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Abstract: The paper considers the problem of optimization of the box section of the main girder of the double beam 
bridge crane for the case of placing the rail above the web plate. Reduction of the girder mass is set as the objective 
function. Research on the mutual dependence of geometric parameters of cross section, and their ratio, using the 
method of Lagrange multiplier as characteristic criteria is done. Also, the paper shows an algorithm for selection of the 
optimal criteria and determining the optimal geometric parameters of cross section. The criteria of lateral stability and 
local stability of plates were applied as the contraint functions. The obtained results of optimization of geometrical 
parameters were verified on numerical examples. 
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1. INTRODUCTION 
 
The goal in the process of designing the carrying structure 
of the double beam bridge crane is determination of 
optimum dimensions of rectangular box cross-section of 
the main girder. The main girder is the most responsible 
part of the double beam bridge crane and therefore it is 
necessary, during optimization, to affect the increase in its 
carrying capacity with simultaneous reduction of its mass. 
The mass of the main girder has the largest share in the 
total mass of the bridge crane. 
That is the reason why the selection of the optimum shape 
and geometrical parameters, which influence the 
reduction of mass and costs of manufacturing, is the 
subject of research of many authors regardless of whether 
they deal specifically with cranes or carrying structures in 
general ([1-14]). Most authors set permissible stress or 
two constraint functions: permissible stress and 
permissible deflection as the constraint function. The 
criterion of lateral stability has lately been increasingly 
applied as the constraint function ([7], [11], [12] and 
[13]). Having in mind all the above mentioned results and 
conclusions, the aim of this paper is to define optimum 
values of rectangular box cross-section of the main girder 
that will lead to the reduction of its mass. 
 
2. MATHEMATICAL FORMULATION OF 

THE OPTIMIZATION PROBLEM 
 
The task of optimization is to define geometrical 
parameters of the cross section of the girder as well as 
their mutual relations, which result in its minimum area. 
Minimization of the mass corresponds to minimization of 
the volume, i.e. the area of the cross section of the girder, 
where the given boundary conditions must be satisfied. 
The area of the cross section primarily depends on: height 

and width of the girder, thickness of plates and their 
mutual relations. 
The optimization problem defined in this way can be 
given the following general mathematical formulation: 
minimize ( )f X  subject to ( ) 0g ≤X , where: 

( )f X  the objective function , 

( ) 0g ≤X  the constraint function, 

{ }1,..., T
Dx x=X  represents the design vector made of D 

design variables. Design variables are the values that 
should be defined during the optimization procedure. 
In this paper optimization for the criterion of lateral 
stability (3.1) and the criterion of local stability of plates 
was performed (3.2): 

1 1 1 0r kg σ σ= − ≤ , (1.1) 

2 2 2 0r kg σ σ= − ≤ , (1.2) 

where: 
1 1,r kσ σ - the calculation and permissible stresses in lateral 

buckling of the girder, 
2 2,r kσ σ - the calculation and permissible stresses local 

stability of plates. 
The Lagrange function is defined in the following way: 

1 1 2 2A g gλ λΦ = + ⋅ + ⋅ , (2) 

1 2
1 20; 0g gA

b b b b
λ λ

∂ ∂∂Φ ∂
= + ⋅ + ⋅ =

∂ ∂ ∂ ∂
, (3.1) 

1 2
1 20; 0

g gA
h h h h

λ λ
∂ ∂∂Φ ∂

= + ⋅ + ⋅ =
∂ ∂ ∂ ∂

, (3.2) 

1
1

0; 0g
λ
∂Φ

= ⇒ =
∂

, 
2

2

0; 0g
λ
∂Φ

= ⇒ =
∂

, (3.3) 
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1 1 2 2
1 2 0

g g g gA A A A
b h h b b h h b

λ λ
∂ ∂ ∂ ∂∂ ∂ ∂ ∂⎛ ⎞ ⎛ ⎞⋅ ⋅ − ⋅ + ⋅ ⋅ − ⋅ =⎜ ⎟ ⎜ ⎟∂ ∂ ∂ ∂ ∂ ∂ ∂ ∂⎝ ⎠ ⎝ ⎠

 

Since 1 2, 0λ λ ≠ , it is obtained: 

1. 1 1g gA A
b h h b

∂ ∂∂ ∂
⋅ = ⋅

∂ ∂ ∂ ∂
 ∧  1 0g =  (4) 

