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Introduction. The current article is based on the theoretical analysis and experience in the
construction processes standardization. The advantages and disadvantages of the existing automated
process planning systems (APPS) and the system of computer-aided design and standardization of
technological processes SPRUT-TP-Regulation are shown.

Problem Statement. The existing systems are mainly created for mechanical engineering. The
APPS system has also been expanded for the production of metal building structures. However, an issue
of the real standard time for construction processes at the construction site remains unresolved. Particular
attention is paid to the problem of choosing the structures of formwork systems to optimize the
installation of in-situ concrete structures.

Purpose. Development of a new method for determining the duration and complexity of construction
processes that allows to consider any changes in the structure of processes and to determine the standard
time by synthesis.

Materials and methods. The method of integer standardization of processes is considered which, in
contrast to existing methods, makes possible to compare the various design solutions of formwork forms.

Results. The duration of formwork assembly and disassembly is proposed to be determined in whole
numbers, depending on the number of formwork elements movements and the degree of responsibility
for the reliability and quality of the processes. The article proposes the structure of the construction
process and gives the main directions to create an information database regarding the standard time of
construction processes implementation.

Conclusions. The new approach solves the problem of synthesizing the time of construction
processes.

Keywords: standard time, construction process, action, synthesis, planning, automation,
standardization method.

Nowadays, there are many advances in building technology. Robots-
workers and 3D printed homes are now a reality. Building Information
Modeling (BIM) has allowed the implementation of a new toolkit for
management and planning of work processes, which is based on 3D-models of
the project and allows to generate intelligent workflows at all stages of the
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building life cycle from planning and design to maintenance [1]. To achieve it,
an appropriate system for the production processes regulation must be created.
However, it is complicated to implement it in the field of construction
processes on the basis of existing regulatory information base.

1. Analysis of the latest achievements and publications

An automated process planning system (APPS) has become a crucial
element of process planning, which includes spreadsheets of standards for the
time of the production process. APPS is considered as a key technology to
integrate computer-aided design (CAD) and computer-aided manufacturing
(CAM) systems. The work [2] considers the planning of the production
process for the manufacture of steel building structures, taking into account the
time standards. The aim of the current article is to incorporate time standards
into the APPS CSB system. It is based on the empirical timing formulas for
various steel structures in accordance with CAD files and process parameters.

Time-use studies during manufacturing and assembly allows to create a
parametric model using Excel and integrate it into the APPS system. This will
allow to automatically estimate the standard time of each process step and to
provide more accurate estimation of process parameters. APPS system replaces the
complex and low-productivity traditional manual process planning approach [3].

Back in the distant fifties of the last century, production processes
standardization in technology was solved manually by synthesizing time standards
in separate processes and actions [4]. Thereafter, with the advent of computers, the
system of computer-aided design and standardization of technological processes
SPRUT-TP-Standardization was created and successfully implemented [5]. The
system is based on a number of algorithms for structural features analyzing
(geometry of elements, shape, structure, dimensions, weight, etc.). To determine
the duration in process planning the algorithms for the selection of appropriate
operations types, their implementation sequence, types of technological equipment
and tooling have been developed [6].

An issue of the base of real-time standards for the implementation of work
processes at the construction site remains unresolved. The main problem is that
the theory of construction processes lacks an integrated approach to understand
the structure of the construction process. Thus, the process level as a set of
separate operations was frozen in the process standardization. In accordance
with this approach, the standard time for the implementation of operations
remained unchanged in case of changing the operations structure and design
solutions of technical means. In distant sixties, operations structure and design
solutions of technical means of implementation almost have not been changed.
This was suited to standardization system, which mainly showed appropriate
values at different periods of time. The basis for standardization became
catalogues in the form of single standard time and prices (ENiR) [7], as well as
in the form of National standards [8].

