Lysova Y.D., Belyaeva Z. V.
Ural Federal University, Yekaterinburg, Russia
E-mail: lysova_yulia@mail.ru

PROBLEMS OF SOFTWARE COMPLEXES APPLICATION IN
CONSTRUCTION STRUCTURES CALCULATIONS

Abstract. The article considers the stages of building structures calculations during the pre-
computer period and after the introduction of computers into the engineering process. The article
describes the functions and capabilities of modern calculated software systems used to improve the
automation rate and the quality of designing and erecting buildings. The possible problems of
calculated software complexes are clarified, and attention is focused on the lack of the information
base about methods of forming frameworks calculated schemes in software complexes. Examples
confirm the analyzing necessity calculation results in software packages. Conclusions in further
research about calculated software systems using are formulated.
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HPOBJEMbBbI IPUMEHEHMUSA ITPOT'PAMMHBIX KOMIIVIEKCOB B
PACUETAX CTPOUTEJBHBIX KOHCTPYKIIUM

AHHOTanus. B cTaThe paccMaTpHUBaIOT JTallbl BBIIOJHEHUS PaCYeTOB CTPOUTEIBHBIX KOHCTPYKIIAN
B JIOKOMIIBIOTEPHBIN MIEPUOJ U MOCIIE BHEAPEHUS DIIEKTPOHHO-BBIYUCINUTEIbHBIX MAILWH B IIPOLECC
MPOEKTUpPOBaHMs 3/1aHuil. OnuceiBaroTCsl (QYHKIMHM M BO3MOXKHOCTH COBPEMEHHBIX PacdeTHBIX
[IPOTPAaMMHBIX ~ KOMIUIEKCOB, IPEIyCMOTPEHHBIE Ul  IOBBIIIEHUS  CKOPOCTH, YPOBH:
aBTOMATU3allMM M KAaueCTBA BBINOJHEHUs 3a7ad I0 IPOCKTUPOBAHUIO M KOHCTPYHPOBAHUIO
OOBEKTOB  CTPOMTENBCTBA.  YTOUHSIOTCS  BO3MOKHBIE  INPOOJIEMBI,  BO3HUKAIOLIME  IPU
HCIIOJIb30BAaHUH PACUETHBIX IMPOrPaMMHBIX KOMILUIEKCOB, a TAaKXKE aKLIEHTUPYETCs BHUMaHUE Ha
HE/0CTaTKe HOPMATUBHOW 0a3bl OTHOCHTEIBHO METOJIOB MOCTPOEHMS PACUETHBIX CXEM KapKacoB
3/laHui B MPOrpaMMHBIX KoMIUIekcax. [IpuBonadrcs nmpumepsl, MOATBEPKAAIOIINE HEOOXOIUMOCTb
IIPOBEACHUS AaHAJIM3a pe3yJbTAaTOB pacyeTa KapKacoB 3JaHUKW B IPOIPAMMHBIX KOMIUICKCAX.
DOopMyIUPYIOTCS BBIBOJIBI OTHOCHTEIBHO JalbHEWUINEro MpPOBEICHHS HCCIEAOBaHUNA B 00JacTH
pacyera CTpOUTENBHBIX KOHCTPYKIUHI C IPUMEHEHUEM IIPOIrPAMMHBIX KOMILIIEKCOB.

KiiroueBble cj10Ba: MpOrpaMMHBIA KOMIUIEKC, pacueTHas CXeMa, pacdeT, METOJIbl pacyeTa,
CTPOUTENbHBIE KOHCTPYKIINH, IPOEKTUPOBAHUE, aBTOMATU3ALIMS, KapKac 3/1aHHUs.

Introduction

It is not a secret for anyone that the 21st century is the century of scientific and
technological progress, which has not left aside any of the branches of human life.
The construction industry is also no exception. The introduction of innovative
technologies occurs at all stages of the construction of a building, from the creation of
a preliminary design to the commissioning of an already constructed building.

Especially nowadays there is an active application and improvement of
computer-aided design systems. Design automation allows you to improve the quality
of work, while reducing design time and increasing the productivity of engineering
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and technical workers. The use of modern computational software systems should
presumably allow the most rational approach to the issue of the consumption of
building materials and thereby reduce their costs. Computer-aided design systems
based on the latest achievements of fundamental sciences make it possible to improve
its methodology, to stimulate the development of the mathematical theory of
designing complex systems and objects.

