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The article considers and implements the calculation model of the system using the design and calculation complex
LIRA. The features of load perception and their rational distribution between structural elements are analyzed. The
stress-strain state is calculated, taking into account the subsequent installation of the structure. The approach to
determining the labor-intensiveness and duration of consolidation processes during the installation of structural blocks
of the covering, which is caused by atypical structural and technological solutions, is considered.

Modern approaches to the process of consolidation of structural blocks of coatings are analyzed. The use of load-
lifting assembly modules is proposed to reduce the specific share of the use of heavy crane equipment at the
construction site. The method of installation of a structural coating with the use of heavy crane equipment and load-
lifting installation modules is compared.

Keywords: calculation of structures, stressed-deformed state, consolidation of structural blocks of the coating,
technological process, lifting and assembly module, metal structure, labor intensity.

1. Introduction

In recent years, the problem of designing and building structures for temporary
accommodation of people, organization of logistics hubs, functioning of command centers, etc.
has become urgent. The process of erecting such structures is very limited in time, and
resources are limited. Most often, buildings of light metal structures with spans of 18...36 m are
erected for this purpose. However, taking into account the wide range of existing means of
mechanization, as well as the creation of new ones, the task arises of calculating the stress-
strain state of structures and developing new erection technologies, determining their indicators
and taking them into account during design. At the same time, approaches to the technology of
installation/dismantling of buildings are reviewed.

To the questions of research by technological of installation/dismantling of buildings are
described in the works [1, 8, 9, 12, 13]. A review of complex technological systems considered
as part of the process of erecting building structures and the indicators of these systems are
given in the works [3-10].

2. Research analysis

In accordance with the design task, the constructions are calculated.

This article calculates the stress-strain state of structures in the LIRA software complex,
taking into account subsequent assembly (fig. 1-3). The frame is calculated in accordance with:

- DBN V.2.6-198:2014 "Steel structures. Design standards" [14],

- DBN V.1.2-2:2006 "Loads and impacts. Design norms" [15],
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- DBN V. 1.2-2-2006 System for ensuring the reliability and safety of construction objects.
Loads and influences. Design norms [16],
- DSTU B V.1.2-3:2006 - Deflections and displacements of design requirements [17].

Bt 1

Fig 1. Verification according to the I limit state

B St
Frapyans o PO, (55 8 15004

2
Tx
Fig. 2. Verification according to the II limit state
i o [ mE
.
R .
N~ v
S A R
Ry -/c%‘“ \‘.'74\‘\\\"&“\‘7/
/) K\ TS
\
Z
Ux

Fig. 3. Verification local stability



286 ISSN 2410-2547
Onip matepiaiis i Teopist ciopyy/Strength of Materials and Theory of Structures. 2023. Ne 111

The main requirements for technologies are the speed of assembly while maintaining a high
level of reliability and accuracy. Technologies with forced methods of lifting and installing
structures and structural blocks of the covering are considered the most relevant for this [2]
(Fig. 4). .
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Fig. 4. General view of structural coating: (a) — frontal view of structural coating ; (b) — isometric view; (c) — frontal
view of block 24x15 m; (d) — isometric view of block 24x15 m: 1 — the column; 2 — coating

In order to shorten the installation time of multi-span structures, as a rule, consolidation of
the building elements directly on the site by specialized assembly teams is used. The process of
consolidation of structural blocks of the coating can take place on special platforms, on mobile
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stands or on assembly lines (Fig. 5). For the structural block coating technology of installation
using cranes, the zones for consolidation of the structural coating blocks are placed close to the
installation locations. These areas must be within the range of the cranes. To lift the structural
covering without using of heavy cranes, reinforcements are usually performed on the ground in
the plan of the axes of the supporting structures.

Fig. 5. Scheme of consolidation of the structural blocks of the coating 15 x 24 m:
1 —assembly stand block; 2 — sling; 3 — the starting mark of the structural blocks of the coating

For the basic version, the columns are first mounted (columns with a height of 12 m are used
for the analysis), so it is not possible to carry out consolidation in the area of the columns. The
stands are placed next to each other in the working area of the crane. According to the accepted
installation scheme, a crane with increased load capacity is needed. The LTM 1090 crane
(Fig. 6) was conditionally accepted for the analysis. The weight of the covering block with
corrugated board and part of the equipment for the example is 12 tons, the reach of the crane
boom is 16 m, the lifting height of the crane hook is 24 m. With such parameters, the crane's
carrying capacity is 12,5 tons [1].

