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Abstract  The study's general objective was to analyze 

soil type's influence on the structural behavior of 

reinforced concrete buildings with elastomeric anti-seismic 

isolators. The study was treated with a quantitative 

approach, a non-experimental design of applied type, with 

a comparative scope, considering the object of study as 

category A1 buildings related to structures erected on soil 

profiles S1 and S3 and the sample as a dual structural 

system of category A (clinical) with the incorporation of an 

isolation interface, structure formed by 4 levels with soil 

factor type S1 and S3. The techniques used were the 

structural approach in the plan and height of the building 

and the use of software for modeling, correction, and 

scaling of earthquakes. Initially, static and dynamic 

seismic analysis was performed. As a result, it was 

obtained that the values of energy input to the structure and 

the values of dissipation or absorption of such energy by 

the HDRB isolation devices, allow a ratio between S3/S1 

soils, which reaches values of up to 75%. Consequently, it 

is concluded that on S1 soil, HDRB isolators will make a 

better contribution and will dissipate a higher percentage of 

input energy; in addition, they will strengthen the seismic 

behavior of a type A1 building. 

Keywords  Structural Behavior, Reinforced Concrete, 

Elastomeric Insulators, HDRB Insulation, S1 and S3 Soils 

1. Introduction

An unexpected adverse situation that a reinforced 

concrete structure may face is the deterioration and 

collapse due to the splitting of its structural and 

nonstructural components, caused by seismic loads [1]. In 

this sense, regardless of the type of facilities and the 

functions it fulfills, this observation represents a starting 

point to expose the disaster risks it represents for the 

survival of people [2]. 

In perspective, reinforced concrete, also called 

reinforced concrete, is called as such due to the 

proportional composition of reinforced steel in its 

conformation [3]. It has been used since 1954 thanks to the 

contribution generated by William Wilkinson, who 

presented and patented it in that decade [4]. Since then, it 

has been evolving according to the needs and requirements 

of the construction industry and, in addition, to the research 

and development of safe structures, which are 

complemented by systematic studies of soil types [5], to 

diagnose the conditions that must be addressed and thus 

guarantee a reliable resistance to the effects of adverse 
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events resulting from seismic movements [6, 7]. 

In this order of ideas, to infer with a certain degree of 

accuracy the behavior of the soil located under urban 

structures such as houses, shopping centers, and hospitals, 

among others, built with reinforced concrete in the face of 

tectonic plate movements, it is possible to achieve the 

simulated configuration of seismic spectra with different 

magnitudes [8]. For this purpose, several digital 

technological resources or modeling or simulation 

programs are available, among which is the Etabs V. 20.0.0 

student version [9]. 

In perspective, Etabs V. 20.0.0.0 is a structural 

engineering software that allows the analysis and design of 

multilevel structures. It includes modeling templates and 

load prescriptions based on the various international design 

codes. In addition, it allows the representation of basic and 

advanced systems in both static and dynamic conditions, 

becoming a tool of great impact on data processing during 

the development of a project [10]. Similarly, the resulting 

data will be processed using Microsoft Excel. 

As a starting point, the type or profile of the soil where 

the structure under study is to be located must be specified. 

In that sense, profiles in soils, such as S1 and S3, can be an 

important starting point for setting a decision criterion [11]. 

The S1 profile is characterized by the conformation of 

rocks or very stiff soils with wave propagation velocities or 

shear force 𝑉̅𝑠, between 500 m/s and 1500 m/s, while the 

S3 profile is associated with soft soils, which are identified 

by being very flexible, with shear wave propagation 

velocities 𝑉̅𝑠, less or equal to 180 m/s [12], considering the 

Technical Standard Seismic Resistant Design E.030, 

Chapter IV [13]. Similarly, the geophysical characteristics 

and conditions of the soil profiles can be specified as 

shown in Table 1, as well as equation (1), to determine the 

shear strength. 

Table 1.  Floor profiles according to standard E-030-2016 

Profile Vs N60 Su 

S0 >1500 m/s - - 

S1 Between 500 m/s 

and 1500 m/s 

>50 >100 kPa 

S2 Between 180 m/s 

and 500 m/s 

Between 15 

and 50 

Between 50 kPa 

and 100 kPa 

S3 <180 m/s <15 Between 25 kPa 

and 50 kPa 

*S4    

Extremely flexible soil, according to the Mechanical 

Soil Study (MSE), Vs, average concrete wave velocity, N60 

weighted average of the standard penetration test and Su 

weighted average of the shear strength in undrained 

condition. 

𝑉 = (𝑍 ∗ 𝑈 ∗ 𝐶 ∗ 𝑆/𝑅) ∗ 𝑃         (1) 

Where: 

Z: Gravity acceleration fraction 

U: Usage factor 

C: Seismic amplification factor 

S: Shear strength 

R: Basic coefficient of seismic force reduction 

P: Weight of the structure 

In any case, C/R ≥ 0,125 

Another significant aspect of determining and analyzing 

the structural behavior of buildings is the vibration period. 

This is variable and depends especially on the type of soil 

on which the structure is supported [14]. Thus, a building 

founded on rock or rigid soil generates a response similar 

to a cantilever perfectly embedded in the base and, 

therefore, will show a lower vibration period. However, if 

it is on soft soil, the vibrations will generate an evident 

deformation, because the soil-building assembly becomes 

more flexible and the period increases, behaving as if it 

were partially coupled as a result of the deformation of the 

embedment [15]. 

