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The article was developed and implemented for calculation models of the frame building and the lifting
module bu using computing complex Autodesk Inventor. The dimensions and number of models elements allow
to correctly investigate the technical structure. The basic scheme of connections in determining the structural
scheme of the building, the method of its construction, and technical means of implementation is considered.
Actuality of this work is the need for qualitative analysis of interrelated solutions in construction when using new
construction technologies and modernization of mechanized support for their implementation.

Modern approaches to the formation of the structure of the building frame are analyzed. The main propouse is
based on using of lifting assembly modules to reduce the specific share of the use of heavy crane equipment at the
construction site.

Approaches to the formation of a system for monitoring the construction process, in particular the installation
of the covering, were also considered.

Based on the results of the research, technical solutions are proposed to support the process of installing the
building covering, which take into account the structural features of the building and are formed taking into
account the functional features of the construction technological process .

Key words: structural calculation, frame buildings, technology, mechanized equipment, lifting module, stress-
strain state, geodetic control.

1. Introduction

The construction of frame buildings is gaining more and more popularity due to its speed, energy
efficiency and the possibility of implementing various architectural solutions. However, the
effectiveness of this process largely depends on the optimal combination of structural solutions,
technological processes and mechanized equipment. Construction with a reinforced concrete frame is
one of the most important branches of modern engineering. Constant research in this field allows us to
create more and more perfect and reliable designs that meet the requirements of modern life.

The issue of researching modern frame systems of buildings and structures is described in works
[1, 2, 17, 18]. The rationale for the use of frame construction technologies is given in works [10, 11].
Modern designs of mechanized equipment to support the technological process of frame construction
are considered in works [3 - 7].

The system "structure - technology - mechanized equipment" is interconnected and affects all
stages of construction of frame buildings. In the part of consideration of the structures of buildings and
structures, the materials of the building structures, the type of frame, the dimensions of the elements,
the connections are considered - all this determines the construction technology and the necessary
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equipment. At the choosing construction technologies for the implementation of construction
processes, the methods of assembling the frame, insulation, sheathing and internal finishing, which
come from the structure of the building, are selected too. The type, size, modes of operation of
mechanized equipment and machines realize the implementation of construction technologies. The
interrelationships of mechanized equipment, construction technology and the implemented
construction object are closely related to each other.

Separately, it should be noted construction monitoring, which functions in parallel with the
construction process itself and independently of it, but affects its implementation [19]. When erecting
frame houses, monitoring is especially important, since the overall strength, durability and energy
efficiency of the building depends on the correct execution of each stage.

In work [1], the advantages of frame construction are defined, which include: speed of erection,
economy, energy efficiency, ease of construction, flexibility of planning, seismic resistance. Frame
buildings can be prefabricated, monolithic and prefabricated-monolithic. In frame buildings, the main
vertical load-bearing structures are columns or pylons, and the horizontal ones are beams.

2. Research analysis

Consider the scheme of a long-span frame building [10]. Here, a building with a height of 24 m,
with a covering area of about 40,000 m?, the mass of which is 1,100 tons (Figure 1). Such buildings are
arranged for the maintenance of overall equipment, the placement of complex production equipment,
etc. In the example, a rectangular arrangement 4, x B, of support elements is used. The supporting

elements form prefabricated columns with a cross section 4, x B,. The limitation of the values
A, By, 4,,B, is the operational stability of the structural elements of the building object. For this, it is

effective to use reverse engineering, when taking into account the materials of the structural elements
and their initial cross-sections, the limit dimensions of the structure are determined while ensuring its
resistance to the load.

Simulations of loads on the structure are performed taking into account [13-16].

In the course of the simulation, the following initial conditions were selected: the material of the
columns is steel; the floor material is reinforced concrete, the unit pressure, which takes into account
the weight of the floor and the possible placement of technological equipment, is from 1 to 20 MPa.

