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Abstract

Non-canonical spectral representation of seismic activity is employed to assess the reliability of nonlinearly modeled
buildings. Seismic impact is modeled using a random process, represented by simple functions with random parameters. We
consider random processes with correlation functions expressed as a sum of cosine-exponential terms. Reliability, defined
as the probability of failure-free operation, is determined using statistical testing methods. The reliability calculation
algorithm is implemented in MATLAB. As an illustrative example, we calculate the reliability of a section of a one-story
industrial building frame modeled by a nonlinear system. Failure is defined as exceeding experimentally determined
permissible displacement limits. Our calculations involve up to 2000 realizations of the random process. We analyze
histograms, empirical distribution functions, and reliability values of maximum fragment movements. We find that using
100 realizations of the random process yields satisfactory accuracy in determining reliability. This reliability calculation
method is recommended for rapid reliability estimates across various structure types, including those employing seismic
isolation systems. We also observe a correlation between displacement magnitudes calculated under accelerograms and a
random process represented in a non-canonical form. Thus, we recommend this method for reliability assessments in multi-
story buildings.
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1. Introduction

The cornerstone of seismic safety lies in earthquake-resistant construction, which proves to be a highly reliable and
steadfast survival strategy in regions prone to frequent earthquakes. However, the commonly employed spectral
calculation method falls short in adequately assessing seismic resistance and determining seismic risk values for
buildings and structures. These encompass stationary, non-stationary, or Markov random processes, spectral
representations of random processes, canonical or non-canonical representations of random processes, and various
methods for digitally modeling random functions.

The first case of applying a non-canonical spectral representation of a random process was noted in the study by
Chernetsky when calculating nonlinear control systems [1]. At that time, the method did not gain wide acceptance. In
the study by Zhunusov et al. [2], quasi-stationary random processes were used for modeling seismic impact, with
realizations generated using the shaping filter method. In Bolotin's study [3], stationary random processes were applied
to various tasks in building mechanics, while in another article by Bolotin [4], different schemes for statistical
modeling of seismic impact using non-stationary random processes were proposed. The classic study by Pugachev
[5] examines various canonical representations of random processes that can describe different dynamic processes.
Approximations of stationary and non-stationary random functions using uncorrelated elementary random functions
are of significant interest.
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In the study by Alderucci et al. [6], fully non-stationary random processes were proposed for modeling seismic
impacts, considering the evolution of spectral characteristics over time. This model better represents actual seismic
impacts. The procedure for generating artificial accelerograms based on Gaussian random processes is investigated by
Cacciola & Zentner [7]. A method for modeling artificial accelerograms compatible with the specified response
spectrum, corresponding to the mean value and target response spectrum of the mean + standard deviation, is proposed.
The response spectrum is derived from a set of 67 accelerograms from the European Strong Motion Database (ESD)
with similar magnitudes and epicentral distances. It is claimed that this method better matches real accelerograms.

In the study by Rezaeian & Der Kiureghian [8], a method for creating artificial accelerograms for specific earthquake
and construction site characteristics is presented. A parameterized stochastic model based on a modulated "white noise"
process is used. The model parameters consider seismic intensity, predominant frequency, and spectral width with
characteristics of the "reference accelerogram™ on solid ground. This method is recommended for generating artificial
accelerograms for design calculations. A simple but interesting way of probabilistically defining seismic impacts for
extended systems is proposed in the study by Falamarz-Sheikhabadi & Zerva [9]. The probability distribution function
of wave velocity values and the non-synchronous oscillation of the extended structure's base are considered. This method
of defining the impact is recommended for project work within the framework of Eurocode 8.

