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Abstract: Resilience has become an interesting parameter to assess the seismic risk connected with
functionality of structures. In this regard, losses due to earthquakes may be significantly reduced
by applying isolation at the base of the structures. However, design of isolation needs to consider
the effects of soil deformability and all the connected effects of Soil Structure Interaction (SSI). In
particular, soil deformability may reduce significantly the benefit of base isolation and thus the
computation of resilience needs to consider such conditions. This paper aims to consider the issue
by considering several isolated configurations on different soil conditions and for each of them,
the seismic resilience has been computed. Numerical simulations have been performed in order to
calculate the resilience of the various configurations and then this parameter was chosen a reference
for comparing the isolation models on different soil conditions.
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1. Background

Structural vulnerability to earthquakes may be significantly reduced by the application
of base isolation, as demonstrated since the first studies by Kelly [1,2]. However, when
isolation technique is applied on structures founded on deformable soil, its benefits may
be reduced, as shown in [3-7]. Moreover, the role of Soil Structure Interaction (SSI) on
base isolation has been assessed by experimental studies [8]. In this regard, SSI effects
has been demonstrated [9-11] to consist of two important mechanisms: lengthening the
structural periods and increasing the damping of the system. Moreover, ref. [12] analyzed
the interaction between SSI and base isolation (BI) by performing numerical analyses,
ref. [13] studied the multi-story buildings with and without sliders in the cases of ground
shock due to tunnel explosions. Spyrakos et al. [14,15] investigated the effect of SSI on
the response of base-isolated buildings by considering equivalent fixed-base systems. In
addition, ref. [16] assessed the local site conditions of the soil and their effects in the isolated
structures.

In addition, since the first contribution by [17], seismic resilience has been applied as
a parameter to assess the seismic performance of buildings. Moreover, ref. [18] defined
resilience as the capacity to reduce the consequences of events, and to recover quickly from
a damaged to an operational state. More recently, the resilience-based earthquake design
initiative (REDi) rating system proposed a methodology to design resilient structures based
on several criteria [19]. Many applications have been developed from this framework for
assessing the seismic resilience of single structural configurations [20-22]. In particular,
ref. [23] proposed an integrated approach to assess the seismic resilience of acute-care
facilities with fragility functions.

In this background, there are still few contributions that assess the resilience of base
isolated configurations. In particular, [24] proposed a methodology to assess the seismic
resilience of conventional and base-isolated steel structures by considering the aspects of
sustainability (economic, social and environmental).
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However, the assessment of the role of SSI on base isolated buildings by considering
a resilience-based approach is still a hole in literature and thus the principal goal of this
paper is to propose a framework that may calculate resilience of based-isolated structures
founded on deformable soil.

In this regard, numerical simulations are performed with Opensees, enabling to consider
the mutual effects of structural properties and soil deformations. In particular, the soil is
represented with non-linear hysteretic materials and advanced plasticity models as to assess
the mutual effects of Bl and soil non-linearity at the same time. The models have been
implemented in Opensees that may reproduce soil hysteretic elasto-plastic shear response,
foundation impedances, realistic boundary conditions and advanced interface between the
soil and the structure. The main objective is to assess these two dynamic mechanisms by in-
vestigating the cases where Bl becomes detrimental. In particular, isolated structures on rigid
soil are compared with the same structural schemes on soil with decreasing deformability
showing the effects on the periods and on the damping of the performed systems.

