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Abstract. The article considers the problem of determining labor standards in accordance with
the application of modern structural and technological solutions of frame construction. The problems
of applying the current labor standards of construction processes in Ukraine are noted, especially
taking into account the specifics of the conditions of their implementation in post-war territories . It
is noted that the main drawback of the vast majority of current standards is the inability to evaluate
technological processes during variant design because they do not respond to innovative changes in
mechanization and organization of processes. It all depends on at what level of the structure of the
construction process the standards were determined, how the synthesis of these standards was carried
out for transfer to a higher level of the structure.

The paper analyzes the current labor standards taking into account the sequence of
construction processes for monolithic works in frame construction, including the arrangement of

foundations, the erection of columns, the arrangement of floors, in particular when using traditional
methods of formwork installation and when implementing modern structural and technological
solutions.

To take into account the variability of methods for performing construction operations, the use
of variant design is proposed as a direction for solving construction problems from the system of
constructive and technological proposals. The prospects of microelement modeling of construction
processes, which takes into account the structural features of buildings, their components,
engineering methods for ensuring the implementation of constructive and technological solutions for
frame construction, features of mechanization of construction processes and methods of their
monitoring, are also noted.

Unlike traditional modeling methods that operate with large objects, the microelement
approach allows you to study the behavior of individual structural elements at the microlevel. For
reasonable standardization of construction processes, the level of detail of construction process
objects should not be less than LOD 300, and it is desirable that it reach LOD 400.

All this together makes it possible to analyze existing methods and ways of implementing
construction and technological tasks, in particular in frame construction.
Keywords: frame construction, construction technologies, variant design, labor rates,
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formwork systems, reinforcement, concreting, mechanization of construction processes,
microelement modeling

Introduction

The system of making design decisions for innovative technologies of frame
construction is associated with the possibility of simultaneously considering several
options. Today, design engineers have the problem of choosing effective structural and
technological solutions, which arises when assessing the labor intensity and
productivity of technological construction processes. The problems of applying the
current labor standards of construction processes in Ukraine are noted, especially
taking into account the specifics of the conditions of their implementation in post-war
territories . It is noted that the main drawback of the vast majority of current standards
is the inability to evaluate technological processes during variant design because they
do not respond to innovative changes in mechanization and organization of processes.

Presenting main material

Frame construction of industrial and civil facilities is the main type in which frame
structural systems of buildings and structures are used. The construction of monolithic
and prefabricated-monolithic frame buildings has become characteristic for Ukraine as
the most effective of the entire set of technologies [1].

A feature of monolithic construction is that there is no need to build special
factories for the manufacture of structures with significant capital investments,
therefore it is cheaper and faster to organize construction using monolithic
technologies, for the implementation of which there are enough factories for the
manufacture of commercial concrete mix and the use of products of the metallurgical
industry, which is one of the developed industries in Ukraine. Formwork for the
manufacture of monolithic structures, as a rule, is rented from well-known companies
from the logistics centers of leading European companies [2], which are also widely
represented in Ukraine.

The main load-bearing structures of monolithic and prefabricated-monolithic
frames are foundations, columns and pylons, beams, slabs and walls of staircases,
elevators and stair-elevator blocks. Most structures are reinforced concrete.

Foundations for columns are designed as slab foundations with sub-column
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protrusions and columnar foundations. There are many variants of structural and
technological solutions for foundations [9, 10]. Columnar foundations of monolithic
and prefabricated-monolithic construction are more often used. When erecting high-
rise buildings of more than 12...16 floors, slab reinforced concrete foundations with a
thickness 0f 0.6...1.0 m are mainly used. For weak soils, pile foundations with grillages
in the form of strip or slab structures are designed.

In conditions of dense development, typical of large cities, for the arrangement of
foundations, structural and technological solutions of “walls in the soil” and “Barrett”
type piles are used, which are accompanied by the peculiarities of the construction of
underground excavations [9].

