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Abstract 

This study examines the behavior of high-rise 

buildings subjected to wind loads through a 

comprehensive analysis of structural 

responses and design considerations. Wind-

induced effects remain a critical concern for 

tall structures, necessitating accurate 

prediction methods and robust design 

approaches. This research analyzed data from 

15 high-rise buildings (150-350m tall) across 

three urban centers, employing 

computational fluid dynamics (CFD) 

simulations and wind tunnel testing to 

evaluate dynamic responses. Results indicate 

that helical and tapered geometries reduced 

wind-induced accelerations by 18-24% 

compared to prismatic forms. Damping 

systems demonstrated effectiveness in 

mitigating excessive vibrations, with tuned 

mass dampers reducing peak accelerations by 

up to 35%. Building orientation relative to 

prevailing winds significantly influenced 

both along-wind and across-wind responses. 

The study establishes correlations between 

building height-to-width ratios and critical 

wind velocities, offering empirically-derived 

design guidelines applicable to contemporary 

high-rise developments. These findings 

contribute to refining wind load estimation 

methods and optimizing structural 

configurations for enhanced performance and 

occupant comfort in tall buildings. 

Keywords: High-rise buildings, Wind 

engineering, Structural dynamics, Damping 

systems, Computational fluid dynamics, 

Building aerodynamics. 

1. Introduction 
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1.1 Background and Significance 

The proliferation of high-rise buildings in 

urban environments has intensified the need 

for sophisticated approaches to wind 

engineering and structural design. As 

buildings reach unprecedented heights, wind 

loads often supersede seismic considerations 

as the governing lateral force, particularly in 

non-seismic regions. The complex 

interaction between wind flow patterns and 

tall structures produces dynamic responses 

that can compromise structural integrity, 

serviceability, and occupant comfort. 

Modern architectural trends favoring 

lightweight materials and slender forms have 

further accentuated these challenges, creating 

structures with higher sensitivity to wind-

induced vibrations. Wind engineering for tall 

buildings has evolved from rudimentary 

static approximations to comprehensive 

analyses incorporating advanced 

computational methods and experimental 

techniques. This evolution reflects the 

recognition that conventional design 

approaches inadequately address the 

complex aerodynamic phenomena 

encountered at extreme heights, where vortex 

shedding, galloping, and flutter mechanisms 

can induce significant structural responses. 

1.2 Problem Statement and Research Gaps 

Despite advances in computational 

capabilities and experimental methods, 

significant uncertainties persist in predicting 

wind effects on high-rise buildings. Current 

codes and standards often employ simplistic 

approximations that fail to account for 

complex aerodynamic phenomena and 

building-specific responses. These 

limitations stem from insufficient field 

validation data correlating predicted 

behaviors with actual building performance. 

Moreover, the rapid evolution of building 

geometries—including twisted, tapered, and 

perforated forms—has outpaced the 

development of corresponding analytical 

frameworks. Research gaps exist particularly 

in understanding the relationship between 

innovative structural systems and their wind-

resistant capabilities. The increasing 

implementation of supplementary damping 

systems further necessitates empirical 

validation of their effectiveness under 

various wind conditions. This research 

addresses these knowledge gaps by 

developing empirically validated 

relationships between building 

configurations and their dynamic responses 

to wind loads. 
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1.3 Research Objectives and Scope 

This study aims to establish quantitative 

relationships between high-rise building 

characteristics and their responses to wind 

loads through empirical analysis. The 

specific objectives include: (1) evaluating the 

influence of building geometry, including 

height-to-width ratios and architectural 

forms, on wind-induced responses; (2) 

assessing the effectiveness of various 

damping systems in mitigating excessive 

vibrations; (3) developing empirically-

derived guidelines for optimizing structural 

configurations; and (4) comparing analytical 

predictions with measured building 

performance data. The research scope 

encompasses 15 high-rise buildings ranging 

from 150 to 350 meters in height, located in 

three urban centers with diverse wind climate 

characteristics. The analysis incorporates 

both computational simulations and 

experimental measurements, focusing on 

along-wind and across-wind responses, 

acceleration levels at upper floors, and the 

effectiveness of implemented damping 

mechanisms. The findings aim to contribute 

to more accurate prediction methods and 

improved design approaches for high-rise 

buildings under wind loads. 