Nowadays, the definition of standard time is one of the crucial stages of the
process analyzing. It provides an important input for the improvement of
productivity in companies [9]. One of the most relevant approaches to achieve
productivity in the construction industry today is lean construction [10]. The
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essential features of lean construction include a clear set of objectives for the
delivery process, parallel design, construction and application of project
management throughout the project life cycle from design to commissioning.
The application of additive manufacturing (AM) in construction has been
increasingly studied in recent years. The current state of AM in construction is
reviewed in [11]. Significant benefits of AM are the automation of the
production process, a high degree of design freedom, and the resulting
potential for optimization. The use of principal component analysis and signal
processing techniques in construction are presented in [12]. Standardization
efforts, including the relationship between knowledge dimensions, search
processes and innovation outcomes are considered in [13]. Using an inductive
case study of Vanke, a leading Chinese property developer, autors show how
varying degrees of knowledge complexity and codification combine to produce
a typology of four types of search process: active, integrative, decentralized
and passive, resulting in four types of innovation outcome: modular, radical,
incremental and architectural.

As it is described above, nowadays, nature and content of construction
processes change more often due to the rapid development of digital
technologies, satellite communications, robotics, etc. Thus, the problem of
process regulation should be solved at the level of operations and actions [14]. It
is more common for companies (construction organizations) to manage their
own databases (more accurate proprietary standardization method) in some
regions of the world. As an example, a regression analysis method to describe
analytical dependencies [15]. This method is problematic because it is very
complicated to determine the mathematical dependencies of variable parameters.
The standard time is proposed to determine with the theory of neural networks
with imitation of probability of deviation for one or several variable parameters.
A neural network similar to network models of construction processes in which
selected parameters are determined using a random number generator is created.
It is quite complicated and problematic to use such a system in practice.

2.Main issue

In terms of the construction of a building or any other structure, the
construction process is considered as a certain structural system with a multi-
level subordination of its elements. The structure of the construction process
corresponds to the building structure and represent hierarchy from a more
complex level to a dismembered level. [16].

The complexity of the process is in the content and the number of
constituent structural elements. Each next level of the process is more detailed
and complete comparing the previous one. (Fig. 1).

The most complicated level of the process structure is the level of the final
product (an erected building ready for use (TPy)).

A new standardization system in construction should be created by means
of transferring standard time consumption to the fourth level of structure,
where a rather permanent structure of components is observed. Such structure
contains approximately the same operations, such as gripping, moving,
assembly, fixing, etc. (there are about 50 different operations in construction
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practice). In the case of establishing the mathematical dependencies between
the duration of individual operations and its structure and complexity, it is
possible to create an information database and an algorithm to synthesise
standard time for third-level processes TP,,.

- level
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o
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Fig. 1. Structure of the construction process: TPy, — first (highest) level construction process;
TP, — second level construction process; TP, — third level construction process;
TP, — fourth level construction process (corresponds to the technological operation)

3. Materials and methods

The integer standardization expediency of time consumption at the fourth
level of the construction processes structure has been proved in [14]. It takes
into account the different options of the labour team, driving machines,
equipment sets and design parameters of building elements.

To estimate the time of operations, a general methodology was applied [17].
There are two methods to determine the standard time of processes
implementation: analytical-calculation (calculation of standard time based on
the existing regulations) and analytical-research (field studies using timing,
photographic recording, etc.). Both methods are used together sometimes.
Relation of these methods to the regulations does not solve the problem.

Unlike existing methods, it is proposed to measure the elements of the
process with integers. If we decompose the operations of mounting or
dismantling of elements into the actions of labourers, whereas the actions are
measured in whole minutes depending on the complexity of these actions, then
we can determine the total time of operations, i.e. the duration of the third-
level process according to the formula:

m n
T, =0,01667-% > r; - Wy, (1)
j=li=1
where 7;, — time standard for the third level process, hour; r; — the factor of

complexity and responsibility of actions, expressed in integers from 1 to 5
minutes; ¥; —amount of x actions (elements) for j complexity.
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The degree of responsibility is associated with ensuring the accuracy of
objects position in relation to the given axes and dimensions, as well as
ensuring the reliability of connections within the given forces (Table 1).

