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Automated design of steel-concrete composite structures
using TechEditor software

Abstract. This paper addresses the automation of steel-concrete composite structure analysis within modern digital environments.
The authors substantiate the necessity for flexible engineering tools that combine high accuracy, computational efficiency, and
cost-effectiveness — factors that are critically important for the reconstruction of Ukraine’s infrastructure under limited resource
conditions. The aim of the study is to develop and implement a computational methodology for steel-concrete composite beams
within the TechEditor environment, integrating classical analytical approaches of structural mechanics with numerical modeling
via the Finite Element Method (FEM). The research methodology utilizes transformed section properties and a step-by-step
determination of the stress-strain state. The proposed approach combines the precision of analytical relationships with the
flexibility of FEM, which is used to determine internal forces and deflections under realistic boundary conditions. A key feature of
the methodology is its transparency, which eliminates the “black box” issue typical of proprietary commercial software, ensuring
full control over the calculation logic and unit consistency at every stage. To demonstrate the capabilities of this parametric
approach, a finite element model was developed to investigate the variation of the cross-section utilization factor and relative
beam deflections for slab thicknesses ranging from 30 to 150 mm. The validation results confirm that implementing parametric
relationships enables rapid optimization of design solutions and reduced material consumption without compromising structural
reliability. The resulting digital solution, presented as an interactive report, ensures high accuracy and transparency while
significantly improving design productivity and reducing the risk of human error.
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Introduction.

In modern structural design practice, there is a clear
and sustained trend toward the adoption of automated
digital tools. This is driven by the increasing
complexity of structures, higher requirements for their
reliability and cost-effectiveness, as well as the need to
ensure transparency, reproducibility, and control of
calculations [1, 4, 14].

The current wartime conditions in Ukraine add an
additional layer of complexity to these challenges, as
the reconstruction of damaged infrastructure and
housing requires the rapid implementation of
engineering solutions that combine high accuracy,
speed, and cost-efficiency. Therefore, under conditions

of limited resources and constant time constraints, it is
critically important for designers to rely on flexible
computational tools.

One such digital solution is the versatile software
environment TechEditor (developed by the Ukrainian
technology center Dystlab). Through the automation of
calculations, this software enables the rapid and
efficient determination of geometric properties, load-
bearing capacity, and other characteristics of steel-
concrete composite elements, as well as the evaluation
of stress-strain parameters and even optimization of
steel and concrete consumption within a selected
configuration.
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Furthermore, TechEditor supports engineers
working in distributed environments: due to the
parametric nature of calculations, engineers can
instantly evaluate various loading scenarios and
structural geometries, thereby enhancing the safety and
efficiency of reconstruction projects in regions directly
affected by hostilities [5-7].

The methodology for the analysis of steel-concrete
composite beams, based on the use of transformed
cross-sectional properties and a step-by-step evaluation
of  stress-strain  parameters, is  scientifically
substantiated and widely used in modern engineering
practice [15, 16]. It accounts for the composite action

of steel and concrete within the cross-section,
differences in their elastic moduli, geometric
characteristics, and the relative arrangement of

components. On this basis, the position of the neutral
axis, resultant internal forces, and the ultimate bending
moment defining the load-bearing capacity of the beam
are determined. A number of scientific studies have
been devoted to this topic, in particular: [1, 24, 12, 13].

Problem statement. Nevertheless, the practical
implementation of this methodology in a manual
format is labor-intensive, prone to technical errors, and
limited in terms of scalability. This necessitates the
development of digital tools that enable the

I3 Project__rev21 - Copy.tec - TechEditor Pro 5.7.2

formalization of calculation procedures into
parameterized models and ensure their repeated
application across structural design projects of various
types [6, 7].

A crucial aspect is the integration of classical
analytical approaches with numerical methods,
specifically the Finite Element Method (FEM). In this
formulation, FEM is utilized to determine internal
forces — bending moments, shear, and axial forces —
as well as deflections, accounting for realistic boundary
conditions, diverse loading schemes, and three-
dimensional structural behavior. Conversely, analytical
methods provide a precise determination of the cross-
sectional stiffness and load-bearing capacity. This
synergy allows for combining the precision of classical
theoretical relationships with the flexibility of
numerical modeling [8].