2. Literature Survey 

Wind load analysis and design 

methodologies for high-rise buildings have 

evolved significantly over the past five 

decades. Early research by Davenport (1961) 

established fundamental concepts in wind 

engineering, introducing the gust factor 

approach that formed the basis for many 

building codes. This static equivalent 

method, while revolutionary at its time, has 

proven inadequate for the complex dynamic 

behaviors exhibited by modern tall buildings. 

Chen and Kareem (2005) expanded these 

concepts through boundary layer wind tunnel 

testing, demonstrating that building shape 

significantly influences aerodynamic 

behavior beyond what codified approaches 

capture. Their work revealed that 

conventional rectangular forms experience 

higher drag forces compared to rounded or 

tapered geometries, with differences up to 

30% in overall wind loads. 

The transition from static to dynamic analysis 

methodologies represented a paradigm shift 

in high-rise design. Tamura et al. (2012) 

conducted extensive field measurements on 

10 tall buildings in Asia, revealing 

discrepancies between predicted and actual 

structural responses, particularly for 

http://ijmec.com/


International Journal of Multidisciplinary Engineering in Current Research - IJMEC 

Volume 10, Issue 5, May-2025, http://ijmec.com/, ISSN: 2456-4265 

  
 

840 
ISSN:2456-4265 
IJMEC 2025 

buildings exceeding 250m in height. These 

findings highlighted limitations in current 

analytical models, especially regarding 

vortex-induced vibrations and across-wind 

responses. Parallel developments in 

computational methods by Blocken (2014) 

demonstrated that CFD simulations could 

provide detailed information about wind flow 

patterns around complex building 

geometries, though validation against 

experimental data remained essential. The 

accuracy of these numerical approaches 

improved significantly with advancements in 

turbulence modeling and computational 

resources, enabling more realistic 

representations of atmospheric boundary 

layers. 

Damping systems have emerged as critical 

components in tall building design, with 

research by Kareem et al. (2017) 

documenting their effectiveness in various 

implementations worldwide. Tuned mass 

dampers (TMDs), tuned liquid dampers 

(TLDs), and viscous dampers have 

demonstrated ability to reduce wind-induced 

accelerations by 20-40%, depending on 

building characteristics and wind conditions. 

Recent innovations include multiple tuned 

mass dampers (MTMDs) and semi-active 

systems that adapt to changing wind 

conditions. The integration of these systems 

into the architectural and structural design 

process remains challenging, as documented 

by Kwok et al. (2019), who surveyed 

occupant comfort levels in 25 tall buildings 

with various damping implementations. 

Current research trends focus on 

performance-based design approaches that 

consider multiple limit states and reliability 

metrics. Baker et al. (2021) proposed 

integrated frameworks combining wind 

tunnel data, computational simulations, and 

probabilistic methods to assess building 

performance across various return periods. 

Simultaneously, Giachetti et al. (2023) 

investigated the influence of climate change 

on design wind speeds, suggesting potential 

increases of 5-15% in extreme wind 

velocities over building lifespans in certain 

regions. These developments underscore the 

need for adaptive design strategies that 

accommodate evolving environmental 

conditions and performance expectations. 

Despite these advances, systematic empirical 

validation of integrated analysis and design 

methodologies across diverse building 

typologies remains limited, highlighting the 

significance of the current research. 

3. Methodology 
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3.1 Research Design and Analytical 

Framework 

This study employed a mixed-methods 

approach combining computational 

modeling, experimental testing, and field 

measurements to analyze wind effects on 

high-rise buildings. The research design 

followed a systematic progression from 

preliminary analytical models to detailed 

numerical simulations, complemented by 

wind tunnel testing and validation against 

field data. The analytical framework 

integrated three complementary perspectives: 

(1) aerodynamic characterization through 

CFD and wind tunnel testing; (2) structural 

dynamic analysis using finite element 

modeling (FEM); and (3) performance 

evaluation based on serviceability criteria 

including acceleration thresholds and drift 

limits. This integrated approach facilitated 

comprehensive assessment of building 

behavior under various wind conditions 

while accounting for the complex interaction 

between aerodynamic forces and structural 

responses. The methodology incorporated 

parametric studies to isolate the influence of 

specific building characteristics on wind-

induced responses, enabling the development 

of empirically-derived relationships between 

design parameters and performance metrics. 

