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Abstract: This paper describes some experiences from the deterministic and probabilistic analysis of 

building structure reliability and safety. There are presented the methods and requirements of Eurocode EN 

1990, standard ISO 2394 and JCSS. On the example of the probability analysis of the reliability of the tall 

buildings is demonstrated the affectivity of the probability design of structures using FE Method. 
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1. Introduction

These recent advances and the general accessibility of information technologies and computing 
techniques give rise to assumptions concerning the wider use of the probabilistic assessment of the 
reliability of structures through the use of simulation methods [1-35]. Much attention should be paid to 
using the probabilistic approach in an analysis of the reliability of structures [1-3]. 
Most problems concerning the reliability of building structures are defined today as a comparison of 
two stochastic values, loading effects E and the resistance R, depending on the variable material and 
geometric characteristics of the structural element. In the case of a deterministic approach to a design, 
the deterministic (nominal) attributes of those parameters Rd and Ed are compared. 
The deterministic definition of the reliability condition has the form 

d dR E (1) 

and in the case of the probabilistic approach, it has the form 

0RF R E   (2) 

where RF is the reliability function. 

The most general form of the probabilistic reliability condition is given as follows: 

( 0) ( 0)f dp P R E P RF p      (3) 

where pd is the so-called design (“allowed“ or “acceptable“) value of the probability of failure. 

1 Corresponding author. E-mail: juraj.kralik@ stuba.sk 



_____________________________________________J.Kralik, J.Kralik,jr., P.Rosko

 © European Society of Computational Methods in Sciences and Engineering

38

The reliability function RF can be expressed generally as a function of the stochastic parameters X1, X2 
to Xn, used in the calculation of R and E as follows 

1 2( , ,..., )nRF g X X X (4) 

The failure function g({X}) represents the condition (reserve) of the reliability, which can either be an 
explicit or implicit function of the stochastic parameters and can be single (defined on one cross-
section) or complex (defined on several cross-sections, e.g., on a complex finite element model). 
For a system limit state defined by g(X1,..., Xm) = 0, where Xi are the basic variables, the failure 
probability is computed as the integral over the failure domain (g(X) < 0) of the joint probability 
density function of X. In general, the failure of any system can be expressed as a union and/or 
intersection of events. The failure of an ideal series (or weakest link) system [11] may be expressed 
following 

1 2 ...sys mF F F F    (5) 

in which  denotes the Boolean OR operator.  
The probability of the failure can be defined on the base of analytical relations using the probabilistic 
density functions (x) and (x)R Ef f  and the distribution functions ( )R x  and ( )E x . Therefore the 

probability of the failure can be  expressed as follow 

( ) ( ) ( ) ( )f f E R E Rp dp f x x dx x f x dx
  

  

        (6) 

Besides the probability of failure fp  the reliability index  is frequently taken as the reliability 

meassure. The reliability index   is defined on the base of linearisation of the failure function g(X). In 

the case of normal (or. lognormal) distribution function we have 

RF RF   , (7) 

where RF  and RF  are the mean value and the standard deviation of reliability function in form 

RF R E    ,  2 2 2
RF R E    (8) 

2. Models and Methods of Reliability Analysis

The reliability analyses of the structures are differentiated from the point of view of design quantities as 
the deterministic and stochastic analyses. On the base of stochastic methodology the following analyses 
can be realized [4, 5 and 10]: 
 Stochastic analysis – the mean values and the standard deviation of the variable quantities are 

calculated analytically or numerically using Monte Carlo simulation, which gives us the more 
accurate results than deterministic values, 

 Sensitivity analysis – the dominant impact to the output quantities is calculated using the sensitivity 
analysis, 

 Probabilistic analysis – the probability of the failure is defined in comparison with the simulated 
quantities. 

On the base of the evaluated input quantities the methodologies can by divided following: 

 Method of the allowed stresses  (comparison of the maximum stresses), 
 Method of the safety factor  (capacity is defined by one factor), 
 Method of the partial factor  (action and capacity are defined by more factors). 

