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ABSTRACT

The authors have developed a new bearing called Quake-Thru Bearing (QTB) which consists of a conventional lead rubber bearing (LRB) and a newly developed slider bearing in series. Friction coefficient of the slider bearing component is optimally provided to start to slide just before the LRB component exhibits a hardening behavior with the shear strain of approximately 250%. The bearing behaves as a conventional LRB which is just friction connected to the building structure at either of the upper or the lower end when subjected to design level earthquakes or smaller. In contrast, the sliding behavior prevents the LRB component from hardening behavior and shear break in earthquakes exceeding the design level. Hence, supporting a superstructure only by the proposed bearings will enable the whole SI building to protect from any structural damage regardless of the input ground motion level. In this report, an outline of the bearing and a seismic isolation system applying the proposed bearings, research and development process of the proposed bearing, and the design overview of the first building applying the proposed bearings, are briefly mentioned, respectively.
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1. INTRODUCTION 

Great earthquakes exceeding the building design level have frequently impacted Japan over the last several decades. Consequently, the fear of unexpected events in seismically isolated (SI) buildings has risen. For instance, a record-breaking displacement of approximately 460 mm (0-peak) was observed at an isolation interface of an SI building in 2016 (Takayama et al. 2017). The collision of superstructures with moat walls, excessive response of superstructures and damage to isolation devices are expected as major limit events.  Then, wide variety of measures to these limit events have been developed, such as moat wall buffers that aim to mitigate impact and absorb collision energy (Kumagai et al. 2015), hardening systems such as oil dampers with variable damping factor that assist in preventing excessive deformation at isolation interfaces (Maseki et al. 2015), and the use of more deformable isolators such as a rubber bearing with the largest reported diameter with the goal facilitating a sufficient horizontal deformation limit (Akutsu et al. 2015). However, it is difficult for any of these technologies to protect SI buildings from all of the aforementioned three limit events.
Considering the above, the authors have developed an alternative isolation bearing named Quake-Thru Bearing (QTB) as well as an isolation system that utilizes the proposed bearings. In this report, basic characteristics of QTB obtained from wide variety of loading tests are discussed. Also, an outline of the first building applying QTBs together with conventional slider bearings and oil dampers is introduced.


2. OUTLINE OF QTB

Figure 1 shows an appearance and Figure 2 shows a mechanism of QTB, respectively. The bearing consists of a conventional lead rubber bearing (LRB) component and a newly developed slider bearing component which functions as a Fail-Safe mechanism in series. By assigning an optimum friction coefficient to the slider bearing component, it starts to slide just before the LRB component exhibits a hardening behavior with a shear strain of approximately 250%. Therefore, it behaves as a normal LRB that is friction-connected to the building structure at either the upper or lower end and bolt-connected to the other end when subjected to design or smaller level earthquakes. In contrast, the sliding behavior prevents the LRB component from exhibiting a hardening behavior and shear break for earthquakes that exceed the design level. Furthermore, superstructures maintain their seismic safety because the response shear factor does not significantly exceed the friction coefficient. Hence, supporting a superstructure using only QTBs will protect the entire SI building from any structural damage regardless of the input ground motion level, provided that a sufficiently wide isolation gap is available. Figure 3 shows a comparison in horizontal property between QTB and a conventional LRB. 
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Figure 1. Appearance of QTB
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Figure 2. Mechanism of QTB
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Figure 3. Comparison in horizontal property between QTB and a conventional LRB


3. MECHANICAL PROPERTY OF QTB

3.1 Outline of Loading Tests

Table 1 shows the dimensions and properties of the total of six types of QTB test specimens in addition to one type of the slider bearing component specimen. Dynamic friction coefficient  and static friction coefficient  obtained from the tests are evaluated by the methods described in the succeeding section;
Dynamic friction coefficient :
The average of the following two values in the horizontal hysteresis of the slider bearing component. The absolute ratio of the negative intercept horizontal load in the first loading cycle to the vertical load at the same time, and the ratio of the positive intercept horizontal load in the second loading cycle to the vertical load at the same time.
Static friction coefficient :
The ratio of the maximum positive horizontal load in the first loading cycle to the vertical load at the same time in the horizontal hysteresis of QTB.
All the evaluated values were converted to the values corresponding to 20 degrees Celsius given by the temperature correction equation Equation 1, where, T is the temperature behind the center of the sliding plate at the start time of each loading. The loading velocity V (mm/s) and the mean surface pressure of the slider bearing component  (the value of the vertical load divided by the total surface area of the slider, N/mm2) were also evaluated using the measured values. These values are utilized when the velocity and the surface pressure dependences of the friction coefficients are evaluated in the following sections.

