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Introduction. The paper discusses the applicability of a risk-
based approach in the “personnel-machinery-production
environment” system at the facilities running tower cranes
through the introduction of IT-technologies that provide open
communication of the staff, management team of the operating
organizations, and the National Supervisory Authority, to
reduce the accident rate.

Materials and Methods. An example of a hazardous
production facility running tower cranes is given. Materials on
the analysis of operational status of tower cranes within the
framework of the current legislation in the field of industrial
safety are used. The necessity for innovations and
transformations, one of whose methods is the risk-based
approach allowing for the implementation of all required
levels of control, is identified.

Research Results. The stages of introduction of the risk-
oriented approach for tower crane operators implemented
through IT-technologies using Web-applications on safety
management under the tower crane operation based on the
hazard analysis and risk assessment in gamut, algorithmically
associated with the electronic block key of its local security
system, are determined.

Discussion and Conclusions. The application of a risk-based
approach in the “personnel-machinery-production
environment” system at the facilities running tower cranes
through the introduction of IT-technologies will ensure the
proper operation of all departments and each participant of the
operation, as well as provide Supervisory bodies with an
opportunity to access information on the operation for the

implementation of control and supervision functions remotely.

" The research is done within the frame of the independent R&D.

JIOHCKOI rocyJapCTBEHHBIN TEXHUYECKHI YHUBEPCHUTET, I'. PocToB-Ha-JloHy, Poccuiickas denepauus

Bseoenue. B cratbe paccmarpuBaeTcsi  BO3MOXKHOCTB
NPUMEHEHHsI PHUCK-OPUCHTHPOBAHHOTO MOAXOAA B CHCTEME
«I1€pPCOHANI-MEXaHNU3MBI-IIPOU3BOICTBEHHAS cpena» Ha
00BeKTaX, HCHONB3YIOMUX OalleHHbIE KpaHbI ITOCPEACTBOM
BHenpeHust [T-texHomoruii, oOecreYnBAIOMNX OTKPHITOE
PYKOBOJSIIETO  COCTaBa
TOCYapCTBEHHBIX

B3aMMOJICHCTBHE  IIEpCOHAIA,
SKCIUTyaTHPYIOIIMX  OpraHu3aluid |
HaJ30PHBIX OPTaHOB B LEJISIX CHIKEHHS YPOBHS aBapUIHHOCTH.
Mamepuanst u memoovi. IlpuBeeH mpHUMEp OIACHOTO
MIPOM3BOJCTBEHHOTO 00BEKTA, SKCILTYaTHPYIOIIETo OanIeHHbIe
KpaHbl. lIcrosip30BaHbl MaTepHalbl aHAIW3a COCTOSIHUS
SKCILTyaTaI[X OAIIEHHBIX KPAHOB B YCIOBHAX AEHCTBYIOIIETO
3aKOHOJIATENILCTBA B 00JIACTH MPOMBIIUICHHOH 0€30MacHOCTH,
BBIABJICHA HEOOXOIMMOCTh WHHOBALIMN W TpeoOpa3oBaHHIA,
OJHHM W3 COCTABISIOIINX METOMOB KOTOPBIX SIBISIETCSI PHCK-
OpPHEHTHUPOBAHHBIN MOIXO/, MMO3BOJIIONIMI pealn3oBaTh BCE
HEOOXOJMMBIE YPOBHH KOHTPOJIS.

Pesynomamor uccneoosanusi. OnpesieNieHbl 3Tanbl BHEIPSHUS
PHCK-OpDHEHTHPOBAHHOTO  TOAXOJa MO  MAIIMHHUCTOB
0allICHHOTO KpaHa, pealu30BaHHOro mnocpeactsom IT-
TEXHOJIOTMH C HCIOJb30BaHUEM Web-IpHIoKeHni 1o
YIpaBIeHHIO 0€30MaCHOCTHIO MPH dKCIUTyaTalud OalIeHHOTO
KpaHa Ha OCHOBE aHalW3a ONACHOCTEH M OICHKH PHCKa B
CBSI3aHHOH €

IIBETOBOM ramme, AIITOPUTMUYECCKA

DJICKTPOHHBIM KIIFOYOM 6HOKI/IPOBKH €ro JIOKaJbHOW CHCTEMBI

6€30IacHOCTH.

