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Abstract

In regions where seismic loads pose a significant danger to the structural stability of build-
ings, developing sustainable solutions for increasing the ductility of structural members is
of great importance. One of the contemporary, emerging approaches is to use the greater
confinement of concrete using multispiral reinforcement. A numerical model of two vari-
ants of Multispiral-Reinforced Concrete Columns (MRCCs) that differ in their axial loads
using FEA was developed and validated. A non-linear combined fracture-plasticity con-
crete model with the crack band approach and an embedded reinforced model with bond
slip were used. The main finding is that higher axial loads do not significantly increase
the stiffness response, but reduce ductility (achieved drift). The achieved force agreement
between the simulation and the experiment is within 2% at the peak and within 24% at the
largest column drift in the post-peak region. For the purpose of rapid prototyping, a plugin
that enables the user to quickly change various properties of MRCC geometry using an
automated approach instead of modeling individual variants from zero is proposed. This
overall approach was developed to both save on user time spent modeling and on the great
costs that involve manufacturing and testing of real-scale specimens.

Keywords: FEA; column; cyclic; analysis; multispiral; prediction; validation; generation;
parameter

1. Introduction
Multispiral concrete rebar is a novel, advanced reinforcement type characterized by

the use of multiple spiral steel bars arranged concentrically within a concrete member (a col-
umn in this case). Spiral reinforcement is easier to manufacture compared to manually-tied
stirrups, as most of the work can be conducted in-house with automation [1], eliminat-
ing the need to perform welding and forming of reinforcement on site, as well as the
skilled labor required to do them. The improved confinement enhances ductility [2] and
also increases the compressive strength of the concrete compared to unconfined concrete,
significantly improving the load-bearing capacity of the structure [3]. The multispiral
arrangement distributes internal stresses more uniformly compared to conventional trans-
verse reinforcement [4], improving resistance to shear and axial loads. This improvement
is beneficial in seismic regions, where energy dissipation and deformation capacity are
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critical for safety [5]. Empirical studies have demonstrated that multispiral reinforcement
significantly delays the onset of structural failure, contributing to improved overall per-
formance and safety in reinforced concrete structures [6]. Chen et al. [7] showed in their
experiments that columns with multispiral reinforcement are also 33% stronger in uniaxial
compression tests, and the columns are 145% more ductile compared to conventional
transversal reinforcement. Among the most common configurations are the two-, four-,
six-, and seven-spiral arrangements for square, rectangular, and oblong columns. All the
variants show comparable or higher strength and ductility when compared to conven-
tional stirrups [8]. The multispiral configuration provides superior confinement of the
concrete within the spirals, enhancing both its compressive strength and ductility, and
also requires less reinforcement compared to traditional stirrups [9]. Ou et al. [8] report
that multispiral reinforcement achieves this effect with a steel volume only 50–60% that of
transverse reinforcement. Other authors [1] also corroborate this finding, reporting up to
30% less transverse steel needed while still maintaining superior performance compared to
conventional reinforcement.

However, iterating the physical experiment for every configuration, where important
variables are the shape of the concrete cross-section, number, diameter, and placement of
spirals, their pitch, and materials used, is very uneconomical and does not comply with
the recent initiatives of sustainability. In order to limit the number of experiments needed
to determine the optimal materials, geometry, and reinforcement configurations, Finite
Element Analysis (FEA) is being widely employed [10,11]. With its use, we can predict the
behavior of an individual structure with only a limited number of experiments needed
for model validation, saving resources by providing a reliable computational framework
that can be used to simulate the behavior of concrete structures of various geometries,
boundary conditions, and loads. However, FEM is highly dependent on the quality of
input parameters and experimental validation remains essential.

To further our efforts towards sustainability and minimizing the expenses for exper-
iments, a tool that can be used for rapid generation of MRCC geometries, which can be
subsequently analyzed via FEA, was developed. This plugin allows for rapid generation of
geometry, loads, boundary conditions, and monitors to allow the user to determine rein-
forcement and other geometry options quickly. This procedure allows more configurations
to be explored and chosen from, optimizing the design or the analysis workflow.

2. Materials and Methods
2.1. Methodology

This research aims to develop and validate a numerical model for multispiral-
reinforced concrete columns (MRCCs) that can provide insights into the effects of materials,
helical rebar placement, geometry, and steel through-beam contribution towards the overall
response, ductility, and load-bearing capacity. Since the purpose of the model is to provide
a numerical tool to quickly simulate the behavior of a novel geometry, the authors also
decided to enhance it with a plugin for rapid generation of geometry (Section 2.5). The FEM
approach was delivered by using the ATENA software package [12].

