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Abstract. Ensuring the required resource of the bearing capacity of the 

crane beams is one of the most urgent tasks from the point of view of the 

rational design. The approach proposed in this article is based on the 

principle of redistribution of the functions of the elements involved in the 

operation of the crane structure. Weak resistance to rotation of the top 

flange and the adjoining web zone is a critical disadvantage of a typical 

crane structure. Additional reinforce elements are proposed to eliminate 

the consequences of the influence of this disadvantage. At the same time, 

these reinforce elements practically do not perceive either the vertical or 

horizontal components of the crane load, preventing only the rotation of 

the top flange on the length between the beam stiffeners. Another feature 

is that no additional stress concentration zones are created either in the 

flange or in the web from welding or drilling holes. The article provides a 

comparative analysis of the stress-strain state of the crane beams based on 

the results of numerical calculations carried out with the use of ABAQUS 

software package. It is shown that the stresses in the upper zone of the 

beam web, reinforced by the proposed method, are up to 20% lower than 

in a conventional I-beam. However, despite the simplicity of the solution, 

the positive results of numerical analysis and the supposed 

manufacturability of the approach, it is undoubtedly necessary to conduct 

a series of full-scale experiments on already existing objects. 

1 Introduction 
Crane beams are exposed to significant cyclic alternating loads from cranes. And one of the 

main problems is the correct choice of a design solution for the crane beams, which will 

minimize the effect of these unfavorable loads and factors on the stress-strain state of the 

beam and prevent its fatigue failure. 

Well-known that the zone of the welds connecting the top flange with the web in the 

welded I-beams is the most problematic area. From these welds the formation of fatigue 

cracks in the web begins [1-3], since concentration of stresses arises in this zone, which is 

the main cause of fatigue failure [4]. 

The article [5] considers the bearing capacity of a crane beam of variable cross-section 

with a decrease in the height of the web to the supports. It is shown that in this case the 
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most dangerous zones, where cracks appear, are the place of transition from the main 

section to the reduced one in the zone of connection of the web with the lower flange, at the 

place where the stress concentration appears. 

The paper [6] analyzes the stress-strain state of crane girders during their normal 

operation in the absence of defects. It is shown that the stress-strain state of the web 

significantly depends on the eccentricity of the crane load, and that an inhomogeneous 

stress state arises along the web thickness, the degree of inhomogeneity of which also 

depends on the value of the eccentricity. 

A large number of studies are devoted to the issue of reinforcement of the crane beams 

[7-9], as well as the analysis of the residual life of existing crane beams with cracks [10, 11] 

in order to predict the remaining service life of such beams. 

In the article [12], the reinforcement of the crane girders by welding the angles to the 

top flange is considered, and it is argued that this method of strengthening increases the 

bearing capacity of the crane girder by 3-5 times in comparison with the original I-section. 

However, these results were obtained without considering fatigue failure and are intended 

only for light duty cranes. 

Reinforcement of the top flange of hot-rolled beams to increase the rigidity of the beam 

from the plane of bending also increases the resistance of the section to torsion. 

The article [13] considers the CFRP reinforcement of steel crane beams to increase their 

endurance. 

In the paper [14] it was found that crane girders with a frictional connection of the top 

flange with the web have a higher service life in comparison with welded ones. Taking this 

into account, it is also proposed as an option to reinforce the existing crane beams using 

angles attached to the web and the top flange by high-strength bolts with controlled tension. 

The article [15] presents a technique for repairing fatigue cracks in the lower stretched 

flanges of crane girders. 

The problems of destruction of the fastening of crane rails are considered in the article 

[16]. 

There are a number of studies in which the method of calculating crane beams 

according to the Eurocode [1, 17] and American standards [18], including fatigue, is 

considered, and a comparison is made with experimental data. It is shown that in some 

cases the application of the normative method gives results that differ from the 

experimental data, which requires the clarification of theoretical calculations. 

It should be noted that, in addition to crane girders, the construction of crane-secondary 

trusses also requires attention. 

The article [19] considers the finite element analysis of crane-secondary truss as part of 

the frame of an industrial building. And in the paper [20] it is shown that the greatest 

number of defects and cracks in the lower chord of the crane-rafter truss occurs at the 

junction of the gussets with the top chord and in the zone of conjugation of the web with 

the top flange at the locations of the diaphragms. 

