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1 INTRODUCTION 

Over the course of the national implementation phase of the European standard family i.e. 

the so-called Eurocodes the code provisions of the EN 1993-1-1 standard [1] for the design of 

steel members against stability problems caught the attention of the scientific community. 

Since, the EN version of the standards contents not only a few modifications based on previous 

revisions but beyond the design methods known from the pre-standards new calculation 

procedures as well. 

1.1 MOTIVATION 

The standard methods for flexural buckling and lateral-torsional (LT) buckling type 

problems use stability curves to predict the load-carrying capacity of steel members. These 

curves are based on the calibrated Ayrton-Perry (AP) type solution of the flexural buckling 

behaviour. Until the introduction of the Eurocode standards the determination of the AP formula 

for LT buckling type problems could not be solved. Therefore, the design method for members 

under bending uses the theoretical formulae derived for the flexural buckling and calibrated for 

the LT buckling behaviour. This contradiction causes mainly that the standard methods cannot 

properly follow the behaviour of the beams. In contrast with the methods for columns and 

beams the design procedure given for beam-columns uses interaction factors for combining the 

pure cases instead of using stability curves. Thus, it does not fit to the other design methods in 

the EN 1993-1-1. 

Several researches are dealing with the problems of the standard methods at this time to 

give proper modifications for the correction of stability design or determine new procedure to 

change the existing ones. After introducing the Eurocode standards the researchers mainly 

focused on the problems of members under bending. Their main objective was to give new 

recommendations for stability design against LT buckling. Some years ago a new tendency in 

research interests appeared. The main goal of these researches is to develop a general type 

design method for stability behaviours which can solve the problems of members under 

combined loads and with different configurations at the same time. It is common in these works 

that they try to base their new methods on the theoretical AP formula. However, entire solution 

for the formula and properly verified design method can be found now only for the case of 

beams in the literature. 

1.2 OBJECTIVES  OF  THE  RESEARCH 

My work detailed here joins to the new tendency of the researches. The first main objective 

of my research was to develop a new design method for LT buckling of beams which can solve 

the problems of standard procedures. Meanwhile, the determination of the AP formula for the 

stability behaviour of beam-columns was solved. This made possible the generalization of the 

newly developed methodology for the case of members under compression and bending and to 

propose a general type design method. 

At the beginning of the research the publications and documentations in this topic were 

collected to get to know the recent state of the work and the applied, possible solutions used in 

the international researches. The first and maybe the most important step of developing the new 
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method was the choice of the fundamental mechanical background and theoretical formulae for 

the basic of the new methodology. For that, the AP formula was chosen. The determination of 

these theoretical formulae for the stability behaviour of beams and beam-columns was solved 

in recent past. 

I started my research with the examination of the simple reference members of beams. For 

this configuration the deterministic calibration of the AP formula was carried out using the 

results of own numerical simulations. After that, the range of the numerical tests was extended 

by members under bending built with different load distributions and boundary conditions. For 

these configurations a new calculation procedure was developed which uses cross-sectional 

evaluation and is appropriate for predicting the LT buckling resistance of beams. By the new 

generalized form of the AP formula determined for beam-columns the extension of the 

proposed methodology of cross-sectional evaluation was examined. As the final result of the 

research a new stability design method was developed for members under combined forces 

(compression and major axis bending). 

2 REFERENCE  MEMBERS  OF  BEAMS 

For the basic theoretical background of the new stability design method the AP formula 

was chosen. According to the experiences gained in the column design against flexural buckling 

this formula can be appropriately used in stability calculations. The generalized form of the 

formula for the case of beams is known from the independent works of Taras and Greiner in 

[2] and Szalai and Papp in [3]. The theoretical formulae concern of elastic members and through 

some simplifications does not contain several effects which characterize the behaviour of real 

members. Therefore, the formulae require some calibration. 