Considering the type of soil, its association with the 

period of vibration, and the seismic spectrum, the 

determination of the structural behavior of a given building 

under seismic loads can begin, where the fundamental 

period of vibration, the maximum displacements, and the 

correlation between the significant modes are evaluated 

[16, 17, 18]. Within this approach, another aspect that is 

considered with great attention is structural stiffness. To 

counteract its presence during a seismic movement, 

technological resources that are strategically adapted 

between the structure and the foundation are currently 

employed, which are known as elastomeric anti-seismic 

isolators [19, 20, 21, 22]. Their main function is to dampen 

and absorb movement, and to counteract the generation of 

deformations in the event of an earthquake [23, 24]. 

Although it is true that recent studies have evaluated the 

structural behavior of buildings, very few of these studies 

have gone deeper into the observation of the reaction to 

seismic loads of structures with foundations isolated by 

means of elastomeric devices. Consequently, the purpose 

of the present study is to analyze the influence of soil type 

on the structural behavior of reinforced concrete A1 

buildings with elastomeric anti-seismic isolators. 

In this context, it is necessary for the team of 

professionals in the construction and urban planning sector 

to have prior information on the type of soil on which an 

urban structure is planned to be erected, such as multilevel 

buildings for residences, hospitals, schools, among others; 

this is an important preliminary step to estimate control 

parameters in the design. However, having means, 

mechanisms and devices that significantly isolate the 

foundations from potential seismic movements represents 

a preventive measure of great impact. Therefore, the 

installation of elastomeric isolators at the base of such 

structures will be a very important step [17]. 

It is equally important to be able to use standard data on 

simulated cases with projected structures, to estimate and 

infer the behavior of a given structure before it is erected, 

with the use of specialized software and algorithms 
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developed for that purpose [9-10]. This is part of the 

relevance and pertinence of the development of this study. 

The starting point of the study is the following question: 

what is the influence of soil type on the structural behavior 

of A1 reinforced concrete buildings with elastomeric 

anti-seismic isolators? In this sense, the execution of the 

present study ratifies the importance of knowing the type of 

soil, which is a determining factor in the structural design, 

and is also a basic criterion for the selection, installation, 

and adjustment of the isolation mechanisms between the 

structure and the ground in case of earthquakes. 

In this order of ideas, elastomeric anti-seismic isolators 

are special devices, whose properties allow optimizing the 

design to improve the safety and resilience of reinforced 

concrete buildings. If they are correctly selected for their 

maximum use, the impact of seismic movements can be 

mitigated. The results of this study, it is expected to make a 

significant contribution to engineering professionals and 

the scientific community with relevant data on the previous 

management of soil profiles and the use of elastomeric 

isolators in type A1 structures, to mitigate potential seismic 

loads and favor the preservation of the structure. 

2. Literature Review

First, reference is made to soil profiles and their 

designation S1, S2, S3, and S4, considering the approach of the 

E-03 standard by [13]. For this, soil profiles are classified 

considering the average shear wave propagation velocity, 

or alternatively for granular soils, the weighted average of 

the N60, obtained by a standard penetration test (SPT), or the 

weighted average of the shear strength in undrained 

condition (Su) for cohesive soils. They are estimated in 

these properties, considering the upper 30 m of the soil 

profile, delimited from the level of the foundation bottom, 

as indicated in numeral 2.3.2. In relation to the use of 

methods and techniques for the isolation of structures, it is 

indicated that referring to neoprene supports, which as a 

structure has a lead core that increases initial stiffness and 

dissipates energy during earthquakes, according to Noggle 

and Van Engelen [25]. In addition, the inclusion of a rubber 

core in an infinite band of reinforced steel is considered to 

enhance the function of the elastomeric isolator. 

Furthermore, a solution was developed based on a 

hypothetical pressure solution including and excluding the 

compressibility of neoprene for compression and bending 

properties. 

An economical alternative, which fits the needs of 

developing countries, for the isolation of structures against 

eventual seismic loads (FREI) according to Pianese et al. is 

presented [19]. This alternative is to use (PBFREI) to 

adhere the reduced area of the rubber device to the 

connecting steel. PBFREI retains beneficial characteristics 

of both bonded and unbonded applications, such as 

improved lateral plasticity and hoist intransigence and 

sliding forces. To facilitate fabrication and installation, as 

well as the possibility of unbonded fiber reinforced isolator 

(UFREI) applications, the authors propose a FREI made of 

high cushioning gum and glass fiber fabrics. Performance 

can be examined under bonded conditions and in partially 

adhered and unadhered applications. 

Considering the contribution of Yenidogan [26], who 

performed a historical analysis of the various technologies 

for the isolation of structures to cope with seismic loads, 

elastomeric isolation devices can be classified into three 

main categories according to their damping and composite 

material properties. In the European standard EN 15129, a 

device called “polymer plug rubber bearings (PPRB)” is 

included, along with three main elastomeric bearings. 

Low-damping elastomeric isolators (LDRB) are composed 

of natural rubber, steel wedges and end plates. High- and 

low-damping rubber bearings have a similar configuration. 

