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ABSTRACT: This paper focuses on the aerodynamic interference phenomena between a high-rise 
building and the neighboring complex of three smaller buildings. They are located in an area of 
dense development of high-rise buildings in the center of Warsaw, Poland. The comparison was 
based on the pressure coefficient values on the walls and rooftops of the smaller buildings in a 
situation with and without the near higher building. Wind tunnel model tests were conducted in 
the Wind Engineering Laboratory at the Cracow University of Technology in the scale of 1:300. 
About 600 pressure taps were implemented on the outer surfaces of the buildings models. Wind 
directions at which the most significant impact was noticed were identified and referenced to the 
local wind rose. The differences in wind pressure values in both situations showed strong aerody-
namic interference for some of the considered wind directions. Based on the tests, general instruc-
tions were released for consulting engineers and façade designers. 
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1 INTRODUCTION 

Aerodynamic interference of buildings and structures has always been one of the key problems 
that developed wind engineering as a discipline of its own. Even today, it is still not a matter that 
can be tackled by standardization, as the procedures included in the standards concerning wind 
actions apply for simple geometry and isolated buildings, while more complex cases require ex-
perimental tests in wind tunnels or CFD simulations. Precision of such tests is especially essential 
in dense urban developments of high-rise buildings, where the wind load plays a significant role 
for the structure and façade design and the influence between the tall buildings is strong. 

The seriousness of the wind interference problems were described in general and systema-
tized by (Khanduri et al., 1998). They recognized both the seriousness of the problem and incon-
sistencies in various studies and ways to tackle it. (Taniike, 1992) described the causes of interfer-
ence mechanism of neighboring buildings causing significant growth of the resulting forces on the 
subject building. He named vortex shedding caused by the upstream building attacking the build-
ing in its wake, transition of shed vortices into smaller scale vortices through a convection process 
and contracted flow between the buildings as the main reasons of increased fluctuating velocity of 
the flow. Different arrangements of buildings and their effect on pressure distribution were studied 
by (Yu et al., 2015) in wind tunnel tests. Their work gave particulate conclusions to the effects of 
wind velocity amplification caused by shielding and contraction between the buildings. 

Wind interference also plays a key role in wind tunnel aided urban planning. Analyzing the 
best possible arrangements of adjacent tall buildings is significant when it comes to dense urban 
developments. Such arrangement should account both the pressure amplifications on building fa-
çades and pedestrian wind comfort. Moreover, it should allow for actual city ventilation by not 
blocking the natural ventilation channels. (Ng, 2009) discussed the matter on the example of Hong 



Kong, taking into account the balance between urban ventilation and human comfort. This work 
suggested, among other principles, varying the buildings height, with a decrease towards the 
source of prevailing wind directions, in order to allow for the best ventilation. Advices for archi-
tects and urban planners considering optimization for wind environment were discussed by 
(Cammelli and Stanfield, 2017), where the authors have shared their experience on wind assess-
ments in London, another highly developed city with high-rise buildings. 

This paper describes a case study of a high-rise development located at Daszyński Rounda-
bout in downtown Warsaw, which is one of the most rapidly developing urban area of central 
Europe, accommodating numerous office, service and residential buildings. The study analyses 
impact of a developing high-rise building Spinnaker Tower on a complex of three tall buildings. 
 
2 WIND TUNNEL TESTS 

2.1 Scope of work 

The subject of this study is a complex of three high-rise buildings located in Warsaw. Building A, 
which is the largest of the complex, is designed to be 140 m tall, whilst buildings B and C are 
significantly smaller: 57 m and 47 m, respectively. The area between the buildings is arranged as 
a green passage meant for meetings and socializing. Perforated panels were used in some of the 
façade coverings (highest levels of the buildings and technical floors). The development is located 
right at the side of Daszyński Roundabout. The subject buildings – as modelled for the tests in the 
scale of 1:300 – and their surroundings are shown in Figure 1a. The general layout of the area from 
the top view and marks on the buildings (as well as their façades) are shown in Figure 1b. 

