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Summary The analysis of the structural form
of the multi-volume dome structure using load-
bearing wooden arches is performed. The com-
plexity of the volumes and their connecting lines,
as well as the requirement to conduct a non-linear
analysis of long-span wooden elements at the re-
quest of Eurocode 5 make the information model
necessary. It is noted that the design using this
technology is developing in the direction of taking
into account all stages of the structure life cycle.
Information modeling of wooden structures in the
world is the most prepared for the use of BIM-
technologies. This is due to the sophisticated digi-
tal technologies for the production  of modern
wooden structures elements. An information model
was formed for designing according to the regula-
tions of Ukraine. The Information Model was cre-
ated in the SAPFIR software package for further
possibility of importing the model into the LIRA-
CAD software package. The necessary auxiliary
steps were used to build the model. The loads on
the curved surface were calculated in the PC Espri.
For further development of the nodes, 3D-
modeling was used with the transfer of the infor-
mation model into the PC Tekla Structures as a
specialized environment for the constructive sec-
tion of the project.

The presented analysis of the complex dome
structure using wooden arches summarizes the
approaches to the development of unique forms of
structures using wood. The use of information
models has significantly increased the complexity
of architectural design and structural model taking
into account the nonlinear effects of wood. The
possibility of integrating these tools for further
implementation in BIM-technology is shown.
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INTRODUCTION

Modern building design technologies ena-
ble to create complex structures, and 3D in-
formation technologies assume to form sophis-
ticated object models. The use of BIM tech-
nologies (Building Information Modeling) is
one of the most promising developments in the
field of architecture, technology and construc-
tion in recent years. BIM is both a new tech-
nology and a new way of working that pro-
vides a common environment for all the in-
formation that defines a building at all (or pos-
sible) stages of its life cycle, taking into ac-
count the architectural, structural and techno-
logical parameters of the building [1, 2].

The methods of 3D BIM technologies have
been introduced into the educational process of
the Department of Metal and Wooden struc-
tures of KNUBA since 2016-2017 [3]. When
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Fig. 1. Architectural proposal: plan of the first floor at 0.000
Puc. 1. ApxiTekTypHa IpoITo3uIlis: miaH Ha BigMmiTiii 0,000

using them, the possibilities of using the 3D
structure modeling are widely revealed [2, 4].

At the present stage, the wood construction
practice is promising for the use of both solid
(round logs, profiled beams), glued elements,
and plates and beams LVL, OSB.. Their work
and characteristic values of resistance differ
significantly. For the popularization of unique
and environmentally friendly architectural
solutions, glued laminated timber provides the
most cost-effective way to form a structure of
complex shape [4, 5].

At the same time, savings of material and
labor resources are provided, energy efficiency
is increased both at the construction stage and
during operation [6]. However, the scale of the
application of glued wood materials and LVL
is complicated by problems that are due to the
specific properties of wood.

Features of modern complex wooden con-
struction are considered on the example of the
aquapark project (Fig. 1). For specific condi-
tions of the water park, the limited use of steel
structures is due not only to direct corrosion,
but also to the fact that the use of glued beams
reduces the number of auxiliary parts and
nodes that require appropriate protection [7].
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ANALYSIS OF THE RECENT RESEARCH
AND PROBLEM STATEMENT

Based on the generalized data of the experi-
ence of domestic and foreign construction, a
positive opinion is formed that the use of glued
wooden structures in the construction of public
and sports facilities is rational [4, 6].

Taking into account all stages of the life
cycle of timber structures requires the use of
new design technologies. The use of infor-
mation modeling changes the traditional way
of providing information based on text docu-
ments and two-dimensional drawings.

New integrated technologies are introduced
primarily in those countries where the industry
of wood processing and fabrication of building
structures from wood and wood-based materi-
als is developing. With the proliferation and
growing interest in Building Information
Modeling (BIM), level of detail issues are be-
ing addressed more and more successfully.
And interoperability and integration of model-
based application into an overall high produc-
tive workflow has emerged to the forefront of
professional attention [11, 12]. In modeling,
much attention is paid to solving analysis of
related engineering problems, coordination of
2D and 3D models, coordination of infor-



mation and more. When the 3D model is
linked with time (the construction schedule),
the result is a 4D model that can be simulated
to visualize the construction process [13].
However, it is noted that BIM tools, which are
to some extent mature for steel and concrete
structures, are not yet completely satisfactory
for modeling wooden structures, in [9] the
state of BIM tools in the modeling of wooden
structures is considered and the functional re-
quirements to the BIM models regarding the
development of national standards for the co-
ordination of information from all participants
in the process of developing wooden structures
are formulated.

