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Effects of Wind Characteristics on Residual Drift

of the Base Isolation Layer
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Base-isolated tall building, Base isolation layer, Residual drift

Variation of wind speed and direction

1. INTRODUCTION

The number of base-isolated tall buildings has increased in
recent years!!. As building height increases, the wind force that
acts on building also increases. If the steel dampers are in the
base isolation layer, it is possible that residual drift of base
isolation layer occurs due to plasticization of the steel dampers.
So as to ensure the performance against earthquakes after
typhoons, the evaluation of residual drift caused by typhoons is
important. Guidelines for the Wind-resistant Design of
Seismically Base-isolated Buildings™® shows the simplified
evaluation method for residual drift based on the maximum
deformation. In addition, it is common to evaluate response
using the 10-minute wind force that the wind direction and wind
speed fixed in wind resistant design!®, but it cannot take the
occurrence of the wind force in the opposite direction to the
deformation of base isolation layer.

Therefore, in this paper, the effects of wind speed and
direction variation of residual drift at base isolation layer of
base-isolated tall building are analyzed based on the results of
time history wind-induced response analysis.

2. OUTLINE OF THE MODEL

The outline of analytic model is shown in Fig. 1 and the
parameters are shown in Table 1. It is an elasto-plastic 11-DOF
model® equivalent to the steel structure building. The time
history wind response analysis is conducted in the x and y
direction independently without considering torsional vibration.

The stiffness of i story k!4 is determined by Eq (1)

considering that the first mode is a straight line.
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Where, .0 : s mode circular frequency of upper structure,
Jmi: mass of the i story of the upper structure, ,.¢;: s™ mode
vector of the i story of upper structure. However, ki1 =0, 00
=0.

Fig. 1 shows the restoring force characteristics of dampers,
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isolators, and base isolation layer. Time-dependent deformation
and repeated deformation dependency are not considered for the
restoring characteristics of base isolation layer. The parameters

of base isolation layer are determined by Eq. (2) ~ (4).

Qdy =W- ady (2)
kg = Qdy / 5dy 3)
ke = 4m*W/ (TZ - g) “

Where, Qu,, aay, ka1, day: yield force, shear coefficient, primary
stiffness and yield strain of damper; ks primary stiffness of

isolator; W: weight of the building.
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Fig. 1 Outline of the analytical model

Table. 1 Parameter of the analytical model

Aspect radio (4r) 4
Height (H) 100 m
Width (B) 25m
Depth (L) 25m
Upper Density (p.) 180 kg/m?
Structure Damping ratio (&,) 0.01
Natural period (7,) 25s
Seismic Yield strain (d5,=0ay) 2.5cm
Isolation Natural period (7)) 5.0s
Layer Shear coefficient of damper (o.4y) 0.03
Areal density (ps) 3644 kg/ m?
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3. OUTLINE OF WIND FORCE

There are 2 kinds of wind force used in this paper.

The first one is 10_000, which means 10-minute wind force
on a fixed direction and fixed wind speed Umax = 50.41 m/s
(height of 100 m, roughness classification of III and return
period of 500 years). For the wind force of the upper structure,
10-wave wind force time history waveform is created based on
the wind tunnel experiment’™. And the wind force of the base
isolation layer is 0. As shown in Fig.2, 50s envelope is placed
before and after all wind waves respectively to avoid transient
responses in the analysis.

The second one is T_000™, 10 typhoons (Sample 1~10) with
different changes in wind speed and direction are used in this
paper. The duration of Sample 1 is shortest in 9 hours and 10
minutes, and that of Sample 9&10 are longest in 40 hours and 10
minutes. As shown in Fig.3(a), the average wind speed at the top
of the building varies at intervals of 10 minutes, and the
maximum is also 50.41 m/s. However, Sample 6, §, 9 have two
wind speed peaks. The changes of wind direction are shown in
Fig.3(b). The wind direction obtained from the typhoon
simulation® per 10 minutes. After that, the wind direction is
Wind direction 0 °
represents the angle facing the building width B as shown in
Fig.1. The maximum wind speed of both 10_000 and T 000 is
50.41 m/s. And the wind direction of the maximum wind speed
is 0°.

Fig. 4 shows two examples of wind speed and direction of

fixed at maximum wind speed to 0°.

Sample 2 and 8. Fig.5 shows an example of the time history
waveform on 10F (Sample 8, Wave 1).

