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SUMMARY: Earthquake-induced structural pounding phenomenon has been the concern of
numerous studies in recent years. This phenomenon may cause severe damage to colliding
building elements that may lead to their collapse. As such, the international seismic provisions
have proposed a minimum separation distance between adjacent buildings to avoid pounding.
However, such provisions have considered only the peak floor drift, but not the relative move-
ment between buildings, which provides excessive gap distance between adjacent buildings in
some cases. This study aims to evaluate the accuracy of different methods used in determination
of seismic joint distance. In order to identify peak floor drift of analyzed buildings, nonlinear
pushover analysis is conducted to four reinforced concrete frames utilizing three earthquake
recodes with five peak ground accelerations varies from 0.10 to 0.30g. Then nonlinear time
history analysis has been performed considering same seismic records and peak ground accel-
erations to calculate the critical required gap distances and compare them with the results of
the studied methods. The results show that the use of absolute sum rule always provides overes-
timation of separation distance, while square root rule may provide more accurate separation
distance but, in few cases, provides insufficient separation distance between adjacent buildings.

KEYWORDS: seismic joint, adjacent buildings, non-linear pushover analysis, DDC rule, seis-
mic pounding

1 Introduction

Earthquakes are among the most significant natural hazards posing a serious threat to the
structural safety of buildings. Numerous destructive earthquakes have struck cities worldwide
throughout history and in recent decades. Egypt has also experienced damaging seismic events,
most notably y the 1992 Cairo earthquake with a magnitude of 5.8, which resulted in the col-
lapse of more than 300 buildings, hundreds of fatalities, and thousands of people left homeless.
Such events highlight the critical need to design structures to resist seismic loads and to thor-
oughly investigate their response under earthquake excitation

In many densely populated cities, many executed buildings are already built in contact or
extremely close to each other where the cost of land is very high that could lead to seismic
pounding due to future earthquakes. Seismic pounding can cause higher damage at all stories
along the entire height of a building in cases of aligned slab pounding [1], or leas to shear
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failure for edge columns in cases of inter-story pounding [2]. Therefore, the existence of suf-
ficient separation distance between buildings is essential to avoid seismic pounding damage.
As the duration of ground motion increases, the demand for a safe separation distance between
buildings also rises [3]. Despite that, the current design standards only just suggest a minimum
distance between such buildings in order to avoid seismic pounding without taking into account
the relative movement for the adjacent structures, which provide excessive separation distance
especially for the case if the adjacent building have a similar fundamental period [4]]. There-
fore, recent researches have focused on developing new methods for calculating the seismic gap
between adjacent buildings that take into account the dynamic properties of the structures such
as the Double Difference Combination (DDC) rule and the simplified approach by Kamal and
Inel [5].

This study aims to evaluate and compare different methods used to determine the required
seismic separation distance between adjacent buildings in order to prevent pounding. Four
reinforced concrete buildings (A, B1, B2, and C), consisting of 9, 12, 12, and 15 stories, respec-
tively, were selected to form eight cases of adjacent building configurations. These cases were
analyzed using three earthquake records (El Centro, Northridge, and Loma Prieta) scaled to five
peak ground acceleration levels ranging from 0.10g to 0.30g. Nonlinear static pushover analy-
sis was first performed to estimate maximum story displacements and corresponding separation
distances according to seismic code provisions and research-based methods. Subsequently,
nonlinear time history analysis was conducted to determine the critical separation distances and
assess the accuracy of the different calculation approaches.