2.1 AYRTON-PERRY  FORMULA  FOR  BEAMS 

My research is mainly based on the solution determined by Szalai and Papp. So here, the 

generalized AP type formulae introduced in publication [3] are detailed. These theoretical 

formulae are valid only for prismatic members with doubly symmetric I-shaped cross-sections, 

end-fork boundary conditions and subjected to pure bending around their strong axis with the 

value of My,Ed bending moment. The authors call this configuration reference member which 

can be seen in Fig. 1. 

 

Fig. 1. The reference member of beams for determining the AP formula 
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The AP formula means the first yield condition of the examined elastic member which 

belongs to the most utilized fibre. The elastic member has initial geometric imperfections. After 

composing the first yield condition for the LT buckling behaviour and transforming the 

equations the second order form of the AP formula can be written: 
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where LT  means the relative slenderness, χLT the reduction factor for LT buckling and ηLT the 

generalized imperfection factor whose theoretical form is: 
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In Eq. (2) v0 and φ0 are the amplitudes of initial deflection and rotation components of 

geometric imperfection, Wel,y, Wel,z, and Wel,ω are the elastic major axis, minor axis and warping 

sectional modules of the cross-section respectively, G is the shear modulus of the material and 

It is the inertia for St. Venant torsional stiffness. Transforming the equation of the AP formula 

the stability curves can be written in the following form:  
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where 

 20,5 1LT LT LT          (4) 

The theoretical form of the AP formula is not appropriate for design purposes in practice 

because it defines the condition of the first yield. However, former experiences show that it can 

be properly calibrated for the stability behaviour of real members. The formulae do not take 

into account the plastic behaviour of the material and neglect the effect of the residual stresses 

from manufacturing procedures. Therefore, the calibration of the formula is necessary. 

2.2 NUMERICAL  TEST  PROGRAM  FOR  THE  REFERENCE  MEMBERS 

The calibration of the AP formula for the case of simple reference members of beams and 

the further examinations were performed by using the results of own numerical simulations. 

For that, shell finite element models of members with different boundary conditions and load 

distributions were built in ANSYS software. The numerical models were defined with 

geometric imperfection affine to the first eigenmode of the examined member. The initial 

imperfection had the amplitude of L/1000 where L is the length of the beam. In the models 

residual stresses were also taken into account. Using these numerical models of members 

geometrically and materially nonlinear imperfect (GMNI) analyses were carried out. As the 

results of the numerical simulations the Mb,Rd LT buckling resistances of the examined members 

were determined. The appropriateness of the numerical model was verified by comparing its 

results to resistance curves collected from the international literature. 

In the numerical test program bended reference members with hot-rolled and also with 

welded sections were examined. For both of the section types 20 different profiles belonging to 

the compact sections of class 1 or 2 and 15 different non-compact profiles of class 3 were 

chosen. With each one of the chosen cross-sections numerical models of members with 16 
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different lengths were built. Thus, through the numerical test program GMNI analyses of 1120 

beams belonging to the reference members were carried out.  

2.3 THE  CALIBRATED  AYRTON-PERRY  FORMULA  AND  ITS  RESULTS 

From the Mb,Rd LT buckling resistances determined by numerical simulations the variables 

of the AP type formulae introduced in Section 2.1 were calculated and evaluated in various 

aspects. The first main objective of these investigations was to find the most appropriate 

variable for the calibration. And the second one was to choose that relation between the 

variables which can be the basic of the calibration formula. 

One of the possible calibration variables of the AP formula is the ηLT generalized 

imperfection factor. Through the development of the standard design methods in EC3-1-1 the 

researchers chose this parameter for the basic of the calibration. However, my examinations 

established that the standardized solution with linear function of the LT  slenderness for ηLT 

imperfection factor cannot follow properly the LT buckling behaviour of beams determined by 

numerical simulations. Nevertheless, the definition of ηLT see in Eq. (2) provides such a 

beneficial and real physical meaning which makes it possible to follow separately the 

behaviours of members with different profiles through taking into account the cross-sectional 

properties. Therefore, the theoretical form of the imperfection factor was not modified. 

