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Abstract. The article is devoted to the gantry crane metal structure basic ele-
ments’ gamma-percentage fatigue life calculation.Metal structures of most gantry
cranes are prone to cracking during operation. The presence of cracking centers
indicates that the base parts operation life is lower than the estimated service life of
the machine. Therefore, it is necessary to analyze and consider possible methods
to optimize the fatigue life.
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1 Introduction

Overhead gantry cranes are a complex multi-component hoisting machine (HM), which
safety is a defining parameter both during its creation and during operation, which, in
particular, is ensured by the correct choice of structural and strength indicators of the
load-bearing metal structures’ elements.

The issues of reliability and safety, assessments and forecasting of the mechanical
systems’ technical state, including in relation to the elements of the first responsibility
group, the failure of which can lead to accidents, were addressed by V.E. Kasyanov, V.V.
Bolotin, V.I. Braude, A.V. Vershinsky, M.M. Gokhberg, A.A. Zaretsky, A.A. Korotkiy,
V.S. Kotelnikov, A.S. Lipatov, I.A. Makhutov, A.N. Orlov, N.N. Panasenko and other
scientists.

Calculation of HM elements is recommended to perform considering the limit states
according to the condition of static and cyclic strength. In the calculations, the bearing
capacity is understood as such a load, under the action of which the element reaches
the limit state, that is, its further operation ceases. When calculating HM there are a
number of limiting states, which are divided into two groups: 1 - by the structure bearing
capacity exhaustion; 2 - upon reaching the conditions that disrupt normal operation.

The main condition for maintaining the bearing capacity of metal structures and
mechanisms’ elements is compliance with the requirement that the forces acting in the
element do not exceed its bearing capacity.
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According to the responsibility degree, HM elements are divided into two groups:
the first includes the elements, the failure of which can lead to an accident and poses
a danger to human life, the rest of the elements belong to the second group of failure,
which can only lead to economic losses.

The reliability of the hoisting-and-transport machines’ elements depends on their
bearing capacity and operational loads, which is characterized by the reliability and dura-
bility indicators. Reliability is characterized by the likelihood of failure-free operation,
and durability is determined by the gamma-percentage resource.

In this paper, we consider the case in which the limiting state occurs as a result of the
bearing capacity exhaustion according to the condition of cyclic strength, and durability
is considered as an indicator of reliability.

2 Materials and Methods

In order to ensure the HM load-bearing metal structures’ durability, this paper proposes
an algorithm for calculating the gamma-percentage resource for a population based
on the sample data, which is shown in Fig. 1. In this algorithm, in block 6, a method
is implemented for switching from a sample to a finite volume population using an
analytical technique that makes it possible to obtain the fatigue resource distribution for
an aggregate with a small amount of statistical information at the design stage [1, 2].

The calculation of the gamma-percentage fatigue resource involves the determination
of a typical loading process for base metal structures and the strength characteristics of
the materials used for their manufacture in order to identify the areas susceptible to
possible cracking.

As an example, the calculation of the gamma-percentage fatigue resource for the arm
and gib of the “Kirovets” 16/20 overhead reloading gantry crane has been performed.

Where:Kσ i is a factor taking into account the concentration of stresses fromwelding;
β is a surface condition factor; εσ is a coefficient that takes into account the influence of
the absolute dimensions of the cross-section on the endurance limit of the part; ψσ is a
coefficient taking into account residual stresses during welding; N0 is the base number
of load cycles; Np is a population size; ap is the sum of relative fatigue damage;m1 is the
fatigue slope; γ is a specified probability of failure-free operation; Ap, Bp, Cp show the
Weibull distribution parameters of the population Tpi; σ−1 is the steel endurance limit;
σavw defines weighted average stress.

The typical process of loading the metal structure of this crane can be conditionally
divided into two cyclic processes: regular and irregular. The regular process includes the
process of periodically repeated operations with the load (lifting - turning - lowering),
the loading parameters of which are: an increase in the load from σ3 up to σav for the
period t1; load holding σav during t2; decrease in load from σav up to σ3 during t3 [3].

In this case, the scope �σ1 = σav − σ3. An irregular process includes random loads
that occur during the period t2 peak-to-peak �σ2 = σ1 − σ2 under braking conditions,
random external influences, wind gusts, etc. Such loads are random in nature and are
estimated by probabilistic distribution laws.