2 Determination of seismic joint distance

2.1 International codes recommendations

The intuitive method to avoid the seismic pounding is taking a sufficient separation distance
between the adjacent structures. For this reason, the most of international codes introduced a
minimum separation distance between closely spaced buildings. This criterion is similar in the
most international provisions and standards, where most of international standards follows one
of two rules for calculation the required separation distance between adjacent buildings. The
first rule is square root of the sum squares (SRSS rule), which has been followed in most of
design codes such as Eurocode-8 [[6], and Egyptian code for loads calculations (ECP 201-2012)
[7]. According to SRSS rule, the separation distance between two adjacent buildings should not
be less than the square root of the sum squares of the maximum lateral displacements of the two
buildings as shown in the following equation

Avr =/ Ay + A, (1)

The second rule for calculation the required separation distance between buildings, which
has been recommended by some of international codes, such as UBC.97 [8]], is the absolute
summation rule (ABS rule). Where according the ABS rule the required separation distance
between the adjacent buildings equal to the sum of their maximum displacements as shown in
the following equation

Ayt = Av1 + A2 (2)
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In addition, Eurocode 8 and the Egyptian Code for Loads (ECP 201-2012) permit a reduc-
tion in the separation distance calculated using the SRSS rule by a factor of 0.7 when adjacent
buildings have matching storey levels, i.e., when slab levels are horizontally aligned. This pro-
vision reflects the reduced likelihood and severity of pounding under aligned floor conditions.

2.2 Recent researches methods

Although the ABS and SRSS rules are common methods of calculation the seismic joint dis-
tance in the most of international codes and standards, these two methods have a lack of ac-
curacy. Where the both equations do not take into the consideration the relative movement of
the adjacent buildings, which, affects the required separation distance between structures. The
poor estimation of the ABS and SRSS rules is occur obviously when the natural periods of the
adjacent buildings are very close to each other. In this case, the adjacent buildings will have a
similar lateral movement approximately and the previous methods will provide over estimation
for the required separation distance [9]].

In order to overcome this poor estimation of seismic joint in the ABS and SRSS rules,
many recent studies tried to develop alternative methods to calculate the gap distance between
adjacent buildings with taking into the consideration the dynamic properties of each building
such as the time period and damping ratio.

Jeng, V., et al [10] introduced what is so-called the double difference combination rule,
DDC rule, as an alternative method to calculate the seismic joint. Where according to the DDC
rule, the following equation is used to get the minimum distance between adjacent buildings

r =/ + 8 — 2001 B2, 3)

where, p is the cross-correlation factor between the buildings, which could be calculated from
the following equations
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The DDC rule has been derived from the random vibration theory for two linear elastic
SDOF systems, where the systems have been vibrated under the same ground motion simulta-
neously.
Lopez-Garcia, D., et al [11] states that the DDC rule is valid for the multi-storey build-
ings, MDOF systems, whose first vibration mode responses represent a large part of the total
response. However, the DDC rule has been derived based on the assumption that the system is

a linear elastic one, which does not occur in actual cases scenarios, where the most of buildings
responds nonlinearly when subjected to strong ground motions.
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Many researches have been developed alternative methods for calculation the correlation
factor p in order to make the DDC rule applicable for studying the nonlinear inelastic systems.
A brief explanation for those alternative methods of calculation the correlation factor will be
shown as follows.

2.3 Filiatrault method

In this method, which has been provided by Filiatrault, A., and Cervantes, M [12], the value of
the correlation factor specified by Jeng, V., et al [10] for studying the seismic joint for the linear
elastic systems is used to calculate the separation distance for the nonlinear inelastic systems.
In other words, the Filiatrault method has been developed based on the assumption that the
correlation factor is the same for the linear and non-linear systems.

2.4 Lopez method

Lopez-Garcia [13] proposed an empirical method for estimating the correlation factor in non-
linear structural systems, based on results obtained from Monte Carlo numerical simulations. In
this approach, the correlation factor for nonlinear behavior can be determined using the Lopez-
Garcia criteria, which are derived from the parametric charts presented in Figure
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Figure 1: Proposed value of p according to Lopez method [12|]

2.5 Kasai method

Kasai, K., et al [14] used the same equation of correlation factor as specified by Jeng, V., et
al [6]. However, the fundamental period (T), and damping ratio ({) for the systems have been
replace with ones that represent the nonlinear hysteretic systems (T & { ) as shown in the

following equations.
Th =T[1+0.18(u—1)], (6)

E} = E4+0.16(u —1)0. (7)

Unlike the other methods, the Kasai method provided a lower limit for the separation dis-
tance calculated by it as shown in the following equation:

Bt = \[ B3y + Ay, =20 At Aara > 0.25 (Ays1 +Ayra). ®
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2.6 Penzien method

Like Kasai method, Penzien, J. [15] proposed to use the same equation of correlation factor
as specified by Jeng, V., et al [[10] with replacing the fundamental period (T), and damping
ratio (§) for the systems with ones that represent the nonlinear hysteretic systems (T & ).
However, Penzien proposed a different criterion for the relation between the linear and non-
linear hysteretic systems as shown in the following equations.

