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ABSTRACT

As tall buildings become slender, vortex-induced vibration has become an
important design issue for buildings with bluff cross-sectional shapes, as discussed in
previous studies on wind-induced vibration and its mathematical modeling (Tamura
2020). Although aeroelastic wind tunnel tests have been widely used to evaluate such
responses, numerical fluid-structure interaction approaches can provide additional
insight into the interaction between aerodynamic forces and structural nonlinear behavior.
This study investigates the vortex-induced vibration response of a square-plan tall
building with an aspect ratio of 10 using a two-way fluid-structure interaction simulation
combined with a base-rocking structural model. The numerical model is first established
to represent a conventional aeroelastic wind tunnel specimen and is validated against
experimental results at a reduced velocity of 10.1. Subsequently, nonlinear rocking
behavior is incorporated using a bilinear hysteretic model characterized by the yield
strength ratio and post-yield stiffness ratio. The analysis shows that allowing inelastic
rocking can reduce the peak roof displacement compared with the corresponding elastic
case. The yield strength ratio is found to be the dominant parameter, while the post-yield
stiffness ratio further modifies the response through changes in hysteretic energy
dissipation. Models with smaller post-yield stiffness exhibit wider hysteresis loops and
slightly greater response reduction. These findings indicate that hysteretic damping can
partially counteract negative aerodynamic damping and effectively suppress the growth
of vortex-induced vibration amplitude.

1. INTRODUCTION

Vortex-induced vibration (VIV) can govern the crosswind response of slender tall
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buildings when the vortex shedding frequency approaches the structural frequency and
aerodynamic damping becomes small or negative (Tamura 2020). Conventional
aeroelastic wind tunnel tests provide reliable response measurements, but systematic
investigation of nonlinear structural parameters is difficult. Two-way fluid-structure
interaction (FSI) analysis offers a complementary framework in which aerodynamic
loading and structural response are solved simultaneously and structural properties can
be varied directly. This study numerically examines whether controlled inelastic base-
rocking behavior can suppress VIV. A square-plan building with an aspect ratio of 10 is
represented by a single-degree-of-freedom base-rocking model equivalent to the
aeroelastic specimen tested by Moni et al. (2020). After validation against the measured
response, bilinear rocking models are analyzed to quantify the effects of yield strength,
post-yield stiffness, hysteretic energy dissipation, and total damping.

2. NUMERICAL MODEL AND ANALYSIS CASES

The rigid building model has a breadth and depth of 0.075 m and a height of 0.75
m. Rocking motion is governed by a link element at the base. The elastic link reproduces
the target natural frequency of 6.18 Hz and structural damping ratio of 1.1%, whereas
the inelastic link follows a bilinear force-deformation relation. Three yield strength ratios,
Fy/Fe = 0.50, 0.75, and 0.95, and three post-yield stiffness ratios, Kp/Ke = 0.2, 0.5, and
0.8, form nine inelastic cases. Here, Fe is the peak elastic link force at the selected VIV
condition and Kk is the elastic stiffness.

The fluid domain is solved using the SST k-omega URANS model (Menter 1994)
with two-way coupling between ANSYS Fluent and Mechanical. The simulations are
conducted at a reduced velocity V, = 10.1, corresponding to the pronounced VIV
response measured in the reference wind tunnel test. A medium mesh containing
approximately 4.1 million cells is adopted after a grid independence assessment. The
numerical elastic response falls within the experimental displacement envelope as
illustrated in Fig. 1, and reproduces the dominant oscillation frequency, supporting the
use of the model for the subsequent inelastic analyses. This validation confirms that the
adopted URANS-FSI framework captures the essential aeroelastic characteristics
required to assess the influence of inelastic rocking on VIV response.
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Fig. 1 Validation of the elastic displacement response
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3. RESULTS AND DISCUSSION

All inelastic cases show lower peak roof displacement than the elastic baseline.
The reductions are approximately 53%, 31%, and 13% for F,/Fe = 0.50, 0.75, and 0.95,
respectively, indicating that yield strength is the principal response control parameter. At
a fixed yield strength, a smaller K,/Ke produces a slightly wider quasi-steady drift-
moment hysteresis loop and a modest additional response reduction. The associated
changes in dominant response frequency remain small, and the responses retain a
narrowband VIV character.

As summarized in Fig. 2, the decrease in peak displacement with decreasing yield
strength ratio is accompanied by an increase in total damping ratio. In the elastic case,
negative aerodynamic damping nearly offsets the 1.1% structural damping, leaving a
total damping ratio of approximately 0.4%. The average total damping ratios increase to
about 0.65%, 0.98%, and 1.48% for F,/Fe = 0.95, 0.75, and 0.50, respectively. Thus, an
increase of only about 0.5% in total damping produces a substantial reduction in VIV
amplitude. The results demonstrate that limited yielding can partially counteract the
destabilizing aerodynamic contribution without causing a maijor shift in the governing
vibration frequency.
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Fig. 2 Effect of yield strength on peak displacement reduction and total damping ratio

4. CONCLUSIONS

A two-way URANS-FSI framework was developed and validated for the VIV
response of a base-rocking tall building model. Introducing bilinear rocking behavior
consistently reduced the response relative to the elastic baseline. Yield strength
governed the magnitude of reduction, while post-yield stiffness had a secondary effect
through the width of the hysteresis loop and the resulting energy dissipation. The total
damping increased from approximately 0.4% in the elastic case to as much as 1.5% in
the most inelastic cases, corresponding to a peak displacement reduction exceeding
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50%. These findings indicate that controlled and limited inelasticity may provide an
effective PBWD strategy for suppressing VIV by adding hysteretic damping and offsetting
negative aerodynamic damping. Further studies should examine broader wind speed
ranges, multi-degree-of-freedom structural systems, and cumulative damage under long
duration wind excitation.
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