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Abstract 

Modern gantry cranes are an indispensable element of large industrial and transport enterprises. Port 

handling equipment is operated under conditions of complex spatial loading of varying intensity, as well as 

under conditions when the walls of structural elements are thinned in the crane carrier system. During the 

operation of handling equipment in ports, at construction sites, in machine-building industries, in addition to 

the external load, aggressive media act on the carrier system elements, which leads to various types of wear: 

corrosive, abrasive and mechanical. Monitoring of the state of handling equipment structures is a very 

important task of diagnosing the state of the material of elements of the carrier system of cranes and 

transporting machines. An important and urgent scientific and technical problem of taking into account the 

influence of aggressive environment on the stress-strain state of the metal structures of gantry cranes is 

considered. It is noted that during corrosion, a significant thinning of the walls of structural elements occurs. 

The safety of crane operation requires this factor to be taken into account. It is proposed to use modern 

numerical methods for this, i.e. the boundary element method (BEM) and the finite element method (FEM). 

The implementation of these methods is performed in the Matlab programming and modeling environment 

(BEM), and the FEM is used in the Ansys package. In accordance with the technologies of these methods, the 

design diagrams of the lower girders and the crane structure as a whole were formed. Exact models of strain 

of crane elements during transverse bending and constrained torsion are given. Calculations of the stress-

strain state of the crane metal structures have been performed. On the basis of a preliminary field study, a 

numerical model is proposed for diagnosing the strength and stiffness characteristics of the carrier system of 

handling equipment using the BEM and FEM, which has never been used in the world. Conclusions are 

drawn about the influence of the thinning of the walls of metal structures on the values of normal and 

tangential stresses. 
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1. INTRODUCTION 

 

Modern gantry cranes are an indispensable 

element of large industrial and transport enterprises. 

Port handling equipment is operated under 

conditions of complex spatial loads of varying 

intensity, as well as under conditions when the 

walls of structural elements are thinned in the crane 

carrier system. During the operation of handling 

equipment in ports, at construction sites, in 

machine-building industries, in addition to the 

external load, aggressive media act on carrier 

system elements, which leads to various types of 

wear: corrosive, abrasive and mechanical. As 

studies [1, 2] show, the outer layers of the metal 

structure lose their mechanical properties and at the 

same time remain as a degrading component or are 

removed. 

Based on a natural experiment and diagnostics 

of the state of the carrier system parts, it is possible 

to automate the monitoring of the strength and 

stiffness characteristics of the crane being 

researched. 

The use of numerical methods for determining 

the stress-strain state of structural elements in terms 

of thinning of walls, is an urgent scientific task, and 

very important for the practice of operating 

handling equipment. 

Among the available numerical methods, the 

finite element method, which is implemented in the 

science-intensive package Ansys, and the boundary 

element method, which is implemented in the 

Matlab programming and modeling environment, 

are selected, which is relevant in the study of 

complex technical problems. 

 

2. ANALYSIS OF RECENT RESEARCH AND 

PUBLICATIONS  

 

The work [1] is devoted to the study of 

structural elements of the crane carrier system, 
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taking into account the decrease in wall thickness as 

a result of material degradation.  

But the numerical analysis did not involve 

alternative calculation methods, which are the 

varieties of the boundary element method. In [2], 

the approach that provides for the calculation of the 

sensitivity of the stress-strain state components 

using finite-difference relations was proposed, but 

the verification of the results by a different 

“architecture” calculation method was not carried 

out. In the research [3], the finite element method 

and the full-scale experimental method were used, 

the issues of the presence of defects on the surface 

were considered, but the issues of changing the 

geometry of structure significant sections were not 

considered. The work [4] is devoted to computer 

modeling and strength analysis of engineering 

metal structures. 

It should be noted that in [4], to study the 

strength of handling equipment structural elements, 

the thinning of the walls of structural elements was 

not taken into account. 

The application of the finite element method 

(FEM) to the calculation of metal structures was 

considered in [5], however, only one calculation 

method and software package were involved in the 

research. 