Table 1
Groups of the complex of actions
Group of The degree of actions Complexity and
the g&%girigf responsibility according to resp%nsib?lity
complex the complex the accuracy and reliability factor, 7,
of actions of positioning J
1 1-5 low 1
2 1-5 medium 2
3 6-10 low 3
4 6-10 medium 4
5 6-12 high 5

The first group of the complex of actions is characterized by the number of
actions from 1 to 5 and a low degree of responsibility for the accuracy and
reliability of positioning, which is not associated with the positioning of
elements and with the provision of joints.

The second group of the complex of actions differs from the first one by the
medium degree of responsibility for the accuracy and reliability of positioning,
which can be associated with incomplete (approximate) positioning by
accuracy and with the provision of joints without control of efforts.

The third group is characterized by the number of actions from 6 to 10 and
by similar to the first group degree of responsibility for the accuracy and
reliability of positioning.

The fourth group differs from the third one by the medium degree of
responsibility for the accuracy and reliability of positioning, which can be
associated with incomplete (approximate) positioning in accuracy and with the
provision of joints without control of efforts.

The fifth group is characterized by the number of actions from 6 to 12 and a
high degree of responsibility for the accuracy and reliability of positioning,
which is associated with the alignment of objects and their elements, as well as
with the control of efforts in joints.

The number of actions (movements and displacements) is determined in
accordance with the number of engaged elements by labourers.

Example. The process of panel formwork assembly to build in-situ concrete
wall structure is considered. The formwork of a German company PERI is
taken [18] (Fig. 2).

The following complex of actions is defined in accordance with Figure 2:
W), — to set the struts to the formwork panels (there are 4 actions: to lift, to

put on, to fix the bolts (medium responsibility), to roughly adjust); W,, — to

place the general panels on the floor; W;, — to fix the struts to the floor
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(support); W,, — to set the corner panels; Ws, — to fasten the corner and
general panels with locks; Wy, — to set and fasten the tie bolts; W, — to set
and fix the scaffold; Wgs — to align the panels with adjusting bushings of
struts; Wy, — to set and lock the end panels (not shown).

Fig. 2. A complex of actions to assembly panel formwork of the wall structure

Each complex of actions can be decomposed into smaller actions,
depending on the number of prefabricated elements that enter the complex.

To clearly illustrate the method, it is recommended to analyze the time
spent to set and fasten the tie bolts (Fig. 3).

Fig. 3. W, actions to set and fasten the tie bolts

The first step is to fix O, cones on the O; tube, which includes 3 actions.
The degree of responsibility is low. Then nut O, is screwed onto the O; pin (2
actions). After that, the pin with the nut is inserted into the hole of Os panel
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and, at the same time, a tube with Og bushings is put on the pin (2 actions).
Then the pin is inserted into the hole of the opposite panel and both panels are
tightened with the O;nut (2 actions). The last action is performed with medium
responsibility because the tightening force of the entire system is adjusted. As
a result, we have 9 actions and medium responsibility of reliability, which
corresponds to the 4th group of a complex of actions and a factor of
complexity and responsibility ; =4 min (Table 1).

All other complexes of actions are analyzed in a similar way. The obtained
data is filled into an Excel-table (Table 2).

Table 2
An example of calculating the duration
and labour consumption of formwork assembly
Number of actions by the degree of Labourers Labour
Actions responsibility Th R N consumptlon?
T =1 T =2 T =3 T =4 T =5 | min p 0,,4 » man-min

M, 4 8 2 16
W, 4 2 16
Wa4 4 16 2 32
Wy, 4 8 2 16
Ws, 24 48 2 96
Wea 12 48 3 144
W, 2 4 2 8
Wgs 4 20 3 60
Wy 4 8 2 16

Results: 168 | 2,405 404

The duration of third level process TP, is determined by the formula (1) and
corresponds to the organization of actions arranged sequentially. In fact, actions
can be performed with overlapping in time. Thus, it is necessary to take into
account the combination of actions by means of factor which characterizes the
efficiency of using working time and should be equal more than one in value. To
determine the factors of combining actions, it is recommended to build network
models. The network model for the current example is shown on the Figure 4.

