Optimization of the box section of the main girders of the bridge crane by using the method of Lagrange multipliers.
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The paper considers the problem of optimization of the box section of the main girder of the bridge crane for the case of placing the rail above the web plate. Reduction of the girder mass is set as the objective function. The method of Lagrange multiplier was used as the methodology for approximate determination of optimum dependences of geometrical parameters of the box section. The criterion of strength were applied as the constraint function. The analysis of the optimization results and the solutions was the basis for recommendations which are significant for designers during construction of cranes.
Introduction
The main task in the process of designing the carrying structure of the bridge crane is determination of optimum dimensions of the main girder box section. The mass of the main girder has the largest share in the total mass of the bridge crane, so it is very important to perform its optimization in order to reduce the total costs of manufacturing the whole carrying structure. 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 a lot of authors ((2(, (3(, (4(, (5(, (6(, (7(, (8(, (9(, (10(, (11(, (13(, (14(, (15( i (16().
The analysis of cost structure for manufacturing metal structures made in (2(, showed that the participation of material costs in the total costs is the largest (30-73) %, and that the other costs are lower.

Having in mind all the above mentioned results and conclusions, the aim of this paper is to define optimum values of geometrical parameters of the box girder cross-section that will lead to the reduction of its mass.
Matemathical 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 optimization problem defined in this way can be given the following general mathematical formulation.
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is vector of variable parameters, then the objective function is expressed as 
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The optimization task can be formulated in the following way: at defined vector of known parameters 
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In this paper, variable parameters vector is 
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, where:

- b i h – the height and width of the girder,

- Q - the carrying capacity of the crane,

- Mcv i Mch - the bending moments in the vertical and horizontal planes,

- c – the coefficient of influence of the dead weight of the girder on the bending moment

- L- the span of the crane,

- ka - the dynamic coefficient of crane load in the horizontal plane, (12(,

- ek - the distance between the cab and the crane runway,
- Gk – the mass of the crane cab.
The paper observes the following limitation:
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where:
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 - the maximum equivalent stress,


[image: image13.wmf]k

s

 - the permissible stress.
The Lagrange function is defined in the following way:
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where the following must be fulfilled:
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Objective function
The objective function is represented by the area of the cross section of the box girder (Fig. 1). 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 (1(.
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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:
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where:
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- 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.
The expressions for the moments of inertia around the x and y axes are:
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where:
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- 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 section moduli (Wx, Wy) are complex, it is common to take approximate values of expressions by neglecting the members of the lower order ((8(, (9(, (14(, (15( i (16():
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where:
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 - the dimensionless coefficient of the moment of inertia for the x and y – axes,
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- the dimensionless coefficient of the resistance moment of inertia for the x and y – axes.
The coefficients 
[image: image34.wmf]x

b

and 
[image: image35.wmf]x

a

are obtained from the conditions of equality of the equation (9) and the expression (11):
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Using the fact that 
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By repeating the procedure for the moment of inertia and the section moduli for the y – axis, the following values of coefficients are obtained:
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i.e. in a simpler form:
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Constraint function
The maximum equivalent stress which occurs in the main girder of the bridge crane is at point 1 (Fig. 1). The constraint function according to this criterion is:
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where:
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 - the minimum yield stress of the plate material,
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 - the factored load coefficient for load case 1.

The constraint function according to this criterion is:
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By eliminating the parameter 
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from equations (5) and (6), we get:
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The corresponding partial derivatives are:
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By replacing the expression (21) in (20), after rearrangement, the following relation is obtained:
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Using (19), we get:
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Using relations (5) and (23), we get the parameter value 
[image: image59.wmf]l

:

[image: image60.wmf]2

2

cvchcha

xy

y

A

MMMkcA

A

A

hb

b

b

l

aa

a

=

+××

++×

¶

××

××

¶

.
(25)

From the equations system (22) and (24), it is necessary to find the optimal dimensions 
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As the net weight moment is considerably smaller than the moment caused by active load, it can be written:
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where now it is necessary to analyze this relation.
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Fig.2 Approximation of the ratio between bending moments in the vertical and horizontal planes
As 
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, [12] is notably smaller than the crane span 
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, it is shown in diagram (Fig. 2) that the cabin influence is not of great significance for this analysis, where the driving class 2 is observed.
Now it can be written:
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where:
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- the coefficient of influence of the classification class on the mass of the trolley,
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- the dynamic coefficient of the influence of load oscillation in the vertical plane,
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- the coefficient of influence of the load mass on the mass of the trolley,
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- the assumed mass of the trolley in the first approximation.

