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Abstract. The program «Gofro» is intended for the automated generation
of data on the geometrical scheme of the beam with corrugated or plane
web for further use in design complexes. The program has got a window
interface, and it consists of one module for the input of feed da-ta, for
calculation and for the display of its results in txt file format. The program
offers a possibility to choose the outline of the structure, the profile of the
web, the type of cross-section, and to set other parameters of the structure.
When building up the model with the help of the author program «Gofro»
and GMSH preprocessor for the automatic genera-tion of finite element
mesh, the correctness of geometrical shape of elements is monitored by the
algorithms that are input in the preprocessor. The author compares the time
re-quired to create the models using the author program and GMSH
preprocessor and using the standard resources of «Lira» software system.
The authors performed numerical studies of various I-beams created in the
program «GOPRO».

1 Introduction
In the practice of designing load-bearing structures it is quite often necessary to consider
several design solutions, which differ in a number of parameters. Speaking about the design
of a beam with corrugated web, such parameters are the profile, length and height of the
corrugation. It should be noted that the creation of the design scheme of the beam with
corrugated web is rather a time-consuming task, especially in those cases when the height
of the beam’s section changes along the length of the element, or when there are holes in
the web [1-20]. Some recommendations on the mathematical modeling for beams with
corrugated web can be found in the works [21, 22].
In order to reduce the labor cost for building up the design model, the author program
«Gofro» [23] was developed, that allows automatically generating the design model for the
beam, and inputting these data into different complexes («ANSYS», «CalculiX», PC
«Lira», PC «SCAD», etc.) with the help of a text document with the required data
encoding.
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2 Materials and methods
The program «Gofro» is intended for the automated generation of data on the geometrical
scheme of the beam with corrugated or plane web for further use in design complexes. The
program has got a window interface, and it consists of one module for the input of feed
data, for calculation and for the display of its results in txt file format. The program offers a
possibility to choose the outline of the structure, the profile of the web, the type of crosssection, and to set other parameters of the structure. When building up the model with the
help of the author program «Gofro» and GMSH preprocessor for the automatic generation
of finite element mesh, the correctness of geometrical shape of elements is monitored by
the algorithms that are input in the preprocessor. The author compares the time required to
create the models using the author program and GMSH preprocessor and using the standard
resources of «Lira» software system.
The program is written in C ++, software development environment is Borland C ++
Builder 6. To date, the program has only one Russian language interface (Figure 1).

Fig. 1. Program for the preparation of the geometry of the model for the beam with corrugated web.

Out of the wide range of corrugation shapes, the ones that are widely used in
international practice are the vertical corrugations with three kinds of outline [24, 25]. And
they were selected for use in the program (Figure 2). In this case, if you set the height of the
wave f=0, you can obtain a beam with plane web.
Determination of the points position, as well as joining the points together with lines, is
designed as a loop. For each outline of the corrugation an algorithm of its own is input in
the position determination procedure. Wavy corrugation is described by the trigonometric
function cos(x).
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Fig. 2. Outline of corrugated web.

The program offers the possibility to set the change of sectional height along the length
of the beam, as well as to choose the symmetrical or asymmetrical cross-section.
Inputting the beam’s scheme into a certain design system has got its own peculiar
features. This is connected with the possibilities of the calculation program. For example,
«Ansys» has got its own generator of finite element (FE) mesh, while PC «Lira» uses an
intermediate program (eg, GMSH [26]) to get the FE mesh, followed by data conversion.
To show the ways to reduce the time spent on building up the model, let’s consider the
following example.
Example. Let’s create the model for the beam with vertically corrugated web and make
the calculations using PC «Lira» in two ways:
1 – with the help of the author program «Gofro» and GMSH;
2 – using PC «Lira» internal resources.
Basic geometrical properties: span L=3 m; web height hw=200 mm; flange width
bf=200 mm; the outline of the corrugation is wavy: semi-wave length a=150 mm; semiwave height f=40 mm; FE lateral length – 20-25 mm (Figure 3).

а

b
Fig. 3. The models for the beam with corrugated web made using PC «Lira»:
a - with the help of the author program «Gofro» + GMSH;
b – using PC «Lira» internal resources.
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Table 1. Comparison of the time spent on building up the design model.
N

Program

1

«Gofro»+GM
SH →PC
«Lira»
PC «Lira»

2

Time spent,
min
5-8
22-30

The compared results (Table 1) show that the time spent on building up the design
model can be reduced 4-6 times. This depends mainly on the outline of the corrugation and
on the value of FE.
It should also be noted that building up the model using the resources of PC «Lira»
requires setting the correct parameters of FE, which is especially true for triangular elments,
and only in this case the calculation results will be reliable. When building up the model
using the author program «Gofro» and GMSH preprocessor, this is not required, since
during the automatic generation of FE mesh, the correctness of the elements’ geometrical
shape is monitored.
It should be noted that using the program «GOFRO», solution of the problem does not
lose accuracy in the software package «Lira».

3 Conclusions
1. The developed program «Gofro» facilitates the preparation of data on the geomtry of the
design model for beams with vertical corrugated web.
2. The time spent on building up the model for the beam with vertical corrugated web
can be reduced up to 6 times using the author program «Gofro».
3. Because using the program "GOFRO", solution of the problem does not lose
accuracy in the software package «Lira».
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