These challenges focus on improving the
standardization of the BIM model for the de-
sign and analysis of wooden structures [10].
Some procedures and relationships in BIM
technologies are becoming the nationally ac-
cepted BIM standard [11].

Research in the direction of BIM-
technologies for wooden structures is interdis-
ciplinary and offers contributions to the fields
of information systems, construction informat-
ics, and construction management. It builds on
and extends the discourse on BIM deployment
in the architecture, engineering, and construc-
tion industry [12].

However, information modeling of modern
timber construction is already more advanced
than other construction methods [13]. This is
due to its high degree of prefabrication and
sophisticated digital processes. For decades
now, 3D models for machine production have
been created in workshop planning. Digitaliza-
tion and automation of prefabrication are con-
stantly developing. It is noted that design using

this technology is developing in the direction
of taking into account all stages of the struc-
ture life cycle. BIM systems open up a number
of possibilities for the wood-based building
industry, such as increasing automation and
prefabrication. Higher levels of automation
will become possible once project teams have
succeeded in collaboratively creating digital
BIM models [13]. The range of problems in
integrated BIM design expands to include the
problem of renovation and environmental re-
use of wooden structures after the liquidation
of the building [14, 15].

Only some of the modeling tasks are con-
sidered in this paper, the possibility of using
existing design tools for implementation in the
BIM-technological design process is analyzed.
BIM-design tools are considered as means in
the design (including variant design) of a spa-
tial building, which is a multi-volume structure
with complex conjugation curves (Fig. 1).

As shown in our early work [27], when de-
signing in accordance with Ukrainian stand-
ards, it becomes more and more common to
create design documentation by using the
SAPFIR PC, LIRA-CAD PC, Revit PC or
Tekla PC. This makes it possible to take into
account the requirements of JIBH B.2.6-198
"Steel structures" and /IbH B.2.6-98 "Concrete
and reinforced concrete structures"”, as well as
use the modern system of parametric 3D mod-
eling SAPFIR PC. Successful experience of
using SAPFIR software enables to build an
informational 3D BIM model of a building.
SAPFIR PC includes a modern system of par-
ametric 3D modeling, tools for creating design
schemes and transferring them to

Fig. 2. The analytical model in PC SAPFIR
Puc. 2. Ananitnuna mogens y [IK CAIIONP
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calculations in LIRA-CAD software package,
for calculation of building elements, obtaining
drawings of structural elements. However, the
designing with J/IBH B.2.6-16 "Wooden struc-
tures", which agreed with Eurocode 5, still
requires certain modifications to the existing
software [27].

The object of study is an indoor aquapark.
The basis of its planning structure is a two-
storey building of complex configuration. The
roof structure consists of two domes, the total
length of the building is 126 m (Fig. 1, Fig. 2).

The building has a frame structure. Rein-
forced concrete walls and wooden arches pro-
vide spatial rigidity and stability of the main
volume. The engineering support of the aqua-
park includes modern equipment with a single
automated control system, air conditioning
system, combined water treatment (chlorina-
tion and ozonation). All engineering chambers
for ventilation, water treatment and air condi-
tioning systems are made in the basement.
Environmental cleanliness control as one of
the building safety factors ensures that the
chlorine content in the air does not exceed 1.0
mg/m3 at the level of medium aggressiveness
of the environment [7].

The creation of a "green" roof is consid-
ered, which helps to improve the aesthetic
properties of the building and increases its
thermal and sound insulation properties.

The aim of the study is to analyze and
evaluate the level of integration of the spatial
model of the building according to Eurocode 5
[16, 17] in the design environment BIM.

Research objectives are the development
of a 3D information model in the PC SAPFIR

and calculation of the structure in the PC LI-
RA-CAD; design of load-bearing structures
and units, development of 3D models of units;
formation of a selection of tools for BIM-
design, analysis and assessment of the integra-
tion of solutions in BIM-systems.

The analytical model used as input for fur-
ther analysis (Fig 1, Fig. 2).

