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Abstract. The presented paper deals with the stochastic analysis of the ultimate limit states of steel-concrete building 
members. The load carrying capacity of steel-concrete columns, comprising of steel profiles encased in high strength con-
crete, in compression is analyzed. The first part of the paper lists assumptions for the determination of the theoretical load 
carrying capacity of the column. Principles of elasticity and plasticity are used to determine stresses in the concrete and 
steel sections. Statistical characteristics of input material and geometrical imperfections are listed. Results of the theoreti-
cal analysis are then compared with results of experimental research. Statistical characteristics of obtained results of the 
theoretical analysis were verified using statistical characteristics obtained from experimental research. Numerical simula-
tion LHS and Monte Carlo methods, which take into account the influences of variability of input imperfections, were 
employed. The influence of the utilization of the plastic reserve in the determination of the load carrying capacity of the 
analysed strut is shown. The influence of the initial geometric imperfections of initial strut curvature on the load carrying 
capacity is also presented. 
Keywords: material, steel, concrete, structure, imperfections, failure, random, reliability. 

 

1. Introduction 

Progress in the determination of actual behaviour of load 
bearing structural systems, their limit states and failure 
mechanisms and the subsequent formulation of principles 
of design and realization are first and foremost based on 
the basic spectrum of progressive materials and their 
combination. Development of modern progressive mate-
rials with qualitatively higher properties and their practi-
cal applications are seen in the field of civil engineering 
structures where high-strength materials are now more 
frequently used in load carrying structures systems (Kar-
mazínová et al. 2009a).  

Steel and concrete have been intensively and exten-
sively used as structural materials for bridges, buildings, 
and the other structures, in civil and architectural engi-
neering. The theoretical analysis of the actual behaviour 
of modern structures from high strength concrete and 
steel are more frequently employed during design, reali-
zation and the utilization of building structures. 

The combination of materials steel-concrete gives rise 
to the occurrence of special phenomena whose influence 
on structural reliability isn't at present commonly imple-
mented in design. The load carrying capacity of a steel-
concrete member is governed by several failure modes, 
such as failure of the steel element, failure of the concrete 

element, failure of the interface between the two, and in-
stability of the whole member (Fukumoto 1997). 

Lately, parallel attention has been paid to better un-
derstanding of structural safety and reliability, see, e.g., 
(Kala 2007, 2008). For the purpose of aiming at these 
objectives, the probabilistic assessment can be also 
enlarged by the sensitivity analysis, see e.g. (Kala 2005, 
2009). The sensitivity analysis identifies these quantities 
with dominant effect on reliability, which should be con-
trolled with intensified accuracy during the manufactur-
ing process. The most important results of experimental 
research of material and geometrical characteristics are 
published in (Melcher et al. 2004; Kala and Kala 2009). 
Using experimental data, based on their evaluation and 
comparison with numerical results it can lead to the veri-
fication and calibration of the created theoretical models. 
The general description of the verification and calibration 
methods in more detail can be found in numerous publi-
cations, see e.g. (Kala 2007; Karmazínová et al. 2009b). 

In the presented paper, within the frame of theoreti-
cal analysis the load-displacement curves and load carry-
ing capacities of compressions members were deter-
mined. Theoretical analysis is based on the creation of 
static models and their verification and calibration meth-
ods using parameters obtained experimentally. Results of 
experimental and theoretical analytical methods can serve 
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as the basis for more accurate design philosophy in the 
sense of specific design procedures of steel-concrete 
members which are given in normative rules, or for the 
innovation of general procedures and concepts with re-
spect to the special character of investigated structural 
element. 

 
2. Theoretical model  

The subject of analysis is the ultimate limit state of a 
steel-concrete column of system length equal to its criti-
cal length, L = Lcr = 3 m, in compression. The column 
consists of steel profile HEA140 encased with high 
strength concrete, see Fig. 1. 

 

 
 

Fig. 1. Steel-concrete cross section 
 

2.1. Geometrical nonlinear solution  

The load F acting on the column consists of load FS, 
which is carried by the steel section, and load FC, which 
is carried by the concrete section, i.e. F = FS + FC. Let us 
assume that the strut is produced in the shape affine to 
eventual buckling, with deflection at mid length L/2 de-
noted as e0, see Fig. 2. 