It is also necessary to address the method of modeling seismic impacts using random processes with wavelet
transformations. A wavelet transformation is an integral transformation that represents the convolution of a wavelet
function with the original signal. Wavelet transformation translates the signal from the time domain to the time-
frequency domain. In the study by Mamaghani & Lui [10], a comprehensive algorithm for applying wavelet analysis to
real accelerograms is proposed. The wavelet analysis determines the frequency characteristics of the impact, the
frequency window, and the duration of the impact. An artificial accelerogram is generated as a realization of a random
process using a Chebyshev filter, adjusting the frequency composition of the impact. Then, an envelope is applied to the
accelerogram, and the artificial accelerogram is ready for use in building and structure calculations.

Naturally, the accuracy of determining artificial accelerograms depends on which accelerograms are taken as the
initial or reference for building and structure calculations. It is recommended to use instrumental recordings of
earthquakes obtained by engineering seismometric service stations, as in the studies by Lapin et al. [11]. Specific
accelerograms of certain earthquakes, the parameters of which correspond to the regional characteristics of local
earthquakes, can be used. For example, accelerograms recorded during the 1994 Northridge earthquake [12] are often
used.

It is worth noting a successful example of using a non-canonical representation of a random process to construct the
reaction spectrum of a specific earthquake in the study by Yerzhanov & Lapin [13]. Thus, there are numerous models
of seismic impact using the theory of random functions. For tasks assessing the seismic resistance of buildings
considering nonlinearity of deformation and determining seismic risk values for buildings and structures, the commonly
employed spectral calculation method proves insufficient. The spectral method fails to address "failures” within dynamic
systems that accurately simulate real buildings and cannot monitor nonlinear effects contingent upon impact amplitude.
Consequently, there is a growing body of works focusing on direct dynamic calculations, particularly within models
based on nonlinear dynamic systems.

For ordinary buildings with nonlinear seismic isolating foundations, as well as extended structures featuring non-
uniform acceleration fields, the use of real or artificial accelerograms is imperative. The use of real or artificial
accelerograms is mandatory when calculating ordinary buildings with nonlinear seismic isolating foundations, as well
as extended structures with non-uniform acceleration fields. Similarly, calculations for high-rise buildings, especially
those employing a deformed scheme, necessitate the utilization of real, artificial (representations of a random process),
or synthetic accelerograms.

A new class of tasks has emerged, related to determining the reliability of buildings as the probability of failure-free
operation of a given construction object. Building failures can be understood as exceeding a specified floor displacement
or other kinematic characteristics that occur during the building's oscillation in an earthquake. Numerous studies delve
into determining the reliability of buildings and structures from a probabilistic perspective. In the study by Lapin [14],
an interpolation method for reliability calculation is considered, allowing significant refinement in determining the
probability of failure-free operation using a relatively small number of realizations of a stationary random process.

In the study by Mkrtichev et al. [15], a probabilistic method for assessing the reliability of buildings and structures
is developed, which, in principle, allows designing construction structures with a given reliability level. The model of a
five-story building, which considers the interaction effect between the building and the ground foundation, is examined.
The Monte Carlo method (statistical testing) is used in the calculations of the building's reliability.

In the study by Drozdov et al. [16], a simple method for analyzing the reliability of a 16-story building under high-
magnitude seismic impact is proposed. The article analyzes the reliability level implemented using the method
recommended by SP 14.13330.2014 (Rules for the Design of Earthquake-Resistant Buildings). The results of the
probabilistic analysis of a 16-story earthquake-resistant building in terms of seismic load corresponding to a design
earthquake are presented.
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Of particular interest is the study by Der Kiureghian & Zhang [17], which directly addresses reliability issues where
a failure event is defined in a spatial domain, such as exceeding the damage measure beyond an acceptable threshold
anywhere within the construction body. Uncertainties in the problem can arise due to the stochastic nature of the
material, load, geometry, and boundary conditions of the structure. The classical finite element method is applied to
determine the probability of failure.

An analysis of nuclear power plant safety is performed in the study by Guo et al. [18]. The criterion for failure is the
formation of through cracks in the reactor containment structures. The Monte Carlo method and the ABAQUS modeling
program are used for reliability calculation. Numerical values of the probability of failure are obtained.

