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ABSTRACT: Number of high-rise seismic isolated buildings increases in Japan. The wind resistant design of the building is
done so that the primary members become the elastic-region even if the strong wind forces are acted. In the high-rise seismic
isolated building with the low natural frequency, the seismic isolation layer may become plasticity against the strong wind. This
paper presents about a long-term dense monitoring system of 20-story high-rise seismic isolated steel building, and discusses
about the wind-induced response characteristics of this high-rise seismic isolated building based on observed records.
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1  INTRODAUCTION

In 1982, the first seismic isolated 2-story house structure having 6 small
rubber bearings was built at east of Tokyo, which is called “Yachiyo-dai-
house”. The number of the isolated building has been gradually increasing after
Kobe earthquake in 1995. More than 3000 seismic isolated building were
constructed in Japan. Especially, the number of high-rise seismic isolated
buildings increases. The wind resistant design of the building is done so that the
primary members become the elastic-region even if the strong wind forces are
acted. In the high-rise seismic isolated building with the low natural frequency,
the seismic isolation layer may become plasticity against the strong wind [,
The traditional fixed based structures had many experiences of the damage by
the not only the huge earthquake but also the strong wind or huge typhoon.
However, the investigations of the full-scale researches about the wind-induced
response of the high-rise seismic isolated building are not sufficient yet because
the isolated structures are new technology and these have been not encountered
with the damage by strong wind. Therefore, it is necessary to enhance the
observation record to evaluate the wind resistance performance in the high-rise
seismic isolation building.

20-story high-rise seismic isolated steel building (91.4 m) as shown as in
Figure 1 was constructed at Tokyo Institute of Technology Suzukake-dai Figure 1. External appearance of 20-story
campus located in Yokohama Japan in 2005, and a long-term monitoring to the  high-rise seismic isolated steel building
wind velocity and the response of building has been executed. This paper (J2-building )
presents about a long-term dense monitoring system of this high-rise seismic
isolated building, and discusses about the wind-induced response characteristics
of this high-rise seismic isolated building based on observed records.

2 HIGH-RISE SEISMIC ISOLATED BUILDING AND CHARACTERISTIC OF OBSERVED WIND DATA

2.1 Outline of high-rise seismic isolated building and monitoring system t'*!

Figure 2 illustrates the elevation of the 20-story seismically isolated building which is called “J2-building”, and Figure 3
shows the plan of the isolation floor of J2-building. The foundation and 1st floor of this building are RC structure. The other
floors are hybrid with steel beams and CFT columns. In the isolated floor of this building, several types of dampers are installed.
1,200¢ rubber bearings with conical spring (Figure 4 (a)) are installed in the position A as shown in Figure 3. In the position B,
steel dampers (Figure 4 (b)) are set. 1,100 ¢ rubber bearing with the steel dampers (Figure 4 (c), (d)) are installed in the position
C and D. In the position E, 1,000 kN oil dampers (Figure 4 (e)) are installed.

So called Mega-Braces (0 - 500 mm x 160 mm x 19 to 32 mm) are installed on the both sides of building because the
horizontal stiffness is necessary to maintain the seismic isolation effects. Because this building is very slender shape with the



Mega-Brace

wRR é— ﬂ\ Z ! Conical
-] al I o
M=l g &
] = O =
- o —
-] EEN
i g 1A (EJ3-bui1ding;
Il =] 13;: under
H =+ %W Construction)
= .y Jonstructio:
1 oSl 20
H :: i E 1 (a) Rubber Bqaring with (b) Steel Damper
. B B Ed E) 2] 1] Il | Conical Spring Washer
gee ||| B (B I - | A m
solation| &% | &6 | &6 ‘ 66 l 66 l 66 l 66 ‘ I ;4.2_ 158 ‘ 108 l I
Floor | 462 | | 425
Z o
X Y X | §
1 i
i i
!
l
g |
N (c) Rubber Bearing with (d) Rubber Bearing with
K Steel Damper Steel Damper
K
i
] . 18
?X - =
% | 2350 - 3450 |
i (e) Oil Damper
Figure 3. Seismic Isolation Floor (unit: m) Figure 4. Rubber Bearing and Damper (unit: mm)

height of 91.4 m and aspect-ratio of 5, the tensile force in the rubber bearing becomes a critical design problem. If this tall
seismic isolated building suffers a major earthquake, the large up-lift forces may develop at the multi-layer rubber bearings due
to the tensile force cause by the large overturning moment. To avoid the large tensile forces, the bearings are enabled to do up-
lift in this isolated system.

