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Abstract

Introduction. Currently, more than 7,000 legal entities and individual entrepreneurs in the Russian Federation operate
hazardous production facilities (HPFs) and over 90,000 lifting facilities, including cranes, hoists, and elevators.
Periodically, serious accidents leading to injuries and deaths are recorded at these facilities, emphasizing the importance
of ensuring safety on lifting cranes. However, sanctions against imported cranes installed in ports make it difficult to
ensure their safe operation, as many of these cranes exceed or approach the end of their service life. According to the
regulatory legal acts of the Russian Federation, an industrial safety inspection is required for further operation of these
cranes. The existing studies on the assessment of technical condition of lifting machines primarily focus on issues
related to residual life. However, the analysis reveals that the features of evaluating the condition of cranes
manufactured by foreign companies, in particular, their actual loads as determined by FEM', have not been thoroughly
investigated. This discrepancy between actual and specified loading leads to increased risk of accidents. The aim of this
research is to develop a methodology for determining the actual classification group of jib cranes produced by foreign
companies, which will allow for an objective assessment of their technical condition during the industrial safety
inspections, as well as verifying the developed methodology through a specific example.

Materials and Methods. The assessment was based on statistical data collected over the past 27 years. The study was
conducted through a systematization of typical damages to cranes identified during industrial safety inspections. Statistical
data on the number of cranes and accidents were collected from open sources. During the observation period, there were
254,250 cranes, and the average number of accidents was 42.29, which allowed us to calculate a background probability of
accidents of 1.66 - 107 This allowed us to identify an excess in the permissible destruction probability, which was 2x1073,
compared to the established regulatory level of 10*. Based on this, we analyzed the technical condition of cranes and
refined the risk assessment methodology. The direct analysis of the technical condition of cranes was based on the study of
loading functions, which depended on the weight of the load and the boom outreach, considered as random variables. For
this purpose, we collected and processed primary information in the form of histograms of the distribution of transported
cargo masses and boom outreach of the tested cranes. We used these data to calculate the remaining fatigue life of the
resource-determining component of the metal structure and the probability of structural failure. Statistical data processing
techniques were used to formalize conclusions about the risk level of crane operation based on specific numerical values of
accident and damage probabilities, taking into account economic and social factors.

Results. To assess the technical condition of jib cranes manufactured by foreign companies, a methodology was
developed to determine the actual classification group. The methodology included calculating the load distribution
coefficient (K;) through load moments, estimating the residual resource by a characteristic number, calculating fatigue
stresses for a resource-determining unit, determining the probability of structural failure, and assessing the risk of an
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accident. The article provides an example of the application of this technique to a specific jib crane. For a crane with design
K, =0.30 (group A6) and a standard characteristic number of 125,000, the actual characteristic number was 179,323,
indicating that service life had been exhausted. Verification calculation of fatigue stresses in the reference contour showed
close proximity to the ultimate strength. The value of the probability of destruction, considering the statistical data on the
crane load, exceeded the permissible value.

Discussion and Conclusion. The analysis of the results, using a specific example, showed that exceeding the passport
classification of the crane's operating mode, and as a result, exceeding the assigned resources of its structural
components, led to a significant increase in the risk of accidents. Based on the examination, it was found that the actual
classification group of the crane's operating mode exceeded the passport value and amounts to A6 instead of AS. The
developed methodology for assessing the actual classification group of the operating mode of jib cranes from foreign
manufacturers allows for a significant reduction in the likelihood of structural failure and accident rate during industrial
safety inspections. At the same time, it is recommended to use the background probability of a lifting crane accident
of 1.66-107* and the average value of material damage of 73.2 million rubles in calculations.