To validate the model, experimental data by Joju [13] were used. For a detailed descrip-
tion of the experiment, please refer to the original work of this author. The experiments
were performed on a series of rectangular MRCCs with a steel through-beam. Figure 1
illustrates the model validation workflow. The geometrical model was prepared according
to the author’s [13] experimental setup and is shown in Figure 2.
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Figure 1. The workflow of the model validation process.

Figure 2. The modeled geometry of the MRCC. There are visible multispiral and longitudinal
reinforcement rebars (black), the steel through-beam (green), stiff end blocks (red), and face bearing
plate and flange doubler plate (lighter red). There are also concrete blocks in the middle portion of
the model and an interface material, both omitted for clarity.

2.2. Geometrical Model

The geometrical model of the analyzed experiment is shown in Figure 2. The model
was created in the GiD preprocessor [14]. The main challenge of geometry modeling is
the level of detail that is needed to capture the key characteristics of the experiment [15],
but does not inflate the complexity and solution time too much. The column geometry
was approached by modeling the column as-built, consisting of a 600 × 600 × 2800 mm
concrete section and a central, big diameter spiral and four corner, small diameter spirals,
as shown in Figure 3. Since the spiral reinforcement usually varies in bar diameter, helix
diameter, and pitch, a plugin for rapid generation of geometry (Section 2.5) was prepared.

The 600 × 600 mm cross-section of the analyzed column was reinforced, as shown
in Figure 3, with 24 longitudinal bars (d = 29 mm), four small-diameter corner spirals
(d = 10 mm, pitch = 75 mm, diameter = 180 mm), and a large spiral (d = 16 mm,
pitch = 75 mm, diameter = 540 mm).
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Figure 3. The modeled cross-section of the column. Dimensions can be seen in [13]. (Left)—the
experimental layout, (right)—the FE mesh. Red—longitudinal reinforcement, green—small corner
spirals, blue—large central spiral. Our approach is to conserve solution times by modeling the Non-
Uniform Rational B-Splines (NURBS) with rough, linear elements that are divided by the concrete
FE mesh. The choice of 6 elements per side comes from experience with ATENA modeling using
hexahedral meshes with good aspect ratio, as the difference between using 5 and 6 elements is usually
less than 1% in terms of achieved force.

To account for the possibility of yielding of the steel beam at the edge of the joint,
interface elements in the flanges and web of the beam were introduced that allow the
transfer of forces in the compressive direction, but also allow for separation of adjacent
surfaces in tension should the tensile stress exceed the critical value, as shown in Figure 4.
The loading was performed in the cyclic regime by vertically displacing the outer edge of
the steel beam according to the histogram shown in Figure 5.

Figure 4. The detail of the material interfaces at the joint. The steel through-beam (green) and the
interface materials connecting the steel (blue) and the four inner concrete blocks (omitted from display
for clarity). The division of the green element presents the aforementioned interface for the possibility
of capturing a flange rupture.
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Figure 5. The original experiment histogram used in the work of Joju [13] (red) and the truncated
version used for the ATENA simulations (blue).

2.3. Material Models
2.3.1. Concrete Material Model

For all concrete parts, the well-tested and robust NLCEM2 model [16] was used. This
model applies a combined fracture-plasticity model [17]. The formulation of the material
model assumes small strains and is based on the decomposition of total strain into elastic
(εe

ij), plastic (εp
ij), and fracture (ε f

ij) components. Stress development can be described using
the following equations, which represent progressive degradation (formation of cracks in
concrete) and plastic deformation (concrete crushing):

σ̇ij = Dijkl ·
(

ε̇kl − ε̇
p
kl − ε̇

f
kl

)
(1)

The constitutive equations of both models can be summarized as follows. Below is
outlined the evolution of plastic and fracture strains:

The plastic model:

ε̇
p
ij = λ̇p · mp

ij, mp
ij =

∂gp

∂σij
(2)

The fracture model:

ε̇
f
ij = λ̇ f · m f

ij, m f
ij =

∂g f

∂σij
(3)

where λ̇p is the plastic multiplier and gp is the plastic potential function. Considering the
unified theory of elastic degradation by Carol [18], we can analogously define the values
for the fracture model, i.e., λ̇ f is the inelastic fracture multiplier and g f is the potential
defining the direction of inelastic fracture strains in the fracture mechanics model.