The designs of columns and pylons of multi-storey monolithic frame buildings
are carefully considered in [10], where their main geometric and physical and
mechanical parameters are determined. In the projects of the arrangement technologies
according to the technological flows, the designs of columns, pylons and walls are
related to the flow of arrangement of vertical structures. The geometric parameters
include the height in accordance with the height of the floors, the dimensions of the
cross-section in accordance with the shape, which can be square, rectangular, oval and
round.

Monolithic frame floors are designed without beams (ribs) and with beams.
Detailed structural and technological solutions for floors are considered in [10, 11].
There are many variants of floors structural and technological solutions. In recent
periods of development of monolithic construction, attention has been paid to structural
and technological solutions of lightweight floors without beams, such as "Round
Tube", "Bubble Deck, Cobiax", "Beeplate, U-BOOT Beton", etc. Lightweight two-
layer floors belong to prefabricated-monolithic structural and technological solutions.
Such floors are characterized by good technical and economic indicators. The
technologies "Filigran" and "Quad-Deck" are known [1]. Floors with ribs have become
widespread due to the economical consumption of concrete and reinforcement per

square meter of floor. Two technologies are known: "Ribbed Slab" and "Waffle Slab"
[11].
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The process of considering options for technologies for the construction of
monolithic and prefabricated-monolithic structures of frame buildings is very
important from the point of view of making effective structural and technological
decisions when developing design and technological documentation. An element of
design and technological documentation is a work execution project, and its element is
technological maps [9]. In the composition of technological maps, one of the main
elements is the schedules of process execution, which are developed on the basis of
labor cost standards [12] .

Labor cost standards and time standards are the main tool that ensures the correct
ratio between the quantity and quality of work. The progressiveness of the standards
lies in the fact that when designing them, advanced methods and methods of
performing work, modern technologies and construction machines, equipment,
inventory and tools, and the normal intensity of work must be taken into account.

An analysis of modern regulatory documents was conducted, according to which
it is currently possible to estimate labor costs for construction and installation work.
Resource element estimate norms for the main construction works during the
construction of frame buildings are presented by collections for: monolithic concrete
and reinforced concrete structures; prefabricated concrete and reinforced concrete
structures, metal structures [15-17]. The norms have been in effect since 2022, which
are the latest today. Prior to these norms, norms for the assembly and disassembly of
formwork [18], for reinforcement work [19], for concrete work [20] were in effect, the
effect of which was terminated in 2014, but there 1s no fundamental difference between
them. 8 years have passed between the terms of the two documents, however, the
principles of constructing norms and their content have hardly changed, and during this
period much has changed in the field of construction technologies.

The main disadvantage of norms [13-21 ] is the inability to evaluate technological
processes during variant design because they do not respond to innovative changes in
mechanization and organization of processes. It all depends on at what level of the
structure of the construction process the norms were determined, how the synthesis of

these norms was performed for transfer to a higher level of the structure.
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The composition of the process that is standardized shows the level of
standardization of the technological process structure. Thus, in work [12], the
composition of the process of assembling and disassembling wooden panel formwork
is presented at the third level of the structure [2] with the disclosure of the content at
the level of the set of operations (the fourth level of the structure). However, the norm
is defined conditionally according to the specific type of formwork, which had
subcircular boards, clamps, other fastening elements, etc. The process structure also
includes the following operations: checking the marks on the axes and marks at the
places of installation of the formwork; lubricating the surface of the formwork that is
in contact with the concrete; installing the panels and fastening elements of the
formwork; checking the formwork; dismantling the fastening elements, panels, boards;
taking the formwork elements to the storage place and stacking them. There are no
operations for feeding the formwork elements to the installation place, cleaning the
working surface of the panels from concrete residues.

This process structure includes formwork stripping operations, which are
performed in a different cycle after the concreting and concrete care processes. We see
a mechanical combination of two different third-level processes, which is undesirable
for the use of codes in variant design.