In [6], the calculation of the stress-strain state of 

the load lifting mechanism stand metal structure 

according to the limiting state was carried out using 

the finite element method.  

It is shown that stresses act in all calculated 

areas, which do not lead to the accumulation of 

damage and their metal structures have unlimited 

durability, while alternative methods of the 

calculation were not involved in the research and 

the thinning of the walls of structural elements was 

not taken into account. 

These works are devoted to the calculation of 

handling equipment for strength, but they do not 

consider the method of substructures using various 

numerical methods for diagnostics and analyzing 

the stress-strain state of structural elements. 

In [7], the application of a numerical-analytical 

version of the boundary element method (BEM) to 

the calculation of the gantry crane rod elements is 

presented, but without taking into account the 

change in the thicknesses of the elements, and the 

calculation was performed for a flat design 

diagram, which is a simplification. 

 

3. THE PURPOSE OF THE RESEARCH 

 

The purpose of the research is to combine the 

use of field research, and numerical methods for 

determining the carrier system stress-strain state for 

diagnosing the handling equipment state and to 

provide the numerical study of the most accurate 

mathematical models of strain of both individual, 

most simple elements of cranes, and the entire 

structure as a whole, using the technology of 

modern numerical methods. 

To achieve this goal, it is necessary to solve the 

following tasks: 

1. To build design diagrams of the lower girders of 

the gantry and the entire crane structure in the 

BEM algorithm. 

2. To determine the most dangerous types of 

resistance of the crane elements and form 

mathematical models of boundary value 

problems of the statics of the lower girders and 

the entire structure. 

3. To carry out calculations of the stress-strain state 

of the gantry girders by the BEM in the Matlab 

programming environment. 

4. To simulate the accepted design diagrams in the 

FEM package Ansys and carry out the 

corresponding calculations of the stress-strain 

state of structures. 

5. To compare the results of calculations of crane 

structures by the BEM and FEM, to determine 

the dangerous spots of the crane metal structures 

and to formulate a conclusion about the state of 

the crane structure in terms of thinning of the 

walls. 

 

4. MATERIALS OF THE RESEARCH 

 

The crane PKP-30.5U1 (USSR, Leningrad) is 

under consideration. The metal structure of the 

crane has thin-wall box-type structural elements. 

The state of the metal structure was determined 

by the visual and optical method and with the help 

of special devices for detecting defects and 

reducing the thickness of the metal, based on 

ultrasound (ultrasonic defectoscope, ultrasonic 

thickness gauge).  

The inspection of the metal structure showed 

that, on the whole, the elements of the crane carrier 

system are in a satisfactory state, with the exception 

of the detected decrease in thickness in gantry 

girders. 

The detected changes in thickness cause an 

increase in both stresses and strains. Under such 

conditions, the normal operation of the crane cannot 

be ensured, which means there is a danger to the 

working process. 

Determination of the parameters of the stress-

strain state of the crane carrier system or even 

individual structural elements with certain 

operational defects, damages and changes can be 

done analytically. However, the process of 

mathematical transformations turns out to be so 

complicated that all expediency of this solution is 

lost. 

In these cases, the data of experimental studies 

and numerical calculation methods are used. 

Most computer programs are based on the finite 

element method (FEM). It is known [7] that the use 

of the FEM has a number of disadvantages and can 

lead to distorted results even in the case of simple 

problems. 

The most effective, among the alternative 

methods, is the boundary element method (BEM). 
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In works [7–9], the modification of the BEM is 

proposed and developed, i.e. the numerical and 

analytical version of the boundary element method. 

Based on the considered existing methods for 

determining the stress-strain state of structures [10-

15], the FEM and BEM are used. 

 

4.1. Formation of design diagrams of the gantry 

lower girder in the BEM   

The elements of gantry cranes are noted to have 

dangerous types of resistance, transverse bending 

and constrained torsion, and shear and tension can 

be neglected. As a result, the lower gantry girders, 

supported by stiffening ribs, can be represented by 

the following design diagram (Fig. 1) and external 

distributed load. 

a 

b 

c 
Fig. 1. Design diagram of the gantry lower 

girder: а – sections with thinning; b – 

distributed bending load; c – distributed 

torsional load 

 

Thus, the modeling of the wall thinning process 

is reduced to design diagrams of the girder with 

different sections of stiffness and loaded with 

bending and torsional loads. 

