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Abstract: During intense ground motion excitations, the pounding between adjacent buildings may
result in extensive structural damage. Despite the provision of regulations regarding the minimum
separation gap required to prevent structural collisions, the majority of existing structures are poorly
separated. The modern seismic design and assessment of structures are based on the definition of
acceptable response levels in relation to the intensity of seismic action, which is usually determined by
an acceptable probability of exceedance. From this point of view, the seismic performance of a typical
eight-storey reinforced concrete (RC) frame structure is evaluated in terms of pounding. In particular,
the performance is evaluated using six different separation gap distances as a fraction of the EC8
minimum distance. As the height of the adjacent structure affected the required separation distance,
the examined RC structure was assumed to interact with four idealized rigid structures of one to four
storeys. The typical storey height was equal between the examined structures; therefore, collision
could occur at the diaphragm level. To this end, incidental dynamic analyses (IDAs) were performed,
and the fragility curves for different limit states were obtained for each case. Finally, the seismic
fragility was combined with the hazard data to evaluate the seismic performance probabilistically.

Keywords: structural pounding; reinforced concrete; performance assessment; earthquake
engineering

1. Introduction

In the continuous building systems that are usually applied in urban areas, especially
in the centres of cities, structures are built in contact with or close to each other, with
small distances between them. Therefore, building structures may experience collisions or
contact with adjacent structural elements when subjected to seismic excitations or other
dynamic loads. Structural impact can occur at various locations throughout the structural
system, including columns, beams, and floors. This phenomenon, known as pounding,
poses significant challenges to the seismic design or assessment of reinforced concrete (RC)
frame structures.

It is evident that the pounding between RC frame structures can harm their overall
performance, ranging from localized damage to potential structural failure. Therefore, en-
gineers and researchers must understand the mechanics of pounding, evaluate its potential
consequences, and develop effective mitigation strategies to enhance the seismic resilience
of RC frame structures. From the findings of field observations following numerous devas-
tating earthquakes worldwide, it can be deduced that pounding is common when strong
seismic events affect large cities and densely populated urban areas [1–4].

Modern building codes commonly include provisions for competent separation be-
tween structures to prevent pounding effects during seismic excitations [5]. However,
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certain inherent factors can hinder the effectiveness and applicability of these code provi-
sions. The fundamental principle underlying contemporary seismic codes is the recognition
that intense seismic excitations can induce inelastic responses, resulting in substantial de-
formation. Consequently, seismic joint widths designed according to the regulations may
occasionally lead to inadequate and inconsistent building separation due to the extremely
nonlinear dynamic response [6,7]. Moreover, the high cost of land in city centres and
the limited sizes of lots pose additional challenges to the implementation of building-
separation requirements, making them less straightforward to apply. From this point of
view, the minimum required separation distance between adjacent structures remains an
open issue [8,9].

Over the past three decades, a considerable focus has been placed on the issue of
earthquake-induced pounding between nearby buildings [10–14]. Miari et al. [15] thoroughly
investigated the parameters that affect the seismic pounding between adjacent buildings.
Moreover, numerous studies have examined the effects of dynamic properties and ground
motion characteristics on the responses of adjacent buildings during pounding [10,16–19].
These investigations revealed that pounding becomes more pronounced when there is a
significant disparity between the masses, periods, or heights of the structures involved.

While most studies have focused on buildings with equal storey heights, leading
to diaphragm-to-diaphragm pounding, it is crucial to highlight that adjacent buildings
exhibit varying storey heights, leading to diaphragm-to-column pounding in various cases.
This type of pounding can substantially affect critical columns’ responses, particularly
regarding shear demand and ductility requirements [13,20,21]. Furthermore, a recent
study showed the significant influence of infill panels, as these can significantly affect the
responses of structures subjected to pounding during earthquakes [22]. Notably, this study
specifically investigates the influence of pilotis configuration on the structural response
compared to that of fully infilled frames. It also examines the effects of seismic excitation
directionality on the structural response, particularly the shear behaviour of columns that
suffer from collisions. Additionally, torsional pounding may occur between asymmetrically
contacted adjacent buildings. Torsional pounding can substantially influence the collision of
structures, resulting in increased collisions, building displacement, shear demand, torsion
demand, and ductility demand [23–26].