Examples of the results of modeling internal stresses in the elements of building structures using
Autodesk Inventor software is shown in fig. 1.
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Fig. 1. Structural scheme of the building object: (a) — initial stage of installation of the covering; (b) — the intermediate stage of
lifting the coating; (c) — rise of the covering to the design mark; (d) — modeling of internal loads in the structures of the building
at the initial stage of lifting the covering; (e) — the same at the intermediate stage of lifting the coating; (f) - also precisely at the
stage of installation of the coating on the design mark
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As a result of static modeling of the internal loads of building structures, under the condition of
ensuring stability, their maximum dimensions are determined, which affect the adoption of
organizational and technological decisions to ensure the construction process.

When considering construction technologies, in particular, the lifting of long-span coverage to the
design position, the following main indicators are used [10]: reality of process implementation,
erection speed, energy efficiency.

Solution [2] is used to set the construction overlap in the design position. Here, a cyclic method of
lifting the covering is used due to the use of mechanized equipment implemented in the form of a
hydraulic lifting module [10-11]. In this case, the cyclic method of lifting the covering acts as a
determining method of implementing the construction task - the basis of the work execution
technology.

At the same time, the choice of technology with cyclic lifting, on the one hand, directs the choice of
structural placement of supporting elements and their cross-section, and on the other hand, determines
the composition of mechanical support for the lifting process. So, according to the technology of lifting
the covering with the lifting module [10], its placement takes place in the inner space of the supporting
elements. For this purpose, the support elements themselves are prefabricated with the organization of
sufficient internal space within one column to accommodate the lifting module. The lifting module
rests on the column through special hooks, and its frame serves as a support for the floor.

To implement the proposed technology, a lifting module of cyclic lifting (Fig. 2) [10] is used.
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Fig. 2. Lifting module: (a) — general view; (b) — calculated scheme;
(c) — the result of modeling internal loads in module elements

The design of the lifting module is based on approaches to the formation of new designs of
machines [5], which function within more complex systems and perform certain functions [7-9].

The lifting module consists of a double-action hydraulic cylinder, lower and upper platforms, safety
rods. The hydraulic cylinder body is fixed on the lower platform of the module. The rod of the
hydraulic cylinder is attached to the upper platform of the module. In the upper and lower platforms of
the module, lifting fixing mechanisms with extendable support cylinders are installed. The locking
rods are attached to the upper platform of the module and pass through sliding nuts that are fixed to the
lower platform of the module. Guide profiles fixed on the inner surfaces of paired frame columns are
provided for support of lifting fixing mechanisms.

The working cycle of lifting the lifting module is repeated and is implemented by resting the
coating on its upper platform.

The magnitudes of the values of the lifting process, such as the speed of lifting the structure and the
weight of the structure, are ensured by ensuring the parameters of the lifting module, in the case of
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using a hydraulic drive: the values of the pressure in the power drive and the supply of the working
fluid (Fig. 3) [9].
Taking into account the number of lifts, the theoretical capacity of the lifting modules will be
Ny, = N-n ’
M
where 77, is the hydromechanical efficiency of the pump.

The components of the lifting module are formed as a separate dependent system [7].

The stability of the lifting module is characterized by the rigidity of its own frame and the power
capabilities of its driver (Fig. 2, c).

Based on the results of sketch modeling, weak points are identified that require strengthening or
changing constructive solutions.

The main technological indicators of the proposed lifting module:

e Productivity: 1 mm/s. On 6 m - 24 cycles . Cycle 250 mm — 5 min lifting, measurement,
technological settings. The duration of the cycle is 10 - 30 minutes.

e Power: the power of the lifting module is determined by the working pressure in the system
(MPa) and the diameter of the power cylinder (mm).

e Reliability: the mechanical system of the lifting module ensures the reliability of its frame
structure, and the hydraulic drive - the implementation of its movement modes. Fixation of
module positions — by hydraulic and mechanical means. The electronic control system of the
hydraulic drive allows to implement remote control of its output links and to ensure software
execution of its basic movements. The combination of electrical, electronic and hydraulic
components allows monitoring of the indicators of the working process of the lifting module.

