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1 INTRODUCTION

Wind loads on cladding of buildings are likely to be influenced by the presence of nearby tall
buildings. The influence of neighboring buildings on global wind loads has been researched exten-
sively in the 80’s and 90’s. Studies by Taniike (1991) and Khanduri (1997) concluded that the in-
fluence of interfering buildings with similar or larger heights than the reference building could lead
to an increase in global wind loads of 70-80%, but judged the influence of smaller buildings on the
global loads insignificant. Studies on the influence of a high-rise building on surrounding buildings
mention a factor two to three increase in local peak loads [Stathopoulos (1984), Surry and Malais
(1982)]. Recently Kim et al (2011) studied the influence of a mid-rise building on the local loads
experienced by the facades of a high-rise building; they found an increase in minimum peak suc-
tion of approximately 15%.

From a wind tunnel measurement (Figure 1) on a 165 m high tower in Rotterdam, the Nether-
lands, a characteristic value for the peak suction of -5255 N/m? was calculated at tap (1) at a wind
angle of 210° (Geurts et al, 2006). This value is over a factor three higher than the value found
when applying the Dutch Code (NEN6702, 2001) at this height (105 m full scale). Figure 1(b) il-
lustrates that the building 22 m upstream is likely to have an influence on this extreme peak pres-
sure.

This paper aims at understanding the wind effects of a mid-rise building on the pressure distribu-
tion of a nearby high-rise building.

Figure 1. (a) Wind tunnel model of the high-rise building and surroundings in Rotterdam, (b) top view of the
165 m high-rise and interfering building (S/b = 1.2) and (c) histograms of minimum pressure coefficients for
tap positions (1) and (2) referenced to the mean free stream dynamic pressure at roof height.
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2 DESCRIPTION WIND TUNNEL TEST

Wind tunnel experiments have been carried out in the open circuit atmospheric boundary layer
(ABL) wind tunnel of TNO Built Environment and Geosciences in the Netherlands, illustrated in
Figure 2. It has a working section of approximately 13.5 m in length; the test section has a 3 m
width and 2 m height.

i

Figure 2. The isolated test configuration in the wind tunnel of TNO.

The boundary layer applied in this study was developed using 6 spires and 50 mm cubic rough-
ness elements equally spaced over the length of the test section. The roughness elements extended
onto the turn table, as illustrated in Figure 2, to prevent the development of an internal boundary
layer. This particular configuration was chosen since it represents a suburban fetch. This corres-
ponds to the typical conditions found in practice in the Netherlands when new high rise buildings
are being developed.

The three velocity components of the wind tunnel boundary layer have been measured with a
Dantec Dynamics two-component hot wire anemometer in two separate runs. Mean flow veloci-
ties have been determined from measurements sampled with 68 Hz for 60 s, a sampling rate of
500 Hz and sampling time of 8.2 s were applied for the determination of the turbulence intensities
and spectral properties. Measurements have been made above the centre of the turntable without
building models present.

For an accurate determination of the\/r_o@ness length z, and displacement height d, the friction
velocity has been determined withu, =+-u'w' =1.13 (Roth, 1993), in which u'w' is the Reynolds
stress near the wall. A linear fit through a rearranged logarithmic law results in wind tunnel values
of zo = 0.0032 m and d = 0.018 m, the velocity profile is illustrated in Figure 3(a). The Jensen
number for this test configuration is 150. A geometrical scaling of 250 results in full scale values
Zzp=08mandd=4.6 m.

Both the turbulence intensities and the power spectral densities were determined using ensem-
ble averaging over 4 ensembles with a length of approximately 2 s. Between 0.1 m and 0.5 m
height the turbulence intensities, non-dimensionalized by the friction velocity, can be considered
constant because the coefficient of variation is smaller than 0.1. For this region the mean intensity
values are o,/u- = 2.0, ov/u- = 1.7 and a,/u- = 1.4. Table 1 provides values and ranges (obtained at
different heights) from different full scale atmospheric boundary layer studies over rough terrain in
neutral conditions. Although in this study, o./u~ is small, the wind tunnel values fit within the
ranges found in these studies. The turbulence intensity profiles are illustrated in Figure 3(b).



Table 1. Full-scale values for the fraction of velocity standard deviation values oy, o, and o, divided by the friction

velocity us.
Source ou/u- ov/u~ ou/Ux
Panofksy & Dutton (1984) 2.5 2.0 1.25
Duchene-Marullaz (1997) 2.0 15 1.0
Roth (1993) 2.1-2.7 1.2-2.3 1.0-1.7
Rotach (1995) 1.2-1.7 1.1-1.7 0.7-1.3
Geurts (1997) 2.4 1.9 1.4
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Figure 3. Simulated wind characteristics: (a) mean velocity profile U/U,¢ , (b) turbulence intensity profiles I, 1,
and 1,, and (c) the longitudinal power density spectrum fSy./o,%.

