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Abstract: The paper presents the optimization of the main girder of the double-girder
bridge crane. The main girder is made as welded I-section. Standard rectangular rail for
electric trolley running is welded over the top flange. The strength in characteristic points of
the main girder section, girder deflection and its dynamic stiffness were analysed. Also, the
influence of local bending stresses due to the trolley wheel - rail contact pressure as well as
the girder lateral stability due to the ratio between the length and cross-section dimensions of
the girder were considered. Thus, the analysis has taken into account the most significant
influences for this type of structure. The optimization procedure was conducted by different
numerical methods. The results are compared to manufactured cranes with standard rolled I-
sections as main girders.

1. INTRODUCTION

Double-girder bridge cranes are very much present in industrial plants and factories,
and all of which are used for grabbing, lifting and transportation of large loads. The mass of
the girders has the largest share in the total mass of the structure of the double-girder bridge
crane, and that is the reason why it is very important to reduce it, in order to obtain a lighter
construction, which also reduces the market price of the whole carrying structure.

The main girders are the most responsible parts of the bridge crane, and therefore the
level of reduction of the mass must be strictly observed in order not to jeopardize the reliable
operation of the bridge crane.

There are a large number of publications which are dealing with the problem of
analysis of stresses and deformations of the main girders of the bridge cranes, as well as their
optimization problem.

In the paper [1], numerical simulations of the mechanical phenomena in I-profile of
the single-beam gantry crane, using by FEM analysis, was performed, for different force
positions and restraint types. Stress analysis is performed in the paper [2], too.

Lateral buckling analysis are presented in [3] and [4], for crane trolley monorails.
Similar analysis was carried out in [5], for the main girder of the single-beam bridge-crane.
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The problem of local bending, which occurs due to the pressure of the trolley wheels on the
bottom flange of the girder, was analysed in the papers [6] and [7].

The study of the bridge cranes from the viewpoint of potential defects in crane
structure and possibility to determine the cycle of the crane loading were presented in the
paper [8]. Material fatigue is very important for this type of structures, so from this viewpoint,
the analysis of the failure of the bridge crane was done in [9].

In addition to analysis and optimization using by FEM, most numerical methods for
optimization are present, and all of them was successfully implemented, as shown in [10] and
[11], in multi-criteria optimization problems for the double-girder bridge cranes.

Taking into account the above mentioned researches and results, the aim of this paper
is to define optimum values of geometric parameters of the cross-sectional area of the welded
I-girder of the double-girder bridge crane that will lead to the reduction of its mass in
comparison to standard rolled I-profile.

2. MATHEMATICAL FORMULATION OF THE OPTIMIZATION PROBLEM
The optimization problem is defined in following way:
Minimize the objective function: f (X)),

subject to the constraint functions: g; (X)<0, i=1..,m,
and X; >0, |;<X;<u;, j=1..,n,
where:
X =[b b, ht t, t,] - the design vector made of 6 design variables
l;, u; - lower, i.e. upper boundary

i - number of constraint functions
J - number of design variables

Design variables are the values that should be defined during the optimization
procedure. Each design variable is defined by its upper and lower boundaries.

3. THE OBJECTIVE FUNCTION
The objective function is represented by the area of the cross-section of I-girder

(Fig.1).
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Fig.1 — I-section with rail



The area of the cross-section, i.e. the objective function, is:

A=Db -t +b,-t,+h-t, (1)
. The vector of the given parameters is:

x=(Q, L,m, R, Ki,..) )
where:

Q - the carrying capacity of the crane

L - the span of the crane

m, - the mass of the trolley

R, - the minimum yield stress of the girder material

K, - the coefficient which depends on the purpose of the crane and control condition

of the crane, [12].
The geometrical properties in the specific points of I-girder (Fig.1) shall be determined
by well-known expressions (I, ly, Wx1, Wy1, Wya b, Wx2, Sxa, Wxz, Wy3).

