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ABSTRACT

This paper describes results of shake-table tests conducted on a miniature steel building, named EM2. The test program took place at the shake-table of the National University of Mexico. In this research, a base-isolated test unit, EM2-I, was tested with the same ground motion used in test unit EM2. Test unit EM2-I had double friction pendulum type at the base level and its superstructure was identical to that of test unit EM2. Measured maximum interstory drifts were equal to 5.3 % and 0.97 % for test units EM2 and EM2-I, respectively. Measured maximum global drift were equal to 4 % and 0.63 % for test units EM2 and EM2-I, respectively. The maximum seismic coefficient measured in the isolated superstructure was equal to 26 % of the maximum value for this parameter measured in test unit EM2. Results found in this research are discussed in this paper and they show the importance of using isolators as an efficient solution for resisting strong earthquakes.
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1. INTRODUCTION 

Current building codes allow fixed-base structures to develop inelastic response during severe earthquake motion avoiding collapse. In these cases, input seismic energy is dissipated by structural damage, which might lead to significant structural damage with prohibited costs of rehabilitation of the building. Another issue that structural engineers have to face is the need of a continuous operation of essential structures such as hospitals, power plants, and others which should work in emergency situations. It is not feasible to achieve such performance without the help of a seismic response control system. Even though it is possible to build a well-designed structure according to conventional standards and to expect low structural damage, significant floor accelerations might lead to disruption of building operations. This was the case of the Olive View Hospital during the 1994 Northridge earthquake (U.S. Geological Survey, 1996). However, with the use of a seismic control response system, such as base isolation, it is possible to aim three objectives, to preserve user’s life, continue operation and significant structural damage reduction.
This research had the objective of experimentally and analytically evaluate the dynamic response of a base-isolated building and to compare results with those found in a previous research on a conventional fixed-based building, showing the importance of using isolated structures as an efficient solution for resisting strong earthquakes.
The experimental research described in this paper is the first shake-table test of a base-isolated structure in Latin America. This research intends to encourage further research on this topic, to show advantages on the use of seismic base isolation and to promote the develop of standards, which can set minimum requirements for the seismic design of isolated buildings.

1.1 Experimental Test Unit EM2 (Blandón and Rodriguez, 2007)

Test unit EM2 represents a five-story conventional building with a fixed base and was studied in a previous research (Blandon and Rodriguez, 2007), see Figure 1. This building had a regular plan, and was structured with steel frames and a floor system representing a rigid diaphragm in a building. Each floor level had six ingots, representing the weight at each floor. The ingots were screwed to a steel sheet allowing the behavior expected in a rigid diaphragm, see Figure 2. Beams and columns in the test unit had hollow core square sections, with dimensions 63.5 x 4.5 mm, and the steel in the structural elements had a nominal yield stress, Fy, equal to 350 MPa.
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Figure 1. Test unit EM2: frontal view, lateral view and instrumentation (dimensions in mm)
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Figure 2. Test unit EM2: Plan view, floor assembly (dimensions in mm)

The main characteristic of the model is the use of steel fuses, located at the base columns of ground floor (Figure 3) and at each end of longitudinal beams (Figure 4). Inelastic deformations in columns and beams concentrate in fuses, which were manufactured with A36 steel. Tensile tests in steel coupons made with this steel show a yield stress equal to 306 MPa. Figures 3 and 4 show details of screwed connections at base columns and beam-to-column connections, respectively.
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Figure 3. Base plate-column connection. a) Plan view of typical base plate connection and b) Lateral and frontal view 

a) [image: ] b) [image: ]

Figure 4. Beam-to-column connection. a) Plan view of typical connection and b) Lateral and frontal view

Table 1 shows a summary of main characteristics of test unit EM2. The fundamental period and damping of this building were obtained experimentally (Blandón and Rodriguez, 2007).