METHODS, RESULTS AND
DISCUSSION

The ribbed, ribbed-annular and mesh types
of the spatial scheme of the dome were con-
sidered [18] and an irregular ribbed-mesh
scheme was chosen, the ribs of which are bent
glued arches (Fig. 1, Fig. 2). Thus, while re-
taining the technological advantages of the
ribbed scheme, our scheme received additional
qualities of a spatial bar structure, which en-
sures high reliability of the structure in diffi-
cult extreme situations. In connection with
catastrophes during the destruction of coatings,
requirements were put forward for the opera-
tion of large-span structures at the stage of
operation [8]. A dome with an excessive num-
ber of links (from the point of view of an op-
timal design) has a significantly greater sur-
vivability resource. In European standards, this
is considered as "prevention of progressive
collapse", that is, as an opportunity to redis-
tribute the load between other elements in the
event of failure of a certain number of ele-
ments.

The volumes of the domes are formed by
arches, the outlines of which were modelled
parametrically. The parametric design process

Fig. 3. The design model in PC LIRA-CAD
Puc. 3. Pospaxynkosa mozens y ITK JIIPA -CATIP
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consists of defining parameters, defining rela-
tionships between them, constructing.the ex-
pected geometry, creating variations, and test-
ing the final product [19]. Using the concept of
parameterization, the user can enter a numeric
or text value for any parameter, as well as use
a variable or complex expression. This admits
to use the input values of the parameters de-
fined in other programs, calculate them by
formulas and change them externally [20].

The presented calculation of an irregularly
shaped wooden dome summarizes the ap-
proaches to the development of unique forms
of structures using wood. Along the way, a
number of narrower practical issues were
solved, such as uneven load on the structure,
prevention of skewing, development of effec-
tive solutions for pin connections for fixing
arches at different angles, etc.

3D information model development. The
analytical model is designed using finite ele-
ments. In this project, this is a structural dia-
gram, in which the elements of supporting
structures are presented in the form of lines
and surfaces, supplemented by ties and loads.
To build the information model, the material
of the supporting structure was determined
(multilayer glued beams, strength class

KHA2

GL32h), materials and preliminary dimensions
of the main elements and boundary conditions
were adopted (Fig. 3, Fig. 4, a-¢). A 3D sur-
face was also built; it consists of plates, the
stiffness of which is close to the real values of
the coating, to transfer uneven loads to the
structure (Fig. 4, d). Modeling of physical non-
linearity of structural elements was carried out
using finite elements in accordance with the
library of the laws of deformation of materials.
As a result, the calculation made it possible to
estimate the elastic and plastic deformations of
the elements.

The analysis of the design model is carried
out using graphical methods for presenting the
results, such as diagrams of internal forces of
bar elements, stress fields of the plate elements
and deformable schemes. For a detailed analy-
sis and identification of the calculated values
of the forces for each element, tables of calcu-
lated load combinations were created, updated
in accordance with the Eurocode.

When creating an information model, visual
programming is possible [25]. An example of
this is the joint use of SAPFIR-3D and SAP-
FIR-Generator with the subsequent possibility
of importing the model into the LIRA-CAD.

KHA2

28
12

0.622

Fig. 5. The wind load in PC LIRA-CAD in accordance with JIBH B.1.2-2
Puc. 5. Bitpose HaBantaxenss B [IK JIIPA-CAIIP Bignosiguo qo JIBH B.1.2-2

=

Fig. 6. The snow load in PC LIRA-CAD in accordance with /IbH B.1.2-2
Puc. 6. Cuirose naBantaxenHus B [1IK JIIPA-CAIIP sigmosigao mo JIBH B.1.2-2
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During the design process, great attention
was paid to smooth lines along all surfaces and
to minimize deflections and displacements.
For this, the cross-section of each element was
calculated for the corresponding loads. For
example, the ribs under the “green roof” take
greater loads than under the membrane roof,
and the upper radius of the ribs curvature make
it possible to insert OSB without interruption
along the entire rib length without twisting
(Fig. 4). 3D surfaces are described, these are
stiffness plates close to real values for transfer-
ring non-standard fastening to a structure (Fig.
4, d). The tasks of ensuring sufficient and op-
timal cross-sectional dimensions, as well as
limiting the design height according to the
operating and installation conditions, have
become relevant [10, 11]. Another limitation
of the supporting structure height is associated
with the proposal to place technological
equipment in the space between the arches.

The assessment of losses in case of devia-
tion from the optimal values of design parame-
ters was not carried out.