Consistency conditions can then be applied to evaluate the evolution of plastic and
fracture multipliers:

ḟ p = np
ij · σ̇ij + Hp · λ̇p = 0, np

ij =
∂ f p

∂σij
(4)

ḟ f = n f
ij · σ̇ij + H f · λ̇ f = 0, n f

ij =
∂ f f

∂σij
(5)

Hp and H f are the hardening moduli for the plastic and fracture models, respectively.
This problem represents a system of two equations for the two unknown multipliers
λ̇p and λ̇ f and is analogous to the multi-surface plasticity problem [19]. Details of the
implementation of this model are provided in [17,20].
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The model uses Hordijk’s exponential softening law [21], along with Rankine’s plastic-
ity formulation for tensile failure, as shown in Figures 6 and 7, respectively.

Figure 6. Tensile softening [21,22].

Figure 7. Plasticity criterion for concrete [22,23].

Compressive behavior is modeled using a plasticity-based approach with a three-
parameter failure surface proposed by Menetrey et al. [23] (see Figure 8). The hardening
and softening are defined by the laws shown in Figures 9 and 10, respectively, where ε

p
eq is

the equivalent plastic strain. Softening in both tension and compression is adjusted using
the crack band approach proposed by Bažant [24].

Figure 8. Adjustment of crack band size based on crack orientation in ATENA [22].
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Figure 9. The concrete hardening law [22].

Figure 10. The concrete softening law [22].

The crack band width Lt, as well as its effective size Lc, is modified based on the
orientation of cracks according to [25]. This method is illustrated in Figures 9 and 10 and
described by Equations (6) and (7).

L′
t = γLt and L′

c = γLc (6)

γ = 1 + (γmax − 1) · θ

45
, θ ∈ ⟨0; 45⟩ (7)

The central idea is to adjust the size of the crack band depending on its orientation θ

relative to the element edges when the crack is not parallel to them.
In nonlinear analysis of reinforced concrete when reinforcement must be considered, it

is crucial to account for additional factors related to the presence of reinforcement and the
composite behavior of concrete and steel. The most important aspects are the following:

1. Shear stiffness and residual stiffness of cracked concrete (aggregate interlock effect);
2. Reduction in compressive strength due to cracks perpendicular to the load;
3. Bond slip of reinforcement;
4. Tension stiffening;
5. Dowel action and bending stiffness of reinforcement;
6. Loss of bond between reinforcement and concrete.
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In the constitutive model used, aspects (1) and (2) are considered according to the
Modified Compression Field Theory (MCFT) [26]. In this theory, compressive strength is
reduced according to the following equations:

σc = rc · f ′c (8)

rc =
1

0.8 + 170ε1
, rlim

c ≤ rc ≤ 1.0 (9)

where ε1 is the tensile strain in the crack. In ATENA, ε1 is determined as the maximum
fracture strain, and the reduction in compressive strength is limited by the parameter rlim

c .
The shear strength of cracked concrete is reduced according to MCFT [26], as follows:

σij ≤
0.18

√
f ′c

0.31 + 24w
ag+16

(10)

where f ′c is the compressive strength in MPa, ag is the maximum aggregate size in mm,
and w is the maximum crack width in mm in the analyzed region.

MCFT does not provide a direct expression for shear stiffness, which is an impor-
tant parameter significantly affecting the response of reinforced concrete. In the current
formulation, the shear stiffness of the crack is calculated directly from the normal stiffness.

Reinforcement is modeled as an embedded element using truss elements and a multi-
linear stress–strain diagram to accurately capture bond slip and the yielding characteristics.
An optional effect of increased tensile stiffness can also be specified. The hysteretic behavior
of the steel rebar is modeled using the commonly utilized [27] Menegotto–Pinto model [28].

2.3.2. Steel Material Model

Experimental stress–strain diagrams determined through separate experiments men-
tioned in [13] were used for all steel materials (beam web, flange, doubler plate, and face
bearing plate), which were incorporated into ATENA as a steel elastic material with a bilin-
ear elastic diagram using the von Mises yield criterion (Equation (11)). Since the yielding
was not expected to occur in the steel components of the joint, this measure significantly
reduced the computational requirements.

σvM =
σy√

3
=

√
J2 (11)

where the σvM component represents the von Mises stress criterion. This criterion is set to
σy, the yield stress. The second invariant of the deviatoric part of Cauchy stress J2, which
the Cauchy stress tensor components can substitute, is shown in Equation (12).