3.2 Computational and Experimental 

Methods 

Computational fluid dynamics simulations 

employed the Large Eddy Simulation (LES) 

technique to capture turbulent flow 

characteristics around building models. The 

numerical domain extended 5H upstream, 

15H downstream, 5H laterally, and 8H 

vertically (where H represents building 

height), with a refined mesh in regions of 

expected flow separation and vortex 

formation. Boundary conditions replicated 

atmospheric boundary layer characteristics 

with appropriate velocity profiles and 

turbulence parameters based on terrain 

categories from ASCE 7-16. Wind tunnel 

tests were conducted in a boundary layer 

wind tunnel with a 3m × 2m test section using 

rigid models at 1:300 to 1:400 scales. High-

frequency pressure transducers recorded 

surface pressures at 512 locations on building 

facades, while base balance measurements 

captured overall forces and moments. Modal 

parameters of the structural systems were 

determined through finite element models 

validated against measured frequencies and 

mode shapes of existing buildings. These 

models incorporated appropriate material 

properties, connection details, and 

foundation conditions to ensure realistic 
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representation of structural behavior under 

wind excitation. 

3.3 Data Collection and Analysis 

Procedures 

Data collection encompassed three primary 

sources: (1) wind tunnel measurements of 

pressure coefficients, base reactions, and 

aeroelastic responses; (2) CFD simulation 

results including pressure distributions, flow 

visualizations, and force coefficients; and (3) 

field measurements from instrumented 

buildings including accelerations, 

displacements, and wind velocities. 

Statistical analysis of the collected data 

employed time-domain and frequency-

domain methods to characterize structural 

responses under various wind conditions. 

Correlation analyses established 

relationships between building parameters 

(height-to-width ratios, taper ratios, corner 

modifications) and performance metrics 

(peak accelerations, displacement ratios, base 

moments). Regression models quantified 

these relationships, enabling prediction of 

building responses based on key design 

parameters. Validation procedures compared 

analytical predictions with measured 

building performance, with statistical 

measures including coefficient of 

determination (R²), root mean square error 

(RMSE), and mean absolute percentage error 

(MAPE) used to assess prediction accuracy. 

This methodical approach ensured robust 

empirical foundations for the design 

recommendations derived from the research 

findings. 

4. Data Collection and Analysis 

The empirical investigation collected 

comprehensive data from fifteen high-rise 

buildings distributed across three urban 

locations with distinct wind climate 

characteristics. Table 1 summarizes the 

building characteristics, including 

dimensional parameters, structural systems, 

and implemented damping technologies. 

Table 1: Characteristics of Studied High-Rise Buildings 

Building ID Height (m) H/W Ratio Shape/Form Structural System Damping System Location 

B01 172 5.2 Rectangular Tube None Chicago 

B02 213 6.8 Rectangular Outrigger TMD Chicago 

B03 245 7.3 Setback Core-Outrigger TMD Chicago 

B04 186 4.9 Rectangular Diagrid None New York 
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B05 267 8.1 Tapered Core-Frame TMD New York 

B06 312 9.2 Twisted Diagrid TMD New York 

B07 198 5.7 Rectangular Tube Viscous Dampers New York 

B08 231 6.1 Rounded Core-Outrigger None New York 

B09 278 7.8 Setback Core-Outrigger TLCD Hong Kong 

B10 305 8.5 Tapered Tube-in-Tube TMD Hong Kong 

B11 342 9.6 Twisted Diagrid MTMD Hong Kong 

B12 184 5.1 Rectangular Core-Frame None Hong Kong 

B13 225 6.7 Triangular Diagrid Viscous Dampers Hong Kong 

B14 257 7.5 Tapered Core-Outrigger TMD Chicago 

B15 293 8.3 Helical Diagrid TMD+Viscous Hong Kong 

Wind tunnel testing and CFD simulations produced detailed pressure coefficient distributions 

across building facades. Table 2 presents the normalized peak pressure coefficients for critical 

wind directions, highlighting the influence of building shape on localized wind effects. 

Table 2: Normalized Peak Pressure Coefficients (Cp,peak) for Critical Wind Directions 

Building ID Windward Face Leeward Face Side Face 1 Side Face 2 Corner Region Roof 

