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Abstract

Seismic performance assessment within modern performance-based earthquake engineering
quantifies the exceedance of a structural performance level related to a structural demand level,
quantified via an engineering demand parameter (EDP). Fragility functions are used for this
purpose as they represent the interface between the intensity of ground-shaking, described by
an intensity measure (IM), and the probability that a damage level, or EDP threshold, is ex-
ceeded in the structure. Fragility functions are defined as a median seismic intensity required
to exceed a given EDP threshold and its associated dispersion. To this end, this study aims at
quantifying the dispersion in ground motion shaking intensity for a given ductility demand
threshold in infilled frame buildings. The dispersions were evaluated as a function of the aver-
age spectral acceleration IM and varies with respect to the height of the considered buildings
under consideration. The quantified dispersions are then implemented within a response esti-
mation tool previously developed by the authors to refine the single-value-type dispersion pre-
viously assumed. The previous and newly defined sets of dispersion values are scrutinised
within the context of fragility function estimation for a set of archetype infilled reinforced con-
crete frame structures and compared to the results obtained via extensive dynamic analyses,
showing much improvement with no additional computational cost or complexity.

Keywords: uncertainty, fragility, intensity measure, engineering demand parameter, infilled
RC

ISSN:2623-3347 © 2023 The Authors. Published by Eccomas Proceedia.
Peer-review under responsibility of the organizing committee of COMPDYN 2023.
doi: 10.7712/120123.10550.20152

2168



Al Mouayed Bellah Nafeh and Gerard O’Reilly

1 INTRODUCTION

Infilled reinforced concrete (RC) buildings represent a prevalent taxonomy class in the Med-
iterranean region. These buildings constitute a significant portion of the southern European
building stock generally, and the Italian built environment specifically, as reported by the cen-
sus data published by the Italian national institute of statistics (ISTAT) [1] and illustrated in
Figure 1.
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Figure 1: (a) Residential buildings by construction material; (b) RC Residential buildings by con-
struction period; (c) Residential buildings (RC, masonry and other typologies) by construction period

RC buildings with unreinforced masonry infill panels were typically designed to resist grav-
ity loads only or were designed before the introduction of modern seismic design guidelines
(i.e., capacity-based design). The latter promotes a ductile and stable mechanism and is required
by most modern-day design codes (e.g. Eurocode 8 [2] and NTC18 [3]). Before the 1970s,
structural elements were designed considering gravity loads only. The allowable stress method
(ASM) was used to calculate loads and the subsequent detailing of structural members. Con-
struction features of these gravity load designed (GLD) buildings include frames spanning in
one direction, the use of smooth reinforcing bars, low compressive strength concrete, rebars
with low yield strengths, inadequate transverse and shear detailing, inadequate joint detailing
(i.e., inadequate anchorage length and the use of end-hooks). The period between the mid-1970s
and 1980s witnessed the introduction of the equivalent lateral force (ELF) method. To imple-
ment the ELF method, a seismic coefficient, defined as around 7%-10% was required [4—7].
This design methodology was coupled with ASM to size and detail structural members. Con-
struction features of this sub-standard design (SSD) practice include frames spanning in one (or
both) directions, the use of deformed rebars and concrete with moderate yield and compressive
strengths, respectively, with no consideration of ductile detailing. The highlighted design con-
siderations resulted in many instances of brittle and non-ductile mechanisms forming, mainly
in the surrounding frame elements of infill panels and beam-column joints. Several past and
recent earthquake reconnaissance observations [8—11] reported many occurrences of extensive
damage and collapse cases in RC buildings with infills due to shear and flexural failure of
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structural members. Analytical [12—15] and experimental [16—19] studies have also highlighted
the detrimental effects of not considering masonry infills in the design process as these elements
were considered non-structural components, and their effect on the structural response was ne-
glected. This resulted in severe implications on the lateral load-resisting capacity of these build-
ings. Several instances of sudden infill panel rupture leading up to a differential stiffness (i.e.,
soft-storey mechanism) between storeys were recorded.