Power spectra of the turbulence components were computed with the Fast Fourier Transform.
The longitudinal non-dimensional spectrum versus the reduced frequency is illustrated in Figure
3(c) for a height of z=0.5 m.

The reference model is a wooden square cylinder with a height of h = 0.48 m and both sides
b =0.12 m. The interfering model, also made of wood, has a height of 0.24 m and the same hori-
zontal dimensions as the reference model. Measurements were performed on the isolated configu-
ration and three tandem configurations [as illustrated in Figure 4(b)]. Both the influence of a
square and circular shape of the interfering building is investigated. Twenty-four wind directions
were measured for each configuration.

The reference model is instrumented with pressure taps at 86 locations. The taps are distri-
buted as illustrated in Figure 4, 38 pressure taps on the front and rear face and 10 taps on the top
face. After one measurement run the model was rotated 90 degrees and a second run was per-
formed for the same configuration.

The fluctuating pressures acting at the 1.1 mm diameter pressure taps were measured with a
sampling rate of 400 Hz for a period of approximately 20.5 seconds. The distortion of the meas-
ured pressures due to the tube length was corrected for with transfer functions.

During pressure measurements the undisturbed static and dynamic pressure and mean wind speed
in the wind tunnel, Uy = 14.2 m/s, were measured with a pitot-static tube positioned at model
roof height (hy = 0.48 m), approximately 2.6 m in front of the model and 0.7 m to the side.
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Figure 4. (a) Pressure tap distribution on the side faces and top face of the instrumented building model, (b) 4 tandem configu-
ration positions measured in the wind tunnel (the circular shaped interfering building is not illustrated).

The measured pressures are converted into pressure coefficients using:

p G
5 and C, =—"—.
P %pufef ° %pufef

Inwhich p and o, are the mean and standard deviation of the measured pressure signal.

3 RESULTS AND DISCUSSION

A mean and standard deviation pressure coefficient were determined for twenty-four wind di-
rections at all pressure tap positions. For each tap position the minimum, over all wind directions,
of the mean pressure coefficients was determined; the maximum standard deviation was obtained
with the same method. Figure 5 presents the minimum mean (a) and maximum standard deviation
(b) pressure coefficient contours. The contours on the front (A), side (B) and rear (C) face are il-
lustrated for the rectangular and circular interfering building cases at S = 0.5b. For the isolated
case, the pressure coefficient contours on the four faces are similar when all wind directions are
considered; therefore only one of the pressure coefficient contours is illustrated in figures 5(a) and
(b). Regions on the building with a significant effect in minimum mean pressure and maximum
standard deviation pressure are indicated with the symbols m, @ and a. Table 2 gives the
minimum mean and maximum standard deviation coefficients measured at these locations, as well
as the wind directions where these values were measured. The next paragraph will describe some
characteristics of the three pressure effects encountered on the faces of the building model.

3.1 Pressure effect characteristics

On face A at the location specified with the symbol m, both the square and circular interfering
building cause an increase in minimum mean pressure coefficient of approximately 19%. This in-
crease is observed at a 285° wind angle for the square interfering building and a 270° wind angle
for the circular interfering building. The maximum standard deviation coefficient does not in-
crease; however, the wind angle where this maximum is measured has changed from 300° to 285°.
In case of a square interfering building the largest mean and fluctuating pressure effects occur at
the same wind angle. These effects are the result of the flow phenomenon known as channeling
[(Blocken et al, 2007), (Lam et al, 2008)].
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Figure 5. Pressure coefficient contours of (a) minimum mean and (b) maximum standard deviation values deter-
mined on the front (A), side (B) and rear (C) faces of the high-rise building model over 24 wind angles. The iso-
lated case (centre) and two interfering cases (square cylinder left and circular cylinder right) with S = 0.5b are pre-
sented. The symbols m and e specify locations where a significant increase in minimum mean and maximum
standard deviation is observed; a reduction in minimum mean and maximum standard deviation is observed at a.

Table 2. Pressure coefficient values for the specified locations in Figure 5. For each position the minimum mean
and maximum standard deviation over all wind directions are provided, plus the wind angle at which this mini-
mum or maximum was determined.

Case mMin Cy mean 0 max Cp s 0

Isolated (m) -0.85 285° 0.39 300°
Square-square (m) -1.00 285° 0.39 285°
Circle-square (m) -1.01 270° 0.38 2850
Isolated (o) -0.84 345° 0.37 330°
Square-square (o) -0.92 0° 0.55 345°
Circle-square () -0.90 0° 0.47 345°
Isolated (A) -1.08 345° 0.41 345°
Square-square (A) -0.89 345° 0.34 330°
Circle-square (A) -0.95 345° 0.36 330°




This phenomenon also occurs at the same position on the other side of face A at wind angles
between approximately 60° and 90°. Figure 6(a) illustrates the configuration and the region of in-
fluence. The influence of a mid-rise building on a high-rise building due to channeling is limited
(smaller than 20%). More significant effects were observed by Bronkhorst et al (2010) and Kim et
al (2011) for buildings of equal height. Bronkhorst et al (2010) determined increases of approx-
imately 60% in minimum mean and 40% in maximum standard deviation; Kim et al (2011) de-
scribe a 40% increase in minimum peak pressure coefficient.

