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Abstract

The purpose of this work is to present analytical
and numerical determination of the equivalent
stress of the open section thin-walled "U" profile
subjected to the constrained torsion. This work can
be divided into two parts. In the first part of this
paper equivalent stress was obtained with analy-
tical calculation. In the second part the finite
element method was applied for calculation of
equivalent stress. At the end, the results of
analytical method were compared with numerical
method.
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1. Introduction

Thin-walled beams find a wide application in
construction and machinery industry, as they
enable obtaining any shape of the beam cross-
section. Due to their low weight, thin-walled open
section beams are widely applied in many
structures. Many modern metal structures are
manufactured using thin-walled elements (shells,
plates, thin-walled beams) which are subjected to
complex loads [1]. In most constructions such as,
for example, automotive, railway vehicles, boats
and similar constructions, they are installed in thin-
walled elements. Thin-walled elements can be
disparate shapes, can have greater or lesser
bending and torsional rigidity, but their common
property is that they have a low weight compared
to other possible constructive shapes [2,3].

2. Analytical calculation

Analytical calculation of the equivalent stress of
the open section thin-walled "U" profile was
performed according expressions (1)-(14). Proper-
ties of material used in this paper are given in
Table 1.

Table 1. Properties of C 0360
Young’s modulus Poisson’s ratio

20000kN/cm? 0,3

Materials
¢ 0360

Cross section of the thin-walled ,U” profile is
given in Figure 1. , where the flanges b1=bs=8[cm]
and the web b2=10[cm] are widths and t=0,3[cm]
is thickness of this profile.

Figure 1. Cross-section U-beam
Area size of the "U" cross-section was
calculated using the expression [3]:
A= th_th+bt (1

Moments of |nert|a of the cross-sectional area
about the centroidal axes x and y are given by

expression [3]:

S bbit, t,b3
| = . _ Pl HLY%
. Zt,.[y(s)y(s)ds CRET )
3 th? 1424
s)d _ b
Iy =2 b]x(x(s)as =557 3)

Sectorial moment of inertia is given by
expression [3]:

I, =[w*dA= it,ja)(s)w(s)ds 4)

Torsional moment of inertia is given by
expression [3]:
77 3
h=32.08 ()

where 7 is cofficient of safety.

Torsional section moduli is given by expression:
/

Schematic representation of constrained torsion
of the console is given in Figure 2.
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Figure 2. Constrained torsion of the cantilever beam

Mk

Console is loaded with a torsion moment
according to the expression:

M’ = 31,4[kNcm] @)

The reduced Young's modulus is given by
expression:
1-v
The bending — torsional characteristic is given
by expression [3-5]:
Gl
k = __f
El, ©)
Bi-moment and the maximum normal stress are
given by expressions (10) and (11), respectively
(3:

B, = —"Z th(ki) (10)
Bmax
Jmax = / a)max (1 1)

In the case of loads by concentrated torsion
moment on the free end of the console, moment of
pure torsion on the free end is given by expression
[3]:

1
M__ =M |1-——
( Ch(k,)] (12)
Shear stress is given by expression:
T _ thax 13
max w. ( )

t

In the case of a complex load (normal stress
and the shear stress are taken together in the
calculating), can be define the equivalent stress
that is calculated by the Hencky-Mises hypothesis
[6]:
kN
cm?

o, =40l +312,, =31111

o max (14)
3. Numerical analysis using finite element
method

Calculations were performed using the Finite
element method [7]. The material properties used
for the simulations are shown in Table 1. Numerical
simulations [7,8] were performed using ABAQUS
and KOMIPS software .

First, the analysis was done in the software
package ABAQUS, and then in the software
package KOMIPS and finally this numerical results
were compared with analytically obtained results.

Model was composed of a plates. All dimensions
of plates are given in centimeters. The best results
are obtained with a given mesh of finite elements.
Generated finite element mesh model of "U”
profile, in ABAQUS software, is shown in Figure 3.

Figure 3. Mesh of finite elements on the model of "U"
profile

Constraint, i.e. boundary condition was encastre
at the one end of the beam. The torque is repre-
sented by the couple produced by two parallel
horizontal forces introduced at the free end of the

cantilever beam.

Boundary condition and load of model of "U"
profile in software ABAQUS are given in Figure 4.

A

z ]

Figure 4. Load and boundary conditions

Figure 5 shows the values of the equivalent

stress. The maximum value of the stress occurs at
the last finite element. The displayed stress values
are given in kN/cm2,

(Avg: 75%)

S, Mises
SNEG, (fraction = -1.0)

&>

+3.213e+01
+2.947e+01
+2.682e+01
+2.416e+01
+2.150e+01
+1.885e+01
+1.619e+01
+1.353e+01

+1.088e+01
- +8.220e+00
- +5.563e+00
- +2.907e+00
+2.507¢ 0 L8

Figure 5. Values of the equivalent stress software
package ABAQUS
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In Figure 6 the finite element is marked at the
end of the considered cantilever thin-walled beam
of the chosen shape. In this finite element the

value of stress o, =32,13[ sz} corresponds to
cm

analytically obtained values.

Figure 6. Equivalent stress of the finite element at the
end of flange

The numerical calculation was made in software
package KOMIPS [7] to verify the results obtained
with the analytical calculation and numerical
analysis in the software ABAQUS.

Figure 7 shows the constraint, i.e. boundary
condition was encastre at the one end of the
beam. The torque is represented by the couple
produced by two parallel horizontal forces
introduced at the free end of the cantilever beam in
the software package KOMIPS [7]. The mesh of
finite elements on the model of "U" profile is also
given in Figure 7.

Figure 7. Load, boundary condition and mesh of finite
elements in software package KOMIPS

Figure 8 shows the values of the equivalent
stress. The maximum value of the stress occurs at
the last finite element.

Figure 8. Values of the equivalent stress in software
package KOMIPS

In Figure 9 the finite element is marked at the
end of the considered cantilever thin-walled beam
of the chosen shape. In this finite element the

value of stress o, = 31,19[ KN

5 } corresponds to
m

analytically obtained values.

Figure 9. Equivalent stress finite element at the end of
the flange

4. Conclusion

The paper shows that the equivalent stress ob-
tained by numerical analysis using finite element
method has approximately the same value like
equivalent stress obtained with analytical calcu-
lation.

Also, it has been shown that using the two
different softwares obtains approximately the same
values of equivalent stress. Accuracy of results
depends on the choice of the finite elements mesh.
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It should be noted that the finite element
method clearly shows where exactly the maximum
value of stress is, and that the value of stress is
not the same at the whole cross section.

It is prepared physical model of thin-walled "U"
profile and still plans to experimentally test this
profile. It is also plan to comparing the experimen-
tal results with the previous three calculations.
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