As we can see (Fig. 3), this relation depends both on capacity and driving class.
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Fig.3 The relationship between the load in the vertical and horizontal planes
If the relation (27) is shown by the functions:
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and if it develops (29) into Taylor series, the expression (28) becomes,
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Now the expression (22) can be written in the following way:
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Corresponding partial extracts of the objective function (8), by the variables 
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Replacing relations (32) into (31), we finally get:
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When the relation 
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is known,  from the limitation equation (19) the girder height is determined.

Objective function can be written in the following way.
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From relations (19) and (34) we get:
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By solving the equation (35), we come to the wanted solution of optimal height. Optimal width is obtained by the expression::
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Limitation function can also be written in the following form:
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Numerical representation of the results obtained
Using the expression (33) the optimum value of the parameter k according to the criterion of permissible stress is obtained as a function of the Q and ka (Tab.1).

Using the expressions (8), (25), (35) and (36) the optimum values of the parameters h, b, A and 
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 according to the criterion of permissible stress are shown in Tab.2.

Table 1

	Q (t)
	5
	6,3
	8
	10
	12,5
	16

	ka
	
	
	
	
	
	

	0,085
	4,67
	4,68
	4,68
	4,69
	4,69
	4,70

	0,1
	4,30
	4,31
	4,32
	4,32
	4,33
	4,33

	0,115
	4,01
	4,02
	4,03
	4,03
	4,03
	4,04


Table 2

	
	S235
	S275
	S355

	h (cm)
	117,9
	108,8
	95

	b (cm)
	27,2
	25,1
	21,9

	A (cm2)
	173,1
	158,8
	138,9

	(
	5,85
	4,57
	3,08
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Fig.4 Optimum values of the girder height and the objective function according to the strength
The expression (37) represents the objective function obtained from the constraint function according to the criterion of permissible stress and together with the objective function (34) it can be graphically represented. At the intersection of these curves, on the abscissa, there is an optimum height h for the constraint function according to the criterion of permissible stress. Figure 4 shows how the position of the intersection point changes depending on the selection of material (solid line for S235, dash line for S275 and dot line for S355). 
One of the main parameters figuring in the objective function (8) is slenderness 
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For initial analysis, the medium values can be adopted, so that for 
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      To perform the analysis, it is necessary to perceive the recommendations listed in the standard, but also those given by the crane producers [1]. Recommendation of Serbian crane producers is that the minimum width value b1  is 
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while the sheet metal stability condition of the upper belt, with appropriate transformations, is defined as:
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If we equate the expressions (7) and (37), we get the parameter dependency  k , by hardness criterion:
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Fig.5 Determination of the optimum value of the parameter k for the crane span L=18m and the carrying capacity Q=16t
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Fig.6 Determination of the optimum value of the parameter k for the crane span L=15m and the carrying capacity Q=12,5t
In diagrams (Fig.5 and Fig.6) are shown the obtained optimal geometric parameters for characteristic capacities and spans of two pillar bridge cranes. Thus performed procedure enables fast and effective determining of optimal value of parameter k by critical function. Width value b1   does not influence the optimization procedure, but it influences the obtained values of optimization parameter k (Fig.6).
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 permissible stress. The objective function is the minimum mass, i.e. the minimum area of the cross section. 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.
Justification of applying the method of Lagrange multipliers was also shown because the optimization results were obtained in an analytical form, which allows drawing conclusions on the influence of certain parameters and directions of further research concerning the reduction of mass.
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Chart13
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(R/Rh) II

Q(t)