The process of assembling and disassembling modular formwork from the Doka
company [18] (which is innovative in design) consists of the following operations:
cleaning the base with compressed air; installing and securing the formwork elements
in the design position; applying a layer of paraffin; disassembling the formwork
elements and fasteners; sorting, cleaning the formwork elements from adhering
concrete; lubricating the formwork; feeding the formwork elements to the work area;
transporting the formwork elements to the storage location and stacking them.

Here, when considering the structure of the formwork installation process, there
are processes of different levels. Installing and securing the formwork elements in the
design position is no longer an operation, but a third-level process, which is
decomposed into operations. Thus, the same operation is taken into account twice -

applying paraffin and lubricating the formwork. There is the same mechanical
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combination of two different third-level processes, which is undesirable for using
standards in variant design.

Variant design involves the selection of different methods of performing actions.
For example, if we consider cleaning the base before installing the formwork, the
following methods can be adopted: cleaning with brushes; cleaning with compressed
air; cleaning by pushing, etc. It is clearly shown that the labor cost rate for such an
selection will be the same. g. Formwork lubrication can be applied by roller, spray or
paint brush. In particular, the regulatory values do not take into account changes within
the process structure.

The list of processes standardized in works [13-21] shows that innovations in the
technology of erecting frame building elements cannot be evaluated even by analogy.

Many questions arise regarding the units of measurement of process products. It
is proposed as a unit of measurement of 100 m® of concrete and reinforced concrete in
the product. For estimates, such a unit of measurement is very convenient for quickly
calculating the cost of work, and for designing technological maps, labor costs for all
components of the process with the ability to change their content and when choosing
a variant solution are very important. The quality of work, productivity and
occupational safety depend on this.

According to tables [13, 18], for the standardization of the processes of arranging
the formwork of walls and partitions, the thickness of the structure is taken as an
indicator of the change in labor costs. If we imagine that the area of the vertical surfaces
of the structure is unchanged (the area of the panels is also unchanged), it is logical that
the labor intensity of the process will be approximately the same in the main value and
does not depend significantly on the thickness of the structure. It is understandable to
use a coefficient to convert from a square meter of wall area to a unit of measurement
of products in cubic meters of concrete. With this approach, the direct dependence of
the labor intensity of the formwork arrangement process on the size of the surface area
is lost, which is important in variant design of technologies.

According to the standards [18], labor costs for the installation and dismantling

of formwork vary depending on the square meters of the formwork surface adjacent to
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the concrete. The technical approach to determining the scope of work 1s correct - it is
permissible for the formwork panels to protrude above the vertical structures by no
more than 50 mm, but modern modular formwork systems can exceed the structure by
the size of the panel module (100...300 mm). The situation is similar with determining
the scope of work when installing the floor formwork (time rates per 1 m ? of the
formwork surface adjacent to the concrete), where the installation of the side panels of
the slabs requires an increase in the area of the horizontal formwork to ensure normal
dimensions of the workplaces for the performers and to install a temporary fence
according to the rules of safe working conditions. The extensions of the formwork
beyond the slab are not always the same and depend on the design of the formwork
systems and geometric dimensions of the board, therefore it is better to use the actual
formwork area for variant design of processes.

The main factors in the collections [13, 18] that influence the choice of labor costs
for assembling and dismantling formwork are: the size of the formwork panels (up to
1 m?2, from 1 to 2 m?, more than 2 m ?); the volume of concrete in the structure (up
to3m?, from 3 to 5 m?, more than 2 to 4 m >, up to 10 m 3-etc.); for columns, the
cross-sectional dimensions are selected as a characteristic factor (up to 600 mm, from
600 to 700 mm, etc.); for horizontal flat structures, the thickness of the slab is taken as
an influential factor (up to 100 mm, more than 100 mm to 120 mm, etc.). It is clear that
this approach to determining gradation by factors was adopted purely for practical
reasons for manual calculation on calculators, but with the development of computer
technology, it would be more convenient to use mathematical formulas that would
provide greater accuracy of assessment, which is very important for variant process
design.

