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ABSTRACT

This paper presents a wind response analysis for a high-rise seismically isolated
building supported by lead rubber bearings (LRBs) and elastic sliding bearings.
Loading waveforms obtained from wind tunnel tests were loaded into a pseudo three-
dimensional frame model. A viscoelastic model was developed to reproduce the creep
behavior of LRBs under wind loads. Furthermore, this paper also presents a loading
test conducted using the results of the wind response analysis. Test specimens
demonstrated excellent performance even under severe loading conditions.

1. INTRODUCTION

Guidelines (JSSI 2023) are used for wind-resistant design for seismically isolated
buildings in Japan. Generally, there is a trade-off relationship between reducing the
acceleration of the superstructure and deformation of the seismic layer. Acceleration
reduction is important in earthquake events, and deformation reduction is also
important against strong wind.

Lead rubber bearings (LRBs) are one of the most common seismic isolators in
Japan. Under long-duration horizontal loadings, LRBs exhibit two important dynamic
behaviors caused by the material characteristics. The first one is thermal-mechanical
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coupled behavior due to heat generation in lead plug during repetitive plastic
deformations. The yielding load of LRBs decreases with the temperature of the lead
plug. The temperature rise can be suppressed by a distributed arrangement of the lead
plugs (Wake 2019). The constant flux solution method and the finite difference model
method can be used for simulating the coupled behavior (Kalpakidis 2009, Wake 2024).
The second one is creep behavior due to nonzero average component of the applied
load in the long duration. The deformation of LRBs exceeds the expectation by a simple
bilinear hysteretic model. That behavior can be captured by introducing the viscoelastic
model (Kikuchi 2025).

Some seismically isolated buildings are designed to exhibit elastic-plastic
behavior under a varying wind-load component, called response rank-C. Time history
response analysis is required for rank-C design. There are few research cases (Ogino
2023) considering both creep behavior and thermal behavior in seismic isolators. This
paper presents a wind response analysis using OpenSees (PEER 2026) for a high-rise
seismically isolated building. Furthermore, also presents a loading test conducted using
the results of this wind response analysis.

2. WIND RESPONSE ANALYSIS OF HIGH-RISE ISOLATION BUILDING MODEL

2.1 Building model

Figure 1 shows the analysis model. The superstructure is a 35-story reinforced
concrete high-rise building, modeled by lumped mass. A seismic isolation layer is
located at the base of the building. The seismic isolators are 20 LRBs and 25 elastic
sliding bearings. The layout of the isolators is shown in Figure 1. The superstructure
and isolators are connected by rigid links to create a pseudo 3D building model. The
natural period of the isolated buildings is 6.3 s when deformation is 40 cm, and the
yielding base shear coefficient of the isolation layer is 0.026. The superstructure is
assumed to comprise elastic linear springs with a damping coefficient of 2% at a fixed-
based natural period of 2.46 s. Table 1 summarizes the model building parameters.
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Fig. 1 Analysis model of 35-story base isolation building
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Table 1 Model building parameters

Structure scale, type

35-story, reinforced concrete (base isolation)

Dimensions Height: H = 123.2 m;

Width: B = 50.0 m;

Depth: D =50.0 m
Weight 35000 kN (1F) — 27.500 kN (RF); 1035000 kN in total
Stiffness 13.21%x108 KN/m (1F) — 2.642x108 kN/m (35F)

Natural period

2.46 s (fixed-based); 6.3 s (isolated, 40 cm deformation)

Seismic isolators

Square LRB: length 1500 mm, plug diameter 185 mm, 4 plugs,
20 isolators;

Low friction elastic sliding bearing: length 1300 mm, friction
coefficient 0.014, 25 isolators

2.2 Wind loads

Wind loads used in the analysis are obtained from wind tunnel tests. Three wind
components in the X (wind direction), Y (wind-orthogonal), and RZ (torsional) directions
are considered. Note that the X component has a nonzero average. The return period
is 500 years, and the duration is about 3300 s. Figure 2 shows the waveforms of the

wind load at RF.
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Fig. 2 Wind load waveforms at RF
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2.3 Bearing models

Figure 3 shows a 2D viscoelastic model applied to the square LRBs (Tobisawa
2026). The creep behavior of LRBs during wind load can be evaluated by the Maxwell
model, which consists of a hysteretic spring and dashpot. Parameters for elastic and
hysteretic springs are defined from scaled specimen test results. Thermal-mechanical
coupled analysis for LRBs is used to reproduce the deterioration of yielding load in
severe loading cases (Wake 2019). Low friction elastic sliding bearings are simply
modeled by using a bilinear hysteretic spring.

