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1.  Antecedents and objectives of the research 
 

The steel requirements of society have been increasing ever since the 
industrial revolution. In 2005 consumption in Hungary reached 2.4 
million tons, of which nearly 10% is due the manufacture of steel 
structures. Such a significant amount warrants savings achievable 
through optimization, being an efficient tool for participants in market 
to increase compatibility.  
Since the early 1980's research has been undertaken in the field of 
optimization at the Mechanics Faculty of the Pannon University in 
collaboration with the Darmstadt Technical University Research, 
during the course of which the method for calculating the expense of 
various technologies applied in the steel industry have been developed. 
My work is also an integral continuation of this research. 
I have set the following targets in my dissertation: 

- phrasing an objective function for a steel structure with 
spatially changing geometry, 

- defining the design constrains taking the Eurocode 3 
specifications and the eigenfrequency into account, 

- optimization of a specific structure based on the prepared 
function and conditions 

- preparation of a similarity-theory based model and checking 
the calculated results. 

 
2.  Methods used in the conducted research 
 
On the basis of preparing literature on optimizing steel structures and 
truss-girder, I examined the methods used today in international 
research work. It can be ascertained that latest research uses optimizing 
procedures based on chance (algorithm according to evolution, genetics 
or other techniques observed in nature), and that European researchers 
use Eurocode 3 specifications as the restriction. Based on available 
literature, faculty research and my own results I composed an objective 
function suitable for optimizing a steel structure with spatially changing 
geometry, which takes into account the following cost components: 
material costs, cutting-, chopping expenses and the cost of preparation, 
welding, cleaning and painting. The restrictions refer to the geometrical 
size, local buckling, maximum tensions, bending out, welding stresses, 
plasticity of the flange member, shear tearing out of the nodes, minimal 
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bending down, eigenfrequency and measurements due to production 
technology. Having studied the technical literature I ascertained that it 
is most economic to develop truss-girder from pipes having a circular 
cross-section, and to check this I carried out the calculations for 
circular cross-sections and for closed profile cross-sections. It can be 
ascertained from the results that in the case of high bar stress the cost of 
closed profile cross-sections is lower. Big supplementary bending 
torque occurs at the nodes if the eccentricity value (e) exceeds one 
quarter of the diameter value outwards of the centre line. For this 
reason I chose the overlapped K node for the development (the extent 
of overlap was 50%), since otherwise the angle between the flanges and 
the rods could not exceed 60°. (This statement is valid for the ø 114 
mm flange member and the ø 89 mm lattice bar member). Such a 
restriction on the angle between the flange and the lattice bar would 
have a detrimental effect on the development of the changing geometry. 
During the course of my work I applied two methods and drew a 
comparison between them. The first is the computer simulation 
modelling method, and the second is the examination of the physical 
model structure. During the course of modelling the problem on the 
basis of the listed criteria I carried out the optimization of a crane boom 
varying in height but having a permanent width with the assistance of 
the COMSOL 3.2 and the GEATbx programs in a MATLAB 
environment. I prepared the geometrical function by introducing a  

c = (h2 -h 1) / 10 
variable. The value of the co-ordinates of every node can be expressed 
by c and the length of each rod can be defined. 
I considered what effect the geometrical change and the materials with 
various strength characteristics and bonding had on the production 
costs.  
Based on the prepared optimization I examined cost sensitivity and 
how each variable influences the value of the objective function. 
Assisted by the similarity theory I prepared a model structure and 
examined whether the calculated and measured results were the same 
and researched the reasons for the differences. I carried out the 
measurements using a Hottinger HB Spider 8 gauge and used Catman 
express measuring software. I measured the tension using two strain-
gauges on the half Weatstone bridge principle, the bending down using 
a displacement gauge working on the inductive principle, and the 
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eigenfrequency using an accelerometer. To enable reproduction of the 
results each measurement was repeated 20 times. 
I examined by calculation the gusts using the so-called dynamic wind 
impact increasing factor and ascertained that the safety factor 
prescribed by the standard is bigger than the calculated value. It is 
therefore not necessary to consider the dynamic factor thanks to the 
advantageous wind resistance of the circular cross-section rods. I 
carried out comparison calculations on the natural frequency of the 
crane boom. Both the optimising COMSOL program and the AxisVM 
7 program count eigenfrequency, which resulted in near identical 
values. I compared methods suitable for approximation calculation in 
order to ascertain how suitable they are for defining quick 
eigenfrequencies. Modelling the boom in the horizontal plane as a 
console and in the vertical plane as a two-support console bracket, I 
calculated the first flexural oscillations and ascertained that in 
comparison to the finite element programs they gave good 
approximation results.  
 