The implementation of this approach in a digital
environment facilitates extensive opportunities for
parametric design and optimization [9-11]. It enables
the rapid modification of structural geometries,
material properties, and loading conditions, with results
being recalculated automatically. This minimizes the
risk of error and streamlines the design decision-
making process. This research focuses on the
development of such a computational tool.
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Figure 1 — Design of a steel-concrete composite beam in the Dystlab TechEditor engineering environment
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Main material and results.

This study aims to develop and implement a
methodology for analyzing steel-concrete composite
beams within the TechEditor environment, integrating
classical structural mechanics with numerical Finite
Element Method (FEM) modeling. To achieve this, the
following objectives were established:

- to synthesize classical analytical relationships for
composite cross-section design with linear static FEM
algorithms;

- to transform traditional calculation procedures
into flexible parametric models, ensuring full
transparency and traceability of computations at every
stage;

- to provide engineers with direct control over the
computational logic, enabling model adaptation to
specific tasks and real-time structural optimization;

- to implement the methodology as a functional
digital solution (a TechEditor project), made available
via the Dystlab Store specialized engineering platform

[5].

Methodology.

The study considers a T-shaped steel-concrete
composite beam consisting of a concrete slab (flange)
and a steel I-section. The concrete slab has a width of
200 mm and a thickness of 40 mm, with a modulus of
elasticity of 30,000 MPa and a compressive strength of
20 MPa. Two longitudinal reinforcement bars are
embedded in the slab, with diameters ranging from 8 to
30 mm across nine analyzed variants. This
reinforcement has a modulus of elasticity of 200 GPa
and a yield strength of 300 MPa, and is positioned 20
mm from the top surface of the slab. The steel I-section
is characterized by a modulus of elasticity of 200 GPa
and a yield strength of 350 MPa, featuring a web height
of 160 mm (5 mm thick) and flanges 81 mm wide by 7
mm thick.

The initial step in developing the computational
model involves determining the geometric properties of
the transformed cross-section. Since the beam is
composite and consists of multiple materials, the
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Figure 2 — Section geometry of the steel-concrete
composite member

This conversion is performed using modular ratios
— specifically, the ratio of the modulus of elasticity of
the reinforcement to that of the concrete, and the ratio
of the modulus of elasticity of the steel I-section to that
of the concrete:
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Figure 3 — Internal forces in the cross-section of the steel-concrete composite element
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The total moment of the load-bearing capacity of
the cross-section is determined as the sum of the
moments generated by the resultant compressive forces
in the concrete F,, the reinforcement F; and the portion
of the steel I-section located above the neutral axis (F,):

Fszfyk'As(s);szfc'bn'hc (9)1
F = fy “(Aws + Awa) (10)1
M,=fes+F,-e,+F e, (12).

The analytical relationships presented are well-
established and form the foundation for the linear static
analysis of steel-concrete composite members, as
confirmed by decades of engineering practice.
However, the modern design paradigm is shifting
toward Computer-Aided Engineering (CAE) systems,
which are predominantly based on the Finite Element
Method (FEM).

While acknowledging the power of FEM, it should
be noted that most commercial software products based
on this approach suffer from a significant drawback —
the so-called “black box” effect, i.e. the lack of
transparency of computational algorithms and the
inability to intervene in the calculation logic. This
limits the engineer’s ability to flexibly adjust
parameters, thereby reducing or even eliminating the
key advantages of classical analytical methods.