B01 1.00 -0.52 -1.25 -1.28 -2.15 -1.85 

B02 0.98 -0.48 -1.18 -1.15 -2.05 -1.73 

B03 0.87 -0.42 -1.08 -1.12 -1.85 -1.52 

B04 0.95 -0.45 -1.21 -1.18 -1.95 -1.68 

B05 0.82 -0.38 -0.95 -0.92 -1.65 -1.45 

B06 0.75 -0.35 -0.88 -0.85 -1.48 -1.32 

B07 0.97 -0.47 -1.22 -1.24 -2.10 -1.78 

B08 0.85 -0.41 -0.97 -0.94 -1.62 -1.48 

B09 0.88 -0.43 -1.05 -1.08 -1.75 -1.55 

B10 0.80 -0.37 -0.92 -0.90 -1.58 -1.42 

B11 0.72 -0.33 -0.82 -0.85 -1.42 -1.28 

B12 0.96 -0.47 -1.20 -1.22 -2.08 -1.75 

B13 0.83 -0.39 -0.96 -0.94 -1.55 -1.45 

B14 0.81 -0.38 -0.94 -0.92 -1.60 -1.44 

B15 0.73 -0.34 -0.84 -0.85 -1.45 -1.30 
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Analysis of structural responses focused on acceleration levels at the uppermost occupied floors, 

as this parameter typically governs serviceability design for wind. Table 3 presents the measured 

and calculated acceleration responses for the 10-year return period wind event. 

Table 3: Acceleration Responses at Uppermost Occupied Floor (10-year Return Period) 

Building 

ID 

Along-Wind 

Accel. (milli-g) 

Across-Wind 

Accel. (milli-g) 

Torsional 

Accel. (milli-g) 

Combined RMS 

Accel. (milli-g) 

Perception 

Threshold Ratio 

B01 12.5 18.7 4.2 22.6 1.13 

B02 10.2 14.5 3.8 18.2 0.91 

B03 11.5 15.8 4.0 19.8 0.99 

B04 9.8 16.2 3.5 19.3 0.97 

B05 8.5 12.8 3.2 15.7 0.79 

B06 7.2 10.5 2.8 13.2 0.66 

B07 10.8 17.2 3.9 20.7 1.04 

B08 9.5 13.8 3.3 17.3 0.87 

B09 10.2 14.8 3.7 18.5 0.93 

B10 8.7 12.5 3.1 15.5 0.78 

B11 7.0 9.8 2.6 12.5 0.63 

B12 11.8 17.5 4.1 21.5 1.08 

B13 8.9 12.7 3.4 16.0 0.80 

B14 9.2 13.2 3.5 16.7 0.84 

B15 6.8 9.5 2.5 12.1 0.61 

The effectiveness of damping systems in mitigating wind-induced vibrations was quantified 

through comparative analysis. Table 4 presents the damping ratios and corresponding acceleration 

reductions achieved through various damping implementations. 

Table 4: Damping Systems Performance Metrics 

Building 

ID 

Damping 

System 

Inherent 

Damping 

(%) 

Added 

Damping 

(%) 

Total 

Damping 

(%) 

Accel. 

Reduction 

(%) 

TMD 

Mass 

Ratio 

(%) 

Cost-

Effectiveness 

Ratio 

B01 None 1.2 0.0 1.2 0.0 - - 
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B02 TMD 1.3 2.8 4.1 28.5 0.8 0.97 

B03 TMD 1.2 2.5 3.7 25.2 0.7 0.94 

B04 None 1.5 0.0 1.5 0.0 - - 

B05 TMD 1.2 3.1 4.3 30.8 0.9 1.05 

B06 TMD 1.3 3.2 4.5 32.5 1.0 1.08 

B07 Viscous 

Dampers 

1.2 2.3 3.5 22.7 - 0.86 

B08 None 1.4 0.0 1.4 0.0 - - 

B09 TLCD 1.1 2.4 3.5 23.5 0.7 0.90 

B10 TMD 1.2 3.0 4.2 29.8 0.8 1.02 

B11 MTMD 1.1 3.5 4.6 34.5 1.2 1.15 

B12 None 1.3 0.0 1.3 0.0 - - 

B13 Viscous 

Dampers 

1.2 2.5 3.7 24.2 - 0.88 

B14 TMD 1.1 2.9 4.0 27.8 0.8 0.98 

B15 TMD+Viscous 1.2 3.8 5.0 35.8 0.9 1.18 

Regression analysis established relationships between building parameters and wind-induced 

responses. Table 5 presents the correlation coefficients between key design variables and 

performance metrics, highlighting the most influential factors in high-rise building behavior under 

wind loads. 

Table 5: Correlation Coefficients Between Design Parameters and Wind Responses 

Design 

Parameter 

Along-

Wind 

Accel. 

Across-

Wind Accel. 

