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EVALUATION OF THE RELIABILITY
OF LIFTING CRANESMETAL STRUCTURES

The method for assessing the residual life is considered, which makes it possible to predict the loss of the metal structures strength as
a result of exhausting and corrosion damage. After analyzing the results of calculating the survivability of the structure, a decision
is made on further exploitation. If the results of calculating Q(1), taking into account the change in G _y, in terms of the coeffi-
cient of variation, exceed the values of the durability of 25 years, then it is impractical to calculate the survivability.
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Introduction

The need to search for additional methods to re-
duce the accident rate and to improve the safety of
the crane fleet is due to the statistics of injuries and
accidents at lifting structures, which rank the third
after injuries and accidents in the coal and mining
industries.

A crane condition in which the risk of an acci-
dent is limited to an acceptable level is de-fined as
the safety of the crane. The risk of crane is consi-
dered acceptable if its value is so insignificant that
the benefits from the operation of this crane sig-
nificantly outweigh this risk [1]. An accident is an
event that leads to the destruction of load-bearing
elements of metal structure, steel ropes, etc., or to
the fall of a load.

The safety of the operating cranes is achieved
through the implementation of a number of mea-
sures to prevent the accidents with cranes, and

therefore reduce the risk of their operation. These
measures should be taken into account at all stages
of the crane's life-circle, starting from the design
stage. But a special place is allotted to the operation
stage and the decision to extend the service life.

The relevance of the research methods for ex-
tending the remaining resource is due to the steady
increase in the proportion of equipment that has
worked out the designated service life.

The task of assessing the remaining resource of
an operated object belongs to the class of individual
forecasting tasks and includes the solution of such
tasks as assessing of the current state, predicting
this state in the future, assessing of the probabilities
of failures, the risk of emergency situations [1]. On
the basis of this forecast, the maximum operational
lifetime of the equipment is established or the peri-
od for the next monitoring of the state of the object
under study is assigned.
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Problem Statement

Metal structures of cranes operate in difficult ope-
rating conditions under the influence of variable
loads and the external environment. As a result, the
cracks and deformations appear in the elements of
metal structures. In addition to mechanical loads,
the crane is exposed to air, which causes corrosion
damage to the metal structures.

Currently, when diagnosing (examining) the
state of metal structures, a technique is used, the
purpose of which is visual inspection, determina-
tion of the size of defects, instrumental control of
cracks and metal thickness, static and dynamic
tests of metal structures.

The purpose of this work is to reduce the subjec-
tive factor when making decisions about the pos-
sibility of further operation of the crane during the
next inspection. The latter is achieved by ranking
the damage factors and dividing them into three
classes:

= damage from the duration of operation;

= manifestation of damage in the form of cracks
and deformations;

= damage from corrosion.

Along with this, a subjective assessment of the
state of metal structures is considered.

Calculation of the Reliability of Met-
al Structures of the Lifting Cranes

The damage caused by the duration of operation
is determined analytically, taking into account
the following factors: duration of operation, span
length, passport mode of operation, real mode of
operation, period of operation in real mode, the
ratio of the maximum lifted load to the passport
capacity, and the influence of the environment.

Below is a Table 1 for assessing the damage of the
metal structures of the crane, where some medium
duty crane is taken as an example.

Damage Calculation Due to the
Service life

The damage due to the service life (DSL) will be
defined as the ratio of the operating period — P, to

the possible service life of the m/s — P. Let us call
such damage "pure", since it is necessary to take in
to account other factors affecting the DSL. These
factors include the length of the span, the maxi-
mum load to be lifted, the type of lifting device.
Then "pure" damage due to the service life is

D :R;_F)real +Prea/.Rreal (1)
’ P PR, ~

pass
where P, — is the period of full operation, R, — is
the real operating mode, R,,m is the passport opera-
ting mode.

Note that the value of P is corrected depending
on the environment by the formula
P =P-(1-0,1-S) , but it can be taken subjective-
ly, as in the example of Table 1.

Span factor value

0,1
(i) ,L>10m
10 .

I, L<10m

K, = ()

This factor considers the risk of missing damages
with increasing span.
Load factor (see Table 1)
Ky =0Omax /1 Q - (3)
Load gripper type factor

K= 1+% . (4)

Considering (1) — (4), the DSL can be written as
Xy=Dy Ky -Kp-Kj . (5

The authors used several variants of formulas (1) —
(5) and settled on the above, since due to them, the
best multiple correlation factor was obtained.