It should be noted that elastomeric isolators are the most 

widely used devices to achieve stable restoration of the 

structure in cases of seismic motion [27]. These are 

constructed with natural rubber material, which offers a 

high level of damping, flexibility, and strength to 

counteract potential negative effects in multilevel 

reinforced concrete structures [28]. Figure 1 shows a lead 

core elastomeric bushing (LRB) currently in use. 

Note. Ziraoui et al. [29]. 

Figure 1.  Representation of a high-damping elastomeric isolator LRB 

Similarly, Figure 2 shows the representation of the High 

Damping Rubber Bearing (HDRB) elastomeric isolator. 

This is characterized by having a special composition that 

dissipates seismic energy due to its deformation and heat 

generation. Under standard conditions, it functions as a 

standardized deformation support, so it is specially 

designed for structures with limited space, where it is very 

difficult to install separate support and seismic protection 

systems. 
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Note. Rafik and Abdelhak [30]. 

Figure 2. Representation of an HDRB high-damping elastomeric 

isolator 

However, the in-depth study of the soil type is of great 

importance, because according to its characteristics, the 

seismic wave travels in a certain direction, with specific 

velocity and acceleration [31]. From this perspective, the 

structural behavior of the building depends directly on the 

static and dynamic load, as well as on the geometry and the 

construction material (strength, stiffness and ductility), so 

it is a point of attention of great importance when 

guaranteeing the integrity and permanence of the building 

[32]. 

In this order of ideas, facilities such as public or private 

health facilities categorized as A1, are at high risk due to 

their scope of accommodation for patients and staff. 

Therefore, it is imperative to ensure their functionality 

during and after a seismic event [13]. In a specific context, 

within this type of building, the medical equipment, as well 

as the totality of facilities, have the same level of 

importance that is equated with the infrastructure itself, all 

this due to its high economic value. 

3. Materials and Methods

3.1. Type of Study, Population, and Sample 

The study was treated with a quantitative approach, a 

non-experimental design of applied type, with a 

comparative scope, considering the object of study 

(category A1 buildings) related to structures erected on S1 

and S3 soil profiles. A dual structural system of category A 

(clinical) with the incorporation of an isolation interface, a 

structure formed by 4 levels with soil factor type S1 and S3, 

was set as a sample. 

3.2. Research Techniques 

The techniques used were the structural plan and height 

of the building and the use of software for modeling, 

correction, and scaling earthquakes. Initially, the 

embedded structure is subjected to static and dynamic 

seismic analysis [33, 34] to determine whether it complies 

with the parameters required by the Technical Standard 

E-030 Seismic Resistant Design, chapter IV [13]. 

Once the corresponding parameters were verified, we 

proceeded with the isolation interface and its respective 

devices, determining their mechanical physical properties, 

comparing, and ensuring these values with the Tensa 

company's catalog for the structure isolated with 

HDRB-type devices. 

3.3. Procedure 

The time-history (T-H) analysis [35] was developed 

with records of the Pisco (Ica) earthquake in 2007 [36], 

which were corrected and scaled using seismic engineering 

software, SeismoMatch, and SeismoSignal software. To 

emulate the behavior of the building, the Etabs V. 20.0.0.0 

student version software was used for the corrections and 

scaling of the accelerograms [37, 38]. 

In this order of ideas, the influence or relationship 

between the S1/S3 soils was verified to obtain the seismic 

response of the study sample [36, 37], by incorporating 

HDRB base isolators where the planned results were 

achieved. In addition, the energy was dissipated by the 

devices for both soils, concluding in the influence that the 

type of soil has on the structural behavior of the building 

[38]. 

A dynamic spectral analysis was performed considering 

a series of parameters estimated based on the soil profiles 

as shown in Table 2. 

Table 3 summarizes the characteristics and nominal 

properties of the HDRB isolation devices. 

As explained, the general objective of this study was to 

analyze the influence of soil type on the structural behavior 

of reinforced concrete buildings with elastomeric seismic 

isolators. For this purpose, the following questions were 

developed: what will be the level of the structural response 

of the building when a seismic isolation system is 

implemented according to the type of soil, and what will be 

the percentage of influence of the isolators for energy 

dissipation according to the type of soil? 

In this regard, a specific case was taken as a 4-level dual 

structural system built for health category A1 (private 

clinic) with a roofed area equal to 720 m2 and lengths of 36 

meters on the x-x axis and 24 m on the y-y axis; it includes 

circulation, stairs and central elevator of the building, with 

soil factor type S1 and S3, using as technical support of the 

standards E.030 Seismic Resistant Design of the National 

Building Regulations [13] and E.031 Seismic Isolation of 

the National Building Regulations [39]. 
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Table 2.  Parameters for dynamic analysis of the structure 

Nomenclature Acronym 

Soil factor 

S1 S3 

Zone Z3 0.35 0.35 

Use U 1.00 1.00 

Seismic coefficient C 2.50 2.50 

Soil factor S 1.20 1 

Reduction factor R 7.00 7.00 

Period defining the C-factor platform Top 0.40 1.00 

Period defining the beginning of the C-factor zone with 

constant displacement 
Tl 2.50 1.60 

Period X-X direction TX 0.4614 0.4614 

Period Y-Y direction TY 0.3184 0.3184 

Fixed seismic-B reduction factor R 7 7 

Isolated seismic-B reduction factor R 1 1 

Reduction factor seismic superstructure R 2 2 

Table 3.  Nominal properties of HDRB isolation devices 

Type of insulator according to location Unit Type A device Type B device 

Design load Tn 133.94 66.97 

Tensa Catalog  TDRI-500-NM-154 TDRI-450-NM-150 

Vertical (U1) 

