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Abstract
This paper presents the results of a shaking table test of a seismically isolated building 

in which a spherical sliding bearing (NS-SSB) was used. The test was conducted at 

a large-scale seismic test facility at the National Research Institute for Earth Science 

and Disaster Resilience in Tsukuba, Japan. The average bearing contact pressure at the 

bearing was approximately 70 MPa, which reproduced the full loading of the actual 

building design conditions. The low-friction and medium-friction NS–SSB types were 

used for the bearings. Several level 2 class seismic ground motions were input that 

significantly exceeded the amount of seismic activity expected during the service life 

of the building. The experimental results showed that the NS-SSB exhibited significant 

robustness and good seismic performance, corroborating previous evaluations. In 

addition, the analytical model incorporating the effects of frictional heat and various 

dependencies showed good agreement with the experimental results.

1	 Introduction

The demand for spherical sliding bearings (NS-SSBs)1), 
developed solely by Nippon Steel Engineering Co., Ltd., 
has been steadily increasing since their release in 2014, 
with approximately 6,400 sets adopted as of August 
2022. The NS-SSB enables stable friction damping at 
high pressures and lengthens the natural period owing to 
the special friction material and the pendulum principle. 
Furthermore, because NS-SSBs allow designers to 
minimize the installation space owing to their compact 
structures, they have been accepted by the domestic 
seismic isolation market, which has traditionally been 
dominated by elastomeric bearings.

Performance verification of the NS-SSB was initially 
conducted by static full-scale load tests using a large-
scale biaxial shear testing machine owned by Nippon 
Steel Engineering Co.. Dynamic performance verification 
was subsequently conducted using the Caltrans Seismic 
Response Modification Device Test System (SRMD) 
at the University of California, San Diego (UCSD)2)-6). 
These studies are highly regarded among designers, and 
the reliability of the NS-SSB continues to the present day.

However, in the design process, the seismic isolation 
performance of seismic isolation buildings using NS-
SSB with respect to the design seismic ground motion is 
often analytical and uses product performance parameters 
such as a range of dependencies. Although there are 
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experimental examples of the use of low-friction bearing 
types in the three-dimensional full-scale earthquake 
testing facility at E-Defence7,8), the bearing pressure was 
lower than that of the actual building structure. To date, 
there have been no opportunities to examine the seismic 
isolation performance of seismically isolated buildings 
and verify the effectiveness of bearings directly.

In this study, we performed a shaking table experiment 
on a seismic isolation building using NS-SSB at the 
National Research Institute for Earth Science and Disaster 
Resilience in Tsukuba, Japan. We present the results of 
the tests and effectiveness of the seismic isolation using 
NS-SSB under various types of seismic ground motions.

In addition, we present the validity of the analytical 
model that incorporates the effects of frictional heat and 
other dependencies.

2	 Overview of NS-SSB

The NS-SSB is a double-concave-type spherical 
sliding bearing comprising spherical concave plates 
with stainless- steel plates arranged above and below 
the bearing (Fig. 1). During earthquakes, a slider with 
special friction materials installed on both sides supports 
the vertical load and slides on the spherical surface. 
This results in an elongated natural period of the upper 
building, which helps it deviate from the dominant period 
of the earthquake and reduces the input ground motion. 
Additionally, it dissipates seismic energy as frictional heat 
and dampens the response displacement. In other words, 
the NS-SSB is a highly functional seismic isolation 
bearing that combines the functions of an isolator and a 
damper.
 

Figure 2  shows the equilibrium of forces for a double-
concave-type spherical sliding bearing under horizontal 
loading.

Here, the curvature radii of the lower and upper 
concave plates are R1 and R2, respectively; the slider 
height is h; the vertical support load at time t is W(t); 
the horizontal load is F(t); the friction coefficient of the 
sliding surface and the relative displacement with respect 
to the slider are denoted as μ1(t), μ2(t), u1(t), and u2(t); and 
the frictional and normal forces on the slider and concave 
plate surfaces are denoted as Ff1(t), Ff2(t), S1(t), and S2(t). 
Then, Eqs.  (1) and (2) are obtained from the equilibrium 
of the forces acting on the lower concave plate9).
 W(t) + Ff1(t) sinθ1(t) – S1(t) cosθ1(t) = 0 (1)

 F(t) – Ff1(t) cosθ1(t) – S1(t) sinθ1(t) = 0 (2)
Additionally, the relative displacement u1(t) is

 u1(t) = (R1 – h/2) sinθ1(t) (3)
Assuming that the curvature radius is sufficiently large 

compared to the displacement u1, by combining Eqs. (1), 
(2), and (3), the following equation is obtained:

