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: Damping | Total acc, (mg)
Natural Freq. | Wind Speed
(3] Peak | Deg.
Vio 0.01 17.39 | 100
Vio 0.005 24.60 | 100
0.8fo
0.85Vio 0.01 11.00 | 270
0.85Vio 0.005 15.56 | 270
Vio 0.01 14.53 | 270
Vio 0.005 20.54 | 270
1.0fo
0.85Vio 0.01 939 260
0.85Vio 0.005 13.28 | 260
Vio 0.01 12.80 | 270
Vio 0.01 18.10 | 270
1.2fo
0.85Vio 0.01 8.52 100
0.85Vio 0.01 12.06 | 100
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Abstract

The Copacabana Pattaya project is the high-rise buildings. The project is developed
along Pattaya Beach in Bangkok. The Copacabana Pattaya has 184 m roof high, 27.6 m
equivalent width and 117.13 m equivalent depth. This building has the following special
characteristics: a) the very flexible and high-rise buildings, b) the irregular geometry of the
floor area, and ¢) close spacing of many high-rise buildings. These special characteristics
result in pressure distributions significantly different from those specified in the building
codes. Accordingly, the wind-tunnel tests are essential to achieve structural designs that are
not overly costly and for which the risk of wind damage is realized at the lever chosen for
the design.

The studied building was specially constructed by a light-weight rigid model, such as
balsa wood model, and the studied model was mounted on a high-frequency base balance.
The 1:400 scale models of studied building and its surrounding buildings within 400 m radius
from the studied building were mounted on a 2-m diameter turntable, allowing any wind
direction to be simulated by rotating the model to the appropriate angle in the wind tunnel.
The studied building model and its surroundings were tested in a boundary layer wind
tunnel where the mean wind velocity profile, turbulence intensity profile, and turbulence
spectrum density function of the winds approaching the study site are simulated. In this
study, overall wind load obtained from a wind tunnel test were measured on a direction-by-
direction basis for 36 directions at 10-degree intervals, on the 1:400 scale model of the
building exposed to an approaching wind.

According to the DPT Standard 1311-50, the reference velocity pressure, g, for the
design of main structure and cladding shall be based on a probability of being exceeded in
any one year of 1 in 50 (50-year return period) corresponding to reference wind speed of 25
m/s at the height of 10 m in open terrain. Because the proposed building is located in the
suburban terrain, the exposure C was applied in this study, and the typhoon factor = 1.0

Then, design wind speed is V =T.[V,, = 1.0 * 25 = 25 m/s, and corresponding to design



wind speed of 34.49 m/s at the 184 m equivalent roof height in the exposure B. For the
serviceability design, the reference velocity pressure, g, shall be based on 10-year retumn
period corresponding to reference wind speed of 20.25 m/s at the height of 10 m in open
terrain. Therefore, corresponding design wind speed is 27.94 m/s at the 184 m equivalent
roof height in the exposure B.
Equivalent Static Wind Loads of Studied Building

For strength consideration with three natural frequencies (0. 8f,, f,, 1.2f,), two
damping ratio EJ (0.02, 0.01), and V50, the results are shown in Table 1 and can be
summarized as follows.
Table 1 Comparisons of the expected peak base moments and torques from all wind-

direction for three sets of dynamic properties, and two values of damping ratios.

Natural Damping | My (MN-m) Mx (MN-m) Mz (MN-m)
Frequency (@ Peak Des. Peak Des. Peak Des.
0.020 -802 250 -3,387 | 260 423 330
0.80 f,
0.010 -1,031 | 250 -3,970 | 280 -485 20
0.020 -760 250 -3,144 | 260 404 330
/. 0.010 -968 250 -3,562 | 260 432 330
0.020 697 180 -3,057 | 270 394 330
t2Je 0.010 -843 250 -3,427 | 270 413 330

Acceleration Response of Studied Building

According to the DPT Standard 1311-50 [DPT 2007] and NBCC code [NBCC 2005], the
recommended serviceability design for human comfort criteria for the studied building is
that the peak acceleration under a 10 years return period should be less than 15 mg and 25
mg for residential buildings and commercial buildings, respectively.