In the present the method of the partial factor is favourable in the practice. The Eurocode [5, 37] 
recommends the use of three levels of the reliability analysis: 
I. level - all base input quantities Xi are taken in the calculation by one (design) value. This quantity is 
calculated from its characteristic value and partial factors, 
II. level - all base input quantities Xi are described by two statistical parameters (usually mean value
and standard deviation). The probability of failure Pf (using the method FORM or SORM) can be used 
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for comparison. The level II methods make use of certain well defined approximations and lead to 
results which for most structural applications can be considered sufficiently accurate. 
III. level – all base input quantities Xi are calculated using the theoretical model of the probabilistic
density. Value Pf is determined by calculation using simulation methods on the Monte Carlo base. Full 
probabilistic methods give in principle correct answers to the reliability problem as stated. Level III 
methods are seldom used in the calibration of design codes because of the frequent lack of statistical 
data. 

Figure 1: Overview of reliability methods by Eurocode 1990 [35]. 

In both the Level II and Level III methods the measure of reliability should be identified with the 
survival probability Ps = (1 - Pf), where Pf is the failure probability for the considered failure mode and 
within an appropriate reference period. If the calculated failure probability is larger than a present 
target value Po, then the structure should be considered to be unsafe.  

Table 1 Target probability and reliability index by Eurocode 1990 [37] 

Limit state Target reliability index d

50 years 1 year 
Ultimate 3,8 (pf  10-4) 4,7 (pf  10-6) 
Fatigue 1,5-3,8*) (pf  10-110-4) - 
Serviceability 1,5 (pf  10-1) 3,0 (pf  10-3) 

The measure of reliability in Eurocode 1990 [37] is defined by the reliability index  (Table 1). The 
reliability index depends on the criterion of the limited state. The standard JCSS [6] required the 
measure of reliability in dependency on the safety level (Table 1). 

Table 2 Target probability and reliability index by JCSS [6] 

Costs 
Target reliability index d

Minor consequences Moderate consequences Large consequences 
(A)  Large 3,1 (pf  10-3) 3,3 (pf  5.10-4) 3,7 (pf  1.10-4) 
(B)  Normal 3,7 (pf  10-4) 4,2 (pf  1.10-5) 4,4 (pf  5.10-6) 
(C)  Small 4,2 (pf  10-3) 4,4 (pf  5.10-5) 4,7 (pf  1.10-6) 

The measure of reliability depends on the lifetime of the structure and its importance (Table 2). In the 
case of the normal distribution of the probability failure the relation between the probability and the 
reliability index is defined in the form 

 f fp     (9)

When the main uncertainty comes from actions that have statistically independent maxima in each year, 
the values of  for a different reference period can be calculated using the following expression 

Empirical methods 
Traditional 

Level II 
FORM 

Level III 
Full probabilistic 

Calibration Calibration Calibration 

Level I 
Semiprobabilistic methods 

Partial factor methods 
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 11 1
n

np p    and    1

n

n       (10) 

where n is the reliability index for a reference period of n years, 1 is the reliability index for one year. 

3. Simulation Methods for Reliability Analysis

In the case of simulation methods the failure probability is calculated from the evaluation of the 
statistical parameters and theoretical model of the probability distribution of the reliability function Z= 
g(X). The failure probability is defined as the best estimation on the base of numerical simulations in 
the form [4] 

 
1

1
0

N

f i
i

p I g X
N 

    (11) 

where N in the number of simulations, g(.) is the failure function, I[.] is the function with value 1, if the 
condition in the square bracket is fulfilled, otherwise is equal to 0.  

Variation of the failure function can be defined by Melchers [3] in the form 

     
1

2

1

2 21 1 1
0 0

1f

N N

i
p i i

i

s I g X I g X
N N N 

                        
  (12) 

The various forms of analyses (statistical analysis, sensitivity analysis, probabilistic analysis) can be 
performed. Most of these methods are based on the integration of Monte Carlo (MC) simulations. 
Three categories of methods have been presently realized: 

 Direct methods (Importance Sampling - IS, Adaptive Sampling - AS, Direct Sampling - DS) 
 Modified methods (Conditional, Latin Hypercube Sampling - LHS) 
 Approximation methods (Response Surface Method - RSM) 