The seismic performance assessment of existing structures within modern performance-
based earthquake engineering (PBEE) entails accurately quantifying the exceedance of any
structural demand-based performance level. The latter is typically quantified using fragility
curves which link the probability of exceeding predefined thresholds of demand quantified via
an engineering demand parameter (EDP) for a given intensity measure (IM) level of ground-
shaking. Fragility functions are usually the end result of extensive numerical analysis (i.e., nu-
merical modelling of a case study structure, ground-motion selection, and non-linear dynamic
analyses). Recent studies [20,21] highlighted the necessity for simplified tools to reduce the
computational effort and time required by such extensive analyses. To this end, a response es-
timation tool (RET) was developed by Nafeh and O’Reilly [22] for the purpose of single-build-
ing vulnerability assessment of infilled RC frame structures (available here:
https://github.com/gerardjoreilly/Infilled-RC-Building-Response-Estimation). Additionally, a
simplified seismic risk evaluation methodology denoted PB-Risk was also proposed by Nafeh
and O’Reilly [23], incorporating the aforementioned tool. The tool was developed based on
empirically-derived p-u-T relationships calibrated based on cloud analyses on single-degree-
of-freedom (SDOF) oscillators with various backbone parameters representative of the infilled
RC typology [21]. The derived p-u-T relationship empirically relates the dynamic strength ratio,
p of an SDOF system with a period of vibration 7 to the ductility demand, z via a simple static
pushover (SPO) analysis. p is defined as the ratio between the average spectral acceleration and

Sag
Sa

29 The p-u-T relationship is subse-
y

quently calculated via static response parameters, which can be obtained via a simple pushover
analysis, as illustrated in Figure 2. The dispersion (i.e., the blue area in Figure 2) was initially
quantified as the error in the regression corresponding to the median response, or the record-to-
record variability, of the SDOF system and was fixed for all levels of demand. Conservative
dispersion values were associated with the median intensities conditioned to non-collapse and
collapse, which are 0.28 and 0.37, respectively. Therefore, the aim of this study is to provide
the tool users with an updated set of dispersions derived from the inherent uncertainties of
multi-degree-of-freedom (MDOF) systems. The newly derived sets of uncertainty values can
be used for single-building vulnerability assessment applications as well as adopted for regional
assessment applications where fragility functions are needed.

To this end, this study aims at quantifying the uncertainty in Sa..,, given the structural re-
sponse parameter, which can be integrated within the RET (i.e. top displacement) or
for the derivation of fragility functions. As such, values of uncertainty were

the yield spectral acceleration of the SDOF system,

131M=5aavg|EDp=Amp
derived for low-rise (2-3 storeys) and mid-rise (4-6 storeys) buildings corresponding to two
design eras: low-code or GLDs (i.e. pre-1970s) and moderate-code or SSDs (1970s-mid 1980s).
The derived uncertainty values were then implemented within the RET and PB-Risk method-
ology for vulnerability and risk-based applications and compared to the results of extensive
nonlinear time-history analyses (NLTHA).
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Figure 2: Example derivation of dynamic capacity curves and the collapse intensity of an SDOF system
based on the static response provided via a multi linearised pushover curve.

2 QUANTIFICATION OF FRAGILITY FUNCTION UNCERTAINTY SBimepp

A set of multiple stripe analyses (MSA) were carried out on a database of three-dimensional
infilled RC archetype-building numerical models. The database includes two subsets of 35 in-
filled RC buildings, each designed for either gravity-loads only or the ELF method using a
seismic coefficient of 10%. The numerical models were developed by Nafeh and O’Reilly
[24,25] and are available at: https://github.com/gerardjoreilly/Infilled-RC-Building-Database.
The archetypes were modelled in Opensees [26] using a lumped plasticity approach following
the identification of key design features. The building models were sufficiently detailed to ac-
count for typical inelastic mechanisms and potential failure modes in the structure. Considering
the numerical modelling, beam and column members were modelled as elastic beam-column
elements with cracked section properties and zero-length elements located at a finite plastic
hinge length [12,27]. Beam-column joints were modelled by adopting a scissor-type modelling
approach. Adequate considerations for exterior and interior joints were adopted, reflecting on
poor detailing and the use of smooth rebars with end-hooks [28,29]. Masonry infill panels were
modelled using the equivalent strut approach [30], and the difference in infill strength (weak,
medium and strong) were considered following the characterisation performed in Hak et al.
[31]. An empirical calibration for strength and deformation capacities and hysteresis parameters
was implemented based on experimental data for all relevant structural members presented. The
adopted numerical modelling techniques and considerations are presented in detail in Nafeh &
O’Reilly [22] ar}d illustrated in Figure 3.