=7/ H* 9
v+o(u—7y) ©

v, 2 ((u=y(d-a)y
: _§+n(u(Y+a(u—7)))' (10

where, 7 is a factor equal 1.54 as suggested by Penzien, J. [14].

3 Case study buildings

Four reinforced concrete buildings—A, B1, B2, and C—with 9, 12, 12, and 15 storeys, respec-
tively, were selected for the analytical investigations conducted in this study. All buildings have
a rectangular, symmetric floor plan consisting of five bays in each principal direction, with a
bay width of 5 m.

The storey height is 3.0 m for all buildings, except for the ground storey of Buildings B2
and C, where the height is increased to 5.0 m. The structural system comprises a two-way solid
reinforced concrete slab with a thickness of 140 mm, supported by reinforced concrete beams
with cross-sectional dimensions of 250 x 700 mm, as illustrated in Figure 2]
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Figure 2: Typical section for beams of case study buildings

The column cross-sectional dimensions and longitudinal reinforcement details of the case
study buildings are summarized in Table[I] All columns are provided with transverse reinforce-
ment of @10 mm bars spaced at 125 mm.

The characteristic compressive strength of concrete and the yield strength of reinforcing
steel are taken as f/c = 30 MPa and fy = 360 MPa, respectively.
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Table 1: Concrete dimensions (in mm) and reinforcement for columns

Stories Buildings
A Bl and B2 C
Internal Columns | Edge Columns | Internal Columns | Edge Columns | Internal Columns | Edge Columns
1 10 37 700700 2501000 850x 850 250x1150 900x900 300x1200
20918 12918 24¢22 12922 24¢22 12922
4th 1o 6ih 600x600 250800 700700 250x1000 800x 800 250x1150
16918 12916 20918 12918 20922 12922
7ih o th 500x500 250600 600600 250x800 700x700 250x1000
16916 8¢16 16918 12916 20918 12918
107 10 120 | — o 500500 250600 600x600 250x800
16916 8916 16918 12916
500500 250600
13% 10 15" | — - - - 16016 8016

The buildings were designed to resist gravity and seismic loads in accordance with the
Egyptian Code for the Design and Construction of Concrete Structures [16] and the Egyptian
Code for Loads [6] The self-weight of the structures was calculated assuming a reinforced
concrete unit weight of 2.5 t/m3. Additional imposed loads included a floor finishing load of
1.50 kN/m?, a partition load of 9.60 kN/m, and a live load of 2.00 kN/m?2.

The buildings were designed for seismic actions corresponding to a peak ground acceler-
ation (PGA) of 0.15 g and soil class B, in accordance with ECP 201-2012. Furthermore, all
buildings were assumed to have fixed-base boundary conditions, with full restraint at the foun-
dation level.

4 Numerical modeling

4.1 Material properties and elements characteristics

The case study buildings have been modeled as a 2D frame finite element models as shown
in Figure [3 Nonlinearities are concentrated in plastic hinges whose moment-curvature perfor-
mance is depicted by fiber models with 150 fibers in each transversal section.

Figure 3: Numerical model of the frames
Manders, J. B., et all stress-strain curve [[17] has been used as a non-linear concrete model
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for the buildings. The finite element program takes into consideration the difference between the
confined concrete and the unconfined one, where the concrete, which confined with a transverse
reinforcement has a compressive strength higher than that of the unconfined concrete. While
the program can automatically calculate the confinement factor which use to magnify the stress-
strain relationship of the confined concrete part upon the input transverse reinforcement and
Mander model.