R/Rh

1.111079978

1.1148478114

1.1179934204

1.120308813

1.1220923542

1.1235291701

1.1244147183

1.1249695579

1.1252609603

1.1252816406

1.1251107301



opt

		R		F 1		F 2		Q		m k		m o		k		a		y		V diz		g		L		d		e 1		ka		s d

		135.56		67.78		67.78		20		4.11		1.2		0.08		1.2		1.15		8		1.05		20		2		1		0.1		24		14.1843971631

		120.56		60.28		60.28

		M cv		M ch		C		C1		C2		s		k		e				b x		a x		f		m		b y		a y

		64232.16		5712.50		408.20		40.82		157587063.3		200		0.4		1.5				0.384		0.290		0.8		2.5		0.184		0.068

		REŠAVANJE KUBNE JEDNAČINE (JEDNO REALNO I DVA KONJUGOVANO KOMPLEKSNA REČENJA)

		a		c				p		q				w		u		v				h		b

		-93.79		-922438.04				-2932.47		-983560.27				240913720510.604		99.4169		9.8322				140.51		56.21

																						141.00		57.00		45.60

		KOEFICIJENTI ZA SISTEM ALGEBARSKIH NELINEARNIH JEDNAČINA																F1		F2		F2/F1= a		b		H		K		f dop

		a1		b1		u1		v1		a2		b2		u2		v2		60.28		60.28		1.00		0.10		6303482.53		0.002		4.00

		33207769.51		2110.38		-8427843.04		-602.23		22138513.00		1406.92		8427843.04		602.23

		h		100.00		110.00		120.00		130.00		140.00		150.00		160.00		170.00		180.00		190.00		200.00		210.00		220.00		230.00

		A sig		13.2		69.7		137.4		217.4		310.7		418.4		541.4		680.7		837.5		1012.7		1207.3		1422.4		1659.0		1918.2

		A f		157.6		130.2		109.4		93.2		80.4		70.0		61.6		54.5		48.6		43.7		39.4		35.7		32.6		29.8

		A		160.0		193.6		230.4		270.4		313.6		360.0		409.6		462.4		518.4		577.6		640.0		705.6		774.4		846.4

		h		125		130		135		140		145		150		155		160		165		170		175		180		185		190		195		200

		k s		0.0835001067		0.1910134004		0.2930036594		0.3902456186		0.4833827845		0.5729532323		0.6594096754		0.7431352149		0.8244557999		0.9036501622		0.980957792		1.0565853863		1.1307120926		1.2034938011		1.2750666759		1.345550076

		k f		0.2363489258		0.2988292583		0.3503702809		0.3931919629		0.4290060091		0.459144608		0.4846536236		0.5063608161		0.5249263083		0.5408802869		0.554651428		0.5665885134		0.5769770042		0.5860518446		0.5940074255		0.6010053903

		k w

		k min		0.333		0.333		0.333		0.333		0.333		0.333		0.333		0.333		0.333		0.333		0.333		0.333		0.333		0.333		0.333		0.333

		k max		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5
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k s
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odnos

		k		m		s		e				f

		0.4		2.5		170		1.33				0.74

		k		0.3		0.31		0.32		0.33		0.34		0.35		0.36		0.37		0.38		0.39		0.4		0.41		0.42		0.43		0.44		0.45		0.46		0.47		0.48		0.49		0.5

		b x		0.363		0.365		0.366		0.368		0.369		0.371		0.372		0.374		0.375		0.376		0.378		0.379		0.380		0.381		0.383		0.384		0.385		0.386		0.387		0.388		0.389

		a x		0.260		0.262		0.264		0.267		0.269		0.271		0.273		0.275		0.277		0.279		0.281		0.283		0.284		0.286		0.288		0.290		0.292		0.293		0.295		0.297		0.298

		k		0.3		0.31		0.32		0.33		0.34		0.35		0.36		0.37		0.38		0.39		0.4		0.41		0.42		0.43		0.44		0.45		0.46		0.47		0.48		0.49		0.5

		b y		0.356		0.355		0.355		0.354		0.353		0.352		0.352		0.351		0.350		0.350		0.349		0.349		0.348		0.347		0.347		0.346		0.346		0.345		0.345		0.344		0.344