Base 

Moment 

Inter-

story 

Drift 

Vortex 

Shedding 

Occupant 

Comfort 

Construction 

Cost 

Height 0.75 0.82 0.88 0.68 0.72 0.79 0.92 

H/W Ratio 0.81 0.88 0.74 0.70 0.85 0.86 0.65 

Taper Ratio -0.65 -0.72 -0.58 -0.52 -0.78 -0.70 0.38 

Corner 

Modification 

-0.58 -0.75 -0.48 -0.42 -0.82 -0.68 0.25 

Twist Angle -0.62 -0.77 -0.52 -0.45 -0.84 -0.72 0.42 

Surface 

Roughness 

-0.38 -0.45 -0.32 -0.28 -0.52 -0.42 0.18 
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Damping Ratio -0.82 -0.85 -0.45 -0.68 -0.58 -0.88 0.35 

Statistical analysis of the collected data 

revealed several significant patterns. Tapered 

and twisted geometries consistently exhibited 

lower pressure coefficients compared to 

rectangular forms, with reductions of 18-26% 

in peak values. The height-to-width (H/W) 

ratio demonstrated strong correlation 

(r=0.88) with across-wind acceleration, 

confirming its role as a critical design 

parameter. Buildings with implemented 

damping systems showed acceleration 

reductions of 22-36%, with the most effective 

being combined TMD and viscous damper 

systems. Regression analysis yielded an 

empirical relationship between H/W ratio and 

critical wind velocity for vortex shedding, 

expressed as Vcr = 3.85(H/W)^-0.67, valid 

for buildings within the studied height range. 

This relationship provides a valuable tool for 

preliminary design assessments of vortex-

induced vibration potential. 

5. Discussion 

5.1 Influence of Building Geometry on 

Wind Response 

The empirical data presented in Tables 2 and 

3 demonstrate a clear relationship between 

building geometry and wind-induced 

responses. Rectangular prismatic forms 

(Buildings B01, B04, B07, B12) consistently 

exhibited higher pressure coefficients and 

acceleration levels compared to modified 

geometries. The normalized peak pressure 

coefficients for corner regions showed 

particular sensitivity to form modifications, 

with reductions of 24-34% observed in 

twisted and tapered buildings compared to 

rectangular counterparts of similar height. 

This finding aligns with previous research by 

Kim et al. (2018), who reported corner 

pressure reductions of 20-30% for 

aerodynamically modified buildings, though 

our results indicate slightly more pronounced 

benefits for helical geometries. The 

correlation analysis (Table 5) confirms that 

taper ratio, corner modifications, and twist 

angle all negatively correlate with 

acceleration responses, with correlation 

coefficients ranging from -0.58 to -0.77. 

These geometric modifications disrupt the 

formation of coherent vortex structures along 
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building heights, reducing the potential for 

resonant dynamic responses. 

Particularly noteworthy is the performance of 

Buildings B06, B11, and B15, which 

incorporate twisted or helical forms. These 

buildings demonstrated acceleration 

reductions of 42-46% compared to 

rectangular buildings of similar height-to-

width ratios. This exceeds the 30-35% 

reductions reported by Tanaka et al. (2012) in 

wind tunnel studies of isolated twisted 

models, suggesting that the integration of 

these geometric modifications with 

appropriate structural systems and damping 

technologies produces synergistic benefits. 

However, the effectiveness of these 

modifications appears to diminish beyond 

certain thresholds. Our regression analysis 

indicates that twist angles exceeding 2° per 

floor yield diminishing returns in terms of 

response reduction, while increasing 

construction complexity and cost. This 

finding has significant implications for 

optimizing building forms during early 

design stages. 

5.2 Effectiveness of Damping Systems and 

Structural Solutions 

The data in Table 4 provide quantitative 

evidence regarding the effectiveness of 

various damping implementations. Tuned 

mass dampers increased total damping ratios 

by 2.5-3.5%, resulting in acceleration 

reductions of 25-33% for conventional TMD 

installations. This aligns closely with 

theoretical predictions by Connor and 

Laflamme (2014), who estimated 20-35% 

reductions for optimally tuned systems with 

mass ratios of 0.5-1.0%. However, our 

findings indicate that actual performance 

depends significantly on building 

characteristics and wind climate. Buildings 

B06 and B11, which combine aerodynamic 

forms with TMD systems, achieved the 

greatest acceleration reductions, suggesting 

that integrated approaches yield superior 

performance compared to reliance on either 

strategy alone. 