In this regard, historically, ref. [25] showed that period elongation depends mainly on
the so-called structure to soil stiffness ratio (depending on the height and the shear velocity
of the flexible layer). Later, ref. [26] extensively investigated the formulas in ASCE 7-05
for several buildings by considering over 800 fundamental periods. Moreover, ref. [27]
proposed an empirical formula for assessing the fundamental period of reinforced concrete
structures by performing 3D numerical simulations of SSI effects. Additionally, ref. [28]
investigated the effects of SSI on several residential RC buildings with different capacity
design principles founded on four different soil conditions and applying 20 acceleration
records. Other studies, such as refs. [29,30] proposed analytical surveys on the effects of
SSIin terms of fundamental period and damping ratio. In addition, ref. [31] considered
both experimental and numerical results and ref. [32] investigated the effects of SSI with a
1/4-scale steel-frame structure by reproducing 34 scenarios under fixed-base and flexible-
base conditions. Moreover, the interaction between SSI and BI has been relatively studied
in the literature. In this regard, ref. [12] analyzed the interaction between SSI and BI by
performing numerical analyses, ref. [6] studied the multi-story buildings with and without
sliders in the cases of ground shock due to tunnel explosions. Spyrakos et al. [14,15]
investigated the effect of SSI on the response of base-isolated buildings by considering
equivalent fixed-base systems.

This paper aims to overcome the previous literature, by proposing several novelties.
(1) The interaction between base isolation (BI) and SSI effects are considered with advanced
3D numerical simulations, to capture the highly non-linear mechanisms between the soil,
the foundation, the isolators and the superstructure. (2) The paper proposes a novel
framework that consider resilience as the reference parameter. (3) The comparisons of the
behaviour of the different configurations may be helpful for code provisions.

The paper is structured with the presentation of the case studies (Section 2), followed
by the definition of the seismic resilience calculation (Section 3). Section 4 show the results
and their discussion.

2. Case Studies

In order to investigate the relationships between base isolation and SSI effects, this
paper investigates several configurations (see Table 1).

Table 1. Performed models.

Property Characteristics Typology Period (s) Damping (%)
Model Bl Fixed Base - 0.13 5
Model B2 Base isolation Equivalent linear 2.50 10
Model B3 Base isolation Two-spring model 2.50 10

Model B1 represents a benchmark building with no isolation;
Model B2 consists of a base isolated systems with linear elastomeric bearings;
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Model B3 consists of a base isolated models with non-linear isolators.

The models have been founded on a rigid slab foundation standing on a soil one-
layer (depth: 30 m) mesh. The soil mesh is the same for all the models, in order to allow
comparisons and the soil deformability has been varied by increasing the shear velocity
from 80 m/s to 870 m/s (more details in Section 2.2).

2.1. Structural Models

The structure (Figures 1 and 2) represents a low-rise stiff two-story (floor height: 3.2 m,
total height: 6.4 m) reinforced concrete building with a 4 x 3 columns scheme (4 along the
x-direction and 8 m spaced and 3 along y-direction and 6 m spaced, cross Area: 0.16 mz),
designed in accordance with Eurocode 2 and 8 [33,34]. The hypothesis at the base of
the structural model is that because of the presence of the isolation, the building may be
assumed to be capacity designed being able to respond in the elastic range [35]. Therefore,
the structure has been modelled with Elastic Beam Column elements (characteristics in
Table 2). The masses calculated with the seismic combination following [34] were concen-
trated at each floor and included the structural components (such as beams, columns, slabs,
balconies, stairs). The floors were modelled as rigid by applying the RigidDiaphragm [36],
and thus the hypothesis of shear type behaviour was assumed (plan and vertical regularity
has been assumed).