A) The direct Monte Carlo Simulation (MCS) method is based on generation of sets of realizations
of the random variables in the limit state function (with the assumed known probability distributions) 
and to record the number of times the resulting limit state function is less than zero (i.e., failure). The 
estimate of the probability of failure (pf) then is simply the number of failures divided by the total 
number of simulations (N). Clearly, the accuracy of this estimate increases as N increases, and a larger 
number of simulations are required to reliably estimate smaller failure probabilities. The generation of 
random variables is a relatively simple task (provided the random variables may be assumed 
independent) and requires only (1) that the relevant CDF is invertible (or in the case of normal and 
lognormal variants, numerical approximations exist for the inverse CDF), and (2) that a uniform 
random number generator is available. The generation of correlated varieties is not described here, but 
information may be found in the literature [4, 10]. 
The accuracy of this method is depended on the number of the simulations and it is defined by the 
variation coefficient 

1
fp

fNp
  , (13) 

where N is the number of simulations. When the target probability of failure is pf = 10-4, thus the 
variation factor is equal to 10% for the number of simulations N=106, what is acceptable.     
The failure probability for the case of a single limit state function can be extended directly to that for 
series and parallel systems. For example, the indicator function in Equation (12) for series system 
becomes 

   
1

1 .
0

0

n

i
i

if I is true
I g x

otherwise

 
  

 
 (14) 

The difference in the application of importance sampling technique in this case is that the presence of 
numerous limit state functions complicates the choice of hX(x). A simple solution is to consider a 
multimodal sampling function given by 
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1 1

1
N N

x i Xi i
i i

h x w h x where w
 

    (15) 

and hX(x) is the sampling distribution determined based on the ith limit state function and wi is the 
weight, which is inversely proportional to i.  

Advantages of the method: 
 the final values of the reliability reserves can be continuously displayed in the form of a histogram

or cumulative function; the simulations are independent, 
 the method is easily understandable and transparent,
 the method enables the estimation of the statistical discrepancy of the estimation on a particular

relevance level.
Drawbacks of the method: 
 large number of simulations for small probability values,
 slow calculations of complex problems (for Finite Element Method models, the calculations are

expensive and ineffective). 

B) The Modified LHS method is based on the simulations of the function g(X) so thus MC method,
but the definition domain of the distribution function (Xj) is divided to N intervals with the 
identical probability 1/N. Characteristic values of the simulations as calculated randomly on the 
base of the permutation integer number 1,2,...N. The reliability function g(X) must be determined 
from the N simulation.  The interval of the random simple is used one time only.  

LHS method is based on the range of N values for each from K input parameters X1, X2, X3, in the next 
steps : 
 The range of each X is divided into N non-overlapping intervals of equal marginal probability 1/N;
 For each interval, one sample is selected randomly but taking into account the probability density

in that interval; and
 The N values for X1 are paired at random with the N values for X2 forming N pairs of values for the

pair (X1, X2) which are combined at random with the N values for X, to form N triplets, and so on to
form a set of N K-triplets; this set is the Latin Hypercube sample.

This method gives us the best estimation of the statistical parameters of the structure in the comparison 
with MC method. The result of the LHS analysis is the parameter of the failure function – mean 

value Z , standard deviation z, skew coefficient z, kurtosis coefficient ez, versus empirical cumulative 
distribution function. 

C) Approximation methods - Response Surface Methods are based on the assumption that it is
possible to define the dependency between the variable input and the output data through the 
approximation functions in the following form: 

1
2

1 1 1

N N N N

o i i ii i ij i j
i i i j i

Y c c X c X c X X


   

      (16) 

where co is the index of the constant member; ci are the indices of the linear member and cij the indices 
of the quadratic member, which are given for predetermined schemes for the optimal distribution of the 
variables [37 - 41] or for using regression analysis after calculating the response.   
Approximate polynomial coefficients are given from the condition of the error minimum, usually by 
the "Central Composite Design Sampling" (CCD) method or the "Box-Behnken Matrix Sampling" 
(BBM) method [39]. 

Advantages of the method: 
 considerably less number of simulations than with the straight Monte Carlo method,
 it is possible to define dependencies using the "design experiments" method or regression analysis

from the defined points in the case of improper approximation functions,
 particular simulations are independent from each other – parallel calculations can be used here.

