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SUMMARY:

High-rise buildings generate high-wind areas around them. However, the interference effect of high-rise buildings on
the surrounding low-rise buildings has not yet been evaluated. In this study, wind tunnel experiments were conducted
to investigate the wind pressure coefficient on the roofs and walls of low-rise buildings surrounding a single high-rise
building. Overall, 72 different wind directions, ranging from 0° to 355° in 5° increments, were considered, and the
effects of wind direction on the wind pressure coefficients of the surrounding buildings were evaluated. For low-rise
buildings located downwind of the high-rise building, negative and positive peak wind pressure coefficients occurred
when the wind directions were 25°, and 30°, respectively. The negative peak value, which was observed at the upwind
end of the roof of the low-rise building, was approximately thrice that of the case without a high-rise building. The
fluctuating pressure coefficient in the region of very large negative peak wind pressure exceeded 1.0 [-], which was
higher than that in other conditions.
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1. INTRODUCTION

Wind load has been an important issue in the structural design of high-rise buildings, and wind
tunnel experiments (Kwok et al., 1988; Tanaka et al., 2012) have been used to gquantitatively
evaluate the wind pressure acting on building walls. It is well known that high-rise buildings
generate strong winds in the surrounding pedestrian space, and studies on the characteristics of
strong winds generated by high-rise buildings have been conducted for many years (Murakami et
al., 1979; Xu et al., 2017). Furthermore, studies have been conducted on the interference effect of
high-rise buildings on the aerodynamic response of buildings to be designed (Khanduri et al., 1998;
Kim et all., 2011; Chen et al., 2018). However, there are few studies on how high-rise buildings
affect the wind pressure of surrounding low-rise buildings.

In this study, the impact of a single high-rise building on the wind pressure acting on the
surrounding low-rise buildings was investigated through wind tunnel experiments on a low-rise
urban block with a gross coverage ratio of 25%.



2. EXPERIMENTAL CONDITIONS

The wind tunnel experiments were conducted in a Boundary Layer Wind Tunnel at the Tokyo
Polytechnic University. The test section of the wind tunnel was 2.2 m wide, 1.8 m high, and 19 m
long. The test model for wind pressure measurement was a 1/200 scale 150 mm cube with 356
measurement taps (Figure 1) and placed at the center of the turntable (Figure 2). Experiments were
conducted for six cases (Table 1): five cases with different locations of a high-rise building (750
mm high) and one case with uniform heights (no high-rise). Figure 3 shows a photograph of the
model layout of Case 2. Figure 4 shows the characteristics of the approach flow. The velocity scale
was set to 1/6 and the time scale was 3/100. Overall, 72 wind directions were considered with 5°
increments from 0° to 355°. The sampling frequency was 800 Hz, and 10 samples were acquired
for a sampling time of 20 s (10 min on a full time scale). The tube effects were numerically
corrected using the gain and phase characteristics of the pressure measurement system.
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Figure 4. Characteristics of approach flow; (a) mean wind
Case 5 S velocity; (b) turbulent intensity; (c) power spectrum density.

The reference velocity pressure g, was obtained from the average wind speed at the roof height
of the test model for wind pressure measurement. g, is used to obtain the instantaneous wind
pressure coefficient. Moving average of 0.2 s on the full-time scale was applied to the
instantaneous pressure to obtain various wind pressure coefficients for 600s on a full time scale.
The formulas for calculating the wind pressure coefficient are given in Egs. (1)-(4). C, is the
wind pressure coefficient for each tap (Eq. (1)), whereas p; [N/m?] is the wind pressure at each
tap. C, [-] is the mean wind pressure coefficient (Eq. (2)). peakC,(n) [-] is the maximum or
minimum wind pressure coefficient at each tap for each sample (Eg. (3)), where n [-] denotes the
number of samples. Cp’ [-] denotes the fluctuating pressure coefficient at each tap (Eq. (4)), and
op [N/m?] is the standard deviation of the wind pressure value at each tap.
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3. RESULTS

3.1. Variations of peakC, for wind directions and location of a high-rise building

Figure 5 shows the results of the maximum and minimum values of the peak wind pressure
coefficient at each pressure measurement point for all wind directions for all the pressure taps.
Considering the positive peak wind pressure coefficient, the values are larger around 30°, 65°,
300°, and 330° in Case 2, and around 30° and 65° in Case 5, which are approximately 1.5 times
larger than those in Case 0. The negative peak wind pressure coefficients in Case 2 have large
negative values around wind angles of 25° and 335°, which are approximately three times larger
than those in Case 0, i.e., no high-rise buildings.
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Figure 5. Variations of maximum values of positive peak(,, and minimum values of negative peakC, among
all taps for wind directions and location of a high-rise building; (a) Positive peakC,; (b) Negative peakC,.

3.2. Wind pressure coefficient distribution at 25° wind direction angle (Case 2)

In this section, we analyze the spatial distribution of the wind pressure coefficient for the case with
a wind direction angle of 25°, which exhibited the minimum negative peak wind pressure
coefficient in Case 2. The results for Case 0, where there were no high-rise buildings, are also
shown for comparison. Figure 6 shows the spatial distribution of various wind pressure coefficients
when the wind direction is 25°. With respect to the average wind pressure coefficient, a relatively
large negative pressure was generated at the upwind corner of the roof surface in Case 2, and a
value of approximately four times higher than that in Case 0 can be observed at some pressure taps.
For the positive peak wind pressure coefficient, the value was large on the upwind side, and the
maximum value in Case 2 was approximately 1.5 times larger than that in Case 0. With respect to
the negative peak wind pressure coefficient, a very large negative pressure of approximately -9.3[-],
which was approximately three times larger than that in Case 0, was observed at the roof surface
corner in Case 2. For the fluctuating wind pressure coefficient, a value exceeding 1.0 was observed
at the upwind corner of the roof surface in Case 2, where a large negative peak wind pressure
coefficient was observed, indicating that the value is very large compared to that in Case 0. These
results suggest that the downwash flow from the high-rise building impinged on the test model
during wind pressure measurement and caused a large negative pressure owing to the strong
separation on the roof surface of the low-rise building.

4. CONCLUSIONS

In this study, we analyzed the peak wind pressure coefficients of low-rise buildings located near
the high-rise building using wind tunnel experiments. When the wind direction angle was 25°, the
peak wind pressure coefficient for the low-rise building directly behind the high-rise building was
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Figure 6. Spatial distribution of various wind pressure coefficients when the wind direction angle is 25°. (a)
Building model arrangement and prevailing wind direction in Figures (b) to (j); Top row: Case 0: no high-rise
buildings; Bottom row: Case 2 with the high-rise building next to the test model for wind pressure measurement.
(b) and (f) represent C_p; (c) and (g) represent positive peak C,; (d) and (h) represent negative peak C,; (€) and
(i) represent C,".

larger on the positive and negative sides. Particularly, a very large negative peak wind pressure
coefficient of approximately -9.3[-], which was approximately three times higher than that without
the high-rise building, was generated at the corner of the roof surface. Additionally, the fluctuating
pressure coefficient in the region of a very large negative peak wind pressure was greater than 1.0
[-], indicating that large fluctuations occurred.
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