A superficial foundation (26 m x 14 m x 0.5 m, 15,264 nodes and 11,076 elements,
Figure 2) has been simulated with a rigid concrete slab that may be considered typical for
low-rise buildings with limited bearing pressures (180 kPa) at the base level, (see [37]). The
slab was modeled with the Pressure Independent Multiyield (PIMY, [36,38], properties in
Table 3) and was designed by considering the maximum eccentricity (the ratio between the
overturning bending moment and the vertical axial forces) calculated with the minimum
vertical loads (gravity and seismic loads) and maximum bending moments (due to the
seismic loads). The PIMY is based on the Von Mises multi-surface kinematic plasticity
model with an associate non-linear deviatoric part of the flow rule that is independent from
the volumetric part (non-associate and linear-elastic). The backbone curves are defined
by hyperbolic relations and described by two parameters (the strain shear modulus and
ultimate shear strength). The interface between the structure and the foundation was
modeled in order to represent the rocking component (rotations and over turning moments)
that is fundamental to reproduce the SSI effects. The nodes of the last 50 cm of the columns
were connected with horizontal rigid beam-column links (see [36]) to model the continuity
of the link slab-column. EqualDOF constraint (see [36]) were used to connect the points
(one belonging to the rigid link and the second to the foundation) in order to have the same
displacements between the structure and the slab nodes. Zerolength elements (see [36])
were used to model the interface between the surrounding soil (named S soil) and the
foundation by reproducing the uplifts and gapping mechanisms and non-linear effects (i.e.,
tilts and settlements) due to SSI. This assumption guaranteed to maintain the dynamic
equilibrium at each step and thus resolving the convergence problems. The soil around the
foundation (soil S) represents the infill weak soil and has been modeled with the Pressure
Independent Multiyield (PIMY, [36,38]). The considered properties are shown in Table 3.

Table 2. Structural properties.

Property
Mass density 24.0 kN/m3
Young Modulus 3.5 x 107 kN/m?

Shear Modulus 1.73 x 107 kN/m?
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Figure 1. 3D view of the numerical model (Model B1, B2 and B3). Soil S: Infill soil (Yellow); Soil F:
Foundation soil (Blue).
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Figure 2. Schematic view of the structure and the foundation (Model B1, B2 and B3).

Table 3. Geotechnical properties.

Property Foundation Soil S Soil F
Mass density 24.0 kN /m?3 17.0 kKN/m? 20.0 kN/m3
Young Modulus 3.5 x 107 kN/m? 5.5 x 10* kN/m? Varying

Shear Modulus 1.73 x 107 kN/m?2 1.5 x 10° kN/m?2 Varying
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2.2. Soil Models

Soil F consists of a 30-m homogeneous layer modeled with the Pressure IndependMulti-
Yield (PIMY) [38]. Table 3 shows the representative parameters, with increasing the shear
velocity: 800 m/s (soil F1); 600 m/s (soil F2); 300 m/s (soil F3) and 100 m/s (soil F4), to
consider the effects of soil deformability (total: 80 cases). The PIMY may consider the
non-linear mechanisms of hysteretic response, radiation damping, amplitude-dependent
amplifications and the accumulation of ground deformations (i.e., settlements, tilts and
rotations). The soil domain (300 m x 300 m x 30 m) was modelled with a 3D soil mesh built
up with 188,576 nodes and 177,940 non-linear “Bbar brick” elements that are configured
with 20 nodes. These nodes represent the translational degrees of freedom (DOF, displace-
ments along the three directions) and are recorded with Node Recorder (see [36,38]) at the
corresponding integration points. The number of soil elements was defined by considering
the minimum wavelength as the soil shear wave velocity (80 m/s) and the frequency of a
typical seismic input motion (5 Hz) and thus the maximum element size was calculated
by dividing the maximum wavelength by 24 (more details in [37]). The dimension of the
elements was increased from the foundation to the end of the mesh. The lateral boundaries
were considered to move in pure shear (see [39]) in order to represent free-field conditions.
This assumption was verified by comparing the results with those of a free field case. The
lateral boundaries were located far away from the foundation with the aim to reproduce
an infinite soil domain. The boundary conditions were modeled by fixing the vertical
directions for both the lateral boundaries (penalty method, with tolerance: 1074, [37])
and the base that was set as a transmitting surface to remove the energy provided by the
earthquakes from the mesh.

2.3. Isolation Models

The isolation system is located between the base of the column and the surface of the
foundation (at z = 0.00 m) and it consists of 2 isolators for every column. The isolators
(behaving in the longitudinal direction only) have been modelled very stiff in the other
directions (vertical and transversal). They were designed following the methodology
described in Section 10 of [34]:

(1) Determination of the equivalent elastic stiffness of the device by assuming a target
value for the period of the base isolated structure greater than the fundamental period
of the fixed-base structure:

M

where M is the mass of the system and T is the fundamental period of the isolated system.