The next option for the calibration is the choice of the amplitudes of the initial geometric 

imperfection which are contained in the formula of the ηLT imperfection factor. These variables 

were examined in different aspects. As the result of the investigations the vtot amplitude of the 

total lateral displacement was proved to be the most beneficial variable for the calibration of 

the AP formula. The definition of the vtot parameter is shown in Fig. 2. The vtot parameter can 

be calculated as a function of the v0 and φ0 amplitudes defined previously, the h height of the 

cross-section, and tf thickness of the flange.  

  

Fig. 2. Definition of the amplitudes of the geometric imperfection 

From the results of the numerical simulations the L/vtot (member length over the amplitude 

of the total initial deflection) ratios were calculated using the formulae detailed in Section 2.1. 

The values of the L/vtot ratios were plotted in diagrams over the LT  slenderness for LT 

buckling. These diagrams shown in Fig. 3. and Fig. 4. for the four examined cross-section 

groups served as the basic of the calibration procedure. 
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Fig. 3. L/vtot ratios and calibrated curves for hot-rolled and welded profiles belonging to 

compact sections of class 1 or 2 

 

Fig. 4. L/vtot ratios and calibrated curves for hot-rolled and welded profiles belonging to non-

compact sections of class 3 

For the L/vtot ratios calculated from the results of numerical simulations bottom covering 

curves were fitted as it can be seen with solid black lines in the above diagrams. Based on 

evaluations the parabolic description of the chosen calibration curves was proved to be the most 

appropriate solution for the calibration of the theoretical formula. The functions of the parabolic 

curves belonging to the examined four groups of profiles respectively: 

- hot-rolled profiles of class 1 and 2 - „HR1-2” (based on the left side of Fig. 3.): 

  
2

500 1,1 380LT

tot

L

v
     (5) 

- welded profiles of class 1 and 2 - „WD1-2” (based on the right side of Fig. 3.): 

  
2
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L

v
     (6) 

- hot-rolled profiles of class 3 - „HR3” (based on the left side of Fig. 4.): 

  
2
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L

v
      (7) 

- welded profiles of class 3 - „WD3” (based on the right side of Fig. 4.): 
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1000 0,9 400LT
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L

v
      (8) 
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Using the chosen calibrated functions and the determined, theoretical formulae of the AP 

type solution a new method is available which is able to calculate the LT buckling resistance of 

bended reference members. The main steps of this new method are illustrated in Fig. 5. 

 

Fig.5. New method for the design of bended reference members against LT buckling 

With the calibrated AP formula the LT buckling resistances of the members evaluated in 

the numerical test program were calculated. These resistances were plotted on common 

diagrams with the results of the simulations. Fig. 6. shows example for these diagrams. 

According to Fig. 6. it can be seen that the resistance curves calculated by the new AP formula 

based method and plotted with dashed lines fit properly enough to the numerical solid curves. 

 

Fig. 6. Some results of the new, AP formula based method 
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The accuracy of the AP formula calibrated in this section was investigated by evaluating 

the differences between the calculated and numerical resistances. These results were compared 

to the accuracy of the standard methods and the calibration proposed by Taras and Greiner in 

[2]. Through the evaluation it was determined that it is indispensable to give correction for the 

standard methods. This is stated based on the significant deviation of the differences between 

the calculated and numerical results and also the many results on the unsafe side given by the 

method in EN 1993-1-1 6.3.2.3. The accuracy of the proposal by Taras and Greiner showed 

considerable fluctuation on the examined range of the slenderness and in some cases with mean 

values of the differences on the unsafe side. Better and more even accuracy can be provided by 

using the calibration functions proposed in this section. As the result of the investigation it was 

determined that the AP formula calibrated by own solution gives more advantageous calculation 

procedure than the standard methods and the proposal of Taras and Greiner. 