Various numerical methods are applied in Pavani et al. [19] and Wu et al. [20] for analyzing the reliability of different
objects. The aim of the study by Pavani et al. [19] is the application of two numerical models describing the destruction
process of masonry subjected to aggressive environmental impacts to predict the time required to reach a specified
damage level. The results of the probabilistic analysis are compared with the deterministic method results. It is found
that the results of both types of analysis do not contradict each other.

In the study by Wu et al. [20], a nonlinear calculation of the aqueduct structures is performed using the Monte Carlo
method. One hundred realizations of the random process (artificial accelerograms) were generated. The seismic impact
had a random nature. Specific nonlinear effects were noted in the study of the reliability of aqueduct structures. The
Monte Carlo method is also applied in the study by Kim and Wallace [21] for analyzing the reliability of a high-rise
building with reinforced concrete walls. The analysis considers buildings with 20 and 30 stories. The criteria for failure
are taken as the property of the structures to work under shear. A quantitative and fairly high assessment of the buildings'
reliability level is obtained.

Thus, the probabilistic description of seismic impact using random functions allows considering a class of tasks with
reliability assessment (probability of failure-free operation). The main method for solving such tasks is primarily the
Monte Carlo method. Therefore, considering the complexity of practical reliability calculation tasks for construction
structures with damageability and nonlinearity, it is advisable to propose a maximally economical way to generate
realizations of the random process.

Let us solve the problem of applying a seismic impact model in the form of a random process represented by a non-
canonical spectral representation [1]. In Yerzhanov & Lapin [13], such a seismic impact model was used to construct
spectral curves of specific earthquakes. Let us consider and solve a new problem of determining the reliability of a
building as a nonlinear system under a given model of seismic impact, and also estimate the number of realizations of
the random process necessary to solve this problem. Previously, such problems were not solved.

It is also necessary to assess the extent to which there is a correlation between the magnitudes of displacements of a
fragment of a frame building, calculated in two ways - under the influence of accelerograms and a random process in
the form of a non-canonical representation.

So, we need to solve the following problem:

e To propose a method for modeling seismic impact to determine the reliability of a building modeled by nonlinear
systems;

o To assess the accuracy of the specified method for modeling seismic impact using the example of calculating the
probabilistic characteristics of displacement (skew) of a nonlinear building model;

e To compare the values of displacements of a nonlinear system for different values of viscous friction;

¢ To investigate the influence of the number of realizations of a random process on the reliability values W for
different numbers of realizations of a random process;

To determine the number of realizations of a random process for calculating the highest moments of displacement
values of a nonlinear building model.

2. Methods and Objects

Let us consider the results of applying the seismic impact model in the form of a random Equation 1. We take the
correlation function of the random process in cosine-exponential form:

(7)) = o%e~ " cos pr 1)

where a, § - parameters of the correlation function, o — the root means square values of acceleration.

A profoundly general theorem, as established in reference [1], asserts that a stationary random function, denoted as X (t),
can be impeccably represented within the realm of correlation theory in the following form:
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X)) =m,(t) + A sinwt + A, coswt (2)

The envelope of a stationary random process is adopted in the form of a fractional rational expression by Aptikayev
[22].

In this context, it is assumed that m,(t) = 0. The values of A, and A, are distributed according to the normal
distribution. Digital modeling of such quantities can be easily achieved using computer mathematics systems like
MATLAB, MATHCAD, and MAPLE.

The values of w are determined by solving the nonlinear equation [13].
1 1 w+p w-B] _ z+1
E+;[arctg7+arctg T] = T (3)
where random numbers Z have a uniform distribution on the interval [-1, 1].

Consequently, for each implementation of a random process, calculations involve only three random variables.

Before this study, dynamic tests were conducted on a fragment of a one-story industrial building [23]. These tests
utilized a robust vibration machine, VZ, enabling the observation of the structure's behavior until failure. From these
test results a nonlinear deformation diagram was constructed (Figure 1), revealing the frame building's significant
nonlinear characteristics. As per Eurocode 0 standards, a nonlinear calculation considering actual deformations and a
probabilistic method for specifying seismic impact is necessary.