Keywords: jib cranes, industrial safety inspection, probability of destruction, classification group, service life
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AHHOTANNA

Beeoenue. Ha texyumii momenT B Poccuiickoit @enepaniu 6omee 7 000 ropuaANYECKHUX JIMI U WHIWBHIAYIBHBIX MPEIITPH-
HHMMaTeNel SKCILTyaTHpPYIOT OonacHble mpon3BojcTBeHHble 00beKThl (OI1O) 1 cBbime 90 ThICSY OIBEMHBIX COOPYKEHHUH,
BKJIIOYAst IPY30II0JbeMHBIE KPaHbI, MOABEMHHUKU U JUQTHL. [leproandecky Ha STHX COOPYKEHHSIX PErHCTPUPYIOTCS Cephe3-
HbIE aBapyH, NPUBOJAIINE K HECUACTHBIM CIIydasM U THOENH JIFoJeH, YTO TOJYEPKUBAET 3HAYMMOCTh BOIIPOCa 00ECTICUeHHs
6€30I1aCHOCTH Ha TPY30MOABEMHBIX KpaHaX. [Ipy 3ToM caHKIWH, BBEACHHBIE 3apyOeKHBIMA KOMITAHUSIMU — IIPOU3BOUTE-
JISIMH UMIIOPTHBIX KPAHOB, YCTAHOBJIEHHBIX B TIOPTaX, YCIOKHSIOT MX JATBHEHIIYIO OE30MaCHY0 SKCILTyaTallHIo, TOCKOJIBKY
MHOTHE W3 HUX NPEBBIIAOT WIH NPHOIKAIOTCS K MPEEITFHOMY CPOKY CITy>KOBL. B COOTBETCTBHY C HOPMAaTHBHBIMH TIPABO-
BbIMH akTamu Poccriickoit ®enepanum, 11 MX JalbHEHIIEH SKCIDTyaTalld HEOOXOIUMO TPOBEACHHE SKCIIEPTH3HI MPO-
MBIIUIEHHOH Oe3oracHocTr. CyIecTBYIOIINE HCCIEIOBAHMS, TIOCBSIIICHHBIE OIIEHKE TEXHUYECKOTO COCTOSHHMS TPY30II0b-
€MHBIX MaIlliH, B OCHOBHOM 3aTparkBaiOT BOIPOCHI OCTAaTOYHOrO pecypca. OIHAKO aHAM3 MTOKA3bIBAET, YTO OCOOCHHOCTH
OLIEHKH COCTOSIHUSI KDAaHOB 3apyOeKHBIX TIPOU3BOIUTENEN, BKIIFOUAs MX (DAKTHUECKHE HArPy3KH B cOOTBETCTBHM ¢ FEM?,
OCTAIOTCSl HEIOCTAaTOYHO WCCIIEJJOBAHbL. DTO MPUBOIHUT K HECOOTBETCTBHIO (DAKTHYECKOH M TMACIIOPTHOM 3arpy3KH, YTO CO-
3[1a€T TIOBBIIICHHBIE PUCKH aBapUHHBIX cUTyauuid. Llens NaHHOro McCenoBaHMs 3aKIIOYaeTcsl B pa3padOTKe METOIUKU
onpenenenust (paKTUUeCKOi rpymIibl Kiaccupukanuy (pexkuMa) CTPENIOBbIX KPaHOB 3apyOeKHBIX KOMIIaHUH. JTa METOUKa
TIO3BOJIUT TPOU3BECTU OOBEKTUBHYIO OLIEHKY TEXHHUYECKOT'O COCTOSIHHUSI KPAaHOB B IIPOIIECCE IKCIEPTU3bI NIPOMBIIUICHHON
6e3omacHocTy. Taroke B paMkax paboThI OyJIeT MpoBeAeHa IPOBEPKa pa3padoTaHHONW METOIMKH Ha KOHKPETHOM TIPAMEpE.
Mamepuansl u memoodwsl. OrieHKa 0a3upoBaiach HA CTATHCTUYECKUX NAaHHBIX, COOpaHHBIX mociennue 27 mer. Hc-
CJIeZIOBaHHE TPOBOAMIIOCH HA OCHOBE CHCTEMATH3aLMHM THIIOBBIX MOBPEKACHUI KPAHOB, BBIABICHHBIX B XOJI€ JKC-
MIePTU3bI IPOMBIIUIEHHON 0e30macHOCTH. VICHoIp30BaINCh CTAaTUCTUYECKNE JaHHBIE O KOJIMYECTBE KPAaHOB U aBapH-
sIX, COOpaHHBIE M3 OTKPHITHIX HCTOYHUKOB. KOIIMUecTBO KpaHOB 3a mepuo,| HabIoeHus cocTaBmiIo 254 250 equawII,
a cpegHee yucio aBapuil — 42,29. DTo nano BO3MOXKHOCTh paccyuTarh (POHOBYIO BEPOSITHOCTH aBapuil, paBHYIO