The main scientific aim of the research was to determine wind pressures on rooftops, terraces 
and elevation details of the considered buildings. The tests were conducted for 36 different wind 
directions from 0° to 350° with an increment of 10°. Two different situations of surrounding de-
velopment were taken into account: with and without the Spinnaker Tower (marked in red rectan-
gle in Fig. 1a), a 180 m tall high-rise building which is in the stage of development. To allow for 
transition between model and natural scale, dimensionless pressure coefficients were determined 
for each point and each wind direction, which can be put into practical use by consulting engineers 
of the construction and façade designers according to the building codes (PN-EN 1991-1-4). 
 

a)  b)  
Figure 1. The subject of the study: a) model of Generation Park (located in the center in green rectangle) and their 

surroundings mounted in the working section of wind tunnel, b) top view of the area with buildings and their façades 

marked on the map 
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2.2 Wind tunnel conditions 

Together with the buildings complex, the surroundings within the radius of 300 m with respect to 
existing buildings and future planned developments were modelled in the scale of 1:300. This scale 
allowed to recreate the area with sufficient details, yet avoid the problem of blockage effect in the 
wind tunnel (Flaga, 2008). This resulted in the highest building A reaching 45.7 cm in model scale. 
The reference height for pressure measurements was set at 30 cm from ground level. 

The tests were performed at boundary layer wind tunnel of Wind Engineering Laboratory of 
Cracow University of Technology. The dimensions of the working section are 1.6 m height and 
2.2 m width, however, with adjacent compensation chambers with slotted walls on both sides, the 
width is about 3.5 m. Blockage of the wind flow in the working section caused by the model – 
under the most critical wind direction (largest model area perpendicular to the wind flow) and 
taking only the width of 2.2 m – does not exceed 10%. Moreover, the compensation chambers 
reduce the blockage effect. 

Wind roses for the subject area were taken from (Report, 2016). They are shown in Fig. 2. 
Wind profile used in the wind tunnel working section was formed with spires of 115 cm height 
and system of blocks (7 cm). It was measured in 6 points on different levels with hot-wire ane-
mometers located in the undisturbed part of the tunnel in front of the model. A relation was elab-
orated to determine the α exponent of wind profile power law, given in Equation 1: 
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where: zref = 0.50 m – reference height, α = 0.29 – exponent of wind profile power law, Vref = 16 
m/s – reference wind speed. 

Similarly, wind turbulence profile was determined. Turbulence intensity was calculated as 
given in Equation 2: 
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where: ����� – standard deviation of wind speed at height z, β = 0.39. 
The level of turbulence intensity varied from Iv(z) = 9.5% at z = 0.50 m to Iv(z) = 27.8% at z 

= 0.05 m. 
 

a)  b)  
Figure 2. Wind roses for Warsaw: a) frequency wind rose, b) velocity wind rose 

2.3 Aerodynamic building models 

The models were equipped with pressure taps on every surface. The pressure taps were dis-
tributed uniformly along each surface in the following pattern: 2.5 – 4 cm apart in the vertical 
direction and 3 – 4 cm apart in the horizontal direction, depending on the dimensions of the surface. 
Pressure taps closest to the edges of each surface were located 1 cm from that edge, to account the 



boundary effects. The uppermost parts of the building models were covered in fine metal mesh 
which mimics the fence covering technical floors. 

The two analyzed situations – with and without the Spinnaker Tower – are shown in Fig. 3. 
These pictures give good insight into the actual development situation in the area subject to wind 
tunnel tests (view from South-East direction). 

a)  b)  
Figure 3. Computer models in SketchUp used to recreate the physical models in wind tunnel: a) without Spinnaker 

Tower, b) with Spinnaker Tower (red rectangle) 

 
Wind pressures were measured in a total of 609 points: 277 on building A, 159 on building 

B and 173 on building C. The rooftops, due to their irregular shapes and presence of different gears 
and machinery (air conditioning system) were generally omitted in this study, however the pres-
sure on them was also measured. 