4. THE CONSTRAINT FUNCTIONS
4.1 The criterion of maximum stresses
Total stress in point 1:

O, =0 +0 =M, IW, +M /Wyl <o, 3)
o, =R /v, (4)
where:

M,, M, -the bending moments in the vertical and horizontal planes, respectively

o, - the permissible stress

v, =15 - the factored load coefficient for load case 1

Total stress in point 2:
O, =\/GZV22+O'§—0'ZV2~GV+3-1'22 <oy, (5)
G =M, W, (6)
o, = Fll(t3 . Zl) @)
5, =F S, /(1 t)<7,=0, /3 (8)
where:

F, - the acting force upon I-girder beneath the trolley wheel

F; - the transversal force

z, - the length of impact zone of longitudinal weld connections, [12]

Total stress in point 3:
O3y =03+ 0,4 =M, W, + M /W ; <0, 9

4.2 The criterion of lateral stability of the girder
Safety check for lateral stability of I-girder is done in compliance with [13], where the
I-girder was analysed without rail. So, it has to be fulfilled:

Opnip SO0y =y Xy ‘R, /v (10)
Opip = My IW,y,, (11)
where:

a,, xw - the coefficients, according to [13]



4.3 The criterion of maximum stress in welded connections
In order to satisfy this criterion, it is necessary that maximum stress in welded
connections has the value smaller than limit design weld stress:

Oymax <0 q =0,75-0, (12)
Gs,max = \& n2 +Vp2 (13)
V, = (14)
2-a,-7
F -S
V — T ,max X2 15
1,24 (15)
where:

a, - the weld thickness

Fr max - the maximum transversal force
o, 4 - the permissible stress for welded connection (limit design weld stress)

V., V, - stresses in welded connection in normal and longitudinal direction,

respectively

4.4 The criterion of permissible static deflection
In order to satisfy this criterion, it is necessary that the static deflection in the vertical
plane fmax have the value smaller than the permissible value:

fo=Fy |_3-[1+a-(1—6-,82)]/(48- B)+5-q-L*/(384-B)< f,,, =K,-L  (16)

dop =

where:
F, . - static force upon girder beneath the trolley wheel

q - specific weight per unit of length of the girder

B=E-I, -the flexural rigidity of the girder

E = 21000 kNcm? - the elastic modulus of material

a, [ - the coefficients, according to [12]

fyp - the permissible deflection in vertical plane

4.5 The criterion of permissible period of oscillation
To determine the time of damping of oscillation T, it is necessary to analyse the
vertical oscillation of the main girder with the payload:

T=7/(2-75)-3-m-CIB<T, (17)

ml=(Q+mI)/2+35-mg/72 (18)
m, =1,05-p-L-A (19)
where:

o =7850 kg /m® - material density of the girder

m, - the mass of the I-girder (increased 5 % for welded connections)

74 - the logarithmic decrement which shows the rate of damping of oscillation, [12]

T, - the permissible time of damping of oscillation, which depends on the purpose of
the bridge crane, [12]



5.NUMERICAL REPRESENTATION OF THE OBTAINED RESULTS

The optimization procedure was done using by generalized reduced gradient algorithm
(GRG2) and Evolutionary algorithm (EA), with Solver Tool in Analysis module, in Ms
EXCEL software package. Variable parameters for optimization are width of bottom flange,
width of top flange, web height and plate thicknesses. Minimum thickness of the web plate
was adopted to be 5 mm and minimum thickness of the bottom and top flange was adopted to
be 6 mm, which are also the constraint functions (additional constraints). Another additional
criterion was taken that the maximum values of the width of the bottom and top flange is less
than 300 mm, which corresponds to the maximum values of flanges for standard I-profiles.
Minimum value of width of flanges was adopted to be 100 mm. For the weld thickness, as
input parameter of optimization process, the thickness of 4 mm was taken. Input parameters
for optimization procedure was taken according to basic characteristics for existing solutions
of the double-girder bridge cranes (Table 1) and according to [12].

Table 1
. mt CI H 1 Ap
Location Q@ | L(m) (kg) | class Profile Material (cm?)
1 MPEKE?;"&”‘ 10 | 14,005 | 690 | Il | HEA550 | S235 | 212
5 | Drina Plastika 32 | 15200 | 250 I HEA-360 $235 143
— Nova Pazova

Table 2 and Table 3 show the results of the optimization (optimal geometrical values
and savings) for two solutions of the double-girder bridge cranes made of standard I-profiles,
for non-symmetric (Table 2) and symmetric I-section (Table 3), respectively.