The comparison of options involves the inclusion in consideration of the processes of installation
of columns (build-up), installation of stands, consolidation of blocks, installation (lifting) of blocks
and installation and movement of a crane or assembly lifting and gathering modules.

Structural blocks of the covering includes the process of installing assembly stands and
consolidation. The labor intensity and duration of these processes depend on the size of the
outgoing stamps. Since the production of structural elements at the factory is a robotic process,
it is advisable to make the initial stamps as large as possible in size. Depending on the
restrictions of highways [12], the following dimensions of the starting mark are adopted for the
structures: length — 24 m, width — 3,0 m, height — 2,12 m. The number of starting marks per
block is 5 pieces. In addition, four more starting marks of the supporting pyramids are added.
For the assembly of all brands in the block, rods are supplied in bulk in the amount of 32 pcs.
The starting mark of the collection stand has a length of 21 m, a width of 3,0 m and a height of
0,5 m. The number of starting marks of the stands is 5 pcs.

A mobile crane with a lower load capacity is required for the installation of stands and
consolidation of structural blocks of the covering. The maximum load weight of this process is
2,0 tons, so a truck crane with a load capacity of up to 16 tons is sufficient.
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Fig. 6. Scheme of consolidation and installation of the structural blocks
of the covering 15x24 m according to the basic version

The labor intensity and duration of consolidation of structural blocks of the covering are also
found using the method of integer normalization (tables 1, 2).

Table 1

The matrix for calculating the parameters of the installation process of assembly stands

) o Number of Labor

Actions, | Number of actions by level of responsibility, ; | 7, umoer ot |- i @

’ ‘ .~ | performers ’

w; min N h human-
1 2 3 4 5 p» UMAN min
Wi, 5 10 4 40
Wis 5 15 4 60
Wis 5 15 4 60
Wia 5 5 4 20
Wiys 5 10 3 30
Wi 5 16 3 48
Wiq 5 10 3 30
Wis 1 5 2 10
Results: 76 298

The structure of the installation process of folding stands is similar to the structure of the
installation process of columns, but does not require additional installation equipment for
temporary fixing and calibration:

W, 1 — transition of performers to a new work area;
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W, ,— workplace preparation;

W, ;— feeding the crane hook and slinging the structure;

W, 4— lifting and feeding the structure to the installation area;

W, s— guidance of the structure when entering the landing area and landing on sleepers;
W, ¢— verification and final fixation of the initial stamps;

W, 7—removal of sling grabs;

W, s— acceptance quality control.

Table 2
Matrix for calculating the parameters of the structural blocks of the coating consolidation
process
Labor
Actions, | Number of actions by degree of responsibility, 7; | 7, Number of | " "5
S .~ | performers ’

Wi min man-
1 2 3 4 5 Ny, people | o
Ws. 9 9 4 36
Wso 9 27 4 108
Ws 9 1 31 5 155
Wsa 9 1 23 5 115
Wss 9 27 3 81
Wse 9 27 3 81
Ws 9 45 3 135
Wss 10 30 4 120
Wso 64 192 3 570
Ws 10 10 30 3 30
Ws 1 5 25 2 50

Results: 457 1481

Actions Wy, Ws,, Wy3 can be combined. 7 manpower of the assembly stand installation

process is: @, = 0,01667x298 = 4,968 man-hours and the duration of the process with a
combination of actions is 7, = 0,01667 x 76 x 1,12 = 1,42 hours.

The structure of the consolidation process consists of the following actions:
W5 | — transition of performers to a new work area;

Ws,— workplace preparation;

Ws;— feeding the crane hook and slinging the structure;

Ws 4— lifting and feeding the structure to the installation area;

Ws s — guidance of the structure when entering the landing zone and landing;
Ws ¢ — temporary fixation of the sending stamp;

Ws ;— verification and final fixation of the initial stamps;

Ws s — removal of sling grabs;

Ws o — installation and fixing of individual rods of the structure;

W5 1o — raising the structural blocks of the coating to the height of the supporting structure

(4.0 m);

W5 11 — acceptance quality control.
Actions Ws,, Ws,, Ws; can be combined. The complexity of the process of enlarging

©,=0,01667x 1481 = 24,688 man-hours.