Menegotto, M., and Pinto, P. E. stress-strain curve [18]] has been used for the modelling of
reinforcement rebar, where this reinforcement steel model usage is confined to the modelling of
reinforced concrete structures, especially those subjected to complex loading histories, where
significant load reversals might occur.

The self-weight of structural elements was automatically computed by the finite element
program based on the material unit weights, while additional gravity loads were incorporated
as distributed masses assigned to beam elements, consistent with the adopted gravitational ac-
celeration.

4.2 Damping properties

Most of the seismic energy imparted to a structure is dissipated through hysteretic damping,
which is inherently captured within the nonlinear fiber-section formulation used for modeling
the inelastic frame elements and is automatically accounted for during the analysis.

However, certain forms of non-hysteretic damping are not explicitly represented in this
modeling approach. These damping components arise from mechanisms such as friction be-
tween structural and non-structural elements, as well as energy dissipation associated with crack
opening and closing in reinforced concrete members. Such effects are commonly incorporated
through Rayleigh damping [[19].

In the Rayleigh damping model, the natural periods (T) and damping ratios (&) corre-
sponding to the first and last modes of interest—specifically the first and third modes in this
study—were specified. Based on these inputs, the program automatically computes the mass-
proportional (@) and stiffness-proportional (o) damping coefficients using the following equa-

tions: 5 . é .
111 — G212
ay =4n> 2=, (11)
Iy —T;
N'Th ET 6T
o = 12
K T le_Tzz ) ( )

where the damping ratio has been taken equal 5% during the analysis.

S Methodology

To evaluate the effectiveness of different methods for calculating the seismic separation dis-
tance, the four reinforced concrete case study buildings were paired to form eight adjacent-
building configurations (i.e., eight separation cases). Each building pair was analyzed under
three recorded earthquake ground motions—El Centro, Northridge, and Loma Prieta—scaled
to five peak ground acceleration (PGA) levels: 0.10 g, 0.15 g, 0.20 g, 0.25 g, and 0.30 g.
Initially, nonlinear pushover analysis was performed to determine the maximum storey dis-
placements, which were then used to estimate the required gap distances according to code-
based provisions (ABS and SRSS rules) and research-based approaches (DDC rule methods).
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Subsequently, nonlinear time-history analysis was conducted to compute the critical separation
distances, allowing a comprehensive evaluation and validation of the code-based and research-
oriented methods.

5.1 Separation cases discerption

The above-mentioned eight cases of separation can be divided into three groups, which cover
wide range of relative fundamental periods and damping ratios between the adjacent buildings
Group I: Adjacent Buildings with Different Floor Levels
This group of separation cases represent the case of adjacent R.C buildings with different
floor levels, where the ground and typical stories levels for each building are different from
those for the other adjacent building. This group include three separation cases:

» Separation Case (1): Evaluation of the required separation distance between Building A
and Building B2.

» Separation Case (2): Assessment of the separation distance between Building B1 and
Building C.

* Separation Case (3): Determination of the required gap between Building A and Building
C.

Group II: Adjacent Buildings with Aligned Floor Levels

This group of separation cases represent the case of adjacent R.C buildings with the same
floor levels, where the ground and typical stories levels for each building are similar to those
for the other adjacent building. This group contains two separation cases:

* Separation Case (4): Evaluation of the required separation distance between Building A
and Building B1.

» Separation Case (5): Assessment of the separation distance between Building B2 and
Building C.

Group III: Adjacent Identical Buildings
The case of adjacent typical buildings has been taken into consideration during this group
of separation cases. Three separation cases have been included through this group:

» Separation Case (6): Separation distance between two adjacent Type A buildings.
» Separation Case (7): Separation distance between two adjacent Type B1 buildings.

» Separation Case (8): Separation distance between two adjacent Type C buildings.