[bookmark: _Hlk5001943]Table 1. Characteristics of test unit EM2

	Description
	Symbol
	
	

	Weight of super-structure
	Ws
	66.14
	kN

	Fundamental period
	T1
	0.485
	s

	Damping
	s
	2.0
	%

	Typical Story height
	hi
	0.50
	m

	Ground floor story height
	hPB
	0.87
	m

	Total Height
	H
	2.87
	m



1.2 Experimental Model EM2-I (with isolators)

This building had the same super-structure as that of test unit EM2, except that isolators were installed in an additional floor at the ground level which is identified here as N0 level (Figure 5). The analyses of experimental response of test units EM2-I and EM2 allow the comparison of the dynamic response of these two different structures when subjected to the same earthquake input motion. The isolators used in test unit EM2-I were of the Double Friction Pendulum type and they were supplied by the company FIP MEC. The use of elastomeric isolators for this test unit was initially considered. However, the small size of these isolators precluded their manufacturing as a consequence, friction pendulum isolators were selected instead.
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Figura 5. Figure 5. Test unit EM2-I. a) Frontal and lateral view and b) Instrumentation (dimensions in mm)

Level N0, above the isolators, was located between the node at the column bases in the first floor and the steel plate above the isolator, see Figure 6. The isolators were located below level N0 and they were fixed by two connection plates as it is showed in Figure 6. Beam-to-column connections in test unit EM2-I did not requiere any modifications and were the same as EM2 test unit. Table 2 summarize the main charachteristics of test unit EM2-I. The fundamental period and damping were obtained by experimental tests at low amplitude ground movements.
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Figura 6. Base plate-column-isolator connection. a) Plan view of typical connection and b) Lateral and frontal view

Table 2. Characteristics of test unit EM2-I

	Description
	Symbol
	
	

	Weight of super-structure
	Ws
	66.14
	kN

	Isolation level weight
	Wi
	13.10
	kN

	Total weight
	W
	79.24
	kN

	Typical story height
	hi
	0.50
	m

	Ground floor story height
	hPB
	0.87
	m

	Total height
	H
	3.20
	m

	Axial load over e/isolator
	NSd
	19.81
	kN

	Isolated fundamental period
	T1
	2.73
	s

	Isolator equivalent damping 
	e
	15.10
	%



Test units EM2 y EM2-I, had the same structural configuration and both represented miniature buildings. Due to that, it was not necessary to apply dimensional analysis which in many cases cannot properly represent the actual physical problem under study. Based on the above hypothesis, the input ground motions used in the shake-table tests of both test units were not scaled.  


2. DESCRIPTION OF FRICTION PENDULUM ISOLATORS IN TEST UNIT EM2-I

The set of Double Friction Pendulum Isolators used in this research were composed of three elements. Two were curved sliding surfaces and rigid sliders in between, see Figure 7. The isolators’ elements were made of stainless steel with corrosion resistant due to the alloy material of this steel. Figure 10a shows the radius of curvature, R, and values of the static friction coefficient, low, equal to 2.5 %, and dynamic friction coefficient,fast, equal to 2.8 %. The isolators had a diameter D, equal to 300 mm, height H, equal to 98 mm. According to the manufacturer, the isolators have a maximum displacement capacity, dmáx, equal to 200 mm (Figure 7c).
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Figura 7. Components and characteristics of Double Friction Pendulum system (dimensions in mm)