The installation of the floor formwork can take place at different heights
depending on the height of the floors. To support the panels, scaffolding (framework)
is assembled from sliding racks. It is proposed to consider the standardization of the
assembly and disassembly processes separately from the formwork panels. The main
factor influencing the standard is the height up to 6 m and more than 6 m. The unit of

measurement is 100 m of racks. The frame system of the floor formwork scaffolding
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has a specific number of racks, crossbars, beams, etc. First, the labor cost standard
depends on the number of scaffolding elements, and not on the total footage of the
racks, therefore the standards [13-21] are not acceptable for evaluating scaffolding
options. In addition, the designs of racks, crossbars and fasteners vary depending on
the manufacturer, which is not considered in these standards at all.

The disadvantages of the regulatory framework for the processes of reinforcing
monolithic structures are the unit of measurement in tons of reinforcing products. For
example, in collections [13, 15, 17], the standards for installing reinforcement with
individual rods with knitting are given with a unit of measurement of 1 t. with a
selection factor for rod diameters of 12-18 mm and more than 18 mm. Reinforcing
products are characterized by the number of rods and the length of each rod. The
diameter of the rod affects only the mass of a rod of a specific length. According to the
composition of the process (unloading and feeding the reinforcement to the installation
site; cleaning the reinforcement from rust; sorting; straightening, bending and cutting
reinforcing steel; installing (inserting) reinforcement with individual rods with knitting
of connection nodes; securing the protective layer clamps), not all operations depend
on the diameter of the rods. It would be more accurate to measure products by the
geometric parameters of the structure. For example, for monolithic columns - by cross-
sectional dimensions (use the column height as an additional factor), and for floors -
by area in square meters, since the reinforcing structure is mainly flat mesh.

Regarding the processes of placing concrete mix in the formwork of structures,
the standards provide for a limited number of laying methods: laying concrete mix in
structures with buckets; by concrete pumps and laying concrete mix in the floor
structure with truck-mounted concrete pumps. It is unclear why concrete pumps are
offered for laying the mix only in floors. The main factors influencing the labor rate
are: for columns, the size of the smallest side of the cross section is up to 300 mm, over
300 mm to 500 mm and over 500 mm; for floors - the area between the axes of the
columns is up to 10 m 2, over 10 m 2to 20 m ?and over 20 m 2

Concrete placing by buckets depends on the productivity of the crane, which in

turn depends on the lifting speeds, changes in the boom reach, the rotation of the crane
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tower and the speed of movement of the crane itself from one parking lot to another.
The norm includes a constant productivity value of 2 m?®/h. From practical experience,
the productivity of the crane can be from 4 to 8 m */h depending on the bucket capacity,
type and brand of the crane [2, 9]. When designing a variant, a specific bucket capacity
and a specific crane are included in the technological map of the concreting process,
therefore it is desirable to have a variable labor rate. In our opinion, it is better in these
cases to use calculations using the appropriate process productivity formulas.

For concrete pumps, the standards set the process productivity at 4 m 3 /h, and for
truck-mounted concrete pumps - 10 m 3 /h. The productivity of truck-mounted concrete
pumps with a distribution boom (which is not specified in the standards [13, 15]) is
higher than the productivity of stationary concrete pumps because it involves bringing
the truck-mounted concrete pump into the working position, unlike assembling and
disassembling concrete pipes with connection to the concrete pump, which is lost up
to 50% of the working cycle time. Many factors affect the variability of the standards,
such as the type of concrete pump, the height and range of concrete supply, the
thickness of the concrete layer, the process organization scheme on the grabs, the
method of performing operations of leveling the concrete mixture, compacting the
concrete mixture, smoothing the exposed surface of concrete, etc. Therefore, when
designing a variant process, it is better to use calculations using the appropriate
formulas for process productivity according to the method [2].

