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Statement of the problem. The distribution of pressure in building elements of bridge
constructions in the period of installation can differ considerably from a field of pressure during
the operation of a complete object. In some cases bridge flights during this period are a console
with a fixed cross-section. The calculation of the deflected mode of such elements allows one to
provide safe installation during the erection of bridges.

Results. Stress and strain in thin-walled multiply connected prismatic structures at fixed one of
the reference circuit on the diagonal section and the second circuit is identified. Unlike in some
known works, variable thickness of panels and supporting walls-longerons along a design is
considered. The bend from the distributed loading and cross-section force, torsion from the
distributed and concentrated moments are considered.

Conclusions. Using the law of variation of a thickness along a construction, it is possible to obtain

the redistribution of the pressure under the influence of various power factors.

Keywords: stress and strain, building constructions, variable rigidity.

Introduction

Modern thin-walled structures are commonly made up of complex and generally piecewise-
smooth surfaces. Therefore designing their calculation models is closely associated with
studies of complex geometric shapes. Their development unlike that of shapes of simplest
canonical shapes is way behind current engineering demands. This might be why in designing
new types of geometrically complex spatial structures experimental studies and costly natural
tests are crucial. Designing practical methods of calculating such structures is one of the most
current issues that involves saving materials in industrial production, improving reliability and

reducing costs of engineering structures. This paper attempts to address this problem.
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In previous papers [1—3] thin-walled prismatic structures with an anchorage along a
cross section normal is investigated. But in some cases a structure is fitted along a skewed
contour. It is special because under any load in sections parallel to an embedding plane there
are bending and rolling moments.

Therefore bending is always accompanied by rolling thus describing a rigidity axis of a
structure actually makes no sense. Therefore in calculating skewed thin-walled spatial
systems of six generalized displacements corresponding with that of a contour of a solid body,
it is necessary to maintain V>, V4, Vs joining them to the three remaining V,, V3, Vs for an
asymmetrical profile as well when an external load is such that they are different from zero or
0. (a longitudinal force acting along the axis z), or O (a bending force acting along the axis
x), or M, (a rolling moment in relation to the axis y).

Generally the equilibrium equation are not generally met.

$X =0,3Y =0,2M, =0,

However, for transverse sections of bridge spans and under their typical loads this lack of
equilibrium is insignificant and does not actually affect the results.

Due to a bending of a structure of a skewed edge closely associated with rolling, a solving
system of differential equations becomes connected making it somewhat difficult to solve the
problem. In this case general displacements V; of a bending and rolling can be obtained together.
An approach [4] used in calculating multi-connected straight wall-thinned structures allows one
to correctly and sufficiently identify stress-strains of shells only remote from the skewed edge.
In order to accurately describe stress-strains inside a root triangle this method requires
maintaining a lot of members making it daunting to perform calculations. It can be avoided if a
skew coordinate system is used instead. In orthogonal coordinates the skewed edge is not a
coordinate line and accurate natural conditions cannot be obtained using variational solutions.
Using such an orthogonal system where the skewed edge is a coordinate line allows one to
design boundary conditions in this line using a variational method and thus providing equal
accuracy without having to introduce extra members for displacement functions. In this case
while maintaining one or two extra expansion members for these spatial systems solution can be
designed and reduced to calculation formulas which are effective overall. If there are more
expansion members, stress strain of skewed systems can be investigated in detail using PC.

1. Solving system of differential equations. Fig. 1 shows a shell loaded with moments, force

and distributed load concentrated at the section z =/

q(z) = q,(1-z/1),
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where g is the load intensity at z = 0. The thickness of a wall and panels can be assumed to be

a variable using a power law
h(z)=(b-B2)",
where
b=%h,

As bend warping is relatively small and does not have a great effect on normal strains [5], in
order to obtain an approximate analytical solution a bend warping of the contour can be
neglected. Let a shell be loaded with a concentrated force Q,, bending M, and rolling M.
moments at the section z = /. In this case generalized displacements V; and thus deformations
and strains are identified using the solution of four differential equations:
ayVy+b,V,=0,, a Vi +aVi+b,V,=0 (z-D+M_,
agVi+ay,V,+byV, =M _, (a,,V)) —b,V)—b,V/—c,,V,=0,
where aj;, b, c;; are variable coefficients. The generalized displacement V7 corresponding with
rolling warping is expressed using modified Bessel /,, K, [6] and Struve A, functions in an

identical fashion [2].
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Using PC a prismatic four-connected thin-walled structure was calculated in bending by a
distributed load ¢(z) and rolling concentrated at the section z = / with a rolling moment M..
2. Numerical results. Fig. 2 shows dependency graphs
6, =0,/E=f(2)
for linear load bending ¢(2); it is accepted that
l,=0,425m,d,=0,16 m,