2F.E.M. 1.001-1998. Ilpasuna npoexmuposanus nodvémneix ycmpoticms. VBOOK.PUB. URL: https://vbook.pub/documents/fem-1001-3-edition-
revised-1998101-rules-for-the-design-of-hoisting-appliances-5wglvlzj7807 (nara obpamenus: 24.02.2025).
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1,66-10™, 4TO MO3BOIMIIO BBISABUTH HPEBBINIEHHE JOIYCTUMOIO 3HAUEHHs BEPOATHOCTH Pa3pyIlleHMsi, KOTOPOE CO-
craBuiio 2 - 107 IpOTHE yCTaHOBJIEHHOrO HOPMATUBHOTO YpoBHs 1074, JlaHHBIE Pe3yNbTaThl CTAIM OCHOBAHHUEM JUIS
IIPOBEJCHNUS aHAJIH3a TEXHUYECKOTO COCTOSHMS KPAaHOB U JOPaOOTKH METOJMKH OLEHKH pHCKOB. HemocpeacTBeHHO
aHaJIM3 TEXHUYECKOTO COCTOSIHUS KPaHOB OCHOBBIBAJICS HA MCCIEJOBAHUM (DYyHKIMH 3arpy3KH, KOTOPBIE 3aBUCAT OT
Macchl Tpy3a U BBUIETA CTPENbl, paCCMaTPUBAEMbIX KaK CllydalHble BeNWYUHBIL. J{J1s 3TOro OBII MpoM3BeneH cOop H
o0OpaboTka nepBu4YHON HHDOpPMANnK B (hOpMe TUCTOTPaMM pacCIpeeIeHUs IIepeMeIIaeMbIX MacC TPY30B M BEUIETOB
CTpEJbl UCTBITYEMbIX KPaHOB. JTH JaHHBIC HCIOIB30BAINCH JUI pacdeTa OCTAaTOYHOTO pecypca 1o HapaboTke Ha
YCTaJOCTh PECYPCOOIPEACIISIONIEr0 y31a METAIIOKOHCTPYKIIMM M BEPOSITHOCTH pa3pymIeHHs KOHCTpykumu. Ilpnm
CTaTUCTHYECKOH 00pabOTKe JaHHBIX MPUMEHSIINCH METOJMKH, MO3BOJISIONINE (hOPMaIM30BaTh BBHIBOJALI 00 YpOBHE
pHCKa dKCIUTyaTallii KPaHOB, OCHOBaHHbIE Ha KOHKPETHBIX YHCIEHHBIX 3HAYEHHUSX BEPOSTHOCTH aBAPHH M BEIHYH-
HBI ylep0a, yYUTHIBAIOIEe SKOHOMHUUECKUE U COLMANIbHBIE aCTIEKTHI.

Pezynomamut uccinedosanus. 1711 ONCHKH TEXHHYECKOTO COCTOSTHHS CTPEIIOBBIX KPAHOB 3apyOCKHBIX (hUpPM pa3pado-
TaHa METOJUKA, MO3BOJIIOIIAS ONpENeNuTh (DakTHYeCKyIo Tpymiy Kiaccuukanuu (pexxum). MeToanka BKIIOYAeT
pacueT xodddunuenta pacnpenenenus Harpysok (Kp) depe3 rpy3oBble MOMEHTBI, OLIEHKY OCTaTOYHOIO pecypca IIo
XapaKTEePUCTUYECKOMY UHCILy, pacdeT HaNpsDKEHHH Ha YCTaloCTh AJISI PECYpPCOOIPEAENAIONIETO y37a, ONpe/eieHNe
BEPOSITHOCTH pa3pyLICHUs] KOHCTPYKIUH, a TaKKe OLIEHKY yPOBHS PHCKa aBapHu. B cTarhe mpencTaBieH IpuMep MpH-
MEHEHUsI JaHHOW METOIMKHN Ha KOHKPETHOM CTpenoBoM KpaHe. [lnst kpaHa ¢ pacderHsM K, = 0,30 (rpynma A6) u HOp-
MaTHBHBIM XapaKTEPUCTHYECKUM YHCIIOM paBHBIM 125 000, daxTnieckoe XapaKTepHCTHYECKOE YHCIIO COCTABISIET
179 323, uro yka3bIBaeT Ha HcUyepHaHue pecypca. [IpoBepouHslil pacueT HaNpsHKEHUH HA YCTaIOCTh OIIOPHOIO KOHTypa
MOKa3aja OJIN30CTh K IMpeJey MPOYHOCTH. 3HAUeHHE BEPOSATHOCTH Pa3pyIICHHs C YYE€TOM CTaTUCTHYECKHX JAHHBIX O
3arpy»KEHHOCTH KpaHa MPEBBICHIIO IOMTyCTUMOE 3HaUCHHUE.