AR (kN)
300 +
200 T
100+ A—A Fragment with ordinary columns
| | | | ‘ ; (cm)

0O 2 4 6 8 10 12 14 16 18

Figure 1. Deformation diagram of a fragment of an industrial building

The experimental fragment constitutes a cell of a one-story frame building with a 6x12 m column grid. The building's
calculated seismicity is 8 points. The fragment's plan dimensions are also 6x12 m. The design of the flooring aims to
create a longitudinal force on the column ranging from 20 to 25 EHL, aligning with values typical for buildings with a
6x18 m column grid. The fragment's height to the bottom of the truss structure is 4.2 m. The columns are made of
prefabricated reinforced concrete, featuring a standard size with a cross-section of 40x40 cm and a concrete grade design
of 200. Column foundations consist of monolithic reinforced concrete with base dimensions of 2.4x2.4 m. The flooring
comprises prefabricated bridge slabs measuring 1.0x6.0 m in plan, with a section height of 30 cm along steel rafter
beams. The junction of rafter beams follows standard practices for buildings with a calculated seismicity of 7 and 8
points. The total longitudinal reinforcement for the column section consists of 4x22 Alll bars.

Let us perform a probabilistic calculation of the indicated fragment for pseudo-earthquakes of various magnitudes.
We approximate the deformation diagram by a piecewise linear curve with five linear sections. The accumulation of
plastic deformations is taken into account.

For convenience of calculation, it is convenient to set the interpolation points of the deformation diagram (Table 1).
When R > 190 kN, R = 190 kN is taken. For the case of a negative branch of the diagram, all data from Table 1 is
multiplied by “-1”.

Table 1. Characteristic points of the nonlinear deformation diagram of a building fragment

Displacement,cm 0 1.7 34 6.0 8.0 10.0 12.0 15.0
Reaction, kN 0 800 1400 160.0 170.0 180.0 185.0 190.0

The nonlinear differential equation is integrated:
mi + pu¥ + R(x) = —m¥; 4)

where R(x) — the nonlinear restoring force, X,; — the i-th accelerogram, p — the coefficient of inelastic resistance
(Voigt’s hypothesis).
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The fragment has the following static and dynamic characteristics:
Q =880 KkN; C; = 47.06 kN/cm; C, = 37.50 kN/cm; C; = 1.50 kN/cm;
P, = 80KkN; P, = 140 kKN/cm, [Xp.x] = 15 cm,p = 0.26 KN s/cm.

The achievement of maximum permissible displacements is taken here as a failure criterion [x,,4,].

3. Results

Let's proceed with a nonlinear calculation of a frame industrial building subjected to seismic impact in the form of a
non-stationary random process, as well as the impact of real accelerograms. The parameters of cosine-exponential
correlation functions have been previously established. In the probabilistic calculation, we implement the classical
scheme of the statistical test method. One hundred implementations of the random process (1) with zero mathematical
expectation are generated. By averaging over all implementations, we determine the average values of the maximum
displacements, velocities, and accelerations.

Table 2 presents the names of recorded instrumental records of California earthquakes, along with the magnitude of
acceleration at the base and the results of calculations performed using the MATLAB computer mathematics system.

Table 2. Maximum displacements of a building fragment under the influence of real accelerograms and a model in
the form of a random process

Earthquake, date Accileration azt the Displacement Displacement
ase, cm/s (random process),cm  (real accelerogram), cm

Kern County, 21.07.52 152.7 244 2.50
Kern County, 21.07.52 175.9 240 2.76
Eureca, 21.12.54 164.5 2.39 1.95
Eureca, 21.12.54 252.7 2.59 2.53
San Fernando, 9.02.71 110.8 291 2,13
San Fernando, 9.02.71 309.4 1.34 1.60
San Fernando, 9.02.71 265.4 3.86 433
San Fernando, 9.02.71 250.0 3.82 3.21
San Fernando, 9.02.71 104.6 437 1.60
Northern California, 3.10.41 118.6 141 1.14
Northern California, 3.10.41 1135 0.84 0.74
Long Beach, 10.03.33 192.7 1.63 3.53
Long Beach, 10.03.33 156.0 2.13 1.78

Figure 2 illustrates a graph of displacements and velocities obtained from calculations using one of the
implementations of the non-canonical representation of a random process.