Drawbacks of the method: 
 the number of simulations depends on the number of variable input parameters; in the case of a

large number of input parameters, the method is ineffective,
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 the method is unsuitable in the case of discontinuous changes in the dependencies between the input
and output values (e.g., the method is not suitable for resolving the stability of ideal elastic-plastic
materials beyond the failure limit...).

a) Central Composite Design b) Box-Behnken Matrix

Figure 2: Distribution schemes of stochastic numbers of RSM method for three input variables. 

Table 4 Summary of the stochastic numbers depending on the number of stochastic input variables 

Central Composite Design Box-Behnken Design 

Number of 
stochastic variables 

Number of 
quadratic 

function coef. 

Number of 
factorials f 

Number of 
stochastic 
numbers 

Number of 
quadratic 

function coef. 

Number of 
stochastic 
numbers 

1 3 N/A N/A - N/A 
2 6 0 9 6 N/A 
3 10 0 15 10 12 
4 15 0 25 15 25 
5 21 1 27 21 41 
6 28 1 45 28 49 
7 36 1 79 36 57 
8 45 2 81 45 65 
9 55 2 147 55 121 

10 66 3 149 66 161 

4. Probabilistic Postprocessor in ANSYS Program

For reliability analysis of the complicated structures the displacement-based FEM is favourable to use 
with the one from defined simulation methods. In this work the licensed program ANSYS [43] with 
probabilistic postprocessor was utilized for probability analysis of the reliability of NPP structures for 
various action effects.  
The ANSYS Program belongs among the complex programs for solving potential problems. It contains 
a postprocessor, which enables the execution of the probabilistic analysis of structures. 
In Figure 3, the procedural diagram sequence is presented from the structure of the model through the 
calculations, up to an evaluation of the probability of structural failure.  
The postprocessor for the probabilistic design of structures enables the definition of random variables 
using standard distribution functions (normal, lognormal, exponential, beta, gamma, weibull, etc.), or 
externally (user-defined sampling) using other statistical programs like AntHILL or FReET [11, 31]. 
The probabilistic calculation procedures are based on Monte Carlo simulations (DS, LHS, user-defined 
sampling) and "Response Surface Analysis Methods (RSM)" (CCD, BBM, user-defined sampling).  
The statistical postprocessor compiles the results numerically and graphically in the form of histograms 
and cumulative distributional functions. The sensibility postprocessor processes the data numerically 
and graphically and provides information about the sensitivity of the variables and about the correlation 
matrices. 
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Figure 3:  Procedural diagram of probabilistic calculations using the ANSYS software system [11]. 

5. Probability Analysis of Tall Building using ANSYS

In the case of the design of tall buildings in active seismic areas and the complicated geological 
conditions the uncertainties of the input data are very important from the point of view the optimal 
design of the structures [1, 2, 10-31, 46-49]. The uncertainties of the variable loads grow by addition 
with the number of the floors. This effect has the importance role in the resistance of the structural 
elements. The locality of the Bratislava is well-known as the area with the complicated hydrogeological 
conditions and the seismic risk level (acceleration design ag = f.ar =1,1.0,41= 0,451ms-2). One from the 
important object is the building of the Slovak national bank (SNB). On example of the seismic 
resistance of the Slovak national bank building will be presented the effect of the probabilistic analysis 
of the seismic resistance 

Figure 4: Real building and the calculation model of SNB Bratislava. 

The tall building of SNB has 32 floors and the height of 98.3m. The building is in the form of the circle 
quarter in plane with the radius 41,5m. This building has the 3 underground floors with the foundation 
level at -11.5 m. The structural walls are in the form of L in plane. The bearing system is symmetrically 
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about the diagonal axis. The SNB structure consists two conjugate reinforced concrete (RC) walls, RC 
ceiling without girder and the RC columns in space. The building is based on the RC Foundation plate 
of thickness 2,3m. The calculation FE model consists beam elements (BEAM44), shell elements 
(SHELL43) and solid elements (SOLID45) – number of elements is 5.580 and nodes 3.464 (Fig.4).      