The maximum deflection mid-span of the strut e, 
which is loaded by axial force F in its elastic state, may 
be determined according to Timoshenko (Timoshenko 
and Gere 1961) as:  
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where F is the load acting on the column and Fcr is 
Euler's critical force: 
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In accordance with article 6.7.3.1 (3) of standard 
EN 1994-1-1:2004, the effective elastic flexural stiffness 

EI of the steel-concrete column given according to the 
formula listed below may be used for short term loading: 
 CCESS IEKIEEI ⋅⋅+⋅= , (3) 

where IS and IC are second moments of area in the plane 
of bending of structural steel and concrete (without con-
sideration to cracking), ES is the modulus of the steel 
elasticity, EC is the tangent modulus of the elasticity of 
concrete, CCE IEK ⋅⋅  is the effective flexural stiffness 
of the concrete section.  is the effective flexural 
stiffness of the steel section. 

SS IE ⋅

 

 
 
Fig. 2. Steel-concrete column under compression 

 
Values of forces FS, FC and parameter KE can be ob-

tained from the following deformation conditions:  
1. Bending around the z-axis: Deflection mid-span 

of the strut in the direction of y-axis e is given as 
the deflection of the steel section eS, which is 
equal to the deflection of the concrete section eC; 
i.e. e = eS = eC. 

2. Compression in direction of x-axis: The com-
pression of the steel section from FS equals the 
compression of the concrete section from FC. 

With respect to (1) we can rewrite the first deforma-
tion condition as: 
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where Fcr,S is Euler's critical force of the steel cross sec-
tion  
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where Fcr,C is Euler's critical force of the concrete cross 
section  

 2
2

, π
cr

CC
ECcr

L
IEKF ⋅= . (6) 

The analysis that considers only the first deforma-
tion condition (and neglects the second deformation con-
dition) was published in (Puklický and Kala 2009a, 
2009b). The analysis requires substitution of the parame-
ter KE from standards EN 1994-1-1:2004 with the value 
KE = 0.6. This approach can be further expressed more 
precisely. The more precise solution would however re-
quire taking into account the second deformation condi-
tion with which the formula for the evaluation of parame-
ter KE can be derived: 
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The load carried by the steel section FS and the load 
carried by the concrete section FC with parameter KE can 
be determined from the above listed mathematical de-
pendencies (where AC is the area of concrete and AS is the 
area of steel cross section): 
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Stresses in the steel and concrete sections are deter-
mined according to the principles of elasticity. There is 
no shear force (and shear stress) at mid-length L/2 of the 
strut. This simplifies the analysis of the load carrying 
capacity, see Fig. 3.  

 

 
 

Fig. 3. Steel-concrete cross section in L/2 
 
The derivation of the computational formula for the 

elastic load carrying capacity is listed in detail in chapter 
3 of article (Kala 2009). The formula of the elastic load 
carrying capacity is listed in (Kala 2009) in Box 1. The 
elastic load carrying capacity of the steel-concrete col-
umn is given as the minimum of the elastic load carrying 
capacities of the steel and concrete sections, which are 
determined as follows: (i) The elastic load carrying ca-
pacity of the steel member is given by the yield strength 
attained in the most stressed section. (ii) The elastic load 
carrying capacity of the concrete section is given as the 
cubic strength in the most compressed section or as 10% 
of the cubic strength in the most tensed part of the sec-
tion. 

 

2.2. Geometrical and material nonlinear solution  

The maximum loading force under which the strut still 
exhibits elastic behaviour was denoted in the previous 
chapter as the elastic load carrying capacity. Further load-
ing would lead to the ultimate load carrying capacity, 
resulting in permanent deformations of the strut. Bilinear 
kinematic material without strengthening (Fukumoto 
1997) was considered for both the steel and concrete 
members, see Fig. 4. 