(2) The vertical loads under static and seismic conditions are calculated to choose the hori-
zontal stiffness as well as its geometrical characteristics (diameter of the elastomer, total
height of the isolator and the thickness of the elastomer); and the mechanical properties,
such as the viscous damping of the rubber, the elasticity modulus, the maximum vertical
load at the Ultimate Limit State, and the vertical load under seismic conditions.

(3) The maximum displacements resulted from the analyses are finally compared with
the design displacement, in order to verify the performance of the isolation.

The number of designed devices (2 at the base of each column) is determined to minimize
the eccentricity between the center of the stiffness of the isolation system and the center of the
mass of the superstructure. Two types of models were implemented for the isolators:

Model B2: implements a linear model (represented by equivalent linear springs), and
Model B3: applies the simplified two-spring model (described in [2,40]) implemented
inside Opensees by [41] and already applied in [42]. This model was assumed to consider
the non-linear effects and the stability under large deformations.

Both the models were used in the longitudinal direction only, while in the other
directions (transversal and vertical) high stiffness have been considered (3.5 x 107 N/m?).
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It is worth noting that the properties of the two models (bearing stiffness) have been set up
in order to have 2.5 s as the isolation period of the isolated system. The damping has been
considered as 10% for both the models (see Table 3).

3. Resilience Calculation

Assessing the resilience of buildings is fundamental for the community itself, since if
residential buildings are damaged in a non-operational way, people cannot stay in their
houses and they need to find temporary housing in the same area or move or other areas,
creating troubles within or between the communities. The same problem occurs when a
business structure of a factory is damaged, there is a need to move shift staff and operations
to other locations. In particular, realizing the balance between resilient structures and
the necessary services is a duty for civil engineers in order to maintain post-earthquake
functionality of communities.

In this paper the traditional formulation by [17] was used to calculate the seismic
resilience of the structural configurations:

| [IOEHRT ((f)
SR — /tOE =i )

where:

tOE is the time of occurrence of the earthquake E,

RT is the repair time (RT) that is necessary to recover the original functionality;

Q(t) is the recovery function that describes the recovery process necessary to return to
the pre-earthquake level of functionality (see Figure 3).

Q(t=RT)

AY

Functionality
o
3
—
\

0.20
Qo vV

- e . - -

Time

toe RT

Figure 3. Resilience calculation (L = losses; RT = repair time; Q = functionality).

Figure 3 shows that the formulation depends on several parameters:

(1) L =losses (calculated as: L =1 — Qg, where Qq is the initial functionality)
(2) RT: repair time to return to the original functionality.

These quantities are calculated with the Loss model and the Recovery model, proposed
in the next subsections.

3.1. Loss Model

The paper proposes to calculate the losses on the definition of various limit states. In
particular, four limit states (slight, moderate, extensive, complete) were selected by the
technical literature [43] and by the previous contribution [37]. These limit states are based
on the calculation of the longitudinal drifts of the structures. In particular, Slight, Moderate,
Extensive and Complete damage states correspond with 0.30%, 0.60%, 1.50% and 4.00%
(named LS1, LS2, LS3 and LS4), respectively. In correspondence with the exceedance of one
LS, a specific value of L was assigned, as shown in Table 4. For example, if the calculated
exceeds LS2, the assigned loss is 0.50, meaning that the functionality of the structure is
reduced to a half of its original value.
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Table 4. Loss model.

LS L
LS1 0.25
LS2 0.50
LS3 0.75
LS4 1.00

3.2. Recovery Model

The recovery model is necessary in the calculation of resilience [17,44,45], but may be
quite challenging to be realistically defined since it requires sufficient information from
previous earthquakes. Analytical formulations are generally assumed and calibrated on
the database of previous earthquakes. In this paper, two hypotheses were considered:

(1) mobilization time [46] (that includes building inspection, site preparation, providing
engineering services ... ) was neglected and thus the recovery function starts at the
time of occurrence (t0E).