		a y		0.254		0.253		0.251		0.250		0.249		0.248		0.247		0.246		0.246		0.245		0.244		0.243		0.242		0.241		0.241		0.240		0.239		0.238		0.238		0.237		0.236

		k		0.3		0.31		0.32		0.33		0.34		0.35		0.36		0.37		0.38		0.39		0.4		0.41		0.42		0.43		0.44		0.45		0.46		0.47		0.48		0.49		0.5

		s		1.14		1.13		1.12		1.12		1.11		1.10		1.10		1.09		1.09		1.08		1.07		1.07		1.06		1.06		1.05		1.05		1.04		1.04		1.04		1.03		1.03

		f		0.98		0.97		0.97		0.96		0.96		0.95		0.94		0.94		0.93		0.93		0.92		0.92		0.92		0.91		0.91		0.90		0.90		0.89		0.89		0.89		0.88

		(bx/by)		1.02		1.03		1.03		1.04		1.05		1.05		1.06		1.06		1.07		1.08		1.08		1.09		1.09		1.10		1.10		1.11		1.11		1.12		1.12		1.13		1.13

		p(bx/by)		1.04		1.04		1.05		1.05		1.06		1.07		1.07		1.08		1.08		1.09		1.09		1.10		1.10		1.11		1.11		1.12		1.12		1.13		1.13		1.13		1.14
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b x

a x

odnos k=b/h
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b y

a y

odnos k=b/h
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Opimalne visine
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(bx/by)

p(bx/by)

k

odnos

Aproksimacija odnosa koeficijenata

1.0199397194

1.0373096753

1.0267168369

1.0432942291

1.0333407134

1.0491683402

1.0398182397

1.0549353082

1.0461557622

1.0605982911

1.0523591464

1.0661603132

1.0584338314

1.0716242729

1.0643848759

1.0769929495

1.070216998

1.0822690099

1.0759346094

1.0874550145

1.0815418456

1.0925534227

1.0870425914

1.0975665985

1.0924405036

1.1024968153

1.0977390315

1.1073462603

1.102941434

1.1121170392

1.1080507956

1.1168111797

1.1130700402

1.1214306358

1.1180019435

1.1259772911

1.1228491442

1.1304529622

1.1276141541

1.1348594018

1.1322993668

1.1391983017



		mo		K		a		y

		1.2		0.08		1.2		1.15

		Q		5		6.3		8		10		12.5		16		20		25		32		40		50

		R/Rh		1.111		1.115		1.118		1.120		1.122		1.124		1.124		1.125		1.125		1.125		1.125

		(R/Rh)		1.054		1.056		1.057		1.058		1.059		1.060		1.060		1.061		1.061		1.061		1.061

				Q		5		6.3		8		10		12.5		16		20		25		32		40		50		mo		K		a

		I		sqr (R/Rh) I		1.057		1.058		1.060		1.061		1.062		1.062		1.063		1.063		1.063		1.063		1.063		1.00		0.07		1.15

		II		sqr (R/Rh) II		1.054		1.056		1.057		1.058		1.059		1.060		1.060		1.061		1.061		1.061		1.061		1.20		0.08		1.20

		III		sqr (R/Rh) III, IV		1.047		1.049		1.051		1.053		1.054		1.056		1.057		1.057		1.058		1.059		1.059		1.80		0.20		1.00

				d		1.12		1.12		1.45		1.45		1.60		1.60		2.00		2.24		2,,5		2.80		2.80		mo		K		a

		I		(Mcv/Mch) I																								1.00		0.07		1.15

		II		(Mcv/Mch) II																								1.20		0.08		1.20

		III		(Mcv/Mch) III, IV																								1.80		0.20		1.00

				Q		5		6.3		8		10		12.5		16		20		25		32		40		50		mo		K		a

		I		(R/Rh) I		1.116		1.120		1.123		1.125		1.127		1.128		1.129		1.130		1.131		1.131		1.131		1.00		0.07		1.15

