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SUMMARY:
This study examines the aeroelastic behavior of "The Wave," a lightweight, suspended canopy structure spanning 120
meters between two buildings in Milan. Given its unique geometry, lightweight construction, and exposure to the
wind-altering influence of nearby skyscrapers, predicting the canopy’s dynamic response to wind is challenging. To
address this, researchers conducted a three-step analysis involving wind tunnel tests on a rigid scale model, numerical
simulations of the canopy’s dynamic response, and aeroelastic testing on a 1:70 scale model. The rigid model tests
provided pressure data, while the numerical simulations helped assess vibration sensitivity and static wind loads.
Aeroelastic tests confirmed the canopy’s susceptibility to resonant effects, setting an optimal damping ratio near 10%.
These tests also validated the structure’s stability up to 1.2 times the design wind speed, with a return period of 1,000
years. Findings demonstrate the critical role of aeroelastic testing and simulation in ensuring stability for large-scale,
lightweight structures, with implications for similar future designs.
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1. BACKGROUND AND OBJECTIVE
The structure examined in this study, named "The Wave," consists of two buildings, one 110 meters
and the other 50 meters in height, connected by a 120-meter-long canopy (Figure 1-a), currently
under construction. The canopy is a lightweight wooden suspension roof with a bent "X" shape,
supported by a complex network of tensioned cables (Figure 1-b), each composed of a set of
parallel cables. Atop the wooden layer, the roof will host the largest photovoltaic park in Milan.
The total thickness of the canopy will be approximately 1 m, with an average mass of 250 kg/m2.

A series of 102 circular extendable tubes hang down from the roof with dual purposes: 38 are
designed for water drainage, while 64 house dampers that enhance structural damping, mitigating
the canopy’s dynamic susceptibility to wind forces. The building is situated in a residential and
commercial area, surrounded by three skyscrapers (Figure 1-a) that significantly affect local wind
flow and the wind pressure distribution across the canopy.

Due to the unique characteristics of this structure (lightweight with a large and unusual geometry)
and the complex surroundings, predicting the aeroelastic response is not trivial (e.g. Chen et al.,
2012). Therefore, a wind tunnel study was conducted at Politecnico di Milano.
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(a) (b)

Figure 1. a) Render of "The Wave" b) Top view of the suspension roof with the "X" shape, with the complex
network of tensioned cables (in black)

(a) (b)

Figure 2. a) The rigid model in the wind tunnel b) Top view of the roof with location of the 130 net pressure
measurement points

2. METHODOLOGY
The investigation was divided into three main steps: pressure measurements on a rigid scale model,
numerical assessment of the dynamic response via finite element (FE) simulations, and dynamic
response assessment using an aeroelastic scale model.

2.1. Wind Tunnel Tests on Rigid Model
A rigid 1:70 scale model, including surrounding buildings, was used to measure time-history net
pressure distributions at 130 measurement points (Figure 2), with wind directions ranging from 0◦

to 360◦ relative to North, in 10◦ increments. Due to the relatively high blockage ratio, corrections
were applied to account for this effect in the pressure measurements (ESDU, 1980).



Figure 3. a) The aeroelastic model in the wind tunnel b) Detail of the aeroelastic roof c) Detail of the air dashpot

2.2. Numerical Simulations
The dynamic response of the structure was simulated by applying the recorded pressure distribu-
tions to an FE model of the canopy, evaluating the sensitivity of vibration levels and equivalent
static wind loads to structural damping and wind speed (e.g., Denoël, 2024; Frontini et al., 2022;
Patruno et al., 2017).

2.3. Wind Tunnel Tests on Aeroelastic Model
An aeroelastic model, also at a 1:70 scale, was tested to capture aeroelastic effects not observed
with the rigid model (Figure 3). Designed according to Froude scaling, the model discretized the
canopy into 200 rigid volumes connected by an airtight membrane and supported by a simplified
cable system. Distributed, tunable air dashpots were used to adjust modal damping values. The
model was instrumented with 7 laser and 7 piezoelectric accelerometers. Modal analysis was
conducted using a laser scanner vibrometer to accurately measure mode shapes.

Tests were conducted with wind directions again ranging from 0◦ to 360◦ relative to North, and for
different damping settings. Again, blockage correction was applied. Results from the aeroelastic
tests were subsequently used to validate and refine the numerical simulations, providing data to
support structural design verification.

3. KEY FINDINGS
Pressure measurements showed low mean net pressure distributions across all wind directions.
However, significant dynamic pressure fluctuations were recorded for wind directions where the
canopy is downwind of surrounding skyscrapers, whose wake impacts the canopy. Numerical sim-
ulations confirmed that the largest peak vibrations were expected with the wind blowing from those
directions. For example, Figure 4-a shows the envelope of simulated peak vertical displacements
along the canopy for a wind direction of −160◦, at the design speed corresponding to a return
period of 100 years.

Aeroelastic tests confirmed these characteristics and allowed the definition of a target damping
ratio of approximately 10% to suppress resonant contributions. This is illustrated in Figure 4-b,
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Figure 4. a) Numerical peak displacement in vertical direction at design wind speed (T=100y) b) PSD of
experimental displacement, at the point highlighted with a black marker in a), as a function of the damping ratio

where the experimental power spectral density of the vertical displacement at one of the most
excited points is shown as a function of different damping values.

In comparison to numerical simulations, experimental responses resulted in lower amplitudes, sug-
gesting that aeroelastic effects, in the considered wind speed range, contribute additional aeroelas-
tic damping. The aeroelastic tests also verified the stability of the structure up to 1.2 times the wind
speed with return period of 1000 years.

4. CONCLUSION
This investigation underscores the importance of comprehensive wind tunnel testing and numer-
ical modeling for large, lightweight structures with complex geometries. The study’s outcomes
contribute valuable insights for optimizing the design of similar architectural structures to ensure
stability and performance under dynamic wind loads.
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