 

 
 

Fig. 4. Stress-strain dependence 
 
Let us assume that the strut is loaded with force Fi 

with corresponding deformation ei (if this force is equal 
to the elastic load carrying capacity then i = 1). Let us 
choose a small load increment , such that ΔF

Δ+ += FFF ii 1 . Let us focus on a section mid-length of 
the strut. Let us assume that the sectional characteristics 
are constant (size and shape of the plasticized cross sec-
tion remains unchanged) in a loading step. Based on this 
assumption and with respect to (1) we can determine the 
elastic deformation increment ei+1 resulting from the 
small loading increment : ΔF
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crF  is evaluated acc. to (2) for a strut with weak-
ened section in L/2. Re-writing (10) we obtain the for-
mula for the load increment  in dependence to the 
increase in deformation:  

ΔF
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As will be later illustrated, it is more practical to 
consider the parameter of deformation increment 

ii eee −=Δ +1 , such that . ii ee ≥+1

Due to increase in deformation the moment condi-
tion of equilibrium from the already transferred load ac-
tion Fi with corresponding deformation ei is not fulfilled. 
The bending moment Mz resulting from force Fi is given 
in the ith step as iiz eFM ⋅= . This value must remain 
constant even after increase in deformation from ei to 
ei+1, i.e. it is necessary to decrease the transferred load Fi 
with a force, which we shall denote as Fi,cor. We need to 
thus determine this residual force Fi,cor, by which the 

 



Journal of Civil Engineering and Management, 2010, 16(3): 352–362 355

transferred load is decreased so that the moment condi-
tion of equilibrium is satisfied even after increase in de-
formation from ei to ei+1: 
 ( ) 1,  +⋅−=⋅= icoriiiiz eFFeFM . (12) 

The force Fi,cor needed for the correction of the 
transferred loading due to increase in deformation eΔ  is 
expressed from (12) as  
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The total increment of force can then be expressed 
from (11) and (13) as  
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We thus obtain force Fi+1 = Fi+  with corre-
sponding deformation ei+1. Internal forces and stresses at 
the mid-span of the steel-concrete column are determined 
from , which is then added to the stress from the pre-
vious steps. In the next step we reduce the area of those 
segments where stresses exceeded the allowable stresses. 
The procedure is repeated analogously for subsequent 
steps i = 2, i = 3, etc. 

FΔ

FΔ

Fcr in equation (10) can be determined with suffi-
cient accuracy under the presumption that the cross sec-
tion is weakened along the whole length of the strut.  

The maximum possible load, which the column is 
able to carry, is defined as the ultimate load carrying 
capacity. The ultimate load carrying capacity is approxi-
mately 3% higher than the elastic load carrying capacity. 
This is relatively insignificant. The theoretical models 
described in chapters 2.1 and 2.2 are sufficiently accurate. 
This was verified using the geometrical and material 
nonlinear solution with SHELL 181 elements of the 
ANSYS software, see e.g. (Kala and Kala 2009). 

 
3. Experimental research 

The theoretical analysis described in the previous chapter 
should present the most realistic description of the actual 
behaviour of real steel-concrete columns. For this reason 
results of the theoretical analysis were compared with 
results of the experimental verifications of the load carry-
ing capacity and action of the columns (members) T16, 
T17, T18, consisting of steel profile HEA140 encased 
with concrete, under axial compression, which were per-
formed at the Department of Metal and Timber Structures 
under the supervision of prof. Melcher and assoc. prof. 
Karmazínová. The tested elements T16, T17, T18 are the 
same specimens (Figs. 5 and 6). 

One of the most important imperfections is the ini-
tial axis curvature of the strut. This was carefully measu-
red in members T16, T17 and T18 at L/4, see Fig. 7. 
Measurements were performed in two mutually perpendi-
cular directions with the samples freely placed in the 
horizontal position on the concrete floor. For our purpose 
one of the important information is the measurements of 
the initial axis strut curvature in the direction of axis y, 
see Fig. 7. The results of measurement depicted in Figs. 8 

and 9 show that the shape of the initial curvature is very 
close to the shape of a half-wave of the sine function. 
This observation is in concordance with results of measu-
rements of the initial axis curvature in (Fukumoto et al. 
1976). Maximum values 2.99, –2.95, 2.92 were measured 
at the mid-length of the strut; see Fig. 8 and Fig. 9. Mea-
sured values are approximately equal to a thousandth of 
the critical length Lcr = 3 m. With regard to the symmetry 
of the analyzed section, we can consider the maximum 
amplitudes with their absolute values. 