Displacements (blue line) - speed (red line)

| Al
s (liSplacements

e SPEEA —

Displacements (speed)

Time

Figure 2. Displacement and speed of a building fragment under the influence of the implementation of a random process
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An analysis of Table 2 shows that there is a correlation between the displacement values of a fragment of a frame
building, calculated in two ways - under the influence of accelerograms and a random process in the form of a non-
canonical representation. The amount of movement of the building model was obtained using the Monte Carlo method
and is presented in Table 2 as the average value (mathematical expectation). Comparing the average displacement values
(third column) with the displacements obtained when calculating with real accelerograms, it can be noted that for the
Kern County, Eureca, San Fernando, and Northern California earthquakes, the non-canonical spectral representation of
the random process models the frequency characteristics of real accelerograms quite well. For the Long Beach
earthquake, the mentioned representation of the random process models the characteristics of real accelerograms less
accurately. Table 3 shows the probabilistic characteristics of the displacement values from Table 2 - average values,
root-mean-square values and coefficients of variation. The difference between the average displacement values
calculated by the two methods is about 7%. In general, the non-canonical representation of a random process can be
assessed as a convenient means of modeling seismic impact for express analysis of the behavior of nonlinear dynamic
models. Within the framework of the application of statistical modeling methods using finite element design diagrams
of a building, the benefits from the use of such impact models can be significant.

Table 3. Probabilistic characteristics of displacement values

Parameters Accelerograms Random process
Average, cm 2.29 247
RMS value, cm 1.0 1.06
The coefficient of variation 0.44 0.43

Table 4 shows the results of calculations of the maximum displacements of the fragment at various values of the
viscous friction parameter p. From the analysis, it follows that when the value of the coefficient pu changes by 13 times,
the values of the maximum displacements change by approximately 2-3.5 times. The results of Table 3 also make it
possible to evaluate the influence of the error in assigning the value of the viscous friction parameter on the displacement
values.

Table 4. Influence of the coefficient value of viscous friction p on the values of maximum displacements, in cm

N pkNs/cm Non-canopical Kern Cou.r'\ty Accelerogran;, Non-cano_nical Kern Cou[\ty Accelerograrr;,
representation, x, 21.0752,% = 152.7 cm/s representation, x, 21.0752,%=175.9 cm/s

1 0.39 1.44 1.92 1.86 2.24

2 0.26 244 2.50 2.40 2.76

3 0.13 3.61 3.87 311 3.93

4 0.07 4.13 5.28 4.01 4.60

5 0.03 5.47 6.51 417 4.63

Using the least squares method, we approximate the 3rd and 5th columns, respectively, by linear dependencies
x; = —10.16u + 5.21 ®)
X, = —6.60u + 4.27 (6)
Using expressions 5, it is possible to predict the maximum displacements of a fragment at intermediate values of the

viscous friction parameter L.

Since the use of a non-canonical representation of a random process does not require the generation of a significant
number of random numbers as in the case, for example, of the forming filter method, it begs the consideration of this
representation in problems of calculating the probabilities of failure-free operation of buildings modeled by nonlinear
systems. Calculations were performed for the case of the San Fernando earthquake, 09.02.71 (the average value of the
maximum acceleration at the base was chosen similar to that indicated).

Table 5 presents the results of determining the reliability values (probability of failure-free operation) W of a
fragment of a frame industrial building, where

n
w=1-2 (7
where N — total number of realizations, n — number of realizations under the influence of which the failure condition

X > [Xmax] 1S satisfied.