3 MEMBERS  UNDER  BENDING 

The new calculation method based on the AP formula and detailed in Section 2.3 is suitable 

to predict the LT buckling resistance of bended reference members. To make this procedure 

utilizable for the case of other bended configurations some idea was needed for the extension. 

For that, several opportunities were evaluated and considered. As the result of the research work 

a new, general type design method was determined for the LT buckling check. 

3.1 THE  NEW  DESIGN  METHOD  FOR LT  BUCKLING  CHECK  

By reviewing the international literature and based on own examinations the opportunities 

for the determination of the new method was looked for. According to the publication of 

Naumes et al. in [4], optimal design can be carried out when the critical, most utilized cross-

section in the aspect of the loss of stability is known and the LT buckling resistance of the 

member is evaluated and calculated according to this cross-section. However, this cross-section 

can be known only for special simple configurations. Considering the opportunities for this 

solution finally such a new method was developed which gives practical application for the 

proposal of Naumes et al. 

For the determination of the critical design cross-section my idea was to use a segmental 

methodology. Namely, at the first step of the procedure the examined member is divided into 

segments and every chosen cross-section is evaluated. Thereby, finally the critical design cross-

section can be chosen and according to this cross-section the LT buckling resistance of the 

member can be calculated. 

The cross-sectional evaluation came to be based on the definition of the relative slenderness 

in Eq. (9) which essentially means the generalized interpretation of the property: 
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In Eq. (9) αult is the multiplication factor to reach the Mc,Rk characteristic cross-sectional 

resistance and αcr is multiplication factor to reach the Mcr elastic critical bending moment. When 

the multiplication factor in the numerator is replaced by the αult,i value which is calculated from 
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the My,Ed,i bending moment belonging to the i-th cross-section the meaning of the slenderness 

can be generalized. Therefore, in this form it does not belong merely to the geometrical 

characteristic of the whole member. With the Eq. (9) definition the slenderness is interpretable 

for the cross-sections based on their utilization. This new parameter is called slenderness for 

the cross-section. 

Concerning the new method for bended reference members introduced in Section 2.3 by 

knowing the LT  relative slenderness of the examined member the steps summarized in Fig. 5. 

can be carried out and the LT buckling resistance can be calculated. In the case of the segmental, 

cross-sectional evaluation based method the slenderness values for the chosen cross-sections 

are already known. With these slenderness values an equivalent virtual member can be defined 

for each of the chosen cross-sections which virtual member is simple reference member and 

has the same slenderness property. For these virtual members the AP formula based calculation 

procedure can be carried out. This idea is illustrated by Part 1 in Fig. 7. 

 

Fig. 7. The main steps of the new design method for LT buckling check 

In that case when the AP formula based method is carried out separately for each evaluated 

cross-sections it is not taken into account that these cross-sections belong to a global behaviour, 

to the whole examined member. Through the ,LT i  slenderness for the cross-sections the first-

order effects arising from the loads of the member are taken into consideration. But, the ηLT,virt,i 

imperfection factors calculated for the separate cross-sections do not contain those second-order 

effects which come from the deformations of the whole member but they should take them into 

account. 

To take into consideration the second order effects such a solution was applied where the 

ηLT,virt,i imperfection factors calculated belonging to the cross-sectional equivalent, virtual 

elements are weighted by the typical buckled shape, the eigenshape of the member. Part 2 in 

Fig. 7 illustrates this step. For that, the vi/vmax weights represent the ratio of the vi deflection of 

the i-th cross-section and the vmax maximum deflection of the whole member. Multiplying the 

ηLT,virt,i values with the vi/vmax ratios the calculated modifies ηLT,i imperfection factors already 
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contain the second-order effects. With these factor, following the steps of the AP formula based 

calculation procedure the reduction factors for LT buckling can be determined. 

Based on the χLT,i reduction factors got from the calculation a bending moment resistance 

value can be determined for each of the chosen, evaluated cross-sections: 
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Choosing the minimum value of these load carrying capacities we get the LT buckling 

resistance of the examined member. And finally, the cross-section which the minimum 

resistance belongs to means the critical cross-section (design location) as it is shown by Part 3 

in Fig. 7.  