		II		(R/Rh) II		1.111		1.115		1.118		1.120		1.122		1.124		1.124		1.125		1.125		1.125		1.125		1.20		0.08		1.20

		III		(R/Rh) III, IV		1.096		1.101		1.105		1.109		1.112		1.114		1.116		1.118		1.119		1.120		1.121		1.80		0.20		1.00

																																				9

																																				14

																																				27.5

		NOSIVOST Q = 5 - 16t

		`		Q		5		6.3		8		10		12.5		16		mo		K		a		m		o		y		ka		ek		Gk		L

		I		Mcv/Mch I		11.03		11.08		11.13		11.17		11.20		11.23		1.00		0.07		1.15		2.17		0.3548		1.15		0.1		2.5		15		18

		II		Mcv/Mch II		10.99		11.04		11.09		11.13		11.16		11.18		1.20		0.08		1.20

		III		Mcv/Mch III,IV		10.87		10.93		10.98		11.02		11.06		11.10		1.80		0.20		1.00

				d		1.12		1.12		1.45		1.45		1.6		1.6

		NOSIVOST Q = 5 - 16t

		`		Q		5		6.3		8		10		12.5		16		mo		K		a		m		o		y		ka		ek		Gk		L

		I		Mcv/Mch I		10.93		11.00		11.05		11.10		11.14		11.18		1.00		0.07		1.15		2.17		0.3548		1.15		0.1		2.5		15		10

		II		Mcv/Mch II		10.90		10.96		11.02		11.06		11.10		11.14		1.20		0.08		1.20														25

		III		Mcv/Mch III,IV		10.80		10.86		10.92		10.97		11.01		11.06		1.80		0.20		1.00

				d		1.12		1.12		1.45		1.45		1.6		1.6

				Mcv/Mch II 2		11.02		11.07		11.11		11.15		11.17		11.20

				Q		5		6.3		8		10		12.5		16		mo		K		a

				(R/Rh) I		1.116		1.120		1.123		1.125		1.127		1.128		1.00		0.07		1.15

				(R/Rh) II		1.111		1.115		1.118		1.120		1.122		1.124		1.20		0.08		1.20

				(R/Rh) III, IV		1.096		1.101		1.105		1.109		1.112		1.114		1.80		0.20		1.00

				Mcv/Mch I p		11.16		11.20		11.23		11.25		11.27		11.28

				Mcv/Mch II p		11.11		11.15		11.18		11.20		11.22		11.24

				Mcv/Mch III,IV p		10.96		11.01		11.05		11.09		11.12		11.14		mo		K		a		Qo 1		Qo 2		a		b1		b2		a		b1		b2

				(R/Rh) I p		1.116		1.120		1.123		1.125		1.127		1.128		1.00		0.07		1.15		6.3		12.5		0.913		1.256		1.106		0.808		1.268		1.118

				(R/Rh) II p		1.111		1.115		1.118		1.120		1.122		1.124		1.20		0.08		1.20		6.3		12.5		1.054		1.289		1.139		0.869		1.309		1.159

				(R/Rh) III, IV p		1.096		1.101		1.105		1.109		1.112		1.114		1.80		0.20		1.00

		NOSIVOST Q =20 - 50t

		`		Q		20		25		32		40		50		mo		K		a		m		o		y		ka		ek		Gk		L

		I		Mcv/Mch I		11.25		11.26		11.27		11.28		11.29		1.00		0.07		1.15		2		0.5		1.15		0.1		2.5		15		20

		II		Mcv/Mch II		11.20		11.21		11.22		11.23		11.23		1.20		0.08		1.20

		III		Mcv/Mch III,IV		11.12		11.15		11.17		11.18		11.20		1.80		0.20		1.00

				d		2		2.24		2.5		2.8		2.8										5		6.3		8		10		12.5		16

				(R/Rh) I		1.129		1.130		1.131		1.131		1.131										1.116		1.120		1.123		1.125		1.127		1.128

				(R/Rh) II		1.124		1.125		1.125		1.125		1.125										1.111		1.115		1.118		1.120		1.122		1.124