2739



Civil Engineering Journal Vol. 10, No. 08, August, 2024

Table 5. Probabilities of failure-free operation (reliability) W of a fragment of a frame building

Number of realizations of a random process

Bmax] 100 200 500 1000 2000
8 097 0975 0956 0945  0.945
10 095 0960 0956 0975 0961
12 094 0955 0982 0972  0.9635
15 0.99 099 0964 0972 09745
17 097 098 0972 0974 09815
20 100 0975 0988 0992 09825

The number of generated implementations varied from 100 to 2000. Table 5 shows the reliability values Was a
function of the number of implementations of the random process and the magnitude of the limiting displacement
[*Xmax]- Starting from 500 implementations, the dependence of the increase in the reliability value as the maximum skew
of the building increases. The actual value of the limiting skew according to experimental data is 15 cm. Even with 100
implementations of the random process, the accuracy of determining the reliability value W100 is satisfactory. The
difference from the same value for 2000 sales is 1.5%.

Figure 3 shows the displacement distribution functions as the number of implementations used in the calculation
increases. Differences are visible only in the “tail” region of the distribution.

Empirical CDF

= | | | | |
X
A e e e e e
L | | | | |
04—~~~ -———r———
| | | | |
-y~~~ "1 ~-—-
| | | | |
S et el ettt el i
| | | | |
L e N T e R
0 ! | ! ! !
0 5 10 15 20 25 3
X

Figure 3. Distribution function of maximum displacements of a building fragment depending on the number of realizations

Figure 4 shows the histogram and the empirical distribution function of the maximum fragment displacements. Due
to the nonlinearity of deformation, the normal distribution (blue line) poorly approximates the empirical dependences
(red line).

0.8

0.6 ]

F ()

Figure 4. Histogram and empirical distribution function of maximum fragment displacements
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In Figure 5, a graph of the lognormal distribution is plotted to assess the closeness between the empirical cumulative
and theoretical distributions. The analysis reveals a very satisfactory correspondence between the two curves.

Empirical CDF
08 F—f/fr —4— -k
! \ | | \ ! ! |
07 bl
' ! \ | | \ ! ! |
! \ | ! \ \ ! |
RN e i et et ety Bty et iy Rty Hy
= ! \ | ! \ \ ! | \
1 05 - F T e R N Y N
04 ! \ | | \ \ ! | \
S 2t i Bt it s At et i Bt M
! \ | | \ \ ! |
B3 -~ —r " ATt T T
! \ | | \ ! ! |
02 ——l—-—4——F——l——d4——+———d——+ ——
! \ | ! \ ! ! !
5 Sy Ty
! \ | ! \ ! ! |
0 | \ | | \ \ | | \
0 2 4 6 8§ 10 12 14 16 18 20
X

Figure 5. Cumulative empirical distribution function (red line) and cumulative lognormal distribution function (blue line)

Next, in Figure 6, the upper and lower estimates of the cumulative function of the tested distribution are depicted. A
qualitative visual assessment confirms the lognormality of the distribution of maximum displacement values.

1
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Figure 6. Confidence limits for the cumulative distribution

To further assess the closeness of the empirical distribution to normal, it is convenient to calculate the values of
skewness and kurtosis, respectively

NIt

A= e L1 —%)3 (8)
N —_

E = (N_1)254 ?]::l(xi - x)4 - 3 (9)

where S sample standard deviation, X — sample mean.

Table 6 presents the values of asymmetry and kurtosis as a function of the number of realizations of the random
process. With 2000 implementations, the values of these quantities practically do not change.
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Table 6. Values of probabilistic characteristics

Probabilistic Number of realizations
characteristics 500 1000 2000 5000 10000
%, cm 172 244 202 207 209
A 1028 750 812 828 856
E 13892 68.76 88.98 83.61 9501

In general, the sample average displacement values stabilize relatively quickly, particularly at the onset. However,
the values of asymmetry and kurtosis exhibit minimal change until approximately 2000 realizations.