Pounding between flexible and stiff structures has attracted the attention of several
studies. However, the studies addressing this topic have yielded contradictory results.
Some studies indicated that pounding amplifies the overall responses of flexible buildings
while having an insignificant effect on the responses of stiff structures [6,11,27,28]. By con-
trast, in other cases, pounding has been found to amplify stiffer structures’ responses and
to suppress flexible structures’ responses [29,30].

Clearly, in the presence of severe ground motion excitation, the interactions between
adjacent structures can result in substantial damage. Despite the systematic research on
global and local pounding-induced seismic demands, the studies related to the effects of
pounding on seismic performance are limited [31]. Considering the inherent probabilistic
characteristics of earthquake excitation and the record-to-record variability in the dynamic
responses of structures, even when subjected to ground motions of identical intensity levels,
the effect of pounding on seismic performance should be examined within a probabilistic
framework. From this point of view, the seismic performance of a typical eight-storey
reinforced concrete (RC) frame structure was evaluated in terms of pounding. In particular,
the performance was evaluated assuming six different separation gap distances as a fraction
of the Eurocode 8 (EC8) minimum distance. As the height of the adjacent structure affects
the required separation distance, the examined RC structure is assumed to interact with
four idealized rigid structures of one to four storeys. The typical storey height is equal
between the examined structures, and collision may occur at the diaphragm level. For the
scope of this study, Incidental Dynamic Analyses (IDA) [32] were performed, and fragility
curves for different limit were are obtained for each case. Finally, the seismic fragility was
combined with hazard data to evaluate the seismic performance probabilistically.
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2. Methods
2.1. Examined Cases and Numerical Modelling

The present study focuses on the seismic risk assessment of an eight-storey RC frame
structure (Structure A) interacting with an adjacent low-rise rigid structure (Structure
B). Since the two adjacent structures have the same storey heights, collisions may occur
between the storey diaphragms and subsequently between the storey masses, resulting
in floor-to-floor interaction. The investigation includes four pounding cases where the
eight-storey RC frame structure interacts with adjacent rigid structures whose number of
storeys ranges from one to four to examine the influence of the total height of Structure B
on the pounding effect on Structure A. The examined interaction configurations between
structures A and B are illustrated in Figure 1.
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Figure 1. Schematic representation of the 8-storey RC frame that suffers interaction with a rigid
structure of (a) 1 storey, (b) 2 storeys, (c) 3 storeys and (d) 4 storeys.

Among the parameters that affect pounding, the separation gap distance between the
two structures is considered a major important factor. According to EC8, the minimum
separation gap distance (GD) is given by the expression:

∆max = qd·de (1)

where qd is the behaviour factor, and de is the maximum displacement obtained via elastic
analysis. When diaphragm-to-diaphragm collisions are expected, EC8 allows the minimum
seismic joint (∆max) reduction by a factor of 0.7, i.e., GD = 0.7·∆max.

Six different gap distances are considered to study the effect of the separation width on
the seismic performance of the examined structure. At the same time, to assess the EC8 lim-
itations, fractions of the provision’s compliant GD are examined. These include GDs equal
to (a) ∆max, (b) 0.7 ∆max, (c) 0.75 × 0.7 ∆max, (d) 0.50 × 0.7 ∆max and (e) 0.25 × 0.7 ∆max.
In addition, the case where the structures were in contact from the beginning is also consid-
ered. For comparison purposes, the seismic performance of the eight-storey RC structure
without pounding is also included in the study. The six different GD values are listed in
Table 1 for any case.

Table 1. Gap distances.