Model load in PC LIRA-CAD. The load is
determined per unit area and applied to the 3D
plate. Load tables for snow and wind loads
were generated using the ESPRI software.

This program enables to quickly find online
all parameters of the collection of loads in

accordance with JIBH B.1.2-2: 2006.

At the output, we obtain tables of distribut-
ed load depending on the angle of inclination
of the covering. To correctly distribute the
load on the structural ribs, plate elements were
created. The description of uneven loads on
the roofing plate elements took place in the
LIRA-CAD software package (Fig. 5, Fig. 6).

Structural elements calculation. Glued
wooden arches are used as load-bearing struc-
tures, the analysis of the stress-strain state of
which is carried out using a nonlinear calcula-
tion under the action of loads corresponding to
real design conditions. To obtain information
about the stress-strain state of the main sup-
porting structures, a numerical simulation of
the spatial structure was carried out.

Formation of an analytical model, which is
a structural scheme, in which the elements of
load-bearing structures are presented in the
form of lines and surfaces, supplemented by
constraints and loads, is performed using finite
elements of the SAPFIR software and the LI-
RA-CAD PC.

When the parameter “Account for nonline-
arity” was activated, the physical nonlinearity
of deformation was set using the diagrams of
deformation of wood during tension and com-
pression along the fibers. When law 14, de-
scribing piecewise-linear dependence, is

33KOHbI HENMHENHOTO AePOPMUPOBAHNA MATEPUANOE X
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OaHoBHOM MaTepuan I [J yuuroieats nonsyuects 6etora
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Fig. 7. Account of the wood properties (@) as a physically nonlinear material in LIRA-CAD (b)

Puc. 7. BpaxyBaHHs BIaCTHBOCTEH MepeBUHU (a) K (izuunHo HemiHiitHoro Marepiany B JIIPA -CAIIP (b)
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chosen as a physical model, the tensile (c-€)
curves of the material are described as shown
in Fig. 7 [26].

Geometric nonlinearity is taken into ac-
count by sequential application of loads in
uniform steps, since the internal forces in the
designed structure are very dependent on the
sequence of their application. In such cases, a
stepwise loading method is applied, and struc-
tures are modeled using elements that take into
account physical nonlinearity (K3200), geo-
metric nonlinearity (K2300), or physical and
geometric nonlinearity simultaneously
(K5400).

For a more detailed analysis of structural
elements, the anisotropy of wood can be taken
into account by modeling the elements using
plates and three-dimensional finite elements
[22]. However, taking into account the rod
type of the main elements, the anisotropy of
the elastic properties of wood was not taken
into account. The mobility of the node can be
taken into account with the optional element
KD355. It is necessary to indicate the stiffness
of the joint, which is determined experimental-
ly in accordance with the standards EN 1075,
EN 1380, EN 1381, EN 26891 and EN 28970.

In the PC SAPFIR the 3D-information
model of the building with application of tools
for creation of settlement schemes and their
transfer for calculation in the PC LIRA-CAD
is constructed.

The process of parametric design consists
of determining the parameters, constructing
relationships between them, determining the
expected geometry, creating variations and

.I].i,‘

testing the result [23]. The design with joint
use of the PC SAPFIR and the PC LIRA-CAD
allowed to consider requirements of JIbH and
other regulatory documents.

Working with the SAPFIR PC revealed a
number of limitations in functionality com-
pared to Revit (Autodesk Revit PC). Revit
integration with Robot PC (Autodesk Robot
Structural Analysis) is a combination of soft-
ware and computing systems designed for the
design and calculation of buildings and struc-
tures in 3D space with the implementation of
the BIM concept.

To create a 3D-information model, struc-
tural elements similar to the connection be-
tween the PC SAPFIR and the PC LIRA-
SAPR are used. Since it was decided to test the
LIRA-CAD PC for the possibility of model-
ling wooden structures using BIM technology,
the use of the SAPFIR PC is most appropriate
for building information and creating calcula-
tion models of complex elements with subse-
quent import of the model into the system.
computer complex PC LIRA-CAD.