σvM =
1
6
·
[
(σ1 − σ2)

2 + (σ2 − σ3)
2 + (σ3 − σ1)

2
]
=

=

√
1
2
·
(
(σ11 − σ22)2 + (σ22 − σ33)2 + (σ33 − σ11)2 + 6 · (σ2

12 + σ2
23 + σ2

31)
) (12)

2.4. Boundary Conditions and Model Properties

Numerical simulations were performed in the ATENA v.5.9.2 software using advanced
material models and experience from various research projects and forms of blind predic-
tions with similar setups. The numerical model was developed with respect to the correct
geometry, column fixing, load, material interfaces, and materials used. The basic geometry
of the model is shown in Figure 2.
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Reinforcement is modeled as embedded, and its mesh is made as one element for each
1D member, and subsequently division is made after the creation of hexahedral elements
for concrete. Steel and concrete materials use linear hexahedral elements, and contact
between individual bodies is created either by fixed contacts for neighboring bodies for
fixed entities or via an interface material for the steel beam–concrete interface that only
allows for the transfer of compressive forces but allows for the separation of materials in
the tensile direction (Figure 4).

To accurately represent the boundary conditions of the experiment Figure 2, the col-
umn was fixed by a stiff metal slab on both ends and allowed to rotate along a surface-
dividing line on top and allowed to translate in the direction of the x-axis. Loading was
performed by displacing the tip of the steel beam in the vertical direction. Since the inside
of the joint is a complicated geometry with multiple material interfaces, the contacts be-
tween individual bodies must be prepared carefully. Figure 11 shows the internal parts of
the joint without concrete members. We can observe many important details in the joint.
Separation of the reinforcement between the joint and column was modeled (as performed
in the experiment), column concrete (not visible in Figure 11) was connected to steel beam
members via a compression-only interface, the connection of beam web and flanges as
well as the front bearing plates was conducted using compatible hexahedral mesh and
the flange doubler plate was modeled to be in fixed contact with both steel and concrete
neighboring volumes.

The openings for reinforcement and concreting, which were present in the real ex-
periment, were not modeled for the sake of simplicity, reduction in computational times,
or to allow good-quality meshing with hexahedral elements. This omission is justified,
as the mass removed is negligible and the openings are small and circular (not indicative
of stress concentrations). Since the multispiral reinforcement is also discontinued at the
column–joint junction, it is safe to assume the overall response does not change. However,
a more in-depth analysis of this simplification in the future would confirm this simplified
approach. The lateral brace seen in Figure 11 was modeled simply by fixing the y-axis
displacement of some of the elements after meshing. Evaluation of stress–strain diagrams
was conducted by monitoring the overall force reaction at the beam’s tip and plotting it
against the drift ratio (beam tip displacement divided by beam length of 3500 mm). There
were two variants of the tested columns with different values of axial pre-load. Those were
the LP (lower prestress of 0.1× concrete strength—3018 kN) variant and the HP variant
(0.5× concrete strength—15,556 kN).

The main concrete NLCEM2 model properties are listed in Table 1. The reinforcement
was modeled as multilinear with varying properties for each kind of reinforcement accord-
ing to the used experiment (individual points with specified strain and stress]. Therefore,
reinforcement properties are not included for brevity, but can be found in [13].

Table 1. Used concrete material properties.

Concrete Material Property Units FEA Value

Young’s Modulus GPa 42
Tensile Strength MPa 3.4
Compressive Strength MPa −83.8
Fracture Energy 1 MNm−1 8.5 × 10−5

Plastic Strain - −0.0015
Onset of Crushing MPa −7.14
Critical compressive
displacement wd

m −0.004

Fc crack reduction - 1
1 Material parameters which were not identified by the experiment were generated by ATENA according to the
EuroCode 2-specified concrete of the same compressive strength.
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Figure 11. The GiD geometry render of the numerical model used in ATENA for the simulations.
Concrete around the spirals is not displayed for improved visibility.

2.5. Parametric Model Generation

ATENA Preprocessor 2025 (Červenka Consulting, Prague, Czechia) offers advanced
support for creating custom plugins that allow the user to extend and customize the stan-
dard functionality of the software to their specific needs. Users can design their own
graphical interface for entering input data according to the specific requirements of a
particular task, which simplifies and streamlines the entire model preparation process. This
flexibility allows for more effective use of the software in solving specific engineering prob-
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lems without having to modify the core of the program. The created plugin subsequently
enables automatic generation of the entire computational task, i.e., creation of model ge-
ometry, definition of materials, element types, mesh parameters, boundary conditions,
and all other input data, which are set by the user via a graphical interface as standard.
This approach significantly increases work efficiency and reduces the error rate in model
preparation, especially in cases of repetitive or parametric analyses.

