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Abstract. The materials of the article are de-

voted to the issue of simulation modeling of con-

struction mechanized technological equipment, in 

particular, modeling of the lifting and assembly 

module for the installation of a structural coating. 

Today, an urgent task in the construction market is 

the construction of large-scale structures, the life 

cycle of which is shortened, but the construction 

terms are reduced. Such a need exists in the con-

struction of shelter hangars, field hospitals, ware-

houses, etc. As a rule, for urgent needs, buildings 

with light construction structures are erected, the 

covering of which is formed by structural blocks. 

A feature of such structures is multi-element sup-

port elements. A lifting assembly module is pro-

posed for the installation of such structures. 

It is essential that the mounted structural coat-

ing is assembled on the heads of the lifting and col-

lecting modules in blocks, and the lifting of the 

structural block to the design mark occurs thanks 

to the module while simultaneously rais-

ing/assembling the supporting elements of the 

coating. Simulation computer modeling tools were 

used to study the possibility of implementing the 

assembly process using the lifting assembly mod-

ule. It is proposed to use the parametric formation 

of sketches and 3D models when forming the de-

sign features of the module. The dissection of the 

elements of the new assembly module, support el-

ements and structural coating to the level of simple 

parts made it possible to determine their mass 

characteristics with sufficient accuracy. The basic 

technical indicators of the assembly module and 

building structures, which can be used in the de-

velopment of the assembly technology, were ob-

tained. 

Approaches to the use of cloud databases when 

using unified elements during design are defined. 

 

 

The use of simulated geometric modeling data al-

lows to analyze the strength properties of the com-

ponents of the technical system and, together with 

the visual observation data, to create a common in-

formation model of the building object with the 

possibility of qualitative analysis of the indicators 

of the specified elements of building structures. 

Keywords: lifting and assembling module, 

structural coating, modeling. 

 

 

INTRODUCTION 

 

Today, the construction of light construc-

tions is relevant. Such needs are the need for 

short-term placement of groups of people, 

equipment, materials and goods in areas af-

fected by external aggressive factors (military 

operations, placement of COVID-19 centers, 

logistical supply of goods, etc.). As a rule, for 

this, construction objects are created from light 

metal structures. There is a need to develop 

mechanized complexes for the installation of 

such construction objects, and in case of their 

disappearance, their actualization, simple dis-

mantling [9, 10, 18]. 
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The purpose of the work is to develop a 

simulation model of a lifting-assembly module 

for the installation of a structural coating. 

At the department of construction ma-

chines and construction technologies of the 

KNUCA, was developed a model of a load-

lifting module for the installation of a struc-

tural coating, which ensures an effective im-

provement of the installation technology at a 

construction site [4]. 

 

PRESENTING MAIN MATERIAL 

 

The lifting and assembly module (LAM) is 

designed for lifting the block of structural cov-

ering for the installation of columns. It consists 

of a frame, inside which the installation zone 

is formed. The main parameters for the design 

of the LAM are the dimensions of the column, 

the weight of the structural covering block, 

and the dimensions of the spans and steps be-

tween the columns. The weight of the structur-

al covering block does not exceed 20 tons, and 

the cross-section of the column is 500...700 

mm. The size of the spans is 24, 30, 36 m, and 

the steps are 12, 15, 18, 24 m. In accordance 

with the determined parameters of structures 

and buildings, as well as the characteristics of 

hydraulic cylinders, the column is divided into 

component parts. The height of the compo-

nents is 1200 mm [2]. 

Structurally, the LAM represents the fol-

lowing scheme: in the upper part of the mod-

ule there is a support head on which the lifting 

load is installed. The raising/lowering of the 

structural covering block occurs when using 

the number of modules in accordance with the 

number of supports of the structural covering 

according to its design features. In our case, 

the minimum number of LAM per block is 

4 pcs (Fig. 1). 

When developing new means of installa-

tion, methods and devices, it is impossible to 

clearly formulate the technical task, since its 

final version may change during the research. 

At the same time, simulation modeling 

methods are used to study the installation pro-

cess. 

For simulating the installation of a structur-

al coating and the mechanisms for its imple-

mentation, it is advisable to use a powerful 

modern toolkit – parameterized design [1]. 

This makes it possible to create three-

dimensional models of components of techno-

logical equipment and assembled structures 

with unexpressed and dependent dimensions, 

to create a certain database of them for the au-

tomated formation of form-forming sketches 

of components of an assembly unit or the ge-

ometry of individual parts of newly created 

structures [11]. 

The software capabilities of parameterized 

design allow you to change the geometric di-

mensions of the form-forming sketch of the 

part, the parameters of the three-dimensional 

forming of the part, the mutual placement of 

parts in the assembly unit, the number of parts 

in the assembly unit, and much more during 

 
Fig. 1. The scheme of placement of LAM on the supports of the structural covering: 

1 – column; 2 – LAM; 3 – structural covering unit 
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the modeling process. 