2. 2 2g gA A
b h h b

∂ ∂∂ ∂
⋅ = ⋅

∂ ∂ ∂ ∂
 ∧  2 0g =  (5) 

 
3. OBJECTIVE AND CONSTRAINT 

FUNCTIONS 
 
3.1. Objective function 
 

The objective function is represented by the area of the 
cross section of the box girder. The paper treats two 
optimization parameters (h, b). The wall thicknesses t1 
and t2 (Fig. 1) are not treated as optimization parameters 
for the purpose of simplification of the procedure. Their 
values were adopted in accordance with the 
recommendations of crane manufacturers [14]. 
The vector of the given parameters is: 

( )cv ch o k ax M ,M ,Q,L, ,G ,E,k ,...σ=
r

 (6) 

where: 
Mcv and Mch are the bending moments in the vertical and 
horizontal planes, Q – the carrying capacity of the crane,, 
L- the span of the crane, Gk - the mass of the crane cab, E 
- the module of elasticity of the main girder of the crane, 
ka – the dynamic coefficient of crane load in the 
horizontal plane [10]. 
 

 
 

Fig.1. The box section of the main girder of the bridge 
crane 

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

2( , ) ( , ) 2 ( ) /A h b f h b e b h h s= = ⋅ ⋅ ⋅ + , (7) 

where: 
1 2/e t t=  - the ratio between thicknesses of plates at the 

flange and at the web, 
2/s h t=  - the ratio between the height and thickness of 

the plate at the web, 

/k h b= - the ratio between the height and width of the 
girder. 
To know the optimal value of the ratio between the height 
and width of the girder k is of particular significance for 
the designer, especially in the initial design phase so that 
its determination is the subject of research in a large 
number of papers ([3], [5], [6] and [12]). 
The expressions for the moments of inertia around the x 
and y axes are: 

4 2
3

3

1 1 ( )
6 2x

h s eI e b h
s s

+
= ⋅ + ⋅ ⋅ ⋅ ⋅ , (8) 

2 2
3

2

1 1 ( )
6 2y

h h f b s hI e b
s s s

⋅ ⋅ +
= ⋅ ⋅ ⋅ + ⋅ ⋅ , (9) 

where: 
1 / 1f b b= < - the ratio between the distance of web plates 

and the width of flange plates of the box girder. 
Since the expressions for the moments of inertia (Ix, Iy) 
and the moments of resistance (Wx, Wy) are complex, it is 
common to take approximate values of expressions by 
neglecting the members of the lower order ([5], [6] and 
[12]): 

2 2
x xI h Aβ= ⋅ ⋅ , x xW h Aα= ⋅ ⋅ , (10) 

2 2
y yI b Aβ= ⋅ ⋅ ; y yW b Aα= ⋅ ⋅ , (11) 

where: 
xβ , yβ  - the dimensionless coefficient of the moment of 

inertia for the x and y – axes, 
xα , yα - the dimensionless coefficient of the resistance 

moment of inertia for the x and y – axes. 
The coefficients xβ and xα are obtained from the 
conditions of equality of the equation (8) and the 
expression (10): 

2 21 3 ( )
2 3 ( )x

k s e s e
s e k

β ⋅ + ⋅ ⋅ +
= ⋅

⋅ ⋅ +
, 

22
2x x
s

s e
α β⋅

= ⋅
+ ⋅

. (12) 

 

 
 

Fig.2. Approximation of the coefficient of the moment of 
inertia around the x-axis 

 
Using the fact that s e�  and s k�  the coefficients with 
the form xβ  and xα  can be simplified: 
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1 3`
2 3 ( )x

k e
e k

β + ⋅
≅ ⋅

⋅ +
, 3`

6 ( )x
k e

e k
α + ⋅

≅
⋅ +

. (13) 

This approximation can be graphically represented 
(Figure 2), where it is seen that deviations are negligible 
in the considered range of parameters k. 
By repeating the procedure for the moment of inertia and 
the moment of resistance for the y – axis, the following 
values of coefficients are obtained: 

21 3`
2 3 ( )y

k f e
e k

β ⋅ ⋅ +
≈ ⋅

⋅ +
, 

23`
6 ( )y
k f e

e k
α ⋅ ⋅ +

=
⋅ +

. (14) 