Figure 12 shows the Geometry tab of the plugin that was created for the purpose of
generating MRCCs. On this tab, it is possible to set some basic model parameters, such
as column dimensions, dimensions of concrete and steel parts, flange and web thickness
of the I-beam, etc. This graphical environment is simply defined using an XML part (see
Appendix A.1), in which individual types of control elements are defined, while interaction
and model generation is implemented using Python version 3.9.7 scripts (see Appendix A.2).
After pressing the Create geometry button, a method defined in Python will be launched,
which will generate the geometry according to the user-defined parameters.

Figure 12. Example of a plugin geometry creation tab.

Figure 13 shows examples of four generated MRCC geometries. In these examples,
Column side a, Height of concrete part v1, Height of steel part v2, Beam width b, Beam
height h, Thickness of flange t f , and Thickness of web tw were modified. Other param-
eters remained unchanged. Along with the geometry, materials and element types are
automatically created during generation and are assigned to the created elements. All
elements are created in the corresponding layers, as can be seen in Figure 13. The next tab,
Reinforcement, is responsible for generating the reinforcement. Three types of reinforce-
ment are created here: longitudinal, central spiral, and corner spiral (this reinforcement is
visible in Figure 13 due to the transparent visualization). The final tab Analysis adds all
the necessary load cases, boundary conditions, and monitors to the model and creates the
analysis task. The example is thus ready to run the calculation directly without any further
user intervention. Creating one’s own plugins thus offers significant time savings when
modeling repetitive construction processes.
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Figure 13. Example of four generated MRCCs in ATENA Preprocessor 2025. Transparent display
with visible reinforcement elements.

3. Results
In this section, results obtained from the simulations are shown and described.

The simulations mainly show that increasing the axial pre-load does not increase the
peak achieved force, but influences the post-peak behavior as the system ductility decreases
(Figures 14 and 15). The accuracy of the FEA results vs. the performed experiment is
evaluated later in the Section 4, as well as in Table 2 in this section.

A comparison between various axial pre-load simulations ranging from 10 to 90% of
the concrete compressive strength was made to extrapolate the results of the experiments
and provide some insight into the effect of axial pre-load without the need to perform many
experiments and save on time and labor. The results are shown in Figures 16 and 17.

Table 2. Results obtained in the experiment compared to FEM simulations.

Physical Quantity LP Experiment LP FEA Deviation [–] HP Experiment HP FEA Deviation [–]

Peak Force [kN] 1601 1624 0.014 1656 1618 0.023
Max. Drift Force [kN] 979 1209 0.235 1600 1676 0.048
Max. Drift [%] 9 10 0.1 5 5 0
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Figure 14. The force-drift diagram of the LP experiment in red and the ATENA simulation in blue,
showing a moderately good agreement between the experiment and simulation (2 and 18% error at
the peak and largest drift, respectively). The ATENA simulation predicts a slightly stiffer behavior in
the post-peak region, but the peak force is a very good match and the softening trend follows.

Figure 15. The force-drift diagram of the HP experiment in orange and the ATENA simulation in
green (the deviation is 1.5 and 5.5% error at the peak and largest drift, respectively). The experiment
was terminated by rupturing of the beam’s flange ([13]) at only ca. half the drift of the LP experiment.
The simulation follows this trend by also predicting failure sooner.
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Figure 16. The force-drift diagrams of different axial pre-load values up to 40% of the concrete
compressive strength. The peak force does not change dramatically (in agreement with experiment
between 10 and 50%), but the ductility decreases substantially with increased axial pre-load.

Figure 17. The force-drift diagrams of different axial pre-load values from 50% to 90% of the concrete
compressive strength. Above 50%, there are no experimental data, and ATENA simulations show
less ductile behavior similar to that of the 50% experiment.