									(1)

Table 1. Dimensions and properties of test specimens
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3.2 Representative Test Results

Sq.-60 is a scaled specimen of the slider bearing component. Uni-directional dynamic loading test was conducted and the surface pressure dependence on  and  were evaluated as shown in Equations 2 and 3, respectively (Hamaguchi et al 2011, 2017). 

											(2)

											(3)

Sq.-200A, Sq.-200B and Sq.-414 are scaled QTB specimens. First, uni-directional dynamic and quasi-static loading tests were conducted for Sq.-414 specimen. The fundamental horizontal mechanical property and the excitation velocity dependence on   and  were evaluated as shown in Equations 4, 5 and Figure 4, respectively (Hamaguchi et al, 2017). The changes in the value of both   and  are quite large when the excitation velocity is relatively slow (V < 160 mm/s for  and V < 320 mm/s for ). While, in the case V is faster than the aforementioned velocity, both   and  exhibit almost constant values.

     (V < 160 mm/s)					(4)

      (V < 320 mm/s)					(5)

[image: ]   [image: ]

Figure 4. Velocity dependence on the friction coefficients

General rubber bearings with high damping efficiency such as LRB and high damping rubber bearing (HDR) cause torsional deformation when subjected to bi-directional loading. This is due to the inconsistency of the directions of the restoring force and the damping force (Minewaki et al. 2009, Yamamoto et al. 2009). The torsion of LRB is relatively small compared to that of HDR (Nakamura et al. 2012) and both sectional shapes of the bearing (circular or square) and the number of lead plugs do not significantly influence the amount of torsional deformation of LRB (Nakamura et al. 2013). In contrast, the rubber part of general elastomeric slider bearings have different vertical distribution in the torsional strain compared to rubber bearings due to the asymmetric degree of fixation at the upper and lower ends (Kamoshita et al. 2014). Hence, the torsional behavior of the LRB component in QTB is expected to be different from that of general LRBs.
Then, the effect of torsional behavior on the maximum shear strain of the LRB component in bi-directional loading was quantitatively evaluated for Sq.-200A and Sq.-200B scaled QTB specimens. Table 2 and Figure 5 show the loading conditions. Both uni-directional and bi-directional sinusoidal loadings were performed under a constant surface pressure of  = 4, 8, 12 N/mm2 and a continuously changing surface pressure of 4–8–12 N/mm2, linked to the longitudinal displacement, respectively. 

Table 2. Loading conditions for Sq.-200A, B specimens

	Surface pressure σs (N/mm2)
	Excitation
pattern
	Frequency
f (Hz)
	Max. velocity
Vmax (mm/s)
	Amplitude
Dx / Dy (mm)
	Cycles

	4 / 8 / 12 const.
var (4–8–12)
	1-Dir.
	0.02 / 0.2
	25.1 / 251
	200.0 /   0.0
	4

	
	4:1 Oval
	
	24.4 / 244
	194.0 /  48.5
	

	
	2:1 Oval
	
	225.5 / 225
	178.9 /  89.4
	

	
	Circular
	
	17.8 / 178
	141.4 / 141.4
	

	
	1-Dir.
	
	25.1 / 251
	200.0 /   0.0
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Figure 5. Loading plan for Sq.-200A, B specimens