 F(t) = Ff1(t) +          u1(t) (4)
W(t)
R1

Similarly, the equilibrium of forces for the upper 
concave plate is obtained as follows:

 F(t) = Ff2(t) +          u2(t) (5)
W(t)
R2

Additionally, the horizontal displacement of the entire 
bearing is
 u(t) = u1(t) + u2(t) (6)

Substituting Eqs. (4) and (5) into Eq. (6), the force–
displacement relationship for the entire bearing is 
obtained as shown in Eq. (7):

 F(t) =                                +               u(t) (7)
R1 Ff1(t) + R2 Ff2(t)

R1 + R2

W(t)
R1 + R2

For the NS-SSB, the upper and lower curvature 
radii are equal at R1 = R2 = R, as well as the friction 
coefficients, where μ1 = μ2 = μ. When the displacement 
u(t) = 0, Eqs. (8) and (9) are obtained: Thus, Eq. (7) can 
be rewritten as Eq. (10).
 Ff1(t) = μ1(t) W(t) (8)，

 Ff2(t) = μ2(t) W(t) (9)

 F(t) = μ(t) W(t) +          u(t) (10)
W(t)
2R

From the above, the restoring force characteristics of 
the NS-SSB during operation can be approximated by a 
bilinear hysteresis curve, as shown in Fig. 3. 

SliderConcave Plate

(Curvature Radius) R

(Supporting Weight) W

F

u

Fig. 1  Features of Spherical Sliding Bearing
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The following relationship is obtained by utilizing the 
intercept load Q, secondary stiffness tangential period T, 
gravitational acceleration g, and secondary stiffness K:

   Intercept load  Q = μ(t) W(t) (11),

   secondary stiffness tangential period  T = 2π (12),
2R
g

   secondary stiffness   K =  (13)
W(t)
2R

In the design process, we use the upper and lower 
friction coefficients that consider these dependencies. 
Additionally, we incorporate these dependencies into a 
general-purpose time-history response analysis to evaluate 
their impact, although the temperature effects caused by 
friction heat generated on the surface are not available in 
the analysis program. 

The NS-SSB friction coefficient µ(t) that considers 
dependencies can be expressed using the following 
equation:

     μ(t) = α(t) × β(t) × v(t) × μ0

 : Friction coefficient considering dependency (14)

where μ0 is the reference friction coefficient of the NS-
SSB. This coefficient is determined as the average 
y-intercept value obtained by dividing the horizontal load 
in the third cycle of the sine load by the vertical load. The 
calculation is referred to the maximum velocity of 400 
mm/s of sine load, vertical pressure of 60 MPa, amplitude 
of ±200 mm, and ambient temperature of 20˚C. The 
variables α(t), β(t), and γ(t) represent the dependencies 
on velocity v(t), ambient temperature θ(t), and bearing 
pressure σ(t). Here, the temperature effect caused by 
ambient temperature θ(t) was assumed to be negligible 
compared to the cycling effect generated at the slipping 
surface by the repeated cyclic loading. The cycling effects 
were not considered in the comparison between the 
experimental and calculated values presented in Section 
4-3, but in Analytical Verification Section 5, Table 1 
shows the dependencies of the medium- and low-friction 
types10),11). These dependencies were validated through 
tests conducted in the laboratory using a biaxial loading 
machine as well as the UCSD Caltrans Seismic Response 
Modification Device (SRMD) testing facility2)-6).

The actual friction phenomenon is not solely governed 
by the Coulomb friction theory but is influenced by factors 
such as the instantaneous temperature (or cycling effect), 
bearing pressure, and velocity at the slipping interface. 

Q = μ(t) W(t)

-Q = -μ(t) W(t)

F(t)

u(t)-u(t)

K

Fig. 2  Equilibrium of Internal Force

Fig. 3  Hysteresis Curve of NS-SSB

Table 1  Friction Dependencies of NS-SSB
Medium-Friction Type Low-Friction Type

Reference Friction 
Coefficient μ0 = 0.043±0.01 μ0 = 0.013±0.007

Velocity Dependency α(t) = 1.0 – 0.55 × e-0.019v(t) α(t) = 1.03 – 0.55 × 1.5-0.018v(t)

Temperature 
Dependency*1 β = 1 β = 1

Pressure Dependency γ(t) = 2.03 × σ(t)-0.19 + 0.068 γ(t) = 20 × σ(t)-0.9 + 0.5

*1: 	No environmental temperature effect was considered and its 
dependency was not considered when comparing the calculated 
values presented in Section 4-3