Meaningfulness summary Xv by parameters ρ1, σ2, σ3, σav, �σ1, �σ2. The results
analysis shows that the level of maximum stresses σ1 in structural elements is much
lower σt = 240 MPa.
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Fig. 1. Algorithm for calculating the gamma percent fatigue life for a population based on the
sample data

σ1 = 45,60…66,67 MPa; σ2 = 42,79…57,03 MPa; σ3 = 13…28 MPa; �σ1 =
31,10…33,50 MPa; �σ2 = 4,28…11,35 MPa; R1 = 0,29…0,51; R1 = 0,85…0,94;

The frequency range of random loads is 0,8…1,7Hz, the damping time of oscillations
in the gib system elements lies within 4…6 s, portal 2…4 s. The duration of the crane
operation cycle is from 30 to 50 s depending on the technology and handling work type.

To determine the most loaded sections of the metal structure, a solid-model was
developed and FEM analysis (original drawings of material handling equipment plant
named after S.M. Kirov, Russian Federation, St. Petersburg). The construction of the
model and the mesh of finite elements was carried out in the Compass 3D software
package at a scale of 1:1 (Figs. 2 and 3).

It is proposed to determine the gamma-percentage resource for the population using
the algorithm (Fig. 1) according to the sample parameters of Weibull’s law [4–7].

The gamma-percent fatigue life of the gib and arm of the overhead gantry crane
must correspond to the planned service life [8], namely 20 years. For such a long period
of time, the number of operating cycles of the “Kirovets” 16/20 reloading gantry crane
will be n= 0,24…1,5·107 depending on the work intensity and production needs. When
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Fig. 2. Stress map of the arm metal structure, with a sheet metal thickness of 8 mm

transporting bulk cargo in sea and river ports, 24-h shift work is often organized, in 2
shifts of 12 h. At various factories for the materials and mining enterprises production, a
24-h shift is organized in 2 and 3 shifts, 12 and 8 h, respectively. Therefore, the number
of hours worked during the service life can be significant - 0,4…1,6·105 h.

In the passport characteristics of the “Kirovets” 16/20 reloading gantry crane the
annual capacity of the crane is 1200000 t in the grab and 400000 t in hook modes.
Therefore, considering the operation of the crane in the grab mode, we have 2,4 …
3·106 working cycles for 20 years, depending on the volumetric mass of the overloaded
cargo and the capacity of the grab.

Depending on the duration of the crane operation cycle from 30 to 50 s to complete
this many cycles, it will take 2…5·104 h.

As a result of the crane operation possible values’ analysis in hours for the service
life and the rated productivity per year, it is advisable to choose the average value 6·104
h as the optimal value when calculating the gamma percent fatigue life.

As a result of the simulation, the variational series of structural steels’ strength
characteristics were obtained and the distribution parameters of the extreme members of
the samples for steels were determined St. 3, 09G2S, 10HSND. The calculation of the
parameters for the samples was carried out in the STATISTICA 6.0 software package,
and for the population according to the method shown in Fig. 4. After that, the values
of the gamma-percentage fatigue resource were found Trγ at γ = 99,9%, the results are
entered in Tables 1 and 2. A gib is considered as a calculation example.
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Fig. 3. Stress map of the metal structure of the gib, with a sheet metal thickness of 8 mm

Table 1. Gamma-percentage resource of the gantry crane gib for sampling

St. 3 ps 09G2S 10HSND

8 mm c 3580 9102 23462

b 1.65 1.65 1.71

a 22428 57012 146966

Tpγ, h 3924 9976 25716

10 mm c 6329 16089 41476

b 1.65 1.72 1.73

a 39648 100784 259803

Tpγ, h 6937 17635 45459

12 mm c 35859 91151 234971

b 1.72 1.71 2.01

a 224617 570968 1471853

Tpγ, h 39303 99907 257542
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Table 2. Gamma percentage gantry crane gib life for the group

St. 3 ps 09G2S 10HSND

8 mm Cp 2540 8693 18498

Bp 1.34 1.42 1.52

Ap 33528 86921 346966

Trγ, h 2734 9364 22296

10 mm Cp 5529 14069 32475

Bp 1.35 1.5 1.6

Ap 50698 150683 359802

Trγ, h 5833 15398 37537

12 mm Cp 29858 53941 195863

Bp 1.50 1.51 1.82

Ap 286618 756643 2162953

Trγ, p 32996 60399 244482

Fig. 4. Resource distribution density graph for steel 09G2S 12mm: 1- sample value, 2- population
value
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3 Research Results

Calculations using the proposed algorithm showed that the optimal resource value
according to the total unit costs criterion is 60 thousand hours at γ = 99,9% using
09G2S 12 mm steel. The distribution density graph for the sample resource and the
population is shown in Fig. 5. This graph shows that the fatigue life values calculated
from the sampled data are overestimated, which in turn can lead to premature failures.

4 Conclusions

Thus, the fatigue life calculation according to the proposed algorithm makes it possible
to reduce the risk of premature failures, which gives an opportunity to ensure operational
safety, reduce accident risks, reduce operating costs and damage from HM downtime
and the associated mechanized complex.
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