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Abstract. The article presents the method of calculating beams with a 

corrugated wall on the stability of a flat bending shape. The problem 

reduces to a differential equation of fourth order with respect to the twist 

angle. The solution is performed numerically by the finite difference 

method. A comparison of the results with the software package LIRA is 

presented. 

1. Introduction  

I-beams with corrugated walls are actively used in modern construction. In the literature 

there are a large number of works on such structures, including [1-4]. Most of them are 

devoted to the study of the stress-strain state. Finite element complexes make it possible to 

model beams with a corrugated wall with regard to their real geometry, but this approach is 

rather laborious. Therefore, there is a need for an approximate method suitable for 

engineering calculations. 

2. Methods  

We will use the general V.Z. Vlasov theory of thin-walled rods of an open profile [5] to 

solve the problem of lateral buckling of a beam with a corrugated wall. The relationship 
between the torque Mt and the twisting angle θ for a thin-walled rod has the form [6]: 
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where Iω is the sectorial moment of inertia, It is the moment of inertia during torsion, E and 

G are the elastic moduli of the first and second kind, respectively. 

 The cross section of the corrugated beam is shown in fig. 1. 
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Fig. 1. Cross section of corrugated wall beam 

 For a profile consisting of n rectangles, the value It is calculated by the formula [7]: 
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where si and ti are respectively the length and thickness of the i-th wall; γ is a coefficient 

that depends on the shape of the cross section. 

 Applied to a corrugated beam, the formula (2) takes the form: 
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 The position of the center of gravity of the cross section can be calculated by the 

formula: 
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 The moment of inertia of the section relative to the main central axis z is calculated by 

the formula: 
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 The center of the bending of the section A0 is located at a distance αy from the wall, the 

value of which is calculated by the formula: 
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where 
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I      –  axial moment of inertia of the section. 

2

E3S Web of Conferences 97, 04067 (2019)  https://doi.org/10.1051/e3sconf/20199704067
FORM-2019



 The main sectorial moment of inertia of a section is determined as follows: 
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 The geometric characteristics of Iz and Iω depend on λ, which in turn is a function of x. 

The value of It is not dependent on the x coordinate. 

 To determine the critical load, we use the static Euler criterion. The beam element at the 

moment of buckling is shown in fig. 2 (the wall is conventionally shown smooth). At the 

moment of buckling, a torque Mx occurs in the beam. Writing the sum of moments relative 

to the x axis of the beam in the undeformed state, we get: 
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Fig. 2. Beam element at the moment of buckling 

 Neglecting members of a higher order of smallness, the expression (8) can be 

represented as: 
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 Torque on the x' axis is calculated as: 
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 Differentiating expression (10) by x, we get: 
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 Substituting (9) into (11) and given that 
dQ

q
dx

   and 
ydM
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 , we get: 
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 The bending moment relative to the axis z' at the moment of buckling is defined as: 
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 We differentiate equality (1) with respect to x: 
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 Expressing from (13) the second derivative of the deflection and substituting further 

the value 
2

2

d v

dx
 in (12) and then equating the right-hand sides (14) and (12), we obtain the 

basic resolving equation: 
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 Thus, the problem has been reduced to a fourth-order differential equation with respect 

to the twist angle.  

 We will consider the calculation method on the example of a hinged at the ends beam 

under a uniformly distributed load (fig. 3). In the calculation, we assume that the rotation of 

the beam about its x axis is excluded in the reference sections, and also that in the end-

section deplanation occurs freely, i.e. they do not have a bimoment B. The corresponding 

boundary conditions at x = 0 and x = l are written in the form: 
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 The solution of equation (15) is performed by the finite difference method. Finally, the 

problem is reduced to a homogeneous system of linear algebraic equations: 

        0,A t B ta E X        (17) 

 

where  E  is a unit matrix,    2
2 3,  .

T

nt q X       Matrices [A] and [B] are not 

given here because of their bulkiness. 

 
Fig. 3. Calculation scheme 

 The critical load is determined from the condition that the determinant of the system 

(17) is zero: 
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 The method of solving equations of the form (18) is given in [8,9]. 

3. Results and Discussion 

The test problem for a beam with sinusoidal corrugation sin(2 / )f x     was solved at 

b = 0.1 m, h = 0.3 m, 3 mm, 4 mm, = 5 cm, = 3 cm.w ft t f    The span of the beam was 

taken to be l = 3 m. Calculations were performed in a package Matlab. The critical load 

according to the results of the calculation was 19.2 kN/m. 

 The same problem was solved in a three-dimensional formulation in the Lira-SAPR 

2013 software package. To eliminate local stability loss in the support areas, support ribs 

were installed. The wall and supports ribs were modeled with flat rectangular finite 

elements of shell, and the shelves were modeled with flat triangular finite elements. The 

form of buckling is shown in Fig.4. The critical load according to the results of the 

calculation in the program complex was 20.1 kN /m. The solution based on the theory of 

thin-walled rods differs from this value by 4.5%. 

 

Fig. 4. Form of buckling for a beam with corrugated wall 

Also for comparison, a calculation was made on the stability of a beam with smooth wall. 

When calculated in the Lira-SAPR software package, the critical load was 15.39 kN / m, and 15.74 

kN / m when calculated in the Matlab package. Form of buckling for a beam with smooth wall is 

shown in Fig. 5. 

 

Fig. 5. Form of buckling for a beam with smooth wall 
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4. Summary 

A method for calculating corrugated wall beams based on the theory of thin-walled rods of 

V.Z. Vlasov was developed. For test problems, a good agreement of results was obtained 

with a solution in a three-dimensional formulation using FEM. Compared with a beam with 

a smooth wall for a structure with a corrugated wall, the critical load was higher by 30.6% 
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