Fig. 4. The network model to assembly panel formwork of the wall structure
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The overlapping factor for such a model is K, = 1,5. Based on this, the

duration of the formwork assembly process when the actions are combined
T, 1s determined by the formula:

m
T,a=T/K, =%657'168=1,87 hours. (2)

>

The labour consumption of the assembly process of panel formwork:
0,,4 =0,01667-404=6,735 man-hours.

To derive the standard time to evaluate processes with similar formwork
systems, the unit consumption must be determined. The unit in the current
example is one square meter of the assembled panels. Thus, the standard
labour consumption for this process will be the following:

Oa _ 6,735
A 25,6

N

= =0,263 man-hours/m”.

4. Conclusions

1. With the rapid development of digital technologies and robotics, an issue
of process standardization should be solved at the level of operations and
actions. To achieve it, the article proposes the structure of the construction
process and gives the main directions to create an information database
regarding the standard time of construction processes implementation.

2. The use of a new method to determine the duration and complexity of
construction processes allows to consider any changes in the structure of
processes and to determine the standard time by synthesis, which makes it
dynamic and more adapted to the rapid development of science and technology.

REFERENCES

1. Construction Technology to Watch in 2020 [Electronic resource]. URL:
https://www.bigrentz.com/blog/construction-technology.

2. Al-Aomar R., El-Khasawneh B., Obaidat S. Incorporating time standards into generative
CAPP: a construction steel case study. Journal of Manufacturing Technology Management.
January2013. No. 24(1).DOI: 10.1108/17410381311287508.

3. Wickert J. Lewis K. An Introduction to Mechanical Engineering 4th Edition. Cengage
Learning. 2016. 432 p.

4. General machine-building time standards of metal structures prefabrication. Tutorial.
Moscow: TBNT NIITruda, 1991. 236 p. (rus)

5. SPRUT-TP automated design and standardization of technological processes. [Electronic
resource]. URL: https:/sprut.ru/products-and-solutions/products/sprut-tp. (rus)

6. Computer Aided Process Planning System for Generating Alternative Process Plans. Western
Michigan University. ScholarWorks at WMU. 8-1991. [Electronic resource]. URL:
https://scholarworks.wmich.edu/cgi/viewcontent.cgi?referer=https://www.google.com/&httpsr
edir=1&article=1980&context=masters_theses.

7. ENIR. E4. Installation of precast and in-situ reinforced concrete and concrete structures. Issue
1. Buildings and industrial structures. [Building codes]. Moscow: Stroyizdat, 1987. 65 p. (rus)

8. DSTU B D.2.2-1-2008. Cost estimation for construction works of precast and in-situ
reinforced concrete and concrete structures. Assembly and disassembly of formwork. No. 6.
[Building codes]. Kyiv: Minbud Ukrayini, 2008. 35 p. (ukr).

9. Akansel M., Yagmahan B., Emel E. Determination of Standard Times for Process
Improvement: A Case Study. Global Journal of Business Economics and Management. 2017.
No 7(1). DOI: 10.18844/gjbem.v7il.1400



ISSN2410-2547 149
Omip matepianiB i Teopis copya/Strength of Materials and Theory of Structures. 2022. Ne 109

10. Aziz R., Hafez S. Applying lean thinking in construction and performance improvement.
Alexandria  Engineering  Journal. December2013. No. 52 (4). Pp. 679-695.
https://doi.org/10.1016/j.a¢j.2013.04.008