5.2 Non-linear static pushover analysis

The capacity spectrum method, according to the procedures of the ATC40 standard [20] has
been used to perform the pushover analysis to get the maximum stories displacements for case
study buildings as shown in the following steps:

1. Incremental lateral loads patterns proportional to the fundamental mode shape for case
study buildings have been applied to the studied buildings.
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2. Non-linear static pushover analysis has been performed to the buildings using the finite
element program to calculate the maximum roof displacement for the buildings during
each lateral load increment and plotting the pushover curves for the buildings.

3. Development of response spectra: Elastic response spectra with 5% damping were con-
structed for each earthquake record at the different studied peak ground accelerations
(PGA).

4. The pushover curve for each building and response spectrum curve for each earthquake
record has been converted to capacity spectrum and demand curves respectively in accel-
eration displacement response spectrum (ADRS) format, and then the capacity curve for
each building has been plotted on the same chart with the demand curves of the earth-
quake records

5. Determination of trial performance points: Trial points were selected along the capacity
curves to construct a bilinear approximation, and the corresponding reduction factors
for the demand spectra were computed following ATC-40 procedures, resulting in the
reduced demand curves.

6. Iterative performance point identification: The previous step was repeated for each build-
ing and earthquake record until the reduced demand curves intersected the capacity curves
at or near the trial performance point, within an acceptable tolerance.

Figure [] illustrates the intersection of the capacity curve of Building A with the reduced
demand curve corresponding to the El Centro earthquake, scaled to a PGA of 0.15 g, at the trial
performance point.

—e— Bilinear Capacity Curve +++++++ Cpacity Curve

Demand Curve — — Reduced Demand Curve

Figure 4: The intersection of the capacity curve for building A with the reduced demand curve
of El-Centro earthquake scaled to P.G.A equal to 0.15g

The performance points obtained from the pushover analysis represent the maximum roof
displacements of the buildings under the effect of the studied earthquake records. These dis-
placements were subsequently used to compute the required seismic separation distances for all
eight separation cases, employing the various calculation methods, including the ABS, SRSS,
and DDC rules. The resulting maximum roof displacements derived from the pushover analyses
are presented in Figure [3]
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Figure 5: Maximum roof displacements

5.3 Non-linear static pushover analysis

To evaluate the accuracy of the previously discussed methods for calculating seismic sepa-
ration distances, nonlinear dynamic time-history analyses were conducted for the case study
buildings. This analysis was used to determine the critical separation distances for all studied
separation cases and to compare them with the separation distances obtained from code-based
and research-oriented methods (ABS, SRSS, and DDC rules).

The four case study buildings were analyzed under three earthquake records—El Centro,
Northridge, and Loma Prieta—with five levels of peak ground acceleration (PGA =0.10 g, 0.15
g, 0.20 g, 0.25 g, and 0.30 g). For each analysis case, the time—displacement histories of the
relevant storeys (9th, 12th, and 15th floors) were obtained from the finite element program.
These storeys correspond to the roof floors of the studied buildings and the opposite floors in
their adjacent buildings.

The critical separation distance for each case was calculated by plotting the time—displacement
responses of the two adjacent buildings on the same chart, as illustrated in Figure [6| The max-
imum difference in displacement between the corresponding storeys of the two buildings at
any instant of time (t) was considered as the critical separation distance under the effect of
the studied earthquake record. This resulted critical separation distance is the minimum allow-
able distance between the two adjacent buildings to avoid the pounding between them. Using
the previous concept, the critical separation distance between the case study buildings for all
separation cases have been calculated.
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Figure 6: Critical separation distance between buildings A and B2 under the effect of
Northridge earthquake scaled to P.G.A equal to 0.3g
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6 Results

The required separation distances obtained from the various calculation methods, along with the
critical separation distances derived from nonlinear time-history analyses, were used to develop
a graphical tool for estimating the required seismic separation between adjacent mid- to high-
rise buildings.

Three types of charts were produced:

* Group I: Adjacent buildings with different storey levels.
* Group II: Adjacent buildings with the same storey levels.

* Group III: Typical adjacent buildings with identical configurations.