20=56° qo=24,5kN/m, [=1,6 m;
the dimensionless parameters are
d=d /4d,, h=h/h,zZ=z/1.
Continuous curves are designed using a short one and the dotted ones along long ribs of the
upper panel which corresponds to the coordinates: x = 2ds, y = —d\/2 u x = —2d,, y = —d\/2.
The analysis of the graphs in Fig. 2 shows that the distribution o; largely depends on / (curves

1 and 2). The relative height of a structure considerably influences its stress and strain (curves

2 and 3).
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Table 1
Curve 1 2 3
d 0,125 0,125 0,25
h 1,25 5 5
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Fig. 3 shows the distribution o, under the effect of a concentrated rolling moment M, on a
structure applied at the end section z = /. In the calculations we assume that M.= 1,57 kN-m,
20=56°, d,=0,16 m, [, =0,425 m. As previously, continuous curves are designed along a
short rib with the coordinates x = 2d,, y =—d;/2, the dotted ones along a long one: x = —2d,,
v =—d;/2. Dimensionless parameters of a thin-walled spatial system are shown in Table 2
where d = 4d,/.

It is clear to see that during rolling of a structure the distribution 6, considerable differs in the
short and long ribs of the slabs.

In all the cases at 4 —1 we have a graph (curve 5) known from the literature [4]. In the
section z = 0 there is a clear edge effect due to the restriction of warping of a skewed section.
A surge in strains at 4 = 5 is at Z = 0,83. It is obviously due to a dramatic decrease in the area
of a transverse section of a structure at a large 4. It is proved by the fact that at 4 — 1 there is
no more surge in strains in a section z = 0,83.

Fig. 4 shows the distribution 6; =f(¥) in transverse sections of the upper slab corresponding

with the coordinate y = —d, /2, X = x/4d, .
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For the calculations we assume that /,= 0,425 m, d = 0,25, d = 0,4, i = 5. The curves 1—4 are

designed for a bending under a distributed load g(z) at go = 24,5 kN/m; the curves 5—8 — for
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a bending under a concentrated moment M,= 1,57 kN-m. The curves 1 and 5 correspond with

an embedding section (z = 0), 2 and 6 are designed at z = 0,26, 3 and 7 — at z = 0,4, 4 and

8§ —atz=0,8.

Table 2
Curve 1 2 3 4 5
d 0,25 0,5 0,25 0,25 0,25
d 0,4 0,4 0,5 0,5 0,5
h 5 5 5 20/7 1

In addition a function K, (\/Eg) is a sign-alternating continuous row and in PC calculations

there is also loss of accuracy, arithmetic disruptions when the row is overfilled or gone. This is
what was observed in calculating using formulas containing special functions for 4= hi/h,
approaching one. This is due to the fact that at # —1 an argument of special functions increases
significantly causing inconsistencies in PC calculations. Therefore in order to use PC formulas
containing modified functions, it was not the dispersion of these functions into degree rows but
their integral representation which is free of disadvantages associated with rows was used.
However the equations describing warping displacements can be integrated using one of the
numerical methods, i.e. to solve a linear edge task for second-order differential equations. For
that a differential run method was used that helped to solve a number of tasks on PC for a
small range of the thickness of embedding and at the free end of the shell (4 =1,1). The
obtained solutions are in good agreement with solutions for shells with a constant thickness
[4]. Besides for 4 >2 displacements and strains determined using numerical integration of
warping equations are in agreement with similar values calculated using the formulas
containing special functions.

In conclusion it should be noted that cone-shaped thin-walled structures designed along a
normal contour of a transverse section or a skewed edge can be examined in an identical
fashion. In [7, 8] there are analytical solutions and results of a numerical calculation for a
spatial cone-shaped structure of a varying thickness.