3.2 THE  RESULTS  OF  THE  NEW  DESIGN  METHOD  FOR  LT  BUCKLING  CHECK  

The evaluation of the accuracy and applicability of the new design method for LT buckling 

check detailed on Section 3.1 was carried out for numerous members under bending with 

various configurations. The load-carrying capacities needed for the investigations were 

determined by numerical simulations. The numerical results were compared to the values 

calculated by using the cross-sectional evaluation based method. 

For the examinations mostly such general configurations were chosen which are handled 

by other calculation procedures given in the literature as well. Thereby, the results determined 

by the standard methods, the proposal for code amendments by Taras and Unterweger see in 

publication [5] and the new design method for LT buckling check could be compared. Beyond 

that general configurations web-tapered members were also examined. The case of tapered 

members was very important through the investigation of the applicability range of the new 

method because neither the standard methods nor the new proposal for code amendments can 

handle their behaviour. 

3.2.1 GENERAL  CONFIGURATIONS 

For the test program of the general type configurations of beams members with 6 different 

load distributions and boundary conditions were chosen beyond the previous reference 

members. These chosen configurations are illustrated in Fig. 8. For the examined member 

groups the numerical model of 16 members were built with L lengths belonging to different 

values of z  relative slenderness for flexural buckling in the range of 0,6 to 3,6. The numerical 

test program was carried out for 20 HR1-2, 20 WD1-2, 15 HR3 and 15 WD3 type profiles 

similarly to the case of the reference members. Thus, the database of the reference members 

was extended by the results of GMNI analyses of 6720 different bended members. 

 

Fig. 8. The bended configurations chosen for the investigations 
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For the evaluation of the results of the new design method the LT buckling resistances of 

the members chosen for the numerical test program were calculated and compared to the 

numerical results. Similarly to the case of reference members the calculated and numerical 

resistances were plotted on common diagrams. For that the diagram in Fig. 9. shows some 

examples. According to the diagram it can be seen that the cross-section evaluation based 

design method can properly follow the behaviour of various configurations. 

 

Fig. 9. The accuracy of the new design method for the case of different bended configurations 

The statements taken through the evaluation of the differences and comparison of the 

results determined by the examined methods are similar to those which were stated in the case 

of the bended reference members. Accordingly, the standard methods need corrections anyway. 

This was confirmed by the uncertainty proved by the high deviation of the accuracy, the over-

conservatism of the method in EN 1993-1-1 6.3.2.2 and the numerous results on the unsafe side 

given by the method in EN 1993-1-1 6.3.2.3. For the correction of the standard procedures the 

proposal of Taras and Unterweger in [5] can be a good choice and the new method introduced 

in Section 3.1 as well. The two latter methods provided results with closely the same average 

and deviation values. 

3.2.2 WEB-TAPERED  MEMBERS  UNDER  BENDING 

Through the examinations the case of the web-tapered members was very important since 

the recent standard methods cannot give solution for these configurations. However, the new 

design method detailed in Section 3.1 can be extended for the case of tapered members if the 

definition of the slenderness for cross-section see in Eq. (9) is generalized with taking into 

account the values of Mc,Rk,i characteristic cross-section resistance and Wy,i section modulus 

changing along the member length: 
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Using the generalized definition of the slenderness for cross-section the LT buckling 

resistances of members with different taper ratios and loaded by various load distributions were 

calculated by the new design method. The results were compared to the load-carrying capacities 

determined by numerical simulations. The details of the examined configurations are 

summarized in Table 1. 
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Table 1. Numerical test program for web-tapered members under bending 

The resistance curves calculated by the new method for LT buckling check in the case of 

web-tapered members with various load distributions were plotted on common diagrams and 

compared with the resistance curves determined by numerical simulations. For that Fig. 10. 

shows some examples. In Fig. 10. the resistance curves belonging to some of the tested 

configurations for the members with HEA 200 end cross-section are plotted. 