In this regard, a large number of studies are being carried out to improve
software systems, which practically without restrictions allow calculating buildings
and structures of any degree of complexity - in statics and dynamics, in elastic and
inelastic stages of work, taking into account the sequence and technology of building
construction, including changes in the structural schemes and the emergence of new

loads during reconstruction.

Also, recently enough works have been published in which design schemes
were drawn up for specific buildings with almost complete correspondence of the real
geometric dimensions and physical and mechanical properties of the simulated object
In order to assess its stress-strain state and predict its behavior.

It can be concluded that the use of computational software systems using the
capabilities of automating the execution of calculations has become an integral part
of the design process

construction objects.

At the same time, there are practically no works that would confirm the
feasibility of replacing the classical methods of constructing design schemes in
software systems with partially manual execution of structural calculations for the use
of the most complicated and well-developed design scheme to increase the degree of
automation of the calculation process.

Thus, the purpose of this work is to identify the need to analyze the results
when performing calculations of building frames in software systems. To achieve this
goal, the following tasks have been set:

 determine the nature of the development of the process of performing
calculations of building structures;

* highlight the capabilities inherent in modern software systems;

* to identify the problems that designers may face when working in
computational software systems.

The history of the development of performing calculations of building
structures

Two periods can be distinguished in the development of performing
calculations of building structures.

Initially, calculations were performed, as well as in solving simple tasks, are
still performed using methods that can be performed manually, based on the rules
formulated in structural mechanics and the strength of materials.

However, with the development, massive introduction and use of electronic
computers (computers) in the construction field, the approach to performing
calculations of building structures also began to change. This is the period of
development of computer technology, which continues now.
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Approaches to the calculation of building structures before the advent of computers

Until the 60s of the XIX century, which can be characterized as the pre-
computer period, methods for the numerical calculation of building structures were
developed, which assumed a number of simplifications for manual calculations. The
main ones are as follows:

* when distributing forces in the structure, only the influence of bending
moments is considered, and the influence of longitudinal and transverse forces is not
considered;

» when constructing design schemes, the work of nodes is clearly divided into
rigid or hinged, without considering the possibility of partial pinching;

* in manual calculation methods, only the linear statement of material
deformation is considered;

» separation of calculations for bar systems and plastic structures.

The main methods used to calculate indeterminate bar systems are the force
method and the displacement method.

When calculating by the method of forces, the main required values are the
efforts in the extra connections.

When calculating by the displacement method, the main required quantities are
the displacements of the nodal points caused by the deformation of the system.

At the same time, it is possible to use two methods together in special cases,
that is, a combined method, when part of the unknowns is represented by efforts, and
the other part is represented by displacements.

Despite the fact that the above methods imply simplifications in the presence of
a large number of elements in the design scheme and degrees of static uncertainty of
the system, as a result, it may be necessary to solve a system of linear equations with
high-order dimensions (10), which ultimately is a rather voluminous and complex
problem.

Approach to the calculation of building structures with the advent of computers

With the development of computer technology and the massive introduction of
computers, the finite element method (FEM) has become one of the most popular,
widespread and effective numerical calculation methods both in Russia and around
the world.

The main idea of the FEM is that any continuous value in a certain area (for
example, internal force in a foundation beam, displacement in a floor slab, etc.) can
be replaced by a model that is created from a set of piecewise continuous functions
defined in a finite number elements. Such functions can be linear, quadratic, cubic,
etc. Piecewise continuous functions are constructed using the values of a continuous
quantity at the connection points of the elements (at the nodes). Thus, in order to
determine an unknown continuous value, you need to determine its values at the
node.

With the development of this method, it became possible to solve pivotal and
plastic problems using one technique. Moreover, it became possible to solve
combined tasks that contain both bar elements (frames, columns, beams, girders) and
plate elements (slabs that are built in the form of plates).
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The development of FEM is closely related to the development of computer
technology, due to which it became possible to speed up the process of solving
complex numerical problems. As well as the development of technology, has led to
the creation and improvement of computer software systems (PC) that implement
FEM.

The most widely known and used software systems are PC LIRA, PC SCAD
Office, PC MONOMAH, STARK ES, largely due to their availability, breadth of
distribution, compliance with SP and GOST.

Possibilities that are assumed when using computational software systems

The development of the PC, like the improvement of computing technology,
occurs gradually.

So, when the first computers appeared, the output of the results of solving
systems of equations using a PC was possible only in matrix form. That is, all data
were entered into the program in the form of matrices and the necessary values of
efforts were also displayed in the form of matrices.

Over time, it became possible to solve problems in a flat construction with the
display of a design scheme (for example, a frame made of rods or a plate displayed in
the form of a plate divided into segments).