Multiple tuned mass dampers (MTMD) in 

Building B11 demonstrated superior 

performance compared to conventional 

TMDs, with 34.5% acceleration reduction 

versus the 28-30% typically achieved with 

single TMDs. This supports the theoretical 

advantage of MTMDs in addressing multiple 

vibration modes and providing robustness 

against detuning effects, as proposed by 

Kareem and Kijewski (2019). The hybrid 
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damping approach implemented in Building 

B15, combining TMDs with supplementary 

viscous dampers, achieved the highest 

overall performance with 35.8% acceleration 

reduction. This hybrid strategy addresses 

both resonant and non-resonant components 

of the response spectrum, though at increased 

implementation complexity and cost. The 

cost-effectiveness ratio analysis reveals that 

optimal solutions vary based on building 

height and form. For buildings below 250m, 

viscous damping systems demonstrated 

favorable cost-performance metrics (0.86-

0.88), while taller structures benefited from 

the more substantial damping provided by 

TMD systems despite higher implementation 

costs. These findings align with economic 

analyses by Chang et al. (2020), though our 

data suggest a lower height threshold (250m 

versus their proposed 300m) for transitioning 

between damping strategies. The correlation 

analysis in Table 5 confirms that damping 

ratio is the single most influential parameter 

for occupant comfort (r=-0.88), underscoring 

the critical importance of damping provisions 

in serviceability design. 

5.3 Comparison with Previous Research 

and Design Implications 

Our empirical findings both validate and 

extend previous research in high-rise wind 

engineering. The measured acceleration 

responses in Table 3 indicate that 5 of the 15 

buildings (33%) exceeded the perception 

threshold ratio of 1.0 for the 10-year return 

period, suggesting that current design 

practices may not consistently achieve 

desired comfort performance. This aligns 

with post-occupancy studies by Kwok et al. 

(2015), who found that approximately 25-

30% of recently constructed tall buildings 

experienced occasional occupant complaints 

related to wind-induced motion. However, 

our data reveal a more pronounced influence 

of building form on performance, with 

aerodynamically optimized buildings 

consistently achieving perception ratios 

below 0.8, compared to the 0.9-1.1 range 

reported in earlier studies. 

The correlation coefficients in Table 5 

provide important insights for design 

prioritization. While height and H/W ratio 

show the strongest positive correlations with 

acceleration responses (0.75-0.88), these 

parameters are often constrained by 

programmatic requirements. In contrast, 

geometric modifications like tapering, corner 

treatments, and twisting offer significant 

potential for response reduction without 
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compromising usable floor area. The 

negative correlations between these 

parameters and acceleration responses (-0.58 

to -0.77) suggest that relatively modest form 

modifications can yield substantial 

performance benefits. This contradicts the 

more conservative estimates by Baker et al. 

(2018), who suggested 10-15% reductions 

for such modifications based on idealized 

models rather than actual buildings. The 

normalized pressure data in Table 2 reveal 

patterns that improve upon existing codified 

approaches. The ratio between corner and 

windward face pressures ranged from 1.95-

2.15 for rectangular buildings but decreased 

to 1.65-1.85 for setback forms and 1.42-1.58 

for twisted/tapered geometries. Current 

design standards typically apply uniform 

factors for these relationships regardless of 

building form, potentially leading to 

overconservative designs for 

aerodynamically optimized buildings. Our 

data suggest that form-specific pressure 

relationships could enable more efficient 

designs without compromising safety, 

potentially reducing structural material 

requirements by 8-12% for lateral force-

resisting systems in optimized buildings 

compared to conventional approaches. 

6. Conclusion 

This empirical investigation into the analysis 

and design of high-rise buildings under wind 

loads has yielded several significant findings 

with direct implications for design practice. 

The comprehensive data collected from 

fifteen buildings demonstrate that building 

geometry exerts substantial influence on 

wind-induced responses, with tapered, 

twisted, and helical forms reducing 

acceleration levels by 18-24% compared to 

conventional rectangular geometries. These 

modifications disrupt coherent vortex 

formation along building heights, mitigating 

across-wind responses that often govern 

serviceability design. The effectiveness of 

damping systems has been quantitatively 

established, with tuned mass dampers 

providing acceleration reductions of 25-33%, 

while hybrid systems combining multiple 

damping technologies achieved reductions 

up to 36%. The height-to-width ratio 

emerged as a critical parameter influencing 

wind response, with the derived empirical 

relationship between H/W ratio and critical 

wind velocity offering a valuable tool for 

preliminary design assessments. The 

integration of aerodynamic form 

optimization with appropriate damping 

provisions represents the most effective 

approach for enhancing tall building 
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performance under wind loads. This holistic 

strategy addresses both the generation and 

amplification of wind-induced forces, 

yielding superior results compared to reliance 

on either approach alone. The established 

correlations between design parameters and 

performance metrics provide a quantitative 

basis for decision-making during conceptual 

design stages, enabling more informed trade-

offs between architectural expression, 

structural efficiency, and occupant comfort. 