Conclusions. The analysis of the graphs shows that in the linear law of changes in the
thickness the distribution o; for 2= 1,1 ranges identically to a structure with a constant
thickness [4]. However, as & is on the rise, 61 changes its strain modulus at 4 = const.
Therefore for the above loading schemes of stress and strain of prismatic thin-walled

structures of a constant and variable thickness are different, which should be considered in
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calculating elements of actual building structures. By varying the law of changes in the
thickness of a structure and thus its stiffness, a new distribution of strains occurring under the

effect of different force factors can be obtained.

References

1. Bulatov S. N., Kozlov V. A. K raschetu mnogozamknutykh konstruktsiy peremennoy zhestkosti
[Mnogozonnoy to the calculation of constructions with variable rigidity]. AN SSSR. Mashinovedenie, 1987,
no. 2, pp. 68—73.

2. Kozlov V. A. Napryazhenno-deformirovannoe sostoyanie mnogosvyaznykh prizmaticheskikh konst-
ruktivnykh elementov mostovykh sooruzheniy [Stress-strain state of a multiply connected prismatic structural
elements of bridges. Nauchnyy vestnik Voronezhskogo GASU. Stroitel'stvo i arkhitektura, 2011, no. 4 (24),
pp. 110—117.

3. Kozlov V. A. Svobodnye kolebaniya konsol'no zashchemlennykh prizmaticheskikh tonkostennykh
konstruktsiy [Free vibrations of console restrained prismatic thin-walled structures]. Nauchnyy vestnik
Voronezhskogo GASU. Stroitel'stvo i arkhitektura, 2013, no. 2 (30), pp. 9—17.

4. Obraztsov 1. F. Variatsionnye metody rascheta tonkostennykh aviatsionnykh prostranstvennykh konstruktsiy
[Variational methods of calculation of aeronautical thin-walled spatial structures]. Moscow, Mashinostroenie
Publ., 1966. 392 p.

5. Obraztsov 1. F., Onanov G. G. Stroitel'naya mekhanika skoshennykh tonkostennykh sistem [Building
mechanics of thin-walled beveled systems]. Moscow, Mashinostroenie Publ., 1973. 659 p.

6. Kamke E. Spravochnik po obyknovennym differentsial’'nym uravneniyam [Handbook of ordinary differential
equations]. Moscow, Nauka Publ., 1976. 576 p.

7. Bulatov S. N., Kozlov V. A. Reshenie nekotorykh prikladnykh zadach teorii konicheskikh obolo-chek
slozhnoy geometrii [The solution of some applied problems in the theory of conical shells of complex
geometry]. RAN. Problemy mashinostroeniya i nadezhnosti mashin, 2000, no. 5, pp. 102—108.

8. Kozlov V. A. [The stress state of noncircular bevel beveled thin-walled structures of variable thickness].
Trudy VIII Vserossiyskoy konferentsii po mekhanike deformiruemogo tverdogo tela [Proc. of the VIII all-Russian
conference on mechanics of deformable solids]. Cheboksary, 2014, part 1, pp. 219—222.

9. Kozlov V. A., Bulatov S. N. Stesnennyy izgib s krucheniem konsol'no zashchemlennoy tsilindri-cheskoy
obolochki s mnogosvyaznym konturom nekrugovogo ochertaniya [Constrained torsional buckling of a cantilever
clamped cylindrical shell with mesh contour noncircular shape]. Nauchnyy vestnik Voronezhskogo GASU.
Dorozhno-transportnoe stroitel'stvo, 2004, no. 2, pp. 21—23.

10.Kozlov V. A., Bulatov S. N. Eksperimental'noe issledovanie konicheskikh nekrugovykh zhestko
zashchemlennykh sterzhney [Experimental investigation of tapered noncircular rigidly clamped rods]. Nauchnyy
vestnik Voronezhskogo GASU. Dorozhno-transportnoe stroitel'stvo, 2004, no. 3, pp. 22—24.

11.Seredin P. V., Glotov A. V., Domashevskaya E. P., Arsentyev I. N., Vinokurov D. A., Tarasov I. S.
Structural and optical investigations of Al,Ga;_,As:Si/GaAs(l1 0 0) MOCVD heterostructures. Physica B:
Condensed Matter, vol. 405, iss. 22, pp. 4607—4614.

12.Mahdy Iman A., Domashevskaya E. P., Seredin P. V., Yatsenko O. B. Spectral features of Co—Ge-Te
amorphous thin film. Optics & Laser Technology, vol. 43, iss. 1, pp. 20—24.

23



