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Researches on moving characteristics of structures which affect wind response
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ﬂ This project mainly focuses on developing and verifying of equivalent method for
Superposition

wind-induced vibration of membrane structures considering solid-fluid interaction

’wmm—‘nm.-denfn .
elements with the concept of added mass.
il Dynamic analysis

2. Research Method

The main research contents includes: 1) Development of equivalent method for wind-
induced vibration of membrane structures with the concept of added mass; 2) BLWT
Experimental investigation and verification on wind-induced vibration of membrane
structures with a little complex shape; 3) Further verification by filed monitoring data
of wind-induced response of a practical project, Yueqing Stadium, in China.

Fig.1
Framework of numerical analysis
method of displacement response

3. Research Results

3.1 Development of equivalent method for wind-induced vibration of membrane structures with the concept of added mass 1)
Test introduction A circular flat roof was used as the test model. The wind tunnel tests were conducted in Wind Engineering
Research Center, Tokyo Polytechnic University. 2) Numerical analysis method An equivalent method for wind-induced
vibration of membrane structures with the concept of added mass is established. Firstly, wind pressure based on the measuring
points of the rigid model can be decomposed into mean pressure and fluctuating pressure. Secondly, through the interpolation
method, the mean pressure on the measuring points can be tranformed to the mean pressure on all the nodes of FE model.
Finally, nonlinear dynamic analysis is conducted to derive the displacement response. An equivalent dynamic analysis
framework of numerical analysis method is shown in Fig.1.
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A series of wind tunnel tests have been carried out to determine pedestrian level ‘ i\ Uﬂ, ,CH |
winds around 38 super tall building models with various configurations: square plan, ) I ol ‘Hﬁ i N N oo
rectangular plan, elliptic plan, with corner chamfered, tilted, tapered, inverse tapered, T T e ™

with setbacks, helical, openings and so on. The results of these tests have led to Figure 1. Speed-up Ratio Distributions

comprehensive discussions on the pedestrian-level wind environment characteristics in Past studies

of various tall building configurations, and studies on corresponding optimal
structural systems. 2. Research Method For this research, using the thermistor
sensors and hot-wire sensor to test wind speed around the super tall buildings and the
inflow wind speed, calculate the mean speed-up ratio.

Research Result

The Fig. 1 shows the variation of speed-up ratio distribution of the square buildings
models with the building height (Kami and CBS; Fig. 2 is the experiment result of
the square model.

Roughly compared with the past studies, the pattern of the high speed zone is almost
same, but the area of the high speed zone is much larger, and it increases with the
building height. The measurement method in this experiment and past studies is all
the Multi-point measurement: the wind velocity information can be acquired just at
the measurement point, and the information of the all wind field is not continuous.

Figure 2.
Speed-up Ratio Distributions
in current result
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1. Research Aim

Study of wind-induced interference effects between high-rise buildings through wind tunnel experiments to produce
experimental data for a database and also suggest empirical formulas for evaluating wind loads and responses
between tall buildings for preliminary design purpose.

2. Research Method

To assess the wind-induced interfering effects between two buildings, wind tunnel experiments on a high-rise
building model with various arrangements and different height ratios and side ratios of an interfering building which
is additional interfering building model are carried out in a Boundary Layer Wind Tunnel at Tokyo Polytechnic
University, Japan.

For this study, the flow of the atmospheric boundary layer in the wind tunnel is interpreted as a geometrical scale of
approximately 1:400. The approach flow represents an urban wind exposure with a power law exponent of 0.27.

\_ e
ey

Interference effect on a square prism based on aeroelastic experiments

) e ¢

WF28#% : Yuan-Lung Lo (Tamkang Univ.)  #illA4H 23 - &5 M B
% — U — K : Aeroelastic vibration test , CFD, square prism models ,

A

This paper intends to address that the significant interference effect between two
high-rise not only comes from the upstream buildings but also the building existing
in the downstream area, especially when the two buildings are close to each other.
Aeroelastic vibration test and high-frequency force balance tests were conducted
for two identical square prism models with an aspect ratio of 8 under a turbulent
boundary layer flow.

Critical locations for interfering buildings were discussed and shown with altered
force spectrum characteristics and different patterns of response trajectories. Finally,
an idealized 2D numerical simulation of CFD was tried for the simulations of some
critical cases. Although the absolute values from CFD results could not perfectly be
compared with the experimental results, the simulated vorticity movement
generated from both buildings could provide an intuitive way for the enhancement
of the downstream interference mechanism.

Fig. 1 represents a half cycle series of vorticity patterns from the case at (-2, 0). It is
indicated that the downstream interfering model does not become an obstacle to the
formation of vortex shedding from the principal model; instead, the vortex
separated from the principal model converges to the vortex generated from the
downstream interfering model (blue vortex from 0/16 to 1/16 cycle; red vortex from

(d) 5/16 cycle 5/16 to 6/16 cycle).
Fig. 1 Truncated patterns of vorticities at the
case of (-2, 0) under Ur =19.3

. J
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Preliminary investigation on the influence of planning factors on the near-field PM2.5
% dispersion within urban areas
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WK « Xiaofeng Li (TE 1EHEARY) LAHHSH R EX
% — 7 — K : wind tunnel experiments, pollutant dispersion
1. Research Aim
This research mainly focuses on the influence of planning factors on the pollutant
dispersion in built-up urban areas. Due to the inhomogeneous distribution of urban
pollution sources and the influence of urban morphology on urban flow and

. - dispersion, highly inhomogeneous pollution levels in neighborhood scale (~1 km)
R Lot can be found in built-up areas. This research aims to evaluate the urban dispersion,
try to provide better living environment by optimizing urban planning, including
Fig. 1 Inlet profiles. (a) Horizontal wind speed (b) road, Commumty' and green area arrangements.