Figure 5 and 6 show the monitoring system, and the list of the sensors are indicated in Table 1. In this long-term monitoring
system, the accelerometers are placed on the ground surface, 1st, 2nd, 7th, 14th, 20th floor. This instrument is broad, thus the
time history of displacement can be computed by numerical integration. The displacement transducers are installed to measure
the displacement of the isolation devices. To measure the large and/or small inter-story displacement in the isolated story level
between 1st and 2nd floors, a trace recorder is used in combination with the other measurement devices. The trace recorder is
fixed to the steel beam at the bottom of the superstructure while the stainless steel board, on which the behavior of the isolated
story is drawn, is fixed to the concrete slab at the top of the substructure. The strain gages are installed at the columns and the
Mega-Braces. Oil damper force and deformation are measured. To measure the up-lift of the isolator as shown in Figure 3(a),
the displacement transducers and the video camera are placed. Output voltage of accelerometers, displacement transducers and
strain gages are A/D converted by data loggers installed at each floor, transmitted to data servers through a LAN, and recorded
continuously. The clock on data server is set using a GPS signal data on each data logger via the LAN. Two kinds of
anemometer (three-cup anemometer and ultrasonic anemometer) are set up at the top of the building as shown as in Figure 4.
The wind speed data averages every three seconds and is recorded as the maximum instantaneous wind speed. The wind
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Table 1. List of the sensors

V Three-cup anemometer L . 4 b z
A Ultrasonic anemometer o Isolator Up-Lift

: 20th Floor (2ch) Large Story Drift},\,

: Small Story Drift (2chx 2)

| (2ch)

: Small Story Drift

- ? Isolator Up-Lift (Ich)
é | 14th Floor (3ch) \ | Oil Damper Force,
; Deformation (2ch)
A Figure 6. Configuration of displacement transducers at

Floor Item Capacity Sensitivity
2nd Floor 7,14, Acc. 2G 1 uG
>—3 | Isolation Floor 20F | Column, Brace Strain | (Strain Gauge)| 1 pstrain
"] 15t Floor (Ground) Acc. 2G 1uG
Small Story Drift +100 mm 0.05 mm
N Large Story Drift +500 mm 0.5 mm
" > < E Isolation Drift Trace - -
Floor Damper Force (Strain Gauge)| 1 pstrain
. . s Damper Deformation 1000mm 0.5mm
Figure 5. Configuration of accelerators and anemometers Tsolator 50mm 0.03mm
Up-Lift (Video) -
1F Acc. 2G 1 uG
Ground Acc. 2G 1 uG

direction is recorded in 16 positive azimuths. The accelerometer, the displacement, the wind speed and direction data are
statistically processed every ten minutes in this paper.

2.2 Characteristic of observed wind data

Figure 5 shows appearance frequency of wind direction in the J2-building rooftop from February 2011 to January 2012. Figure
6 shows the turbulence intensity according to the wind direction. The turbulence intensity of 97m on the ground of terrain
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Figure 8. Turbulence intensity
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Figure 9. Route of typhoon (T0720; October 27, 2007) Figure 10. Wind speed and direction



category III and IV in Recommendations for Loads on Buildings Architectural Institute of Japan (RLB AIJ) ™ was described in
parallel in this figure. The exposure category indicates the value that corresponds to I1I or IV in the turbulence intensity in wind
directions other than wind direction ESE, SE, and SSE.

Typhoon No.20 in October 27, 2007 (T0720) is described in this paper. Figure 9 shows the route of typhoon T0720. The time
history of the mean wind speed, the maximum instantaneous wind speed and the wind direction which are observed by the three-
cup anemometer are shown in Figure 10. T0720 typhoon passed over the south of the J2 building, and the wind direction is
observed from steady north through a day. The mean wind speed is 20.0 m/s and the maximum instantaneous wind speed is 28.2
m/s, and the return period is about one year ©°/.

3 RESPONSE CHARACTERISTIC OF BUILDING

3.1  Characteristic of response acceleration

Figure 11 (a), (b) illustrate maximum and standard deviation of observed acceleration of each floor in X and Y direction
respectively. These standard deviations are calculated by using 10 minutes data when maximum response is generated at each
floor. X direction’s response is the twice as large as Y direction, and the top floor response is largest.