11. Paolini A., Kollmannsberger S.,Rank E. Additive manufacturing in construction: A review on
processes, applications, and digital planning methods. Additive manufacturing. December
2019. No.30. https://doi.org/10.1016/j.addma.2019.100894

12. Siddiqui F., Sargent P., Montague G. The use of PCA and signal processing techniques for
processing time-based construction settlement data of road embankments. Advanced
Engineering Informatics. October 2020. No.46. https://doi.org/10.1016/j.2e1.2020.101181

13. Xie.Z., Hall J., McCarthy I., Skitmore M., Shen L. Standardization efforts: The relationship
between knowledge dimensions, search processes and innovation outcomes.Technovation.
February-March 2016. No. 48-49. Pp. 69-78.
https://doi.org/10.1016/j.technovation.2015.12.002

14. Tonkacheiev H.M. A new system of time standardization for technological issues: Urban and
Land Planning. Articles collection. Kyiv: KNUBA, 2013. No. 50. Pp. 700-704. (ukr)

15. Petlikova K., Jarsky C. Modeling of the Time Structure of Construction Processes Using
Neural Networks. Organization, Technology and Management in Construction.
September2017. No. 9 (1). Pp. 1559-1564. https://doi.org/10.1515/0tmcj-2016-0018

16. Tonkacheiev H.M., Lepskaya L.A., Sharapa S.P. Methodology for the study of building
technologies. Tutorial. Kyiv: KNUBA, 2019. 228 p. (rus)

17. Balova E.F., Beckerman R.S., Evtushenko N.N. Labour consumption standardization in
construction. Tutorial. Moscow: Stroyizdat, 1985. 440 p. (rus)

18. PERI. Formwork Component Catalogue. [Electronic resource]. URL:
https://www.peri.lt/dam/jcr:50e8821b-992d-4012-902b-
3a60ed8bb2d9/peri_komponentu_katalogas_klojiniams_2015_en.pdf

19. Rudnieva I.M. Mekhanizmy vprovadzhennia lean — tekhnolohii, yak innovatsiinoho pidkhodu
pry modeliuvanni struktury vyznachennia normy chasu na vykonannia budivelnykh protsesiv
[Tekst] / .M. Rudnieva // Shliakhy pidvyshchennia efektyvnosti budivnytstva v umovakh
formuvannia rynkovykh vidnosyn. —2021. — Ne 47. — S. 26-36. (ukr)

Cmamms naoitwna 20.06.2022

Tonkauees I'M., Pyoucea 1. M., Tonkauece B.I"., I[Ipsioxo FO.M.
OCOBJIMBOCTI ®OPMYBAHHSI HOPMATHUBHOI'O YACY HA BHUKOHAHHS
BYAIBEJIbHUX NPOLECIB: TEMATHUYHE JOCJIIKEHHS

Beryn. Marepian craTTi IDYHTYEThCS Ha TEOPETHUHOMY aHali3i Ta JOCBifi HOPMYBaHHS
OyniBenbHUX TporeciB. IToka3aHO TepeBarn Ta HEJOJIKH ICHYIOYMX CHCTEM aBTOMATH30BAHOTO
manyBanHs npouecis (CAPP) Ta cucrema aBTOMaTH30BAHOTO MHPOEKTYBAHHS Ta HOPMYBAHHS
texHonorignux npouecis CIIPYT-TII-HopmyBanHst.

Ipodsemaruka. IcHyroui cHCTeMH HOPMYBaHHsS Yacy CTBOPEHO 31eOiIbLIOro  Juis
mamnHoOyxyBanHs. Cucrema CAPP posummpeno it y chepi BUpOOHMIITBA MeTaeBUX OyAiBEIbHHUX
KOHCTPYKUii. HeBHUpIilIeHNM 3aJIHINA€ThCsl MUTAHHS PEalbHHX HOPM 4acy Ha poOodi IpoLecH Ha
OyniBenbHOMY Maiianunky. OcoOiBa yBara NpPHAUTIETBCS MpoOieMi BHOOPY KOHCTPYKIIiif
onasyOHHX CHCTEM Ui ONTUMI3aLlii IPOLECiB BAAIITYBAHHS MOHOJITHHX KOHCTPYKIIH.