(2) alinear recovery function was considered, as suggested by [17], when no sufficient
information is available.

These two hypotheses may be considered the principal limitations of the model and
may be object of future work.

Then, the calculation of repair time has been proposed in literature by several contribu-
tions. In particular, ref. [47] proposed a RT model consisting of two components: (1) Repair
Scheduling and (2) Resource Scheduling. In addition, ref. [48] proposed a procedure to
calculate RT, by considering the worker allocation and repair sequencing procedure. Both
these approaches were introduced in order to overcome the well-established FEMA P-58
methodology [49]. Herein RT was calculated by following the simplified assumption that
repair time is proportional with the drift ratio (the ratio between the maximum drift due to
the seismic loads (4E) and the design drift under static load conditions (4S5)).

6
RT =755 ®G)

It is worth noting that the coefficient y needs to be calibrated in order to represent the
conditions that range between the case that the building is not repairable or uneconomical
to repair the building (RT equal to replacing time) and the case of minor damage that does
not compromise the structural operability (RT = 0).

3.3. Seismic Scenario

The seismic scenario consists of ten input motions selected from the NGA database
in order to verify that the mean of the spectrum values of the sets of accelerograms is
located between the —10% and +30% of the code-based spectrum, following the Eurocode
8 (2004) prescriptions, by considering the life-safety limit state (return period of 475 years,
lat.: 42.333 N, 14.246 E, S = 1.50714, Tb = 0.257 s, Tc = 0.770 s, Td = 2.538, Cc = 2.02847), as
shown in Figure 4. Table 5 shows the characteristics of the selected input motions in terms
of peak ground acceleration (PGA).
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Figure 4. Selected Input motions.
Table 5. Selected input motion characteristics.
Input Motion PGA (g)

Superstition Hills-PTS BPT 0.45
Loma Prieta-BRAN BRN 0.48
Erzincan ERZ 0.52
Cape Mendocino-Petrolia PET 0.59
Northridge RRS 0.83
Kobe KOB 0.35
Duzce-Bolu BOL 0.46
Chy Chy CHY 0.18
Northridge BH MUL 0.27
Landers-Yermo YER 0.24

4. Results and Discussion

The results of the performed models for the four soil conditions are shown in Figures 5-8
in terms of maximum longitudinal drifts for the considered seismic scenario. The limit states
(LS1, LS2, LS3, LS4) are shown with horizontal lines in order to define the occurrence of
exceedance. This condition is fundamental to derive the L on the basis of Table 4. In particular,
Table 6 shows the state limits exceeded (for every configuration) deduced from the results
(Figures 5-8). In particular, the columns represent the condition of exceeding the four limit
states for the selected models (models B1, B2 and B3 and for the foure soil conditions: F1, F2,
F3 and F4).
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Figure 6. Results: model B1, B2, B3 considering soil F2.
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Figure 7. Results: model B1, B2, B3 considering soil F3.

11.00 F4
* B1

= B2
900 o B3

8.00

10.00

-e

7.00

6.00 H

500 :; 3
aoo 54 || S 3 E .

3.00

Maximum drift (%)

200 183

1.00 LS2

Figure 8. Results: model B1, B2, B3 considering soil F4.
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Table 6. Assigned limit states (LS) on the basis of the previous Figures 5-8. The columns represent
the condition of exceeding the four limit states for the selected models (models B1, B2 and B3 and for
the foure soil conditions: F1, F2, F3 and F4).