In Fig. 2 shows an example of the applica-

tion of parametric data for supporting structur-

al elements of the structural coating. 

It should be noted that in the case of param-

eterized design, it is possible to easily change 

the number of structural elements in the mod-

ule (for example, n in Fig. 2). It is also possi-

ble to define "important" dimensions for the 

further assembly unit and "not quite im-

portant" ones, which, for example, relate to the 

shape, number of holes, diameters of the bar n 

in Fig. 2. 

In order to understand the necessary accents 

during the assembly of simulation models, it is 

necessary to have constant feedback with the 

modeling object, its constructive and techno-

logical features. 

Also, let's return to the consideration of the 

technical features of the cargo-lifting module. 

The load-lifting module is installed in the 

installation area of the columns in such a way 

that the center of its installation area coincides 

with the center of the column. First, the lower 

support element of the column is installed and 

fixed to the foundation support plate with an-

chor bolts and welding [4]. The first tier of the 

column is installed on the support head 

(Fig. 3) The component columns are presented 

in the form of rolled pipes, which allow, when 

connecting them with couplings, to use quick-

removable mounting devices, for example, 

those used in formwork systems [2, 7, 12]. 

Column sections are connected to each oth-

er by transverse and diagonal ties, aligned and 

fixed. 

 
Fig. 2. An example of the use of implicitly expressed geometric data for a support coupling of a 

structural coating: d1 – diameter of the upper connection; l1 – the  length of the upper 

connection; h – height of the lower connection; d2 – diameter of the lower connection; l1 – 

coupling height; d21, b21, b22 – variable parametric dimensions of the lower connection; 

n – the number of connection bars 

 

 
 

Fig. 3. Construction of the support part of the 

column: 1 – support plate (header under 

the column); 2 – clutch; 3 – column sec-

tion; 4 – diagonal ties; 5 – transverse ties 
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After that, the upper couplings are installed, 

which are fixed on the column sections, and 

the load-lifting module is placed vertically 

above the support head (Fig. 4). On top of the 

head of the module, the lower support part of 

the structural covering is installed, in the form 

of an inverted pyramid. In the lower part of the 

LAM there are platforms. Sub bridges can be 

independent or connected between LAM with-

in the same block of coverage. 

The installation of the structural block of 

the covering together with the crane, plumb-

ing, electrical equipment and the roof takes 

place immediately on the support nodes that 

are installed on the LAM. 

To ensure the stability of the structural 

block of the covering during the extension of 

the column sections, the use of a scheme of 

three power hydraulic cylinders and a perma-

nent support is proposed. Such a scheme forms 

a rectangular prefab column in cross-section 

and allows obtaining during the installation of 

the components of the column three minimum 

possible support points, which allows to en-

sure stability during installation. 

The installation of the tier of the structural 

covering column is as follows. 

For one block of structural covering, it is 

necessary to provide such a number of LAM 

that will correspond to the structural scheme of 

the building and ensure the stability of the 

structural covering. The minimum number of 

LAM for lifting the structural covering block 

is 4 pcs. 

Simulation modeling of the structural coat-

ing, supports and cargo-lifting module made it 

possible to obtain their indicators (Table 1). 

It is necessary to ensure the constant avail-

ability of power for the LAM hydraulic drive 

system as well as the installation accuracy 

control system. 

An effective modern toolkit is the use of open 

databases of three-dimensional models [15], in 

which manufacturers place 3D models under 

the rights of free use. This approach allows 

you to focus only on individual components 

for simulation modeling at the project stage. 

 

Table 1. Technical characteristics 

 

№ Name element’s Index 

  

1 Structural coating (block) 

 Dimention, m 24×24×1,6 

 Weight, tonn 12  

 Moments of inertia  

 In the absolute coordi-

nate system: 

 

 Axial moments of inertia 

 Jx, kgm2 2446242.22 

 Jy, kgm2 2228377.26 

 Jz, kgm2 2228377.26 

 Centrifugal moments of inertia 

 Jx, kgm2 -1725398.99 

 Jy, kgm2 -6473001.68 

 Jz, kgm2 6804127.63 

 In the main central coordinate system 

 J1, kgm2 1200983.67 

 J2, kgm2 616810.34 

 J1, kgm2 593486.68 

2 Support column 

 Height, m 1,2 

 Size, mm 700×700 

 Weight, ton 1,5 

 Number of component 

blocks 

9 

3 Lifting and assembly module 

 Quantity  4 

 Size, m 4,5×4,0×2,0 

 Weight, tonn 1,8 

 Power, kV 7,5 

 Speed, m/sec 0,01 

 

 

A useful feature of such services is the 

software possibility of using a 3D model in the 

desired format. 