 

Fig. 10. Resistance curves belonging to various configurations of web-tapered members 

Based on the results of the examinations it can be stated that the new method for LT 

buckling check is able to follow the behaviour of different web-tapered members only through 

its calculation methodology without using any other parameters fitted to the numerical results. 

The LT buckling resistances calculated by the new method comparing to the numerical results 

gave differences with 6-8% of average value. These differences are acceptable. 

3.2.3 SUMMARY  FOR  THE  NEW  METHOD  

According to the results of the examinations carried out the new, AP formula based method 

for LT buckling check was proved to be better than the standard methods and the proposal of 

Taras and Unterweger. Beside the appropriate mechanical background another important 

advantage of the new method is the cross-section based evaluation methodology which is able 

to follow the different behaviours and does not necessitate the use of further parameters fitted 

for the various configurations. As an essential result of the cross-sectional evaluation the 

method is suitable to determine the load-carrying capacity of web-tapered members. For these 

configurations neither the standard methods nor the proposal of Taras and Unterweger give 

solution. 

Profile of the 

smallest end c-s
6 pc IPE 500 HE A 200 HE A 900 HE AA 550 HE B 300 HE M 450

Lengths 16 pc

Taper ratio 3 pc

Load distributions 3 pc

Total 864 pc

Numerical test program for tapered members

L  belonging to chosen values of the relative slenderness: λz = 0,6 - 3,6

γ = 2; 3; 4

Ψ = 1; 0,5; 0
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4 MEMBERS  UNDER  COMPRESSION  AND  BENDING 

For the determination of a new, general type method which is suitable for the stability 

design of beam-columns the experiences gained in the examinations of bended members were 

utilized. Through the research work it was examined if the cross-sectional evaluation 

methodology introduced in Section 3.1 with changing its theoretical basis for the formulae 

belonging to beam-columns is appropriate. Here, the application of the AP formula determined 

for beam-columns by Szalai in [6] was investigated. 

4.1 AYRTON-PERRY FORMULA  FOR  BEAM-COLUMNS 

Similarly to the case of members under bending the simple reference member which the 

AP formula can be determined for can be defined for beam-columns as well. This reference 

configuration is illustrated in Fig. 11.  

 

Fig. 11. Reference member for the determination of the AP formula for beam-columns 

So, the theoretical formulae are valid only for prismatic members with doubly symmetric 

I-shaped cross-sections, end-fork boundary conditions and subjected to pure NEd compression 

and bending around their strong axis with the value of My,Ed bending moment. The AP formula 

can be written based on the first yield condition: 

 
2

2 2 2

1 1 1
1 0BC BC BC

BC BC BC

  
  

 
        

 
 (12) 

where BC  is the relative slenderness for beam-columns, χBC is the reduction factor and ηBC is 

the belonging imperfection factor which can be written in the following form: 
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which is in a brief definition: 
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      (14) 

The form of the generalized imperfection factor in Eq. (14) has very important advantages. 

Based on the superscripts of the function it can be seen that the left part of the summation, 

namely the ηz
N is equal to the solution for the flexural buckling of columns and the ηLT

M right 

side definition means the same as the solution for the LT buckling of beams introduced in Eq. 

(2). Therefore, the examination of beam-columns under combined loading can be performed 

with the evaluation of the pure effects separately. Between these separated behaviours the cross-

sectional utilization values and the m factor resulted from the theoretical determination make 

the relation and give the originally examined combined effect. 
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Transforming the theoretical form of the AP formula the stability curves can be defined 

here as well:  

 
2 2

1
BC

BC BC BC


  


 

  (15) 

with 

 20,5 1BC BC BC          (16) 

4.2 REFERENCE  MEMBERS  OF  BEAM-COLUMNS  

Concerning the theoretical form of the generalized imperfection factor see in Eq. (14) the 

pure stability phenomenon can be separated. Therefore, the calibration can be carried out 

separately as well. First, the left part of the summation in Eq. (14) has to be fitted to the 

behaviour of the members under compression than the right part has to be calibrated for the 

behaviour of the members under bending and finally the interaction can be formed by the α 

utilization factors and by the m parameter. 

