
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The truss is solved for an even number of panels, but the attempt to obtain a
solution with an odd number was unsuccessful. The determinant of the system of
equations turned to zero. This indicates a kinematic changeability of the system.

A truss with a similar lattice, but with one fixed support and one movable is
analytically calculated in [2]. The method of induction, which makes it possible to
obtain exact solutions for an arbitrary number of panels, was previously used in
solving problems of plane [3-8] and spatial trusses [9, 10]. A brief review of the
work on this topic is contained in [11]. The problems of statically determinate
regular trusses are discussed in [12].

Reference

1. KupcanoB M. H. 3agaun no TeopeTnyeckoi MexaHHUKe ¢ pelieHusMu B Maple
11. M.: ®duzmariut, 2010. 264 c.

2. Vasilchenko D.I. Analytical evaluation of displacement of the movable support
in the truss with reinforced cross bars // Science Almanac. 2017. No. 4-3(30).
Pp. 198-201

3. Kirsanov M.N., Astahov S.V. The mathematical model of dome covering
industrial facility / Architecture and Engineering, 2017. Ne2(2). Pp.8-14. DOI:
10.23968/2500-0055-2017-2-2-8-14

4. KupcanoB M.H., MacnoB A.H. ®@opmynsl ajisi pacuera mporuba OaiouHon
MHoropemietdatoi pepmsl / CTpouTenbHas MEXaHUKA U PacueT COOPYKEHUM,
2017.2(271). C. 4-10.

5. Tinkov D. V., Safonov A. A. Design Optimization of Truss Bridge Structures
of Composite Materials // Journal of Machinery Manufacture and Reliability,
2017. Vol. 46, No. 1, Pp. 46-52. DOI: 10.3103/S1052618817010149

6. Belyankin N.A., Boyko A. Y. Analysis of the deflection of the flat statically
determinate girder // Science Almanac, 2017. No. 2-3(28). Pp. 246-249.

7. Rakhmatulina A.R., Smirnova A.A. The dependence of the deflection of the
arched truss loaded on the upper belt, on the number of panels // Science
Almanac, 2017. No. 2-3(28). Pp. 268-271.

8. KupcanoB M.H. Ananu3 nporu6a apounoit ¢pepmsl // CTpouTenbHas MEXaHUKA
WHKEHEPHBIX KOHCTPYKIMA U coopyxkenunit, 2017. Ne 5. C. 50-55

9. Kirsanov M. N. Stress State and Deformation of a Rectangular Spatial Rod
Cover// Scientific Herald of the Voronezh State University of Architecture and
Civil Engineering. Construction and Architecture. 2016. No. 3 (31). Pp. 71-79.

10. Kirsanov M. N. Analysis of the buckling of spatial truss with cross lattice //
Magazine of Civil Engineering, 2016. No. 4. Pp. 52— 58. DOI:
10.5862/MCE.64.5

11.TunbkoB [[.B. CpaBHUTEIbHBIN aHalu3 aHAIUTUYECKUX PELICHUM 3aJayu O
nporude ¢GepMeHHBIX KOHCTPYKIuH // WHXEeHepHO-CTPOUTENbHBIA KypHAI,
2015. Ne5(57). C. 66-T73.

12.Hutchinson R. G., Fleck N.A. Microarchitectured cellular solids — the hunt for
statically determinate periodic trusses // ZAMM Z. Angew. Math. Mech. 2005.
85, No. 9, Pp. 607-617.