Here, σ(t) =           ,  As: slider cross-sectional area
W(t)
As
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Displacement Meter 
(three locations per floor)

Accelerometer 
(two locations per floor)
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Direction
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Spherical Sliding Bearing

(a) Short Side Direction (b) Long Side Direction

Fig. 4  Frame Structure and Measurement Points

3	 Overview of Experiment

An experiment was conducted using a large-scale seismic 
device at the National Research Institute for Earth 
Science and Disaster Resilience in Tsukuba, Japan. The 
main objectives of the experiment were: (1) to assess 
the seismic isolation performance under practical higher 
pressures due to vertical loads for both the medium- and 
low-friction types, and (2) to validate the theoretically 
calculated values and the response analysis values 
with the experimental results, while also accumulating 
expertise in shaking table experiments.

3-1.	 Specimen
Figs. 4 and 7 show an overview of a seismically isolated 
building. The building was a three-layer structure with a 
span of 2000 mm × 6000 mm, and it was supported by 
spherical sliding bearings at the base of each of the four 
columns. The steel-frame weights of the first to third 
floors were 67.7 kN, 44.1 kN, and 25.5 kN, with a total 
weight of 137.3 kN (Table 2).

The seismically isolated building was loaded with 
steel weights to reproduce the actual self-weight and 
shipment load weight of the building. Fig. 5 illustrates 
the arrangement of the steel weights. Eighteen steel 
weights of 24.5 kN were evenly distributed, with nine 

on the first floor and nine on the second floor, resulting 
in a combined weight of 441 kN. These values are 
significantly larger than the loading weight ratios of 
seismically isolated buildings in actual use, such as 
logistic warehouses of up to approximately 50%. The 
vertical support load of each bearing was 145 kN (73 
MPa), which was approximately 20% higher than the 
reference pressure of 60 MPa. The structural frame was 
designed to remain within the elastic range for Level 2 
seismic ground motion, which represents a rare large-
scale earthquake occurrence (approximately once every 
500 years).

Figs. 6 and 8 show an overview of the spherical sliding 
bearings. The bearing concave plate had an outer diameter 
(D) of 440 mm, a curvature radius (R) of 4500 mm, 
and a slider diameter (Dsl) of 50 mm. The design limit 
deformation δmax was 390 mm, and the secondary stiffness 
tangential period was 6.0 s. Two bearing types (low-
friction type, medium-friction type) were used10),11), and 
qualification tests were conducted at the laboratory before 
the shaking table tests on each specimen. The average 
friction coefficients measured in the laboratory before 
the shaking table tests are listed in Table 3. Furthermore, 
throughout the experiments (for low and medium friction 
types), all excitations were performed using the same 
bearings without any replacements. 
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Fig. 6  NS-SSB and Measurement Devices

Fig. 7  Frame Structure with Steel Weight Fig. 8  NS-SSB Under the Frame Structure

pz

px

ø440, R4500

ø50Triaxial Component
Load Cell

3-2.	 Input ground motion
Table 3 lists the input ground motions and test conditions. 
Four types of seismic motions were used: Kobe NS, 
Hachinohe EW, BCJ-L2, and El Centro NS waves. The 
Kobe NS wave is a seismic ground motion containing 
short-period components, whereas the Hachinohe E–
W, BCJ-L2, and El Centro NS waves are seismic ground 
motions with long-period components. In the test, to 
accommodate the maximum amplitude limit of the shaking 
table (220 mm), a high-pass filter of 0.1–0.3 Hz and an 
acceleration magnification factor was applied to adjust 
the maximum velocity in each experimental case to fall 
within the maximum peak velocity range of 25–75 kine. 

Fig. 9 shows the relationship between the velocity response 
spectrum of each seismic ground motion and the equivalent 
natural period of the NS-SSB. The excitation direction was 
set to the short-side direction (Fig. 4(a)) so that the loading 
condition created an overturning moment resulting in 
differences in the bearing pressure, so that the performance 
in the unfavorable condition could be clearly examined.

However, a shaking table does not have a feedback 
function capable of accurately reproducing the input 
ground motion. Consequently, even under the same input 
conditions, the observed magnitude of acceleration on the 
shaking table varied slightly depending on the bearing 
conditions of the building.

