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f BIM simplifies the management of a construction project at all stages:
design, construction, operation and renovation and allows to significantly reduce the project
evelopment time, significantly reduces material and labor costs, ensures high quality, error
idance and accuracy of results.

Improvement of processes of integration, universalization and intellectualization of
software complexes due to built-in expert systems, graphical analysis, comparison with the
bank of historical data of solutions of a virtual object using the technology of "digital
twins" throughout the life cycle - these are the main vectors for the development of digital
engineering calculations. This is the optimal solution (alternatives) for selecting the most
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preferable multi-criteria solutions using 3D models, methods and algorithms based on the
use of mathematical apparatus of systems theory, artificial intelligence, decision-making
theory, control theory, forecasting theory, etc. to ensure the safety of buildings and
structures under resource and time constraints.

However, the final decision will still be chosen based on the natural intelligence and
professional competencies of the engineers (led by the chief engineer of the project together
with the scientific support team) for a long time to come.

Taking into account the increased class of tunnel structures, optimization of g
takes place within the framework of scientific and technical support, which incl

(a) preparatory work;

b) basic works of 3D computer modeling (performance of alte
calculations, analysis and evaluation of calculation results, compariso

the object);
¢) preparation of intermediate scientific and technical r
report with conclusion and results of optimization of soluti
Analysis of the completed design documentation fc
norms and rules, design task in terms of mechanic bility for normal

1. comparison of the loa
2. identification of emer

3. verification of compl ectness of performed

and correctness of performed
| conditions of the 2nd group of
i1splacements, crack opening width, etc.);
ions of the load-bearing system of the
iCtures, taking into account seismic impact
e basis of standards;

of recommendations for adjusting design
necessary to make changes to previously developed

on making appropriate changes to optimize design solutions and final
evalyation of the adopted design solutions for correctness and compliance

s obtained on the basis of using the results and recommendations of
survey, survey and research works, application of modern calculation and
analytical methods in order to save material and labor resources, avoid errors and
ccuracy of results and optimization of construction technologies.

Future trends and technologies in training and professional development for digital
construction are aimed at creating specialized training centers, transferring knowledge
and training of engineers in the field of BIM technologies, increasing the scope and areas
of implementation of additive technologies with universal interdisciplinary software
applications within artificial intelligent (AI) and machine learning (ML) [1,2],
development of methods for optimizing 3D modeling for bridges and tunnels [3,6] at all
stages of the life cycle [7-11] and assessing the impact of the introduction of "digital
twins" [12-15].
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2 Example of selecting options for constructive solutions of a
building

The structural scheme of the building is frame-wall. Horizontal rigidity is provided by a
monolithic ribbed floor. The building dimensions along the axes are 16.0x25.5m. The total
height is 8.0 m. The walls of the building are 250 mm thick for the whole height. The walls
are hinged on the foundations. For this purpose, along the central axis of the walls thg

strength, rigidity and stability as a deformable system.

The level of responsibility of the structure is increased, clas
requirement to assign and apply the reliability coefficient of res
object of the calculation model seems to be quite reasonable, si
retaining structures "social, environmental and economi
delay in the construction of the main structure, are quite signi

Calculation of the structure building according to i
groups is performed taking into account the unf:
solutions are taken taking into account the c
performed using Midas program complexes toge

At the preparatory stage the design solution taking into account the
results of engineering surveys and idgmtifying th ibi of optimizing the design
solutions aimed at reducing material intgh i
safety of the facility.

e first and second
loads. Structural

seismic effects; a giiations, the results of the calculations (stress-strain state,
damage to the I i , etc.) were analyzed for each object and compared with
strain state, damage to the load-bearing system, etc.).

calculation schemes in the second stage in the calculation of the
s (seismic, wind pulsation) was mainly caused by the need to

1rection of seismic action for horizontal actions and at least 75 % for vertical
ording to the norms, in terms of achieving the required level of accounting for
effective modal masses, the linear degrees of freedom should be controlled.
Taking into account the fact that at the adopted preliminary design geometric
meters and percentages of reinforcement of the floor beam system and columns, the
limit state criteria established in the standards for the considered emergency scenarios were
not initially fulfilled, the parameters and percentages of reinforcement of the floor beams
were increased, and then the building frame was recalculated for special impacts and the
design documentation was adjusted in terms of reinforcement of the main sections in order
to fulfill the checks and ensure the load-bearing capacity of the building.

As a result of the calculation of the spatial model of the structure for the first and second
group of limit states, the load-bearing capacity of the building structures is ensured, since
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the utilization factors for the elements do not exceed the permissible value (Kmax < 1, Fig.

1.