 
3.2. Constraint functions 
 
3.2.1. The criterion of lateral stability 
 

Testing of the box girder stability against lateral buckling 
was carried out in compliance with the Serbian standards 
of the group [8]. In accordance with the standards [8], the 
compression zone of the box girder is observed as an 
independent bar which is controlled against buckling due 
to the equivalent force arising from the bending moment 
of the girder (Figure 3). 
The pressure force D  of the imagined bar acts at point 
"o" whose section is the hatched contour ( pA ).The 
pressure force along the girder is variable, and the defined 
length of buckling is ([9], [10]): 0,63il L= ⋅ , whereas the 
equivalent pressure force along the girder is: 

p

cv px
x

xA

M S
D dA

I
σ

⋅
= ⋅ =∫ . (15) 

This criterion is fulfilled if the condition of lateral 
stability is satisfied: 

1 1 1 1
1 0,9 0ch

r k k
p y

MDg
A W

σ σ σ
χ

= − = ⋅ + ⋅ − ≤ , (16) 

where: 
1 0,76k yfσ = ⋅  - critical stress, yf  - yield strength. 

The buckling coefficient χ  has the following values [10]: 
1χ = , if the relative slenderness of the bar is 0,2λ ≤ , i.e. 

2

2

4
χ

β β λ
=

+ − ⋅
, (17) 

if the relative slenderness of the bar is 0,2λ >  (according 
to recommendations it is always greater than 0,2). For the 
box cross section of the main girder of the crane, the 
coefficient β  is: 

21 0, 489 ( 0, 2)β λ λ= + ⋅ − + . (18) 

The relative slenderness of the bar ( λ ) is calculated by 
the expression: 

0,63 L
b ν

λ
β λ

⋅
=

⋅ ⋅
, (19) 

which, after some transformation, can be written as: 

21
`

a g dλ λ
χ

= ⋅ + ⋅ + . (20) 

This approximation resulted in negligible deviations 
(Figure 3). By using the relations (16), (19) and (20), it is 
obtained that: 

( )2 2 2

21 ( )x
cv

p x y

D f bM c A
A h A b

γ
χ β β

⋅
⋅ = ⋅ + ⋅ ⋅

⋅ ⋅ ⋅
, (21) 

 

 
 

Fig.3. Presentation of approximation of the buckling 
coefficient 

 
In order to apply the method of Lagrange multipliers, for 
the criterion of lateral stability, it is necessary to find the 
corresponding partial derivatives (4) by using the relation 
(7) and (16): 

2
2

2

2 2 2
2

0,9 1 ( )
4
1 ( 2 )

x ch
y

x cv

y y

M
e a m e g m b

M h

e d b a m k g m h
h

β
β

γ

β β

⋅ ⋅ = ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ ⋅ +

⋅ ⋅ ⋅ ⋅ − ⋅ ⋅ ⋅ − ⋅ ⋅ ⋅

. (22) 

This equation is, with the corresponding transformations 
and neglecting higher order members, reduced to the 
form: 

( )
( ) 2

3 1 1( , ) 0, 442 10,08 0, 442 0
2
k e

F k e
e k k k
+

= + − − =
+

. (23) 

From this expression, the optimum value of parameter k, 
according to the criterion of lateral stability as a function 
of the value of parameter e, can be obtained. By using the 
obtained dependences from the constraint function 
according to the criterion of lateral stability, the objective 
function can be written in the following form: 

2 2
1 1 2 1

1 3 2 2
1 1 2 1

( )
( ) ,

( )
cv ch

k a

K M k f h K M k h
A h

h K c k f h K k c k hσ
⋅ ⋅ ⋅ + ⋅ ⋅ ⋅

≥
⋅ − ⋅ ⋅ ⋅ − ⋅ ⋅ ⋅ ⋅

 (24) 

 

3.2.2. The criterion of local buckling of plates  
 

Testing of the box girder stability was carried out in 
accordance with the standards group [13]. According to 
this standard, it is necessary to check the stability of the 
flange plate with the width b1 and the thickness t1 (Figure 
4), the stability of the web plate above the longitudinal 
stiffener (length a, height h1 and thickness t2 – Figure 4) 
as well as the stability of the web plate under the 
longitudinal stiffener (length a, height h2 and thickness t2 
– Figure 4). 
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Fig.4. Elements of the box profile relevant for testing of 
the local stability 