Hysteretic spring (lead plug) §§§ % é

Fig. 3 Viscoelastic model for LRBs

Elastic spring (rubber)

Dashpot

2.4 Analysis cases

Table 2 summarizes LRB model combinations in four analysis cases. Model A is
the same as the typical earthquake response analysis model. Models B, C1, and C2
use a dashpot to reproduce creep behavior under a nonzero average wind-load
component. Model C1 uses the finite difference model (FDM) method to consider
thermal-mechanical coupled behavior due to plug heating. Model C2 uses the constant
flux solution (CFS) method (Wake 2024). Magnifications for wind load inputs are from
1.0 to 2.0 relative to the values in section 2.2. Compared with the yielding load of the
isolation layer, the wind response reaches rank-C at the maximum.

Table 2 Analysis models for LRBs

Model name For considering creep behavior For considering plug heating
Model A (None) (None)

Model B Viscoelastic model (None)

Model C1 Viscoelastic model FDM method

Model C2 Viscoelastic model CFS method

2.5 Analysis results

Figures 4 and 5 show the variance in load-deformation relationships with the
analysis models. The right vertical axis value shows the normalized force by yielding
load, Qd. When input magnification was small, the response deformation in the X
direction was quite different when creep behavior was considered. The results from
models B, C1, and C2 showed little difference. On the other hand, when input
magnification was large, model A also showed results similar to the others. In this case,
the input wind load was larger than the yielding load of the LRBs.
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Fig. 4 Force-deformation relationship (input magnification = 1.0)
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Fig. 5 Force-deformation relationship (input magnification = 2.0)

Figure 6 shows the results for model B considering only creep behavior with
varying input magnifications. In particular, for creep deformation, the response varied
more significantly than the input magnifications.
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Fig. 6 Force-deformation relationship (input magnification = 1.0 to 2.0)

3. LOADING TEST OF ISOLATION BEARINGS

This section presents a loading test conducted using the wind response analysis

results.

3.1 Test specimens
Table 3 summarizes the test specimen parameters. Figure 7 shows the bearing
shapes and locations of the thermocouples. The fundamental mechanical properties of

the two specimens are

the same except for the locations of the lead plug.

Table 3 Test specimen parameters

Name Specimen | (multi-plug LRB) | Specimen Il (single-plug LRB)
Side length 400 mm

Total rubber height 79.2 mm (= 2.4 mm X 33 layers)

Shear modulus 0.392 N/mm?

Steel shim thickness 2.2mm

Shape factor, S1 43.4

Aspect ratio, S2 5.1

Lead plug diameter 40 mm, 4 plugs | 80 mm, single plug

Yielding load, Qd 44 kN
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3.2 Wind loads

First, time histories of the forces of the LRB isolator at the corner were obtained
from the wind response analysis results in section 2.5. Figure 8 shows the waveforms
of the forces at input magnifications of 1.0 and 1.8.
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Fig. 8 LRB force waveforms

Second, loading scales were modified proportional to the yielding load of the
isolators. Figure 9 shows input load orbits for the 400 mm square bearing specimens.
Wind loading tests were conducted with those two input levels, with a compressive
stress of 2.5 MPa. Bearing responses were at the rank-B to rank-C, so creep behavior
and elastic-plastic behavior can be expected. Figure 10 shows the response rank
defined by comparison between the input load magnitude and yielding load of the LRB.
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3.3 Test results
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Figures 11 and 12 show the load-deformation relationships obtained from the
loading tests. Creep deformation under wind direction progressed with the average
wind-load component. Deformation under a varying wind-load component was also

increased by the input magnification.
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Fig. 11 Force-deformation relationship (input magnification = 1.0)
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Fig. 12 Force-deformation relationship (input magnification = 1.8)

On the other hand, in the case of magnification = 1.8, the wind load in the X
direction did not return to zero. Therefore, compared with general cyclic loading tests,
plastic deformation of the lead plug was not severe. Figure 13 shows the temperature
in the LRB specimens. Both specimens exhibited similar levels of temperature changes
because the heat generation was very limited in this case.
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Fig. 13 Time history of temperature (input magnifications = 1.0 and 1.8)
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4. CONCLUSION

This paper presented a wind response analysis for a high-rise seismically isolated
building. Loading waveforms obtained from wind tunnel tests were loaded into a
pseudo three-dimensional frame model. The creep behavior of LRBs under a nonzero
average component of wind load was considered by using the Maxwell model. The
analysis results showed that when input load was larger than the yielding load of LRBs,
differences between creep models were small. Furthermore, this paper also presented
a loading test conducted using the results of the wind response analysis. Test
specimens demonstrated excellent performance even under severe loading conditions.
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