Let's return to the description of the lifting 

and assembling module/ 

The automated hydraulic complex is in-

stalled on LAM platforms and consists of a 

central control unit, a pumping unit (4 pcs.), 

hydraulic mains, power hydraulic cylinders 

(3×4 pcs.). The central control unit consists of 

collectors, synchronizers, a system with spe-

cial software, a set of communication cables, 

and a signal repeater [6]. 
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The remote control is used at the facility to 

control hydraulic oil stations in the amount of 

4 pcs., hydraulic cylinders in the amount of 

12 pcs. The voltage for the control system is 

220 V. The hydraulic control scheme of the 

pumping unit is shown in Fig. 5. 

In order to achieve high accuracy of mov-

ing heavy objects, it is necessary to control 

and synchronize the movement of several lift-

ing points. Microprocessor control uses the 

signal coming from numerous sensors to con-

trol the spatial position of any large, heavy or 

 
a      b 

Fig. 5. The automated hydraulic complex: a – hydraulic scheme; b – import 3D model 

of pump station: 1 – tank with liquid; 2 – pump; 3 – non-return valve; 4 – control 

unit; 5, 6, 7 – power hydraulic cylinders; 8 – manometer; 9 – security group 

 
a     b 

 

Fig. 4. Lifting and assembly module: a – side view; b – axonometric view: 1 – column tier; 

2 – lifting and assembly module; 3 – column head; 4 – support node structural covering 
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complex structures, regardless of their weight 

distribution [7]. 

By changing the oil supply in each cylinder, 

the system controls the position very precisely. 

By eliminating the need for manual interven-

tion, this control ensures structural integrity 

and increases lifting productivity and safety 

[13]. 

Microprocessor controlled synchronous lift-

ing systems reduce the risk of bending, twist-

ing, tension or skewing between the marking 

points due to uneven distribution of weight or 

loads. The system uses displacement sensors 

that provide feedback to the control system. 

Sensors are attached with magnets and con-

nected by cables. 

 

 

Hydraulic power station supplies the 7.5 

kW for the hydraulic cylinders. The technical 

characteristics of the hydraulic electric station 

7.5 kW are given in the Table 2. 

By using parametric geometric design, we 

can say that the obtained geometric model has 

the properties of rapid changes in its geometric 

parameters, which is very important in the 

course of modeling the newly created system. 

An important stage of simulation modeling 

is the study of the strength properties of indi-

vidual elements and the system. 

An effective means of researching a new 

system is the use of a research method based 

on the creation of models of finite elements 

[16, 17]. 

 

 

 
a  b  c  d 

 
e  f  g  h 

   
i    j 

Fig 6. Example and result of simulation modeling of a support element of a column: a – supporting 

element, 3D model; b –finite element model; с – equivalent tension; d – total linear displace-

ment; e – 1-st form of buckling; f – 1-st  waveform; g – 2nd  waveform; h – 3rd waveform; 

i – 4th waveform; j – 5th waveform 
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For computer models, sufficient detailing of 

the research system and determination of ex-

ternal influences on it is important. 

In Fig. 6 an example of modeling internal 

loads on the support section of the structural 

coating is given. 

It is important to note that in case of ex-

ceeding the allowable stresses in the intersec-

tions of structural elements, it is possible to 

automatically make changes in the geometry 

of form-forming sketches, models, etc. 

A practical study of the created system, in 

particular a complex of load-lifting modules 

for the installation of a structural coating with 

supporting elements, consists in monitoring 

the deviations of the base points during its op-

eration [13, 14]. 

For visual control of installation operations, 

it is suggested to use the high-precision meas-

urement complex. The measurement complex 

includes receiving devices; high-precision 

electronic robotic tacheometers; prisms and 

marks mounted on the structures of the arch, 

stiffening beam, and around them to determine 

the design position of the stiffening beam and 

its change; communication and computer 

equipment, as well as software for managing 

the complex (Fig. 7) [5, 8]. 

According to this scheme, one or more 

tacheometers monitor the readings of the con-

trol points, which are placed in the nodes of 

the structures and in the reference points. In 

addition, beam roll measurements are per-

formed using tilt sensors. 

Since the system "structural cover – struc-

tural supports – load-lifting module" is a dy-

namic system, the change in the position of the 

structural cover can be influenced through the 

parameters of the load-lifting module. During 

practical research, this means that in case of 

deviations of the base points from the design, 

the values of the deviations can be interpreted 

into commands for the power drive of the car-

go-lifting module, actually check it in auto-

matic mode, having previously created the ap-

propriate information system [7, 12]. 