Mera poGoru. Po3poOka HOBOI METOAMKH BHM3HAUECHHS TPUBAJIOCTI Ta TPYIOMICTKOCTI
OyniBeIbHHX MPOLECIB, L0 JO3BOJIUTH PO3MIAATH OyAb-sKi 3MIHM y CTPYKTypi HpoLeciB Ta
BH3HAYATH HOPMATHUBHHUII Yac IULSIXOM CHHTE3Y.

Marepiain Ta MeToaH. Po3risHYyTO METONHMKY L{TICHOrO HOPMYBaHHs IPOLECIB, sika, Ha
BIIMIHY BiJ ICHYIOUMX METOAMK, 1a€ MOXKIMBICTH IIOPIBHIOBATH Pi3HI KOHCTPYKTHBHI pIILICHHS
onauyoHuX (popMm.

Pesyaprarn. TpuBamicTs HpOLECIB MOHTaXY Ta [JEMOHTAXY OMNAIyOOK 3ampONOHOBaHO
BU3HAYATH LIUTMMH YHCIAMH 3aJI©KHO BiJl KUTBKOCTI MEPEMIICHb €IEeMEHTIB ONadyOKd Ta CTYNCHS
BIIMOBINANBHOCTI 32 HAAIMHICTG Ta SKICTh BHUKOHYBAHHX IPOLECiB.3alPOIIOHOBAHO CTPYKTYpPY
OyniBebHOrO MpoLlecy Ta HAJAaHO OCHOBHI HANpPSIMKH CTBOpEHHs iHQopmauiiiHol 6a3u JaHuX
HOPMATHBHOT'O Yacy Ha BUKOHAHHsI OY/IiBEIBHUX HPOLIECIB.

BucnoBku. HoBuii minxin 103Bossie BUPILIMTH HpobiieMy CHHTE3y BUTpAT 4acy Ha BUKOHAHHS
OyiBeIbHUX HPOLECIB.

KuarouoBi ciioBa: HopMma yacy, Oy/iBelbHHI TIpoLec, /ii, CHHTE3, IJIaHyBaHHs, aBTOMATH3allisl,
METOANKA HOPMYBaHHSI.
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Tonkacheiev H.M., Rudnieva I.M., Tonkacheiev V.H., Priadko Yu.M.
FEATURES OF STANDARD TIME FORMATION TO IMPLEMENT CONSTRUCTION
PROCESSES: A CASE STUDY

Introduction. The current article is based on the theoretical analysis and experience in the
construction processes standardization. The advantages and disadvantages of the existing
automated process planning systems (APPS) and the system of computer-aided design and
standardization of technological processes SPRUT-TP-Regulation are shown.

Problem Statement. The existing systems are mainly created for mechanical engineering. The
APPS system has also been expanded for the production of metal building structures. However, an
issue of the real standard time for construction processes at the construction site remains
unresolved. Particular attention is paid to the problem of choosing the structures of formwork
systems to optimize the installation of in-situ concrete structures.

Purpose.Development of a new method for determining the duration and complexity of
construction processes that allows to consider any changes in the structure of processes and to
determine the standard time by synthesis.

Materials and methods. The method of integer standardization of processes is considered
which, in contrast to existing methods, makes possible to compare the various design solutions of
formwork forms.

Results. The duration of formwork assembly and disassembly is proposed to be determined in
whole numbers, depending on the number of formwork elements movements and the degree of
responsibility for the reliability and quality of the processes. The article proposes the structure of
the construction process and gives the main directions to create an information database regarding
the standard time of construction processes implementation.

Conclusions. The new approach solves the problem of synthesizing the time of construction
processes.

Keywords: standard time, construction process, action, synthesis, planning, automation,
standardization method.
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