 
3 MODEL TESTS RESULTS 

Fig. 4 shows the relationships between mean wind pressure (time averaged from the measurement) 
– averaged on whole surface – and wind inflow direction (where 0° is North, as shown in Fig. 1b). 
The graphs show the difference between the two analyzed situations – with and without Spinnaker 
Tower – for the façades where the differences were most prevalent. 
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Figure 6. Relations between surface-averaged mean wind pressure coefficient and wind direction for façades A3, 

B1, C3 and C4 



Largest differences between the two situations were observed for wind directions of 150°-
170° for façades A3 and C4. These façades are windward for this direction, but the presence of 
Spinnaker Tower shields them from the wind, therefore the averaged wind coefficient changes 
from positive (pressure) to negative (suction) value. These directions correspond with south-south-
east wind direction, where both the frequency and velocity of wind is moderate according to wind 
rose. Fig. 5 shows detailed results (local pressure maps) on these two façades for 160° wind direc-
tion. 

a)  b)  
Figure 5. Mean pressure coefficient values on façades A3 and C4 for wind direction 160°: a) situation without Spin-
naker Tower, b) situation with Spinnaker Tower 

 
For easier comparison of both situations, peak values of pressure coefficient (calculated as 

99% quantile of either positive or negative value from the measurements) were taken into account. 
Table 1 gathers the differences between the two analyzed situations in terms of extreme pressure 
values taken from all directions and averaged on each surface. This allows for a direct quantitative 
comparison between the two situations.  
 
Table 1. Differences of extreme pressure values in two situations on façades and roofs of buildings A, B and C 

Façade/Roof 

Extreme Cp – without 

Spinnaker Tower [-] 

Extreme Cp – with Spin-

naker Tower [-] 
Difference 

Positive Negative Positive Negative Positive Negative 

A1 1.70 -2.77 1.70 -2.70 0% 3% 

A2 1.56 -2.47 1.42 -2.16 9% 13% 

A3 1.96 -3.04 0.23 -3.18 88% -5% 

A4 2.28 -2.45 2.28 -2.26 0% 8% 

Roof A – -2.58 – -3.65 – -42% 

B1 0.82 -1.63 0.90 -1.86 -9% -14% 

B2 1.62 -1.72 1.63 -1.46 0% 15% 

B3 1.19 -1.77 1.18 -2.00 0% -13% 

B4 1.08 -1.51 1.03 -1.64 5% -9% 

-0.82 -0.90

0.42 0.49 0.53 0.57 0.51

0.58 0.67 0.73 0.75 0.58

0.52 0.75 0.81 0.81 0.65

0.46 0.74 0.82 0.82 0.63

0.43 0.72 0.79 0.77 0.58

0.31 0.65 0.73 0.73 0.51 0.45 -0.38

0.25 0.58 0.67 0.64 0.40 -0.34 -0.38 0.51 0.40

0.23 0.50 0.58 0.58 0.41 -0.31 0.32 0.46 0.32

0.22 0.41 0.45 0.44 0.36 -0.27 0.32 0.41 0.23

0.09 0.32 0.39 0.40 0.30 -0.14 0.30 0.28 0.10

0.14 0.41 0.51 0.48 0.37 -0.12 0.33 0.26 0.11

-0.98 -1.01

-1.26 -1.13 -1.27 -1.25 -1.37

-1.34 -1.29 -1.35 -1.38 -1.24

-1.10 -1.11 -1.12 -1.14 -1.17

-1.13 -1.12 -1.14 -1.16 -1.19

-1.10 -1.12 -1.12 -1.15 -1.20

-1.00 -1.07 -1.12 -1.14 -1.23 -0.38 -0.58

-0.93 -1.05 -1.11 -1.14 -1.22 -0.43 -0.51 -0.35 -0.04

-0.89 -0.98 -1.06 -1.08 -1.11 -0.35 -0.69 -0.21 -0.07

-0.85 -0.88 -1.01 -0.94 -0.91 -0.35 -0.71 -0.24 -0.19

-0.74 -0.86 -0.94 -0.90 -0.79 -0.33 -0.67 -0.27 -0.26

-0.66 -0.78 -0.84 -0.83 -0.61 -0.37 -0.63 -0.15 -0.15
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Roof B – -1.93 – -2.25 – -17% 

C1 1.11 -1.62 1.09 -1.42 2% 12% 

C2 0.61 -1.52 0.60 -1.62 1% -6% 

C3 0.96 -1.49 0.70 -1.52 27% -2% 

C4 1.30 -1.71 0.63 -1.74 52% -2% 

Roof C – -1.73 – -1.98 – -14% 

 
As can be noticed in the table, the differences of extreme values are most significant on 

façades A3, C3 and C4 in case of positive values (pressure) and the rooftops, especially on building 
A, in case of negative values (suctions). Maps of local extreme values, both positive and negative, 
for some of the façades are presented in Fig. 6 – Fig. 8. There were points were at no wind direction 
a positive extreme value of wind pressure coefficient was measured, which was marked on the 
maps. 
 

