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Abstract— In this research, multicriteria analysis and 
optimization of the steel girder of the crane runway were 
performed. Application of the welded I girder with vertical 
stiffeners was observed, in comparison with the standard 
rolled I profile which is most often using for these types of 
steel structures. The goal was primarily to show savings in 
the material in applying this design approach. For this 
reason, the minimization of the mass of the welded girder is 
set as the objective function. The strength criterion for 
characteristic points of the girder, local and global stability, 
the strength criterion for welded joints, as well as the stiffness 
of the girder, are set as optimization criteria. The 
optimization procedure was carried out using the Cyclical 
Parthenogenesis Algorithm (CPA), on the example of one 
segment of the crane runway track, for one single-beam 
bridge crane that is in exploitation. In this way, significant 
savings in the material were achieved, which justifies the 
presented method of analysis in the design of these types of 
structures.

Keywords— Buckling, Crane runway, Optimization, Cyclical 
parthenogenesis algorithm, Welded beam

I. INTRODUCTION

The crane runway beam is a very responsible type of 
structure and various influences must consider in its design. 
As the structure of the bridge crane with all its equipment 
moves along it, due to the failure of this structure, the 
consequences can be incalculable. For these reasons, it is 
necessary to particularly pay attention to the selection of 
the appropriate type of crane runway beam. 

When designing these types of structures, to obtain the 
optimal cross-section of the girder, the welded I-profile is 
using, as an alternative for the standard types of these 
profiles. 

For the above reasons and importance, analysis, and 
optimization of these types of structures is the subject of 
numerous studies. In the paper [1], the type of crane 
runway beam was analyzed, which web of the I-girder has 
a sinusoidal shape. The application of FEM in ABAQUS 
software shows the advantage of these girders in 
comparison to standard types of I-profiles. The analysis of 
the crane runway beam failure, which occurred due to 
fatigue, was performed in the paper [2]. The older 
procedure of the standard applied for the design of girders 
is not appropriate for fatigue, whereby the application of 
Eurocodes was proposed, which better takes into account 
the load spectrum. 

The use of Eurocodes in the analysis of these types of 
structures is increasing ([2]-[5 ). The application of 
Eurocodes for different types of structures, as well as in 
crane runway beam structures, was presented in [3]. The 
analysis of the application of Eurocodes in comparison to 
national standards for I-girders was presented in papers [4] 
and [5]. In the paper [6], multicriteria optimization of the 
welded I-girder of the double-beam bridge crane was 
performed using GRG2 code and EA code in EXCEL 
software, taking into account the global stability of the 
girder. Global stability is of great importance in the 
analysis of girders with I cross-section ([6]-[10 ).

In [7], a multicriteria optimization of the welded I-
girder of the single-beam bridge crane was performed, 
showing the achieved savings in material, in comparison 
to standard profiles, as well as the justification of this 
procedure. In researches [8] and [9], the types of girders 
composed of I and U profiles according to the AISC 
standard were analyzed, and in [9] experimental tests were 
performed. In the paper [10], the analysis of the I-profile 
for the monorail was observed, where the influence of the 
position of the supports on the global stability of the girder 
was observed. 

Based on the importance of these types of structures, 
the shown research results, as well as the philosophy of 
optimal design, this research aims to develop a model for 
optimizing geometric parameters of the welded I-girder of 
the crane runway beam, to obtain the smallest possible 
mass of this type of girder. One metaheuristic method was 
used for the optimization process, and material savings 
will be shown, in comparison to existing solutions 
designed from standard I-profiles. 

II. THE OPTIMIZATION PROBLEM

In this research, the optimization of the crane runway 
beam is observed, whereby the welded I-profile with 
vertical stiffeners placed at distance a=2·h was analyzed 
(Fig. 1). The girder is subject to pressure forces from the 
wheels of the end carriage of the bridge crane. 

The cross-section of the girder shows all required 
geometric parameters (Fig. 2).