2.1 Nonlinear behavior isolators variables

The nonlinear behavior of the isolators was idealized using the force-displacement bilinear curve shown in Figure 8. Several parameters define this curve, and they are described in the following. The friction force at onset of the isolator’s initial displacement, Fo, is defined in Equation 1, where NSd is the maximum axial load carried by the isolator during an earthquake event. Parameter slow is the static friction coefficient. Parameter K1 is the initial stiffness and is defined as the ratio of Fo to an assumed yield displacement, dy, equal to 1 mm. Parameter K2 is the post-yield stiffness, and is defined in Equation 2 as the ratio of the axial load to the curvature radius R. Parameter Fmax is the maximum force developed by the isolator an is defined in Equation  3, where d is the horizontal displacement of the isolator. Parameter Ke, is the effective stiffness and is defined in Equation 4.
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Figura 8. Bilinear force-displacement curve
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The friction coefficient, , is a variable that depends on the displacement velocity as shown in ec. 5, (Constantinou et al., 1990), where, v is the sliding velocity, fast and slow are the maximum and minimum friction coefficients, respectively. Parameter  controls the change of velocity from slow to sfast. Measured values of friction coefficients were experimentally obtained by the isolators’ manufacturer (FIP MEC), where the experiments were conducted according to the European Standard Anti-seismic Devices (EN 15129, 2009. The measured values for the average friction coefficients slow and sfast were 2.5% and 2.8%, respectively.
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The fraction of critical damping generated by friction forces between the curved surfaces and the rigid slider was defined using the area enclosed by the hysteresis loops. The Federal Emergency Management Agency in its design recommendations and design examples (FEMA 451, 2006) defines the effective stiffness, Ke , using Equation 6, and the effective critical damping, e, using Equation 8. Ec. 7 defines the hysteretic cycle loop area, Eloop.
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3. NONLINEAR ANALISIS MODEL

The proposed model was coded in the computer program Ruaumoko 2D (Carr, 1998). This program was used to perform the nonlinear dynamic analysis (NLDA) and the estimation of the dynamic response of the building EM2-I. The procedure followed to define this model is described in the following.

3.1 Ruaumoko 2D analytical model description 

The model had 76 nodes, see Figure 9, and each node had three degrees of freedom. A total of 40 elements were considered, see Figure 9. Nodes at each level were linked to a master node, assuming a rigid diaphragm. The floor mass was assumed concentrated in a master node at each level. 
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Figure 9. a) Structural model for Nonlinear analysis EM2-I and b) Bilinear hysteresis rule (Ruaumoko 2D)

The fraction of critical damping in the superstructure, , was assumed equal to 2 % for the first two modes and 3 % for other modes (Blandon and Rodriguez, 2007). A total number of six modes of vibration were considered. The Takeda modify hysteresis rule was used for the NLDA (Carr, 1998). The 14 fuses in the test unit were modeled using four-node elements, assuming a rigid link representing the solid block at the fuses’ ends. The internal nodes represent the reduced part of the plate were plastic hinges were developed at the shake-table tests of the isolated structures. The 10 columns in the test unit were modeled using also four-node elements, where the rigid links represent the solid part of steel block at the element’s end. The columns and beams in the test unit were modeled using two-node frame elements, and they were expected to respond in the elastic range in the shake-table tests. Spring elements (Carr, 1998) were used for modelling the fuses, where plastic behavior was expected. The isolators were also modelled with Spring elements. Figure 10 shows the hysteresis rule and related parameters assumed for the Spring elements.
In Figure 9b, + Fy is the initial frictional force that exist in the isolator, Fo, which is defined in Equation 1 by the axial load and the static friction coefficient low in the isolator. The parameter ko is the initial stiffness K1, see Figure 8. The coefficient r, defines the stiffness in the post-elastic range of behavior.
The friction isolator’s model has the shortcoming that the Takeda-modified rule neglects the friction coefficient’s dependence on velocity (Constantinou et al., 1990). However, shake-table tests conducted by Ponzo et al. (2014) have showed that theoretical models neglecting the friction coefficient’s dependence on velocity leads to results not far from those obtained in tests.