Vertical stiffness (effective stiffness) KN/mm 791 693 

Linear Properties (U2, U3)    

Effective linear stiffness (effective stiffness) KN/mm 1.02 0.85 

Effective Cushioning (effective damping) kn. seg/mm 0.09 0.08 

Non-linear properties (U2, U3) 

Initial stiffness (stiffness) KN/mm 8.04 6.70 

Fluency strength (yield strength) kn 72.22 60.18 

R.I nic/R. ratio. Post ratio 0.096 0.096 

Energy Dissipated Kn.m 66.17 55.14 

Post creep stiffness KN/mm 0.77 0.64 

 

4. Results 

4.1. Modeling Procedure and Structure Analysis 

A 4-story dual structural system building for health 

category A1 (private clinic) with a roofed area equals 720 

m2 and lengths of 36 m on the x-axis and 24 m on the y-axis, 

including stairway circulation and central elevator of the 

building. Figure 3 shows the simulation of the structure in 

question. Etabs 2020 V1 software was used for seismic 

analyses. To mimic the behavior of the analyzed structure, 

previously calculated data were assigned, such as 

preliminary dimensioning and specific weights, load 

assignment, design spectra, and seismic acceleration 

records reported by the Peruvian Japanese Center for 

Seismic Research and Disaster Mitigation (CISMID - 

UNI). 

Table 4 shows the seismic record for the case study 

considering the Pisco earthquake in Ica in 2007. 

SeismoSignal software was used for the correction of the 

accelerograms, and SeismoMatch software was used for 

the amplification of the target earthquake. Data processing 
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and analysis will be performed using Excel software. The 

HDRB-type isolator from the Tensa catalog was used, 

complying with our previous calculations on the physical 

and mechanical properties of the isolator. Figure 4 shows 

the correction of the seismic records, which avoids the 

deviation of the accelerogram, correcting the frequency 

components caused by movements or noises foreign to the 

isolator. 

Similarly, the target seismic spectrum graph is presented 

as shown in Figure 5. 

Figure 3.  Structure designed with fixed base and isolation interface 

Table 4.  Ica-2007 seismic record 

Seism Station Location Date 
Magnitude of the 

earthquake 

Max Acceleration 

-cm/S2 EW 

Max Acceleration 

-cm/s2 NS 

Ica 
San Luis Gonzaga National 

University, Ica, Ica 

August 

15/2007 
7.9 -272.82 333.66 

Note. Seism Signal 2021 

Figure 4.  Corrected accelerogram-Ica_2007- EW 
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Note. Seism Match 2023 

Figure 5.  Target seismic spectrum 

4.2. Definition of Criteria for Structure Emulation 

For concrete 

1. F’c = 280 MPa

2. E = 15000 x SQR (280) * 10 = 2509980 Ton/m2

3. Poisson U = 0.2

4. Weight per unit volume = 2,4 Ton/m3

For steel 

5. F’y = 4200 MPa

6. E = 2 x 10 ^ 6 kg/cm2 = 2000000 MPa

7. Weight per unit volume = 7,849 Ton/m3

Load Factors 

100 % CM + 50 CV + 25 %CVT 

4.3. Vibration Period, Participative Mass, and Shear 

Strength 

First, to estimate the response level, the vibration period 

of the structure was configured, considering the fixed base 

(without the isolators) against the isolated base. In this 

sense, technical aspects of a seismic-resistant design were 

considered to obtain an inelastic response with an adequate 

performance against an earthquake under specifications 

similar to those of Ica 2007. Figure 6 shows the expected 

results considering three specific modes. 

Figure 6 shows the increase of the vibration period for 

the structure with isolation at the base, which complies 

with the design philosophy of isolated structures, for fixed 

base t = 0.461 sec. and isolated base t = 2.033 sec., 

considering an influence of 77 %. Regarding the mass 

participation in the Fixed Base vs. Isolated Base X-X & 

Y-Y system, Table 5 shows the components involved 

according to the model. 

Table 5 shows the participation of masses in more than 

90% of the first three vibration modes of the structure with 

an isolated base, which is recommended by the E-030 

standard. Regarding the base shear force Vs or basal shear 

force, it is the one that vectorially carries a direction and 

sense perpendicular (X-axis) to the base of the structure 

built vertically (Y-axis). It results from the product of 

spectral acceleration and the mass of the building. Figure 7 

shows the determination of the basal shear force in the X-X 

direction. 

Figure 7 shows the Vsx to which the structure with a 

fixed base and with an isolated base is subjected for the 2 

types of soil proposed. It also shows the influence between 

them with a maximum value of Vs at the base of the 

structure with a fixed base equal to 27% and with the 

isolated base of up to 58%, in the X-X direction of analysis. 

Similarly, Table 6 shows the shear forces but in the Y-Y 

direction. 