Obcyrcoenue u 3axniouenue. AHaIu3 pe3yabTaTOB Ha KOHKPETHOM NpHMeEpe MOKa3all, YTO MPEBbIICHUE MacOPTHON
Ipymmnbl Kinaccu(uKauy pexruMa paboThl KpaHa M, KakK CIEJICTBHE, MPEBbIIICHHE HAa3HAYEHHOTI'O pecypca ero KOoH-
CTPYKTHUBHBIX 3JIEMEHTOB IPUBOJUT K 3HAUYMUTEILHOMY YBEJIMYEHHUIO pHUCcKa aBapuil. B pesynbTaTe sKkcnepTH3bl ycTa-
HOBJICHO, YTO (paKkTHuecKas Ipymnna KiaccuuKalyuy pekuMa padoThl KpaHa MPEBbIIAET MACcIOPTHOE 3HAUYEHHE U CO-
craBisier A6 BMecTo AS. Pa3paboTaHHas MeTOAMKA ONEHKH (PaKTHYECKOW TPYMITHl KIACCH(PHUKAINN peKUMa paboTHI
CTPENOBBIX KPAHOB 3apyOeXHBIX HMPOW3BOJHUTENEH MO3BOJIUT CYIIECTBEHHO CHHU3HUTH BEPOSITHOCTH PA3PYIIEHHS KOH-
CTPYKLIMH 1 YPOBEHb aBapHHHOCTH B IPOLIECCE IKCIEPTH3HI MPOMBIIUIEHHOW Oe3onmacHoCcTH. [Ipu 3TOM pekoMeHayeTcst
IIPY pacdeTax HMCHOIb30BaTh (JOHOBOE 3HAYCHHE BEPOSITHOCTH aBapHHU TPy30MOabeMHOro kpana 1,66-10~* u cpernnee
3HAaYCHHE MaTepHaIbHOTO yiiepba 73,2 MiTH pyOreii.

KuroueBbie ci10Ba: CTPEIIOBBIC KPAHbI, SKCIICPTH3a MPOMBIIUICHHONW OE30MAaCHOCTH, BEPOSTHOCTD pa3pyIICHUs, TPyTIIa
knaccudukanuu, pecype

baarogapHocTu. ABTOpPBI BBIpaXKAIOT HCKpeHHIOI OnarogapHocth kojuiektuBy OOO UKL «Meiciey HITY
r. HoBouepkaccka 3a MpenocTaBIeHHYI0 BO3MOXKHOCTD HCIIOJIb30BaTh JIAHHBIE DKCIEPTH3bI IPOMBIIIIICHHOH Oe3orac-
HOCTH CTPEJIOBBIX KPAHOB, a TAKXKE 3a JJOCTYIT K CTATUCTUYECCKON 0a3e NaHHBIX THIIOBBIX MOBPEKICHHUI KPAHOB.

Joas uutupoBanusi. Cumonos JI.H., XBaun P.B., [Tandwunosa 3.A., TepHosckoi JI.A. Merouka onpeesaeHust rpymbl
KJIACCU(HKAIMKM CTPEIOBBIX KPAHOB 3apyOeKHBIX (HUPM TPH OIEHKE HMX TEXHHYECKOTO COCTOSHHS B TEPHOJ
NEHCTBYIOIINX  CaHKOWH.  bezonacmocms — mexHocewHvix u  npupoonvix  cucmem.  2025;9(2):158-1609.
https://doi.org/10.23947/2541-9129-2025-9-2-158-169

Introduction. Currently, there are 51,670 hazardous production facilities registered in the Russian Federation that
operate more than 284,000 lifting devices, including 224,363 cranes. It's worth noting that 51.2% of these lifting
devices have already reached the end of their standard service life.