In Contact 1
4 ·0.7 ∆max

1
2 ·0.7 ∆max

3
4 ·0.7 ∆max 0.7 ∆max ∆max

Case 1 0 0.0039 0.0079 0.0118 0.0158 0.0225
Case 2 0 0.0086 0.0172 0.0258 0.0344 0.0492
Case 3 0 0.0138 0.0276 0.0414 0.0552 0.0788
Case 4 0 0.0184 0.0369 0.0553 0.0737 0.1053
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The typical frame of the examined eight-storey RC structure is illustrated in Figure 2.
The frame is designed according to Eurocodes 2 [33] and 8. The structure was considered as
DCM, and the design for seismic actions was performed based on the following parameters:
(a) seismic zone Z II, according to the Greek national annex of EC8 (agR = 0.24 g), (b) soil
type B (S = 1.2), importance factor γI = 1 and behaviour factor q = 3.90. Furthermore,
concrete C25/30 and rebars B500C were assumed regarding the material’s strength classes.
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Figure 2. Examined 8-storey RC frame structure.

The numerical modelling of the examined structure was performed using one-dimensional
beam-column elements. The lumped plasticity model was employed to consider the ma-
terial nonlinearity, which accounts for the concentrated inelastic behaviour at the ends of
the elements through zero-length "plastic hinges". More precisely, the beams’ plastic hinges
were modelled without considering the interaction between axial load and moment, which
sets them apart from the column elements, where the yielding moment is introduced as a
function of axial load. Moreover, the impact simulation relies on zero-length spring elements.
These gap elements are activated since the corresponding nodes of the adjacent structures co-
incide, indicating contact between them. Karayannis and Naoum [24] thoroughly describe the
response exhibited by the contact element. The model idealization of the examined pounding
cases is presented in Figure 1.

2.2. Seismic Performance Assessment

According to the Performance-Based Earthquake Engineering (PBEE) framework [34],
the seismic design or assessment of structures is based on the definition of acceptable
response levels, usually expressed by the acceptable probability of exceedance during the
structure’s life. Considering that the exceedance of a response level (Limit State—LS) is a
Poisson process, the probability is given by the following Equation [35]:

PLS = 1− e−λLS·t (2)
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where λLS is the Mean Annual Frequency (MAF) of exceedance of an LS and t is the
structure’s life, typically 50 years for most building structures. The MAF of exceedance is
derived from the total probability theorem as follows [36]:

λLS =
∫

IM

Pf(D > C|IM)|dλIM| (3)

where Pf(D > C|IM) denotes the probability of demand (D) exceeding the capacity (C)
given an intensity measure (IM) level, and λIM is the MAF of exceedance of an IM level.
The former is referred to as seismic fragility, derived from the fragility analysis of a structure.
In contrast, the latter is called seismic hazard and is derived from probabilistic seismic
hazard analysis (PSHA) at a specific site [37]. The integration of the fragility curve over the
seismic hazard results in the LS’s MAF of exceedance. Then, λLS can be used to obtain the
seismic risk, i.e., the probability of a structure exceeding a predefined response level at a
given location (see Equation (2)).

In the context of PBEE, the structural performance is assessed regarding acceptable
response levels, measured by an adequately defined engineering demand parameter (EDP).
In the present study, the maximum Inter-storey Drift Ratio (IDR) is adopted as EDP, and
three performance levels proposed by ATC-40 [38] are investigated. The adopted perfor-
mance levels are listed in Table 2.

Table 2. Adopted performance criteria.