a)  b)  
Figure 6. Extreme wind pressure coefficient values (positive – pressures and negative – suctions) on façades A3: a) 
situation without Spinnaker Tower, b) situation with Spinnaker Tower 

 

a)  b)  
Figure 7. Extreme wind pressure coefficient values (positive – pressures and negative – suctions) on façades C4: a) 
situation without Spinnaker Tower, b) situation with Spinnaker Tower 

- - -2.63 -2.63

2.01 1.98 2.03 1.95 1.98 -3.45 -3.26 -2.73 -2.43 -2.17

2.04 2.16 2.22 2.17 2.04 -3.61 -3.29 -2.67 -2.50 -2.22

2.08 2.36 2.51 2.50 2.35 -3.93 -3.88 -3.17 -2.81 -2.37

1.78 2.43 2.63 2.56 2.26 -3.99 -3.82 -3.29 -2.78 -2.41

1.66 2.43 2.60 2.59 2.22 -3.43 -3.54 -3.20 -2.76 -2.55

1.32 2.11 2.38 2.38 2.09 -3.57 -3.57 -3.33 -2.93 -2.62

1.19 1.93 2.15 2.22 2.03 -3.55 -3.56 -3.44 -2.96 -2.53

1.21 1.72 2.21 2.35 1.90 -3.43 -2.76 -3.03 -2.80 -2.90

1.29 1.58 1.97 1.99 1.68 -3.19 -3.21 -2.99 -2.49 -2.75

0.91 1.40 1.59 1.63 1.37 -3.48 -3.41 -3.00 -2.68 -2.70

0.89 1.61 1.85 1.84 1.38 -3.44 -3.16 -2.90 -2.54 -2.40

- - -2.83 -2.78

1.89 1.55 - - - -4.18 -3.85 -4.17 -3.60 -3.45

1.73 1.24 - - - -4.36 -4.29 -4.38 -3.86 -3.16

2.03 1.33 - - 1.18 -3.76 -3.51 -2.88 -2.59 -3.03

1.43 - - - - -3.40 -3.51 -3.05 -2.61 -2.90

- - - - - -2.82 -3.17 -2.91 -2.66 -2.92

- - - - - -3.10 -3.28 -3.02 -2.76 -2.99

- - - - - -3.44 -3.43 -3.11 -2.81 -3.02

- - - - - -4.04 -2.95 -2.99 -3.09 -3.52

- - - - - -3.10 -2.94 -2.97 -2.71 -2.89

- - - - - -3.45 -3.14 -2.95 -2.75 -2.45

- - - - - -3.22 -3.00 -2.81 -2.77 -2.29

1.97 0.82 -1.67 -1.68

0.85 0.40 2.16 1.83 -1.61 -1.65 -1.79 -1.59

0.51 1.72 1.91 1.45 -1.47 -1.92 -1.57 -1.79

0.81 1.61 1.97 1.30 -1.63 -1.91 -1.77 -1.91

1.38 1.35 1.27 0.97 -1.57 -1.77 -1.84 -1.93

1.12 1.23 1.11 0.95 -1.00 -2.01 -1.70 -1.78

- 0.54 -2.02 -1.96

0.48 - - 1.64 -1.44 -1.76 -2.02 -2.03

0.47 - - 1.44 -1.33 -1.86 -1.51 -2.03

0.51 - - 1.33 -1.32 -1.98 -1.64 -2.00

1.07 0.58 0.27 1.27 -1.34 -1.95 -1.71 -1.70

1.04 0.93 0.87 1.39 -1.08 -1.91 -1.67 -1.90



a)  b)  
Figure 8. Extreme wind pressure coefficient values (positive – pressures and negative – suctions) on façades C3: a) 
situation without Spinnaker Tower, b) situation with Spinnaker Tower 

 
4 CONCLUSIONS AND FINAL REMARKS 

A strong aerodynamic interference between the buildings of Generation Park and its surroundings 
can be observed in both analyzed situations. Buildings B and C are reaching the average level of 
building height in the area, but are far lower than the neighboring high-rise buildings. Therefore, 
for most wind directions these buildings are located in aerodynamic wake of their surroundings. 
Absolute values of pressure coefficient are significantly lower on the walls of these buildings than 
on the highest building A (especially on its higher levels). 