Table 6 shows the Vsy to which the structure with fixed 

base and with isolated base is subjected for the 2 types of 

soil proposed; it also shows the influence between them 

with a maximum value of Vs at the base of the structure 

with fixed base equal to 17% and with isolated base of up 

to 58%, in the Y-Y direction of analysis. 
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Figure 6.  T - fixed base vs. isolated base P.N - L.I & L.S 

Table 5.  Participating mass according to vibration modes fixed base vs. isolated base 

Participating mass-fixed base vs. isolated base 

Case Mode 

Fixed Base Isolated Base P. N Insulated base L. I Isolated Base L. S 

Period 

sec 

Sum 

UX 

Sum 

UY 

Period 

sec 

Sum 

UX 

Sum 

UY 

Period 

sec 

Sum 

UX 

Sum 

UY 

Period 

sec 

Sum 

UX 

Sum 

UY 

Modal 1 0.461 85% 0% 2.033 93% 0% 2.256 93% 0% 1.485 92% 0% 

Modal 2 0.319 85% 79% 2.011 93% 94% 2.235 93% 94% 1.455 92% 94% 

Modal 3 0.284 85% 79% 1.823 94% 94% 2.028 94% 94% 1.319 93% 94% 

 

Figure 7.  Vs - SMC R=2 (Z3- S1 VS Z3 - S3) X-X Direction 
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Table 6.  Vs - SMC R=2 (Z3- S1 VS Z3 - S3) Y-Y Direction 

SMC R=2 Y-Y DIRECTION 

Description Z3-S1 Z3-S3 

 S1/S3 S1/S3 

Influence 

Story Case 

Fixed 

Base 

Isolated 

Base 

Fixed B. / 

Isol. B. 

Fixed 

Base 

Isolated 

Base Fixed B./ 

Isol. B. 
Fixed B. Isol. B. 

Vy Vy Influence Vy Vy 

(TN) (TN) % (TN) (TN) % % % 

4 SMC R=2Y-Y 358.73 32.64 91% 430.44 75.83 82% 17% 57% 

3 SMC R=2Y-Y 821.20 94.11 89% 985.38 221.39 78% 17% 57% 

2 SMC R=2Y-Y 1115.37 153.84 86% 1338.35 364.74 73% 17% 58% 

1 SMC R=2Y-Y 1279.78 214.10 83% 1535.63 510.14 67% 17% 58% 

Base SMC R=2Y-Y  283.44   676.61    

 

4.4. Displacements 

Next, the maximum displacement is determined in both 

X-X (Figure 8) and Y-Y (Table 7) directions. 

Figure 8 shows the maximum displacements that the 

structure with a fixed base and with an isolated base will 

suffer for the two types of soil, as well as the influence 

between them with a maximum value of displacement at 

the base of the structure with a fixed base equal to 28% and 

with the isolated base of up to 57%, in the X-X direction of 

analysis. 

Table 7 shows the maximum displacements that the 

structure with a fixed base and with an isolated base will 

suffer for the two types of soil, as well as the influence 

between them with a maximum value of displacement at 

the base of the structure with a fixed base equal to 17% and 

with the isolated base of up to 58%, in the Y-Y direction of 

analysis. 

4.5. Time-history Analysis (T-H) 

Another fundamental aspect of the study is the 

time-history (T-H) analysis. The E-031 standard was 

considered, for the Ica_2007_EW case, first in the X-X 

direction and then Y-Y in the corresponding cases in the 

types of soils studied. Tables 8, 9, 10, and 11 show the 

information collected on relative lateral displacement 

between two adjacent floors of a building. 

For the structure with an isolated base for an earthquake 

of ICA_2007_EW, the minimum and maximum drift 

values were obtained. The isolated structure with soil type 

S1 has a maximum drift value at the first level equal to 

0.0018 and for S3 equal to 0.0034, where the influence of 

the relationship between soil types S1/S3 is 47% in the 

X-X direction. Likewise, for the Y-Y direction with soil 

type S1, it reaches a maximum value at the first level equal 

to 0.0013 and for S3 equal to 0.024, where the influence of 

the relationship between soil types S1/S3 is 46 % in the 

Y-Y direction. 

For the structure with an isolated base for an earthquake 

of ICA_2007_NS, the minimum and maximum drift values 

were obtained. The isolated structure with soil type S1 has 

a maximum drift value at the first level equal to 0.0016 and 

for S3 equal to 0.0038, where the influence of the 

relationship between soil types S1/S3 is 59% in the X-X 

direction. Likewise, for the Y-Y direction a soil type S1 

reaches a maximum value at the first level equal to 0.0005 

and an S3 equal to 0.0026, where the influence of the 

relationship between soil types S1/S3 is 81 % in the Y-Y 

direction. 
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Figure 8.  Maximum displacement SMC R=2 (Z3- S1 VS Z3 - S3) X-X 

Table 7.  Maximum displacement SMC R=2 (Z3- S1 VS Z3 - S3) Y-Y 

R=2 DIRECTION Y-Y 

Description Z3-S1 Z3-S3 S1/S3 S1/S3 

Story 
Elevation Location 

Fixed B. Isola. B. 
Fixed B. 

Isola. B. 
Fixed B. Isol. B. 

Fixed B. / 

Isol. B. 
Fixed B. Isola. B. 