Limit State Maximum IDR Performance Level

LS I 1.0% Immediate Occupancy
LS II 1.5% Life Safety
LS III 2.5% Collapse Prevention

The probabilistic distribution of the LS violation at an IM level has to be assessed
to derive the seismic fragility. To this end, several methods have been proposed in the
literature, such as Cloud Analysis (CA), Incremental Dynamic Analysis (IDA) and Multiple
Stripes Analysis (MSA) [39]. In this study, IDA is employed due to its efficiency in requiring
only a single set of ground motion records instead of the MSA. Additionally, IDA allows
for the derivation of analytical fragility curves without making assumptions about the
relationship between the IMs and the EDPs, as seen in the CA approach. It should be
noted that IDA is a versatile and broadly applicable method that extends beyond seismic
fragility analysis. It serves as an effective approach to determining a structure’s collapse
capacity, comprehensively understanding its response behaviour, assessing the implications
of severe ground motions, and investigating changes in structural behaviour as ground
motion intensity levels increase. According to this method, multiple nonlinear dynamic
analyses are performed on the structural model using a suite of ground motions, each
scaled to several intensity levels to derive the full range of possible responses of the
structure. A set of 100 ordinary nonpulse natural ground motions, all recorded in soil type
B (vs,30 = 360 ÷ 800 m/s), is considered to perform the IDA, while the excitation records
are scaled using the 5% damped spectral acceleration that corresponds to the fundamental
vibration period (Sa(T1,5%)) [40]. The nonlinear dynamic analyses are performed using
Drain-2dx v1.10 software [41].

Provided that a single EDP is adopted to define the LSs and given the IDA curves in
the EDP-IM space, there are two equivalent methods to derive the seismic fragility: the
horizontal and the vertical statistics procedures [42]. In the former method, demand (D)
and capacity (C) are expressed in terms of the EDP. In this case, multiple horizontal cuts,
which correspond to different IM levels, are performed on the IDA curves to calculate
the probability that demand (EDP) exceeds capacity (EDPC). It has to be noticed that a
single horizontal cut corresponds to the discrete fragility estimation for a given IM level.
Consequently, with an increase in the number of horizontal cuts, a comprehensive empirical
fragility function is acquired. Subsequently, assuming a lognormal fragility function with
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median µ and dispersion β, the maximum likelihood method [35] can be used to estimate
the statistical moments of the fitted analytical fragility curve on the discrete fragility points.
Generally, evaluating the distribution, mean value, and/or dispersion of an EDP based on
the IM becomes crucial in situations where the concern focuses on loss assessment. In such
cases, horizontal statistics are considered the most appropriate [43].

On the other hand, when the focus is on fragility analysis, and the objective is to
determine the levels of IMs that result in EDP equal to a specific LS’s capacity, the vertical
statistics format is more suitable. In the vertical statistics procedure, demand and capacity
are expressed in terms of IM. To this end, a vertical cut is performed on the IDA curves,
corresponding to a capacity value EDPc of an LS. It has to be mentioned that the intersecting
points between the IDA curves and the vertical cut correspond to the LS’s capacity in terms
of IM. Therefore, the intersection points can be used to derive the probabilistic distribution
of LS capacity. It is evident that lognormal distribution can adequately describe the fragility
function [34]. As such, the fragility function is derived as follows [44]:

Pf(D > C|IM) = Pf(IM > IMC) = Φ
(

ln(IM)− ln(µ̂c)

β̂c

)
(4)

ln(µ̂c) =
1
n
·

n

∑
i=1

ln(IMc,i) (5)

β̂c =

√
1

n− 1
·

n

∑
i=1

(ln(IMc,i)− ln(µ̂c))
2 (6)

where µ̂c is the median seismic capacity in terms of IM and β̂c is the corresponding standard
deviation, n is the number of records used to perform IDA and IMc,i is the intensity level of
record "i" that results in a response equal to EDPC, i.e., the intersection points between the
vertical cut and the IDA curve of record "i". The two procedures are summarized in Figure 3.
Due to the simplicity of the IM-basis methodology, the vertical statistics procedure is adopted
in the present study to derive the seismic fragility curves of the examined structures.
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It has to be mentioned that since the LS capacity is defined deterministically only by a
single value of EDP, the fragility analysis procedure presented above treats only the aleatory
uncertainties, i.e., record-to-record variability. If a more precise fragility estimation is the
case, then both aleatory and epistemic uncertainties must be considered by treating the LS’s
capacity as a random variable. A detailed review of the method can be found in [42]. As the
present study focuses on the qualitative effects of pounding between adjacent structures,
considering epistemic uncertainty is out of scope.