Obcyoscoenue  u  3axmouenus.  IlpuMeHeHWe — pHUCK-
OPHEHTHUPOBAHHOTO  MOJXOJa B CHUCTEME  «IIepPCOHAI-
MEXaHM3MBI-IPOM3BOJICTBEHHAs. ~ Cpela» Ha  OObeKTax,
IKCIUTyaTHPYIOIIMX  OallleHHble  KpaHbl  MOCPEICTBOM

BHeZpeHust | T-TeXHOIOTHiA, TO3BOIHUT 00ECIIEUNTh HalIEKHOE
(YHKIMOHMPOBaHUE BCEX IMOJAPA3JENeHHH W KaXIOTOo
y4acTHHKa paboT MO SKCIUTyaTalluH, a TaKkXkKe MPEeIOCTaBHUT
BO3MOXKHOCTh HAJ30PHBIM OpraHaM IIOJIydaTb MJOCTYI K
uHGOpPMAIMK 10  JKCIUIyaTalldd Ul OCYLIECTBJICHHS
KOHTPOJBbHO-HAI30PHBIX (QYHKINH JUCTaHIUOHHO.
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Introduction. The first decades of the XXI century were marked by serious achievements in science and
technology, modernization and improvement of digital technologies, production processes and engineering capacities of
the production potential of Russia, which serves to strengthen the economy of the state and to improve the living
standards of the citizens.

Against the background of the above achievements and prospects, issues of the operational safety and the
professional competence of personnel at the production facilities, as well as supervision of the safe operation of
hazardous production facilities (HPF), are challenge problems.

The HPF condition as a whole is estimated by such indicators as accident rate and injury. The level of safety of
the HPF is under the state control and is supported by Federal Law No. 116 [1]. Since its adoption in 1997, there has
been a transition from the deterministic to probabilistic risk assessment. New techniques for analyzing technically
challenging and hazardous objects are introduced [2]; it is supposed to evaluate them by the parameters of risk,
survivability and safety (Fig. 1).
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Fig. 1. History of development of methods for calculating HPF

Research Results. Consider HPF running lifting devices, in particular, tower cranes. At present, such an object
is ranged in the fourth hazard class (low hazard). In this regard, it is exempted from periodic inspections by the federal
executive authority in the field of industrial safety, and the responsibility for complying with the industrial safety
requirements rests in full with the owner or operator. The discussion of adequacy of the internal control over
compliance with industrial safety requirements without the participation of supervisory authorities was held at different
levels.

The recent rise in accidents and injuries at the facilities running tower cranes, has led to the tightening of
administrative measures, namely:

- Order of Rostekhnadzor No. 146 of April 12, 2016, changes the Federal norms and rules for lifting devices
under the operation of tower cranes. Article No. 141 assigned for the participation of an inspector of
Rostechnadzor in the commission for decision-making on the possibility of bringing tower cranes in
operation[3];

- Instruction of the Government of the Russian Federation No. AX-I19-682 of February 8, 2017, “On the
organization and conduct of unscheduled inspections of the enterprises running tower cranes from 2017 to
2019” regulates the procedure of random checks.
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Additionally, the draft law proposes to classify enterprises using tower cranes to the third hazard class. This
will allow for scheduled oversight activities against these facilities every three years. The operating organizations
themselves also consider this measure appropriate.

The need for transformation and innovation in the field of industrial safety has come to a head. Significant
measures are as follows: the introduction of a risk-based approach during the organization and implementation of all
types of state control (supervision) from 2018 (introduced by Federal Law No. 246-FZ of July 13, 2015) [4]; using the
information and communication technologies to perform the duties in an electronic form during the implementation of
state control (supervision). The regulating document is the Decree of the Government of the Russian Federation No.
482 of April 21, 2018, “On the State Information System of “Typical Cloud Solution to Automation of Control
(supervisory) Activities” [5].