Table 1 shows how the damage from cracks
and deformations — X, and the damage from cor-
rosion — X, are calculated.

Calculations are made according to the amount
of damages and their weight (signifi-cance) [3].
Such calculations are easily done using an Excel
macro.

To determine the regression factors, the state of
11 cranes and the results of their further operation
over the past 10 years were considered.

The estimated resource was set in percentage
from the standard period to the first survey (12 ...
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Table 1. Expert assessment of the damage to metal structures of cranes

1 Span (m) L=128,5
2 Carrying capacity (7) 0=10
3 Passport mode of operation (1 ... 8) RM=5
4 Real operation mode (I ... 8) e
5 Period of work in real operation mode (years) P =
6 Maximum lifted load (t) Q,.=85
7 Type of lifting device (0 — hook, 1 — grab, 2 — magnet) =2
8 Environment (0 — normal, 1 — wet, 2 — aggressive, 3 — very aggressive) =1
9 Possible service life (70-L (ight), 55-A (verage), 45-H (ard), 40-V (ery) H (ard)) P=50
10 Estimated damage due to the service life (DSL) X,=0,697
* Cracks considering repairs m/s Quantity Weight Damage
11 0 0,5 0
12 1 0,15 0,15
13 2 0,03 0,06
** Curves, dents, etc. Quantity Weight Damage
14 5 0,01 0,05
15 Calculated damage for cracks and deformations X,=0,26
16 Main beams (bottom chord, bottom walls) 5 0,03 0,15
17 Junction markers of supports and main beams | 5 0,02 0,1
18 Global corrosion 3 0,01 0,03
19 Junction markers of supports and main beams X,=0,28
20 *** Subjective assessment of damage in points (1...10) X, =5

Notes:

*

strengthen ed, then consider it as half;

with a crack length up to 150 mm, count it as one, other wise count as two; if the crack zone is

**  dents up to three thick nesses are counted as one, other wise as two;
*¥%  no damages or the yare not dangerous (1—2 points), minor damages (3—4), medium and
not dangerous damages (4—5), medium damages (6—7), significant damages (8—9), dangerous

damages (9—10).

20 years). The following equation was obtained for
resource prediction:

Y =1,154—-0,4X, -0,202.X, -
~0,212X,-0,049.X, 6)

all coefficients are significant, the multiple correla-
tion factor of 0,966 is quite large.

So, for example, for X =0,697; X =0,26;
X,;=0,28; X,=5,0 the result ¥= 0,518 was obtained,
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which for the average operating mode gives the re-
sidual resource of R,  =0,518-16=28,29 year.
However, this does not mean that in 3 years, when
the next survey takes place, the residual resource
will be 5,29 years. It may be 5 or 6 years, or less
than 5 years.

If the estimated residual resource obtained is less
than the period until the next survey, then additio-
nal research and calculations need to be made.
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Table 2. Results of calculating the probability of crack occurrence

1, gr 3 6 9 12 15
06} 0,0011 0,0041 0,0128 0,0234 0,0330

1, gr 18 21 24 27 30

o 0,041 0,063 0,0891 0,114 0,132

Destruction Probability Estimate of
the Crane Metal Structure

The case of multi-cycle fatigue is considered, while
as the main indicator of the remaining life-circle
the resource is taken, given by two values: the
operating time and the probability expressed in
percentage (or relative shares) that during this
operating time the limiting state of the structure
will not be reached.

Fig. shows a diagram for determining the residu-
al resource of the crane metal structure, taking into
account the survivability stage.

QO(¢) is the probability of a fatigue crack in the struc-
ture, | — isthe length of a fatigue crack, we can take
o(r) = 0,05.

At the moment ta, an instrumental assessment
of the technical state of the structure is carried out
(technical diagnostics), #, — is the time to reach the
estimated design life.