 

4.2. Equation of the girder boundary value 

problem 

Since the section of the lower girder is a closed 

thin-walled rectangular profile with two axes of 

symmetry, the joint differential equation of bending 

and tangential torsion splits into two separate 

equations 

transverse bending 

                    
( )

( )
,

1 i
EI

x
i

q
x

n

i
i

=
−


          (1) 

constrained torsion 

        ( ) ( )
( )

,

1

2

i

iII
ii

IV
i

EI

xm
xk

n

i

x


 =−
−

         (2) 

where n is the number of girder sections with 

different stiffness; ϑi(x) is the transverse girder 

deflection on the i-th section, m; qi(x) is the 

transverse load, kN/m; EIi – the bending section 

stiffness; θi(x) is the angle of the girder twisting on 

the i-th section, rad; 

i

k i
i

EI

GI
k



=2  is the bending-

torsion characteristic,1/m2; mi(x) is the torsional 

load, kNm/m; EIωi is the sectorial stiffness of the 

section, kNm 4. In the BEM algorithm, solutions of 

equations (1), (2) in the form of the method of 

initial parameters will appear in the matrix form 

(the indices i are omitted) [1]: 

under bending: 
   1 2 3 4 

ϑ(x)   1 x –x2/2EI –x3/6EI  

φ(x)   =   –x/EI –x2/2EI 

M(x)    1 x 

Q(x)     1 

(3) 
   

ϑ(0)   B11(x)/EI  

φ(0)   + B21(x)/EI 

M(0)  – B31(x)  

Q(0)  – B41(x) 

 

under constrained torsion: 
  1 2 3  4 

( )x   1 x  
kGI

A13−  
 

kGI

A14−  

( )x   =  1 
kGI

A23−  
 

kGI

A13−  

( )xB     33A   A34 

( )xM     23A   A33 

(4) 
   

( )0   
( )

kGI

xB11  

( )0  + 
( )

kGI

xB21  

( )0B   ( )xB31−  

( )0M   ( )xB41−  

 

where φ(х), φ(0) is the angular section 

deflection at the current and initial points, rad; 

М(х), М(0) are bending moments, kNm; Q(x), Q(0) 

are transverse forces, kN; θ’(x), θ’(0) are 

derivatives of the girder twist angle at the current 

and initial points, rad; Bω(х), Bω(0) are bimoments, 

kNm 2; Mω(х), Mω(0) are bending torques, kNm. 

The elements of the bending load matrix 

according to Fig. 1 have the form: 

( ) ( ) ;6;24 3
21

2
11 qxxBqxxB ==             (5) 

( ) ( ) ,;2 41
2

31 qxxBqxxB ==  

the same when twisting: 

( ) ( )  21 22
11 xkkxchmxB −−= ; 

                         ( ) ( ) ;21 xkkxshmxB −=                    (6) 

( ) ( ) ;1 2
31 kkxсhmxB −=  

( ) ( ) kkxshmxB =41
. 

Fundamental orthonormal functions of equation 
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(4) will be written in the form: 

( ) 113 −= kxchA ; ( )  kkxkxshA −=13
;      (7) 

( )kxkshA =23
; ( )kxchA =33

; ( ) kkxshA =34
.                                                  

According to the design diagram (Fig. 1), the 

girder body has stepped stiffness. Such a case can 

be described analytically exactly in the BEM 

algorithm. 

The formation of the resolving system of 

equations of the girder is performed step by step 

(separately for bending and torsion). 

1. The nodes of the girder are numbered and the 

beginning and end of each section are marked 

with arrows (Fig.1), i.e. the girder is discretized 

into 5 sections. At each site, their lengths and 

stiffnesses are known. 