The prefabricated frame of the lifting module also performs the function of orienting building
structures. Thus, due to the adjustment of the position of the supporting part of the lifting module
relative to its frame, it is horizontally and vertically shifted relative to the supporting elements of the
entire structure and, accordingly, the position of the floor relative to the supporting elements is
adjusted.
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Fig. 3. Nomogram for selecting parameters of the lifting module

The similarity of the processes of the working movements of the lifting module in the technological
process of installation of the coating allows to create algorithms for its control.
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When forming the composition of the "structure - technology - mechanized equipment" system, a
parametric database is developed for typical structures, which can automatically determine the
structure and standard size of the system itself.

Regarding the expediency of using technological modules as a whole, at the stage of forming their
sets, the requirement to ensure the function of intermediate and final verification of building structures
is taken into account, which can be implemented by adjusting the positions of some links of the lifting
modules.

Monitoring is an important part of the entire construction process. In our case, the presence of
repeated erection stages requires control of the progress of each lifting cycle, which can potentially
affect the position of structural elements during the construction process.

At the same time, the main attention is paid to the conformity of the geometric provisions of the
structural elements, and if necessary, they are eliminated.

In addition to the usual manual means of control during the organization of construction works
[19], the use of digital means of engineering monitoring of movements of construction structures and
mechanisms is effective.

Therefore, an important element of the external monitoring of the construction process is the
continuous control of the values of the actual coordinates of the characteristic points of building
structures and their comparison with the design values to understand the correctness of the geometric
parameters in the process of erecting a building or structure [12].

Let's consider the method of monitoring using electronic tacheometers and automated monitoring
systems using tacheometers.

An electronic total station is a device that measures horizontal/vertical angles and distances
(Fig. 4). The most important characteristic is the accuracy, which can reach up to 0.5” (angular
accuracy) and 0.5 mm (linear accuracy) of a single measurement with a single capture of an object up
to 40 m.

ol

7

Fig. 4. Scheme of monitoring the installation process of the building covering: 1 — supporting element; 2 — coating; 3 —
lifting module; p .1, p .2 are the corresponding points of placement of geodetic monitoring devices (tacheometers); 1.1-3.4 —
basic controlling points (markers)

The disadvantage is that it is impossible to observe several points at the same time, the
measurements are performed only sequentially.

Automated monitoring systems with the use of robotic tacheometers allow measurements to be
performed without an operator (sports monitor) in an automated mode, consistently.

Therefore, in order to choose a monitoring technology, it is necessary to establish the sequence of
execution of technological leveling operations and establish pauses between work cycles for
performing measurements.
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When analyzing the requirements for permissible deviations of the geometric parameters of
building structures, the deviations are in the mm range. Therefore, when choosing the type of
monitoring means, preference should be given to stationary ground scanners that meet the accuracy
specified in the regulations.

In order to monitor the conditions of building structures in the process of their construction, it is
necessary to carry out a discrete check of their condition.

During the performance of works on the construction of the covering of the structure, monitoring
should be carried out by means of control of the installation parameters for leveling according to the
technical indicators of the lifting module, control of its power parameters, etc., as well as by means of
engineering monitoring of its position relative to the design marks of the seizure of the work (Fig. 4).

During monitoring, the number of geodetic posts from which measurements are made and
compared with each other is determined. According to the scheme, the values of the provisions of the
relevant building structures are determined at the monitoring points, which are grouped by physical
and technological features, analyzed and, if necessary, used for the development of coordination
measures of the installation process.

The obtained results of the internal stresses of the system components allow, in addition to the
formation of the system composition and their corresponding size group, to determine the initial
conditions of monitoring by engineering geodetic devices from the considerations of maximum
deflections or deviations of the geometric positions of the system components from the design and
design-technological ones.

Thus, we can see that the structural scheme of the building is formed independently in the first
approximation, but it changes taking into account the technologies of construction work on its
construction, which are formed taking into account the technical means of their implementation with
independent monitoring of the construction process.

Conclusion

The system "structure - technology - mechanized equipment" is a key factor affecting the efficiency
of the construction of frame buildings. Its components can be formed independently, but it is more
effective when taking into account certain specificities of each other. At the same time, effective
formation of the system composition is achieved, key processes are optimized, and new initial
conditions are created for the formation of related processes, such as monitoring, automation,
digitalization , etc.