 

 
 
Fig. 5. Loading test of member T17 

 

 
 
Fig. 6. Loading test of member T17 - deflection at L/2 
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Fig. 7. Measurement of initial axis curvature 

 

 
 

Fig. 8. Measurement of initial axis curvature 

 

 
 

Fig. 9. Measurement of initial axis curvature 
 
The measurement of the mechanical characteristics 

of concrete used in the production of the test members 
was performed in a similar manner. The average cubic 
strength of concrete evaluated from three samples on the 

28th day had a value of 102.5 MPa, the average secant 
modulus of elasticity measured on the 28th day was 
49.5 GPa. The yield strength was evaluated from 16 sam-
ples. The average yield strength is 455.81 MPa and stan-
dard deviation is 9.69 MPa. The geometrical characteris-
tics of profile HE140A and modulus of elasticity of steel 
were not measured. 

 
4. Verification of the theoretical analysis 

The resulting dependences of “load action-deformation” 
of the three test samples T16, T17 and T18 present a 
description of measurements performed in three loading 
tests, see Fig. 10. In the comparative study of the theo-
retical analysis we shall consider the average values of 
the experimentally obtained material and geometrical 
characteristics described in the previous chapter. Vari-
ables h, b, t1, t2, ES, which were not measured are taken 
into consideration by their nominal values, see Table 1. 

 
Table 1. Input quantities 

Quantity Input values 
Cross-s. height h 133 mm 
Flange width b 140 mm 
Web thickness t1 5.5 mm 
Flange thick t2 8.5 mm 
Yield strength fy 455.81 MPa 

St
ee

l 

Young’s modulus ES 210 GPa 
Cubic strength fcc 102.5 MPa 

C
on

c.
 

Secant modulus EC 49.5 GPa 
Imperfection e0 2.95 mm 

 

It is apparent from Fig. 10 that the theoretical analy-
sis is in close agreement with results of the loading tests 
of samples T16, T17, and T18. The experimentally ob-
tained results differ slightly. This may be due to imper-
fections that were not measured, for e.g. residual stress, 
rigidity of hinge joints (and corresponding buckling 
lengths), eccentricity of loading forces, deviations of 
sectional characteristics from their nominal values, small 
deviations of modulus of elasticity of steel and other ma-
terial and geometrical characteristics, which were not 
taken into account by the mechanical tests. 

The theoretical analysis yielded the elastic load car-
rying capacity of 1624.256 kN (end of the blue and be-
ginning of the red branch) and the ultimate load carrying 
capacity (vertex of the loading branch) of 1663.145 kN, 
see Fig. 10. The deformation corresponding to the ulti-
mate load carrying capacity of 20.8 mm is in close 
agreement with the experimentally obtained deformations 
21.91 mm, 22.73 mm and 21.28 mm of samples T16, 
T17, T18. The plastic reserve of load carrying capacity is 
in agreement with the general conditions of 2.4%. 

Change in the effective flexural stiffness of the theo-
retical analysis is also depicted in Fig. 10. The load carry-
ing capacity 1663.145 kN corresponds to the state when 
the steel section is partially plasticized, whilst the concrete 
section is still in its elastic state. Further increase in defor-
mation (black decreasing branch) leads to rapid plasticiza-
tion in the most compressed part of the concrete section. 

 



Journal of Civil Engineering and Management, 2010, 16(3): 352–362 357

 
 

Fig. 10. Load-deflection curves 
 

 
 

Fig. 11. Load-deflection curves 
 
One of the significant imperfections, the variability 

of which has a large influence on the variability of the 
load carrying capacity is the amplitude of initial axis 
curvature of the strut. Practically the same imperfection 
value was measured for the three experimentally exam-
ined members. This is clearly visible in Fig. 10. The aim 
of subsequent theoretical studies is to determine how 
change in the amplitude of initial axis curvature e0 can 
influence change in the load-deflection curves and load 
carrying capacities see Fig. 11. 

 
5. Stochastic analysis 

Input material and geometrical characteristics are gener-
ally random variables. From the statistical point of view, 
more general conclusions can be made provided that 
objective information obtained from the evaluation of a 
higher number of samples taken from long term high 
level quality production is available. In the event that 
preceding empirical knowledge is available for random 

variables, we can use the so-called Bayesian approach 
(Frangopol et al. 2008; Strauss et al. 2008). Other sources 
of information include statistically utilizable data from 
tolerance standards, which designate with which devia-
tions from the nominal value or characteristic values 
elements may be produced. 