4. DESCRIPTION OF THE EXPERIMENTAL STUDY 

4.1 Test Program

The experimental program consisted of low and high-level earthquake shake-table tests. The low-level tests (LLT) were aimed at studying the elastic response of the building.  The high-level tests (HLT) were aimed at observing the system when responding to a strong ground excitation. The peak ground accelerations (PGA) for the LLT and HLT were 0.06g and 0.064g, respectively. The input ground excitation for the LLT and HLT was based on the N10Ecomponent of the Llolleo record of the Chile earthquake of 1940 (Ms= 7.8).  This record has a response spectra whose characteristics are comparable to those expected on a high seismic hazard zone of the Pacific coast in Mexico.
Figure 11a shows the intended input ground motion and the target spectra for a fraction of critical damping equal to 3%.
 a) [image: ] b) [image: ] 

Figure 10. a) Intended Input ground acceleration (M2-Int) and b) Elastic pseudo-acceleration response spectra (M2-Int)

4.2 EM2-I building instrumentation

The test unit was instrumented with displacement transducers to obtain floor lateral displacements and interstory drifts, see Figure 12a. In addition, the Optotrak position system was used. This system can record the location of target markers (leads) on the test unit during a test, with an accuracy of 0.1 mm.  A total of sixteen leads were deployed strategically on the test unit as shown in Figure 12. The sensors were sampled at 200 Hz.

a)  [image: ]   b)  [image: ]

Figure 11. a) Location of displacement transducers and leds, b) Accelerometer location and measurement direction

A total of eighteen accelerometers were placed in the building to obtain data for measuring its dynamic response. Three accelerometers were deployed at each of the building level, identified as A, B and C in Figure 12b. The instrumentation also included one accelerometer at the shake-table for recording its accelerations.

5. TESTS RESULTS

Results obtained from the shake-table test conducted in this research are described in this section. The experimental results are compared with analytical results obtained with Ruaumoko 2D. The analytical results are identified according to Table 3, where the performed test sequence is indicated, the input for the dynamic response and the nomenclature of the Ruaumoko 2D results.

Table 3. Identification of experimental and theorical results

	Test number.
	Signal
	Ruaumoko
Analytical Model

	1
	M1-Exp
	RMK (M1-Teo)

	2
	M2-Exp
	RMK (M2-Teo)

	3
	M3-Exp
	RMK (M3-Teo)



The EM2-I building dynamic properties were obtained from the observed behavior for the tests with two intensities as described in the following.

 5.1 Low-Level Test (LLT)

The M1-Exp test is identified as a Low-Level Test, that is corresponding to a low seismic intensity. The purpose of this test was obtaining the dynamic building properties under elastic behavior, for checking the shake-table acquisition system and instrumentation.

5.2 High-Level Test (HLT)

The M2-Exp and M3-Exp test were identified as High-Level Tests, that is they correspond to a high seismic intensity. The purpose of this test was to subject test unit EM2-I to design forces and observing the dynamic response of the test unit to further comparison with the predicted analytic response. The dynamic properties determined in these tests, where compared with results of the low intensity test, recording the change of fundamental period, which changed from the behavior as a fixed base building to the behavior of an isolated building. The second-high intensity test was carried out with the purpose of corroborating the data obtained during the M2-Exp test.


6. IDENTIFICATION OF DYNAMIC PROPERTIES

Two obtain the dynamic properties of the structure, the transfer functions of the accelerations measured at the N 5 level were calculated with respect to the accelerations measured in the base (figure 12).
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b) High-level test



Figure 12. Comparison of experimental and calculated transfer function. a) M1-Exp and b) M2-Exp

Figure 12a shows the frequencies f1, f2, f3 and f4, obtained experimentally during the M1-Exp test, which are associated with the modes 1, 2, 3 and 4, respectively. Figure 12b shows the frequencies obtained experimentally during the M2-Exp test. In order to obtain the vibration frequencies of the isolated structure in the high intensity test, a range of 10 s was selected, which corresponds to the stage of greatest intensity of the earthquake and includes a duration of 22s to 32 s. The frequency f1, corresponds to the isolators, f2 represents the frequency of the superstructure modified by the isolation system. Table 4 and 5 show the experimental results and the analytical results obtained with Ruaumoko 2D using the measured signals for the LLT and HLT tests, respectively.