Later, it became realistic to divide the problems into solutions in a linear and
non-linear formulation to achieve more accurate results (thin shells, reinforced
concrete structures). And, the methods of selection of the required dimensions of
sections of structures are implemented directly in the PC.

Currently, PCs have received such development that, when using them,
designers can perform a number of tasks, which include:

1) Performing calculations based on the finite element method:

 static calculations with the determination of efforts both in linear and
nonlinear formulation, considering the geometric and physical nonlinearity of the
model;

* dynamic calculations, including the determination of the forms and
frequencies of natural vibrations, the pulsation component of the wind and
calculation of seismic loads;

» calculations at the stage of stage-by-stage installation of the building;

» calculation for progressive collapse;

2) Constructive calculations:

» determination of hazardous design combinations of forces in the sections of
elements and hazardous reactions, including considering the possible variability of
the design scheme;

» calculation and selection of reinforcement, as well as verification of elements
of reinforced concrete structures by calculation of limit states;

» calculation of steel structure elements for strength, general and local stability,
calculation of welded seams, selection of sections of rolling elements for stresses;

» calculation of typical joints of structures.



In addition to the ability to perform calculations, many PCs include additional
useful functions that do not affect the calculations but can reduce the likelihood of
errors in the process of understanding and drawing up design schemes.

So, for example, the LIRA-SAPR developers in one of the latest versions of the
program implemented the function of redistributing the linear load to the nodal one,
which makes it possible to simplify the process of applying loads in the design
scheme. This function is especially useful when designing a pitched roof with heights
at several levels and the presence of dormer windows in it.

Another useful function of modern PCs can be called 3D modeling, not only of
the entire building, but also the display of conjugation nodes of structures in space.

And also to reduce the time for the design and eliminate the repetition of
construction operations in many PCs, the technology of joint use of independently
developed graphic and computational software systems is laid due to the automatic
transfer of drawings from one program to another with minimal data loss.

However, one should not ignore the fact that in order to use the capabilities and
advantages of computational software systems described above, most often it
becomes necessary to perform a detailed study of the computational scheme, and you
should also clearly understand the algorithm of the PC in order to obtain correct
results.

Disadvantages of using computational software systems at the present time

Undoubtedly, using a PC for performing calculations greatly simplifies and
speeds up the design process. But we must never forget that the program is just a tool
for deriving the calculation results, the criteria and parameters of which are set by the
designer.

Experienced specialists understand often the results of calculations using a PC
are not unambiguous.

Very often using the same PC, designers can get different results. This can be
explained by the fact that modern PCs contain various means of transition from a real
design to its mathematical model, and, at the same time, approaches to the
implementation of this mathematical model can be formulated in different ways.

In this regard, the lack of clear generally accepted rules and recommendations
for drawing up design schemes using a PC for buildings and structures, depending on
their type, purpose, structures used, etc. leads to the fact that the designer formulates
his own work algorithm, based on personal experience, which may differ from the
approach of other designers, which leads to the ambiguity of the final results.

As an example, let us consider three variants of the calculation performed
using the LIRA-SAPR software package for the floor slab of a multi-storey building.

In the first case, the slab is calculated as a structure in the entire building
frame. In the second case, the slab was separated from the structure of the frame,
built for the calculation of case 1, and for the third case, a separate design scheme of
the floor slab was drawn up in the PC (see Fig. 1).

The principles of composing load cases for performing the calculation in the
three cases also differ. In the case of a separate construction of the design model of
the floor slab, all the acting loads were taken into account and specified by separate
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load cases (see Fig. 3), while in the case of the calculation for the first case
(calculation of the slab as part of the building frame) and the second, the loads are
given in general form, depending on the nature of their action (see Fig. 2). Also, for
the calculation according to the first option, in connection with the construction of the
entire frame in the software package, the pulsation components of the wind load were
considered.
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Figure 1. The design model of the building frame, the design model of the slab cut from the
building frame, and the design model of the slab compiled separately (the location of the calculated
floor slab is highlighted in red).