 
5.1. Input random quantities  

The first imperfection that we need to determine its statis-
tical characteristics is the amplitude of initial axis curva-
ture of the strut. Historically the tolerance limit of the 
initial axis curvature was considered as L/1000. Lately, 
based on studies and recommendations by (Sedlacek and 
Müller 2007), committee CEN/TC250/SC3 the value has 
been changed to L/750. The curvature of the steel part of 
the section, for which we can use the above listed rec-
ommendations, is decisive for our analysed steel-concrete 
column. The solved section is bi-axially symmetrical and 
hence we can assume that the mean value e0 is equal to 
zero, which is also stated in (Sedlacek and Müller 2007). 
We shall consider for the standard deviation that 95% of 
the realizations of the random variable are found within 
the tolerance limit of ±L/750. Assuming a Gaussian dis-
tribution the standard deviation is Se0= L/1470. 

The yield strength in Table 1 was statistically evalu-
ated as the mean value obtained from 16 samples taken 
from three struts of steel S420, which were most probably 
obtained from one production line. We can expect that 
the deviation of yield strengths of samples obtained from 
one strut is relatively small in comparison with the devia-
tion of yield strengths of samples obtained from various 
struts, where each sample is taken from one strut. Since 
more samples were taken from each strut, the evaluated 
standard deviation of the yield strength is smaller than if 
we took one sample from one strut (whereas it would be 
ideal to have a high number of struts at our disposal). The 
measurements therefore do not necessarily need to reflect 
the real deviation that would be obtained from a higher 
number of samples obtained from a higher number of 
struts over a long time interval. If we consider the aver-
age yield strength mfy = 455.81 MPa and the 5% quantile 
of the Gaussian probability distribution as 420 MPa, then 
the standard deviation has a value of  Sfy = 21.771 MPa. 
The standard deviation obtained in this manner is in con-
cordance with long term monitored mechanical character-
istics of structural steel. Mechanical characteristics of 
steel S235 were published in (Melcher et al. 2004; 
Strauss et al. 2006) and of steel S355 in (Kala et al. 
2009). 

The influence of the deviation of physical mechani-
cal characteristic was taken into account by the variability 
of Young’s modulus E. The mean value mEo = 210 GPa 
was considered for each strut. The standard deviation was 
considered according to (Fukumoto et al. 1976) as the 
frequently listed value SEo = 12.6 MPa. 

The cubic strength of concrete of value 102.5 MPa 
in Table 1 was evaluated as the average value obtained 
from 3 samples produced from concrete C70/85. If the 
average value is mfc = 102.5 MPa and the 5% quantile is 
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85 MPa, then the standard deviation of the Gaussian dis-
tribution is Sfc = 10.64 MPa. Let us note that the variation 
coefficient of the cubic strength is approximately double 
than in the case of the yield strength. 

Experimentally obtained statistical characteristics of 
the sectional geometry were published in (Kala et al. 
2009). Let us assume that the variables h, b, t1, t2 have a 
Gaussian probability distribution and that their mean 
values are equal to their nominal values. Standard devia-
tions will be considered according to (Kala et al. 2009). 
Secant modulus of elasticity is considered acc. to equa-
tion (6) published in (Puklický and Kala 2009a, b): 

 
CE

cc
C

fE Θ⋅⎟
⎠
⎞

⎜
⎝
⎛ ⋅⋅=

3.0

106
522 . (15) 

Statistical characteristics of parameter  were 
identified such that maximum agreement between the 
theoretical analysis and experiment is attained. Maximum 
agreement between statistical characteristics of the output 
of the theoretical analysis with the statistical characteris-
tics of the experimental results is essential for the prob-
abilistic analysis of reliability. 

CEΘ

Input random variables are lucidly listed in Table 2. 
Statistical characteristics of the ultimate load carrying 
capacity determined from the theoretical analysis in chap-
ter 2 and inputs from Table 2 agree closely to the statisti-
cal characteristics evaluated experimentally. It is neces-
sary to note that only three members were measured, 
which is not enough to enable us make more general 
conclusions.  