B1 B2 B3
F1 F2 F3 F4 F1 F2 EF3 F4 F1 F2 F3 F4
CHY LS3 LS3 LS3 LS3 LS1 LS1 LS1 LS2 Ls1 LS1 LS2 LS2
YER LS3 LS3 LS3 LS3 LS2 LS2 LS2 LS3 LS2 LS2 LS3 LS3
MUL LS3 LS3 LS4 LS4 LS2 LS2 LS3 LS3 LS3 LS3 LS3 LS3
KOB LS3 LS4 LS4 LS4 LS2 LS3 LS3 LS4 LS3 LS3 LS3 LS4
BPT LS3 LS4 LS4 LS4 LS3 LS3 LS3 LS4 LS3 LS3 LS3 LS4
BOL LS4 LS4 LS4 LS4 LS3 LS3 LS3 LS4 LS3 LS4 LS4 LS4
BRN LS4 LS4 LS4 LS4 LS3 LS3 LS3 LS4 LS3 LS4 LS4 LS4
ERZ LS4 LS4 LS4 LS4 LS3 LS3 LS3 LS4 LS3 LS4 LS4 LS4
PET LS4 LS4 LS4 LS4 LS3 LS3 LS4 LS4 LS4 LS4 LS4 LS4
RRS LS4 LS4 LS4 LS4 LS4 LS4 LS4 LS4 LS4 LS4 LS4 LS4
Table 7 shows the calculation of the losses, while Table 8 shows the RT resulted from
the application of (2) by using a y equal to 1. It is possible to see how RT increases with the
intensities and how it varies for the 3 models. It is worth noticing that soil deformability
plays an important role for increasing RT in case of model 1 (fixed case), white its effects are
not linear for the other two models. It is also significant to consider that RT values for model
2 (linear model) are bigger than those obtained for model 3, since the role of non-linearity
reduce the damage. Therefore, neglecting the non-linear mechanisms that occur in the
bearings, is conservative, if compared with model 3, as previously demonstrated in [13,50].
Table 7. Losses (L).
B1 B2 B3
F1 F2 F3 F4 F1 F2 F3 F4 F1 F2 F3 F4
CHY 0.75 0.75 0.75 0.75 0.25 0.25 0.25 0.5 0.25 0.25 0.5 0.5
YER 0.75 0.75 0.75 0.75 0.5 0.5 0.5 0.75 0.5 0.5 0.75 0.75
MUL 0.75 0.75 1 1 0.5 0.5 0.75 0.75 0.75 0.75 0.75 0.75
KOB 0.75 1 1 1 0.5 0.75 0.75 1 0.75 0.75 0.75 1
BPT 0.75 1 1 1 0.75 0.75 0.75 1 0.75 0.75 0.75 1
BOL 1 1 1 1 0.75 0.75 0.75 1 0.75 1 1 1
BRN 1 1 1 1 0.75 0.75 0.75 1 0.75 1 1 1
ERZ 1 1 1 1 0.75 0.75 0.75 1 0.75 1 1 1
PET 1 1 1 1 0.75 0.75 1 1 1 1 1 1
RRS 1 1 1 1 1 1 1 1 1 1 1 1
Table 8. Repair Time (RT).
Bl B2 B3
F1 F2 F3 F4 F1 F2 F3 F4 F1 F2 F3 F4
CHY 2.69 2.81 2.90 3.06 2.53 237 222 1.90 2.06 2.09 1.94 1.98
YER 3.56 3.42 3.45 3.56 5.98 5.46 6.65 6.21 4.89 5.04 6.14 7.76
MUL 3.68 3.85 491 529 9.72 8.69 11.57 10.80 7.93 8.26 9.34 11.80
KOB 5.07 4.92 4.96 522 9.34 9.01 12.60 11.76 9.15 9.71 10.77 12.65
BPT 4.54 5.18 525 541 14.33 13.32 13.65 12.74 11.70 12.30 11.02 13.39
BOL 5.56 5.72 5.75 6.21 21.80 19.69 20.76 13.25 15.70 16.98 14.18 14.61
BRN 525 5.94 5.97 6.39 18.76 16.79 19.36 14.61 13.51 14.21 13.80 15.42
ERZ 5.20 5.74 5.87 6.09 22.09 20.35 21.04 13.50 14.88 15.50 14.02 14.87
PET 6.91 7.03 7.01 7.38 24.40 21.90 23.24 18.08 16.60 17.78 15.64 19.01
RRS 10.26 11.12 11.28 11.64 33.23 30.31 38.24 29.74 27.12 29.60 26.62 31.05
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Table 9 shows the results in terms of Seismic Resilience (SR), and same observations
regarding the dependency on the seismic intensity, the role of soil deformability and non-
linear mechanisms of bearings in the quantification of SR. Figure 9 plots the last line of
Table 9 in order to show the dependency of the SR with the soil deformability (in terms of
Vs) for the most intense input motion (RRS) and by comparing the three models. It is worth
noting that (1) isolation technique has beneficial effects in increasing the Seismic Resilience
of the system (even if RT are bigger) and (2) the value of resilience does not significantly
vary for model 1, while the trends for the isolated models differ significantly between
each other. In particular, the best performance in terms of resilience seems to occur for
model 2 (linear isolation) for deformable soils. However, this outcome is affected by the fact
that non-linear mechanisms of the bearings are considered. Therefore, the more realistic
model 3 shows that the isolation technique performs well at higher values of Vs (rigid soil).
Smaller values of resilience at low intensities for model 3 are due to the interaction between
the soil deformability and the isolator, that may become unconservative, as previously
demonstrated in [13,50].

