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Abstract. With the rapid development of building level and construction technology, high-rise 

buildings have been adopted more and more, thus becoming an important place for people to 

work and live. Because of the high height of high-rise buildings, wind load becomes the main 

resultant force type of high-rise building. However, wind load has great randomness and 

unpredictability, which has great influence on the stability of high-rise building. This paper first 

analyses the main characteristics of wind load borne by tall buildings. Then, the common 

methods of wind-resistant design of high-rise building are summarized in detail. It also points 

out the existing problems and deficiencies in wind resistance design of high-rise buildings and 

the countermeasures and suggestions of wind resistance design of high-rise structures. Finally, 

according to the current research status and existing problems, the future development of wind 

resistance design is prospected. Results can provide some references for wind resistance design 

and research of high-rise buildings. 

Keywords: high-rise building, wind load, wind resistance design analysis, optimize wind 

resistance design. 

1.  Introduction 

Nowadays, with the continuous development of science and technology and the improvement of 

building level, there are more and more high-rise building (HRB), which have gradually become the 

main place for people to live and work. For the safety and comfort of HRB, wind resistance design 

(WRD) is needed. Especially in some harsh climate areas, buildings need to face the test of strong winds. 

High winds and their unpredictability pose great challenges to the structure and stability of buildings. 

And for the high height of the building, the consideration and calculation of wind load need to pay 

particular attention. Compared with buildings of lower height, HRB not only need to consider the 

problem of seismic load. As HRB are high sensitivity to wind load, transverse wind load can affect the 

stability and safety to a certain extent. Therefore, research on WRD and HRB analysis is of great 

significance to improve the safety and reliability of buildings. 

At present, there have been a lot of research results on WRD of HRB. Some scholars and engineers 

have summed up many experiences and lessons in practice and put forward different design concepts 

and methods. However, these research results still face many challenges and difficulties, such as wind 

load calculation, structural dynamic response, structural material selection and so on. Therefore, it is 

necessary to further study the WRD and analysis of HRB, so as to provide more perfect and reliable 

solutions for construction projects. 
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The purpose of this paper is to study the WRD and analysis of HRB and to provide effective wind-

proof measures for building projects. Firstly, the characteristics and influence of wind load on HRB are 

analysed. Then, the current situation of WRD of HRB is analysed and summarized in detail, and the 

existing problems and deficiencies are put forward. Finally, the solutions and suggestions for wind-

resistant design of high-rise structures are put forward.  

2.  The effect of wind load on HRB 

As a force and moment which is on the surface of a building, wind load is quite unpredictable. At the 

same time, wind load not only acts in the direction perpendicular to the surface of the building, but also 

produces vertical forces caused by friction in the direction horizontal to the surface of the building.  wind 

load acted on HRB mainly has the following characteristics. 

2.1.  Irregularity of wind load 

As different HRB have different geometric shapes and types of building materials, and wind strength 

and direction change all the time, which is sometimes impossible to predict. Therefore, wind load acting 

on the surface of HRB is also irregular and has considerable randomness [1]. This makes it necessary 

for researchers to consider the experimental error caused by the irregularity when studying wind load 

on the surface of buildings.  

2.2.  Instability of wind load 

The main cause of wind load is the direct effect of wind power, which is characterized by instability. In 

the study of wind power and wind load, researchers can only roughly predict the size of wind power, 

calculate the average value through a period of measurement, and then approximate fit wind power into 

an extreme value distribution by calculating the variance and standard deviation [2]. 

2.3.  Nonlinear damage 

When the wind is stronger, more significant deformation and damage may occur on the surface of the 

building. However, this damage is usually nonlinear, and the stiffness and strength of the structure of 

the building will change significantly during the deformation [3]. In 2012, a light steel project in Taiwan 

was partially damaged by typhoon Haikui. As shown in figure 1, the steel structure was partially lifted 

by the typhoon and the roof panels were partially damaged. 

 

Figure 1. Project damaged by typhoon Haikui in Taiwan [4]. 

2.4.  Compositional resultant reaction 

When wind load acts on the HRB, the internal structure of the HRB will be affected accordingly. 

Generally, the more complex the structure of the building, the more complex the force and moment 

under the influence of wind load will be. When studying the internal structure of HRB, it is necessary 

to consider the interaction between each component comprehensively, and then carry on the force 

analysis. 
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2.5.  Unsteadiness of wind frequency 

Under the action of unsteady wind, the response of the building to wind load is also unsteady. This 

means that the amplitude of the vibration the structure produces in response to wind load changes over 

time, as does the frequency of its vibration [5]. On this basis, wind load is highly likely to cause the 

internal resonance of HRB structures, resulting in structural destruction and serious safety accidents. 

3.  WRD types and methods 

Current HRB have several obvious commonalities. When buildings are high in height, their structures 

are usually relatively light, less damped and more flexible, etc. Considering the superior frequency of 

wind load, the building design will be carried out so that the natural vibration frequency of HRB and the 

superior frequency of wind load acting on its surface is relatively close. This will enable the building 

structure to withstand wind load with better comfort. At present, in order to reduce the wind load of 

HRB at high altitude and improve building stability, there are mainly the following methods. 