 
Testing of the stability of the flange plate segment (Figure 
4) subjected to the action of normal compressive stress in 
the x direction was carried out. 
This criterion is fulfilled if the following condition is 
satisfied: 

2 2 0cv ch a
k

x y

M c A M k c A
g f

h A b A
σ

α α
+ ⋅ + ⋅ ⋅

= + ⋅ − ≤
⋅ ⋅ ⋅ ⋅

, (25) 

where: 
2 1/( )k x y mfσ κ γ ν= ⋅ ⋅  - critical stress, 

1,1mγ =  - the general resistance factor, 

1 1,5ν =  - the factored load coefficient for load case 1 

xκ  - a reduction factor according to Equation: 

2

1 0, 22 1x e
x x

cκ
λ λ

⎛ ⎞
= ⋅ − ≤⎜ ⎟

⎝ ⎠
 for 0,673xλ > , (26) 

1xκ =  for 0,673xλ ≤ , 
where: 

xλ  - the non-dimensional plate slenderness, 

yk
x

e

f
K

λ
σ σ

=
⋅

, (27) 

1, 25 0,12e ec ψ= − ⋅ , 1, 25ec ≤ , (28) 

eψ  - the edge stress ratio of the plate, relative to the 
maximum compressive stress, 
Kσ  - a buckling factor  according to [13], 

eσ  - a reference stress according to Equation: 

( )
2

2
1 12 /

12 (1 )e
E t bπσ
ν

⋅
= ⋅

⋅ −
. (29) 

Kσ  depends on the ratio between the plate sides 
1/e a bα = . Now, this relation is to be analyzed.  

In the cross section I the vertical diaphragms are placed at 
the distance of 2h, so that this ratio takes the value: 

1/ 2 /( ) 1e a b h f bα = = ⋅ ⋅ > . 
Also, it is necessary to analyze koefficient eψ . It takes 
following value: 

1

2

1 1

y

a x
e

y

a x

c f k
k
c f k
k

α
ασ

ψ
ασ
α

⋅ − ⋅
= =

⋅ + ⋅
, (30) 

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

1 2,σ σ  - the stresses due to the factored load. 
For average values, this ratio can also be approximately 
written by the expression 0,83 0,06p kψ ≈ − ⋅ . By using 
this approximation, with appropriate transformation, it 
can be obtained: 

8,2
1,88 0,06pK

k
σ =

− ⋅
. (31) 

xp
p

Ko s f
e kK

λ
σ

⋅
≈ ⋅

⋅
, (27.1) 

where: 
212 (1 )1 yf

Ko
E
ν

π
⋅ − ⋅

= ⋅  - constant. 

In Figure 5 it is shown that the factor xκ  takes the value 1 
for the defined range of the ratio k, classification class 
2m/M5 and girder material S235JRG2. 
In order to apply the method of Lagrange multipliers, it is 
necessary to find the corresponding partial derivatives (5), 
in accordance with the expressions (7) and (25): 
After some transformation, it is obtained: 

1
2

y

x a

e c
k

f k
α
α
⋅

= ⋅
⋅

. (32) 

 

 
 

Fig.5. Change of the coefficients xpλ and xκ as the 
function of the parameter k 

 
From this expression, we can get the optimum value of 
the parameter k according to the criterion of lateral 
stability of the flange plate. Using the obtained 
dependencies from the constraint function according to 
the criterion of stability of the flange plate, the constraint 
function can be written in the following form: 

2
2

/ /
( )

/ /
cv x ch y pl

k x a y pl

M f M k
A h

h c f k c k
α α

σ α α
+ ⋅ ⋅

≥
⋅ − − ⋅ ⋅ ⋅

. (33) 

Testing of the local stability of the web plate in area 1 and 
area 2, whose dimensions are given in Fig. 5, was carried 
out.  
Besides the normal stresses in x direction, there is normal 
stress in y direction too, due to the action of wheel 
pressure. 
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The case when, in addition to vertical stiffeners at 
midspan, a row of horizontal stiffeners is also placed at 
the distance of ( )0, 25 0,33 h÷ ⋅  was considered, 
according to crane manufacturers. The areas 1 and 2 are 
analyzed.  
Area 1: The criterion of stability of the web plate in area 1 
is fulfilled if the following condition is satisfied: 