2. The matrix of the initial parameters of the 

discretized girder X, the matrix of the final 

parameters Y and the matrix of the external load 

B are formed. Solutions (3), (4) contain 4 

equations, since the girder is divided into 5 

sections, then the resolving equations of 

bending and torsion will have 20 final 

equations. Here you can take into account the 

symmetry of the boundary conditions and the 

girder design diagram. In this case, it is 

sufficient to consider only half of the design 

diagram. The number of sections will be 

reduced to 3 and the sizes of the resolving 

matrices will be reduced to 12 equations. Note 

that in the middle of the girder, the skew-

symmetric parameters of bending and torsion 

will be equal to zero. 

The matrices of the bending and load 

parameters will take the form: 
 1 

( ) ( )
32
2

10
0 3

;0 −− =
l

   

 2 
( ) ( )

32
2

10
0 3

;0 −− =
l

   

 3 
( )

10
0
−M   

 4 
( )

10
0
−Q   

 5 
( )

21
0
−   

X= 6 
( )

21
0
−  

; 

 7 
( )

21
0
−M   

 8 
( )

21
0
−Q   

 9 
( )

32
0
−   

 10 
( )

32
0
−   

 11 
( )

32
0
−M   

 12 
( )

32
0
−Q   

(8) 
 1 

( ) ( )
21

0
10

1

−− = 
l

  

 2 
( ) ( )

21
0

10

1

−− = 
l

  

 3 
( ) ( )

21
0

10

1

−− = MM
l

  

 4 
( ) ( )

21
0

10

1

−− = QQ
l

  

 5 
( ) ( )

32
0

21

2

−− =  l   

Y= 6 
( ) ( )

32
0

21

1

−− = l  
; 

 7 
( ) ( )

32
0

21

2

−− = MM l   

 8 
( ) ( )

32
0

21

2

−− = QQ l   

 9 
( )

32
23

−
l

   

 10 
( ) 032

23
=−

l
   

 11 
( )

32
23

−
l

M   

 12 
( ) 032

23
=−

l
Q   

 
 ( ) 1111 EIlB  

 ( ) 1121 EIlB  

 ( )131 lB−  

 ( )141 lB−  

 ( ) 2211 EIlB  

B= ( ) 2221 EIlB  

 ( )231 lB−  

 ( )241 lB−  

 ( ) 3311 2 EIlB  

 ( ) 3321 2 EIlB  

 ( )2331 lB−  

 ( )2341 lB−  

In this matrix structure, the parameters of vector 

Y are completely transferred to the vector of initial 

parameters. The coefficient matrix A will take the 

form: 
  1 2 3 4 

 
1   

1

2
1

2EI

l
−  

1

3
1

6EI

l
−  

 
2   

1

1

2EI

l
−  

1

2
1

2EI

l
−  

 3   1 1l  

 4    1 

 5     

А= 6     

 7     

 8     

 9 -1    

 10     

 11  -1   

 12     

(9) 
  5 6 7 8 

 1 -1    

 2  -1   

 3   -1  

 4    -1 

 
5 1 2l  

2

2
2

2EI

l
−  

2

3
2

6EI

l
−  
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А= 
6  1 

2

2

2EI

l
−  

2

2
2

2EI

l
−  

 7   1 2l  

 8    1 

 9     

 10     

 11     

 12     

 
  9 10 11 12 

 1     

 2     

 3     

 4     

 5 -1    

А= 6  -1   

 7   -1  

 
8    

-

1 

 
9 1 23l  

3

2
3

8EI

l
−  

3

3
3

48EI

l
−  

 10 
  1 

3

3

2EI

l
−  

3

2
3

8EI

l
−  

 11   1 23l  

 12    1 

 

The final resolving equation of the girder 

bending is written as follows: 
  1 2 3 4 

 1 
  

1

2
1

2EI

l
−  

1

3
1

6EI

l
−  

 2 
  

1

1

2EI

l
−  

1

2
1

2EI

l
−  

 3   1 1l  

 4    1 

 5     

А= 6     

 7     

 8     

 9 -1    

 10     

 11  -1   

 12     

 
  5 6 7 8 

 1 -1    

 2  -1   

 3   -1  

 4    -1 

 5 
1 2l  

2

2
2

2EI

l
−  

2

3
2

6EI

l
−  

А= 6 
 1 

2

2

2EI

l
−  

2

2
2

2EI

l
−  

 7   1 2l  

 8    1 

 9     

 10     

 11     

 12     

  9 10 11 12  

 1      

 2      

 3      

 4      

 5 -1     

А= 6  -1   * 

 7   -1   

 8    -1  

 9 
1 23l  

3

2
3

8EI

l
−  

3

3
3

48EI

l
−   

 10 
 1 

3

3

2EI

l
−  

3

2
3

8EI

l
−

  