Storey Height
——

Figure 3: Numerical modelling assumptions for the infilled RC archetype numerical building models
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MSA are necessary to accurately quantify the relationship between structural demand and
seismic intensity. Probabilistic seismic hazard analysis (PSHA) was carried out using the Open-
Quake engine [32] to characterise the site hazard adopting the average spectral acceleration
[33], Saav, as the IM given its noteworthy efficiency (i.e. low dispersion associated with the
structural response) and sufficient (i.e. the estimation of demand is independent of ground-mo-
tion parameters) performance. The buildings were fictitiously located in the city of L’Aquila in
central Italy, representing high seismicity. Disaggregation analysis was carried out to identify
the most relevant rupture scenario(s) and allow the identification of suitable ground-motion
records for MSA. Hazard-consistent records were selected from the NGA-W2 database using
the EzGM tool developed by Ozsarac et al. [35], and the geometric mean of the two horizontal
components was considered. MSA was conducted for nine-intensity measure levels spanning
return periods 7r = 22 — 4975 years to characterise the structural response from initial damage
right up to global structural instability or collapse. The structural response was characterised in
terms of the peak storey displacement (A;), which was subsequently converted to the equivalent
SDOF displacement capacity (Aqp) as per Equation 1.

2
Acap = L mql (1)
P YmA,

Where m; is the mass of storey i.

Subsequently, MSA results were expressed in terms of the IM (i.e. Saayg) and A4y, of the
equivalent SDOF oscillators extracted. The seismic intensities expressed in terms of Saq., were
normalised with respect to the yield spectral acceleration Sa, to obtain the dynamic strength
ratio, p. The ductility demand of the SDOF oscillators was derived by normalising the defor-
mation capacity A, by the yield deformation A}, of each equivalent SDOF system determined

as per Equation 2.

A
«_ 2y
A= )
Where A, is the yield displacement of the MDOF system; I' is the first-mode transformation

factor. An example illustration of the process is provided in Figure 4.
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Figure 4: Example illustration of the MSA carried out on a single three-storey GLD archetype
building model where the results are expressed in terms of the average spectral acceleration and the
equivalent SDOF deformation capacity; and the normalised results expressed in terms of the strength ra-
tio and ductility
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MSA results were subsequently disaggregated based on two principal taxonomy character-
istics, namely the number of storeys (i.e. for 2, 3, 4, 5 and 6) and the previously adopted design
practice (i.e. pre-1970s GLD buildings and SSD structures designed for moderate code levels
using ELF method). This resulted in the identification of four taxonomies in this study as re-
ported in Table 1. This consideration provides more refined insight into the associated disper-
sions and may even be used on the regional scale of vulnerability assessment for the typology
under scrutiny. Furthermore, the dispersion associated with the median intensities correspond-
ing to a range of SDOF deformation capacities was derived by applying maximum likelihood
estimation to the results of MSA for each numerical building model. The individual dispersion
trends, expressed in terms of f3,,, derived across the highlighted ductility range, are illustrated
in Figure 5. Moreover, Figure 5 illustrates the mean and the suggested S, limits derived in this
study as well as the 3, limits for non-collapse and collapse considerations to previously inte-

grated within the RET tool. Generally, it was noted that the initial dispersion limit of 0.38 as-
sociated with collapse was highly conservative for all observed cases as opposed to the newly
derived values between 0.23-0.28. Additionally, for non-collapse, the previously assigned dis-
persion threshold of 0.28 was not very conservative; however, a reduction in uncertainty was
observed for some taxonomy cases such as the mid-rise low and moderate code buildings. The
advantage of calibrating a new set of dispersion limits is the reduction in the overall uncertainty
corresponding with the entire range of structural response which is integrated in both vulnera-
bility and risk-based applications. It is also a reflection on the efficiency property of the average
spectral acceleration whereby the dispersion associated with higher levels of intensities causing
large inelastic demands in the structure tends to be generally minimized.