The total rubber strain in the LRB component is the summation of the torsional strain due to the torsional moment acting on the LRB component and the shear strain due to the horizontal loading. The maximum value is determined to be at the corner of the fixed edge (bolt-connected side). For circular loading of Sq.-200B with f = 0.2 Hz and  = 4, 12 N/mm2, the appearance of the specimen at the maximum amplitude in the longitudinal direction and the time histories of the rubber strain at the corner of the fixed edge are shown in Figure 6. The behavior of the LRB component is significantly different based on the vertical loading condition. For  = 4 N/mm2, torsional deformation was larger, the closer we got to the slider bearing component or friction-connected side. This is because the torsional moment distribution was assumed to have a cantilever-like shape with a low degree of fixation at the sliding surface. The maximum torsional strain approached approximately 100% and the total strain exceeded 200% at the corner on the fixed edge. For  = 12 N/mm2, the maximum torsional strain was approximately only 30% and the effect on the total strain was dramatically reduced. This is likely because the torsional moment distribution was relatively uniform because the friction-connected side had almost the same degree of fixation as the bolt-connected side under high pressure. Given that there is no significant difference in the torsional behavior based on the loading frequency, Table 3 shows the maximum torsional and total strains in the bi-directional loadings and the ratio of these maximum total strains to that in uni-directional loadings. Even in the case of uni-directional loadings, approximately 10–30% of torsional strain was observed. This was likely due to the asymmetric surface pressure distribution orthogonal to the loading direction. The torsional strain for bi-directional loadings increased as the surface pressure decreased and the loading pattern was closer to that of a circle. The maximum values were 106%, 52% and 36% for circular loadings with  = 4, 8, 12 N/mm2, respectively. Given that the bearing should be applied under the standard surface pressure of approximately 10 N/mm2 (Hamaguchi et al. 2017), the increase in ratio of the total strain for bi-directional loadings is assumed to be approximately 10–20% only. In addition, there was no significant difference in the torsional behavior of the LRB component for S2.
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Figure 6. Rubber strain of Sq.-200B (f=0.2Hz, circular loading)


Table 3. Maximum strain of Sq.-200A, B (f = 0.2Hz)

	Surface pressure
σs (N/mm2)
	Excitation
pattern
	Sq.-200A
	Sq.-200B

	
	
	Torsional
strain
	Total
strain
	Rate of increase
	Torsional
strain
	Total
strain
	Rate of increase

	4
	1-Dir.
	0.22
	1.14
	－
	0.15
	1.15
	－

	
	4:1 Oval
	0.58
	1.74
	52.1%
	0.66
	2.00
	73.8%

	
	2:1 Oval
	0.62
	1.92
	68.2%
	0.92
	2.35
	104.4%

	
	Circular
	0.67
	2.02
	76.2%
	1.06
	2.40
	108.5%

	8
	1-Dir.
	0.19
	2.31
	－
	0.28
	2.36
	－

	
	4:1 Oval
	0.24
	2.66
	15.2%
	0.41
	2.57
	8.9%

	
	2:1 Oval
	0.25
	2.69
	16.5%
	0.42
	2.71
	14.8%

	
	Circular
	0.25
	2.86
	24.0%
	0.52
	2.88
	22.0%

	12
	1-Dir.
	0.12
	3.05
	－
	0.22
	3.00
	－

	
	4:1 Oval
	0.25
	3.36
	10.3%
	0.31
	3.26
	8.7%

	
	2:1 Oval
	0.34
	3.38
	10.9%
	0.29
	3.30
	9.8%

	
	Circular
	0.36
	3.52
	15.6%
	0.27
	3.32
	10.5%

	var
	1-Dir.
	0.19
	3.11
	－
	0.11
	2.80
	－

	
	4:1 Oval
	0.34
	3.49
	12.2%
	0.49
	3.23
	15.2%

	
	2:1 Oval
	0.45
	3.63
	16.6%
	0.54
	3.30
	17.7%

	
	Circular
	0.34
	3.62
	16.1%
	0.53
	3.38
	20.4%



Moreover, significance of applying actual size of specimens in isolation device testing have become widely known over the process of the aforementioned experimental researches for evaluating the torsional behavior. As considering the above, the authors conducted uni-directional dynamic and quasi-static loading test for Sq.-600, uni-directional quasi-static loading test for Sq.-900A, and bi-directional dynamic and quasi-static loading tests for Sq.-900B, respectively. In this report, the test result of Sq.-900B is highlighted due to the limitation of the allotted number of pages.
Table 4 and Figure 7 present the loading conditions. Both uni-directional and bi-directional sinusoidal loadings were performed under a constant surface pressure of  = 4, 8, 12 N/mm2 and continuously changing surface pressure of 1–8–15 N/mm2 linked to the longitudinal displacement, respectively. Seismic response excitations were also performed under a constant surface pressure of  = 4, 8, 12 N/mm2. The excitation wave was a calcurated response at an isolation interface of a certain SI building 