( )
11

61, 1, 1,1,
1 1

, 1, , 1, , 1, , 1,

1
yx ee

Sd y Sd x Sd ySd x
x y

b Rd x b Rd y b Rd x b Rd yf f f f

σ σ σσ
κ κ

⎛ ⎞ ⎛ ⎞⎛ ⎞ ⋅
⎜ ⎟ ⎜ ⎟⎜ ⎟ + − ⋅ ⋅ ≤

⎜ ⎟ ⎜ ⎟ ⎜ ⎟⋅⎝ ⎠ ⎝ ⎠ ⎝ ⎠

, (34.1) 

where: 

1,
cv ch a

Sd x
x y

M c A M k c A
f

h A b A
σ

α α
+ ⋅ + ⋅ ⋅

= + ⋅
⋅ ⋅ ⋅ ⋅

 - the highest value 

of the compressive stress in the x direction at point 1, 
1

1, 1
2 1

Sd y
r

F
t l
γ

σ ν
⋅

= ⋅
⋅

 - the highest value of the compressive 

stress in the y direction at point 1, 
, 1, 1 /b Rd x x y mf fκ γ= ⋅ , , 1, 1 /b Rd y y y mf fκ γ= ⋅  - the limit 

design compressive stresses, 
4 4

1 1 1 11 , 1x x y ye eκ κ= + = +  - coefficients, 

1xκ  - a reduction factor for area 1. 
There is the same analogy for coefficients 1xλ , 1ec , as 
well as for 1eψ  and 1Kσ . The y direction case will be 
analyzed later on. 
A reference stress 1eσ  is obtained according to equation: 

( ) ( )
2 2

2 2
1 2 12 2/ 4 /

12 (1 ) 12 (1 )e
E Et h sπ πσ
ν ν

⋅ ⋅
= ⋅ = ⋅

⋅ − ⋅ −
. (35.1) 

Since there is: 

1 0,54 0,015p kψ ≈ + ⋅ , (36.1) 

it can be noted: 

1
8,2

1,59 0,015pK
k

σ =
+ ⋅

, (37.1) 

1
1

( / 4)xp
p

Ko s
K

λ
σ

≈ ⋅ . (38.1) 

Fig. 6 shows that for average and expected parameters 
values, the value of coefficient is 1 1xκ = , wherein 
classification class is 2 and material is S235JRG2 . 
Incresing the slenderness s leads to some lower values. 
 

 
Fig.6. Buckling coefficient  

Further on, load in y direction is analyzed: 
1F  - the highest wheel pressure, 

1 12,15 1,4rl e= + ⋅  - the effective distribution length [13], 

1yκ  - a reduction factor for area 1: 

1 2
1 1

1 0,221,13 1y
y y

κ
λ λ

⎛ ⎞
= ⋅ − ≤⎜ ⎟⎜ ⎟

⎝ ⎠
 for 1 0,831yλ > , (39) 

1 1yκ =  for 1 0,831yλ ≤ , 
where: 

1yλ  - the non-dimensional plate slenderness for area 1 
according to Equation: 

1
1 1 1 1 1

( / 4)
/ /

y
y

y e r y r

f Ko s
K a c K a c

λ
σ σ σ

= = ⋅
⋅ ⋅ ⋅

, (40) 

1 0,5yKσ ≈  -a buckling factor for area 1 according to [13], 

1rc  - the width over which the transverse load is 
distributed (corresponds to 1rl ). 
Fig. 7 shows that for average and expected parameters 
values, the value of coefficient is 1 1yκ = , wherein 
classification class is 2 and material is S235JRG2 . 
 

 
 

Fig.7. Buckling coefficient  
 
On the basis of the obtained values the relation (34.1) can 
be written: 

22

1, 1, 1, 1, /Sd x Sd y Sd x Sd y y mfσ σ σ σ γ+ − ⋅ ≤ . (34.1.1) 

To maintain this relation the following condition must be 
fulfilled: 

1, 1,Sd x Sd yσ σ≥ , or the left side must be greater then the 
right side, whereby this dependences are given in relation 
to bridge crane span. 
Similar procedure is applied for area 2. 
This criterion is satisfied if the local stability condition is 
fulfilled: 