& Expertise results
EEE
16 v

Critical factor Km

'+ M 58.284e-005 0,054
+ Il oos4 0108
» IMoos 0,161
« o6t 0215
% [ o215 0,269
4 [ 0.269 0323
¥ o323 0,376
¥ [Jo3ze 043
¥ [Jo43 0484
¥ [o4s4 0538
# [CJos3s 0,591
¥ [osat 0645
¥ [ os4s 0,693
4 [ 0,699 0753
4 @ o753 0,806
4 [ 0,506

Fragment
scale

Close

Fig. 1 Screenshot of a separate screen area
elements

account for the weight of coll a dynamic coefficient = 2 was introduced.

P is modeled by the forces (determined by the

removed elements act on the rest of the

ich corresponds to the algorithm of quasi-
ig. 2).

: 2. Screenshot of an individual area under the progressive failure scenario: secondary structural
schemes the removed element is highlighted in red - simulation of collision failure of an intermediate
column (1) and wall elements (2)
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3 Calculation of a building for progressive (avalanche-like)
collapse

The load carrying capacity was evaluated by comparing the acting forces in reinforced
concrete structures with the load carrying capacity of sections with ultimate forces - the
strength region presented in graphical interpolation or with the load carrying capacity of the
section.

Taking into account the fact that at the adopted preliminary design
parameters and percentages of reinforcement of the floor beam system and c
limit state criteria established in the standards for the considered emergency,
not initially fulfilled, the parameters and percentages of reinforcement
were increased, and then the building frame was recalculated for sp

elements of the slab beam structure during recalculation:
variants in Fig. 3:
1) The cross beam bottom reinforcement mitially taken
variant 1) became 3d 22 (optimal varia: 25+2d 28 reinforcement
was calculated (control variant 3 withou{@olumns in th&building room);
2) Central purlin (main beam) history of ¢
part was 4d 28 (preliminary vagant 1) ado 2d 20 (optimal variant 2)
and 6d 28 (control variant 3 w 1 uilding room).

36.39

31.98

27.03

20.16

1 - main variant on snow 2 - preliminary variant 1 3 - optimal variant 2 4 - control variant 3 without
max 4.94 kPa columns in the building
room

Wcross beam W ginder beam ¥ average value

Fig. 3 - Dynamics of changes in conversions of a given type of reinforcement by variants (values of
reinforcement cross-sectional area in cm2)
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4 Calculation of a building in earthquake-prone areas

Selection of scenario earthquakes in calculations in accordance with the seismicity map
(taking into account earthquakes with recurrence periods of ~1000 years).

When performing seismic design of buildings, two design situations must be
considered:

1) Seismic loads correspond to the design earthquake (DER) level. The purpose 2
calculation is to prevent partial or total loss of performance of the structure.

2) Seismic loads correspond to the level of the reference earthquake (RE).
of the calculation is to prevent global collapse of the structure or its parts.

To protect the structural system of the building under consideratj

system.
The repeated calculation taking into account the seismic im

for the considered structural system are fulfilled.
According to the table of norms "Loads and Imp
buildings should not exceed the values: for one-store ildi imiting displacement
is h/300, where h - the height of the building - 7.3
According to the calculation results, the imum horizgntal displacement for the
building is 12 mm, check: 12 <24.3 mm, the con

5 Convergence checks f
complexes

the scientific and technical support at the
¢ load-bearing system of the building. Such
tion of the design scheme and modeling of

One of the important and ob
design stage is an alternati
calculation allows to re
structures.

< out parallel calculations, which use independently
are tools, comparative analysis of design schemes and obtained

ore significant.
The maximum relative error between calculations on the first forms at the first iteration
calculations gives the best convergence and makes up to 5 %, that testifies to good
eriough convergence of results for program KE-complexes SCAD and Midas.

Compliance of the calculation results is considered sufficient with deviation values

not more than 20% according to the norms of the draft set of rules "Scientific and
technical support of engineering surveys and design. Basic Provisions". According to the
results of convergence calculations, the maximum deviations did not exceed 10%<20%,
the condition is met.
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6 Main results of calculations

As a result of the calculations performed for the first and second group of limit states,
checks on the bearing capacity of structures for the over-bore ventilation building of the
tunnel structure with regard to seismic impact and emergency collapse have been
performed.

The following main computational results were performed and obtained in the co
the research:

1. Two independent building models with different design schemes were
(without columns) and frame-wall (with columns). The use of the automatic,rei

qilt: wall

reinforced concrete elements.
2. The expediency of using the basic structure of slabs without
results of comparative analysis of reinforcement of the floor s

4. The validity of the performed calculations is confi
reasonable methods, consistency of the obtained d i nce of alternative
calculations in the software KE-complexes SCAD

5. Adjustment of documentation to reduce material and reinforcement consumption with
an assessment of the possibility to reduce costs ising quality and taking
into account the long service life by integratin
struction project.
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