Finite element modeling is a modern powerful tool that allows for detailed
analysis and optimization of construction processes. Unlike traditional modeling
methods that operate on data regarding generalized characteristics of large objects (e.g.,
buildings as a whole), the finite element approach allows for the investigation of the
behavior of individual structural elements at the micro level.

Microelement modeling involves considering the overall building system in terms
of its component structures, elements with the determination of the properties of each
of them, as well as the analysis of their interaction. Next, a mathematical description
of the components of the system is performed, and with the help of digital means their

calculations, visualization of the results, and modeling of behavior in various operating
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conditions are performed [22].

The advantages of such modeling are the expected increase in the accuracy of
research with increasing detail of consideration of the components of the building
system, the possibility of optimizing structural and technological solutions taking into
account the priority requirements for the construction object as a whole. Modeling the
components of the building system also allows predicting their behavior throughout
their life cycle, taking into account the geographical specificity of the work,
requirements for environmental friendliness, identifying potential problems in the
building, its structures at different stages of the life cycle , etc. The usefulness of using
microelement modeling in construction from the point of view of construction
technologies lies in the possibility of early modeling of construction operations using
innovative engineering and technological solutions, taking into account that their
development on real objects is not provided for by construction standards. For
reasonable standardization of construction processes, the level of detailing of objects
of the construction process should not be less than LOD 300, and it is desirable that it
reach LOD 400.

With the development of computer technology and software, the capabilities of
microelement modeling, in particular for construction processes, are constantly
expanding. In the future, we can expect even greater detailing of models, consideration
of nonlinear effects and interaction of various physical processes when considering
construction processes, taking into account mechanized means of performing work,
geoinformation methods of control and management of construction operations. This
will allow creating competitive engineering and technological solutions, in particular
in frame construction.

Conclusions

1. There is a low level of adaptation of modern labor standards to innovative
design and technological solutions for frame construction. The main disadvantage is
the inability to evaluate technological processes in variant design because there is no
dependence of standards on innovative changes in mechanization and process

organization.
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2. The gradation by factors affecting labor costs was adopted purely for practical
reasons for manual calculation on calculators, but with the development of computer
technology, it would be more convenient to use mathematical dependencies that would
provide greater accuracy of estimation, which is very important for variant process
design.

3. The development of the system of standardization of construction processes in
the direction of creating a methodology for microelement modeling based on the
experience of microelement standardization on the example of the machine- building
industry is considered promising.

4. For a reasonable standardization of construction processes, the level of detail
of construction process objects should not be less than LOD 300 and it is desirable that
it reaches LOD 400.

5. In the future, we can expect even more detailed models, consideration of
nonlinear effects and interaction of various physical processes when considering
construction processes with regard to mechanized means of performing work,

geoinformation methods of control and management of construction operations
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Annomauun. Y cmammi posensioaemvcs npodiema 8UsHa4eHHs HOpM npayi y 8i0nosioHocmi
00 3ACMOCY8AHHA CYUACHUX KOHCMPYKMUBHO-MEXHOLOLIUHUX DilleHb KAPKACHO20 6Y0ieHUYmMaa.
Biosnaueno npobremamuxy 3acmocysauHs Oiloyux Hopm npayi 0ydieenrbHux npoyecieé 6 Ykpaini,
0CO00IUB0 36aHCAIOYU HA CNEYUPDIKY YMO8 iIX BUKOHAHHS HA NOCMEOEHHUX MEPUPOPIAX. 3ay8axiceHo,
WO OCHOBHUM HEOONIKOM Nepe8adCHOi OLIbUWOCMI OlIOYUX HOPM € HEeMONCIUBICIb OYIHIO8AMU
MEXHON02IYHI npoyecu Npu 6apianmHOMy NPOEKMYEAHHI MOMY, WO 60HU He peazylomb Ha
IHHOBAYIIHI 3MIHU 8 MexaHizayii i opeanizayii npoyecis. Bce 3anedcums 8i0 mo2o, Ha AKOMY PI6Hi
cmpykmypu 6y0i6enbH020 npoyecy 30IUCHIOB8AN0CS BUSHAYEHHS. HOPM, 5IK GUKOHYBABCA CUHMES YUX
HOpM O/ NepeHeCcer sl Ha BUWULL PIBeHb CIMPYKMYpPU