 
Table 2. Input random variables 

Input values  Mean St. deviation 
Cross-s. height h 133 mm 0.59 mm 
Flange width b 140 mm 1.38 mm 
Web thickness t1 5.5 mm 0.22 mm 
Flange thick. t2 8.5 mm 0.39 mm 
Yield strength fy 455.81 MPa 21.771 MPa 
Young’s modulus ES 210 GPa 12.6 GPa 
Cubic strength fcc 102.5 MPa 10.64 MPa 
Quantities from (15) 

CEΘ  1.12 0.07 

Imperfection e0 e0 0 mm L/1470 
 
Analysis and identification of input characteristics is 

generally involved during the process of securing struc-
tural reliability. Geometrical imperfections are important 
in slender members and thin walled steel structures, see 
e.g. (Kotelko et al. 2008; Melcher et al. 2009, Ungureanu 
et al. 2010; Gocál et al. 2010). In the case of massive 
concrete structures and geotechnical engineering works it 
is important to properly identify the material characteris-
tics, see e.g. (Juozapaitis and Norkus 2007; Amšiejus et 
al. 2009). Sensitivity analysis may be used to determine 
which characteristics have the greatest influence in indi-
vidual problems. Sensitivity analysis may either be sto-
chastic or deterministic, depending on the type of ana-
lysed problem. 

5.2. Statistical analysis  

The curves of “load action-deformation” determined 
under the presumption that all variables in Table 2 are 
considered as random are depicted in Fig. 12. Obtained 
curves of “load action-deformation” are one of the main 
outputs describing the random characteristics of the ulti-
mate limit state of the examined strut. The numerical 
simulation method LHS (McKey et al. 1979; Iman and 
Conover 1980), which is a method of type Monte Carlo, 
was used. 

 

 
Fig. 12. Load-deflection curves 

 
The most important outputs from the load action-

deformation curves are the elastic and ultimate load carry-
ing capacity and corresponding deformations. Random re-
alizations of the elastic load carrying capacity for 100 000 
simulation runs of the Monte Carlo method are depicted in 
Fig. 13. Random realizations of the ultimate load carrying 
capacity for 100 000 simulation runs of the Monte Carlo 
method are depicted in Fig. 14. Statistical characteristics of 
both experimentally and theoretically evaluated ultimate 
load carrying capacities are listed in Table 3. 

 
Table 3. Ultimate load carrying capacity 

Variant Runs Mean value St. deviation 
Theoretical 100 000 1734.1 kN 146.5 kN 
Experiment 3 1617.4 kN 83.8 mm 
 
Three ultimate load-carrying capacity observations 

from experiments are 1707.3 kN, 1603.4 kN, 1541.4 kN; 
the mean value is 1617.4 kN and standard deviation is 
83.8 kN. The mean values 1734.1 kN and 1617.4 kN are 
closed, but standard deviations are different. 

Let us remark that, if it were considered, in Table 2, 
no random e0 = 2.95 mm (see Fig. 10) and standard devia-
tion of yield strength 9.69 MPa, the standard deviation of 
ultimate load carrying capacity as 81.1 kN and mean 
value as 1611.4 kN would be obtained; it is an excellent 
agreement with the results of the experiment. However, 
the standard deviation of variant Theoretical in Table 3 is 
higher, namely due to the necessarily non-zero random 
variability of the imperfection e0. 
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The correlation between the elastic load carrying 
capacity and ultimate load carrying capacity is depicted 
in Fig. 15. Also very interesting are the dependencies 
between initial imperfections e0 and both load carrying 
capacities, see Fig. 16 and Fig. 17. 

 

 
 

Fig. 13. Random elastic load carrying capacity 
 

 
 

Fig. 14. Random ultimate load carrying capacity 
 

 
 

Fig. 15. Elastic vs. ultimate load carrying capacity 
 

 
 

Fig. 16. Imp. e0 vs. elastic load carrying capacity 

 
 

Fig. 17. Imp. e0 vs. ultimate load carrying capacity 
 

6. Conclusion 

Theoretical geometrical and material non-linear solutions 
were derived in the article. It is apparent from obtained 
results in Fig. 15 that the elastic load carrying capacity 
and ultimate load carrying capacity have a very strong 
correlation. Pearson correlation coefficient of value 0.996 
was obtained. The lower the value, the greater the dis-
crepancy between obtained results. The difference of load 
carrying capacities approaching the value of 1100 kN is 
approximately 6%. High values of load carrying capaci-
ties approaching the value of 2350 kN are without differ-
ences, see Fig. 15. This is due to the fact that the high 
values of the elastic and ultimate load carrying capacities 
were evaluated for members with small values of e0 (see 
Figs. 16 and 17), for which the plastic reserve of the sec-
tion is not significant. Imperfection e0 is one of the domi-
nant variables that influence the load carrying capacity 
(see Figs. 16, 17 and 12). 