This research aims to minimize the mass of the welded
girder of the crane runway beam, where all the necessary 
conditions must be satisfied. 
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Design variables are the values that should be defined 
during the optimization procedure. Each design variable is 
defined by its upper and lower boundaries.

This research treats five geometric variables:

1 2 3 4 5 sx x x x x b h d s a (1)

where:
b - the flange width (Fig. 2)
h - the web height (Fig. 2)
d - the flange thickness (Fig. 2)
s - the web thickness (Fig. 2) 

sa - the weld thickness (Fig. 2)
The objective function and constraints are presented in 

the next chapters. 
The input parameters for optimization process are:

, , , , , , , , , , ,W t m e f s sF L L R E K t b h (2)

where:
WF - the vertical load of the end carriage wheel (Fig. 1)

L - the span of the crane runway beam (Fig. 1)
tL - end carriage wheelbase (Fig. 1)

1,25 - the dynamic coefficient
37850 /m kg m - the density of material of the girder

eR - the minimum yield stress of the girder material
221000 /E kN cm - the elastic modulus of the girder

material
0,3 - Poisson’s ratio of the plate

1/ 750fK - the coefficient who depends on the purpose 
of the working conditions of the crane

5t mm - the stiffener thickness (adopted value in this 
research)

sb - the rail width

sh - the rail height
In this research optimization was performed using the 

Cyclical Parthenogenesis Algorithm (CPA) in MATLAB 
software. This population-based metaheuristic algorithm is 
inspired by reproduction and social behavior of aphids, 
which can reproduce with and without mating, [11]. A 
detailed description of this method as well as the 
MATLAB code are shown in [11] and [12].

III. THE OBJECTIVE FUNCTION

The mass of the crane runway beam consists of both 
the plates of the I-profile and the plates of vertical 
stiffeners (Fig.1 and Fig. 2). The mass is increased by 5% 
due to welded joints, (3).

The objective function is defined as follows:

1,05 2m p v vM A L n A t (3)

2pA b d h s (4)

v vA h b (5)

2v
b sb (6)

where:
pA - the cross-sectional area of the welded I-profile (Fig. 

2)
vb - the stiffener width (Fig. 2)

vA - the area of vertical stiffener (Fig. 2) 

vn - the number of vertical stiffeners (Fig. 1)

FC FD

L

Lt

a

A

A

Fig. 1 Disposition of the crane runway beam with the bridge crane

All static parameters necessary for calculations (next 
chapter) in this optimization problem are (Fig. 1): C D WF F F (7)
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C DR F F (8)

Mq g
L

(9)

2 2
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(10)

2 2 2
t

T
LR q LF L

L
(11)

where:
,C DF F - forces acting upon girder beneath the end 

carriage wheels
R - resulting force in the vertical plane
q - specific weight per unit of length of the welded girder

TF - maximum shear force

VM - maximum bending moment  
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Fig. 2 Cross-section of the crane runway beam (A-A) 

The geometric properties in the specific points of I-
profile are (Fig. 2):

2H h d (12)

s s sA b h (13)

( 2 )
2

s s
c

p s

A h d h
y

A A
(14)

3 3 3
1

2
2

1 2
12

21
2 2

x s s

s
s

I s h b d b h

h d h
b d h d A

(15)

2
1x x c p sI I y A A (16)

23 31 12
12 2xbI s h b d b d h d (17)

3 31 2
12ybI s h b d (18)

1 2 c
hy d y (19)

2b
hy d (20)

2 2 c
hy y (21)

3 2 c
hy d y (22)

1
1

x
x

I
W

y
(23)

xb
xb

b

I
W

y
(24)

2
2

x
x

I
W

y
(25)

3
3

x
x

I
W

y
(26)

2
2

2 2
s

x c s
h d hh dS b d y A (27)

2 2x b
h dS b d (28)

IV. CONSTRAINT FUNCTIONS

A. The criterion of stresses
The stress check is conducted at the specific points of 

the I-profile of the welded girder (Fig. 2). The value of 
stress must be less than the value of permissible stress d. 