( )
22

62, 2, 2,2,
2 2

, 2, , 2, , 2, , 2,

1
yx ee

Sd y Sd x Sd ySd x
x y

b Rd x b Rd y b Rd x b Rd yf f f f

σ σ σσ
κ κ

⎛ ⎞ ⎛ ⎞⎛ ⎞ ⋅
⎜ ⎟ ⎜ ⎟⎜ ⎟ + − ⋅ ⋅ ≤

⎜ ⎟ ⎜ ⎟ ⎜ ⎟⋅⎝ ⎠ ⎝ ⎠ ⎝ ⎠

, (34.2) 

where: 

2, 2
cv ch a

Sd x
x y

M c A M k c A
f

h A b A
σ

α α
+ ⋅ + ⋅ ⋅

= + ⋅
⋅ ⋅ ⋅ ⋅ ⋅

 - the maximum 

compressive stress in point 2 in x direction, 
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1
2, 1

2 2
Sd y

r

F
t l
γ

σ ν
⋅

= ⋅
⋅

 - the maximum compressive stress in 

point 2 in y direction, 
, 2, 2 /b Rd x x y mf fκ γ= ⋅ , , 2, 2 /b Rd y y y mf fκ γ= ⋅  - the critical 

compressive stresses, 
4 4

2 2 21 , 1x x y ye eκ κ= + = +  - coefficients, 

2xκ  - a reduction factor for area 2. 
The same analogy exists for 2xλ , as well as for 2eψ  and 

2Kσ . Analysis for y direction will be done later on. 

2 1,25ec = . 
A reference stress 2eσ  is obtained according to equation: 

22

2 2

4
312 (1 )e

E
s

πσ
ν

⋅ ⎛ ⎞= ⋅⎜ ⎟⋅⋅ − ⎝ ⎠
. (35.2) 

Since there is: 

( )2 0,6 0,01p kψ ≈ − + ⋅ , (36.2) 

it can be noted 
2

2 15,1 1,8 0,0978pK k kσ = + ⋅ + ⋅ , (37.2) 

2
2

(3 / 4)xp
p

Ko s
K

λ
σ

≈ ⋅ ⋅ . (38.2) 

Fig. 8 shows that for average and expected parameters 
values, the value of coefficient 2xκ  varies, wherein 
classification class is 2 and material is S235JRG2 . 
Incresing the slenderness s leads to much lower values. 
 

 
 

Fig.8. Buckling coefficient  
 
Further on, load in y direction is analyzed: 

2 12,15 2 / / 2rl e h s h= + ⋅ ⋅ +  - the effective distribution 
length [13], 

2 yκ  - a reduction factor for area 2. 
There exists the same analogy for coefficient 2 yλ  as for 

2 yKσ : 

2
2 2 2 2 2

3
/ 4/

y
y

y e r y r

f Ko s
K a c K a c

λ
σ σ σ

⋅
= = ⋅

⋅ ⋅ ⋅
, (41) 

2 1, 2yKσ ≈  - buckling coefficient [13], 

2rc  - the width over which the transverse load is 
distributed (corresponds to 2rl ). 

Fig. 9 shows that for average and expected parameters 
values, the value of coefficient 2 yκ  varies, wherein 
classification class is 2 and material is S235JRG2 . 
Based on the obtained values the relation (34.2) can be 
written: 

( ) ( ) 22

2, , 2, 2, , 2,/ / 1
yx ee

Sd x b Rd x Sd y b Rd yf fσ σ+ ≤ , (34.2.1) 

since ( )6

2 2 1x yκ κ⋅ � . 
 

 
Fig.9. Buckling coefficient  

 
To do analysis, the ratio between the maximum 
compressive stress in this area and the compressive stress 
that occurred. 

2, 2 max, max,(0,52 0,009 )Sd x Sd x Sd xkσ ψ σ σ= ⋅ ≈ + ⋅ ⋅ . 
Now (34.2.1) becomes as follows: 

( ) ( )
44 22

11
2 2 2, 2/ /( ) 1

yx

x Sd y m y yf
κκψ κ σ γ κ

++ + ⋅ ⋅ ≤ . (34.2.2) 

Fig. 10 shows that for average parameters values and  
with load changing, this relation varies, where it was 
considered 160s = . 
 

