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ABSTRACT

Because the number of pressure taps that can be installed in high-frequency
pressure integration (HFPI) tests is inherently limited, an efficient tap arrangement is
required to achieve reliable response estimation with a practical level of instrumentation.
In this study, densely instrumented pressure data were used as the reference dataset,
and their results were compared with those from a series of symmetric reduced layouts
generated by removing selected tap-grid columns. The effects of tap layout and density
were evaluated in terms of the reproduction of mean and standard deviation pressure
coefficients, peak pressures based on critical zones and critical points, correlation and
coherence characteristics, and the reconstruction of spatial pressure distributions. The
results indicate that pressure tap planning should not be based solely on the number of
taps, but should be addressed as a layout problem that accounts for both sensitivity to
extreme pressures. Accordingly, this study provides a rational basis for selecting
accurate and efficient pressure tap arrangements under constrained measurement
conditions.

1. INTRODUCTION

High-frequency pressure integration (HFPI) testing estimates wind pressures,
integrated loads, and structural responses from simultaneous surface-pressure
measurements. Its accuracy depends on whether the pressure taps adequately
represent the spatial pressure field. In practical tests, however, the number and location
of taps are restricted by model fabrication, tubing space, scanner capacity, and
experimental cost. Park and Yeo (2021) showed that the estimated wind-induced
responses of high-rise structures are sensitive to both tap arrangement and tap
resolution, particularly in the horizontal direction. Reducing the number of taps may
therefore improve testing efficiency but can also remove pressure information from
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aerodynamically important regions. This study investigates how pressure tap density and
lateral arrangement affect the complete analysis process, from pressure reconstruction
to wind-induced structural response. A square-plan high-rise building with 1,008 pressure
taps was adopted as the reference configuration. Reduced layouts were generated by
changing both the number of retained tap columns and their positions across each
building face. The layouts included corner-oriented, center-oriented, and spatially
balanced arrangements. The objective was to identify which pressure regions must be
retained when the tap layout is reduced. The assessment considered local pressure
statistics, integrated wind loads, base moments, and dynamic responses. This approach
allows pressure tap adequacy to be evaluated based on the final engineering quantities
rather than on tap count alone.

2. ACCURACY ASSESSMENT

3 Selected wind pressure tap
3 No wind pressure tap (assumed)

9 cols (1008) 8 cols (896)
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Fig. 1 Reduced pressure tap layouts by tap-column number and position

The HFPI wind tunnel experiment was conducted using a square-plan high-rise
building with full-scale dimensions of 40 m x 40 m x 200 m. A geometric scale of 1:400
was adopted, resulting in a 0.5 m high test model. The approaching flow was generated
to represent Exposure Category C, and the measured mean wind speed, turbulence
intensity, and turbulence-spectrum characteristics showed good agreement with the
target atmospheric boundary layer conditions. Surface pressures were measured at a
sampling rate of 800 Hz for wind directions ranging from 0° to 350° at 10° intervals.

This study was designed around two experimental variables: the number of
retained pressure tap-grid columns and their lateral arrangement across each building
face. The complete layout, consisting of nine columns per face and 1,008 taps in total,
was adopted as the reference case. Thirty reduced layouts were then generated by
retaining two to eight columns (Fig. 1). For each density level, different combinations of
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tap locations were selected to represent corner-oriented, center-oriented, and spatially
balanced configurations. This approach allowed the influence of tap density to be
separated from that of tap placement. The reduced layouts were evaluated at three
successive levels: pressure-field reconstruction, integrated wind loads, and structural
responses.

Pressure accuracy was assessed by comparing the reconstructed surface-
pressure characteristics with those obtained from the full layout. The analysis considered
the spatial distributions of mean and fluctuating pressures, the statistical characteristics
of pressure histories, and the reproduction of positive and negative peak pressures. The
results showed that accuracy was not directly proportional to the number of retained taps.
In several cases, a denser but poorly distributed layout produced greater error than a
sparser, balanced configuration. The central stagnation region was essential for
reconstructing the windward mean pressure and positive pressure peaks. In contrast, the
largest negative suctions were controlled by localized flow separation near the leading
corners. Fluctuating pressures and non-Gaussian characteristics were also sensitive to
the side face separation and leeward wake regions. Consequently, neither a corner-
dominant nor a center-dominant layout could represent all pressure quantities accurately.

Wind load accuracy was examined by integrating the reconstructed pressure fields
to obtain along-wind, across-wind, and torsional story loads and base moments. Along-
wind loads were relatively insensitive to tap reduction because they were mainly
governed by broad pressure differences between the windward and leeward faces.
However, omitting the central region could still cause noticeable errors in the resultant
force. Across-wind loads were more sensitive to the balance of pressure between the
two side faces. Torsional loads showed the greatest variation because they depended
not only on the net pressure difference but also on the eccentricity of the pressure
resultant. Errors in upper story forces were further amplified in base moments because
of their larger moment arms. These results demonstrate that a layout suitable for
pressure reconstruction or along-wind loading may not provide sufficient accuracy for
across-wind and torsional evaluation.

Structural response accuracy was evaluated by converting the story loads into
generalized wind loads and calculating displacement and acceleration responses using
a single-degree-of-freedom model. Balanced layouts generally reproduced translational
responses with reasonable accuracy under the principal wind directions. In contrast,
sparse or strongly biased layouts produced much larger errors at several oblique wind
angles, where flow separation and asymmetric pressures became more significant. The
torsional response was particularly sensitive to insufficient coverage of the central,
intermediate, and corner regions. Overall, the results indicate that reliable HFPI analysis
requires a spatially balanced tap arrangement that preserves the dominant aerodynamic
regions affecting pressure, integrated loads, and structural response.

3. CONCLUSIONS

This study demonstrates that pressure tap reduction in HFPI testing should be
treated as a spatial sampling problem rather than a simple decrease in measurement
density. The key requirement is to preserve the aerodynamic regions that control each
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pressure statistic, load component, and structural response. Central taps are essential
for windward pressure and positive peaks, while near-corner taps are required for
localized suction. Balanced coverage across the full face is necessary for across-wind
and torsional effects. The results also show that local pressure accuracy alone is not
sufficient for validating a reduced layout. Errors may accumulate through pressure
integration, story load calculation, base-moment estimation, and dynamic-response
analysis. For square-plan high-rise buildings, strongly biased layouts and configurations
with four or fewer columns should be avoided. Further studies should examine irregular
building shapes and interference effects before the proposed guidance is applied more
broadly.
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