Y-Dir Y-Dir Influence Y-Dir Y-Dir Influence Influence Influence 

cm 
 

cm cm % cm cm % % % 

Story4 3 Top 2.84 10.45 73% 3.41 24.95 86% 17% 58% 

Story3 3 Top 2.04 10.29 80% 2.45 24.57 90% 17% 58% 

Story2 3 Top 1.27 10.12 87% 1.53 24.15 94% 17% 58% 

Story1 4 Top 0.56 9.92 94% 0.67 23.68 97% 17% 58% 

BASE 

LEVEL 
0 Top 

 
9.66 100% 

 
23.07 100% 

 
58% 

Maximum displacement last 

level/base 
2.285 0.7886 65% 2.742 1.880 31% 17% 58% 

Table 8.  Drifts-direction X-X - Ica_2007_EW - S1/S3 

DRIFTS (X Sense) Ica Case 2007 XX-EW. 

Description Z3-s1 Z3-s3 S1/s3 
Drift 

Max. 
Control 

Level Diaphragm UX (m) D. Inelastic UX (m) D. Inelastic Influence % E-031 E-031 

Story4 D4 0.1723 0.0006 0.3766 0.0015 56% 0.005 √ 

Story3 D3 0.1704 0.0011 0.3722 0.0024 55% 0.005 √ 

Story2 D2 0.1672 0.0015 0.3650 0.0032 52% 0.005 √ 

Story1 D1 0.1626 0.0018 0.3554 0.0034 47% 0.005 √ 

Base DETAILS 0.1554  0.3418 0.0000    
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Table 9.  Drifts - Y-Y Direction - Ica_2007_EW - S1/S3 

DRIFTS (Y Sense) Ica Case 2007 YY-EW 

Description Z3-s1 Z3-s3 S1/s3 DriftMax. Control 

Level Diaphragm Uy (m) D. Inelastic Uy (m) D. Inelastic Influence% E-031 E-031 

Story4 D4 0.1745 0.0011 0.3729 0.0021 48% 0.005 √ 

Story3 D3 0.1713 0.0012 0.3667 0.0023 46% 0.005 √ 

Story2 D2 0.1676 0.0013 0.3599 0.0025 47% 0.005 √ 

Story1 D1 0.1636 0.0013 0.3525 0.0024 46% 0.005 √ 

Base level DETAILS 0.1585  0.3429 0.0000    

Table 10.  Drifts - X-X Direction - Ica_2007_NS - S1/S3 

DRIFTS (Y Sense) Ica Case 2007 XX-NS 

Description Z3-s1 Z3-s3 S1/s3 DriftsMax. Control 

Level Diaphragm Ux (m) D. Inelastic Ux (m) D. Inelastic Influence % E-031 E-031 

Story4 D4 0.1160 0.0008 0.4238 0.0018 53% 0.005 √ 

Story3 D3 0.1134 0.0014 0.4184 0.0029 53% 0.005 √ 

Story2 D2 0.1093 0.0016 0.4098 0.0037 56% 0.005 √ 

Story1 D1 0.1045 0.0016 0.3986 0.0038 59% 0.005 √ 

Base level DAILS 0.0982  0.3834 0.0000    

Table 11.  Drifts - Y-Y Direction - Ica_2007_NS - S1/S3 

DRIFTS (Y Sense) Ica Case 2007 YY-NS 

Description Z3-s1 Z3-s3 S1/s3 DriftMax. 
Contr

ol 

Level Diaphragm Uy (m) D. Inelastic Uy (m) D. Inelastic Influence % E-031 E-031 

Story4 D4 0.1038 0.0003 0.4282 0.0022 88% 0.005 √ 

Story3 D3 0.1030 0.0003 0.4218 0.0024 88% 0.005 √ 

Story2 D2 0.1022 0.0004 0.4145 0.0027 85% 0.005 √ 

Story1 D1 0.1010 0.0005 0.4065 0.0026 81% 0.005 √ 

Base level DAISL 0.0990  0.3962 0.0000    

 

4.6. Acceleration of Mezzanine Floors 

Another important parameter in this study is represented 

by the inter-story acceleration SD_R=7, taking into 

account the type of soil. With this information, the 

dynamic response of the structure during an earthquake is 

estimated. Therefore, the acceleration experienced by each 

floor of the building concerning the other floors and the 

base during a seismic event is determined. Table 12 

summarizes the results obtained for this study. 

The values shown in Table 12 show the influence of soil 

type for maximum acceleration that will reach the structure, 

where the ratio between them, S1/S3, considering the 

isolated base structure, will have a maximum value (at 

level 1) equal to 58% in the X-X direction and 57% in the 

Y-Y direction of analysis. 
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Table 12.  Influence of floor-to-floor acceleration - design earthquake R=7 - S1/S3 

DESIGN FLOOR_SEISMIC ACCELERATION R=7 GROUND - S3 

Description Fixed Base S3 Isola. Base S3 Influence Influence 

LEVEL CASE 
XX YY XX YY Isola.B./Fixed B. X-X Isola. B./Fixed B. Y-Y 

g g g g % % 

4 SiS_DIN_XX Max 0.0195 0.0212 0.0431 0.0444 55% 52% 

3 SiS_DIN_XX Max 0.0178 0.0178 0.0418 0.0414 57% 57% 

2 SiS_DIN_XX Max 0.0170 0.0171 0.0407 0.0404 58% 58% 

1 SiS_DIN_XX Max 0.0167 0.0174 0.0397 0.0401 58% 57% 

BASE SiS_DIN_XX Max 0.0168 0.0167 0.0354 0.0389 53% 57% 

 

4.7. Hysteretic Loop Analysis and Distribution of 

DRB-type Isolators 

Figure 9 shows the distribution of the HDRB-type 

seismic isolators, according to Standard E-031 [43]. The 

isolation devices are in the K6 and K26 corners of the 

structure because they have different mechanical 

characteristics, considering the characteristics and records 

of the earthquake in Ica, Peru, 2007. 