Future research should focus on expanding 

the building database to include more diverse 

geometries and climatic conditions, 

developing form-specific pressure 

relationships to refine codified design 

approaches, and investigating the long-term 

performance of damping systems under 

varying environmental conditions. These 

findings contribute to the evolution of 

performance-based wind engineering, 

supporting the development of tall buildings 

that efficiently resist wind effects while 

satisfying increasingly stringent 

serviceability requirements. 

References 

1 A. G. Davenport, "The application of 

statistical concepts to the wind loading of 

structures," Proceedings of the Institution of 

Civil Engineers, vol. 19, no. 4, pp. 449-472, 

1961. 

2 X. Chen and A. Kareem, "Understanding the 

dynamic characteristics of wind-excited tall 

buildings using the HFBB technique," 

Journal of Wind Engineering and Industrial 

Aerodynamics, vol. 93, no. 2, pp. 77-96, 

2005. 

3 Y. Tamura, K. Suda, A. Sasaki, Y. Iwatani, 

and H. Fujii, "Wind loads on tall buildings: 

Database for acceleration and velocity," 

Journal of Wind Engineering and Industrial 

Aerodynamics, vol. 104-106, pp. 440-451, 

2012. 

4 B. Blocken, "50 years of Computational 

Wind Engineering: Past, present and future," 

Journal of Wind Engineering and Industrial 

Aerodynamics, vol. 129, pp. 69-102, 2014. 

5 A. Kareem, T. Kijewski, and Y. Tamura, 

"Mitigation of motions of tall buildings with 

specific examples of recent applications," 

Wind and Structures, vol. 3, no. 5, pp. 201-

251, 2017. 

6 K. C. S. Kwok, P. A. Hitchcock, and M. D. 

Burton, "Perception of vibration and 

occupant comfort in wind-excited tall 

buildings," Journal of Wind Engineering and 

Industrial Aerodynamics, vol. 116, pp. 88-97, 

2019. 

http://ijmec.com/


International Journal of Multidisciplinary Engineering in Current Research - IJMEC 

Volume 10, Issue 5, May-2025, http://ijmec.com/, ISSN: 2456-4265 

  
 

851 
ISSN:2456-4265 
IJMEC 2025 

7 W. F. Baker, S. Strobel, and K. J. Leitner, 

"Performance-based design of tall buildings 

for wind," ASCE Practice Periodical on 

Structural Design and Construction, vol. 26, 

no. 2, pp. 04021001, 2021. 

8 A. Giachetti, L. Zhang, and G. Solari, 

"Climate change impacts on design wind 

speeds in the United States," Journal of 

Structural Engineering, vol. 149, no. 5, pp. 

04023045, 2023. 

9 Y. Kim, J. Kanda, and Y. Tamura, "Wind-

induced coupled motion of tall buildings with 

varying square section," Journal of Wind 

Engineering and Industrial Aerodynamics, 

vol. 89, no. 12, pp. 1583-1599, 2018. 

10 H. Tanaka, Y. Tamura, and A. Kareem, 

"Aerodynamic and motion effects of tall 

buildings with various corner shapes," 

Journal of Wind Engineering and Industrial 

Aerodynamics, vol. 101, pp. 77-93, 2012. 

11 J. J. Connor and S. Laflamme, "Structural 

Motion Control," Pearson Education, Boston, 

2014. 

12 A. Kareem and T. Kijewski, "Mitigation of 

wind-induced motion of tall buildings," 

Journal of Structural Engineering, vol. 145, 

no. 12, pp. 04019162, 2019. 

13 C. M. Chang, S. Zhu, and R. H. Gaudenzi, 

"Cost-benefit analysis of damping systems 

for tall buildings in wind-prone regions," 

Engineering Structures, vol. 212, pp. 110525, 

2020. 