The scientific novelty of the proposed approach lies
in the transparent automation of the analytical
framework. In contrast to conventional “closed-box”
systems, the developed algorithm  provides
comprehensive control over every variable and unit of
measurement while maintaining a clear, structured
format for reporting documentation. This enables the
full exploitation of both normative and empirical
relationships, providing engineers with a verified
automated tool that ensures rigorous calculation logic
and seamless unit conversions within the TechEditor
environment.

|3 Math Object X
el x [+ ath  Examples

Jculation. Enter the variable in the format

Figure 4 — Concrete strength defined via a
mathematical object in TechEditor

The next step involved the development of a finite
element computational model of the beam. The model
is analytical in nature (generated through script-based
commands of the TechEditor FEM engine), is

parametrically driven by input data, and is directly
integrated into the document. The nodal mesh is
uniformly discretized along the beam length. The first
node is assigned boundary conditions corresponding to
a pinned-fixed support, while the last node is defined as
a pinned-movable support. All beam elements in the
system are connected sequentially and are primarily
subjected to bending. In the general case, these
elements are capable of resisting tension and
compression, biaxial bending, and torsion.
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Figure 5 — Finite element model of the beam

Below is a fragment of a TechEditor document
containing script commands for creating four beam
(bar) elements that sequentially connect five beam
nodes. The shear modulus and other properties
associated with torsion and bending in the horizontal
plane are not considered (they are assigned zero
values).

TechEditor FEM engine
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Interpretation of results and their approval.

Results analysis within TechEditor is conducted
through specialized post-processing functions. These
tools extract data on internal forces, support reactions,
and displacements for individual nodes and elements,
as well as global extreme values for the entire model.
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Figure 6 — Dependence of the cross-section utilization
factor on slab thickness for the steel-concrete composite
beam
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Using the developed model, the dependence of the
cross-section utilization factor and beam deflections on
slab thickness was investigated. The thickness of the
concrete slab was varied from 30 to 150 mm in 10 mm
increments. The utilization factor was calculated as the
ratio of the design bending moment Mf to the moment
resistance of the cross-section Mr, expressed as a
percentage (Fig. 6).

The variation of beam deformations as a function of
the same parameter was also analyzed (Fig. 7). In this
case, the vertical axis of the nomogram represents the
inverse relative deflection of the beam, expressed as the
dimensionless ratio L/A. In practice, these values make
it possible to easily assess the limiting beam
deflections, which in design codes are typically
specified in the form of criteria such as L/150, L/300,
etc.

30 40 50 60 70 80 a0 00 1100 1200 130 140 150

e, n

Figure 7 — Dependence of composite beam deflections
on slab thickness

Conclusions.

As a result of this study, a methodology for the
automated analysis of steel-concrete composite
structures has been developed and validated, leading to
the following conclusions:

structural mechanics and numerical Finite Element
Method (FEM) modeling has been validated. The use
of analytical relationships ensures high-precision
determination of transformed section properties, while
the FEM approach enables accurate simulation of
three-dimensional  structural  behavior, realistic
boundary conditions, and complex loading scenarios.

2. The implementation of the algorithm in a
transparent digital environment addresses the “black
box” issue prevalent in proprietary engineering
software. The proposed approach ensures full
traceability and verifiability of the computational
workflow — from the input of material properties to the
final assessment of limit states. This grants the engineer
direct oversight and the ability to refine the calculation
logic at any stage.

3. The integration of parametric relationships
transforms conventional linear analysis into a dynamic
framework suitable for real-time multi-variant
optimization. The investigation into the effect of
geometric parameters (specifically slab thickness) on
the stress-strain state demonstrates that such
automation is a key driver in optimizing design
solutions.

4. The identified patterns indicate significant
potential for material savings without compromising
structural integrity or stability. In the context of
resource constraints and the wurgent need for
infrastructure reconstruction, automated optimization
offers substantial economic benefits through the
balanced and efficient use of steel and concrete.