Fig. 5  Steel Weight Loading Condition

Table 2  Aeight of Seismic Isolation Building

Steel Frame Steel Weight Total of Each Floor
kN kN kN

First Floor 67.7 220.5 288.2

Second Floor 44.1 220.5 264.6

Third Floor 25.5 25.5

Total 137.3 441 578.3
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Table 3  Input Ground Motion and Test Condition 
Mean Value from 

Shipping Test 
Bearing 

Contact Stress Seismic Ground Motion

Low 
Friction

Medium 
Friction Mean Value Type Maximum 

Velocity

Secondary 
stiffness 

tangential 
period

6.0 (s)

0.0157 0.0507 73 N/mm2

Kobe NS 
Wave

25 Kine
50 Kine
75 Kine

Hachinohe 
EW Wave

25 Kine
50 Kine

BCJ L2 
wave

25 Kine
50 Kine

El Centro 
NS Wave

25 Kine
50 Kine

Hachinohe (EW)
BCJ_L2

El Centro (NS)
Kobe (NS)

Low
Friction

Medium
Friction

Maximum Design
Displacement
(390mm)

Fig. 9  Velocity Response Spectra and Equivalent Period 
of NS-SSB

3-3. Measurement method
Four triaxial load cells were installed at the base of each 
spherical sliding bearing to measure the horizontal and 
vertical loads (Fig. 6). Displacement measurements were 
performed in the horizontal vibration direction from 
the shaking table at the center position of the span in 
the long-side direction of each floor (Fig. 4) and at the 
beam-column node position of the first floor (Fig. 6). 
Additionally, the relative bearing displacement δ was 
calculated by comparing the displacement of the concave 
plates above and below the spherical sliding bearings (Fig. 
6). Accelerometers were placed on the shaking table and 
at two locations on each floor, and the mean acceleration 
was calculated (Fig. 4).

4	 Experimental Results

This section presents the experimental results for the 
largest input earthquake ground motions: Kobe NS 75 
kine, Hachinohe EW 50 kine, BCJ-L2 50 kine, and El 
Centro NS 50 kine. For the measured values, a 10-Hz low-
pass filter was applied to eliminate shaking table noise.

4-1.	 Response acceleration
Figures 10 and 11 show the input acceleration (black 
line) applied to the shaking table and the corresponding 
response acceleration time-history waveform (red line) on 
the first floor of the seismically isolated building for the 
low- and medium-friction types, respectively.

As shown in Fig. 10, the low-friction-type response 
acceleration of the first floor of the seismically isolated 
building was considerably reduced compared with the 
input acceleration. The absolute values of the maximum 
input accelerations of the Kobe NS 75 kine, Hachinohe 
EW 50 kine, BCJ-L2 50 kine, and El Centro NS 50 kine 
were 6.188 m/s2, 3.272 m/s2, 4.719 m/s2, and 4.335 m/s2, 
respectively. The values on the first floor of the building 
were 0.374 m/s2, 0.544 m/s2, 0.545 m/s2, and 0.415 m/s2, 
respectively, which were approximately 1/10 or less.

Furthermore, for the medium-friction type (Fig. 11), 
the absolute values of the maximum input acceleration 
for the ground motion were 5.848 m/s2, 3.169 m/s2, 4.393 
m/s2, and 4.165 m/s2. The values for the first floor of the 
building decreased to approximately 1/3 or less of the 
ground values, being 1.479 m/s2, 1.501 m/s2, 1.447 m/s2, 
and 1.413 m/s2, respectively. Although the reduction was 
not as large as that of the low-friction type, a sufficient 
seismic isolation effect was observed.

In both cases, the time of maximum response 
acceleration occurrence was different from the time when 
the input acceleration was at a maximum, and the overall 
result was that the maximum response was exhibited 
earlier than the time at which the input acceleration 
reached the maximum level.
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Figure 12 shows the response reduction rate, which 
was obtained by dividing the maximum response 
acceleration on the first floor of the building by the 
maximum input acceleration on the shaking table. It can 
be observed from the figure that for both the low- and 
medium-friction types, increases in the maximum input 
acceleration resulted in a smaller response acceleration, 
with its reduction rate (slope of the dashed line) being 
particularly large for the medium-friction type. This is 
attributed to the fact that the medium-friction type does 
not generate sufficient sliding of the bearings when the 
input acceleration is small; when the input acceleration 
increases, the sliding displacement increases, and the 
seismic isolation effect owing to the extended natural 
period is exhibited.