The diagram in Figure 9 shows the reference point or 

cut-off point between the X and Y axes in the lower left 

corner, where the similarity with a Cartesian axis can be 

appreciated. The structure is then subjected to a simulation 

with the records of the Ica-2007 earthquake. If the peak 

ground acceleration is increased, in successive steps, we 

proceed with an incremental dynamic analysis. These 

procedures are applied to the structure, considering the 

following: in the first, the values of the control parameters 

are used as they come in the software, which are default 

values; in the second, the values determined by the 

calibration procedure are used. Tables 13 and 14 show the 

results obtained. 

When simulating a case like that of Ica-2007_EW, the 

HDRB isolator (K6 - corner), we have for the S1 soil a ∆ 

= 15.87 cm, in the X-X direction, for the Y-Y direction, a 

∆ = 16.42 cm. However, for soil S3 with the Ica 

_2007_EW earthquake a ∆ = 33.17 cm in the X-X 

direction, while for the Y-Y direction a ∆ = 33.65 c. 

Likewise, the influence between each other (S1/S3) for 

the X-X direction reaches a reduction percentage of up to 

52 % and for the Y-Y direction, the influence between 

each other reaches a reduction percentage of up to 51 % in 

the Y-Y direction. For point K-26, for a soil type S1 in the 

X-X direction, a ∆ = 16.77 cm is reached, and in Y-Y a ∆ 

= 16.65 cm. When considering soil S3, in the X-X 

direction a ∆ = 34.39 cm is reached, and in Y-Y a ∆ = 

34.08 cm. It is seen that in the S1/S3 ratio in the X-X 

direction, a reduction of up to 52 % is achieved, while 

S1/S3 in the Y-Y direction is 51 %. In summary, the 

greatest reduction with the HDRB isolator is generated at 

point K6, in the X-X direction, at EW displacement, at 

52 %. 

The HDRB isolator (K6 - corner), in the S1 soil with 

the earthquake of Ica _2007_NS, shows a ∆ = 9.74 cm, in 

the X-X direction, for the Y-Y direction, with the 

earthquake of Ica _2007_NS a ∆ = 10.09 cm. However, 

for soil S3 a ∆ = 37.65 cm in the X-X direction, and for 

the Y-Y direction a ∆ = 39.10 cm, where the influence 

between S1/S3 for the X-X direction reaches a reduction 

percentage of up to 74 % and 74 % in the Y-Y direction. 

In the case of point K-26 to the center, for soil S1 the 

X-X direction a ∆ = 10.19 cm and for the Y-Y direction a 

∆ = 10.20 cm. For soil S3, the X-X direction a ∆ = 38.20 

cm, and for the Y-Y direction a ∆ = 39.28 c. As for the 

percentage reduction, it reaches 73% in the X-X direction 

and 74% in the Y-Y direction. In summary, the highest 

reduction with the HDRB isolator is achieved at point K-6 

in both X-X and Y-Y directions, with NS displacement, 

by 74% respectively. 
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Figure 9.  Distribution and analysis of HDRB base isolators 

Table 13.  Influence S1/S3 - Analysis Isolator_K6_Direction _ EW 

HYSTERESIS DIAGRAM OF INSULATOR K-6 DIRECTION EW 

Description Soil Type 1 Soil Type 3 Influence Influence 

Case ∆ Max. X-X ∆ Max. Y-Y ∆ Max. X-X ∆ Max. Y-Y S1/S3 X-X S1/S3 Y-Y 

Seism cm cm cm cm % % 

ICA 2007_EW 15.87 16.42 33.17 33.65 52% 51% 

Table 14.  Influence S1/S3 - Analysis Isolator_K6_Direction _ NS 

HYSTERESIS DIAGRAM OF INSULATOR K-6 DIRECTION EW 

Description Soil Type 1 Soil Type 1 Influence Influence 

Case ∆ Max. X-X ∆ Max. Y-Y ∆ Max. X-X ∆ Max. Y-Y S1/S3 X-X S1/S3 Y-Y 

Seism cm cm cm cm % % 

ICA 2007_EW 9.73 10.09 37.65 39.10 74% 74% 
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4.8. Energy Dissipated by HDRB Isolators According 

to the Simulation on Soil Type S1 and S3 

It is important to have information on the magnitude of 

energy that can be dissipated according to the simulation, 

using the resources of the Etabs V.20.0.0 software. In this 

sense, the reduction of the stiffness is exposed, and its 

natural period is increased, thus reducing the acceleration 

generated by the earthquake. In this way, the seismic 

isolators, in addition to showing the capacity to dampen the 

effects of the earthquake, allow a reduction of the 

coordinates of the elastic spectrum of accelerations. 