 11   1 23l   

 12    1  

(10) 
    

 
( )

32
23

−
l

   ( ) 1111 EIlB−  

 
( )

32
23

−
l

M   ( ) 1121 EIlB−  

 
( )

10
0
−M   ( )131 lB  

 
( )

10
0
−Q   ( )141 lB  

 ( )
21

0
−   ( ) 2211 EIlB−  

* ( )
21

0
−  = ( ) 2221 EIlB−   

 ( )
21

0
−M   ( )231 lB  

 
( )

21
0
−Q   ( )241 lB  

 
( )

32
0
−   ( ) 3311 2 EIlB−  

 
( )

32
0
−   ( ) 3321 2 EIlB−  

 
( )

32
0
−M   ( )2331 lB  

 ( )
32

0
−Q   ( )2341 lB  

 

Using the Gaussian elimination method in the 

MATLAB environment, all the initial parameters of 

the girder sections can be determined. The 

calculation of the stress-strain state at the interior 

points of all sections is performed by calculation 

according to equation (3). The resolving torsion 

equation is formed in a similar way. It will take the 

form: 
  1 2 3 4 

 
1   

1

13

kGI

A
−  

1

14

kGI

A
−  

 
2   

1

23

kGI

A
−  

1

13

kGI

A
−

 

 3   33A  34A  

 4   23A  33A  

 5     

А=  6     

 
7     

 8     

 9 -1    

 10     

 11  -1   

 12     
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  5 6 7 8 

 
1 

-

1 
   

 
2  

-

1 
  

 3   -1  

 4    -1 

 
5 1 

 2

13

kGI

A
−  

2

14

kGI

A
−  

А=  
6  1 

2

23

kGI

A
−  

2

13

kGI

A
−  

 
7   33A  34A  

 8   23A  33A  

 9     

 10     

 11     

 12     

(11) 
  9 10 11 12  

 1      

 2      

 3      

 4      

 5 -1     

А=  6  -1   


 

 
7   -1  

 

 8    -1  

 
9 1 23l  

3

13

kGI

A
−  

3

14

kGI

A
−   

 10 

 1 
3

23

kGI

A
−  

3

13

kGI

A
−

 

 

 11   33A  34A   

 12   23A  33A   

 
    

 ( )23
32 l−   ( ) 11

10
11 kGIlB −−  

 ( )23
32 lB −


  ( ) 11

10
21 kGIlB −−  

 ( )010−
B   ( )1

10
31 lB −  

 ( )010−
M   ( )1

10
41 lB −  

 
( )021−   

( ) 22
21

11 kGIlB −−

 


 ( )021−  
= ( ) 22

21
21 kGIlB −−

 

 
( )021−

B   ( )2
21

31 lB −  

 ( )021−
M   ( )2

21
41 lB −  

 ( )032−   ( ) 33
32

11 2 kGIlB −−  

 
( )032−   

( ) 33
32

21 2 kGIlB −−

 

 ( )032−
B   ( )23

32
31 lB −  

 ( )032−
M   ( )23

32
41 lB −  

 

Calculations of the girder stress-strain state in 

bending and torsion according to the BEM 

algorithm are summarized in Table 1. 