In 2023, there were 30 recorded accidents at lifting facilities. The analysis of causes of accidents over the past few
years has revealed that the main contributing factors are: poor production control [1], operation of faulty lifting
structures, and inadequate organization of inspections, maintenance, and scheduled repairs for lifting structures [2].

The sanctions imposed by producing countries have affected foreign lifting cranes that are mainly used in sea and
river ports. For many imported lifting cranes, their service life has reached a critical point or exceeded the established
standard [3]. To ensure the safe operation of these devices in accordance with the regulatory legal acts of the Russian
Federation, an industrial safety inspection is required. This mandatory step ensures the reliability and safety of crane
operation and compliance with applicable standards and regulations. The classification groups, classes of use, and
loading modes for these cranes are based on the international European standard FEM 1.001-19983 “Rules for the

3F.E.M. 1.001-1998. Rules for the Design of Hoisting Appliances. VBOOK.PUB. URL: https://vbook.pub/documents/fem-1001-3-edition-revised-
1998101 -rules-for-the-design-of-hoisting-appliances-Swglvlzj7807 (accessed: 24.02.2025).
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Design of Hoisting Appliances”, which is equivalent to the Russian standard GOST 34-017-2016*. A comparative
analysis of these regulatory documents has shown that, according to FEM?3, the crane loading is indicated as Q2 in the
certificate, while the actual load corresponds to Q3. This results in an excess of the classification group value and
increased risk of accidents.

The main challenge of operating such cranes in the context of sanctions imposed by manufacturing countries is the
termination or severe restriction of the supply of equipment, spare parts, and assemblies for these cranes, as well as
disruption of contact for consulting services related to their operation. Additionally, there has been a cessation of
equipment maintenance by specialists from supplier companies, as well as remote monitoring of equipment status and
updates to software products that ensure the safe operation of the cranes.

Jib cranes, in accordance with the legislation of the Russian Federation No. 116 FZ, belong to potentially
dangerous objects of hazard class IV, and must comply with standard safety requirements, such as reliability, durability,
maintainability, and safety [4, 5].

During the scheduled expert inspections of cranes, the presence of separate resource-determining (resource-
limiting) components and elements of metal structures was established [6]. Damage (resource depletion) of such
components can lead to the complete destruction of the structure. For example, there have been accidents related to:
the destruction of the rail attachment unit of the boom outreach mechanism for an Albatross type portal jib
crane (Fig. 1), the destruction of the outrigger attachment unit for a tower crane (Fig. 2), the destruction of the lifting
mechanism for a portal jib crane (Fig. 3).

Fig. 1. Accident of an Albatross type portal jib crane due to the destruction of the rail attachment unit of the boom departure:
a — general view; b — place of destruction

4 GOST 34 017-2016. Cranes. Classification of operating modes. Electronic Fund of Legal and Regulatory and Technical Documents. URL:

https://docs.cntd.ru/document/1200144610?ysclid=mb95dc2322z408543082 (In Russ.) (accessed: 24.02.2025).

S1d.

® On Industrial Safety of Hazardous Production Facilities. Federal Law No. 116 FZ dated 21 July, 1997. Electronic Fund of Legal and Regulatory and
Technical Documents. (In Russ.) URL: https://docs.cntd.ru/document/9046058?ysclid=mb95ftx11k548884359 (accessed: 24.02.2025).
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Fig. 2. Accident of a tower crane due to the destruction of the attachment point of the outriggers of the carriage frame:
a — general view; b — place of destruction

Fig. 3. An accident of a portal jib crane due to the destruction of the lifting mechanism:
a — before the accident; b — after the accident

The described accidents have a common cause, which is exceeding the crane's classification group (mode) of the
specified value in the passport, which in turn leads to exceeding the service life for the crane as a whole and the
resource-determining components of the crane specifically.

The task of conducting an objective assessment of the technical condition of jib cranes during the process of
industrial safety inspection is essential. Therefore, the aim of this work was to develop a methodology for determining
the actual classification group (mode) of jib cranes of foreign companies and to test the developed methodology using a
specific example.