Table 2
b t h t b t Agpe | Saving
Q) | Lm) | Method | oo | vy | mm) | (mm) | (mm) | mm) | ) | o

. | 10 | 12005 _GRGZ [1000] 6 | 8169 | 5 [3000| 18 |10084] 5243
: EA | 1000 | 6 | 8619 | 5 |2933]| 18 | 101,90 | 51,94
GRG2 | 1000 | 6 | 4809 | 5 |3000] 13 | 69,05 | 5L,72
2| 32 |20 e 0001 6 | 4408 | 5 | 297,9| 14 | 69,75 | 51,23
Table 3
b1:b2 L=t h ;3 Aopt SaVing
QM | L(m | Method | oy | (mm) | (mm) | (mm) | M) | %

GRG2 205,2 30 504,3 5 148,33 | 30,03
EA 248.8 25 508,0 149,82 | 29,33

1 10 | 14,005

2 3,2 | 15,200

5
GRG2 299,9 14 315,8 5 99,77 | 30,23
EA 169,9 24 303,5 5 96,72 | 32,36

where:
A, — value of the cross-sectional area of standard I-profile
Aopt — optimal value of the cross-sectional area of welded I-girder

6. CONCLUSIONS

This research presents optimization procedure for geometrical parameters of I-section
of the mean girder of the double-girder bridge crane, using by GRG2 and EA method. The
criteria of maximum stresses in the characteristic points of I-section, lateral stability of the
girder, maximum stress in welded connections, permissible static deflection of the girder,
permissible period of oscillation of the girder, minimum plate thicknesses and other geometric
limits were applied as the constraint functions. The objective function is minimum cross-
sectional area, whereby given constraint conditions are satisfied.
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Both optimization procedures (GRG2 and EA) gave similar values for the optimal
cross-sectional areas of I-profile. The application of these methods resulted in significant
savings in the material, within the range from 51,23% to 52,43% for non-symmetric I-section,
and from 29,33% to 32,36 % for symmetric I-section. Based on results from Table 2, it can be
seen that, for all cases, optimum value sets were obtained for minimum values of the width of
bottom flange. Based on results from Table 2 and Table 3, optimal cross-sectional areas
(Table 3) are significantly larger for the case when the bottom and top flanges are equal
(symmetric I-section) in comparison to non-symmetric I-section (Table 2).

Taking into account the possibilities offered by presented procedure, the imposing
conclusion is that further research should include additional constraint functions, such as:
types of material, material fatigue, conditions of crane control and operation, the cost of
materials, as well as the production of the welded girder.
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Knrouosu oymu: |-cexyusi, onmumanen ousaiin, 08y2pedoé MOCMOBU KPAH, 3a6apeH
mpeeep

Pestome. B cmamusma e npedcmaseHa onmumMu3ayusima HA OCHOBHAMA 2pedd Ha
Mocmosus Kpan ¢ 08otiHu 2peou. OcHosHama epeda e HanpaseHa kamo 3aeapena l|-cexyus.
Cmanoapmuama npagovevbina peica 3a 3a08UiCéane Ha eleKmpuiecky KOIUuuKu ce 3a6apsed
HAO copHust praney. Ananuzupana e AKOCMma 6 XapaKmepHu MmoyKu Ha OCHOBHAMA YACM Ha
epedama, oeghopmayusma Ha epedama u HetiHama OuHamuuHna xopaeuna. Cvuwjo maxa ce
uzcned8a GIUAHUEMO HA JIOKAIHOMO HANpexceHue HA 02beaue, OblIiCAWO ce Ha
KOHMAKMHOMO HAlsl2ane HA KOJeI0mo U peicama, Kakmo u CMmpaHudHama cmabuiHocm Ha
epedama, OvIHCAWA Ce HA CHbOMHOWEHUEMO MedxNcoy ObINCUHAma U pasmepume HaA
HanpeyHomo cevenue Ha cpeoama. Ilo mo3u Hauun 6 auaiu3a ca npeosuoeHu Hali-
cvujecmeenume 6aUsHUS 3a mo3u mun cmpykmypa. Ilpoyedypama 3a onmumusayus e
npoeedena upe3 NPUNONCEHUEMO HA pPA3IUYHU YUCT08U Memoou. Pezyimamume ce
CPABHABAM C NPOU3BEOCHU KPAHOBe CbC cmaHoapmuu eanyyéanu |-cexyuu xamo ocnoenu
epeou.
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