Thus, according to the scheme (Fig.), the resi-

dual resource is the difference between te and ta. It
is proposed to calculate the function of durability
(curve 1in Fig.) in the time interval 77 .
It is necessary to take into account that in the con-
sidered cross-section, due to the action of stress
amplitudes exceeding the initial fatigue limit, a
gradual decrease in the initial fatigue limit of the
structure durability occurs. And also, according to
the results of non-destructive testing, it is now fea-
sible to make adjustments in terms of reducing the
area of the design cross-section and increasing the
stress concentration due to a local effect as a conse-
quence of corrosion of internal cavities of the crane
metal structures.

In fact, the assessment of the residual resource
for the indicated limiting state of the crane metal
structure is based on predicting the degradation
processes of the considered cross-section of the
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structure because of fatigue and corrosion damage.
To make the final decision on the possibility of fur-
ther operation of the crane metal struc-ture based
on the residual resource calculation data, one can
use a conservative decision-making scheme based
on the relative resource indicator [7]:

N.=N/ N, 7

Here N — is the indicator of the relative re-
source; N, — is the calculated number of loading
cycles; N — is the actual operating time in loading
cycles.

It is assumed that at N <0,8, the structure has a
sufficient remaining life. If the condition 0,8<N <1
is satisfied, then the structure is located near the
boundary of the safety area. For N > 1, the con-
sidered construction falls into the region of limited
safety; in this case, it is necessary to perform an
additional calculation of the structure resource at
the stage of fatigue crack growth (graph 2 in Fig.).

Calculation of the Structure Re-
source at the Stage of Fatigue Crack
Growth

To assess the relationship between the parameters
of the loading mode and the rate of crack propaga-
tion in the structure section, we propose to use the

well-known Peris-Elber equation:
di .
y=_n=a(aK, ) ®)
where / — is the current value of the fatigue crack
length; AK, =(0,,, —0;)(n-/)Y — the range of
the stress intensity factor; A and n — are constants
of the construction material.

Based on the data of direct experiment, it is pos-
sible to calculate the rate of development of a fa-
tigue crack in the considered section of the crane
metal structure.
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V,=7,899-107 (B, ¥, )" I'. )

By integrating expression (9) along the length,
the fatigue crack growth function / = f{N) is ob-
tained.

Let's consider the calculation of the residual re-
source of the crane metal structure. The number of
loading cycles n, by stress o,

N, =t xtvg (10)
where v, — is the number of cycles in the load
block (block size) within its accepted duration in
units of durability (per year of operation).

Ratio showing the possibility of fatigue damage
accumulation under the action of ai (X>1) or dam-
age absence (X<I):

S_1Dor

ch—aihznp(ﬁ) —r— (11)
S_1dam(i-1) Sal S_1dam (i-1)

The limiting loading coefficient is found by the
method of successive approximations. Its initial
value nll is taken in the interval [1...2]. The number
of N, loading cycles before failure under stress is —
6. N;=N,.1/X)".

Endurance limit of the damaged part at the mo-
ment of action of the i-th stage of the load block
O _idam i = Oidam i-1 I:l_(ni /Ni) (X _I)K] (12)
where K — is a parameter characterizing the inten-
sity of the decrease in the endurance limit due to
the action of overloads &, > & .. i1

Fatigue damage from the action of the i-th stress

amplitude, expressed by the cyclic ratio: ¥ = i
1

If for a given durability ¢ at some i-th stage of
stress X>1 and Y>1, then it means that the destruc-
tion for the accepted value of n,occurs before the
durability 7, (to find the limiting loading coefficient
n, its initial n/l value needs to be reduced). If at
some i-th stage of stress X<1, then this means that
the accumulation of damages at this stage stops,
there is no fracture during a given durability ¢ (to
find the limiting loading coefficient n,, its initial
value n, should be increased).

The quantile of the normal distribution, corre-
sponding to the probability of destruction Q,

N ()

0~ s
[AE w2
S_1p

(13)
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Fig. Diagram for determining the residual resource of the
crane metal structure

where #=n,nn =6,/ 6_1p, — is the average
loading factor.

In a complex stress state with components G
(normal stress) and T (shear stress), the reliability
function can be estimated by the formula:

P(1) = P(15)P(t;) (14)
where P(1, ),P(z,) — are the probabilities of non-
destruction under the action of only normal and
only shear stresses, respectively.

For the assessment, it is required to perform the
calculation twice with the corresponding initial
data for normal and shear stresses.