Materials and Methods. Gottwald type cranes have an A5 or A6 crane operating mode classification group with
recommended parameters according to International European standards FEM 1.001-19987 [8]:

— crane classification group A;

— mechanism classification group M;

— other components classification group E;

— usage class U for each group;

— loading mode Q for each group.

With these parameters, the expected lifetime of the components and mechanisms [9] of the crane must be achieved,
expressed in operating hours (Table 1).

7 F.EM. 1.001-1998. Rules for the Design of Hoisting Appliances. VBOOK.PUB. URL: https://vbook.pub/documents/fem-1001-3-edition-revised-
1998101 -rules-for-the-design-of-hoisting-appliances-Swglvlzj7807 (accessed: 24.02.2025).
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Table 1
Service life diagram for HMK, HSK type cranes
Service life of components
Components Hours in service
P ot 5,000, 10,000 | 15,000 | 20,000 | 25,000 | 30,000 40(320200 45,000 503300
Metal structure Check every 5000
hours
Overhaul
Diesel unit Generator
Clutch
Reduction unit
Engine
Swing mechanism | Rotation crown
gear
Brake
Axis
Axes
Brake
. Hydraulic motors
Und
ndercarriage Valves
. Pump
Hydraulic system
Seals
) Drive
Electrical system
Control system
Reduction unit
Brake
L ) Blocks
Lifting mechanism -
Engine
Ropes
6000 hours
Outrigger support Cylinders
system
Derricki .
erme .1ng Cylinders
mechanism
Undercarriage on
rails
Axis
Undercarriage on Engine
tires Brake
Reduction unit
Components Hours in service (5,000, 10,000 | 15,000 | 20,000 | 25,000 | 30,000 | 40,000 | 45,000 | 50,000

This table determines the recommended service life in operating hours for the bearing metal structures of cranes, as
well as for the main components of the crane — lifting, rotating, chassis, electrical, and hydraulic equipment — under a
specific loading mode Q. For instance, the service life of a crane's metal structure under loading mode Q2 was 40,000
operating hours.

According to FEM8, Q2 load mode is recommended for imported cranes. However, when we analyzed the actual
load on several cranes that were surveyed, we found that the current load mode corresponded to Q3 level, which
exceeded the passport values for the crane's classification group [10].

8 F.E.M. 1.001-1998. Rules for the Design of Hoisting Appliances. VBOOK.PUB. URL: https://vbook.pub/documents/fem-1001-3-edition-revised-
1998101 -rules-for-the-design-of-hoisting-appliances-5wglvlzj7807 (accessed: 24.02.2025).
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When conducting an industrial safety inspection, it is essential to collect data on the actual loading of the crane [11].
However, it is not always possible to use parameter recorders, as they may not be operational. Therefore, in such
situations, it was decided to use statistical data on the actual loading of cranes.

Loading of jib cranes is a function of at least two parameters — the load weight and the boom outreach, the product
of which determines the load moment. In general, these parameters can be random values [12]; they should be taken
into account when determining the crane load.

Therefore, the key task of determining the classification group (mode) of the crane is to gather initial data and
construct histograms of the distribution of transported cargo masses and boom outreach of the crane under test. The
distribution of random variables (the mass of the transported goods and the boom outreach of the crane) is characterized
by such quantities as the average value (mathematical expectation) and the standard deviation (variance).

Let us take the random values distribution law (the mass of the transported goods and the boom outreach of the
crane) as normal, which will greatly simplify calculations in the future [13]. The accepted assumptions are supported by
studies of the boom outreach and angle of inclination of portal jib crane presented in [7, §8].

Results. In order to obtain more objective information to make an informed decision on further operation of jib
cranes of foreign companies, a methodology has been developed for assessing the actual classification group (mode) for
conducting an industrial safety inspection. The process included several stages. The first step was to determine the
actual value of the load distribution coefficient K, through the load moments and compare it with the passport value.
The second stage included an assessment of the remaining operating life and its comparison with the standard value.
Then, the maximum fatigue stresses of the resource-determining unit of the metal structure were calculated, followed by
a comparison of the obtained value with the limit value. The probability of structural failure was also calculated and
compared with the acceptable value. An important element of the assessment was the analysis of the accident risk level.