Crucok sarpysseHui

# | Mma zarpyxeqna Bun Tun +
1 MOCTOAHHOE Moctossmos [0 =
2 JNHUTENEHOE Bpetentoe gt [1] =
3 MOCTOAHHOE - M., MocToAadHoe (0] =
4 ONUTENEHOE - M. Bpemennos goar. [1] 4
] BETEF1CTATHMY... Heaktuenos [3)[crar.... FN
g BETEP 2CTATHM..  HeaktueHos [J)[cTar....
7 EETEF 1 OMHARMI. . MrooeenHoe 7] EN =N I
] BETEF 2 OMHAMM... MrHoseHHoe (7] nyneC
7
HazHaMTE TERYLW MM y
Figure 2. List of load cases in the case of compiling a design model of the building frame (cases 1
and 2).
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Figure 3. List of load cases in the case of drawing up a design model for an individual slab
(case 3)

Comparing the obtained stress isofields after performing the calculations, it can

be seen that their distribution has a S|m|Iar character (see Flg 4 - 9)
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Figure 4. Isofields of stresses according to My in the case of calculating the floor slab when
constructing the design model of the building frame (case 1).
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However, comparing the values of stress mosaics in the same span and on the
same support after performing the DCL calculation (see Fig. 10-15), where the areas
under consideration are highlighted by squares), differences in the results were
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Figure 12. Part of the stress mosaic by My in the case of a separate calculation of the floor slab
(case 3)

Table 1
Percentage difference in results of maximum stresses according to My
Number of cases MXima, tm Percentage
Sector difference

1 2 3 4

Case 1 1,56 12,1%
Span Case 2 0,97
Case 3 1,37 37,8%
Case 1 -2,53 5,1%
Support Case 2 -1,79
Case 3 -2,40 29,2%
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Flgure 13. Part of the stress mosaic by M in the case of calculatlng the floor slab as part of the
building frame (case 1)
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Figure 14. Part of the stress mosaic by My in the case of cutting a floor slab from the building
frame (case 2)
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Figure 15. Part of the stress mosaic by My in the case of a separate calculation of the floor slab
(case 3)
Table 2
Percentage difference in the results of the maximum stresses in Mx
MX,, 0, tXM Percentage
Number of cases max i g
Sector difference
1 2 3 4
Case 1 0,93 8,6%
Span Case 2 0,65
Case 3 0,85 30,1%
Case 1 -1,99 14,6%
Support Case 2 -1,31
Case 3 -2,33 43,8%

Despite different approaches to solving the problem, the difference in results
should not exceed 10-15%.

A possible reason for the occurrence of significant differences in the results of
stresses in the first and second calculation cases can be called a combination of
factors, such as:

» the difference in the deformability of the supports (case 1 - the supports are
deformable frame structures, cases 2 and 3 are absolutely fixed supports);

« insignificant differences in the value of the acting loads in cases 1 and 2 from
case 3;

« the difference in the formation of the grid of nodes, namely, in the division of
the plate elements into segments and the difference in the size of the step of the grid
of nodes.

However, even considering the factors listed above, it is difficult to say for sure
what caused the large differences in results. Just as it is impossible to say in which of
the options the results are less accurate or incorrect, since there are restrictions on the
use of one or another calculation method, as well as recommendations regarding the
compilation of design schemes both for the building frame as a whole and for its
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individual parts using software there are practically no complexes for excluding such
contradictions.

If we turn to the rules and regulations, the requirements and assumptions for
performing calculations using software systems can be found in SP
267.1325800.2016 “High-rise buildings and complexes. Design rules "for other types
of buildings, there are no such regulatory recommendations.

Articles, works and methodological instructions on the use of the software
systems themselves also practically do not give precise descriptions and
recommendations for drawing up calculation schemes during design.

At the same time, in connection with the improvement of software systems,
developers are currently submitting publications, from which it often follows that to
improve the accuracy of the results, it is worth using more automated methods for
performing calculations and abandoning the classical ones in the case of using
software systems. But still, the main idea of such works is to show the capabilities of
the developed product, and not to analyze the cases in which there is a need to use
them.

An example is the article by the SCAD Office PC developers [2], which
describes the technology for constructing computational models and it is supposed to
analyze the comparison of the results for the classical model of building the frame,
and the model in more detail, built in the latest, at the time of the article's release,
version of SCAD (see. fig. 16).
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Figure 16. Models for calculating columns. Model No. 1 (left) is presented in the article; model
number 2 - classic

The authors of the article describe in sufficient detail the capabilities of one of
the versions of the program and the quality of elaboration of the calculation scheme,
while the result of the comparison characterizes the level of automation in both cases.
At the same time, there are no numerical confirmation of the advantages of a more
detailed study of the design model of the frame regarding the accuracy of the results
and conclusions about the need to replace the classical method of constructing the
design of the frame (see Fig. 17).