The time history of the standard deviation obtained from 10 minutes data in the X, Y and torsional direction ! acceleration at
the top floor of the building are shown in Figure 12. Figure 13 show peak factor of top floor acceleration of each direction. The
peak factor is calculated every 10 minutes. The peak factor became about 4-6 in each direction. Figure 14 shows the change in
the natural frequency in X, Y and torsional direction. These natural frequencies respectively are obtained from the peak of the
power spectrum density of the top floor acceleration on each response directions ). It can be verified that each natural
frequency has decreased when the strong wind is generated large response occur (see Figure 12). This cause is generated by the
deformation of the seismic isolation layer, and described in detail in the next paragraph. Figure 15 shows habitability evaluated
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Figure 11. Maximum and standard deviation of observed acceleration of each floor
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based on "Guidelines for the evaluation of habitability to building vibration ). It can be verified that the probabilistic
perception thresholds in the direction of X is smaller than H-10.

Figure 16 (a) - (c) respectively show the relation between the mean wind speed Uy and the standard deviation of the top floor
acceleration op at each wind direction; (a) NW, (b) NNW and (c) N. It can be confirmed that a big response occur in X direction
compared with the Y direction. In addition, the torsional direction is bigger than Y direction at every wind direction. Especially,
it is understood that the torsional direction response is bigger than X direction response in the low wind speed in the N wind
direction. It is necessary to note not only the translational vibration but also the twist vibration when we evaluate for the flat
high-rise seismic isolated building like the J2 building. Figure 17 (a) — (¢) respectively show the relation between the mean wind
speed Uy and the sharing ratio of s-mode of X direction’s floor acceleration (3 " at each wind direction; (a) NW, (b) NNW and
(c)N.

2
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sﬂA:—i jo-i (1)

=1
where, son : S-mode’s acceleration standard deviation.

Within the range of more than 10 m/s, it can be confirmed that the contribution of 1st mode accounts for 80 — 90 %, it becomes
the same tendency in all wind directions.
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3.2 Response characteristics of isolated layer

The deformation of the seismic isolation layer dy in X and Y direction are shown in Figure 19. Figure 19 (a) illustrates all
record of the typhoon, and Figure 19(b) shows ten minutes around the maximum response in X and Y direction respectively.
Maximum deformations are 7.24 mm (X direction) and 2.45mm (Y direction). These deformations are below at yield
deformation of the steel damper (31.7mm). Figure 19 shows change of the mean deformation in the seismic isolation layer of
every ten minutes in X and Y direction deformation. From Figure 19, it can be verified that the average deformation has
changed with the wind direction. Figure 20 shows X-Y deformation-orbit of the seismic isolation layer in ten minutes when the
maximum deformation is recorded in X direction. Figure 21 (a), (b) show the relation between the mean wind speed Uy and the
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mean deformation of the isolation layer of X direction dyx, and Y direction dyy, respectively. It can be verified that the residual
deformation have been generated in X direction.
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3.3  Stiffness estimation of seismic isolated layer

The seismic isolation layer’s stiffness is estimated by using the observed records in this paragraph. The X direction’s static

shearing force that acts on seismic isolation layer Q{J is calculated by Eq. (2).

| . -
Qi =5 p(UK)>Ci A @
where, j: step number every ten minutes, p : the air density, AD: projected area of building at step j, CL : X direction’s wind
force coefficients at j step’s wind direction which are obtained from the wind tunnel experiment. The wind tunnel experiment
are carried out by using the exposure category III flow, and the building surroundings are reproduced as shown in Figure 22.
Figure 23 illustrates the relation between the X direction deformation of isolation layer obtained from the observer records dyx

and the X direction static shearing force Q\ calculated by Eq. (2). In addition, the designed stiffness of the isolation layer '}

Figure 22. Situation of wind tunnel experiment
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is shown in Figure 23. The stiffness before the maximum deformation of the seismic isolation layer is corresponding to the
designed stiffness however the stiffness after the maximum deformation is higher than the design. It can be verified that
stiffness is different before and after the maximum deformation. This might be a reason why the residual deformation is
generated after the typhoon as shown in Figure 21 (a).
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Figure 23. Comparison of X direction’s seismic isolation layer stiffness with design and estimation

CONCLUSION

The wind-induced response characteristic of the 20-story high-rise seismic isolated steel building constructed at Tokyo
Institute of Technology was evaluated based on the observed records in this paper. The obtained findings are described as
follows;

1.

Torsional response of the building becomes equal with the translational response in some cases, and it is necessary to
note not only the translational vibration but also the torsional vibration when we evaluate the wind-induced response
such as high-rise seismic isolated building having flat shape.

2. In all wind directions within the range of more than 10 m/s of X direction response, the contribution of the 1st mode
response became about 90 %.
3. The residual deformation might be caused after the typhoon because the stiffness of the isolation layer was different
before and after the maximum deformation.
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