6. Loading and Load Combination

The loading and load combination in the case of the deterministic as well as the probability calculation 
is different due to requirements of Eurocode 1990 [37] and JCSS 2000 [6], too.  
The seismic load was taken in accordance with ENV 1998 [45] as a design acceleration response 
spectrum for B type of soil and design acceleration ag = 0.451ms-2. In the case of deterministic 
calculation and the ultimate limit state of the structure the load combination is considered according to 
ENV 1990 as follows: 

D1) Permanent and variable load state 

d G Q k w ow kE G Q W      (17) 

alternatívely states are 

d G Q oQ k w ow kE G Q W        or  
d G Q k w ow kE G Q W     

D2) Seismic design situation 

2.d k Q k EdE G Q A   (18) 

where Gk is the characteristic value of the permanent loads, Qk - the characteristic value of the variable 
loading, Wk - characteristic value of wind load, AEd (=1 AE.k) - the design value of the seismic loading, 
AE.k - the characteristic design value of the seismic loading, I – importance factor (of the building 
structure), G - parciálny súčiniteľ pre stále zaťaženie, Q – partial factor of variable load, o.w (o.Q,, 
2.Q) – combination factors  ENV 1990 [37] (2.Q  = 0.3). 
In the case of probabilistic calculation and the ultimate limit state of the structure the load combination 
we take following: 

P1) Permanent and variable load state 

var var vark k kE G Q W g G q Q w W       (19) 

P2) Seismic design situation 

var var var .E k k E kE G Q A g G q Q a A           (20) 

where gvar, qvar, avar are the variable parameters defined in the form of the histogram calibrated to the 
load combination in compliance with Eurocode [37]. 

7. Uncertainties of the Input Variables

The uncertainties of action effects and structural resistance were considered in accordance of the 
Eurocode 1990 [37] and JCSS [6] using calibration methods to define the variable parameters (see 
tab.4). A soil stiffness variability in the vertical direction is defined by the characteristic stiffness value 
Kk from the geological measurement and the variable factor kz.var. The variability of the soil stiffness in 
plane is defined by variable rotation of soil stiffness in the form of the rotation kxx.var, kyy.var. The action 
effects are taken with characteristic values Gk, Qk, AED.k, Wk and variable factors gvar, qvar, avar  and  wvar.  
The random distribution of the soil stiffness under foundation plate is approximated with bilinear 
function on the slab plane in dependency on three parameters kz.var, kxx.var, kyy.var 

     
.var .var .var ,, 2 2o o

z yy xx z k
x y

x x y y
k x y k k k k

L L

      
  

(21) 
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where kz.k is characteristic value of soil stiffness, xo, yo are coordinates of foundation structure gravity 
centre, Lx and Ly are the plane dimensions of the slabs in directions x and y. The variability of input 
parameters are described in table 5 and 6. 
The random distribution of the live load is approximated with bilinear function on the slab plane in 
dependency on three parameters qz.var, qxx.var, qyy.var 

     
.var .var .var, 2 2o o

z yy xx
x y

x x y y
q x y q q q

L L

      
  

, (22) 

where qk is characteristic value of live load (qk = 1kN/m2), xo, yo are coordinates of building slab gravity 
centre, Lx and Ly are the plane dimensions of the slabs in directions x and y. 
The spectrum response analysis was taken for the calculate the response from the seismic excitation in 
the form of the acceleration design spectrum due to Eurocode requirements of the tall building.  
The variability of the stiffness and damping characteristics of the building structure and soil lead to 
variability of the modal characteristic of the system. The modal analysis of the system shows us that the 
dominant frequencies in direction X (or Y) are in the interval from 0.50HZ to 0.78Hz. This interval has 
the partially influence to the intensity of the seismic excitation on the slope line of the acceleration 
design spectrum below 2Hz. 