Table 4. Loading conditions for Sq.-900B test

	Surface pressure σs (N/mm2)
	Excitation
pattern
	Frequency
f (Hz)
	Max. velocity
Vmax (mm/s)
	Amplitude
Dx / Dy (mm)
	Cycles

	4 / 8 / 12 const.
var (1–8–15)
	1-Dir.
	0.02 / 0.2
	75.4 / 754
	600.0 / 0.0
	3

	
	4:1 Oval
	
	73.1 / 731
	582.1 / 145.5
	

	
	2:1 Oval
	
	67.4 / 674
	536.7 / 268.3
	

	4 / 8 / 12 const.
	Seismic response
	868
	429.9 / 256.3
	1
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Figure 7. Loading plan for Sq.-900B test

Figure 8 shows the horizontal hysteresis curves for sinusoidal loadings with f = 0.2 Hz and seismic response excitations. Tracks of the QTB and the LRB component are indicated for uni-directional sinusoidal loadings and seismic response excitations, while the tracks of the longitudinal and lateral directions of the QTB are shown for bi-directional sinusoidal loadings. From the results, the following was confirmed: 1) the hysteresis curve has an approximately tri-linear shape for dynamic loading of actual-size QTB under constant surface pressures, 2) horizontal load during sliding continuously varies in the case of the loadings with a changing surface pressure and consequently the hysteresis curve of the QTB shows a distorted shape while the hysteresis curve of the LRB component maintains a bi-linear shape, 3) in bi-directional loadings, specific features with a round shape in the longitudinal direction and the maximum restoring force near the origin than at the maximum deformation are observed, 4) based on the results for seismic response excitations, the ratio of the horizontal deformation of the LRB component to the total deformation of the QTB becomes larger as the surface pressure increases. The LRB component is responsible for the hardening behavior for  = 12 N/mm2. 
The maximum torsional and total strains for bi-directional loadings and the ratio of the maximum total strains to that obtained for uni-directional loadings were also evaluated. These values were all observed at the corner on the fixed edge of the LRB component. There is no significant difference compared to the results for Sq.-200B (Table 3) despite the large difference in the exterior size. The total strain under  = 12 N/mm2 was 310% which was slightly larger than the elastic limit of the rubber. The value under a continuously changing surface pressure of  = 1–8–15 N/mm2 remained at approximately 330%.
Based on these test results, it is thought that even the actual-size QTB has a tri-linear-shaped hysteresis curve without exhibiting the hardening behavior, provided that the bearing is applied under the standard surface pressure of approximately 10 N/mm2 and a short-term allowable surface pressure of less than approximately 15 N/mm2 (Hamaguchi et al. 2017, 2019).
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Figure 8. Hysteresis curves of Sq.-900B

3.3 Surface Pressure Dependence on Dynamic and Static Friction Coefficients

From the loading tests mentioned in the preceding section, the total of 292 data for  and 198 data for   including the results for quasi-static loadings were obtained. In this section, all the values of  and  obtained for low-speed loadings are transformed to  and  utilizing Equations 4 and 5, respectively. Figure 9 shows the relationship between the mean surface pressure  and (a) , (b) , together with Equations 2 and 3, respectively. Large dispersions are observed in the both test results. Generally, the larger the value of S2 and the planar dimension of the QTB, the smaller the value of  and  and the larger the distance from Equations 2 and 3.
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Figure 9. Mean surface pressure dependence on the friction coefficients

This is supposed to be caused by the significant difference between the real surface pressure and the mean surface pressure, mainly due to the following two reasons. Firstly, the smaller S2 or the shear stiffness of the LRB component is, and the larger the vertical load becomes, the larger the surface pressure when the bearing is sliding becomes, as it is thought that the pressure receiving area of the slider is correlated to the projected rubber area of the LRB component (see Figure 2). Secondly, the larger SS (the ratio of the LRB side length to the total thickness of the three intervening plates that connect the LRB and the slider bearing components, also see Figure 2) is, or the lower the out-of-plane stiffness of the intervening plates is, and the larger the vertical load is, the larger the surface pressure becomes. This is because the vertical load concentrates to the center area of the slider as the edge of the slider is uplifted from the sliding plate due to the overturning moment of the LRB component. Thus, in this section, new estimation equations for  and  that yield better accuracy and versatility compared to Equations 2 and 3 are formulated. This is accomplished by the introduction of the effective surface pressure , instead of the mean surface pressure .  is inductively estimated from the test results obtained in the preceding section. 
Since Sq.-60 is only a slider bearing component without an LRB and the slider is set into a stiff steel block, it is thought that there is no decrease of the pressure receiving area and no uplift of the slider edge. Thus, it is apparent that  is equal to  regardless of the test conditions. Therefore, the relationship between  and  is represented by Equation 6 which refers to Equation 2. 