. Low-Rise Low-Code (2-3 Storey - GLD) Mid-Rise Low-Code (4-6 Storey - GLD)
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Figure S: Trends in dispersion associated with the normalized strength ratio given ductility for low
and mid-rise buildings designed for low and moderate code levels. The previously and newly suggested
limits for fragility assessment are also illustrated.
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Table 1: Newly derived dispersion limits to be integrated in parallel with the response estimation tool for
the fragility function estimation of infilled RC frame buildings

Seismic code level Number of Storeys Taxonomy Code Dispersion limit, f,,,
Low-Rise(2-3) LC-LR 0.25
Low (GLD)
Mid-Rise(4-6) LC-MR 0.23
Low-Rise(2-3) MC-LR 0.28
Moderate (SSD)
Mid-Rise(4-6) MC-MR 0.23

3 CASE STUDY EXAMPLE

A case study highlights the implementation of the newly derived uncertainty values in vul-
nerability and risk-based applications. Therefore, a demonstration of the PB-Risk [23] method
for estimating seismic risk, which integrates a response estimation tool developed by the au-
thors of this study for the characterisation of seismic vulnerability [24] is presented. The aim is
to integrate the newly derived dispersion estimates within the aforementioned simplified pro-
cedure to compare the outcome in terms of fragility functions with MSA. To this end, a 3-storey
RC school building with masonry infill fictitiously located in Napoli was selected to validate
the new set of dispersion values. The school building, illustrated in Figure 6, was constructed in
the 1960s before the introduction of seismic design provisions and has been previously exam-
ined by O’Reilly et al. [36].

Table 2: Summary of the case study modal properties and yield spectral acceleration in both principal di-
rections
X-direction

Y-direction

Floor No. Mass, m; First-mode  Period, Yield SP cctral First-mode  Period, Yield SP cctral
[tonnes] shape. @, Ti[s] Acceleration, shane. ®; Ti[s] Acceleration,
pe Say [g] pe Say [g]
Base 0 0.00 0.00
First 985 0.22 0.22
Second 960 0.56 0.62 0.42 0.57 0.36 0.20
Third 806 1.00 1.00
Frame Member Shear Force
i Modelling Node j
:ludclling W 4

Exterior Beam

Joint Shear
Strength Coefficient

Rotational spring links the vertical a
horizontal rigid links in the joii
commonly referred to as a "Scissors )

-Column

Joint Modelling

Joint Shear
Deformation

Interior Beam-Column
Joint Modelling

Masonry Infill Modelling

IP'LL\IIC

Hinge

Elastic Shear Deformation
Section .
Bending Moment

Member Lc}

—

Node i
Equivalent Diagonal
Strut Force

Curvature

Displacement

Figure 6: General layout and numerical modelling techniques of the case study school building.
Adapted from O’Reilly et al. [36]

2174



Al Mouayed Bellah Nafeh and Gerard O’Reilly

Concerning the simplified vulnerability-based assessment, the RET was applied. As such,
SPO analyses characterizing the lateral load response of a case study building, expressed in
terms of the base shear and roof displacement, are required in both principal direction (X and
Y). Furthermore, SPO analyses were conducted using a displacement-controlled lateral load
pattern proportional to the first-mode shape of the case study building. The SPO curves were
then multi-linearised using the tool based on the onset and end of each response branch, namely:
elastic, hardening, softening, residual plateau. Subsequently, dynamic capacity curves, ex-
pressed in terms of the median seismic intensity (i.e. Saave) and roof displacement were empir-
ically derived for both directions based on the multi-linearisation of the SPO results.
Additionally, results from modal analyses (i.e. first-mode shape) are also necessary as inputs to
retrieve the equivalent SDOF oscillator of an MDOF system to relate empirically the static and
dynamic parameters. As such, eigenvalue analyses were performed whose results are reported
in Table 2. The results of the simplified vulnerability analyses using RET are presented in Fig-
ure 7 where the multi-linearised SPO curve and the dynamic capacity curves corresponding to
the median, 16™ and 84" fractiles are reported. The nominal base shear in both principal direc-
tions was normalized with respect to the yield nominal force of the structural system to obtain
the static strength ratio (p =V}, /V},,) as highlighted in Figure 7. The ductility was derived by

normalized the roof displacement with respect to the yield displacement (u = A/ A, ). Figure 7
y

additionally demonstrates the dynamic capacity curve which were derived using the RET.
These curves are expressed in terms of the dynamic strength ratio (p = Sag,4/Sa, ) where Say
is the yield spectral acceleration. A dispersion 3|, value of 0.25 was used across the range of
seismic response given that the case study school building belongs to the LC-LR taxonomy as
reported in Table 1.