Thus, increasing the endurance resource of crane structures is still one of the most 

urgent tasks from the point of view of both rational design of new crane girders and 

restoration of existing structures. 

2 Materials and methods
The upper zone of the web is the most loaded place of the cross-section of the crane beam, 

which experiences alternating horizontal loads from the skew of the cranes, and from 

possible damage to the rail from the axis of the beam. As a result of these loads action the 

top flange is rotated with a part of the web around the longitudinal axis. In the welded 

beam, this area is also weakened by the weld. Therefore, to increase the resource of the 
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crane beam, we should either get rid of the weld, or reduce the stress in it by some 

constructive measures. 

While maintaining the weld as a connecting element between the flange and the web to 

increase the resource of the welded crane beam, it is possible to relieve the upper web zone 

from the influence of imperfections in the load transfer from the crane wheels and the 

horizontal component of the crane load. For this, the following constructive solution is 

proposed. Considering that under the action of the lateral load from the crane, the top flange 

rotates around its axis, involving the upper part of the web in this, it is necessary to prevent 

this rotation in some way. For this, it is proposed to ensure the support of the top flange on 

additional elements (for example, channel bars, I-beams, etc.). These elements are fixed on 

the stiffening ribs of the beam and prevent the flange from bending on the length between 

the stiffeners, which occurs due to imperfections in the transmission of the vertical and 

horizontal impact of the wheel. This article considers the option of reinforcing the flange 

with a channel (see fig. 1,b). The flange of the channel is tightly fitted to the top flange of 

the I-beam and is fixed to the stiffeners by welding or shear-resistant connection. For 

example, the channel can be attached to the intermediate and support ribs of the beam using 

high-strength bolts. The reinforcement element (in this case channel) is not attached to the 

beam flange. With such a solution, it is assumed that due to the tight fit of the channel to 

the I-beam flange, the section of the channel in its upper zone will perceive the pressure 

from the side of the I-beam flange and prevent its rotation around its axis. Thereby, the part 

of the alternating load from wheels, is basically removed from the problematic upper zone 

of the welded I-beam web. The transfer of force from the channel is carried out to the 

stiffeners of the crane beam, which redistribute this force through the vertical welds to a 

large lower part of the height of the beam web. 

Thus, unloading of the problem zone of the crane beam web is achieved in the near-

weld zone of its conjugation with the top flange of the girder. 

a) b)

Fig. 1. Considered crane beam a) non-reinforced; b) reinforced

For a comparative analysis of the stress-strain state of a traditional crane I-beam and a 

beam reinforced with channels by proposed method, a numerical calculation was performed 

using the ABAQUS software package. 

In the form of a numerical experiment, the calculation of a welded split beam with a 

span of 12 m for a crane with a lifting capacity of 200 t was performed (the load from the 

crane wheel was taken equal to 50 t). Stiffeners with a section of -140x10 are installed with 
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a step of 1500 mm along the beam. Hot-rolled channels with the height of 300 mm was 

used as reinforcement elements. 

A comparative analysis of the behavior of non-reinforced and reinforced crane beams

has been performed (Fig. 1). 

In the both cases (non-reinforced and reinforced), the horizontal rigidity of the crane 

structure was provided by the so-called "brake beam" (Fig. 2). 

 
Fig. 2. Computer model of a reinforced crane beam (ABAQUS) - cross-section and along the axis  

3 Results
The fig. 4 shows diagrams of normal and shear stresses along the web of reinforced and 

non-reinforced beam. 

The marking of the positions along the web is lined from bottom to top - see Fig. 3. 

Fig. 3. The positions along the web height of the considered beam 
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a)  

b)  

c)  

Fig. 4. The diagrams of stresses in the web of the beam 

a) normal stress σx, MPa; b) normal stress σy, MPa; c) shear stress τxy, MPa 

As can be seen in the diagrams, the stresses in the web of the reinforced beam are less 

than in the non-reinforced beam. 
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In accordance with clause 12.1.2 SP 16.13330.2017 (rev. 1, 2) "Steel structures", fatigue 

calculation is performed using the formula: 

       

max 1
v vR

�
�

� �
,                   (1) 

where σmax –the maximum absolute value of stress in the considered section of the 

element, calculated over the net section; α – the coefficient taking into account the number 

of loading cycles n; Rv – the calculated fatigue resistance; γv – the coefficient that depends 

on the stress state and the stress asymmetry coefficient.