											(6)

For the six types of QTB specimens, by assuming that the relationship between  and  follows Equation 6,  is estimated from Equation 7, which is obtained by substituting the value of  obtained in the tests associated with Equation 6. Here, the correction factor  for  to  is defined by Equation 8.

										(7)

	()										(8)

Least square approximation was applied to evaluate  as a linear function of  for each of the six types of QTB specimens. To determine a versatile equation for estimating  regardless of the QTB dimensions, Equation 9 was integrated as a simple function utilizing only S2, SS and  as parameters.

							(9)
Provided 4.6≦S2≦7.4，3.4≦SS≦7.5，2.5≦≦30

As for  , the ratio of  to  for estimating , by applying almost the same procedure as the preceding section referring to Equation 3, Equations 10 to 13 are introduced.

								(10)

										(11)

	（≧1）										(12)

							(13)
Provided 4.6≦S2≦7.4，3.4≦SS≦7.5，2.5≦≦30

Figure 10 shows the relationship between  and (a) , (b)  for each test result of the six types of specimens together with Equations 9 and 13, respectively. In three types of specimens with relatively high shear stiffness in the LRB component with S2 = 7.4,  yields an approximately constant value regardless of SS and  (Figure 10 (a-i), (a-ii) and (a-iii)). It is assumed that the uplift of the slider edge is significantly decreased when S2 is large, or the out-of-plane stiffness of the LRB component is high. In contrast, in the remaining three types of specimens that have a relatively low shear stiffness in the LRB component with S2 = 4.6 to 5.1,  increases linearly with the increase of  (Figure 10 (a-iv), (a-v) and (a-vi)). Although S2 is almost the same in these three types of specimens, the slope of  in Sq.-900A is significantly higher than that of the other two specimens. This is likely because the uplift of the slider edge occurs easily in Sq.-900A, given that the out-of-plane stiffness is extremely less (SS = 7.5) compared to the other two specimens (SS = 4.2, 5.2, respectively). In three types of specimens with S2 = 7.4,  = 1.68 yields a relatively high coincidence with the test results (Figure 10 (b-i), (b-ii) and (b-iii)). In remaining three types of specimens with smaller S2,  increases linearly as  increases (Figure 10 (b-iv), (b-v) and (b-vi)). However, Equations 9 and 13 give good evaluations for the relationship between  and , in general.
Figure 11 shows the relationship between  and (a)  for all 292 data, (b)  for all 198 data, respectively. Equations 6 and 10, and those variations of 20% are also shown in Figure 11. As for , only one data value (1/292 x 100 = 0.3%) lies outside of the variation range. This means that variations of 20% of Equation 6 corresponds to the mean value  three times the standard deviation, for the estimation of  in high-speed loadings. This is valid if the value of  follows a Gaussian distribution. It is thought that the surface pressure dependence of both  and  can be estimated with high accuracy utilizing  instead of , regardless of the QTB dimensions.
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Figure 10. Correction factors Rd and Rs for effective surface pressure
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Figure 11. Dynamic and static friction coefficients estimated with effective surface pressure



4. APPLICATION TO AN ACTUAL BUILDING

4.1 Building Outline

Figure 12 shows the appearances of a new dormitory building for young Takenaka employees that will be completed in Kobe, Japan, July 2019. The 3-story RC frame SI building applying 16 QTBs for the first time together with 39 conventional slider bearings and eight oil dampers is a successor of a former dormitory completed in 1960 and demolished after 57 years in use. Although the predecessor survived the 1995 Kobe Earthquake with only slight structural damages despite that it was located in one of the most disastrous area, the new dormitory employed the cutting-edge SI technology to maintain its full function even after severe earthquakes exceeding the design level. Figure 13 shows a configuration of the isolation devices.
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Figure 12. Appearances of the first SI building applying QTBs
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Figure 13. Configuration of isolation devices