The probability of structural failure is deter-
mined by the dependence

0@t)=1-P(t)- (15)

The reliability of the crane bridge beam was
calculated (curve 1 in Fig. 1) [8, 9]. In this case,
the standard service life of bridge-type cranes was
taken equal to 25 years [5]. The intensity coefticient
of the endurance limit decreasing is assumed to be
K=1,33[6].

It can be said that after 12 years of operation, the
probability of fatigue crack occurrence exceeds the
permissible value, considering the actual disper-
sion of the fatigue limit of the crane beam. After
this service life-circle it becomes necessary to con-
duct an industrial safety examina-tion, including
instrumental analysis with the subsequent calcu-
lation of the resource at the stage of fatigue crack
development.
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Conclusions lating the structure persistence (curve 2 in Fig.), a
decision is made on its further operation. If the re-

A method for assessing the residual resource, which ~ sults of calculating Q(7), with the consideration of
facilitates to predict the loss of strength of a metal ~ the change in S-1p in terms of the coefficient of
structure as a result of fatigue and corrosion damage ~ variation, exceed the value of the 25 years durabi-
is considered. After analyzing the results of calcu-  lity, then it is impractical to calculate survivability.
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OLITHKA HAIIMHOCTI METAJJIOKOHCTPYKIIIN
BAHTAXOMIANOMHMX KPAHIB

Beryn. AKTyanpHICTh JOCHIAXEHb METOMIB MOMOBXEHHS 3aJTMIIKOBOTO PECYPCY 3yMOBJIEHA HEYXWJIBHUM 3DOCTaHHSM
YyacTKM OOJaAHAHHS, 110 BiANPaLOBANO MPU3HAYEHWI TEPMiH CaAyXOW. 3ajmaya OUIHKM 3aJMIIKOBOTO pecypcy
€KCILTyaTOBAaHOTO 00’ €KTa BKJIIOYAE B CE0€ OLIIHKY TTIOTOYHOTI'O CTaHY, TPOTrHO3YBaHHS LIbOTO CTaHY B MAliOYyTHbOMY, OLIiHKY
MMOBIpHOCTEI HacTaHHs BiIMOB, OILIiHKY PM3MKY aBapiiHMX cuTyaliii. Ha 0CHOBi LIbOrO MPOTHO3Y BCTAHOBIIOETHCS
rpaHUYHO-J0MNYCTUMUIA TePMiH eKcIiyaTalii obsiaaHaHHs, ab0 MPU3HAYa€ETbCsl TEPMiH UEProBOro KOHTPOJIIO CTaHy
IOCTIIKYBAaHOTO 00’ €KTA.

Ha ueit yac npu niarHOCTYBaHHI CTaHY METAJIOKOHCTPYKLIiil BUKOPUCTOBYETHCSI METOAM-KA, TPU3HAYEHHSIM SIKOi €
Bi3yaJIbHU I OTJISIL, BUBHAUEHHSI pO3MipiB 1€ (PEKTIB, IHCTPYMEHTANTbHW I KOHTPOJIb TPilliMH i TOBLMHUW METaJly, MPOBEAEHHSI
CTaTUYHUX i TMHAMIYHUX BUNIPOOYBaHb METAJIOKOHCTPYKILil.

MeTa — 3MEHILUTU CY0’EKTUBHUI (haKTOp MpHY MPUIAHSITTI pillieHb MPO MOXKJIMBICTb MOAA-JIbLIOI €KCIITyaTallii KpaHa
NpyU 4YeProBoMy OOCTEKEeHH.

Mertomu. 3MeHIIEHHST Cy0 €KTUBHOTO (HaKTOPy HOCATAETHCS 32 PAXYHOK PaHXMPYBaHHS (PAKTOPIB MOIIKOMIXEHB
i moAiy iX Ha TpU KJIacu: MOLIKO/JXKYBAHICTh BiJl TPMBAJIOCTI €KCILIyaTalii, MPOsIB MOLIKOMXEHHS Yy BUIJISIAI TPIlIWH i
nedopmalliii, MOWKOAXKYBaHICTb Bill KOPO3ii.

IMoumKomXyBaHICTh Bill TPUBAJNOCTI €KCILIyaTallii BU3HAYAETHCS aHAJITMYHO 3 ypaXyBaHHSM HACTYIMHMX (haKTOpiB:
TPUBAJIOCTI €KCIUlyaTallii, TOBXHUHU IPOJbOTY, MAaCIIOPTHOTO PEXUMY POOOTH, PEabHOIO PeXMMY POOOTH, IMepiomy
pobOOTH B peaibHOMY PEKMMi Ta iH.