Here, the purpose of setting T 000 is to make the wind
condition closer to the actual. To judge whether 10 000 is

overestimated compared to T_000.
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Fig.3 Wind characteristics
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Fig.4 Example of wind speed and direction
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Fig.5 Wind force on 10F (Sample 8, T_000)
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4. EVALUATION OF RESIDUAL DRIFT
4.1 Effect of wind speed and direction variation on residual
drift

Fig. 6 shows the ensembled by 10 waves average and the
standard deviation of the residual drift of base isolation layer |Js,
(absolute value) for 10 waves.

In the x direction shown in Fig. 6(a) comparing by 10_000 and
T 000 for each typhoon sample, in Sample 2, 4, 5, 7, 10, the
mean residual drift of base isolation layer of 10_000 is much
larger than that of T_000.
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(b) y direction
Fig.6 Residual drift of base isolation layer
X Maximum deformation 4 Residual drift A Eq (5)
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Fig.7 Loop of isolation layer (x-direction, T 000, Sample 2, Wave 1)

But the value of 10_000 for other samples are slightly larger
than T_000. In other words, 10_000 has larger residual drift in x
direction than T_000 (T_000=10_000) and the evalutation is
on the safe side. It is found that T 000 in Sample 2,4, 5,7, 10 is
overestimated. Therefore, it is useful to
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Fig.8 Loop of isolation layer (x-direction, T 000, Sample 4, Wave 1)
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Fig.9 Loop of isolation layer (x-direction, T 000, Sample 8, Wave 1)
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consider the wind direction change in the evaluation of the
residual drift of the base isolation layer.

On the other hand, it can be seen that the residual drift of the
base isolation layer in y direction shown in Fig. 6(b) is relatively
smaller than that in x direction in Fig. 6(a). Thus, the discussion
in y direction will not be discussed here.

4.2 Simplified evaluation method for residual drift

Fig. 7~9 show the hysteresis loop of base isolation layer of
Sample 2, 4 and 8. The black triangle is presumed residual drift
calculated by Eq.(5) which is from Guidelines for the Wind-
resistant Design!?! (Simplified evaluation method: the point
where the load becomes 0 with primary stiffness from maximum

response)

Symax (kp1 = Kp2) + 8, (epz — kp1)
p6br - bmax \f*h1 bZk by \"th2 b1 (5)
b1

Where, dbmax: maximum deformation of base isolation layer;
ko1, kpo: primary and post-yield stiffness base isolation layer.
(The maximum shear force is less than 2 times the yield force.)

For 10 minutes (red line of Current result) in Fig.7~9 (a), wind
force is small, so the vibration of base isolation layer is still
within the elastic range. Then, for 10 minutes in Fig.7~9 (b), the
base isolation layer becomes plastic due to the increased wind
speed, and maximum deformation dymax Occurs. After that, for 10
minutes in Fig.7~9 (c), the wind speed decreased and began to
deform towards opposite direction. For 10 minutes in Fig.7~9
(d), the wind force in the direction opposite to the maximum
deformation becomes small, so the base isolation layer vibrates
within the elastic range, and finally residual drift ;- occurs.

The ensemble average of presumed residual drift ,0,- for 10-
waves comparing with that of residual drift from analysis s, is
shown in Fig.10. Different sample has different degree of
rebound effect (on safety side). It can be found that the greater
the wind force opposite to the maximum deformation, the more

likely the rebound effect will occur.
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Fig.10 Comparation of dor VS y0or

In this paper, the residual drift of base isolation layer by 10-
minute wind force (10_000: 10-minute wind force with constant
wind speed and direction used for wind resistance design.) and
10 Samples of typhoon simulation (T _000: Typhoons with
variation in wind speed and direction) were compared using a
11DOF model according to a base-isolated tall building. The
following conclusions can be drawn:

(1) According to T_000=10_000, even though it is possible
that 10_000 would overestimate T_000 on residual drift of base
isolation layer, the evaluation is always on the safety side. And
it is still effective to consider wind direction variation when
evaluating the residual drift.

(2) Due to the wind force acting against the maximum
deformation, there will be a rebound effect that the residual drift
will vary into the oppsite direction to the presumed residual drift
from the simplified evaluation method. This effect is related to
the wind speed in the direction opposite to the maximum
deformation. As the reverse wind speed increases, the residual
drift will decrease. However, when the residual drift decreases
to the opposite direction to maximum deformation, it will
increase with the increase of the reverse wind force. Simplified
evaluation method is safe, but may increase costs when

overestimated.
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