Table 9. Seismic Resilience (SR): the last line (RRS) has been reproduced in Figure 9.

B1 B2 B3
F1 F2 F3 F4 F1 F2 F3 F4 F1 F2 F3 F4

CHY 0.086 0.090 0.093 0.098 0.113 0.106 0.100 0.073 0.092 0.094 0.075 0.076
YER 0.114 0.110 0.111 0.114 0.230 0.210 0.256 0.199 0.188 0.194 0.197 0.249
MUL 0.118 0.123 0.126 0.136 0.374 0.334 0.371 0.346 0.254 0.265 0.299 0.378
KOB 0.163 0.126 0.127 0.134 0.359 0.289 0.404 0.302 0.293 0.311 0.345 0.324
BPT 0.146 0.133 0.135 0.139 0.459 0.427 0.437 0.327 0.375 0.394 0.353 0.343
BOL 0.143 0.147 0.147 0.159 0.699 0.631 0.665 0.340 0.503 0.435 0.364 0.375
BRN 0.135 0.152 0.153 0.164 0.601 0.538 0.620 0.375 0.433 0.364 0.354 0.395
ERZ 0.133 0.147 0.150 0.156 0.708 0.652 0.674 0.346 0.477 0.397 0.360 0.381
PET 0.177 0.180 0.180 0.189 0.782 0.702 0.596 0.463 0.426 0.456 0.401 0.487
RRS 0.263 0.285 0.289 0.299 0.852 0.777 0.980 0.763 0.695 0.759 0.683 0.796

RRS

0.9
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Figure 9. Results in terms of Seismic Resilience for model B1, B2, B3 at various shear velocity for RRS
motion (see last line of Table 9).

5. Conclusions

The paper proposes the quantification of Seismic Resilience for structural configurations
by studying a case study that compares a fixed-base building and two isolated configurations.
The main assumption is to assume resilience as the reference parameter to compare and
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discuss the performance of the various configurations. The results show the importance of
considering soil deformability and non-linearity of the bearing in order to achieve realistic
results. These outcomes may help taking decisions for design and/or recovery solutions
for the buildings that are affected by the selected seismic scenarios. However, the results
are limited to the analyzed 12 configurations (3 buildings and 4 foundation soils) and more
studies are needed in order to generalize the outcomes. In this regard, Seismic Resilience was
shown to be a comprehensive parameter that may represent the mechanisms of interaction
between the soil, the structure and the bearings that are significant for design assessments.
This paper is bases on the results of 12 configurations under 10 input motions (120 3D non-
linear dynamic analyses). However, more case studies with different numerical models
will be object of future analyses for a complete evaluation of the significance of the Seismic
Resilience. In addition, the performance of the systems along the transversal and vertical
direction will be investigated in future work.
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