The main process is the installation of the structural blocks of the covering unit. To carry out

this process, it is necessary to separate the process of preparing workplaces, since it is related to
height. To organize the placement of workplaces, and there are four of them, mechanized
scaffolding of the pantograph type on self moving machines (carriage) should be used. The
structure of the process is as follows:

W1 — entrance of mechanized scaffolding to parking lots;
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W, — bringing the scaffolding to working condition;

Ws;— lowering and raising work platforms.

According to the method of integer rationing [13], the labor intensity of the process of
preparing four workplaces is: ©,=0,01667%x200 = 3,334 man-hour and the duration of the
process with a combination of actions is 7}, = 0,01667x120x 1,12 = 2,24 hours.

The structure of the process of lifting and installing the structural blocks of the coating
consists of the following actions:

W; 1 — supply of the crane hook and slinging of the structural blocks of the covering 24x15 m;

W;,— preparation of column anchors;

W, ;— installation of spacers and supporting nuts;

W, 4— preparation of the structure for installation;

W, s— lifting and feeding the structure to the installation area;

W; ¢— guidance of the structure when entering the landing area;

W, ;— orientation and installation of the structural blocks of the covering on the anchor bolts;

W; s — installation of nuts and rough fixing of the structural blocks of the covering;

W, 9— calibration and final fixation of the structural blocks of the covering unit;

W3 10— removing the sling grabs and returning the crane hook;

W5 11— acceptance control of the installation quality of the structural blocks of the covering.

To determine the labor-intensiveness and duration of the installation of the structural blocks
of the covering, the scale of the duration of actions has been changed, since the process is
carried out over long distances (Table 3).

Table 3
Matrix for calculating the parameters of the structural blocks of the covering installation
process

Action |\ mber of actions by level of responsibility, 7; | Duration Number of | Labor
S, 7. min performers | costs Q,
Wi 1] 2 [3] 4 5 6 | 7] 8 o N, people | man-min
Wi 4 24 4 96
Wi 4 24 8 192
Wis 16 64 4 256
Wia 4 20 4 80
Wis 2 12 3 36
Wi 2 14 3 52
Wis 4 32 5 160
Wis 16 64 4 256
Wi 16 80 4 320
W10 2 4 24 4 96
Wi 2 16 2 32
Results: 350 1576

Actions W3, W3, W;3 and W;4 can be combined. The complexity of the process of
enlarging ©,=0,01667x1576 = 26,272 man-hours.

According to the methodology [1], a schedule of the consolidation and installation of the
structural blocks of the covering with preliminary installation of the columns according to the
corresponding calculations was made (Table 4 ).
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Table 4

Technological calculations of the process of setting up a frame with structural blocks of the
covering (see Fig. 6)

Product volume The rate Time Labor Duration
Code of labor | consumptio | intensity of of the
process Unit Quantity costs, n rate, the process, process,
man-hour hours man-hours hours
TR1 1 parking lot 40 1,834 0,88 73,360 35,20
TR2 1 column 32 1,050 0,62 33,600 19,84
TR3 1 column 32 2,817 1,34 90,144 42,88
TR4 1 stand 8 4,968 1,42 39,744 11,36
TRS 1 block 8 24,688 8,53 197,506 68,26
TR6 4 works places 8 3,334 2,24 26,672 17,92
TR7 1 block 8 26,272 7,48 210,176 59,84
TR8 % 5 33,672 12,77

The general structure of the processes is as follows:

TR1 — installation of a crane on parking lots;
TR2 — unloading and dismantling of columns;
TR3 — installation of columns;

TR4 — installation of folding stands;
TRS5 — consolidation of SBP blocks;
TR6 — preparation and maintenance of workplaces;

TR7 — installation of SBP blocks;

TR8 — other not taken into account processes (5%).