The total stress at point 1 is: 

1
1

V
d

x

M
W

(29)

1

e
d

R
(30)

where:
1 1,5 - the factored load coefficient for load case 1, 13

The components of normal stresses 2 and y at point 2
are: 

2
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_________________________________________________________________________________________________ 
153



23

23

12 2

12 2
s s s

s

b d dI b d y

b h h
A d y

(34)

3
1 3,25

I
z

s
(35)

The tangential stress at point 2 is:

2
2 3

T x d
d

x

F S
I s

(36)

Finally, the total stress at point 2 is:

2 2 2
2, 2 2 23u y y d (37)

The total stress at point 3 is:

3
3

V
d

x

M
W

(38)

B. The criterion of local stability of the flange plate of I-
profile
For this criterion, the condition from equation (39) 

must be fulfilled, according to 14 : 

1 1 ,p p d p e pR c (39)

1, 1, 0,43p p
a k
h

(40)

22

2
2

12 (1 )E
E d

b
(41)

e
p

E

R
k

(42)

2

0,6 1
0,13

p

p

(43)

where:
1pc - non-dimensional coefficient, according to [14]

C. The criterion of local stability of the web plate of I-
profile
This criterion is satisfied if the condition from equation

(44) is fulfilled, according to 13 : 
2 2

0.81srI M

kr Mkr kr
(44)

1 2I (45)
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where:
2 11 12, ,K K K - non-dimensional coefficients, according to

[13]

D. The criterion of global stability of the girder
The global stability (buckling) of the girder is checking 

in compliance with [15]. The following condition must be 
fulfilled:

3
e

h E
s R

(53)

This criterion is satisfied if the condition from equation
(54) applies: 

1 ,min ,V
b b d e

xb

M
R

W
(54)

3 31 2
3DI d b s h (55)

2

1 0,156 D

yb

ILK
H I

(56)

2

2

K

K
(57)

3 3

1 12 72p
b d s hI (58)

1 6p
h sA b d (59)

1

1

p
p

p

I
i

A
(60)

y
p

L
i

(61)

2

2wd
y

E (62)

vd D yb
xb

G E I I
L W

(63)

_________________________________________________________________________________________________ 
154



2 1
EG (64)
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where:
1,35, 0,55 - coefficients, according to [15]
1,5n - non-dimensional coefficient, according to [15]

E. The criterion of stresses in the welded connection
The value of stress s in the welded connection (Fig. 2) 

must be less than the value of permissible stress s,d. 

, 0,75s s d d (70)

2 2
s n pV V (71)

12
C

n
s

F
V

a z
(72)

2

2
T x

p
x s

F S
V

I a
(73)

0,7 min( , )sa s d (74)

where:
,n pV V - stresses in the welded connection

F. The criterion of deflection of the girder
To satisfy this criterion, the total deflection fu in the 

vertical plane must have the value smaller or equal to the 
permissible value fd:

u F q d ff f f f K L (75)

23
1 1 6

48
C tD

F
x C

F L LFf
E I F L

(76)

45
384q

x

q Lf
E I

(77)

V. THE OBTAINED RESULTS OF OPTIMIZATION

The optimization process was done in MATLAB
software using CPA code [12], without any modifications. 

Algorithm parameters taken in all examples for this 
optimization process are: 60aN - population size
(number of aphids), 4cN - number of colonies, 

0, 4rF - parameter to determine the ratio of aphids of 
each colony to be considered as female, 1 21, 2 - 
search step size parameters, max 3000N  - maximum 
number of objective function evaluations.