Nevertheless, the need to analyze design schemes in software systems in order
to identify criteria for their construction in order to obtain the most accurate results is
becoming an urgent problem.
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Another factor indicating the need to study the characteristics of compiling
design schemes, determining the degree of correctness of the results, as well as
identifying clear methods of work in the design PCs when calculating them is the
increased attention of expert services to the quality of design justifications for design

solutions of building structures.

Type of work or inspection

The degree of calenlation
auntomation when using
model Me 1

The degree of caleulation
antomation when using
model N 2

Setting the stiffhess
characteristics of elements

Full automation by selecting 2
section from the catalog of rolled
metal or settmg using parametric

Caleulation of the given stiffness
characteristics "manually” or using
the section designer, followed by

sections their numerical assignment
1 | Deformation check
Full automation Full automation
3 | Checking the strength, stability of | Full automation Beceiving the DCE in the form of
the branches between the lathce M, N, Q, followed by "manual”
nodes and the stability of the verification of strength and stability
entire colummn from the plane of
bending
4 | Checlking the strength and | Full automation Beceiving the DCS in the form of
stability of the lattice elements KL H, E with zubsequent "mannal”
against the acting loads caleulation of the forces in the
lathice  elements and “manual”
verification of their strength and
stability
5 | Checking the ultimate flexibility | Full automation Completely "manual” caleulation or
of lattice branches and elements calculation wsmg  the "Crystal”
program

6 | Checking the strength of the
erating for Qx in accordance with
clause 5.8 of SNIP IT -23-81 *

T | Checking the overall stzbility of a

Completely "manual” calculation Completely "manual” caleulation

Completely "manual” caleulation | Completely "mannal”  caleulation

two-branch column in the bending | according to the DCS  values | according o DCS  values and
plane 2z a whole bar obtained when caleculating the loads | caleulated  lemgth  calenlated
on the foundations, and the | zccordimg to SNIP
calculated length  calculated
according to SMNIP

Figure 17. Comparison of the degree of automation for different methods of constructing
computational models

Based on this, as a measure of improving the quality of design justifications for
design decisions, Glavgosexpertiza of Russia in 2004 made a proposal: "... to carry
out calculations for at least two certified, independently developed and tested in
practice software systems, to carry out a comparative analysis of the results" [3].

However, when using this approach to analyze the results, designers may face
the fact that the calculation results in different PCs can be radically different.

As a rule, the occurrence of such a problem increases with insufficiently
correct use of software systems, since various software systems may have different
capabilities and each PC is characterized by its own characteristics.

Therefore, it is not always possible to be guided by the same calculation
methods when constructing a design scheme of the same building in different PCs.
This can lead to the assumption of miscalculations, which is confirmed by the
analysis of a number of emergencies and failures that occurred during the
construction and operation of buildings and structures due to insufficiently reliable
solutions to their supporting structures.
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Currently, it is necessary to understand the specifics of the operation of various
software systems, since when conducting an examination in world and domestic
practice, they are often asked to provide a comparison of the results of calculating the
strength, stability and vibrations of the same object using independently developed
and tested PCs.

The use of this technology requires:

» the presence of at least two PCs and the ability to use both PCs
professionally;

» repeated description of the computational model for the second PC;

» correct interpretation of discrepancies in the calculation results that may arise,
inter alia, due to subjective errors in setting the initial data.

Conclusions

In the course of the analysis of the execution of calculations of building
structures using a PC, it became obvious that the need to determine the criteria and
draw up general recommendations for the construction of design schemes of
buildings, depending on the various characteristics of the frame, is an urgent task.

Despite the active development of software systems with improved capabilities
and additional functions embedded in them, one should think about the accuracy and
correctness of the calculated results when using them. It is necessary to compare the
classical methods of performing calculations and the proposed methods at the present
time with the need to carry out a detailed study of the calculations.

Nevertheless, when conducting experiments, one should not forget about the
conclusions and simplifications in the implementation of building structures, which
were revealed by previous experience and knowledge of the behavior of supporting
systems. Under which it was determined that the numerical model should be
considered as an idealization.

At the same time, a simplified model should consider important factors and
neglect less significant ones. Significant factors that can influence the choice of a
numerical model include: geometric properties (structural configuration, dimensions,
cross-sections, deviations, defects and expected deformations; material properties
(strength, basic relationships, tension versus time, plasticity, moisture dependence on
temperature); effects (direct and indirect, variability in time, space, static or
dynamic).

Thus, research should be carried out to highlight cases with the possibility of
using simplifications, as well as cases of constructing design schemes in which more
detailed constructions should be applied.
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