 
Fig.10. The results 

 
Based on all mentioned above, it is possible to adopt such 
parameters that make the local stability criterion fulfilled. 
The area 1 is critical one for the investigation of vertical 
plates local stability, while the highest stress is analogous 
to flange plate stress. Factors xκ  and 1xκ  take value 1 for 
expected values of relation k and slenderness s. According 
to this criterion, the same curve or constraint ( 2g ) is 
taken into account, as obtained in previous expression. In 
addition, according to this criterion, the optimal value for 
k is determined out of expression (32), just as flange plate 
local stability. The objective function is defined by 
relation (33). 
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4. NUMERICAL REPRESENTATION OF THE 
RESULTS OBTAINED 

 
Using the expression (23) the optimum value of the 
parameter k1 according to the criterion of lateral stability 
is obtained. Optimum values of the parameter k1 as a 
function of the coefficient e, while 0,1ak = , are presented 
in Table 1. 
 
Table 1. 
 

e 1,2 1,3 1,4 1,5 
1k  3,35 3,33 3,31 3,30 

 
The expression (24) represents the objective function 
obtained from the constraint function according to the 
criterion of lateral stability and together with the objective 
function (7) it can be graphically represented. Fig. 11 
shows how the position of the intersection point changes 
depending on the selection of material, where adopted 
values are L=20 m and Q=12.5 t.  Using the expression 
(32) the optimum value of the parameter k according to 
the criterion of lateral stability is obtained. Optimum 
values of the parameter k2 as a function of the coefficient 
e, while 0,1ak = , are presented in Table 2. 
 
Table 2. 
 

e 1,2 1,3 1,4 1,5 
2k  4,20 4,30 4,40 4,55 

 
The expression (33) represents the objective function 
obtained from the constraint function according to the 
criterion of local stability and together with the objective 
function (7) it can be graphically represented. Fig. 12 
shows how the position of the intersection point changes 
depending on the selection of material, where adopted 
values are L=20 m and Q=12.5 t. In order to perform a 
comparative analysis of optimization results, it is 
necessary to define the initial parameters of cranes, which 
refer to their geometrical characteristics, classification 
class and carrying capacity. These are the data, which the 
designer receives from the investor as the project task. 

 
Fig.11. Optimum values of the girder height and the 

objective function according to the criterion of lateral 
stability a) S235JRG2 b) S275JR c) S355JR 

One of the main parameters that exist in the objective 
function (7) is slenderness s , which is defined as follows 
([10]): 

160 23,5 / 265 23,5 /y yf s f⋅ < ≤ ⋅ . (42) 

 
 

Fig.12. Optimum values of the girder height and the 
objective function according to the criterion of local 

stability a) S235JRG2 b) S275JR c) S355JR 
 
For starting the analysis, values in the middle of the range 
can be taken, so that for S235JRG2  it is 210s = . Other 
parameters’ values in this phase are: 

1,33, 0,85, 1,15, 0,1,
2,3 , 15 .

a

k k

e f k
e m G kN

ψ= = = =
= =

. (43) 

The analysis was performed for the classification class 
2m/M5 (FEM 9.511/ISO 4301-1), which is, according to 
the Serbian standarad most frequently used in practice. 
The following values hold for it: 

1,05, 1,20, 0,08, 1,20oK mγ α= = = = . (44) 

The analysis was performed for steel S235JRG2 . In 
order to perform a comparative analysis, it is necessary to 
take into consideration the recommendations specified in 
the standard as well as those given by crane 
manufacturers [14]. Serbian crane manufacturers 
recommend that the minimum value of the width b1 
should be 1 20b cm> , wherefrom it is obtained that: 

/ 20k f h≤ ⋅ , (45) 

while stability condition of top flange plate, after proper 
transformation, which reads: 

23.5
65 y

s fk
e f

⋅
≥ ⋅

⋅
. (46) 

If the expressions (7) and (24) are made equal, the 
dependence of the parameter k1  according to the criterion 
of lateral stability is obtained: 

( )1 1 2, , , , , , , , ,cv ch y ak F s e h K K M M f c k= . (47) 

If the expressions (7) and (33) are made equal, the 
dependence of the parameter k1 according to the criterion 
of local stability is obtained:  

( )2 , , , , , , , , , , , ,cv ch x y a yk F s e f h Q M M k f Eα α ν= . (48) 
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Figures 13-14 present optimum geometric parameters’ 
values that are obtained for characteristic load capacities 
and spans of double-girder bridge cranes. 
This procedure enables quick and efficient determination 
of optimum value of parameter k, according to critical 
function. 
 