Table 4. Dynamic properties: frequency and periods (LLT)  

	Mode
	M1-Exp
	RMK (M1-Teo)

	
	Frecuency (Hz)
	Period (s)
	Frecuency (Hz)
	Period (s)

	1
	1.724
	0.580
	1.724
	0.580

	2
	6.683
	0.150
	6.470
	0.155

	3
	14.145
	0.071
	16.235
	0.062

	4
	25.604
	0.039
	24.871
	0.040





Table 5. Dynamic properties: frequency and periods (HLT)  

	Mode
	M2-Exp
	RMK (M2-Teo)
	M3-Exp
	RMK (M3-Teo)

	
	Frequency (Hz)
	Period (s)
	Frequency (Hz)
	Period (s)
	Frequency (Hz)
	Period (s)
	Frequency (Hz)
	Period (s)

	1
	0.366
	2.732
	0.366
	2.732
	0.366
	2.732
	0.366
	2.732

	2
	3.052
	0.328
	3.540
	0.282
	3.052
	0.328
	3.540
	0.282

	3
	8.118
	0.123
	7.141
	0.140
	8.118
	0.123
	7.141
	0.140

	4
	14.954
	0.067
	15.502
	0.065
	14.954
	0.067
	14.954
	0.067



During the LLT, it was observed that the periods of the specimen EM2-I, were close to those of the specimen EM2 (T1 = 0.485 s). This behavior is associated with the low intensity of the applied signal, since the force required to produce the sliding of the isolators in this case was not exceeded, therefore, the isolation system had no participation in the reduction of the dynamic response.


7. COMPARISON OF THE DYNAMIC RESPONSE: EM2 VS EM2-I

7.1 Dynamic properties

Since the results of the two high intensity tests (M2-Exp and M3-Exp) were similar, only the results obtained in the M2-Exp test are shown in the following. Table 6 compares the measured frequencies and periods of the EM2 building and the EM2-I building. The fundamental period of test unit EM2 (T1 = 0.485 s), increased to 2.73 s in test unit EM2-I, that is 5.6 times that of test unit EM2.

Table 6. Dynamic properties: frequency and periods (EM2 y EM2-I)

	Mode
	EM2 (Exp) (with isolators)
	EM2-I (Exp) (without isolators)

	
	Frequency (Hz)
	Period (s)
	Frequency (Hz)
	Period (s)

	1
	2.060
	0.485
	0.366
	2.732

	2
	7.309
	0.137
	3.052
	0.328

	3
	14.999
	0.067
	8.118
	0.123

	4
	21.851
	0.046
	14.954
	0.067



7.2 Reduction of floor accelerations and story drift in the isolated test unit as compared to observed response in the fixed-base building

Figure 13a shows the relative displacement profiles of both the isolated and fixed-base specimens. As seen there, the maximum displacements of test unit EM2-I were concentrated in the isolators. The maximum displacements of test unit EM2 were located at the roof level. Figure 13b shows the story drift ratio envelop, dr, of test units EM2 and EM2-I. For test unit EM2-I, values of this drift ratio were determined respect to the N0 level.
In the HLT of test unit EM2, the maximum measured global distortion, Drmax, was equal to 4% and the maximum measured interstory drift, drmax, was equal to 5.3%. In the HLT of the EM2-I building, measured values of Drmax and drmax were found equal to 0.63 and 0.97%, respectively. Since the ground floor had the highest story height, drmax was located at that level.
Figure 14a shows the envelopes of absolute accelerations of both buildings. The maximum absolute acceleration measured at the roof level of test unit EM2-I was equal to 0.22 g, which represents 16% of the maximum acceleration measured at the same level of test unit EM2. In Figure 14b, the attenuation of the pseudo-accelerations obtained from the signals measured at the roof level of both buildings is shown in terms of the elastic response spectrum. 
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Figure 13. a) Profile of relative displacements and b) Profile of interstory drifts, dr

a) [image: ] b) [image: ]