Turbulent kinetic energy 2. Research Method
To investigate the influence of different planning factors on the pollutant dispersion
in urban areas, wind tunnel experiments were performed to study the pollutant
g t dispersion characteristic. Cubic blocks were used to represent simplified building
# B groups and tested in the Boundary Layer Wind Tunnel of TPU. The wind tunnel
; experimental results were used to calibrate the CFD model. The optimal turbulent
S | T Schmidt number were determined according to the wind tunnel experiments.

3. Research Result
3.1 Wind tunnel experiments
In the wind tunnel experiments, six dispersion scenarios in four different flow fields
were tested in the boundary layer wind tunnel, 1,476 concentration points and 72
velocity vector points in total were measured.
3.2 Two of all six scenarios were simulated and the simulation method was
. o ) determined, in which the optimal turbulent Schmidt number is 0.5~0.7.
ig. 2 the concentration distributions of scenario 6.The

Qoints at three horizontal planes (Z=15, 45, 75 mm) were /
measured.
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Figure 1 Séfup and measurement facility
of temperature inside a model
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Figure 2 Temporal variation of
temperature inside the model with the
heat plate 34.5degs
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Figure 2 Temporal variation of
temperature inside the model with the

\heat plate 80.5degs
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Study on wind-driven natural cross ventilation of a building

KREESE
: cross ventilation, model with the heat plate, temporal temperature variation

7233 : HeeChang LIM((Pusan National University) $ill s 4524 %
FT— |t

First, the wind tunnel tests were conducted in the turbulent boundary layer wind tunnel of
the Wind Engineering Research Center at Tokyo Polytechnic University (TPU) in Japan.
Figure 1 shows the setup and measurement system of temperature inside a model. 27
thermo-couples are systematically installed inside the model and the measurement system
was placed on the side of wind tunnel. In order to save the temperature data
simultaneously the sampling rate and the number of samples were 10Hz and 18,000,
respectively. The temperatures on the ground inside the model were set to two different
temperature, i.e., 34.5 and 80.5degs.
Figures 2 and 3 show the temporal variation of temperature inside the model. In order to
get the temporal temperature variation, 27 different thermo-couples are systematically
deployed inside the model and the measurement system was a multi-channel data logging
system (HIOKI LR8416). In order to save the temperature data simultaneously the
sampling rate and the number of samples were 10Hz and 18,000, respectively. The
temperatures on the ground inside the model were set to two different temperature, i.e.,
34.5 and 80.5degs. As shown in the figures, without the wind, the temperature increases
and reaches to the maximum value and gradually descends monotonically, which would be
controlled by temperature control device for the safety reason.
When the velocity reaches to 2m/s, the temperature decreases in the heating region, i.e., O-
5mins and decreases monotonically. As the oncoming wind increases further around 6m/s,
the maximum peak of temperature would be slightly shifted to the early time, but the
temperature reduction was not substantial compared to the lower velocity, i.e., 2m/s.
It seems to be caused by the wake inside the model, but this kind of phenomena should be
researched further in the future.
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Preliminary investigation on the influence of planning factors on the near-field PM2.5 dispersion within

urban areas

WFFEAREFE « Xiaofeng Li (FE JEHFERT)  MUSHEYE 6k (X
F— U — K : pm2.5,Wind tunnel experiments,turbulent Schmidt number
A

This research mainly focuses on the influence of planning factors on the
pollutant dispersion in built-up urban areas. Due to the inhomogeneous 500
distribution of urban pollution sources and the influence of urban
morphology on urban flow and dispersion, highly inhomogeneous pollution
levels in neighborhood scale (~1 km) can be found in built-up areas.
Epidemiological studies also showed that cardiopulmonary mortality was 200
highly associated with living near a major road or an industrial area. It is thus
evident that urban planning is highly related to the distribution of urban
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pollution. Therefore, this research aims to evaluate the urban dispersion, try °
to provide better living environment by optimizing urban planning, including
road, community, and green area arrangements.

To investigate the influence of different planning factors on the pollutant
dispersion in urban areas, wind tunnel experiments were performed to study
the pollutant dispersion characteristic.

In the wind tunnel experiments, six dispersion scenarios in four different
flow fields were tested in the boundary layer wind tunnel, 1,476
concentration points and 72 velocity vector points in total were measured.
The results are as follows. Fig. 1 shows the inlet profiles. The horizontal
wind speed is normalized by the reference speed U90=3.74 m/s at the
reference height H=90 mm.
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Z=75 mm Layout, red dot is the release point

Two of all six scenarios were simulated and the simulation method was
determined, in which the optimal turbulent Schmidt number is 0.5~0.7.
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