The most significant difference between the two situations are visible on the façade A3 and, 
to a lesser extent, on the façade C4. These walls are facing the Spinnaker Tower directly, so the 
high-rise building has the largest impact on them. It results practically in lack of any positive pres-
sure values on façade A3 and in the central part of façade C4. 

Another significant difference can be seen on the rooftop of building A in case of extreme 
values of negative pressure. Without Spinnaker Tower, pressure coefficient can reach values of 
approximately –2.6, while with the Spinnaker Tower present, the values increase up to –3.65. It 
may be accounted to large vortices creation caused by the larger building. Differences in suction 
coefficient values can also be observed on the roofs of buildings B and C, where they reach higher 
values in the situation with Spinnaker Tower, although to a lesser extent than on building A roof. 

For walls of buildings B and C (besides wall C4), pressure coefficient extreme values and 
their distribution looks very similar in both situations, with some minor differences in the case of 
negative pressures, mostly observed on the edges of the walls and upper parts of the buildings. The 
values averaged on whole wall surface are generally of the same order in both situations. 

Based on the analysis of pressure distribution of extreme values, other assumptions should 
be taken into consideration when designing the façades of the high-rise building A, where the 
pressure values will be highest, than for design of façades of lower buildings B and C. Special 
attention should be paid to technical levels in the upper part of building A. Moreover, high values 
of negative pressure have been observed on the roof of building A – which should not affect the 
construction itself, but may have an effect on technical infrastructure located on the roof. 

- - - - -

0.81 - 1.65 0.40 - - - -

0.70 - 0.81 1.72 - - - - 1.10 - -

0.60 - 1.07 2.00 0.54 0.33 0.35 0.45 1.23 0.78 -

0.60 - 1.42 1.85 1.06 0.80 0.87 0.97 1.12 0.85 0.81

0.69 - 1.36 1.08 0.98 0.98 1.16 1.34 1.08 0.93 1.03

-1.60 -1.72 -1.78 -1.95 -1.77

-1.29 -1.17 -1.23 -1.61 -1.00 -1.71 -1.90 -1.75

-1.05 -1.18 -1.11 -1.22 -1.51 -1.51 -1.71 -1.97 -2.01 -1.03 -1.74

-1.21 -1.15 -1.06 -1.14 -1.58 -1.55 -1.84 -2.02 -2.03 -2.02 -1.77

-1.06 -1.05 -0.92 -1.25 -1.16 -1.33 -1.88 -2.18 -1.93 -1.99 -1.48

-1.01 -0.85 -0.90 -1.02 -0.84 -1.05 -1.59 -2.22 -2.15 -1.96 -1.40

- - - - -

0.96 - 1.64 - - - - -

0.73 - 0.82 1.67 - - - - - - -

0.71 - 1.01 1.94 - - - - - - -

0.64 - 1.17 1.75 0.77 0.59 0.74 0.85 0.66 - -

0.71 0.26 1.16 0.97 0.74 0.83 1.14 1.31 1.03 0.84 0.37

-1.53 -1.86 -1.89 -2.73 -2.80

-1.37 -1.46 -1.48 -1.72 -1.09 -1.93 -2.63 -2.91

-1.13 -1.09 -1.06 -1.18 -1.25 -1.18 -1.58 -1.61 -1.87 -1.00 -1.74

-1.17 -1.13 -1.22 -1.38 -1.24 -1.08 -1.47 -1.68 -1.85 -1.99 -1.90

-1.13 -1.13 -1.19 -1.36 -1.05 -1.01 -1.29 -1.56 -1.74 -2.22 -1.82

-1.15 -1.12 -1.12 -1.11 -0.97 -1.00 -1.30 -1.48 -1.90 -2.17 -1.88
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A general conclusion can be formulated that in case of such dense and high development, 
presence of another high-rise building can have significant impact on other buildings of compara-
ble height, but minor influence on lower buildings already interfering with much taller buildings. 
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