According to the results of calculations, with the technology of arranging eight pieces of
structural blocks of the covering in separate cycles, the basic version (with a crane) has a lower
labor intensity of the process by 1197,454 — 707,114 = 490,34 man-hours, which is 41% as a
percentage. The duration of the process according to the basic option is shorter by 282,67-
268,07 = 14,6 hours, which is 6% faster than according to the new option. The main factor is
the number of lifting cycles. For 8 structural blocks of the covering, according to the basic
version, the number of lifting cycles does not change (8 cycles), and according to the new
version, it is possible to lift the covering in 8, 4, 2, and in one cycle. According to the results of
the study of the influence of the dimensions of the assembly blocks, the following dependence
was obtained (Table 5, Figs. 6, 7).
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Fig. 7. Graphs of the dependence of the labor intensity of the frame arrangement with the basic and new version on the

degree of consolidation of the structural coating
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The total costs for the basic version are:
Work intensity — 707,114 human-hours;
Duration — 268,07 hours.

Table 5

Technological calculations of the frame installation process depending on the level of

consolidation of the structural blocks of the covering

) 8 blocks 4 blocks 2 blocks 1 block
Unit

Code m;e;slire @ﬁ’o:rlasm_ T}, hours @ﬁ’o:rlasm_ T}, hours @ﬁ’o:rlasm_ T}, hours @ﬁ’o:rlasm_ T}, hours
TRI1 1 block | 36,272 | 17.36 | 36,272 | 17.36 | 36,272 | 17.36 | 36,272 | 17.36
TR2 1 block 14,936 7.2 14,936 7.2 14,936 72 | 14936 | 7.2
TR3 1 block 256 64 170,667 | 42.67 | 113,778 | 28.45 | 75,852 | 18.96
TR4 1 block | 120,024 | 38,24 | 112,124 | 37.84 | 108,120 | 37,44 (100,120 | 37.04
TRS 1 block | 475.20 | 78,41 | 471.20 | 39,20 | 467.20 | 19.6 | 463.20 | 9.8
TR6 1 block 256 64 248 60 240 56 232 52
TR7 % 57,022 | 13.46 | 52.66 | 10,21 | 49,015 | 8.30 | 46,119 | 7,12

Together: 1197,454|282.67 |1105,859|214.48 |1029,321 | 174.35|968,449 | 149.48

According to the schedule, the labor intensity of the processes under the new option remains
high according to basic option. Reduction in labor intensity by 5-10%, but the labor intensity of
the basic version is 41-25% less.

This indicates that there is a need to improve the lifting assembly module through the use of
robotics and the transition to automation of processes, which is real and possible for the
proposed design.
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Fig. 8. Graphs of the dependence of the duration of the installation of the frame with the basic and new version on the

degree of consolidation of the structural covering

According to the schedule, the duration of processes under the new option is
significantly reduced in relation to the basic option. The reduction in duration occurs by 33-
50%, and in relation to the basic version, the reduction in the completion time begins when
moving to the consolidation stage of 4 blocks of 2 structural covering - by 20-40%.
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3. Conclusions

1. According to the results of the conducted research, there was a need to develop a
schematic diagram and a constructive solution of the lifting and collecting module. The lifting-
collecting module is designed for lifting the structural blocks of the covering with the
simultaneous building up of columns.

2. A study of the labor-intensiveness and duration of the installation processes of the
structural blocks of the covering was carried out according to the options of crane and crane-
less installation methods. To ensure the principle of comparability of options, the processes of
column installation (building up), stand installation, block consolidation, block installation
(lifting) and installation and movement of a crane or assembly lifting and collecting modules
are included in the consideration. All calculations are based on the method of integer
normalization. Based on the results of the study, all the components of the labor intensity and
duration of the processes were determined, on the basis of which the schedules for the
consolidation and installation of the structural blocks of the covering were built.

3. According to the schedule, the labor intensity of the processes under the new option
remains high. in relation to the meringue version. Reduction in labor intensity by 5-10%, but the
labor intensity of the basic version is still 41-25% less. This indicates that there is a need to
improve the new mounting machanism through the use of robotics and the transition to
automation of processes, which is real and possible for the proposed construct.