Figure 13 shows the maximum input acceleration on 
the shaking table (h=0 mm) and the maximum response 
acceleration in the building height direction. For the low-
friction type, an almost equivalent maximum response 
acceleration was observed from the first floor (h ≈ 1200 
mm) to the third floor (h ≈ 5400 mm), indicating behavior 
resembling a single-degree mass system. In contrast, 
for the medium-friction type, the maximum response 
accelerations of the first and second floors were almost 
equal but with a smaller reduction rate compared to 
the low-friction type. The response acceleration on the 
third floor was slightly higher. In addition, despite the 
differences in the magnitude of the input acceleration, both 
the low-and medium-friction types generally exhibited 
constant response acceleration values on the first floor. 
Thus, for the medium type, a larger input acceleration 
magnitude resulted in a greater response reduction effect, 
providing a supplementary explanation for the findings 
shown in Fig. 12.

4-2.	 Horizontal load-displacement 
hysteresis curve

The hysteresis curves of the inertial force in the 
excitation direction and the displacement of the center 
of the first floor of the seismic isolation building for 
the low-and medium-friction types are shown in Figs. 

14 and 15 (black lines), respectively. Here, the inertial 
force is the sum of the inertial forces of each floor and 
is equivalent to the response horizontal load of the 
seismic isolation bearing.

By comparing the low- and medium-friction types in 
Figures 14 and 15 (black lines), it can be observed that the 
low-friction type exhibits a large horizontal displacement 
but a small horizontal load. Both types display a bilinear 
hysteresis curve, as shown in Fig. 3. However, the low-
friction type exhibited a relatively larger magnitude 
of horizontal load over a relatively smaller range of 
horizontal displacements, particularly for the Kobe NS 
and Hachinohe EW waves.

4-3.	 Comparison with theoretically 
calculated horizontal load

Figures 14 and 15 (red lines) show the theoretical values 
of the response horizontal loads calculated using the 
dependence of the NS-SSB friction material described 
in Section 2. These theoretical values are the results of 
calculations using Eq. (10) based on the experimentally 
obtained time history of the horizontal displacement in 
the central part of the first floor of the building and the 
time history of the bearing vertical load obtained from the 
load cell. The time history of the friction coefficient in Eq. 
(10) was calculated using Eq. (14) by calculating the time 
history of velocity and pressure from the aforementioned 
time histories, with the friction coefficient obtained from 
the performance test shown in Table 3 as the reference 
friction coefficient μ0.

For the low-friction type, the experimental and 
calculated values were generally consistent. However, for 
the medium-friction type, the calculated value was slightly 
smaller than the experimental value. This was attributed to 
the fact that, for the calculated value, the reference friction 
coefficient μ0 was defined and calculated as the friction 
coefficient at the third cycle of sine wave loading, and the 
cyclic dependency due to the occurrence of frictional heat 
was not considered (in the case of the low-friction type, 
the friction coefficient in the first cycle was approximately 
1.1 times that of the third cycle, while for the medium-
friction type, it was approximately 1.3 times).
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Fig. 11  Middle Friction Type Input Acceleration and Acceleration Response of 1st Floor of Frame Structure
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5	 Analytical Verification 

5-1. Analysis model
The experimental results were verified using the NS-
SSB time-history response analysis model reported in the 
literature5),6),12). This features a spring model that simulates 
the restoring force characteristics of the bearing, including 
the stick–slip behavior based on minute elastic deformations 
before sliding (i.e., yield surface). Additionally, it considers 
the reduction in the friction coefficient due to the increase 
in frictional sliding heat generated by cyclic loading17).

Specifically, numerical integration based on the 
Newmark-β method was used, and an updated equivalent 
stiffness was used to update the response acceleration at 
each time step. The presence of sliding with respect to the 
yield surface was determined at each time step.

The aforementioned velocity and pressure dependencies 
were also considered in each analysis step of the friction 
coefficient. Additionally, regarding the frictional heat that 
was generated by the sliding of the SSB, the instantaneous 

heat flux q(t) during contact sliding was calculated (Eq. 
(15)) for the reference region with an area equivalent to 
the slider section area provided in the center of the 
concave plate ( π · rcontact

2/2: reference contact radius, 
rcontact : radius of bearing), and the analytical contact 
surface temperature was numerically reproduced while 
considering the decrease in temperature due to heat 
dissipation during periods of non-contact (Eq. (16)). 
Because direct measurement of the contact surface 
temperature was not practically possible, the temperature 
dependency (Eq. (17)) was used to calculate the friction 
coefficient. The parameters of this dependency were 
adjusted to ensure better consistency between the 
experimental results and the heat conduction analysis in 
previous studies13). These dependencies were used to 
calculate the instantaneous friction coefficient using Eq. 
(18) where C is the friction coefficient immediately after 
the start of sliding at time zero, which is also an 
empirically estimated value obtained from previous 
experimental results5).