X-Direction Y-Direction
5 T T 5 . :
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— @ - Multilinearise SPO
4+ 4 r == == 16% Dynamic Capacity | 4
= = 50% Dynamic Capacity
U U = = 84% Dynamic Capacity
3 3 g
R~ - ~ P 7~
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k) - - — 0 7 - -
saf - St 7 -
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1) - —— 7] 7 - e
- 7/ -
L L Z,
1 .
......... Z ==
4
0 1 1 0 1 1 .
4 6 2 4 6 8
Ductility, x Ductility, x

Figure 7: Results of the simplified seismic assessment carried out using the response evaluation tool
in both principal directions

For what concern the extensive assessment, a series of MSA were carried out using hazard-
consistent record sets selected in correspondence with the available hazard disaggregation at
the conditioning period to evaluate the building response at increasing levels of intensity and
return period. The conditioning period (7°) was determined following modal analysis as the

geometric mean of the fundamental periods in both principal direction (7" = Tgn = /Ty , Ty, =
v0.62 * 0.36 = 0.5s). PSHA was carried out using the OpenQuake engine [32] considering
Saavg as the IM. Records were then selected from the NGA database using the conditional mean
spectrum method [37] with the modifications suggested by Kohrangi et al. [38] for Saae. The
correlation model by Baker and Jayaram [39] was used in all cases and the geometric mean of
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the two components was used in the selection. Nine IM levels were investigated corresponding
to a return period range of 22-4975 years for the characterization of the structural response
covering initial damage of the masonry infill panels up to global structural collapse.

_\ Hazard Curve
== = == Second-Order Approximation ||

10-2 L

Hazard, H
S
IS

k,=2.06E-05
k=381
6 k=045
102 107! 10° 10!

Average Spectral Acceleration, Sauvg [g]

Figure 8: Hazard function obtained following PSHA expressing the hazard in terms of the annual rates of
exceeding an intensity measure level and the second-order approximation required for the application of PB-Risk

The comparison between extensive and simplified assessment methods is illustrated via fra-
gility functions where the median intensities and the associated dispersions obtained from both
MSA and the response estimation method are reported. To this end, fragility functions of ex-
ceeding three arbitrary ductility thresholds are illustrated. These ductility thresholds correspond
to the elastic limit (¢~1), peak-capacity (#~2) and collapse (1=5). Scrutinizing the results of
Figure 9, it can be seen that for the X-direction, the response estimation tool has overestimated
the median seismic intensities by almost double when compared with the results of NLTHA.
However, MSA was carried out simultaneously along both principal directions of the three-
dimensional buildings. Results have highlighted that the first instances of exceeding the arbi-
trary ductility thresholds have occurred in the Y-direction. Therefore, when assessing the per-
formance of the response estimation tool for the Y-direction, it seems that the estimates
provided by the tool were coherent with those reported using maximum likelihood estimation
following MSA. The trends in fragility functions do not just highlight the robustness of the RET
but also the accuracy in the newly derived dispersion values illustrated in the trends of the
fragility functions. For the three arbitrary ductility thresholds selected, maximum likelihood
estimation reported dispersions values of 0.28, 0.26 and 0.26 respectively, closely relevant with
the suggested value for the case study taxonomy (LC-LR).
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Figure 9: Fragility functions derived using MSA and RET for the arbitrary ductility threshold correspond-
ing to the case study application

For the risk-based application, a comparison between simplified and extensive NLTHA was
carried out. The former was done using the PB-Risk method [23] where the IM-based
SAC/FEMA closed form solution (Equations 4 and 5) derived by Vamvatsikos [40] as an al-
ternative to the classical risk integral (Equation 6) was integrated with the results of the RET
(i.e median seismic intensities at demand-based thresholds and associated dispersions). As
such, two main components are required for the calculation of the seismic risk in terms of the
mean annual frequency of exceedance (MAFE or 4): (1) second-order coefficients following a
robust mathematical fitting of the hazard function (Equation 3); (2) the resulting simplified
vulnerability assessment parameters expressed in terms the median seismic intensity and the
associated dispersions corresponding to exceeding a particular EDP threshold. To this end, first,
a second-order fit of the hazard function was performed following Equation 3.