The design load carrying capacity for the target reli-
ability index βd = 3.8 (standard EN 1990) is evaluated as 
0.1% quantile. If the reliability of the member is suffi-
cient, this value should be higher or equal to the design 
value evaluated acc. to standard EN 1994-1-1:2004 for 
axis of buckling y-y, which is fulfilled, see EC4 in 
Figs. 13 and 14. In the event that the reliability is higher 
than the target, it is possible to consider optimization with 
regard to economy of design. Within the scope of model-
ling, the notions “optimization” and “reliability” has dif-
ferent meaning to different people (Atkočiūnas et al. 
1997, 2008; Merkevičiūtė, Atkočiūnas 2006; Šešok et al. 
2010; Jankovski and Atkočiūnas 2010). With the devel-
opment of conceptions of the numerical analysis of ad-
vanced structures (Kaklauskas et al. 2008; Juozapaitis, 
Norkus 2007; Juozapaitis et al. 2008, 2010; Gribniak et 
al. 2010), these procedures can contribute to a qualitative 
improvement of the reliability analysis of structures. In 
this regard it is generally necessary point out publications 
dedicated to research problems in the field of building 
material and their technologies (Gailius and Kinuthia 
2009; Kinuthia et al. 2009; Szwabowski and Łaźniewska-
Piekarczyk 2009). The economical criterion is however 
just one of the criteria of evaluation, which does not have 
to be the most important (Park et al. 2009). Discussions 
with leading world specialists show the need to take other 
aspects into consideration. Other aspects include elabo-
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rateness of design and construction, maintenance, repairs, 
life span, insurance, material recycling, change of build-
ing function, etc.  

It is necessary to note that creep, shrinkage and age-
ing effects, which have an effect on the ultimate limit 
state of the concrete section during ageing of the struc-
ture, were neglected during analysis. In general, these 
effects are taken into account of long-term deformation; 
see e.g. (Gribniak et al. 2007, 2008; Kaklauskas et al. 
2009). Unfamiliarity of the behaviour of new materials 
and structures under real conditions can be gradually 
eliminated based on theoretical analysis of verified ex-
perimental research and modern methods of computa-
tional mechanics (Mang 2009; Mang et al. 2009). Ob-
tained results may be utilized in standards for design. 
Further improvement of current ways for design will 
emanate from calibration methods, optimization princi-
ples and other rational approaches including the utiliza-
tion of methods of the theory of probability, mathematical 
statistics and reliability theory. 
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PLIENBETONIO ELEMENTŲ IŠ DIDELIO STIPRIO MEDŽIAGŲ STABILUMO PROBLEMOS 

Z. Kala, L. Puklický, A. Omishore, M. Karmazínová, J. Melcher 

S a n t r a u k a 

Straipsnyje pateikta plienbetonio pastatų elementų didžiausių ribinių būklių stochastinė analizė, analizuojama plienbetonio 
kolonų, sudarytų iš plieninių profiliuočių, padengtų didelio stiprio betonu, laikomoji galia gniuždant. Pirmoje straipsnio 
dalyje išvardytos kolonos teorinės laikomosios galios nustatymo prielaidos. Tamprumo ir plastiškumo principai taikyti 
įtempiams betono ir plieno skerspjūviuose nustatyti. Nustatytos medžiagų ir geometrinių defektų statistinės charakte-
ristikos, teorinės analizės rezultatai palyginti su eksperimentinių tyrimų rezultatais. Teorinės analizės metu gautų rezultatų 
statistinės charakteristikos patikrintos taikant iš eksperimentinių tyrimų gautus statistinius rodiklius. Pritaikytas skaitinis 
modeliavimas LHS ir Monte Karlo metodais, kurie įvertina pradinių defektų kintamumo įtaką. Parodyta plastiškumo  
atsargos naudojimo įtaka, nustatant analizuojamojo statramsčio laikomąją galią, pateikta pradinio statramsčio išlinkio pir-
minių geometrinių defektų įtaka laikomajai galiai. 

Reikšminiai žodžiai: medžiagos, plienas, betonas, struktūra, defektai, susilpnėjimas, patikimumas. 
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