Both the skewness and kurtosis coefficients deviate significantly from zero. The positive kurtosis coefficient
indicates that the empirical distribution is more peaked than a normal distribution, implying that the histogram bars at
the distribution's center are higher than the corresponding values of the normal curve.

It is worth noting that the proposed method for determining reliability values (i.e., the probability of failure-free
operation) can naturally be applied to seismic isolating systems, whose dynamics are governed by nonlinear differential
equations [24].

4. Discussion

The application of methods of reliability theory in construction design makes it possible to create buildings and
structures that are very economical and reliable. Regulatory documents of the Republic of Kazakhstan are based on
Eurocodes. Eurocode 1990 regulates the concept of reliability of structures and establishes their quantitative values
depending on the responsibility of the structure [25]. The application of methods of reliability theory within the
framework of Eurocode 0 will make it possible to reasonably design various types of steel and reinforced concrete
structures that are optimal in terms of parameters under any static and dynamic influences [26, 27]. For example, the
scheme for applying the Monte Carlo method can be used to calculate buildings for wind impacts, so non-canonical
representations of the impact can also be used when modeling wind impacts [28].

All seismic isolating structural systems, as a rule, turn out to be nonlinear. Sometimes nonlinearities have a very
complex form. Therefore, the Monte Carlo Method scheme with a description of the influence (1), (2) turns out to be
useful [27, 28]. Any seismic isolation systems can be calculated using this seismic impact model [29, 30].

The method developed in this article will make it possible to determine the values of reliability and failure of
buildings modeled by nonlinear systems within the framework of Pushover analysis [31, 32].

The simple method of modeling the impact in the form (2) facilitates the generation of random process realizations
at a minimal cost. For each implementation, only 3 random number values need to be generated. Consequently, it
becomes feasible to produce numerous implementations of a random process within a relatively short amount of time.
This approach to generating influence renders the Monte Carlo method (statistical tests) an effective tool for studying
nonlinear systems that simulate construction objects [28, 33].

Moreover, this impact modelling method is recommended for calculating multi-mass discrete systems that simulate
high-rise multi-story buildings [34]. As shown above, despite the simplicity of expression (2), the non-canonical
representation of the random process has broad capabilities even for studying significantly nonlinear dynamic systems.
For a 30-40 story building and a multi-mass dynamic model of a construction object, the time savings in determining
reliability values using the Monte Carlo method will be significant.

Impact models are successfully used in algorithms for determining seismic risk [35]. The concept of seismic risk is
based on the concept of structural failure. Seismic risk is the probability of losses due to seismic impact. The more
accurately the seismic impact is described, the more adequately the risk value is determined.

A simple and effective impact model (2) can apparently find wide application when working with Eurocode 8, which
allows the application of reliability theory methods for alternative design of construction structures in seismic areas.
Ultimately, the reliability value is a quantitative assessment of the seismic resistance of a building. By determining the
probability of failure-free operation of two design solutions for a building, a more reliable or economical design solution
can be identified.
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5. Conclusion

The non-canonical representation of a random process is a simple way to model seismic impact. To generate one
realization, only 3 random variable values are needed. Its use is quite effective for determining the probabilistic
characteristics of displacements, velocities, and reactions of buildings and structures modeled by nonlinear non-
stationary systems. An effective way to calculate reliability values for this method of seismic impact modeling is the
method of statistical tests (Monte Carlo method). Determination of reliability values (probability of failure-free
operation) using this method has sufficient accuracy, starting with the use of 100 implementations of a random
process. The failure probability values are also established using from 100 to 500 realizations of a random process.
The realization of a non-canonical spectral representation of a random process is very economical from a
computational point of view and is very convenient for use, especially using computer mathematics systems
MATLAB or MATHCAD. The distribution function of displacement values in essentially nonlinear calculations is
very close to lognormal.
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