B pobomi nposedeno ananiz ditouux Hopm npayi 3 ypaxy8aHHam NOCiIi008HOCMI OVOiBeIbHUX
npoyecieé 01 MOHOIIMHUX pOoOIMm Npu KAPKACHOMY 0YOIBHUYMEI, BKIIOYAIOYU VAU BAHHSL
@yHoamenmis, 36e0eHHs KOJIOH, VIAWMYEAHHS NEPEeKPpUmmis 30Kpema HNpu GUKOPUCMAHHI
MPAoUYitiHUX Memooie 8CAMHOBNEHHs ONALYOKU Ma NPU 6NPOBAOIHCEHHI CYYACHUX KOHCNPYKMUBHO-
MEXHON02IYHUX PILUEHD.

Il epaxysanus eapianmnocmi cnocooié 8UKOHAHHS 0YOI8eIbHUX Onepayili NPONOHYEMbCS
3aCMOCY8AHHA 8aPIAHMHO20 NPOEKMYBAHHS 8 AKOCMI HANPAMY WUPOKO20 SUPIUIEHHS OVOIi8eNIbHUX
3a0ay 3 cucmemu  KOHCMPYKMUBHO-MEXHONIO2IYHUX — nponosuyit.  Biomiueno  makooic
NEePCRneKMUBHICIG  MIKPOEIEMEHMHO20 MOOeN08aHHs 0)0i6eIbHUX NPOYecis, Wo 6paxosyoms
KOHCMPYKMUBHIi  0cobaugocmi  0yo0isenb, iX CKIA00BUX, [HICEHEPHUX Memooie 3a0e3neyeHHs.
BUKOHAHHS KOHCMPYKMUBHO-MEXHONIO2IYHUX DilleHb KApKAcHo2o 0y0ieHuymea, ocooausocmi
MexaHizayii 6yoisenbHUX npoyecie ma cnocooie ix MOHIMOPUHSY.

Ha 6iominy 6i0 mpaouyitinux memooie MOOent08anHsl, sKi Onepyioms 3 8eUKUMU 00 eKmamu,
MIKpoeneMeHmHULl nioXio 00380J5€ 00CAIONCYBAMU NOBEOIHKY OKPEMUX eleMeHmi8 KOHCMPYKYIL Ha
MIKpOpisHi. J]1s1 062pyHmMOBAH020 HOPMYBAHHS OVOIBEbHUX NPOYECis pigeHb 0emant08aHHs 00EKMis
byoigenvrHozo npoyecy He noguner oymu menwum LOD 300 a basxcano, wob 6in 00cs12a8 NOKA3HUKIB
LOD 400.

Yce ye pazom oaec 3moey euxkowysamu ananiz icHylouux memooié ma cnocooie peanizayii
0y0i8e1bHO-MEXHOI02TUHUX 3A40aY, 30KpeMd 8 KAPKACHOMY 0YOi6HUYMEI.

Knrouosi cnosa: xaprxacue 6yoisnuymeo, 06y0igenbHi MexHoN02ll, 8apiaHmHe NPOEKM)BAHHS,
HOpMU eumpam npayi, onanyoHi cucmemu, apmMy8anHs, OEMoHY8aHHs, MexaHizayis 6)0ieelbHUX
npoyecis, MikpoeieMeHmue Mooen08aHHs.
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