				(R/Rh) III, IV		1.116		1.118		1.119		1.120		1.121

				Mcv/Mch I p		11.29		11.30		11.31		11.31		11.31

				Mcv/Mch II p		11.24		11.25		11.25		11.25		11.25

				Mcv/Mch III,IV p		11.16		11.18		11.19		11.20		11.21		mo		K		a		Qo		a		b1		b2

				(R/Rh) I p		1.130		1.130		1.131		1.131		1.131		1.00		0.07		1.15		32		0.435		1.285		1.135

				(R/Rh) II p		1.125		1.125		1.125		1.125		1.125		1.20		0.08		1.20		32		0.176		1.342		1.192

				(R/Rh) III, IV p		1.116		1.118		1.119		1.120		1.121		1.80		0.20		1.00				1.80





		5		5

		6.3		6.3

		8		8

		10		10

		12.5		12.5

		16		16

		20		20

		25		25

		32		32

		40		40

		50		50



R/Rh

(R/Rh)

Q(t)

Odnos

Odnos opterecenja u Vertikalnoj i Horizontalnoj ravni

1.111079978

1.0540777856

1.1148478114

1.0558635382

1.1179934204

1.0573520797

1.120308813

1.0584464148

1.1220923542

1.0592886076

1.1235291701

1.0599665891

1.1244147183

1.0603842314

1.1249695579

1.0606458212

1.1252609603

1.0607831825

1.1252816406

1.0607929301

1.1251107301

1.0607123692
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Mcv/Mch I
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Mcv/Mch II

Mcv/Mch II p

Mcv/Mch II 2
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Mcv/Mch II

Mcv/Mch II p

Q(t)

)dnos

Odnos Mcv/Mch / Mcv/Mch p za II

0
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0

0

0

0
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		s		e		f

		170		1.33		0.74

		k		2		2.1		2.2		2.3		2.4		2.5		2.6		2.7		2.8		2.9		3		3.1		3.2		3.3		3.4		3.5		3.6		3.7		3.8		3.9		4

		b x		0.39		0.39		0.38		0.38		0.38		0.38		0.38		0.37		0.37		0.37		0.37		0.37		0.37		0.36		0.36		0.36		0.36		0.36		0.36		0.36		0.35

		b y		0.34		0.34		0.35		0.35		0.35		0.35		0.35		0.35		0.35		0.35		0.35		0.35		0.36		0.36		0.36		0.36		0.36		0.36		0.36		0.36		0.36

		a x		0.30		0.29		0.29		0.29		0.28		0.28		0.28		0.27		0.27		0.27		0.27		0.26		0.26		0.26		0.26		0.26		0.25		0.25		0.25		0.25		0.25

		a y		0.24		0.24		0.24		0.24		0.24		0.24		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.26		0.26		0.26		0.26		0.26		0.26

		b y / b x		0.88		0.89		0.90		0.91		0.92		0.92		0.93		0.94		0.95		0.95		0.96		0.97		0.97		0.98		0.98		0.99		1.00		1.00		1.01		1.01		1.02

		k		2		2.1		2.2		2.3		2.4		2.5		2.6		2.7		2.8		2.9		3		3.1		3.2		3.3		3.4		3.5		3.6		3.7		3.8		3.9		4

		b x p		0.39		0.38		0.38		0.38		0.38		0.38		0.37		0.37		0.37		0.37		0.37		0.37		0.36		0.36		0.36		0.36		0.36		0.36		0.36		0.35		0.35

		b y p		0.34		0.34		0.34		0.34		0.34		0.34		0.34		0.35		0.35		0.35		0.35		0.35		0.35		0.35		0.35		0.35		0.35		0.35		0.35		0.35		0.35

		a x p		0.30		0.30		0.29		0.29		0.29		0.28		0.28		0.28		0.27		0.27		0.27		0.27		0.26		0.26		0.26		0.26		0.26		0.25		0.25		0.25		0.25

		a y p		0.23		0.23		0.23		0.23		0.24		0.24		0.24		0.24		0.24		0.24		0.24		0.24		0.24		0.24		0.24		0.24		0.24		0.25		0.25		0.25		0.25

