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Abstract: With the rapid development of industrial buildings, the stability of cement silos, as an important 
storage facility, has attracted increasing attention. Wind-induced vibration is one of the main factors affecting the 
stability of silo. The purpose of this paper is to study the influence of wind-induced vibration on the stability of 
cement silo foundation. Through theoretical analysis, numerical simulation and field monitoring, the influence 
mechanism of wind-induced vibration on the stability of silo foundation is discussed, and the corresponding 
reinforcement measures are put forward. The results show that wind-induced vibration has a significant effect on 
the stability of the silo foundation, and reasonable reinforcement measures can effectively improve the stability 
of the silo.
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1. Introduction
Cement silo is a common storage facility in industrial production, and its stability is directly related to 

production safety and economic benefits. As a common natural phenomenon, wind-induced vibration poses 
a potential threat to the stability of the silo. In recent years, with the increase of extreme weather events, the 
influence of wind-induced vibration on the stability of silos has been paid more and more attention. In this 
paper, the influence of wind-induced vibration on the stability of cement silo foundation is studied by means of 
theoretical analysis, numerical simulation and field monitoring.

As an important industrial building, the stability of cement silo under bad weather conditions is particularly 
important. Especially in windy areas, wind not only has a significant impact on the main body of the silo, but 
also poses a potential threat to its foundation. Therefore, it is of great significance to study the stability of silo 
foundation under wind force for ensuring production safety and preventing accidents.

2. Literature review
Scholars at home and abroad have done a lot of research on the influence of wind-induced vibration on the 

stability of buildings. Studies have shown that wind speed, wind direction, structural characteristics of buildings 
and other factors will affect the effect of wind-induced vibration. For the cement silo, the influence of wind-
induced vibration on its stability is more complicated due to its structural characteristics and the particularity of 
the use environment. This paper reviews the relevant literature and provides a theoretical basis for subsequent 
research.

3. Theoretical analysis
3.1. Mechanism of wind-induced vibration

Wind-induced vibration is a phenomenon of building vibration caused by the dynamic effect of wind. 
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The dynamic effect of wind includes wind pressure, wind speed change and other factors. In this paper, the 
mechanism of wind-induced vibration is analyzed by the theory of fluid mechanics and structural dynamics.

3.2. Stability analysis of silo foundation

The stability of foundation is the key to the stability of silo. In this paper, the stability of silo foundation 
under wind-induced vibration is analyzed by the theory of soil mechanics and structural mechanics.

4. Numerical simulation
4.1. Modelling

In this paper, a numerical model of cement silo is established, including silo structure, foundation and 
foundation. The model takes into account the geometric characteristics, material properties and boundary 
conditions of the silo.

4.2. Simulation result analysis

Through numerical simulation, the response of silo foundation under different wind speed and wind 
direction is analyzed. The simulation results show that the wind-induced vibration has a significant effect on the 
stability of the silo foundation.

5. Field monitoring
5.1. Monitoring scheme design

In this paper, the field monitoring scheme is designed, including the layout of monitoring points, the 
selection of monitoring equipment and the processing method of monitoring data.

5.2. Analysis of monitoring results

Through on-site monitoring, the data of the silo under actual wind-induced vibration were collected. The 
monitoring results are compared with the numerical simulation results to verify the accuracy of the numerical 
simulation.

6. Study on reinforcement measures
6.1. Theoretical analysis of reinforcement measures

In this paper, several possible reinforcement measures are proposed, including increasing the depth of the 
foundation, strengthening the foundation, setting the isolation device, etc., and the theoretical effects of these 
measures are analyzed.

6.2. Numerical simulation of reinforcement measures

Through numerical simulation, the influence of different reinforcement measures on the stability of silo 
foundation is evaluated.

6.3. On-site verification of reinforcement measures

Through on-site implementation of reinforcement measures and monitoring, the actual effect of 
reinforcement measures was verified.
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7. Results discussion and engineering application 
 (1) The influence of wind-induced vibration on the stability of foundation 
The stress and deformation differences of the silo foundation under the action of wind or not are compared 

and analyzed, and the adverse consequences of wind load are clarified. 
(2) Optimized design proposal recommendation 
A series of improvement strategies to enhance the wind resistance of the silo are proposed, such as adding 

counterweight blocks, improving the shape of the foundation, setting wind barriers, etc., to ensure the long-term 
stability of the structure.

8. Conclusions and prospects
In this paper, through theoretical analysis, numerical simulation and field monitoring, the influence of wind-

induced vibration on the stability of cement silo foundation is systematically studied, and effective reinforcement 
measures are put forward. It provides strong support for the planning, construction and daily operation and 
maintenance of similar projects. Future research will focus on exploring more accurate wind prediction models, 
as well as developing new materials and structural forms, with a view to solving this challenging topic at a higher 
level.
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