  

Fig. 12. New method for the stability design of the reference members of beam-columns 

Through the calibration of the AP formula the equivalent geometric imperfection of 

members under compression given by the EC3-1-1 5.3.2 (11) section of the standard was 

applied in its original standardized definition. For the other part of the imperfection factor which 

relates to the members under bending the calibration formulae proposed in Section 2.3 were 

used. Considering these calibrated solutions and using the theoretical formulae of the 
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determined AP formula a new method is available for the stability check of the reference 

members of beam-columns. The main steps of this new calculation procedure are shown in Fig. 

12. 

The results of the new method valid for the reference members of beam-columns were 

evaluated by comparing to the load-carrying capacities determined by numerical simulations. 

For that, the numerical model of members with 20 various hot-rolled profiles belonging to the 

compact sections of class 1 or 2 and with 7 different lengths were built. For each of the 

examined members the NM resistance curves were determined by 17 simulations. This meant 

2380 GMNI analyses for the reference members of beam-columns altogether. The calculated 

and numerical results of the examined members were compared which is illustrated by the 

diagram in Fig. 13. Here, it can be seen that the AP formula fits appropriately to the behaviour. 

 

Fig. 13. The results of the new AP formula based method 

The accuracy of the new stability design method was evaluated by comparing its results to 

the resistances calculated by the standard method with interaction factors. By the examinations 

it was stated that the new, AP formula based method is appropriate and provides better accuracy 

than the standard method. The “Method 1” and “Method 2” formulae gave differences to the 

numerical results with the average value of ca. 5 and 3% higher than the new method and with 

deviation ca. 6,5 and 4% higher. 

4.3 THE  NEW  DESIGN  METHOD  FOR  STABILITY  CHECK 

For the determination of the new stability design method suitable for various configurations 

of beam-columns the method introduced in Section 3.1 was utilized. The calculation 

methodology detailed there can be applied for the case of members under combined loading 

when the AP formula based evaluation methodology is exchanged to the extended solution 

given in Section 4.2. Apart from the extension of the theoretical background the steps of the 

calculation procedure are the same as shown in the case of members under bending. 

Applying together the AP formula valid for the reference members of beam-columns and 

calibrated according to Section 4.2 and the calculation procedure introduced in Section 3.1 a 

new stability design method is available for members under combined loading. The main steps 

of this new method are illustrated in Fig. 14. 
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Fig. 14. The new stability design method generalized for beam-columns 

The appropriateness of the method was investigated for the bended configurations shown 

in Fig. 8. loaded additionally by normal force. Therefore, 6 various configurations of beam-

columns were examined. For each of these configurations the detailed numerical test program 

with 20 hot-rolled profiles and 7 different member lengths was carried out. The numerical 

model of these chosen members were built and their NM resistance curves were determined by 

17 GMNI analyses. This numerical test program gave 14280 new results for the evaluations. 

The numerical resistance curves were compared to the calculated load-carrying capacities. Fig. 

15. shows some examples for the examination. 

 

Fig. 15. The results of the new stability design method 
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According to Fig. 15. it can be seen that the AP formula based cross-sectional evaluation 

follows appropriately the behaviours determined by numerical simulations. The accuracy of the 

new method was evaluated and compared to the results of the standard design method as well. 

Based on the examinations it was stated that the two sets of standard formulae, the “Method 1” 

and “Method 2” provides acceptable results for the different beam-column configurations. 

However, the load-carrying capacities determined by the new method fit more accurately to the 

numerical resistances. The average value of the differences was ca. 2-3% lower in the case of 

the new method. In the aspect of the deviation the new method was much better than the 

standard procedures: it provided 6-7% lower value. These results confirm the better accuracy 

and lower uncertainty of the new method. 