H(s) = kgexp [—kyIn?(s) — ky In(s)] (3)

Where H(s) is the hazard expressed in terms of the mean annual rate of exceeding an intensity
measure level s; ko, k; and k: are the resulting coefficients of the second-order fitting. The sec-
ond-order fit and the coefficients of Equation 3 are illustrated and reported in Figure 8.

For the application of PB-Risk, the second-order coefficients and the median seismic inten-
sities and associated dispersions estimated from the RET corresponding to each ductility-based
threshold were integrated in the closed-form solution provided in Equation 4. It is worth men-
tioning that for the implementation of PB-Risk, the results associated with the weaker direction
were considered only. The results of the simplified risk assessment are reported in terms of
MAFE in Table 3.

k2
A= JPRPIHE)P exp [4—,;(1 _ p)l @
1
P =T 2k, ©)

Utilising the results of extensive NLTHA analysis, a direct integration was carried out for
the evaluation of the MAFE. Therefore, the median seismic intensities obtained following MSA
and their associated dispersions were convolved with the hazard function at the chosen site for
the derivation of the MAFE at the three considered ductility thresholds. This is performed fol-
lowing Equation 3. The results of the direct integration are reported in Table 3.

A=j Pli > plIM = s]|dH(S)] ©)
0

Comparing the results reported in Table 3 and subsequently the relative errors in Table 4
between the classical and simplified approaches presented here for the calculation of vulnera-
bility and risk metrics, the benefits of an accurate quantification of uncertainty becomes further
justified. This is especially true when shifting from vulnerability to risk as uncertainty propa-
gates into the latter component. It can be seen that for both complexity levels in analysis, the
choice of dispersion is of utmost importance. The PB-Risk methodology where the dispersion
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limits established in this study were integrated highlighted an acceptable trade-off between ac-
curacy and computational effort. A good agreement was concluded between the results of clas-
sical and simplified methodologies presented in this study.

Table 3: Summary of the simplified and extensive vulnerability and risk assessments

Vulnerability Assessment
Ductility - Re.sponse Estimation Tool - Multiple Stripe-Analysis
Thresholds Median 1nE25151ty, Saavg Dispersion, 3 Median mlesny, Saavg Dispersion, 5
pu=1 0.20 0.22 0.28
u=2 0.24 0.25 0.27 0.26
p=5 0.44 0.43 0.26
Risk Assessment
Ductility PB-Risk (Equation 4) | Direct Integration (Equation 6)
Thresholds MAFE, 4
pu=1 0.0031 0.0029
u=2 0.0021 0.0019
pu=>5 4.92E-04 5.02E-04
Table 4: Calculated errors in the estimation of vulnerability and risk metrics
(*- underestimates; + overestimates)
Ductility : : Vulnergbility Assessmeqt : : Risk Assessmgnt :
Thresholds Error in M;dlap Intensity Error n Dlspersmn Error in MAFE Estimation
Estimation Estimation
u=1 9.09% (-) 10.71% (-) 6.89% (+)
u=2 11.11% (-) 3.84% (-) 10.52% (+)
p=>5 2.32% (+) 3.84% (-) 1.6% (+)

4 CONCLUSIONS

Infilled reinforced concrete (RC) buildings represent a large portion of the southern Medi-
terranean built environment generally and the Italian building stock specifically. Therefore, the
accurate seismic performance assessment of the infilled RC typology and its sub-taxonomies is
of utmost importance for the earthquake engineering community. For vulnerability-based ap-
plication, this is typically quantified using fragility curves which associate the probability of
exceeding demand-based thresholds for given intensity measure levels. For risk-based applica-
tion, the seismic performance is expressed in terms of the mean annual frequency of exceeding
demand-based thresholds. In both applications, the proper characterization of the overall uncer-
tainty and its subsequent reduction is an important asset. To this end, a simplified methodology
denoted “PB-Risk” was presented in this study which allows for a simplistic characterization
of vulnerability and risk components. Additionally, this study presented a calibration of epis-
temic uncertainty limits given sub-categories or taxonomies pertaining to the infilled RC typol-
ogy (i.e. dispersion associated with record-to-record variability). The limits are presented and
integrated within the PB-Risk methodology and subsequently compared to results of extensive
nonlinear time-history analysis. The comparative case study application highlighted a good
agreement between the results obtained via extensive or classical tools and the simplified ap-
proach presented in this study.
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