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C MCMOJIb30BaHUEM 3aBUCHMOCTEH ISl HArPYy3KH, MOJYyYEHHBIX HA OCHOBE CTPOUTENBbHOM MEXaHUKU
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Abstract. The article discusses the methodology for calculating corrugated metal structures used as
culverts based on the semi-analytical finite element method. The calculation is carried out according
to a non-deformable scheme using the load dependences obtained on the basis of the structural
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Introduction. The peculiarity of calculating culverts under road embankments
Is that they work in conjunction with the surrounding soil. The soil acts as the base of
the pipe, as well as the medium that transmits above-ground loads. In addition, the

dead weight of the soil also creates a load on the pipe.
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Culverts are usually taken rigid and they are calculated according to an
undeformed scheme, not taking into account the lateral rebound of the soil. In [1,2],
the following expressions are given for the normal and tangential components of the
load on a cylindrical shell (Fig. 1), obtained on the assumption that the culvert does
not affect the limiting stress state of the surrounding soil, and the soil is a loose body:

W =P, = yy(cos’ 0 +&sin’ );

: (1)
V=P, =yy(1-¢&)cosdsing,

where y=H + R(1—cos€) — the distance from the point under consideration to a
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surface mound; R — shell radius; & = -
1+sing

— lateral pressure coefficient, ¢ —angle

of internal friction, y — specific gravity of the soil.
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Figure 1. Components of the load acting on the shell
Methods. We use the semi-analytical finite element method to calculate the
culvert for the load determined by relations (1). Components W and V are arranged in

series:
W :iW”(s)cosne; Vv :ivn(s)sinne. (2)
n=0

n=0

The expansion coefficients are determined by the formulas:
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Figures 2-3 show the graphs of changes in the components of the load W(0)
and V(0) and their approximation using series (2) with a different number of terms.

The calculations were performed at y = 26.5 KN/m3, ¢ =22°, R=3 m, H=2 m.
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Figure 2. Change in the normal component of the load depending on 6 and

approximation of the function W(0) using a series
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Figure 3. Change in the tangential component of the load V(0) and its approximation
using the series

The calculation is performed separately for each member of the series with the
subsequent summation of the results for each harmonic. For the terms corresponding
to n = 0, the calculation is carried out as for an axisymmetric load according to the
method proposed in [3]. In the case where the loads change as periodic functions, the
displacements will also be periodic functions. For the calculation, an axisymmetric
finite element in the form of a truncated cone is used, shown in Fig. 4, with 4 degrees

of freedom at the node: displacements u., v., w and rotation angles & :((jj_w :
S



Figure 4. Conical finite element

The construction of the stiffness matrix and the load vector for each harmonic
Is discussed in detail in [4, 5].

Results and discussion. The calculation of the corrugated cylindrical shell
with the radius R = 3 m and length L = 4 m was performed for the loads shown in
fig. 2 and fig. 3. The corrugation shape was sinusoidal with a wavelength A = 0.2 m
and amplitude A = 0.0275 m. The shell was fixed at the ends in the direction of the
global axes x, y, z. For comparison, the calculation of a smooth shell was also
performed. When calculating by the semianalytical method, the number of finite
elements was taken equal to 200. When expanding the load in a Fourier series, the
first 10 even terms of the series were retained (the odd terms in the decomposition of
a given load vanish).

Graphs of changes in internal forces Ns and Ng along the length of the shell in
the section 6 = 0 are shown in Fig. 5-6.
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Figure. 5. Change in the meridional force N along the length of the shell at the cross
section 6 =0

It can be seen from Fig. 5 that the meridional force Ns for the corrugated shell

turns out to be significantly lower than for the smooth one. At the same time, for the

annular force Ny along the length of the corrugated shell, oscillations with a large

amplitude are observed. The maximum values of the shear force Ny for the

corrugated shell are slightly higher than for the smooth one; the graph of its change

along the length at 6 =t / 4 is shown in Fig. 7.
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Figure 6. Change in the annular force Ny along the length of the shell at 6 = 0
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Fig. 7. Change in the shear force along the length of the shellat6 ==/ 4

Conclusions. The results obtained show that when using simplified approaches
(calculation using an arched model, replacing a corrugated structure with an
orthotropic one), it is impossible to take into account fluctuations in internal forces,
and as a consequence, there is an overestimation of the bearing capacity of metal
corrugated structures. And in comparison with the classical FEM, the use of the semi-

analytical finite element method can significantly reduce the computation time.
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