3.  New scientific results 
 
Based on the work shown in the dissertation the following new results 
were born composed in theses:  
 
Thesis 1 

Mechanical methods and models exist for the optimization of spatial 
structures having a constant height and width. I developed a broadly 
applicable mechanical model for the optimization of lattice structures 
having a spatially changing geometry (chapter 3.3 and 3.4).  
I composed the objective function, which includes the material and the 
production costs. When compiling the production costs I took into 
account the significant ancillary time requirement of the CO2 gas metal-
arc welding with solid wire at the nodes of the large size steel structure. 
I defined the objective function based on results of my previous work 
and of departmental research. I considered the length, diameter and 
wall thickness of the rods of the structure as the independent variables. 
I compiled the restrictions on the basis of the Eurocode 3 standard. The 
restrictions referred to the permitted tension in the drawn and pressed 
rods, the strength of the nodes, the plasticity of the flange member, the 
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buckling of the rods and their shear tearing out as well as the 
geometrical measurements.  
I also took into account the conditions for the bending down of the 
lattice bracket and for the limitations of natural frequency. 
The model is suitable for the scientific investigation of constructions 
made of solid rod, pipe sections and closed sections. 
 
Thesis 2 

With the assistance of the developed model I opimized the building 
costs of a crane boom of changing height and permanent width.  
I carried out the calculations with the help of genetic algorithm 
(GEATbx) and the COMSOL finite element program, both of which run 
under a MATLAB surroundings. Optimization is carried out by the 
GEATbx program part, whilst the COMSOL program checks the 
strength. 
I carried out the optimizing on cross-sections of both pipes and closed 
sections and I also examined the connections between costs and 
material quality in the case of S235, S275 and S355 material qualities. 
- I ascertained that a cost saving is possible with a variable boom 

height compared to the permanent height structure, which in the 
case of the S235 material with a pipe cross-section is 5.4% and 
with a closed cross-section is 5.7%.  

- I ascertained that using the S355 type of material, which has 
better strength characteristics means a significant increase in 
costs (36% and 40% respectively) and meanwhile the mass of 
the construction is reduced by 6.8% and 2% respectively (the 
first value refers to the pipe section and the second to the closed 
section). In this way the reduction in weight does not level off 
the increase in costs due to the more expensive material. In the 
case of S275 material quality the costs are 10.7% and 14.7% 
more and the weight loss is 5.2% and 1.3% (in all cases the basis 
for comparison was the S235 material pipe cross-section because 
this is the least expensive). 

 
Thesis 3 

The conditions for the objective function and the limitations can be 
modified simply in the case of various types of sections (circular, 
closed section).  When restricting the softening of the flange member a 
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different function is valid for the circular cross-section and also for the 
closed section. I ascertained the following in the case of flange 
members having the same section areas (Ø 114x3.6 mm pipe and 80x4 
mm closed section respectively): 
- In the case of pipe cross section the wall thickness of the lattice 

rod does not affect the strength limit of the flange denting and 
the strength limit increases digressively parallel to the increase 
in diameter. If the external diameter of the lattice rod reaches 
78% of the external diameter of the flange member, then the 
permissible tension in the lattice rod drops below 40% of the 
yield. In this case it is more economic to use the closed section.  

- In the case of closed sections the limit strength calculations have 
to take into consideration the wall thickness of the lattice rod and 
the strength limit increases proportionally to the area of the 
cross-section. In the case of two square closed sections having 
the same cross-section the strength limit is greater in the case of 
the rod with the smaller outer side length but having a bigger 
wall thickness. 