To simplify the model production, the fol-
lowing auxiliary steps were performed:

— creation of a 2D template in AutoCad
with reference lines of the axes and the loca-
tion of rigid walls on which the coverage is
based and the import of the drawing into the
SAPFIR PC in the form of a dxf-underlay, an
analytical model is created automatically dur-
ing the formation of the physical model;

L

AT AN

Fig. 8. Informational model from the PC Tekla Structures

Puc. 8. Indopmaniitna mogens 3 1K Tekla Structures
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Fig. 9. Detailed drawings of curved wooden elements: @ — the main beam; b — the dome rib
Puc. 9. JletanizoBaHi KpecieHHS THYTUX IEPEBSIHUX €JICMEHTIB: ¢ — TOJIOBHOI Oaliku; b — pedpa KyroJia

— since the construction of elements in
the PC SAPFIR occurs only in the local coor-
dinate system, for each element auxiliary lines
were built for the correct orientation of the
working plane in space. The created system
can be customized.

Nodes designing. For the further develop-
ment of effective nodal connections, 3D mod-
eling was used with the transfer of the infor-
mation model to the Tekla Structures PC,
which is a specialized environment for the
structural part of the project (Fig. 8). The in-
formation is exported to the Tekla PC using an
IFC-file, but due to some differences in mod-
els and gaps that can accompany transitions
between analysis and design diagrams, it is
necessary to recognize the elements after im-
porting the file. With the use of the Tekla in-
formation system, the construction of nodes
and details, the creation of specifications and
the printing of working drawings of the project
were carried out. The main system nodes are
fully designed and built.

12

The node 1 — support of the beam on the
ring (Fig. 10, a). The design of the support
ring and the configuration of the assembly
depend on the size of the thrust plane, The
following assembly details are calculated: the
width of the end plate, the required length of
the upper and lower bend, plate thickness,
shear fillet welds and bolted joints when the
plate is crushed by the roller in the holes.

The node 2 — support unit of the dome rib
with the roller joint (Fig. 10, b). The following
node details are calculated: roller, required
width of the thrust plane during compression,
pins on the side profiles, the thickness of the
head plate when working in bending, thrust
plate.

The node 3 — support of the beam on the
column (Fig. 10, ¢) with the hinged joint. The
following parts of the assembly were checked:
timber during shear in the area of the assem-
bly, stop height with local compression across
the grain, bolts connecting the beam to the
baseplate.
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Fig. 10. 3D-model from the PC Tekla Structures: a — support of the beam on the ring; b — support unit
of the dome rib with the roller joint; ¢ — support of the beam on the column; d — connection of

the dome node with the main beam

Puc. 10. 3D-mozeni By3niB 3 Tekla Structures: @ — oOnupanHs 6ainky Ha KiIblle; b — OHNOPHUH By30I
pebpa Kyrona 3 BaJUKOBHM IIAPHIPOM; ¢ — OOMHpaHHsS OaJKM Ha KOJIOHY; d — NMPUMHKAHHS

pebpa Kyrmouia 10 TOJIOBHOT Oaliku

The node 4 — connection of the dome node
with the main beam (Fig. 10, ). The unit con-
sists of an embedded sheet in the cross-section
of the beam and two plates with stiffening ribs
between them.

Additionally, the fire resistance and subsid-
ence of the foundation were analyzed

The analysis of the structural form and de-
sign models of the dome covering absorbed
mainly the problems of structural strength and
stability. However, there are a number of is-
sues that cannot be addressed in this project.
Such issues, which are not formalized within
the narrow limits of the project, will be con-
sidered in a wide range:

— deformability of structures taking into ac-
count fluctuations in temperature and humidi-
ty;

— It is necessary to solve the problems of
fire protection [12], development of fire sce-
narios to calculate fire resistance [24] and fire
protection measures;

— special processing of connections and
protection of details.
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— design with the involvement of optimiza-
tion procedures taking into account costs.

CONCLUSIONS AND PROSPECTS
FOR FURTHER RECEARCH

1. The presented modeling of a complex
dome structure using timber arches summariz-
es the approaches to the creation of unique
forms of timber structures. Information model-
ing is virtually the only way to design complex
timber structures. This makes it possible, even
at the stages of designing, to resolve the issue
of the accuracy of the calculation, erection and
correct operation of such buildings.

2. An experimental project was completed
using 3D-modeling, which confirmed the pos-
sibility of creating and editing the complex
building model. The integrated use of infor-
mation models has made it possible to reduce
design efforts, simplify work processes and
significantly increase the complexity of both
architectural design and the analytical model,
taking into account the nonlinear effects of
wood.
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3. Further studies on the use of modeling in
the design of wooden structures should be car-
ried out with a detailed account of all the ef-
fects and regulations of the Eurocode related
to operating conditions, technological re-
quirements and fire resistance requirements.