3.1.  Section design improvement 

Due to the need to meet the principles of beautiful design, it is not possible to modify the section design 

of the building in a wide range, so it is very important to optimize the building plan to a certain extent. 

Many experimental data and conclusions prove that after the corner of the building plane is designed, 

the overall wind strength performance of the structure will be greatly increased. As shown in figure 2, 

after corner improvement and design of the original rectangular section of the building, certain wind 

load borne by the building will be reduced by 10%-25% [6]. Such a design not only conforms to the 

economic principles of structural design, but also does not harm the aesthetics and functionality of the 

original building. Therefore, the design is a very effective and successful WRD. 

 

Figure 2. WRD for corners of rectangular building sections [6] 

3.2.  The setting of damping device 

In order to increase the comfort of HRB, it is usually designed for the side of the building structure to 

increase the stiffness of the structure. But such design usually brings high cost and does not conform to 

the economic principles of design. Therefore, in actual production, the corresponding vibration damping 

devices are usually set in HRB, such as tuned mass damper AMD, TMD, tuned liquid damper TLD and 

viscous damper or viscoelastic damper. The above kinds of vibration reduction devices are usually set 

in the upper or top floors of buildings, and the results are very significant. After EC-TMD was installed 

on the 125th floor of Shanghai Tower, the wind-induced acceleration of the structure was reduced from 

8 gal to 4.3 gal [6]. 

3.3.  Model test 

The most widely used model test is the model wind tunnel test. For the specified buildings and structures, 

in order to test whether they meet the corresponding design standards under the actual wind load, the 

model wind tunnel test is usually used for simulation testing. The experiment will simulate conditions 

and parameters similar to the actual wind field to test whether the response of the building to the given 

wind and wind speed conditions meets the design requirements. As shown in figure 3, the wind tunnel 

and wind vibration tests were conducted on a building model by South China University of Technology 

[7].  
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Figure 3. Wind tunnel and wind vibration test by South China University of Technology [7]. 

3.4.  Wind vibration experiment 

In the analysis of WRD, wind vibration experiment is the most necessary. Especially for the situation of 

HRB, the structure needs to reduce its own vibration amplitude and frequency based on bearing wind 

load, so as to cater to the good frequency of wind load and prevent structural resonance [8]. At this time, 

it is necessary to conduct a model wind vibration experiment for a given building and its structure based 

on theoretical calculation. By simulating the vibration caused by wind load in the actual situation, it is 

necessary to test whether the wind-earthquake resistance performance of the building is consistent with 

the theoretical calculation results. 

4.  Current problems 

4.1.  The large error of theoretical value 

During the analysis of WRD, errors still exist from model tests. Due to the great chance and 

unpredictability of actual wind speed and direction, the reference significance of the results obtained 

from model test analysis will be reduced [9]. Although wind tunnel model test and wind vibration test 

are still the most effective and accurate detection methods. However, they are mainly based on the 

formula of experience to build the model, there are still errors between the theoretical value and the 

actual value. Equation (1) is an empirical formula often used to calculate the size of the wind. 

𝐹𝑤 = 𝑃𝑑𝐴 =
1

2
𝜌𝑣2𝐴                                                             (1) 

where 𝐹𝑤 is wind force (N), A is surface area (m2), Pd is dynamic pressure (Pa), ρ is density of air 

(kg/m3), and v is wind speed (m/s). 

4.2.  High cost 

During design analysis, due to the need to adopt wind tunnel experiments and other methods to measure 

and evaluate buildings and structures, inevitably high costs will be generated [10]. In addition, due to 

the need to consider extreme situations during the design, the strength and stiffness of materials are also 

high. At the same time, many wind resistance measures currently in production have high maintenance 

costs and damage costs. As a result, many new methods cannot be really applied. These methods only 

stay in the theoretical stage, and thus need to be improved. 

4.3.  Imperfect standard  

Current WRD is imperfect and prone to conflict with other standards and principles. The current WRD 

standards are still in the process of continuous improvement, and according to the experience and actual 

situation to design standards for development and change, there will inevitably be a lot of unreasonable. 

Proceedings of the 2023 International Conference on Functional Materials and Civil Engineering
DOI: 10.54254/2755-2721/24/20230673

41



And in order to meet the needs of wind-resistant design, aesthetics and partial functionality of the 

building may be sacrificed. 

5.  Conclusion 

To sum up, wind loads are characterized by irregularity, instability, nonlinearity, combination and 

instability, which makes the generation and analysis of WRDs very necessary and complicated. At 

present, in order to achieve WRD and improve the comfort of HRBs, it is usually necessary to improve 

the plane of HRBsS or install damping devices and dampers. In the analysis of structure and structural 

components, wind tunnel test and wind vibration test are usually used to analyze the influence of wind 

on structure by simulating wind load. However, the current WRD still has some problems, such as large 

error, high cost and imperfect design standards. 

The future development and improvement direction of WRD is clearer. Firstly, in order to reduce the 

error between the theoretical value and the actual value, it is necessary to constantly improve and debug 

the equipment and innovate the test method. Secondly, the production design cost of windproof structure 

should be controlled and reduced, and the cost performance of windproof structure should be improved. 

At the same time, experience should be constantly learned in the experimental and actual production 

links, and the wind design rules and standards also should be constantly improved. 
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