 
Fig.13. Multicriteria determination of the optimum value 

of the parameter k for the crane span L=12 m and the 
carrying capacity Q=5 t 

 
Width b1 value have no influence onto the optimization 
procedure, but has the impact on obtained results of the 
optimized parameter k (Fig. 14). 

 
Fig.14. Multicriteria determination of the optimum value 

of the parameter k for the crane span L=20 m and the 
carrying capacity Q=16 t a) b1=20 cm b) b1=30 cm 

 
5. CONCLUSION 
 
The paper defined optimum dimensions of the box section 
of the main girder of the bridge crane in an analytical 
form, by using the method of Lagrange multipliers, 
according to lateral stability and local stability of plates 
criteria. [13]. The objective function is the minimum 
mass, i.e. the minimum area of the cross section, where 
the given constraints are satisfied: lateral and local 
stability, manufacturing technology and top (compressed) 
flange plate stability. It can be observed that greater 
hights of box girder cross section are obtained according 
to local stability criterion [13] (consequently greater cross 
section areas) in comparison with those which are 
calculated due to lateral stability criterion, which is taken 
from national standarad. So, the local stability of plates is 
the primary criterion [13]. The results obtained may be of 

great use to the engineer-designer, particularly in the first 
phase of the design procedure when the basic dimensions 
of the main girder of the bridge crane, as its most 
responsible part, are defined. In addition, the usage of the 
method of Lagrange multipliers is justified because the 
optimization results are obtained in analytical form, which 
allows getting conclusions about influences of particular 
parameters and further researches toward mass reduction. 
 
REFERENCES 
 
[1] Farkas J (1984). KIADO Optimum design of metal 

structures. Akademiai, Budapest 
[2] Farkas J (1986). Economy of Higher-Strength Steels 

in Overhead Travelling Cranes with Double-Box 
Girders. J. Construct. Steel Research 6: 285-301 

[3] Farkas J, Jármai K (1997). Balkema Analysis and 
optimum design of metal structures, Rotterdam 

[4] Farkas J, Jármai K, Snyman JA (2010). Global 
minimum cost design of a welded square stiffened 
plate supported at four corners. Struct Multidisc 
Optim 40:477–489 

[5] Gašić M, Savković M, Bulatović R, Petrović R 
(2011). Optimization of a pentagonal cross section of 
the truck crane boom using Lagrange’s multipliers 
and differential evolution algorithm. Meccanica. 
46(2011) 4:845-853 

[6] Gašić M, Savković M, Bulatović R (2011b). 
Optimization of trapezoidal cross section of the truck 
crane boom by Lagrange’s multipliers and by 
differential evolution algorithm (DE). Strojniški 
vestnik – Journal of Mechanical Engineering 
57(2011) 4:304-312 

[7] Jarmai K, Farkas J (2001). Optimum cost design of 
welded box beams with longitudinal stiffeners using 
advanced backtrack method. Struct Multidisc Optim 
21:52–59 

[8] JUS M.D1.050 (1968). Standards for cranes. The 
Yugoslav Institute for Standardization, Belgrade. 

[9] JUS U.E7. (1986). Standards for calculation of steel 
carrying structures. The Yugoslav Institute for 
Standardization, Belgrade. 

[10] Ostrić D, Tošić S (2005). Cranes (Dizalice). Institute 
for Mechanization of the Faculty of Mechanical 
Engineering of the University in Belgrade (Institut za 
mehanizaciju Mašinskog fakulteta Univerziteta u 
Beogradu), Belgrade 

[11]  Pinca BC, Tirian OG, Socalici VA, Ardeleadn DE 
(2009). Dimensional optimization for the strength 
structure of a traveling crane. WSEAS Transactions 
on Applied and theoretical Mechanics 4 (4), pp 
147:156 

[12]  Selmic R, Cvetkovic R, Mijailovic R (2006). 
Optimization of crosssection in structures, 
monograph. The Faculty of Transport and Traffic 
Engineering, Belgrade 

[13]  prEN 13001-3-1 (2010). Cranes - General Design - 
Part 3-1: Limit States and proof competence of steel 
structure, EUROPEAN COMMITTEE FOR 
STANDARDIZATION 

[14] Catalogues (1996). And as-built projects of Serbian 
crane manufacturers. IMK 14 Oct., MIN, ILR. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