When forming the composition of the "structure - technology - mechanized equipment" system, a
parametric database is developed for typical structures, which can automatically determine the
structure and standard size of the system itself.
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Pawxiscokuil B.I1., Ilenamenxo O.0., [em anenxo P.A., Kosak A.A., /[ybosux I.B., 3aeys FO.B.
JOCJIPKEHHSA B3A€EMO3B’SI3KIB CUCTEMHU «KOHCTPYKUISI — TEXHOJIOIISI — MEXAHI3OBAHE
YCTATKYBAHHSI» ITPU 3BEJEHHI KAPKACHUX BYAIBEJIb

VY crarri po3poOiieHO Ta peasi3oBaHO i3 3aCTOCYBAaHHAM IPOEKTHO-OOUMCIIIOBAJIbHOrO Komiuiekcy Autodesk Inventor
pO3paxyHKOBiI Mojeni kapkacHoi Oyxiii Ta migiiomHoro momyns. Posmipu i kinekicte CE Mopeni J03BOJSIOTH KOPEKTHO
nociipkysatd HIC koHerpykuii. PosrisiHyTo 6a30By cxemy B3a€MO3B’s3KiB NPH BU3HAYECHHI KOHCTPYKTHBHOI CXeMH OyaiBii,
cniocoOy i 3BelEHHs, TEXHIYHMX 3aco0iB peanizanii. AKTyaJbHICTIO aaHOI poOoTM € mnortpeba y SKICHOMY aHami3i
B3a€MOIIOB’SI3aHUX PillleHb B OyAiBHUIITBI IIPY BUKOPUCTAHHI HOBUX TEXHOJIOTiH OyAiBHUIITBA Ta MOJEPHi3aLii MEXaHi30BaHOTO
3abe3neueHHs ix peasizauii.

[poananizoBaHo cy4acHi miaxoaum moao0 (GopMyBaHHS KOHCTPYKTHBY Kapkacy OyniBii. 3armpornoHOBaHO BHKOPHCTaHHS
i JHOMHNX MOHTaXXHMX MOJYIIB JUIs 3MCHILCHHS ITMTOMOI YaCTKH BUKOPHUCTAHHS BAXXKOI KPAaHOBOI TEXHIKH Ha Oy/iBeIbHOMY
00’€KTi.

Takox po3ristHyTO HiIX0au 10 (GOPMYBaHHS CHCTEMH MOHITOPUHTY OYy/1iBEJILHOI'O NPOLIECY, 30KPEMa MOHTaXY TOKPHUTTSI.

3a pesynbTaTaMu JIOCHIDKEHHsS 3alPOINIOHOBAHO TEXHIUHI PILlIGHHS Ul CYNPOBOMXKEHHS MHPOLECY MOHTaXy HOKPUTTS
OyiBIi, 1110 BPaXOBYIOTh KOHCTPYKTHBHI 0COOIMBOCTI OyAiBiIi Ta GOPMYIOTHCS 3 ypaxyBaHHAM (DYHKIIOHAIBHUX OCOOIMBOCTEN
OyiBEJIHOTO TEXHOJIOTIYHOI' O MPOLECY .

Karo4oBi cjioBa: po3paxyHOK KOHCTPYKIiH, KapkacHi OyaiBii, TEXHOJOTiS, MEXaHi30BaHE yCTATKyBaHHs, MiIHOMHMI
MO/IyJIb, HATIPyXeHO-1e(pOPMOBAHNUI CTaH, T€OAC3HIHHIT KOHTPOIIb.
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their implementation.

Modern approaches to the formation of the structure of the building frame are analyzed. The main propouse is based on
using of lifting assembly modules to reduce the specific share of the use of heavy crane equipment at the construction site.

Approaches to the formation of a system for monitoring the construction process, in particular the installation of the
covering, were also considered.

Based on the results of the research, technical solutions are proposed to support the process of installing the building
covering, which take into account the structural features of the building and are formed taking into account the functional
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