Figures 10 and 11 show the results generated by the 

simulation in the case of HDRB isolators on S1 and 

S3-type soil. 

Explicitly, this simulation indicates that for the case 

Ica_2007, the influence on energy dissipation in direction 

and direction EW_X-X in soil S1 is 82.10 %, while in S3 it 

is estimated at 84.37 %. Similarly, in EW_Y-Y, 83.75 % is 

achieved for S1 and 79.87 % for S3. In the NS_X-X 

direction and direction, it was estimated that for S1 it was 

83.68 %, and for S3 it was 78.47 %, while for NS_Y-Y, the 

percentage of energy dissipation in S1 was 85 % and for S3 

79.24 %. Consequently, the values of energy input to the 

structure and values of dissipation or absorption of such 

energy by the HDRB high damping isolation devices, 

allow a percentage estimate of soil type S1/S3 ratio of 75 %. 

This means that on S1 soil these isolators will make a 

greater contribution, dissipating a higher percentage of 

input energy, and strengthening, in addition, the seismic 

behavior of a type A1 building. 

4.9. Discussion 

The results obtained are related to the contributions 

established in a referential manner. First, it has been 

verified that the safety level of the structure is indeed 

increased, which improves the structural behavior with the 

use of anti-seismic elastomeric isolators, as pointed out by 

Garrido & Fernández-Dávila [29]. These researchers 

concluded that the isolators can modify the structural 

behavior in high-impact earthquakes, considerably 

increasing the lateral displacements and drifts. 

In the same way, it was possible to determine the 

acceleration of the structure that was simulated under the 

conditions of the 2007 Ica earthquake, something similar to 

that reported by Bedoya-Zambrano et al [24], who used 8 

different events. To check the effectiveness, 6 MR 

magnetorheological dampers were installed to improve the 

dynamic response in a 96 m high building. This 

contribution is of great help because it shows that there are 

modern technology-based means that can cope with the 

potential effects of an earthquake on urban structures. 

Finally, the insertion of elastomeric anti-seismic isolators 

in structures located on S1 soils contributes in a higher 

proportion in terms of safety compared to the S3 type. This 

was evidenced by the results of the present study, where 

these devices are supported by Ahn et al [11], who reported 

a higher shear wave expansion velocity in S1 soil than in 

S3 soil. Therefore, the implementation of anti-seismic 

elastomeric isolators effectively contributes to reducing the 

potentially devastating effects of an earthquake of 

considerable magnitude. 

Figure 10.  Graphical representation of the energy dissipated by HDRB insulators on soil type S1 
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Figure 11.  Graphical representation of energy dissipated by HDRB insulators in soil type S3 

5. Conclusions 

It was determined that after performing the simulation 

under the conditions specified in the Ica 2007 seismic 

record, the same magnitude was estimated for soils S1 and 

S3 for the period of vibration of the building with fixed and 

insulated base since it is given by the rigidity and weight of 

the structure. As for the seismic response to shear forces at 

the base for the insulated and fixed base structure, in the S1 

soils with an SMC R=2, they were significantly reduced 

both in the X-X and Y-Y directions. Similarly, the shear 

forces at the base are decreased for the isolated and 

fixed-base structure, where the impact of the soil type ratio 

S1/S3 for the fixed-base version shows an increase of 27%, 

and for the isolated-base structure, 58% in the analysis in 

the X-X direction. 

The isolated structure on soil type S1 has a maximum 

drift value of 0.0016 m at the first level. Regarding the 

importance of the functionality of the isolators, they can 

significantly dissipate the seismic energy entering the 

structure. 

For soil type S1, energy of 1417.67 Ton/m enters the 

isolated structure where the HDRB devices absorb 1164.03 

Ton/m, thus reducing the input energy to the superstructure 

by up to 82 % in the X-X direction, while in the Y-Y 

direction an energy of 1450.58 Ton/m enters, where the 

HDRB isolators absorb 1214.97 Ton/m, thus reducing its 

seismic input energy by up to 84 %. 

As a result, the values of acceleration reach between 

0.1905 g and 0.2529 g in the fixed-base structure. These 

are decreased by up to 90 % in the X-X direction, and in the 

Y-Y direction, by up to 92 % concerning the same 

insulated base for a soil type S1. For the fixed base 

structure with soil type S3, the structure is reduced by up to 

83 % in the X-X direction, and in the Y-Y direction, by up 

to 85 % with respect to the same isolated base structure. 

Therefore, in the case of an A1 structure with 

elastomeric isolation with HDRB devices, if an earthquake 

with similar characteristics to the one in Ica 2007 was to 

occur, the medical equipment, materials, and infrastructure 

have a high possibility of not experiencing a high impact 

damage and will be able to maintain continuous 

functionality. 

Finally, it was specified that the values of energy input 

to the structure and the values of dissipation or absorption 

of this energy by the HDRB isolation devices, allow a ratio 

between S3/S1 soils that reaches values of up to 75%. 

Consequently, on S1 soil, HDRB isolators will make a 

better contribution and will dissipate a higher percentage of 

input energy, strengthening the seismic behavior of a type 

A1 building. 
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