These charts, presented in Figures [7} B and 0] display the maximum required separation
distances for each studied separation case, across all PGA levels and calculation methods, pro-
viding a practical tool for preliminary design and comparison.
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Figure 7: Required separation distance for adjacent buildings with the different floor levels
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Figure 8: Required separation distance for adjacent buildings with the same floor levels

It should be noted that, in the second and third charts, the SRSS rule results were multiplied
by a factor of 0.70, since the adjacent buildings in these cases have aligned storey levels. This
adjustment follows the recommendations of Eurocode 8 and ECP 201-2012, which allow a
reduction of the SRSS-based separation distance by 30% for buildings with matching floor
elevations, as discussed previously.

121



Tohamy, ElSayed and Akl

=
(=]
wn

SRSS « 0.7
£0.20 e
0 -
g .-
S0.15 .-
'2-" - - Kasai
—
£0.10 ) — L=
E - ——
o - -
- - -—
205 7 -
2 — ; . .
@ Filiatraul Lopez  Penzien Time History
0.00
0.1 0.15 0.2 0.25 0.3 0.35
PG.A(g)

Figure 9: Required separation distance for adjacent typical buildings

6.1 Group (I) - Adjacent buildings with different floor levels and funda-
mental periods

The evaluation of the Group-I cases shows a noticeable pattern in the behavior of the different
separation-distance methods. The ABS rule consistently provides the highest estimates of the
required seismic gap, exceeding the values obtained from time-history analyses by nearly 50%
to 90%. Such a large margin indicates that this method is highly conservative when the adja-
cent buildings possess significantly different dynamic properties, which may result in avoidable
construction expenses and inefficient use of available space.

The SRSS rule also produces conservative estimates, although its level of overestimation
is more moderate, typically ranging from about 7% to 35%. This suggests that, while it is
generally safer than many alternative methods, relying on it alone may still lead to designs
that are more cautious than necessary. The values calculated using the Filiatrault approach are
usually close to those of the SRSS rule, but slightly lower, which agrees with earlier research
showing that this method offers a reasonable balance between safety and practicality.

On the other hand, the Lopez, Kasai, and Penzien methods often produce smaller gap dis-
tances than required, particularly when the neighboring buildings differ notably in their dynamic
behavior. Such underestimation may increase the likelihood of structural pounding under strong
ground motions, underscoring the need for careful method selection when designing separation
distances between adjacent buildings.

6.2 Group (II) - Adjacent buildings with aligned floor levels

The separation cases in Group II involve building pairs with matching floor elevations, a con-
figuration that typically reduces the likelihood and severity of pounding due to the uniform
transfer of inertial forces across aligned slabs. The results for this group highlight several im-
portant behavioral patterns. Among the examined methods, the Filiatrault approach consistently
produced the largest estimates of the required seismic gap, followed by the reduced SRSS rec-
ommendation adopted in the Egyptian Code and Eurocode (SRSS x 0.7), while the Lopez
method generally produced slightly smaller values. This ranking reflects the differing levels
of conservatism embedded in each formulation, particularly in how they account for inelastic
behavior and correlation effects between adjacent systems.

A comparison with the critical separation distances obtained from nonlinear time-history
analyses shows that the Filiatrault method offers reasonably reliable predictions when the ground-
motion intensity is moderate (PGA < 0.15 g). However, as the excitation level increases, this
method tends to become overly conservative, leading to gap distances larger than those actually
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demanded by the dynamic response. In contrast, the (SRSS x 0.7) recommendation performs
better at higher PGA levels, providing estimates that are closer to the observed behavior, but
it tends to underestimate the required separation at lower seismic intensities. This observation
suggests that the performance of each method is sensitive not only to the dynamic properties of
the buildings but also to the level of seismic demand.

Regarding the lower-bound predictions, the Kasai and Penzien methods generally yield the
smallest separation distances within this group. In nearly half of the cases (47%), the Penzien
method provides the minimum gap, while the Kasai method gives the smallest values in the
remaining cases. Both methods, however, consistently underestimate the required separation
distance compared with the critical values derived from time-history analyses. Their tendency
toward underestimation indicates that these formulations may not fully capture the coupled
dynamic behavior of adjacent inelastic systems under strong motions, and thus their direct use
for design in aligned-floor configurations may lead to unsafe clearances.