In this case σmax is taken as the maximum von Mises stress in the upper compressed 

zone of the web.

The welded crane girder can be attributed to the 4
th

 group of structures according to 

App. K of SP 16.13330.2017. In this case the coefficient α is determined by the following 

formula: 

      

6 2 60.07(n/10 ) 0.64( /10 ) 2.2n� � � �     (2) 

For the 4
th

 group of structures, according to table. 35, the design fatigue resistance Rv =

75 MPa. 

Taking into account the possible alternating action of the load from the crane skew, as 

well as the possible eccentricity of the rail in different directions from the beam web, we 

take γv = 1. 

Table 1 shows the values of von Mises stresses in the upper compressed zone of the 

web, as well as the number of cycles that the beam can withstand from the condition of 

ensuring its fatigue strength, according to formula (1). 

Diagrams of changes of the von Mises stresses in the beam web are shown in Fig. 5. 

Table 1. Comparison of the reinforced and non-reinforced beam  

Position

σmis, MPa
Comparison

of stresses
α

Number of cycles

n·106

Comparison

of the number 

of cycles

Reinforced Reinforced

NO/YES

Reinforced Reinforced Reinforced

NO/YESNO YES NO YES NO YES

140 65.3 50.9 22% 0.871 0.679 3.192 3.900 18.2%

145 73.0 57.5 21% 0.973 0.767 2.735 3.900 29.9%

150 80.7 64.1 21% 1.075 0.855 2.373 3.222 26.4%

155 88.2 70.5 20% 1.177 0.940 2.067 2.871 28.0%

160 95.6 76.6 20% 1.275 1.021 1.8 2.557 29.6%

165 102.6 82.3 20% 1.369 1.097 1.568 2.304 31.9%

170 109.1 87.3 20% 1.455 1.164 1.368 2.102 34.9%

175 114.9 91.7 20% 1.532 1.222 1.201 1.940 38.1%

180 117.6 93.7 20% 1.568 1.249 1.127 1.869 39.7%
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Fig. 5. The diagram of Mises stresses in the web of the beam 

As can be seen from the table 1 and fig. 5 - von Mises stresses in the upper zone of the 

beam web with a reinforced top flange is 20% lower than in the non-reinforced beam. At 

the same time, when using the methodology of Russian standards for calculating the fatigue 

of crane beams, it was found that the resource of a reinforced by proposed method crane 

girder is almost 40% higher than that of a traditional welded I-beam. 

4 Discussion
It should be noted that various methods of reinforcing existing crane beams are proposed: 

using steel reinforcement elements [12], CFRP [13], or by changing the constructive 

scheme of the crane beams [14]. 

However, they all have both their advantages and disadvantages, and in each individual 

case, it is necessary to analyze which of the reinforcing methods will be the most effective. 

As another option for strengthening the crane girder, this article considers the 

reinforcement of the top flange with channels. 

The proposed approach is based on the principle of redistribution of the functions of the 

elements involved in the operation of the beam. So, for example, the braking structure 

provides horizontal rigidity of the upper part of the crane structure, but is not able to 

provide sufficient resistance to the top flange of the beam with the adjacent part of the web 

to its rotation around the longitudinal axis. 

Additional elements are designed just to eliminate the consequences of the influence of 

this disadvantage of a typical crane structure. At the same time, they practically do not 

perceive either vertical or horizontal components of the crane load, preventing only the 

rotation of the top flange. 

Despite the positive results of numerical modeling, it is undoubtedly necessary to carry 

out a series of full-scale experiments on already existing facilities. 

5 Conclusions
Based on the research carried out, the following conclusions can be made: 

- to increase the resource of welded crane beams, it seems expedient to unload the upper 

web zone from bending out of its plane; 
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- reinforcement of the top flange with a channel according to the proposed option (see Fig. 

1, b) allows to reduce the von Mises stresses in the upper zone of the web up to 20% (see 

Table 1); 

- when applying the methodology of Russian standard SP 16.13330.2017 "Steel structures" 

to determine the number of cycles that the beam can withstand, it was found that the beam 

reinforced according to the proposed type withstands almost 40% more cycles compared to 

the non-reinforced welded I-beam; 

- implementation of the proposed type of reinforcement is possible for both newly designed 

and existing beams; 

- the results obtained are preliminary, experimental studies are required to carry out 

refinements. 
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