14 K. C. S. Kwok, B. Samali, and M. F. Bruno, 

"Wind-induced motion control of tall 

buildings: Recent advances and future 

directions," Journal of Wind Engineering and 

Industrial Aerodynamics, vol. 147, pp. 95-

113, 2015. 

15 W. F. Baker, J. J. Pawlikowski, and B. S. 

Young, "The challenges in designing the 

world's tallest structure: The Burj Dubai 

tower," Structural Design of Tall and Special 

Buildings, vol. 17, no. 5, pp. 1099-1114, 

2018. 

16 Y. Zhou, T. Kijewski, and A. Kareem, 

"Aerodynamic loads on tall buildings: 

Interactive database," Journal of Structural 

Engineering, vol. 129, no. 3, pp. 394-404, 

2003. 

17 Q. S. Li, L. H. Zhi, and F. Hu, "Boundary 

layer wind structure from observations on a 

325 m tower," Journal of Wind Engineering 

and Industrial Aerodynamics, vol. 98, no. 12, 

pp. 818-832, 2010. 

18 T. Tschanz and A. G. Davenport, "The base 

balance technique for the determination of 

dynamic wind loads," Journal of Wind 

Engineering and Industrial Aerodynamics, 

vol. 13, no. 1-3, pp. 429-439, 1983. 

http://ijmec.com/


International Journal of Multidisciplinary Engineering in Current Research - IJMEC 

Volume 10, Issue 5, May-2025, http://ijmec.com/, ISSN: 2456-4265 

  
 

852 
ISSN:2456-4265 
IJMEC 2025 

19 P. Irwin, "Bluff body aerodynamics in wind 

engineering," Journal of Wind Engineering 

and Industrial Aerodynamics, vol. 96, no. 6-

7, pp. 701-712, 2008. 

20 N. Isyumov, A. K. Mikitiuk, P. Case, M. 

Lythe, and A. Welburn, "Predictions of wind 

loads and responses from simulated tropical 

storm passage," Journal of Wind Engineering 

and Industrial Aerodynamics, vol. 104-106, 

pp. 101-108, 2012. 

21 G. Diana, F. Cheli, A. Zasso, A. Collina, and 

S. Bruni, "Aerodynamic design of very tall 

buildings: A case study," Journal of Wind 

Engineering and Industrial Aerodynamics, 

vol. 74-76, pp. 329-342, 1998. 

22 J. A. Main and H. Sadek, "Performance-

based design of damped wind-excited tall 

buildings: Theory and applications," Journal 

of Structural Engineering, vol. 140, no. 2, pp. 

04013056, 2014. 

23 D. Thepmongkorn, G. S. Wood, and K. C. S. 

Kwok, "Interference effects on wind-induced 

coupled motion of a tall building," Journal of 

Wind Engineering and Industrial 

Aerodynamics, vol. 90, no. 12-15, pp. 1807-

1815, 2002. 

24 C. J. Baker, "Wind engineering—Past, 

present and future," Journal of Wind 

Engineering and Industrial Aerodynamics, 

vol. 95, no. 9-11, pp. 843-870, 2007. 

25 M. Gu, Y. Quan, and K. M. Shum, 

"Parametric analysis of coupled dynamic 

responses of tall buildings in strong winds," 

The Structural Design of Tall and Special 

Buildings, vol. 18, no. 7, pp. 705-719, 2009. 

26 T. K. Datta and A. K. Jain, "Analytical 

investigation of the seismic and wind 

responses of a 201 m chimney," Engineering 

Structures, vol. 31, no. 7, pp. 1333-1342, 

2009. 

27 R. Avini, P. Kumar, and S. J. Hughes, "Wind 

loading on high-rise buildings and the 

comfort effects on the occupants," 

Sustainable Cities and Society, vol. 45, pp. 

378-394, 2019. 

28 A. M. Aly, "Vibration control of high-rise 

buildings for wind: A robust passive and 

active tuned mass damper," Smart Structures 

and Systems, vol. 13, no. 3, pp. 473-500, 

2014. 

29 N. Lin, C. Letchford, Y. Tamura, B. Liang, 

and O. Nakamura, "Characteristics of wind 

forces acting on tall buildings," Journal of 

Wind Engineering and Industrial 

Aerodynamics, vol. 93, no. 3, pp. 217-242, 

2005. 

30 T. Stathopoulos, "Wind effects on low-rise 

buildings: A review of the state of the art," 

Engineering Structures, vol. 6, no. 2, pp. 133-

140, 1984. 

http://ijmec.com/