Article

14

This response analysis model was used to conduct 
a time history response analysis using the acceleration 
values recorded on the shaking table at each excitation of 
the Kobe NS 75 kine and Hachinohe EW 50 kine as input 
acceleration values.

5-2. Analysis results
Figures 17 and 18 show the a) horizontal load-
displacement hysteresis curve, b) time history of 
displacement, and c) time history of horizontal load (red 
lines), comparing them with the experimental results 
(black lines) for the low- and medium-friction types, 
respectively.

(15)

(16)

δ = the lateral distance from the center of the slider to 
 the center of the concave surface

k = 0.016W/(mm˚C ): thermal conductivity
D = 4.07mm2/sec: thermal diffusivity
τ: time parameter that varies between 0 and t

q(t) = μ(t) σ(t) if δ ≤ /2
0

v(t)
2 π · rcontact

2

otherwise

∆T(t) = ∫
t
0

D

πk

q(t – τ)dτ
τ

(17)β = 1.13 × exp(–0.007T )

(18)μ(t) = C ∙ α ∙ β ∙ γ

C = 0.013(Low–friction type)
 = 0.0075(Medium-friction type) 

Fig. 16  Analysis Model Considering Stick-Slip Behavior

For the low-friction type shown in Fig. 17, the response 
analysis and experimental results were consistent for both 
the Kobe NS and Hachinohe EW waves. In the horizontal 
load-displacement hysteresis curve, the experimental 
horizontal load value was larger than the analytical value 
at the initial stage when the displacement was small. This 
is thought to be due to the fact that the results of the time 
histories of displacement and horizontal load showed 
that the experimental horizontal load results were larger 
than the response analysis results in the initial period 
where there was almost no sliding, which resulted in a 
different reproducibility by the analysis at the initial stage 
of sliding. It can also be observed that the maximum 
displacement was slightly smaller for the analytical value.

For the medium-friction type shown in Fig. 18, 
the response analysis and experimental results were 
consistent for both the Kobe NS and Hachinohe EW 
waves. In particular, for the horizontal load-displacement 
hysteresis curve, the experimental and analytical 
horizontal load values were closer to each other than 
the calculated results obtained in Section 4-3. For the 
time history of displacement, the experimental results 
showed the influence of the residual displacement from 
the previous test at the start of the experiments, but the 
trajectory was generally the same. For the time history 
of horizontal load, it can be observed that the response 
analysis can simulate the performance of the SSB with 
high consistency with the test results.
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Fig. 17  Low Friction Type Time History Analysis Results (Black Line: Test Results, Red Line: Response Analysis)
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Fig. 18  Time History Analysis Results (Black Line: Test Results, Red Line: Response Analysis)
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6	 Conclusion

The following results were obtained from the shaking 
table tests of the seismically isolated building using the 
NS-SSB.

•	The results of the shaking table experiment that 
reproduced the practical high pressure using low- 
and medium-friction type spherical sliding bearings 
demonstrated that NS-SSB has sufficient durability 
and seismic isolation effects, despite some experiments 
using seismic ground motions far exceeding the 
expected number of repeated motions actually 
encountered by a building during the design period.

•	For both the low- and medium-friction bearing types, a 
larger input acceleration resulted in a greater response 
reduction, with this tendency being particularly large in 
the medium-friction type.

•	For both the low- and medium-friction types, the 
response acceleration decreased by an equal amount 
from the first to the third floor of the building. In 
particular, in the case of the low-friction type, the 
maximum response value on each floor was more 
consistent, indicating behavior similar to that of a 
single-degree mass system.

•	For the horizontal load-displacement hysteresis 
characteristics of the bearing, the calculated horizontal 
load value considering dependencies was generally 
equal to the experimental value for the low-friction 
type; however, it was slightly smaller than the 
experimental value for the medium-friction type. 
This was considered to be due to the fact that, for the 
calculated value, the reference friction coefficient was 
defined as the friction coefficient at the third cycle 
of sine wave loading, and the cyclic dependency due 
to the frictional heat was not considered (the friction 
coefficient in the first cycle is approximately 1.1 times 
that of the third cycle for the low-friction type and 
approximately 1.3 times for the medium-friction type).

•	The NS-SSB time-history response analysis model was 
generally consistent with the experimental values.
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