Overall, the results for Group Il emphasize that no single method performs equally well
across all intensity levels. Instead, the suitability of each approach depends on the range of
expected ground motions and the acceptable balance between safety and practical construction
constraints.

6.3 Group (III) - Adjacent typical buildings with identical dynamic prop-
erties

Group III examines the simplest yet practically important scenario—adjacent buildings that
share identical structural characteristics, including matching natural periods, mass distribution,
and stiffness profiles. In such configurations, the two buildings tend to respond almost syn-
chronously under seismic excitation, resulting in parallel motion that significantly reduces the
likelihood of pounding.

The results confirm this expected behavior. Methods such as those proposed by Filiatrault,
Lopez, and Penzien all predict a separation distance of zero for these typical building pairs.
This prediction aligns perfectly with the outcomes of nonlinear time-history analyses, which
show that the relative displacements between the two identical structures remain negligible
throughout the duration of the ground motions. Consequently, no seismic gap is required to
prevent pounding in these particular cases, provided that both buildings are truly identical and
subjected to the same excitation conditions.

In contrast, the Egyptian Code and Eurocode recommendation (SRSS x 0.7) significantly
overestimates the required gap, despite the dynamic similarity between the buildings. This
limitation stems from the inherent nature of the SRSS formulation, which does not explicitly
incorporate the correlation between adjacent systems. As a result, it treats the two displacement
responses as if they were statistically independent, leading to unnecessary separation distances
that may not reflect the actual response mechanisms.

Although the Kasai method incorporates system properties more explicitly, it still produces
overestimated separation distances in this group. The primary reason is the lower-bound con-
straint embedded within the method, which prevents the required separation distance from
falling below a certain percentage of the combined displacements. While this constraint en-
hances safety for non-identical buildings, it becomes overly conservative when applied to iden-
tical structures that move in near-perfect synchrony.

Collectively, the results from Group III highlight the importance of considering dynamic
similarity when determining seismic separation distances. For identical buildings, simplified
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methods that acknowledge correlated motion—such as Filiatrault, Lopez, and Penzien—provide
predictions that are far more consistent with real behavior than code-based formulations or
methods with imposed lower bounds. This underscores the significance of tailored design ap-
proaches when adjacent structures exhibit near-identical dynamic responses.

7 Conclusions

The results of this study highlight clear differences in the performance of existing methods used
to estimate seismic separation distances between adjacent buildings. The Absolute Sum Rule
(ABS) was found to be the most conservative approach, overestimating the required gap by
50%-90% in all cases. The SRSS rule also produced conservative values, though to a lesser
extent, with overestimations ranging from 7% to 35%.

For building pairs with differing dynamic properties, the Lopez, Penzien, and Kasai methods
consistently underestimated the required separation distance, indicating that these approaches
may not fully capture the relative inelastic response under strong ground motions. The Filia-
trault method provided estimates close to, but slightly smaller than, those obtained using the
SRSS rule, making it a more balanced and practical alternative for many cases.

In configurations where adjacent buildings have aligned floor levels, the Filiatrault method
matched the critical separation distances well for lower-intensity earthquakes (PGA < 0.15 g),
while the reduced SRSS recommendation (SRSS x 0.7) performed better at higher intensities
(PGA > 0.15 g). This demonstrates that the suitability of each method is influenced by the
expected ground-motion level.

For identical adjacent buildings, nonlinear time-history analyses confirmed that no sepa-
ration gap is required, as both buildings move almost identically. In this scenario, methods
such as Filiatrault, Lopez, and Penzien correctly predicted zero required separation, while the
SRSS-based code recommendation and the Kasai approach significantly overestimated the gap.

Overall, the findings indicate that method selection should consider both the dynamic sim-
ilarity of adjacent buildings and the expected seismic hazard level. Choosing an appropriate
approach can provide more accurate gap estimates while avoiding unnecessary conservatism in
design.
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