4. The results of the project indicate the
ability to actively integrate information model-
ing of complex structures into the BIM design
environment. [28].
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KoncTpykTHBHUIT aHAJI3 TA
3D-Moe1r0BaHHS TPOCTOPOBOIL
AepeB’sTHOI KOHCTPYKILIl

Temsana byoxo, JIoomuna Jlaspinenxo

Anotanisa [IpoBeneHo aHami3 KOHCTPYKTHBHOT
dhopMu MyIbTHOO'€MHOI KyNOJBHOI OYIiBII 3 BH-
KOPUCTAaHHSAM HECYyYHX JEPEB'SHUX KOHCTPYKIIii.
CknanHicTh 00'eMiB Ta 1X CIIOIYYHUX JIiHIH, a Ta-
KO>XK BUMOTa IPOBECTH HEJIHIMHUI aHami3 Iepes'-
STHUX €JIEMEHTIB BEIMKOTO TPOJIbOTY 32 PEKOMEH-
marisMu  €Bpokony S, poOmaTh iH(opMariiny
MoOJienb HeoOXigHow. Bimmiueno, mo indopma-
LiliHe MOJENIOBaHHS [JEPeB'STHUX KOHCTPYKLIH Y
CBIiTiI € HaWOUIBII MiATOTOBICHUM 10 BUKOPUCTaH-
Hsg BIM-TexHonoriif, 1o MOB’SI3aHO 3 BHCOKOIO
(abpHYHOIO TOTOBHICTIO Ta CKIafHUMHU HHU(POBU-
MH TEXHOJIOTISIMHA BHUPOOHHIITBA CyYacCHHUX eJIeMe-
HTIB JIepeB’THUX KOHCTPYKIII MacOBOTO BHUTOTOB-
nenHs. [lpu po3pobui mpoexTy Asi yKpaiHCHKHX
YMOB Ta Y BIATOBIAHOCTI 3 YMHHUMH HOpPMaMH
MpOeKTyBaHHA Oyna copMyboBaHa iH(popMaIriii-
Ha Moaeab B CAIIDIP T1K 3 momansior0 MOKIH-
Bictio imMnoptry mogeni B [IK JIIPA-CAIIP. [lns
moOyIoBH MoJieni Oyim BHKOpHCTaHI HEoOXimHi
JOTIOMDKHI Kpoku. HaBaHTa)keHHsSI Ha KPUBOJIHIN-
Hy noBepxHIo po3paxosani B I[IK Espri. [{nsa nmona-
TBII01 po3po0KH BY3ITiB Oyio BHKOpucTaHO 3D-
MOJICITIOBAHHS 3 TIepeaadcio iHpopMaIiiHoi Moie-
mi Ha TIK Tekla Structures sk cmemianmizoBaHOTO
cepeloBHIIA Il KOHCTPYKTUBHOT'O PO3JLTY Mpoe-
KTYy.

[IpencraBnenuii aHami3 CKIAJHOI KYIMOJBHOT
KOHCTPYKI[ii 3 BHUKOPUCTAHHSM JIEPEB'SHUX apOK
y3arajgpHIOE TIAXOAW OO0 PO3POOKH YHIKAIBHHX
(hopM KOHCTPYKIIIH 3 BHKOPHUCTAHHSM JcpeBa.
Bukopucranns indopmaniiHuX Mojesned J03BO-
A0  pealidyBaTH  CKJIQJHE  apXIiTEKTYPHO-
IJIaHYyBAJIBHE pIMIEHHS Ta CYTTEBO 301LIBITUTH
CKJIQJIHICTh KOHCTPYKTHBHOI MOJIENi 3 ypaxyBaH-
HSIM HEJTIHIHHUX e(EeKTiB JePEBUHH.

PesymnbpraTti mpoekTy BKa3yIOTh Ha MOXKIIUBICTh
aKTHBHOI iHTerpauii iHpopMamiiHUX MoOZeTeH
JICPEB'SHUX KOHCTPYKIIH Y TPOSKTYBAaHHS IIPO-
rpamHoro cepenonuina BIM.

Karouogi cioBa. BIM-texHomoris; THyTOKIEE-

Hi JepeB’siHI KOHCTPYKIIil; KYIIOJI, aKBarapk; €B-
pokon 5
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