IMourkomKyBaHiCTh Y BUTJISIAI TPIIuH i qechopmariil Ta MONIKOIKYBaHICTh B KOPO3il BUBHAYAETHCS 3 ypaxXyBaHHSIM
KiJIBKOCTI TMTOIITKOKEHb Ta IXHBOT Baru (3HAYYIIOCTI).

Jns OUWiHKM B3aEMO3B’I3Ky MiX mMapaMeTpaMM peXUMY HaBaHTAXEHHsI 1 IWIBUAKICTIO PO3BUTKY TPiLIMHU
BUKOPHUCTOBYEThLCS piBHsIHHS [1epica-EnGepa. BusHaueHo IMOBIpHiCTh PyHYBaHHS KOHCTPYKILii.

Pesynsraru. /1151 BU3HaUeHHs KoedillieHTiB perpecii 0y10 po3risiHyTo cTaH 11 BaHTaXKoMinioOMHMX KpaHiB i pe3yJibTaTu
IXHBOT MOAAJIBIIOT eKCIIyaTauii npotsiroM octaHHix 10 pokiB. Po3paxyHKOBHMI pecypc 3agaBaBcsl B 4acTKax Bil
HOPMATUBHOTO TepMiHY 10 mepioro ooctexkeHHs (10...20 pokiB). OTpumaHo JiHiiTHE PiBHSIHHS UISI TPOTHO3Y PECYPCY, B
SIKOMY BCi Koe(ilieHTH 3HauyIi, a KoedimieHT MHOXMHHOI Kopersiii 0,966 € 1OCTATHHO BETUMKMM.

3niiicHeHO PO3PaxXyHOK HaAiiHOCTI OaKM MOCTa KpaHa, MPU LiIbOMY HOPMATUBHU I TEPMiH Cy»kOU KPaHiB MOCTOBOTO
TUITY IpUiiMaBcs piBHUM 25 pokiB. KoedillieHT iHTEHCMBHOCTI 3HUKEHHS MeXi BUTpUBanoCTi nmpuiiHaTro K= 1,33.

3a pe3ynbTaTaMu PO3PaxXyHKiB MOXHA CTBEPAXYBATH, 1110, KO OTPUMMaHUI 3aJIMILIKOBUM pecypc MeHIIe TEPMiHY A0
HACTYMHOro 006CTEXEHHS, TO HEOOXiIHO MPOBECTU A0AATKOBI TOCIKEHHS 1 PO3PAXYHKH.

BucHoBoK. PO3risiHyTo MeTON OLIHKM 3aTMLIKOBOTO PECypCy, L0 Ja€ MOXIIMBICTb MPOTHO3Y BTPATU MiLIHOCTL
METaJOKOHCTPYKLi/A B Pe3yJbTaTi BTOMHOTO i KOpPO3iMHOTro MOWKOAXEHHs. [licisg aHamizy pe3ynbTaTiB pO3paxyHKY
JKMBYYOCTI KOHCTPYKILT MPUMMAETbCS PIlUEHHS MPO MOAadblUy 11 eKcryartaiilo. AKuio pe3yabTaTh po3paxyHKy
O(f) 3 ypaxyBaHHAM 3MiHM O _jp 3a Koe(illieHTOM Bapiallii MepeBUINYIOTh 3HAYEHHS NOBIOBIYHOCTI 25 POKiB, TO
pO3paxoByBaTH XXUBYUYiCTh HEIOLJIbHO. HeoOXinHO Bif3HAYMTH, 110 BXKe ITiciist 12 poKiB eKcIutyaTallii AMOBIpHiCTh ITOSIBU
BTOMHOT TPillIMHU MEPEBUILILYE AOMYCTUME 3HAUECHHS Ta BUHUKAE HEOOXiHICTb MPOBEAEHHS €KCIEPTU3H.

Karouosi caosa. memanoxoncmpykuis, HAOIlHICI, NOUWKOONCY8AHICMb, BMOMHA MPIUHA, KOPO3is, MEPMIH eKCnAyamauii,
3aauwKo8ull pecypc.
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