As an example, we considered a specific case where the actual classification group (mode) of a jib crane was
determined and it was recommended for decommissioning. At the first stage, the load distribution coefficient K, was
determined in terms of load moments from the expression:

3
G (M)
K, = — , 1
P Zi|:CT }[ M, M
where Ci/Ct — ratio of the number of operating cycles of a crane with an average load torque to the total number of
cycles (we assumed 1 in calculations); M(xy) — mathematical expectation of the load moment; M, — maximum load
moment of the crane specified in its certificate; Mxy =28x40 =1,120 tm; M,=33.4x50=1,670 tm (40 and 50 —

average and highest outreach value in the hook mode; 28.0 and 33.4 — average and highest lifting capacity of the crane
in the hook mode according to cargo characteristics).

3

1120

K,=1|——| -3=0,30. 2
’ (1670) @)

According to [5, 6, 9], the crane classification group (mode) is generally determined depending on the class of use
(U0 —U9), characterized by the maximum number of cycles per service life, and the loading mode (Q1-Q4). Calculated
value of the load distribution coefficient Kp = 0.30 corresponded to A6 classification group (mode) of the crane as a
whole, but was higher than A5 nominal value [14].

At the second stage, the residual life of the crane was estimated based on the current value of the characteristic
number, which was a measure of the crane's life, and was determined taking into account the load distribution
coefficient of the crane for the corresponding loading mode and the number of operating cycles [15].

The limiting condition of the crane in terms of operating time occurred if the current characteristic number was
equal or higher than the standard value. The residual life was calculated using the following equation:

3
Mﬂ
COCT:(NH_NT)'(M_WJ B (3)
where N, — standard value of the characteristic number, which was determined by the crane's classification group and
operating mode according to [9, 10]; N;— current value of the characteristic number.

M 3
N, =C-[M—"yj . )

n
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For the example discussed earlier, the additional conditions were as follows:

Ny = 125,000 — standard value of the characteristic number for A5 crane classification group (mode);

C = 596,228 — estimated number of working cycles;

Then the current value of the characteristic number was:

N, = 596,228x0.67°=179,323;

179,323 > 125,000;

N; >N,

Conclusion: the resource was exhausted.

At the next stage, a verification calculation of the resource-determining assembly of the metal structure [11] for
fatigue resistance was performed according to the formula.

Oar = Oy Ry ¥y Ve (&)
where G — maximum stress; o, — coefficient of the operating mode of the element; Ry — calculated fatigue
resistance calculated considering time resistance, steel, and the group of elements' joints, taking into account the degree
of stress concentration; y, — coefficient that took into account the type of stress state and the asymmetry of operating
stresses;

y. — coefficient of operating conditions.

The value of operating mode coefficient a, was determined based on the crane's operating mode group and the level
of stress concentration. The value y, was calculated based on the type of stress state and the stress asymmetry
coefficient:

c

p =z, (©)
(e}

min
where G,i» and Gy — maximum and minimum absolute stresses in the calculated element.

As an example, we calculated the reference contour of the rotary device on a portal jib crane. The results of this
calculation can be found in Table 5, which shows the fatigue resistance.

Table 5
Fatigue resistance calculation results
Parameter Value
Maximum compressive stress, Guqy 65 MPa
Maximum tensile stress, Guin 55 MPa
Coefficient of the operating mode of the element a., 1.5
Calculated.RV fatigue resistance for the 6th group of elements in terms of stress 60 MPa
concentration
Coefficient of the operating mode of the element, o, 1.5
Coefficient that takes into account the type of stress state and the asymmetry of 108
the acting stresses, vy
Coefficient of operation conditions, v, 0.7
Fatigue resistance strength condition 65 MPa not more than 68 MPa

The verification calculation of the reference contour of the portal jib crane's rotary device for fatigue resistance
indicated that the maximum stress values calculated were close to the limiting value.