4.2 Seismic Response Analysis

Figure 14 shows a time history analysis model utilized in the design stage that is a lumped mass superstructure with an isolation interface which consists of 16 spring members for QTBs and three spring members for integrated high-friction slider bearings, low-friction slider bearings and oil dampers, respectively. For the design level earthquakes, three observed ground motions and three art-waves based on the Japanese design code were employed, while three long period type art-waves and two near fault type art-waves are adopted for the beyond design level earthquakes, as shown in Table 5.
Figure 15 shows the horizontal response of a QTB for Long period art-wave no.1. It is clear from Figure 15 (a) that the maximum deformation of the LRB component is limited to approximately 290 mm (240% shear strain) and it does not exhibit the hardening behavior, despite the fact known from Figure 15 (b) that the maximum deformation of the QTB aproaches approximately 360 mm which corresponds to three times the total rubber thickness of the LRB component.
Table 5 summarizes the results of the time history analysis. Looking at the responses of the superstructure, the maximum acceleration is dramatically reduced to smaller than 2 m/s2 and the maximum story drift angle remains within the criterion of 1/200 for all the analysis cases. While, the residual deformation at the isolation interface becomes relatively large in the cases of near fault type, although the maximum deformation remains within the design isolation gap of 800 mm.
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Figure 14. Time history analysis model
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Figure 15. Seismic response of QTB (Long-period art-wave no.1)

Table 5. Maximum responses (U direction)

	Input ground motion
	Superstructure response
	Isolation interface response
9 mm

	Name
	Max. acc.
	Max. acc.
at 3rd floor
	Max.
Story angle
	Maximum
deformation
	Residual
deformation

	Design EQs

	El Centro 1940 NS
	5.11 m/s2
	1.25 m/s2
	1/800
	193 mm
	–

	
	Taft 1952 EW
	4.97 m/s2
	1.36 m/s2
	1/682
	198 mm
	–

	
	Hachinohe 1968 NS
	3.49 m/s2
	1.19 m/s2
	1/817
	173 mm
	–

	
	Design art-wave no.1
	4.11 m/s2
	1.29 m/s2
	1/754
	186 mm
	–

	
	Design art-wave no.2
	4.45 m/s2
	1.21 m/s2
	1/742
	150 mm
	–

	
	Design art-wave no.3
	3.95 m/s2
	1.25 m/s2
	1/801
	173 mm
	–

	Extreme EQs
	Long period art-wave no.1
	1.94 m/s2
	1.17 m/s2
	1/838
	357 mm
	1 mm

	
	Long period art-wave no.2
	2.74 m/s2
	1.33 m/s2
	1/579
	163 mm
	20 mm

	
	Long period art-wave no.3
	3.06 m/s2
	1.21 m/s2
	1/761
	111 mm
	32 mm

	
	Near fault art-wave no.1
	8.29 m/s2
	1.80 m/s2
	1/420
	776 mm
	331 mm

	
	Near fault art-wave no.2
	5.41 m/s2
	1.71 m/s2
	1/445
	799 mm
	371 mm




5. CONCLUSIONS

Basic characteristics of QTB, an alternative isolation bearing that consists of a conventional lead rubber bearing and a slider bearing in series, were discussed. Also, an outline of the first building applying QTBs together with conventional slider bearings and oil dampers was introduced. The results obtained in this report are as follows.
[1] The effect of torsional strain in the LRB component was reduced with the increase of the surface pressure, although the effect was larger in bi-directional loadings. However, it is considered that there is no serious problem in practical use of QTBs in SI buildings.
[2] Both the dynamic and static friction coefficients have almost the same values for uni-directional and bi-directional loadings, although the features of the hysteresis curves are significantly different in the number of loading axes, trace of horizontal loadings and surface pressure.
[3] The dimensions of QTB, especially S2 and SS significantly influence both the dynamic and static friction coefficients. This is caused by the increase of the effective surface pressure due to the shear deformation of the LRB component and the uplift of the slider edge from the sliding plate.
[4] The effective surface pressure of the slider bearing component was inductively evaluated based on test results. By applying an effective surface pressure instead of the conventional mean surface pressure, both dynamic and static friction coefficients are evaluated with high accuracy regardless of the QTB dimensions.
[4] An outline of the first SI building applying QTBs was introduced. By utilizing QTBs together with conventional slider bearings and oil dampers, it is thought that the maximum deformation at the isolation interface is remained within the reasonable range even when subjected to earthquakes exceeding the design level.
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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!
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