5 SUMMARY 

As the final result of the introduced research a new stability design method was determined 

which is able to predict the resistances of members under combined loading against loss of 

stability. The proposed procedure means a novel approach for the stability design because it 

uses cross-sectional evaluation instead of examining the whole member. For the calculation 

procedure the calibrated AP formula was utilized which is valid for the case of beam-columns. 

Based on the results of investigations it was proved that the new method can follow the different 

behaviours only by the AP formula based, cross-sectional evaluation methodology and it does 

not require the use of other fitted parameters like the standard and other proposed methods 

work. 

The new stability design method detailed in the dissertation points beyond the actual 

standard methods as it is applicable for the web-tapered members as well. To state the general 

applicability of the new method for tapered beam-columns further examinations are needed. 

Since the proposed procedure can follow the different behaviours through its cross-sectional 

evaluation methodology the members with special loadings and boundary conditions (e.g. 

concentrated bending moment among the member ends, eccentric supports etc.) can be chosen 

as a possible range of extension. There is now other method which could handle these problems 

yet. Another possibility for the generalization of the method is the utilization of the newly 

determined, generalized AP formula for members under compression and biaxial bending. 

Based on the results of the examinations these possible directions of the extension are very 

promising. 
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6 NEW  SCIENTIFIC  RESULTS 

 

Thesis 1. The calibration of the Ayrton-Perry formula for reference members 

of beams 

I carried out a new deterministic calibration process for the Ayrton-Perry formula 

generalized for the lateral-torsional buckling behaviour of the reference members under 

bending. The proposed new calibrated formulae give better accuracy than the other solutions 

found in the literature. 

I carried out the calibration based on numerous own numerical results. I determined these 

numerical results by GMNI analyses of a finite element model which I validated by resistances 

found in the international literature. 

I stated that the most appropriate variable for the calibration is the ratio of L/vtot (member 

length over total lateral deflection) which characterizes the measure of the geometric 

imperfection. As the result of the calibration I proposed calibrated formulae for the 

determination of the ratio of L/vtot. 

I proved that the Ayrton-Perry formula calibrated by the proposed calibration formulae 

provides appropriately accurate resistance values for the reference members under bending. 

Publications: [BB3], [BB4], [BB5], [BB6] 

 

Thesis 2. New method for lateral-torsional buckling check of members under 

bending based on the Ayrton-Perry formula  

I determined a new method for lateral-torsional buckling check of members under bending 

with various configurations which is applicable through design software. The method uses a 

novel approach for the stability design with cross-sectional evaluation methodology based on 

the calibrated Ayrton-Perry formula referred in Thesis 1. I proved that the new method is able 

to follow the behaviour of the various bended configurations through its calculation 

methodology and does not require the application of other fitted parameters according to the 

different load distributions and boundary conditions. 

Based on numerous own numerical results I proved that the new method provides 

appropriately accurate resistance values for regular prismatic and web-tapered members under 

bending as well. 

Publications: [BB1], [BB2], [BB6], [BB7], [BB8] 
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Thesis 3. The generalization of the new, Ayrton-Perry formula based method 

for the stability design of beam-columns 

I generalized the calculation methodology based on cross-sectional evaluation referred in 

Thesis 2 and extended for the determination of the resistance of regular beam-columns against 

loss of stability.  

For the theoretical basis of the generalized method I utilized the Ayrton-Perry formula 

determined for the reference members of beam-columns. I proposed a possible solution for the 

calibration of the theoretical formulae. For that, I utilized the calibrated formulae proposed for 

the members under bending referred in Thesis 1. 

Based on the results of extensive own numerical test program I proved that the determined 

new method provides appropriately accurate resistance values for regular members under 

compression and strong axis bending with different load distributions and boundary conditions.  

Publications: [BB9] [BB10] 
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