Based on the statistical data on the load of the jib crane, we could determine the probability of destruction of the
resource-determining element of the metal structure using the following expression:

Ppasp = |:%—CD(—GK;:VCP ]i| |:%+CD (—GK ;:mp ]j|, 7

where ®(x) — Laplace function; oy — average square deviation of stresses in the distribution of the load factor;
on — average square deviation of stresses in the distribution of the strength factor; o, — average calculated stress in
the structure; o, — average value of the fatigue limit of the structural material, taking into account the cycle
asymmetry; o, — calculated stress value at the intersection point of the alternating stresses distribution of and the
distribution of fatigue limits, which could be obtained from solving the equality of load and strength distribution
equations. Table 6 provides the calculation results.
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Table 6
The results of calculating the probability of destruction of the resource-determining element of a metal structure
Parameter Value
Ovep 58 MPa
Ou 2.5 MPa
X(n) 1.6
O(n) 0.4452
Ocp 68 MPa
O 3.3 MPa
Ox 62 MPa
X(m) 1.81
(1) 0.4649
Estimated value of the probability of destruction %107
P =(0.5-0.4452) x(0.5 — 0.4649) = 0.0548%0.0351
Acceptable probability value 1.0 —0.9999=0.0001 (1074

The safety condition was not fulfilled, because the calculated value of the probability of destruction equal to 2x1073

exceeded the permissible value of 1074,
For comparison, Table 7 shows the failure probabilities of jib-type crane elements.

Table 7
Probability of failure of jib-type crane elements
Name Event Probability
Brake Failure 3.5x1075 - 3.3x1077
R Wire breakage 3.6x10™
ope Wear and tear 3.8x107
Blocks Failure 2.7x1073 - 5.6x1074
Engine Failure 1.28x104 - 6.2x1077
Metal structure Damage 2.5%107
Starting-and-control devices Failure 9.5x10
Running wheels Wear and tear 9.9x107°
Electrical wiring Failure 1.9x10
Reducer Failure 8.7x10°°

At the final stage, based on regulatory and technical documentation, a risk assessment was conducted to determine
the level of safety for further operation of the jib crane. The background risk of accidents for lifting cranes was
calculated using statistical data from the last 27 years:

— average number of cranes during the observation period— 254,250 units;

— average number of accidents — 42.29;

— background probability of an accident — 42.29/254,250 = 0.000166 = 1.66-10*

Table 8 presents the damage from accidents at hazardous production facilities with lifting cranes, including direct
losses, costs for localizing and mitigating the consequences, and economic losses based on statistical data from open
press sources.

Table 8

Economic damage from accidents

Year Economic damage, rub. Year Economic damage, rub.
2003 16,000,000 2014 50,000,000

2004 8,000,000 2015 78,000,000

2005 60,000,000 2021 150,000,000
2008 165,000,000 2022 73,778,191

2009 62,000,000 2023 70,648,042

For comparison, Table 9 provides information on the probability of events with other types of equipment operated at

hazardous production facilities.
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Table 9
Probabilities of events for various types of equipment

Type of equipment Event Probability
Pressure vessels Depressurization 4.0x107° - 6.2x10°¢
Total destruction 3.0x107
Tanks for flammable liquids Total destruction 5.0x107°
Fixed-roof tanks Fire 9.0x10°
Industrial pipeline Break 1.4x10°% - 6.4x107°
Metallurgical workshop Fire 1.9x10°
Road transport (USA) Accident 3x107
Road transport (Russian Federation) Accident 2.7x104
Water, air transport (USA) Accident 9x1076
Water transport (Russia) Accident 2.2x1077
Air transport (Russian Federation) Accident 3.4x1077
Railway transport (USA) Accident 4x107°
Railway transport (Russian Federation) Accident 2x1078

Discussion and Conclusion. Using a specific example, the results showed that exceeding the crane's classification
group (mode) and the assigned crane resources as a whole, including structural elements that determine the resource,
will inevitably increase the risk of accidents involving jib cranes. Therefore, it was determined that the actual
classification group of the crane was A6, which exceeds the passport value AS.

The developed methodology for assessing the actual classification group (mode) of jib cranes of foreign companies
will significantly reduce the likelihood of structural failure of jib cranes and the level of accidents during industrial
safety inspections. Currently, in Russia, the acceptable level of risk is determined qualitatively without specific
numerical values for the probability of accidents or the amount of damage. The numerical values of the probability of
accidents and the amount of damage are determined based on the economic and social development of society and may
vary depending on the industry. Therefore, it is recommended to use the background probability of a lifting crane
accident of 1.66-10** and an average material damage value of 73.2 million rubles in calculations.
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