Bound values of variables for all example are: 
1100 300x , 2300 800x , 36 40x , 

45 20x , 53 7x

TABLE I THE VALUES OF INPUT PARAMETERS

FW (kN) L (m) Lt (m) Mp (kg)
1 32,5 12 2 1871
2 28,5 5 2,5 290
3 54 7 2,5 1085

Input parameters are taken from project 
documentations of three existing solutions of crane 
runway beams (Table I). In all examples, dimensions for 
the rail are bs x hs = 30 x 50 mm; the material of crane 
runway beams is S235. For this material, mechanical 
properties are: Re = 23,5 kN/cm2, d = 15,67 kN/cm2, and 

s,d = 11,75 kN/cm2. 
For the problem of the crane runway beam analysis 

defined in this way, coefficients for the criterion of local 
stability of the web plate are: K2 = 17,79, K11 = 17,57, and 
K12 = 4,81, [13]. 

Table II shows the results of the optimization (optimal 
values of the geometric parameters and convergence 
characteristics) for all examples of the girders of the crane 
runway beams. Table III shows the rounded values of 
optimal geometrical parameters, optimal mass, and 
savings in material. Table IV shows the values of all 
constraint functions, for the rounded optimal values. 

where:
pM - the value of the mass of I-girder (Table I) 

oM - the value of the optimal mass of the welded I-girder 
(Table III) 

TABLE II THE VALUES OF OPTIMAL GEOMETRIC PARAMETERS AND CONVERGENCE CHARACTERISTICS OF THE CPA METHOD

b (mm) h (mm) d (mm) s (mm) as (mm) nv Best (kg) Worst (kg) Mean (kg) Std time (s)
1 142,89 459,55 40,0 5,12 3,00 13 1397,5 1898,7 1413,3 59,82 4,38
2 227,45 351,07 6,00 5,00 3,39 8 207,4 283,9 208,0 4,52 4,13
3 299,99 494,95 10,71 5,52 3,58 7 570,3 741,7 573,5 15,35 4,15

TABLE III THE ROUNDED VALUES OF OPTIMAL GEOMETRIC PARAMETERS, OPTIMAL MASS AND SAVINGS IN MATERIAL

b (mm) h (mm) d (mm) s (mm) as (mm) Mo (kg) Saving (%)
1 143 460 40 6 3 1438,3 23,13
2 228 351 6 5 4 210,9 27,28
3 300 495 11 6 4 594,1 45,24
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TABLE IV THE VALUES OF CONSTRAINT FUNCTIONS

1 2 y 2 2,u 3 p p,d b b,d s fu fd

1 6,10 5,10 2,86 1,40 5,05 7,47 9,16 23,50 0,014 11,96 11,96 3,18 1,59 1,60
2 3,83 3,65 5,33 1,47 5,36 6,67 5,74 14,79 0,008 13,30 13,35 3,45 0,13 0,67
3 5,97 5,67 7,55 1,79 7,48 7,96 8,95 22,14 0,027 13,20 13,61 5,82 0,48 0,93

VI. CONCLUSIONS

In this study, the mass of the welded girder of the crane 
runway beam was optimized. The mass of the girder was 
optimized using Cyclical Parthenogenesis Algorithm 
(CPA) in MATLAB software. The results were compared
with the existing solutions of the crane runway beams. The 
results show that the method used is reliable, convenient, 
and rapid (Table II). 

Justification of the application of the proposed 
procedure and method resulted in significant savings in 
material, within the range of 23,13 45,24% (Table III), 
with none of the constraint functions is not exceeded.
(Table IV). The adopted optimization algorithm was used 
for the reason that it has proven to give good results in 
different types of engineering problems, [11].

Table IV shows the criterion of global stability is the 
most critical, which was to be expected, as it is a girder 
with the I-cross section. In the first example, the deflection 
criterion is also critical, since it is a large value of the 
girder span. Also, the criterion of local stability of the web 
plate could be ignored for the observed examples.

The presented procedure is very useful for designers 
and researchers and can be applying for similar 
optimization problems. In further analysis should include 
the FEM, to verify the results of optimization.

The procedure should be further improved, which 
includes in the analysis of other important criteria, such as 
the position of stiffeners (vertical and horizontal), the 
fatigue of materials, types of materials, manufacturability, 
etc. 
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