Today, effective methods of monitoring 

construction works, especially installation, are 

the use of UAVs along with methods of creat-

ing three-dimensional models by processing 

photogrammetric data [8]. Monitoring systems 

allow you to obtain an accuracy of up to 50 

mm, which does not quite meet the construc-

tion requirements for installation accuracy, 

however, they provide an opportunity to obtain 

relative data with differentiation in time, 

which makes it possible to analyze the installa-

tion process, or when changing technical 

equipment UAV, for example, an infrared 

camera, to receive tempera-tour pictures of the 

work site, etc. [19, 20]. 

The specialized software constantly com-

pares the obtained results with the design data 

Table 2. Technical characteristics of the 

hydraulic electric station 

 

Name Indicator 

Operating voltage 

and frequency 
АС380V 50 

Capacity , kV 7,5 

Nominal pressure, MPa 

- low 

- high 

70 

10 

70 

Nominal feed, l/min 

- low 

- high 

 

30 

6,3 

Tank capacity, l 100 

Weight, kg 140 

  
 

Fig. 7. Scheme of an automated complex for high-

precision measurement of installation devi-

ations: 1 – tacheome-ters; 2 – GPS receiving 

device; 3 – control points (benchmarks); 4 – 

tilt sensors 
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and displays the values of the deviations using 

graphs and tables on the operator's display 

[11, 12]. 

 

CONCLUSIONS 

 

1. The lifting and assembly module de-

signed for lifting the structural cover block for 

the installation of columns is developed. It 

consists of a frame, inside which an installa-

tion zone is formed. 

2. A scheme of the installation of the tier of 

columns and the dismantling of the LAM has 

been developed. If necessary, the dismantling 

of the columns with the lowering of the SPP 

takes place in the reverse order. According to 

the suspension scheme and dimensions of the 

structural cover block, the characteristics of 

the power hydraulic cylinders and the hydrau-

lic system are determined. 

3. Determined parameters of the compo-

nents of the lifting and assembly module to 

take them into account when developing a 

construction project. 

4. Geometric modeling allows us to use the 

obtained data to analyze the strength properties 

of the components of the technical system and, 

together with the data of visual observation, to 

create a joint information model of the build-

ing object with the possibility of qualitative 

analysis of the indicators of the specified ele-

ments of building structures. 
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Имитационное моделирование 

подъемно-сборочного модуля для 

монтажа структурного покрытия 

 

Владимир Рашкивский 

 

Аннотация. Материалы статьи посвящены 

вопросу имитационного моделирования строи-

тельной механизированной технологической 

оснастки, в частности моделированию подъем-

но-сборочного модуля для монтажа структур-

ного покрытия. На сегодняшний день, актуаль-

ной задачей на строительном рынке является 

 строительство крупногабаритных сооружений, 

жизненный цикл которых сокращен, однако 

сроки возведения уменьшены. Такая потреб-

ность существует при возведении ангаров 

укрытия, полевых госпиталей, складских по-

мещений и т.д. Как правило, для срочных нужд 

возводят здания с легкими строительными кон-

струкциями, покрытия которых образуют 

структурные блоки. Особенностью таких кон-

струкций есть многоэлементность опорных 

элементов. Для монтажа таких конструкций 

предложен подъемно-сборочный модуль. 

Существенным при этом является то, что 

монтируемое структурное покрытие собирается 

на оголовках подъемно-уборочных модулей в 

блоках, а подъем структурного блока к проект-

ной отметке происходит благодаря модулю при 

одновременном подравивании/сборке опорных 

элементов покрытия. Для исследования воз-

можности реализации процесса монтажа с по-

мощью подъемно-сборочного модуля исполь-

зованы средства имитационного компьютерно-

го моделирования. Предложено при формиро-

вании конструктивных особенностей модуля 

использовать параметрическое формирование 

эскизов и 3д моделей. Расчленение частей но-

вого монтажного модуля, опорных частей и 

структурного покрытия до уровня обычных де-

талей позволило найти их массовые свойства с 

достаточной точностью. Получены базовые 

технические характеристики монтажного моду-

ля и строительных конструкций, которые могут 

быть использованы при разработке технологии 

монтажа. Определены подходы к применению 

облачных баз данных при использовании уни-

фицированных элементов в ходе проектирова-

ния. Использование данных имитационного 

геометрического моделирования позволяет 

провести анализ прочностных свойств состав-

ляющих технической системы и вместе с дан-

ными визуального наблюдения создать общую 

информационную модель строительного объек-

та с возможностью качественного анализа по-

казателей определенных элементов строитель-

ных конструкций. 

Ключевые слова: подъемно-сборочный мо-

дуль, структурное покрытие, моделирование. 
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