Figure 14. a) Profile of measured accelerations (EM2 and EM2-I) and b) Elastic response spectra of measured signals at level N5 (EM2 and EM2-I)

The attenuation or amplification of accelerations can be derived from the ratio of the maximum acceleration measured at the roof level (Ü5máx) and the measured acceleration at the shake-table (Ügmáx). In the HLT of the EM2 test unit, this ratio was equal to 1.31 and for the EM2-I building, this ratio was equal to 0.33. This result is consistent with results shown in Figure 15a, where we can see a significant attenuation of accelerations in the building with isolators due to the increase in the fundamental period and damping. On the contrary, in the fixed-base test unit, an increase in accelerations was observed compared to that of the isolated test unit. These results show some of the advantages of the use of base isolation in structures for reducing seismic risk.
The pseudo-acceleration peaks in the EM2-I test unit in periods less than 0.5 s (figure 14b), are due to the initial stiffness of the isolators, which depends on the lateral displacement and the friction force, therefore, their values are high, and filter the accelerations that affect high frequencies associated with the higher modes of vibration (Skinner et al., 1993). That is, these accelerations occur before the isolation system participates in the reduction of the dynamic response.

7.3 Seismic coefficient

A comparison of measured seismic coefficients, cb, in both isolated and fixed-base test units is relevant to assess the advantages of the former type of test unit as compared to the later. Parameter cb is defined as the ratio of the base shear, Vb and the weight of the superstructure Ws. To determine cb for the EM2 building, a nonlinear static analysis (AENL) was performed with incremental loads and triangular distribution, similar to the one used in its design. From this analysis the seismic coefficient at yielding, cy, was obtained and was equal to 0.281. The computed ultimate seismic coefficient, cu, was equal to 0.612, and corresponds to the maximum lateral deformation capacity at a global distortion, Dr, equal to 5%. The computed maximum seismic coefficient, cmax, for the test unit EM2 was equal to 0.55. This value exceeded the value corresponding to the seismic coefficient at yielding, cy, therefore, corresponds to the range of inelastic response, which leads to structural damage. Test unit EM2 reached a maximum global drift equal to 4% and a global drift at yielding equal to 1.2%, the ratio of these values indicates that this building had a displacement ductility, d equal to 3.3.

a) [image: ] b) [image: ]
Figure 15. Seismic coefficient versus global drift. a) Test unit EM2 and b) Test unit EM2-I

Figure 15a shows the computed lateral resistance bilinear curve for test unit EM2. This figure shows for this test unit the seismic coefficients cy and cmax, and the global drift ratios Dry and Drmax. To verify that the behavior of the superstructure of test unit EM2-I was elastic during the seismic tests, the maximum measured values of the seismic coefficient and the measured global distortion for this test unit were compared with the measured values of these parameters for test unit EM2. Figure 15b shows the values of the seismic coefficient, cmáx and global drift ratio, Drmax, measured in test unit EM2-I for tests M1-Exp and M2-Exp. During the test of test unit EM2-I, the measured maximum seismic coefficients, cmax in the M1-Exp and M2-Exp test were 0.123 and 0.143, respectively. The global drift ratios, Drmax, associated with these seismic coefficients were equal to 0.45 and 0.63%, respectively. In none of these tests yielding of the superstructure was reached, that is the isolated test unit behaved EM2-I elastically.
Table 7 shows a comparison of relevant experimental and predicted results found for the isolated and fixed-base test units for the HLT.