Table 5 Probabilistic model of the input data 

Characteristics 

Soil Loads 
Stiffness Permanent Variable Extreme 

Displ. Z Rot. X Rot. Y Dead Live Wind Earthquake 

Character. value kz,k kxx,k kyy,k Gk Qk1 Wk AEd,.k 
Variable factor kz.var kxx.var kyy.var gvar qvar wvar avar 
Histogram type Normal Normal Normal Normal Beta(T.I) Weibul (T.III) Beta (T.I) 
Mean value 1 1 1 1 0.57 0.37 0.67 
Standard dev. 0.200 0.033 0.033 0.033 0.28 0.18 0.142 
Min. value 0.451 0.851 0.853 0.569 0.858 0.021 0.419 
Max. value 1.490 1.163 1.135 1.385 1.127 1.335 1,032 

Table 6 Probabilistic model of the material properties 

Characteristics 
Continuous load Material Model 
Load intensity properties uncertainties 

Vertical Z Rot. X Rot. Y Vertical Z Rot. X Rot. Y 
Character. value qz,k qxx,k qyy,k Ek E R 
Variable factor kz_var kxx_var kyy_var e_var F_var Mu_var 
Histogram type Uniform Uniform Uniform LogNorm Normal Normal 
Mean value 0.5 0 0 1.0 1 1 
Standard dev. 0.29 0.580 0.580 0.120 0.100 0.100 
Min. value 0.0 -1 -1 0.645 0.875 0.875 
Max. value 1.0 1 1 1.293 1.135 1.135 

8. Sensitivity Analysis

Sensitivity analysis of the influence of the variable input parameters to the system soil-structure 
interaction is based on the statistical dependence of the output parameters to the input parameters [11]. 
The matrix of correlation coefficients was calculated by Spearman. The sensitivity of the interstory 
drift and the shear resistance on the variability of the input data is imagined on figures 4 and 5 for the 
models RSM2 a LHS2 in the case of the seismic excitation. The variability of the seismic load is 
dominant. The influence of the other parameters is different for the probabilistic analysis RSM and 
LHS. In the case of the RSM method the additional influences have the variability of stiffness (Evar) 
and masses (Gvar) to maximum displacement. Otherwise the soil stiffness (kz.var) is dominant in the 
method LHS. Analogously the sensitivity of the sher resistance is different in RSM and LHS method. 
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Figure 4: The results of the sensitivity analysis of Dmax and Vmax for model RSM2. 

Figure 5: The results of the sensitivity analysis of Dmax and Vmax for model LHS2. 

The sensitivity analysis gives the valuable information about the influence of uncertainties of input 
variables (load, material, model and other) to engineer for optimal design of the structures. 

9. Comparison of Deterministic and Probabilistic Analyses

The deterministic calculation of the seismic resistance of the SNB tall building was realized on the 
three models with different soil stiffness (with ratio: 0.75/1/1.5). The probabilistic analysis was 
considered for two methods RSM and LHS. The different number of input data was taken in three 
calculation models - RSM1, LHS1 (5 var.v. - kz, Gk, Qk, Ak, R ), RSM2, LHS2 (8 var.v. - kz, kxx, kyy,
Gk, Qk, Ak, R, E)  and RSM3, LHS3 (10 and 11 var.v. - kz, kxx, kyy, Gk, Ak, Ek, qz.k, qxx.k, qyy.k ,R, E). 
The deviation of the response data and the time calculation were considered depending on calculation 
methods and models. 
The comparison of the deterministic and probabilistic analysis is summarized in tab.5. The mean values 
of the interstory drift from the probabilistic analysis are lower than the mean values obtained from the 
deterministic analysis, but the maximum values of the interstory drift histogram are higher than the 
maximum values obtained from the deterministic analysis. The quantile values for 81% probability no 
exceeding (median+sigma) the interstory drift are near to the maximum values obtained from the 
deterministic analysis. The range of scatter of interstory drift values is higher with the number of the 
variable input data. The results from the RSM method with 81 and 149 simulations are near the results 
from the LHS method with 100 simulations. The RSM method is more effective than LHS method 
from the point of view of the demands to the computer memory and the calculation time (see tab.7). 
The performance and demands of the probabilistic methods are compared in tab.8. From this 
comparison follows that the computer time grow rapidly with the number of input data up 8 quantities 
in the case of RSM method. The computer time for LHS method is higher in comparison with the MC 
method for the same number of the simulations. The maximum difference between LHS and MC 
method is 2.5% in values of interstory drift if the number of simulations is the same. The value of the 
output quantity has changed about 15% for LHS method and 11% for MC method if the number of 
simulations is increased four time (see tab.8). 
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Table 7 Comparison of the deterministic and probabilistic analysis 