- I ascertained during the analysis of the costs that the statement, 
which can be found in the literature, whereby a construction 
made of pipe is cheaper than one made of closed section, is only 
true if the proportion of the external diameters of the lattice 
rod/flange member is less than 78%. Elsewhere the literature 
states that the production cost of the closed section is less than 
that of a construction made of the pipe section. My calculations 
proved the opposite. The production costs of the closed section 
in the case of three material qualities were on average 2.3% 
more than the value in respect of the pipe section.   

I ascertained through a sensitivity examination that out of the examined 
10 variables the value of the objective function is influenced the most 
by changing d2 (diameter of the lattice rod on the side plane). 
 
Thesis 4 

In order to check the results calculated on the basis of the mechanical 
model I prepared the physical model of the boom. I defined the main 
measurements of the boom model structure on the basis of similarity 
theory (l,11,l 2, d 1 , v 1, and h 1). During the calculation I chose the edge 
stress of the boom as the basis for the similarity, since it is not sensitive 
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to the diameter and wall thickness values of the flange member. I 
calculated the other measurements of the model construction, the rod 
strengths and the displacements using COMSOL and AxisVM 
programs (chapter 4.2.). 
I ascertained that for the modelling of large size structures it is not 
enough to fulfil the geometrical similarity theory criteria, but the 
physical model also has to meet the already mentioned limitation 
criteria at the same time. 
I carried out various measurements on the model structure. 
On the basis of the processed, measured data I ascertained that the 
difference between the calculated and the measured stress is not 
significant (0.5%). There is a bigger difference in the measured results 
of the bending down and of the eigenfrequency. The reason for this 
could be that the size of the welding seam is bigger than expected, and 
could also be the taking hold of the model. We applied CO2 protective 
gas, consumable electrode arc welding so that less heat would be added 
and because of the similarity and with this the structure became heavier 
and more rigid. 
I made the calculations with the increased mass of the welding seam. I 
ascertained that the change in the results is not significantly due to the 
size of the seam, but the difference between flexibility of the calculated 
and the real grips. 
I defined the tensions, the eigenfrequency and the displacement in the 
case of the flexible grip. The calculated results came closest to the 
measured results when the spring constant was 6200 kN/m.  
 
Thesis 5 

I defined the eigenfrequencies of the bending vibration on the 
horizontal and vertical planes of the boom using the analytical 
approximation method. 
I approached the first vibration picture, which is the horizontal bending 
vibration, with a console bracket clamped at the end and applied the 
continuum model. The deviation between the finite element program 
and the value defined with the above method is 3%. 
I defined the first eigenfrequency of the bending vibration in the 
vertical plane using the Rayleigh-type approximation procedure. I 
ascertained that if we take on the loading arising from the empty weight 
according to the vibration picture (i.e. that the mass is effective 
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upwards on the console), then the difference between the values 
obtained from the finite element programs and the approximation 
calculation is acceptably little (6.9%). 
 
4.  Making use of the scientific results 
 
The results verified that optimization of the changing geometrical 
structure leads to significant cost cuts and this method can therefore be 
used directly in industry. The limiting conditions, which have been 
worked out can be applied practically without change, whilst the 
objective function can be modified relatively simply.   
Any structure having a changing geometry, the form of which can be 
written as a function, can be optimised using this method. I applied 
circular and square cross-sections in my work, but the program is 
capable of handling any standard cross-section. 
The measuring method worked out and the gained results can be used 
directly in education.  
 

 
 
 

NOTATIONS 
 

notation: explanation: dimension: 
c geometrical variable  
e eccentricity [m] 
h1 minimum height of the boom [m] 
h2 maximum height of the boom [m] 
d1 external diameter of the flange member [m] 
l the length of the boom, span [m] 
l1 the length of the boom during 

suspension 
[m] 

l2 the length of the console part of the 
boom 

[m] 

v1 wall thickness of the flange member [m] 
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