		b y / b x p		0.88		0.89		0.89		0.90		0.91		0.92		0.92		0.93		0.93		0.94		0.95		0.95		0.96		0.96		0.97		0.97		0.98		0.98		0.99		0.99		0.99

		g x		0.18		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.16		0.16		0.16		0.16		0.16		0.16		0.16		0.16		0.16		0.16		0.16		0.16

		g x p		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.17		0.16		0.16		0.16		0.16		0.16		0.16		0.16		0.16		0.16		0.16		0.16		0.16

		b x2/g x		0.86		0.86		0.85		0.85		0.85		0.84		0.84		0.84		0.83		0.83		0.83		0.82		0.82		0.82		0.82		0.81		0.81		0.81		0.81		0.81		0.80

		b x2/g x p		0.86		0.85		0.85		0.85		0.84		0.84		0.84		0.83		0.83		0.83		0.82		0.82		0.82		0.82		0.81		0.81		0.81		0.81		0.80		0.80		0.80
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				L (m)		10		12		15		16		18		20		22		24		25		II PG C.0361				72.71		1.866

				h za Q=5t		72.71		72.71		76.27		80.80		90.15		100.02		110.54		121.85		127.84

				h za Q=6,3t		72.71		72.71		76.27		80.80		90.15		100.02		110.54		121.85		127.84

				h za Q=8t		72.71		72.71		76.27		80.80		90.15		100.02		110.54		121.85		127.84

				h za Q=10t		72.71		73.06		82.00		84.88		90.55		100.03		110.55		121.86		127.85

				h za Q=12,5t		72.71		79.30		89.06		92.19		98.34		104.52		115.28		126.40		132.12

				h za Q=16t		79.70		87.41		98.14		101.56		108.27		114.86		122.53		134.06		139.97

				L (m)		10		12		15		16		18		20		22		24		25		II PG C.0561				72.35		1.857

				h za Q=5t		72.35		72.35		76.23		80.76		90.11		100.02		110.49		121.80		127.80

				h za Q=6,3t		72.35		72.35		76.23		80.76		90.11		100.02		110.49		121.80		127.79

				h za Q=8t		72.35		72.35		76.23		80.76		90.11		100.02		110.49		121.80		127.79

				h za Q=10t		72.35		72.35		76.24		80.76		90.11		100.02		110.50		121.81		127.80

				h za Q=12,5t		72.35		72.35		77.57		80.81		90.16		100.03		110.55		121.86		127.85

				h za Q=16t		72.35		72.49		83.23		84.34		94.66		105.19		115.99		127.15		132.89

				L (m)		10		12		15		16		18		20		22		24		25		I PG C.0361				72.71		1.866

				h za Q=5t		72.71		72.71		72.71		72.71		72.71		72.71		76.83		81.24		83.48

				h za Q=6,3t		72.71		72.71		72.71		72.71		73.92		78.52		83.15		87.85		90.23

				h za Q=8t		72.71		72.71		72.71		75.14		80.17		85.16		90.15		95.20		97.76

				h za Q=10t		72.71		72.71		78.93		81.69		87.13		92.50		97.86		103.25		105.98

				h za Q=12,5t		72.71		76.39		85.77		88.77		94.67		100.47		106.24		112.02		114.94

				h za Q=16t		76.80		84.22		94.53		97.82		104.25		110.57		116.82		123.07		126.21

				L (m)		10		12		15		16		18		20		22		24		25		I PG C.0561				72.35		1.857

				h za Q=5t		72.35		72.35		72.35		72.35		72.35		72.35		72.35		75.49		77.37

				h za Q=6,3t		72.35		72.35		72.35		72.35		72.35		72.35		76.09		80.19		82.18

				h za Q=8t		72.35		72.35		72.35		72.35		72.35		76.50		81.05		85.41		87.53

				h za Q=10t		72.35		72.35		72.35		72.35		76.31		81.35		86.17		90.78		93.03

				h za Q=12,5t		72.35		72.35		72.59		75.53		81.17		86.53		91.64		96.54		98.92

				h za Q=16t		72.35		72.35		77.91		81.06		87.08		92.79		98.25		103.47		106.01
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