 Model 
Extreme interstory drift [mm] Number 

 of simple 
Number of 
simulations 

CPU 
[sec] Min Mean Max St.dev 

Deterministic analysis 
FEM 5,72 5,73 5,74 - - 3 147 

Probabilistic analysis – RSM 
RSM1 2,14 2,19 3,92 0,83 5 27 891 
RSM2 1,79 3,99 7,28 0,86 8 81 2670 
RSM3 1,79 4,08 7,46 0,88 10 149 4805 

Probabilistic analysis – LHS 
LHS1 2,90 4,40 7,01 0,89 5 100 3145 
LHS2 2,80 4,32 6,89 0,88 8 100 4852 
LHS3 2,50 4,08 6,38 0,86 11 100 4965 

Probabilistic analysis – MC 
MC2 2,72 4,21 6,21 0,90 8 100 2777 

Table 8 Comparison of the efficiency of deterministic and probabilistic methods 

 Model 
Extreme interstory drift [mm] Number 

 of simple 
Number of 
simulations 

CPU 
[sec] Min Mean Max St. dev 

Deterministic analysis 
MKP 5,72 5,73 5,74 - - 3 147 

Probabilistic analysis – RSM 
RSM2 1,79 3,99 7,28 0,86 8 81 2670 

Probabilistic analysis – LHS 
LHS2a 2,80 4,32 6,89 0,88 8 100 4852 
LHS2b 2,22 3,68 6,76 0,82 8 200 15243 
LHS2c 2,00 3,68 5,43 0,80 8 400 30403 

Probabilistic analysis – MC 
MC2a 2,72 4,21 6,21 0,90 8 100 2777 
MC2b 2,16 3,59 6,21 0,85 8 200 8741 
MC2c 2,08 3,75 7,55 0,83 8 400 17567 

The most effective probabilistic methods are RSM if the number of variable input data is lower as 8 
simples. The effectiveness of the RSM method lies in analytical definition of the histograms. If the 
input data are defined in the form of the discrete histograms from the experimental test of the material 
and geometric characteristics of the structural element, then the MC method is the most accurate 
method to verify the probability of structural failure. The advantage of the simulation methods is that it 
gives us the detailed information’s about the sensitivity of the pursue output quantities in relation to the 
variability of input data. The simulation of the structure behaviour depending on variability input data 
give to engineers the possibility of the structural failure. According to these information’s it is possible 
to established that the probabilistic analysis of the reliability and sensitivity of the structures give us the 
better resource of the influences of input data variability (action effect, impact of environs, material and 
geometric characteristics and structural resistance) to the behaviour of the structural elements. 

10. Conclusion

This paper presented the methodology of the deterministic and probabilistic assessment to control the 
reliability of the large structures using finite element method [11]. The advantages and drawbacks of 
various probabilistic methods to probabilistic analysis of the large structures. This analysis was realized 
on the example of the tall building of SNB in Bratislava. The effectivity of the probabilistic methods 
MC, LHS and RSM in comparison with the deterministic methods was considered on example of the 
sensitivity analysis of SNB building. The sensitivity analysis of the uncertainties of the soil and 
structure properties and action effects using program ANSYS was considered. The most effective 
probabilistic methods are RSM if the number of variable input data is lower as 8 simples. The 
effectiveness of the RSM method lies in analytical definition of the histograms. If the input data are 
defined in the form of the discrete histograms from the experimental test of the material and geometric 
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characteristics of the structural element, then the MC method is the most accurate method to verify the 
probability of structural failure. The significance of the RSM method is well-known in the publications 
in scientific journal in the world. Application of the RSM method is determined by the analytical 
formulation of the histograms of the input data and the continual load effect (it is not acceptable for not 
continuous and buckling problems). If the input data are defined in the form of the discrete histograms, 
then the MC method is the most accurate method to verify the probability of structural failure. 
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