4. The advantages of the new option become very significant when it comes to the rapid
construction of temporary structures.
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Toukaueee I'.M., Iéanuenxo I'.M., Pawxiscokuii B.I1., Kosak A.A., Hecmepenxo I.C.
PO3PAXYHOK KOHCTPYKIII TA JOCJIJUKEHHS TEXHOJIOTTYHAX MOKA3HUKIB
YKPYIIHEHOI'O CKJIAJAHHSI CTPYKTYPHUX BJIOKIB IOKPUTTSI

VY crarTti po3po0ieHO Ta peasi3oBaHO i3 3aCTOCYBaHHSAM IPOEKTHO-00uYMCIIOBaNIbHOrO Komruiekcy LIRA
po3paxyHkoBa Mopeinb cucteMu. Posmipu 1 kinekicte CE mozmeni J03BOsIOTH KOpekTHO pociiukyBatn HJC
KOHCTPYKIIi. PO3risHyTO miixijq 10 BU3HAYECHHS TPYAOMICTKOCTI Ta TPUBAJOCTI MPOLECIB YKPYITHEHHS MPU MOHTAXI
CTPYKTYPHHUX OJIOKIB HOKPHUTTS, 110 3YMOBJICHO HETHUIIOBUMHM KOHCTPYKLIMHUMH Ta TEXHOJIOTIYHMMH DillICHHAMH.
AKTYyaJlbHICTIO aHOT poOOTH € noTpeda y sIKiCHOMY aHali3i METO/iB PO3paxyHKy MapaMeTpiB TEXHOJIOTTYHUX IIPOLECIB
IIPU CHHTE31 pillieHb MeXaHi3allii MOHTa)KHUX MPOLECIB.

IIpoananizoBaHo CyyacHi MiIXOAH IIOAO MPOLECY YKPYIHEHHS CTPYKTYPHHX OJIOKIB MOKPUTTIB. 3alPOIOHOBAHO
BUKOPHCTaHHS BaHTaXKOIiAHOMHMX MOHTA)KHHX MOMYJIB Ul 3MCHIICHHS IUTOMOI YaCTKU BHKOPHCTaHHS Ba)KKOI
KpaHOBOI TeXHIKH Ha OyJiBenbHOMY 00 €kTi. [IOpiBHAHO CHOCIO MOHTaXy CTPYKTYPHOIO MOKPUTTS i3 3aCTOCYBAHHIM
Ba)KKOT KPAaHOBOI TEXHIKM Ta BAHTa)KOMITHOMHUX MOHTaXXHUX MOJYJIB.

Jlns 3a0e3nedeHHss NPUHIMITY MOPIBHSAHHS BapiaHTIB 10 PO3MVIAAY BKIIOYEHI MPOLECH MOHTaXY KOJIOH, MOHTaXY
CTEHJIiB, YKPYIHEHHS OJOKIB, MOHTaXy OJOKIB Ta BCTAHOBJICHHS 1 NMEpPEMillleHHA KpaHy a00 MOHTAaKHHUX MiAHOMHO-
30Mpa’IbHUX MOAYJIB. Bci po3paxyHKM BHMKOHyBanucst y TaOGiuuHii ¢opmi BiAnoBizHO 10 (opMysnd METOAMKU
LJIOYM CIIOBOI'O HOPMYBAHHS. 3a pe3yJIbTaTaMH JOCIIXKEHHS BU3HAYEHI BCI CKIIAJOBI TPYAOMICTKOCTI Ta TPUBAJIOCTI
MIPOIIECiB, Ha Mi/ICTaBI AKMX MOOY10BaHO rpadiku BUKOHAHHS NPOLECIB YKPYIHEHHs i MOHTaxy Os1okiB CBII.

Kuaro4oBi ciioBa: po3paxyHOK KOHCTPYKIIH, HanpyxeHo-1e(OPMOBAaHUI CTaH, YKPYIHEHHS CTPYKTYPHHMX OJIOKiB
MOKPUTTS, TEXHOJIOTTYHUI MTPOLEC, MiAHOMHO-301paJIbHUI MOYIIb, METAIIOKOHCTPYKILS, TPYAOMICTKICTb.
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