In the present study, the MAF of exceedance of an IM level is considered to follow a
second-order power law as follows [45]:

λIM = k0 · exp(−k2 · ln2(IM)− k1 · ln(IM)) (7)

where k0, k1 and k2 are constants obtained by fitting Equation (7) to the hazard data of a
specific site obtained by PSHA.

Given the fragility curve of the structural model and the hazard curve at a specific site,
the LS’s MAF of exceedance is derived by numerical integration of Equation (3). However,
in the particular case where the fragility function follows the lognormal distribution and
the hazard curve follows the power law of Equation (7), the integral of Equation (3) has the
following closed-form solution [45,46]:

λLS =
√

p · k1−p
0 · [λIM(µ̂c)]

p · exp

[
k2

1
4 · k2

· (1− p)

]
(8)

where p = 1
1+2·k2·β̂c

exp
[

k2
1

4 · (1− p)
]

.

3. Results and Discussions
3.1. Fragility Analysis

The seismic fragility must be determined to assess the seismic performance of the
examined multistorey RC structure and investigate its structural pounding effect. To this
end, an IDA was performed using 100 ordinary ground motion records. Specifically, an IDA
was conducted on the multistorey structure, neglecting the pounding as its seismic response
could be a reference measure to investigate the structural pounding effect. Subsequently,
the analysis was repeated for each of the four cases regarding the height of the adjacent
structure, i.e., pounding up to the first, second, third, and fourth storey, considering the
six different gap distances.

The IDA curves of the examined cases are summarized in Figure 4. The figure il-
lustrates the median curves with continuous lines, while the 16% and 84% fractiles are
provided with dashed lines. It is essential to highlight that the median represents the central
tendency of the IDA curves and provides an estimate of the expected response. On the
other hand, the fractiles (corresponding to the ±1 standard deviation for a lognormal
distribution) represent the dispersion or variability of the response around the median.
The black IDA curves correspond to the multistorey structure neglecting the pounding,
while the coloured ones correspond to structural models of different gap distances. In the
same figure, the LS capacity in terms of the EDP is also illustrated with dashed grey lines.

At lower intensity levels (Sa(T1, 5%) < 0.1 g), the IDA curves are linear, and their
variance remains relatively low. That fact indicates the elastic response of the examined
structures without a notable pounding effect. However, as the ground motion intensity
increases, the variance of the IDA curves increases, while the median maximum IDR
presents a high, almost linear correlation with the IM. The former suggests the occurrence
of nonlinear behaviour and potential structural damage. At the same time, the latter
indicates the well-known equal displacement rule between the maximum response of a
linear oscillator and an inelastic one [34]. The pounding effect results in increased seismic
demands, which are more pronounced as (a) the height of the adjacent building increases,
(b) the gap distance decreases, and (c) the ground motion intensity increases. In particular,
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the potential pounding up to the first storey presents a minor effect on the seismic behaviour
of the system. However, as the number of potential pounding locations throughout the
structure’s height increases, the median IDA curves strongly deviate.
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Regarding the separation gap distance, if the structures are in contact, i.e., GD = 0 m,
the collision of the adjacent structures, even at the early stages of the response, increases
seismic demands. It is worth noting that increased IDR is also observed even if the
separation gap equals ∆max, corresponding to the structure’s maximum displacement
according to EC8 provisions. Interestingly, the pounding presents a minor effect on the
16% fractile IDA curves. On the contrary, potential pounding primarily affects the median
and the 84% fractile curves. As the IDA curves provide the distribution of the EDP at a
given level of an IM, and vice versa, assuming a lognormal distribution of the LS capacity
in terms of IM, the IDA observations indicate a reduced variation in the capacity.