4. Discussion
The main goal of this research was to determine whether FEM is a viable approach

towards conserving resources on the very costly and time-consuming process of preparing
real-scale specimens. Datasets of two experiments (LP—lower, and HP—higher pre-load)
were available, and on the basis of those experiments, a numerical model that shows good
potential was developed.
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The proposed numerical approach and the simulations show good agreement for both
experimental values (LP—10 and HP—50% of concrete strength axial pre-load). In terms
of achieved force, the model’s deviation from the experiment for the LP variant is within
2% at the peak and within 18% at the largest drift ratio. For the HP variant, the deviation
is within 1.5% at the peak and within 5.5% at the largest drift ratio. The larger, post-peak
discrepancies can be attributed to the damage the joint suffers during cyclic loading and
repeated closing and opening of cracks, as those are harder to conceptualize in the model.
Other deviations between the simulations and the experiment can be attributed to the
fact that analyses were performed with a truncated version of the loading histogram.
To determine the amount of error introduced by limiting the number of damaging cycles,
additional comparative, detailed studies would be necessary. Since the geometry was
modeled (with the exception of small steel openings) with accuracy, a detailing mismatch
is unlikely. However, further efforts could be directed towards determining the optimal
values of cycling-related parameters of both the steel and concrete material models and
determining the magnitude of their influence on the pitching effect and matching of the
hysteresis loop.

With the numerical model developed and validated, it is now possible to begin the
process of optimizing the geometry and materials of the MRCC variants to better suit
individual structural needs and individual budgets. However, it is important to note that
this model is only validated on two datasets, and results could potentially deviate for
other variants of geometry (offset through-beams, circular columns, etc.). In the future,
the authors would like to test the precision of the numerical model on a wider variety of
experimental setups to determine its viability for other applications.

Intra- and extrapolating simulations were also performed that show that increasing
the axial pre-load decreases ductility, as shown in Figure 18, with little to no effect on the
achieved peak force. Figure 19 shows ductility as drift achieved within 70% of peak force.
Furthermore, a simulation with a perfect reinforcement bond was performed and found that
the deviation from an imperfect bond in the achieved force was negligible (<1%), suggesting
the setup is not sensitive to the bond but rather to the bulk stiffness, in this case.

Figure 18. Graphs of different drift levels and the resulting post-peak drift symbolizing a ducti-
lity reserve in purple. Ductility decreases with increasing axial pre-load in simulations as well as in
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experiments. This is a welcome match, as it will allow for a degree of extrapolation and optimization
of geometries in the future without the need for a large-scale test for every combination of geometry
and axial pre-load.

Figure 19. The evolution of ductility described as maximum drift achieved within at least 70% of the
peak load plotted against the different axial pre-load simulations.

To facilitate the modeling of MRCCs, a plugin that allows users to generate a complete
model in ATENA Preprocessor 2025 was developed. The model is generated based on user-
defined parametric input, including the geometry of the column and the steel beam, as well
as the position, shape, and diameter of both the spiral and longitudinal reinforcement.
The generation process also includes the setup of the analysis, i.e., the definition of boundary
conditions, monitors, and the final creation of the task. This plugin can be used to aid in
rapid model preparation in case there is a larger dataset to be used. It can be used in the
future on a broader set of geometries to either refine the model, confirm its validation on a
larger number of experiments, or simply aid in model preparation.
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Abbreviations
The following abbreviations are used in this manuscript:

FEA Finite Element Analysis
FEM Finite Element Method
HP High Pre-load
LP Low Pre-load
MCFT Modified Compression Field Theory
MRCCs Multispiral-Reinforced Concrete Columns

Appendix A. Code Samples
Appendix A.1. XML Part

A sample part of the XML code for creating the graphical interface of the application
can be seen in Figure A1. Each line of XML code defines a control element that is automati-
cally created when the plugin is launched. For example, in this code, the CommentParameter
type creates only a Label, which can be used as a title or as a comment for some part of the
dialog. The RealParameter type creates a label with a textbox for entering a real number and
a combobox for changing units. The ApplyButtonParameter type creates a button to run a
method defined in Python. In addition to these types, further types are documented in the
user manual of the ATENA Preprocessor 2025.

Figure A1. XML part for generating the “Geometry” tab—see Figure 12.
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Appendix A.2. Python Part

A sample part of the Python code for model generation—see Figure A2. At the
beginning of the generate_Geometry method, global variables from the XML form are
loaded and subsequently used during geometry generation. For example, the first line
creation command uses the variables Beam width b and Web thickness tw. All of these
scripting commands are automatically generated during the use of the preprocessor, so you
can simply extract them from the scripting history, replace specific values with variables,
and create an arbitrarily parameterized model. The result of this sample Python code is
shown in Figure A3.

Figure A2. Python part for geometry generation based on data from XML part.
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Figure A3. Result after running the Python code sample.
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