The following tasks of the state policy in the field of industrial safety are formulated, among other documents,
by the Decree of President of the Russian Federation “On the Fundamentals of the State Policy of the Russian
Federation in the Field of Industrial Safety for the Period to 2025 and for the Future” of May 06, 2018: introduction of a
risk-oriented approach under organizing the federal state control (supervision) in the field of industrial safety;
annulment of obsolete, redundant and duplicate industrial safety requirements [6].

The operation of tower cranes is carried out, as a rule, at construction sites geographically distant from the
workplaces of managers and experts, which allows the crane operator to make autonomous decision on the work
commencement and performance. Periodic on-site visits of specialists responsible for the operable state do not allow for
an objective situation assessment, which leads to numerous emergencies and injuries.

The functions of a tower crane driver, indicated in the production instruction, presuppose a certain algorithm of
his actions before work starting, related to the determination of the technical readiness of the crane for safe operation.

The statistics of most accidents with tower cranes and the results of their investigations reflect the failed state
of cranes (nonoperable condition of separate units), which is not recorded in the duty log during the inspection of the
crane operator. Consequently, a specialist responsible for the operational condition of the lifting device has no
information of it because of non-compliance with the instructions by a crane operator. The enterprise management
learns about the incidents that have already happened as fait accompli — during the investigation of the causes of
accidents (injuries).

Multi-level control and interaction of all participants engaged in the industrial safety under the operation of
tower cranes (Fig. 2) can be considered the only solution to safety problems.
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Fig. 2. Personnel and managers interaction algorithm
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The application of a risk-based approach provides the methods of organization and implementation of all levels
of control, including measures of preventive control of the compliance with safety requirements concerning facilities
operating tower cranes. This approach can be implemented through IT technology using Web applications. These
applications help to manage safety when operating a technical facility based on hazard analysis and risk assessment in
color gamut. An algorithmic connection with the electronic block key of the local safety system is made. Thus, the
compliance with the standards established by law in the field of HPF industrial safety is ensured through the remote
technologies.

One of the steps of introducing a risk-based approach will be the implementation of electronic checklists for
meeting industrial safety requirements through individual mobile devices. At this, information on the fulfillment of the
security requirements is sent in real-time via the Internet to individual mobile devices to the manager, specialists and
service personnel (Fig. 3).
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Fig. 3. Electronic checklists in the form of mobile applications

The next step involves monitoring and confirming the fulfillment of security requirements, determined by the
duty and working instructions through individual mobile devices, where prompts in the form of tables on the controlled
action and its scheduled time should popup (Fig. 4.)

Fig. 4. Mobile screen with popup checklists

The next step includes processing of the language data from managers, specialists and service personnel, as
well as digital information obtained from the coordinate protection of the crane in the cloud space using a risk
assessment algorithm based on the theory of fuzzy sets of L. A. Zade.

The software to assess risk under the crane operation is displayed as a color gamut, for example, of three colors
according to the scheme:

e red - “work prohibited”;
o yellow - “work permissive, actions required”;
e green - “work permissive .
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Fig. 5. Risk assessment under crane operation in color gamut

Crucially, the access to information on existing violations should be implemented using an appropriate login
and password, which is confidential information. This will enable to establish causes of the unfavorable cases (accident,
incident), as well as a concrete employee who has failed to fulfill his duty or working instructions (Fig. 6).

yp. Movadcxon
I Decrwan Jova

Tarapka
r 2 7]

Fig. 6. Steps of displaying risk-based approach algorithm on mobile devices

One of the stages of the implementation of the risk-based approach is to monitor the crane operation by the
video surveillance signal through a remote CCTV camera — a “black-box™ recorder. Its signal is transmitted via the
Internet to the cloud space where the video information is stored (Fig. 7).
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Fig. 7. Displaying panorama of object on mobile device using video surveillance

Conclusion. The application of the risk-based approach in the “personnel-machinery-production environment”
system at the facilities running tower cranes through the introduction of IT-technologies will ensure reliable operation
of all departments and each participant of the operation. This will provide supervisors with the ability to remotely
access to operating information for the implementation of the control and supervisory functions. Reducing the number
of accidents and injuries during the tower cranes operation can be achieved only under the condition of open interaction
of the personnel, management and supervisory authorities.
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