5. The application of TechEditor for automated
computation and unit consistency enabled the
integration of a rigorous research framework with a
structured engineering report. The resulting interactive
report streamlines design timelines and enhances
productivity while mitigating risks associated with
human error. Furthermore, the availability of this
digital solution via the Dystlab Store ensures its
accessibility for practical application by the

1. The synergy between classical analytical professional engineering community.
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ABTOMaTH3aLliA po3paxyHKiB CTanes3anizobeTOHHUX KOHCTPYKLM Y NporpamMHoMy
cepeposuwy TechEditor

AnHoTaujg. VY cTaTTi posrnsHyTo akTyasnbHy NpobneMy aBToMaTM3aLl| po3paxyHKiB CTane3anisobeToHHMX KOHCTPYKLM y CyuacHoMy
umchpoBoMy cepenoBuLLj. ABTOpU 0BrPyHTOBYHOTb HEO6XiAHICTb BMPOBaIYKEHHS MHYYKMX iHKEHEPHWUX IHCTPYMEHTIB, L MOEOHYHOTb
BMCOKY TOYHICTb, WBMAKICTb Ta €KOHOMIYHICTb, LD € KPUTUYHO BaXUIMBUM OJ19 Bif6yaoBu iHpacTpykTypyu YkpaiHm B ymoBax
obMexxeHux pecypci. MeToto poboTun € po3pobka Ta MporpamMHa peanizauis MeTOAMKM po3paxyHKy cTanesasnisobeToHHuX 6anok y
cepeposuLj TechEditor Ha ocHOBI iHTerpaLjl KNacuYHUX aHani TMYHKX NipxofjB 6yaiBenbHOI MeXaHiKu 3 YACENbHUM MOfeNFoBaHHAM
MeTofioM CKiHYeHHUX enemeHTiB (FEM). MeToponoria mocnimkeHHs 6asyeTbCsl Ha BMKOPUCTaHHI MPUBEOEHUX TEOMETPUYHMX
XapaKTepUCTUK KOMMO3UTHOrO Mepepisy Ta MOeTanHOMy BU3HAYeHHI MapaMeTpiB HamnpyXeHo-AegopMoBaHOro  CTaHy.
3anporoHoBaHuiA Miaxif A03BONSE MOEQHATU MPeLM3iiHy TOUHICTb aHamiTUMHUX 3aneXHocTel i3 rHyukicTio FEM-anapaty, wp
33CTOCOBYETbCA [J1 BU3HAYEHHS BHYTPILLHIX 3yCWb Ta MPOrUHIB 3 YpaxyBaHHAM pearibHUX FpaHWYHUX YMOB. KItouoBoo
0co6/MBICTIO MigXofdy € MPo3opa aBTOMaTM3aLlisl o6uMCNeHb, sIKa BUPILLYE MPOBNeMy «4OpHOI CKPUHI» 3aKpPUTUX KOMEPLLMHUX
NpoAyKTiB, 3a6e3neuytoun NMoBHUI KOHTPOMb Haf, PO3PaxyHKOBOH JIOMKOK Ta OOMHULIAMA BUMIPIOBaHHS Ha KOXHOMy eTari. [is
inocTpaLii MOX/MBOCTEH MapaMeTpUuHOro Migxomy B po6oTi peanisoBaHO CKiHYEHHO-eNleMeHTHy Moferb, Ha MpUKNIagpi sKol
JLoCniHKeHo 3MiHy KoediLlieHTa BUKOPUCTaHHS Nepepisy Ta BiAHOCHWX NPoruHiB 6anku y pianasoHi Bucot 6eToHHoi nnTy Big, 30 oo
150 MM. PesynbTtaTty Li€i anpobaLii niaTBepoKyIoTh, LU BPOBaJDKEHHS MAapaMeTPUYHMX 3B'AI3KiB [O3BOSISIE LUBMAKO OMTUMI3yBaTH
MPOEKTHi pilLieHHsI Ta MiHIMi3yBaTU MaTepianoMiCTKiCTb KOHCTPYKL,i 6e3 BTpaTH ixHboI HapjiHocTi. MiAcyMKoBe LtpoBe pilLeHHs Y
BUrNAGj iHTEPaKTUBHOTO 3BiTy He NiulLe 3abesneyye BUCOKY TOUHICTb Ta MPO30PICTb 0BUMCTIEHb, @ I 3HAUHO MiABMLLYE 3ararnbHy
NPOAYKTUBHICTb MPOEKTYBAHHS, HIBEMIOOUMN PUSUKU MOMUIIOK, CIPUYMHEHUX NHOACHKUM (haKTOPOM.
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