Table 1. Results of calculating the lower girder 

without thinning of the section walls by the FEM 

Research area 
Stress 

MPa 

Moving  

mm 

Section 

without 

damage 

Upper trans-

verse wall 
67,3461 0,0764 

Bottom trans-

verse wall 
81,922 0,0923 

Vertical wall 58,675 0,0564 

 

4.3. The resolving equation of the crane by the BEM 

As stated above, the design diagram of the crane 

is a spatial thin-walled rod system. As a result, each 

structural element experiences a combined action of 

bending and torsion. In this case, the kinematic and 

power parameters of these resistances interact with 

each other in all nodal sections of structures. For 

this reason, it is impossible to separately consider 

the bending and torsional states of the crane. In this 

regard, for each element of the frame system, it is 

necessary to combine equations (3), (4) into one. In 

this case, in addition, it is necessary to take into 

account the normal forces. The combined equation 

takes the form: 

 1 2 3 4 

1  x -x2/2EI -x3/6EI 

2  1 -x/EI  -x2/2EI 

3   1 x  

4    1 

5     

6     

7     

8     

9     

 

 5 6 7 8 

1     

2     

3     

4     

5 1    

6  1 x 
kGI

A13−  

7   1 
kGI

A23−  

8    A33 

9    A23 

(12) 

 9     

1   ( )0   
( )

EI

xB11−  

2   ( )0   
( )

EI

xB21−  

3   ( )0M   ( )xB31  

4   ( )0Q   ( )xB41  

5   ( )0N    

6 
kGI

A14−  
* 

( )0  
= ( )

kGI

xB11−  

7 
kGI

A13−   ( )0   
( )

kGI

xB21−  
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8 34A   ( )0B   ( )xB31  

9 33A   ( )0M   ( )xB41  

The general resolving equation for the entire 

crane by the BEM is formed identically to the 

above algorithm for the girder. The size of the 

matrix equation depends on the number of rods in 

the structure. If there are from 10 to 20 units of 

these elements, then the matrices will contain 90-

180 equations respectively. It is very difficult to 

visually depict such a number of equations. 

Therefore, the resolving equation for the entire 

crane is generated automatically bywthe program in 

the MATLAB environment. All the initial 

parameters of the crane elements are determined by 

the Gauss method, and the stress-strain state inside 

the rods is calculated according to equation (12). 

The calculation results are presented in Table 2. 

 
Table 2. Results of calculating the lower girder with 

thinning of the section walls by the FEM 

Research area Stress 

MPa 

Moving  

mm 

Section 

with wall 

thinning 

Upper wall 80,81532 0,0843 

Lower wall 98,3064 0,1047 

Side wall 69,438 0,0672 

 

5. COMPARISON OF CALCULATION 

RESULTS BY THE FEM AND BEM  

 

Tables 1–3 show the results of calculations of 

the stress-strain state of the considered section of 

the gantry lower girder. Figures 2, 3 show a 

numerical model of the loader and the lower girder 

with the damaged section. The case of thinning of 

the walls of the middle section of the loader lower 

girder is considered. In the design diagram, the load 

is symmetrical. In real operating conditions, all 

loading components of the loader are variable under 

the influence of various factors. 

As mentioned above, the most typical types of 

loads, i.e. bending in the vertical plane and torsion, 

are considered for the researched design diagram. 
 

Table 3. Comparative calculation analysis by the 

BEM and FEM 

Research area Stress 

BEM FEM 

Section 

without 

damage 

Upper 

wall 

64,5 67,3461 

Lower 

wall 

77,83 81,922 

Side 

wall 

55,74 58,675 

Section 

with 

wall 

thinning 

Upper 

wall 

76,77 80,81532 

Lower 

wall 

93,39 98,3064 

Side 

wall 

65,97 69,438 

 

 
Fig. 2. Numerical model of a container loader 

 

 

 
Fig. 3. Numerical model of the lower girder 

with thinned walls 

 

The values of stresses and strains are presented 

in tables 1-3. Comparison of the results of 

calculations by the FEM and BEM is presented in 

Table 3. As a result of the research, an algorithm 

for solving problems with a change in the stiffness 

characteristics of the structural elements of 

handling equipment was obtained. 

 

6. DISCUSSION OF THE STUDY OF THE 

CONSEQUENCES OF THINNING OF THE 

WALLS OF METAL STRUCTURES 

 

The results obtained are explained by the correct 

formulation of assumptions in the modeling and 

development of design diagrams for metal 

structures of loaders. 