To quantitatively assess the pounding effect on the dynamic response of the examined
structure, the median and standard deviation of each LS capacity (in terms of IM) are pre-
sented in Figures 5 and 6, respectively. It has to be mentioned that both the median capacity
(µ̂c) and the standard deviation (β̂c) are normalized to the corresponding parameters of
the reference model (µ̂c,no pounding, β̂c,no pounding). In the absence of the pounding effect,
the parameter values are provided in Table 3.
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Table 3. Median LS capacity and standard deviation of the multistorey structure neglecting the
pounding.

Limit State µ̂c,no pounding β̂c,no pounding

LS I 0.13 g 0.29
LS II 0.20 g 0.33
LS III 0.33 g 0.39

Concerning Figure 5, it is observed that structural pounding deteriorates the LS
capacity of the examined structure, even in the case where the gap distance equals ∆max.
However, the pounding effect is strongly related to the height of the adjacent structure.
Specifically, in the case of potential pounding between the examined multistorey frame
and a single-storey adjacent rigid structure, the system presents about a 5% decrease in
the LS III capacity, while in LSs I and II, the pounding effect is much less intense. In this
case, the gap distance presents a minor effect on the capacity. However, as the height of
the adjacent structure increases, the pounding effect tends to be pronounced, especially as
the gap distance decreases. Although the pounding effect is identical on the models with
seismic joint widths in compliance with EC8, in the case of pounding up to the fourth storey,
the reduced gap distance (GD = 0.7 ∆max) results in a much higher capacity reduction in
LS II. Regarding the variance of the LSs capacity, structural pounding results in decreased
standard deviation values (Figure 6). Moreover, both the height of the adjacent structure
and the gap distance affect the standard deviation values similar to the median capacity.

Given the median and the standard deviation of the LS capacity, Equation (4) results
in seismic vulnerability. Figure 7 summarizes the seismic fragility curves of the examined
models. The black curves correspond to the frame without adjacent structures, while
the coloured curves correspond to the models of different gap distances. Given an IM
level, the probability of exceedance of an LS increases as the gap distance decreases.
This behaviour is much more pronounced as the adjacent structure’s damage state or height
increases. However, as the seismic joint width increases, the fragility function tends to the
vulnerability curve of the model without pounding.
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3.2. Hazard Curves

Hazard curves have to be determined to investigate the pounding effect on the seismic
performance of the examined structure, apart from the fragility curves of the model. In the
present study, seismic hazard data that characterize the seismicity of three major cities
of Greece were considered. The selected locations are categorized in the seismic zone Z
II (agR = 0.24 g) according to the Greek national annex of EC8; therefore, the seismicity
is consistent with the design assumptions of the examined structure. Moreover, these
cities are characterized by densely populated centres; therefore, multistorey structures with
similar characteristics to those examined could be observed.

To derive the hazard curves, spectral acceleration values, Sa(T1, 5%), that correspond to
six distinct levels of MAF of exceedance, were obtained for each location from the database
of the SHARE project (Seismic Hazard Harmonization in Europe) [47]. Then, the power law
of Equation (7) was fitted to the data points. The hazard curves are presented in Figure 8.
The constants of the parametric hazard curves, as obtained by fitting, are also provided in
the figure.
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3.3. Performance Assessment

The main objective of the present study is to investigate the structural pounding
effect on the seismic performance of a typical multistorey RC structure under the PBEE
framework. To this end, the analytical fragility functions of the examined cases and the
hazard curves of the considered locations were combined to result in the LS MAF of
exceedance, deploying the closed-form solution of Equation (8). Then, the probability of
LS exceedance was derived by Equation (2), assuming a 50-year lifespan of the structure.
The pounding effect on the seismic performance of the examined structure considering
the seismic hazard of Athens, Thessaloniki, and Patra is presented in Figure 9, Figure 10,
and Figure 11, respectively. The calculated probabilities were normalized to those of the
reference model to highlight the pounding effect on seismic performance. The seismic
performance of the reference model for the examined locations is summarized in Table 4.
Comparing the probabilities of exceedance, the seismic hazard of Athens and Thessaloniki
result in identical seismic performance. Even though all three locations fall within the same
seismic zone, the exceedance probabilities are more than twice as high in the case of Patra.
As the reference model corresponds to the multistorey structure in the absence of adjacent
buildings, the normalized probabilities directly evaluate the effect of structural pounding
on seismic performance.
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Table 4. LS exceedance probabilities on the examined structure in the absence of adjacent structures.