Other criteria have also been published that depend on the building’s lowest natural
frequency (not depend on types of buildings). The ISO criteria [ISO 1992] can be expressed
as a peak acceleration not exceeding 0.928f °** (in % of ¢) once every 5 years, where f is
the lowest natural frequency in Hz. This results in a 5-year criteria of 2.40 % of g (or 24.00
mg) when natural frequencies of studied building = £, (see section 4.1). Then, based on the
above various standards, the recommendation for human comfort criteria of the studied
building should be below 20.06 mg and 24.70 mg ((0.81/0.73)A2*20.06) for 5- and 10-year

return periods, respectively.



For serviceability consideration, three natural frequencies (0.8f,, f,, and 1.2f,), two

damping ratios é (0.010 and 0.005), and two wind speeds (V10 and 0.85V10), the results are
shown in Table 2 and can be summarized as follows.

1. For studied building, the peak accelerations are significantly reduced when
damping ratio is increased from 0.005) to (0.010 This is because the peak acceleration
responses are mainly caused by the resonant parts of acrosswind and alongwind loads.

2. For studied building, the peak accelerations are moderately reduced when
building natural frequencies are increased from f, to 1.2f,. In contrast, the peak

accelerations are moderately increased when building natural frequencies are reduced from

f, to 0.8f..

Table 2 Comparisons of the predicted peak accelerations from all wind-direction for three

sets of dynamic properties, and two values of damping ratios.

: Damping | Total acc, (mg)
Natural Freq. | Wind Speed
®) Peak | Deg.
Vio 0.01 17.39 | 100
Vio 0.005 24.60 100
0.8fo
0.85Vio 0.01 11.00 | 270
0.85Vio 0.005 15.56 | 270
Vio 0.01 14.53 270
Vio 0.005 20.54 | 270
1.0fo
0.85V1o 0.01 939 260
0.85Vio 0.005 13.28 260
Vio 0.01 12.80 | 270
Vio 0.01 18.10 | 270
1.2fo
0.85Vio 0.01 8§52 100
0.85Vio 0.01 12.06 | 100

The acceleration responses are calculated at LME floor (184.60). Details of RMS and
peak acceleration responses are shown in Tables 4.11-4.12 and Figs. 4.6 without wind
directionality factor and Figs. 4.7 with wind directionality factor. The predicted peak
accelerations calculated with V10 and damping ratio of 0.01 (without considering wind
directionality factor) indicates that the predicted peak accelerations of 14.53 mg occur at

wind direction 270 degree. This value is slightly lower than the recommended criteria of 15



mg [NBCC 2005; DPT 2007] but significantly lower than the recommended criteria of 24.70
mg [ISO 1992], respectively.

For serviceability consideration with economic design, the acceleration response of
the studied building shall consider the wind directionality factor. This factor accounts for
two effects: (1) The reduced probability of maximum winds coming from any given direction
and (2) the reduced probability of the maximum pressure coefficient occurring for any given
direction. ASCE-7 Standard [2005] recommends a value of 0.85 for main wind force resisting
system of buildings. Therefore, this value is adopted only for calculation of acceleration
response with V10.

When considering damping ratio of .010 and wind directionality factor of 0.85 with
V10, the predicted peak accelerations of 9.39 mg occur at wind direction 260 degree. This
value is moderately lower than the recommended criteria of 15 mg [NBCC 2005; DPT 2007]
but extremely lower than the recommended criteria of 29.55 mg [ISO 1992]. Therefore, the
studied building is acceptable for human comfort criteria of DPT [DPT 2007], NBCC [NBCC
2005] and ISO [ISO 1992].



