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  The equation of motion of structure under wind loads:  
 
 
 方程右边的荷载包括了作用于结构的脉动风荷载以及由结构自身运动

而产生的自激力。The right of the equation includes the 
fluctuating wind load on the structure and the self-excited force 
produced by the structural motion. 

 尽管结构体系被假定为线性，由于自激力的影响，方程本身仍然为非
线性的，对该方程解析求解的困难就在于方程右端项的不确定性。
Although the structural system is considered to be linear, 
because of the influence of self-excited force, the equation 
itself is non-linear. The difficulty to solve the equation is the 
uncertainness of  the right of equation 
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研究表明：自激力项可以通过气动阷尼的方式来考虑，通常的做法：
在结构阷尼比上叠加气动阷尼比，因此结构的运动方程可写为： 

Studies shows that: self-excited force may be considered by 
way of aerodynamic damping. generally the structural 
damping ratio superimposed on the aerodynamic damping 
ratio, so the structure of the equations of motion: 

在时域内求解时，方程右端为脉动风荷载时程；在频域内求解时，
方程右端为脉动风荷载的率谱密度函数。 
When solving the equation in the time domain, the right of 
the equation is the time history of wind load. When solving it 
in the frequency domain, the right of the equation is the 
spectral density function of fluctuating wind loads. 
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 时域求解：时程分析、基于振型分解的时程分析 
Solution in Time domain : Time-history analysis, time -

history analysis based on modal decomposition  

 频域求解：多自由度随机振动分析、基于振型分解的频域分析 
Solution in frequency domain: random vibration analysis 

of MDOF system, and frequency domain analysis based 
on modal decomposition 
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时程分析 Time history analysis 

也称直接积分法，实质数值计算方法 

It is also known as direct integral method, actually an 

numerical methods 

按假定的加速度变化规律时程分析法可分为 there are 

different time history method based on the assumption 

of acceleration variation: 

 linear acceleration method 

Wilson-θ method 

Newmark-β method 

Rang-kuta method 
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11.3  顺风向随机风振响应的频域分析 

11.3  frequency domain analysis of vibration response of 
structure under downwind fluctuating wind  
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 基于振型分解的频域方法 Frequency domain method 
based on modal decomposition: 

（1）采用振型分解，将多自由运动方程转换为n个单自由度运动
方程； 

  By using modal decomposition，decouple the MDOF 
equation of motion of MDOF system into n number of 
equations of motion of SDOF system 

（2）采用频域法对单个自由度运动方程进行求解； 
   Solve SDOF equation of motion using frequency domain 

method 
（3）采用叠加原理得到原结构的解。 
    superpose the solutions of SDOF system to obtain the 

solution of original structure. 
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位移响应根方差 Standard deviation of displacement response 
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 高层、高耸建筑物的风振响应可以近似只考虑第一阶阵型。 
For high-rise buildings, it is enough to just consider the first mode. 
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