LS I LS II LS III

Athens 11.0% 4.4% 1.5%
Thessaloniki 9.6% 4.6% 1.9%

Patra 25.0% 11.9% 4.1%

The parameters involved in the pounding problem, i.e., the seismic joint width and
the height of the adjacent structure, seem to similarly affect the seismic performance,
regardless of the seismic hazard assumption. On the other hand, the seismicity of each area
significantly influences the overall performance. Among the locations under examination,
it is observed that the seismic hazard associated with the city of Patra notably exacerbates
the seismic performance degradation of the examined structure.

Regarding the gap distance, its effects on the seismic performance depend on both
the height of the adjacent structure and the LS. The influence of the gap distance on the
seismic performance is contingent upon both the height of the adjacent structure and the
LS. In the case of pounding occurring up to the first storey, it is observed that a reduction
in seismic joint width leads to degradation in the seismic performance within LSs I and II.
This trend is reversed when considering a collapse prevention LS, as larger gap distances
result in higher exceedance probabilities. However, when dealing with a single-storey
adjacent structure, the probabilities of exceedance exhibit an increase of no more than 10%,
signifying a minor effect of pounding in the seismic performance in such cases. The pattern
mentioned above is also evident in scenarios involving two-storey adjacent structures. It is
noteworthy that as the height of the adjacent structure increases, the seismic performance
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further deteriorates. In the case of pounding up to the third or fourth storey, increasing the
gap distance limits the pounding effect on the seismic performance.

Regarding the EC8 provisions about the minimum seismic joint width, the 30% reduced
gap distance (GD = 0.7 ∆max) results in slightly deteriorated seismic performance. However,
the utilization of an EC8-compliant seismic joint leads to an increase in the probability of
exceedance of less than 10% when considering LS I or II. Conversely, in the case of LS III, the
probabilities of exceedance demonstrate an increase ranging from 10% to 20%.

4. Conclusions

The present study investigated the effect of pounding on the seismic performance of
a typical eight-storey RC frame structure. As the effect of pounding depends on both the
seismic joint width and the potential pounding locations throughout the structure’s height,
six separation gap distances and four adjacent building structures ranging from one to
four storeys were examined. Considering the probabilistic characteristics of earthquake
excitations and the variability in the dynamic response of a structure, the pounding effect
on seismic performance was assessed in a probabilistic framework. In particular, the
PBEE method was utilized to evaluate the probabilities of exceedance associated with
three distinct global performance levels.

To this end, the seismic fragility of the forty-eight examined configurations (six gap
distances and four adjacent structures) was evaluated. Fragility analysis revealed that the
pounding effect resulted in increased seismic demands, which were more pronounced
as (a) the height of the adjacent building increased, (b) the gap distance decreased, and
(c) the ground motion intensity increased. Given the fragility curves, the pounding effect
on the seismic performance of the examined configurations was assessed considering
the seismic hazard of three major cities in Greece. The seismic hazard associated with
the examined locations did not appear to exert any discernible influence on the problem
parameters’ effect, such as the seismic joint width and the height of the adjacent structure,
on seismic performance. Moreover, structural pounding deteriorated the structure’s seismic
performance, even in cases where the gap distance was equal to the minimum seismic joint
width proposed by EC8. In these cases, the performance deterioration ranged from about
10% to 20%, depending on the damage state of the structure.
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