The peculiarities of the proposed approach 

consist in the use of two different methods for 

calculating the stress-strain state (by the FEM and 

BEM), which made it possible to prove the 

reliability of the calculation results, in contrast to 

the existing results obtained by other methods of 

diagnostics of the stress-strain state. 

The applied methods, according to the 

characteristics of the Ansys package and the Matlab 

environment, do not have any restrictions on the 

study of the stress-strain state of structures. 

The article discusses the process of thinning the 
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walls of rod structural elements, which segmentally 

captures a part of the bearing girder and is the most 

dangerous case during the operation of loaders. 

Taking into account the local thinning of walls 

of girders is possible only under the conditions of 

the object two-dimensionality, and here it is 

necessary to apply the finite element method in 

various packages for its implementation. It should 

be noted that the models for the thinning of the 

girder walls in the finite element method are 

approximate, in contrast to the boundary element 

method, where the solutions are exact within the 

framework of the hypotheses that were adopted 

when deriving the corresponding differential 

equations. 

In this regard, taking into account the local 

thinning of walls of girders should be carried out by 

the finite element method or in a two-dimensional 

formulation by the boundary element method, and 

in the case of diagnosing the global thinning of 

walls of load-bearing structural elements, it is much 

easier and more accurate to carry out the study by 

the boundary element method, which is done in the 

paper. 

The applied method of boundary elements has a 

disadvantage in the form of insufficient realization 

of the geometry of structures, which differs from 

the classical design diagrams of rods of plates and 

shells. 

The development of this research may consist in 

overcoming the difficulties of taking into account 

the structure geometry different from classical 

design diagrams. 

 

7. CONCLUSIONS  

 

1. The design diagrams of the gantry lower girders 

have been constructed (Fig. 1–3). For these 

design diagrams, the matrix equations have been 

compiled by the BEM. The results of the 

calculations performed are presented in Tables 

1-3. 

2. The analysis of the acting loads on metal 

structures showed that the most dangerous types 

of resistance are transverse bending and 

constrained torsion; shear and tension can be 

neglected. For these types of resistances, the 

mathematical models of boundary problems of 

the lower girders and the entire structure are 

formed. 

3. Having formed the mathematical models of the 

gantry girders and the entire structure as a 

whole, using the Matlab programming 

environment, the results of the study of the 

stress-strain state by the BEM algorithm were 

obtained in Table 3. 

4. Using the FEM package Ansys in the graphic 

editor, the finite element model of the lower 

girders and the entire metal structure as a whole 

was created, taking into account the thinning of 

individual sections. This model was calculated 

using a bar finite element (Beam 189). The 

calculation results are summarized in Tables 1-

3. 

5. The final point of the work is a comparison of the 

results of calculations by the BEM and FEM. 

The dangerous sections of girders and elements 

of metal structures of cranes have been 

determined, taking into account their thinning. 

The conclusions on the neutralization of the 

hazardous state of crane structures are 

presented. 
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ДОЛЖНОСТНАЯ ИНСТРУКЦИЯ ПРОЕКТНОГО МЕНЕДЖЕРА 
КАК ОДИН ИЗ КЛЮЧЕВЫХ ФАКТОРОВ  УСПЕХА ПРОЕКТНОГО УПРАВЛЕНИЯ 

 

Аннотация: В статье рассмотрены практические аспекты профилирования знаний в области управления 
проектами с учетом владения компетенциями и наличием опыта для различных категорий специалистов, занятых в 
управлении проектами. Показано, что успешность проектной деятельности организаций существенным образом зависит 
от профессиональной подготовки персонала и правильного формирования долж ностных инструкций участников 
проектной деятельности. Предлож ена общая концепция формирования долж ностных инструкций. Разработана 
марковская модель изменения состояний Менедж ера проекта, которая описывает систему с помощью однородных 
марковских цепей с дискретными состояниями и временем. Даны рекомендации по использованию предлож енного 
инструментария для комплектования команды проекта. 

Ключевые слова: управление проектами; команда проекта; компетенции; матрица ответственности; марковская 
цепь; модель работ менедж ера  
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