On face B at half the building height (e) the square mid-rise building causes a 10% increase in
minimum mean and a 49% increase in maximum standard deviation coefficient. At the same posi-
tion, the circular building produces an increase in minimum mean pressure coefficient of 7% and a
27% increase in maximum standard deviation pressure coefficient. These effects occur at wind
angles of 0° and 345° (table 2). The location of the effect and the wind angles at which it was
measured, illustrated in figure 6(b), indicate that the interference effect is related to the shear layer
separating from the roof of the mid-rise building.

At the top corner of face B (a) a reduction in minimum mean and maximum standard deviation
pressure coefficient is observed. A square-shaped interfering building reduces minimum mean with
18% and maximum standard deviation with 17%; the circular building reduces both minimum
mean and maximum standard deviation coefficient with 12%. The minimum mean pressure coeffi-
cient occurs for all cases at a wind angle of 345°. The interfering building changes the wind angle
at which the maximum standard deviation is determined from 345° to 330°.
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Figure 6. Illustrations of the identified cases with effects on mean and standard deviation pressure coefficient: (a) channelling
effect, (b) shear layer impingement effect and (c) corner pressure reduction effect. The grey zones indicated the region where
the pressure effects are observed. The circular-shaped interfering building is not illustrated.

3.2 Influence of separation distance

The influence of the non-dimensional separation distance S/b on the minimum mean and maxi-
mum standard deviation pressure coefficient is illustrated in the graphs of Figure 7(a) and (b).

The first graph of figure 7(a) and 7(b) show the influence of S/b on the minimum mean and
maximum standard deviation pressure determined at the position indicated with m. These pressure
effects, related to the channeling phenomenon, are only significant at a separation distance
S/b = 0.5. For separation distance S/b = 3 and S/b = 5 the mean and standard deviation pressure
coefficient are similar to the isolated case coefficients. Both the square and circular interfering
building have a comparable influence on the mean as well as the standard deviation pressure coef-
ficient at the specified location (m) on the building.

The second graph of figure 7(a) and (b) show the influence of separation distance on the mini-
mum mean and maximum standard deviation pressure coefficient at position . For separation dis-
tances S/b = 3 and S/b = 5, the minimum mean or maximum standard deviation pressure coeffi-
cient are comparable to the isolated case. At a separation distance of S/b = 0.5, the square
interfering building has a 17% larger influence than the circular interfering building.
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Figure 7. Ratio of separation distance S and model width b versus the minimum mean (a) and maximum standard
deviation (b) pressure coefficient values. The first column of graphs illustrates the channelling effect (m), the sec-
ond column the shear layer impingement effect (e) and the third column the pressure alleviation effect (a).

The influence of separation distance on the minimum mean and maximum standard deviation
pressure in the top corner of the high-rise building model is illustrated in the third graph of figure
7(a) and (b). Both the mean and the fluctuating component of the pressure show the largest re-
duction at a separation distance of S/b = 0.5. In contrast to the previous two effects, the corner
pressure is still influenced at separation distances of S/b = 3 and S/b = 5. The square interfering
building has a slightly larger influence than the circular building.

4 CONCLUSION

Based on the mean and standard deviation pressure distribution, three interference effects were
determined: a channeling effect, a shear layer impingement effect and a pressure alleviation effect.
For the first two effects increases in minimum mean and maximum standard deviation pressure
coefficient were observed at half the height of the high-rise building. A reduction in both mean
and standard deviation pressure coefficient were determined for the third effect, which occurs at
the top corner of both side faces.



The adverse effects of the mid-rise building on the mean and standard deviation pressure distri-
bution are significant for a separation distance of S/b = 0.5. For separation distance S/b > 3 the in-
vestigated adverse effects are considered insignificant with a maximum influence in both mean and
standard deviation coefficient of less than 10%. For separation distances of at least up to S/b =5,
the mid-rise building has a favorable effect on the pressure encountered in the top corner on the
side face of the disturbed high-rise building. Both the mean and standard deviation pressure coef-
ficient are reduced by the interfering building, either square of circular.

Overall, the square building has a larger influence than the circular building. In case of the
shear layer impingement effect, the square interfering building generates a larger standard devia-
tion pressure coefficient. The square interfering building also causes a larger reduction in both
mean and standard deviation pressure coefficient at the top corner of the high-rise building.

Future analysis of the flow field will provide for a better understanding of the origin of the in-
creases and alleviations in the mean and fluctuating components of the measured pressures.
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