Table 7. Summary comparison response between EM2 and EM2-I

	Structure
	EM2
	EM2-I (M2-Exp) *

	
	Theorical
	Experimental
	Theorical
	Experimental

	Ws (kN)
	66.14
	66.14
	66.14
	66.14

	W (kN) **
	- - - -
	- - - -
	79.24
	79.24

	T1 (s)
	0.501
	0.485
	2.732
	2.732

	 (%)
	3.0
	2.0
	15.0
	15.1

	cy
	0.281
	- - - -
	0.281 
	- - - -

	cu
	0.612
	- - - -
	0.612 
	- - - -

	cmáx
	0.630
	0.550
	0.143
	0.146

	Drmáx (%)
	3.20
	4.00
	0.35
	0.63

	drmáx (%)
	4.50
	5.30
	0.51
	0.97

	Ü1máx / Ügmáx
	0.93
	0.87
	0.32
	0.28

	Ü5máx / Ügmáx
	1.45
	1.31
	0.37
	0.33

	Ügmáx
	0.90
	0.66


     * Results obtained with Ruaumoko 2D.
     ** Total weight of the structure including isolation level.


8. CONCLUSIONS

Analytical and experimental studies were performed for two test units structured with steel frames that had steel fuses in the locations of potential plastic hinges at both base columns and beams’ ends. The first test unit represented a conventional five-story fixed-base building, named EM2 (Blandon and Rodriguez, 2007). The second test unit, named EM2-I, had the same superstructure as the fixed-base test unit, except that double friction pendulum isolators were added at the foundation of the isolated test unit. Both buildings were tested on the UNAM  shake-table and they were subjected to comparable seismic demands.
In the LLT (low intensity), isolators in test unit EM2-I did not significantly participate in the dynamic response, that is the behavior of the EM2-I building for this low intensity test corresponded to that of a fixed-base structure. This was verified by the ratio of absolute accelerations measured at the roof level to the accelerations measured in the shake-table, Ü5 and Üg, respectively, and also by a comparison of the relative displacements measured between the upper and lower plate of the isolator. It is important to note that the maximum seismic coefficient, cmax, measured in the HLT (high level test) of unit EM2-I was equal to 52% of the computed seismic coefficient for this test unit at yielding. Furthermore, in the isolated test unit EM2-I, measured value of cmax was equal to only 27% of the measured value for cmax in the fixed-base test unit EM2.
A significant change in the dynamic response of test unit EM2-I occurred in the HLT. In this test, the fundamental period increased to 5.6 times the fundamental period of the EM2 building, and the computed effective damping was equal to 15%. The maximum global drift ratio, Dr, in test unit EM2-I in the HLT was equal to only 0.63%, which was significantly smaller than the maximum value of Dr measured for the fixed-base test unit EM2, which was equal to 4%. In addition, the maximum absolute acceleration measured at the roof level was equal to 33% of measured value of PGA in the shake-table. This is a significant improvement respect to test unit EM2 where the maximum roof floor acceleration was equal to 1.31 times the PGA, see Table 7.
Results found in this research showed the advantages of the use of double pendulum friction isolators as an earthquake resistant design alternative to significantly improve the structural performance of buildings responding to seismic actions.
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Welcome

On behalf of the Anti-Seismic Systems International Society (ASSISi) and the Russian
Assodiation for earthquake engineering and protection from natural and manmade

hazards (RAEE) we warmly invite you to join us in St. Petersburg, Russia, on 1-6 July 2019 for

the 16th World Conference on Seismic Isolation, Energy Dissipation and Active Vibration
Control of Structures.

We believe this conference presents a unique opportunity for sharing the
latest international earthquake engineering knowledge and we encourage you to start
planning your contributions and attendance at the conference.

Please note the key dates for abstractand paper submission. As the conference date
draws closer the website wil be updated with details of the keynote
speakers, programme and other conference activities.

At the same dates in the parallel session the Xill Russian National Conference on
Earthquake Engineering and Seismic Zoning will be held

We look forward to welcoming you allin St. Petersburg!

Important Dates

Abstract Submission Deadline - 01 december 2018
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