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Abstract.    This paper presents the dynamic characteristics analysis of the purlin-sheet roofs by the random 
vibration theories. Results show that the natural vibration frequency of the purlin-sheet roof is low, while the 
frequencies and mode distributions are very intensive. The random vibration theory should be used for the dynamic 
characteristics of the roof structures due to complex vibration response. Among the first 20th vibration modes, the 
first vibration mode is mainly the deformations of purlins, while the rest modes are the overall deformations of the 
roof. In the following 30th modes, it mainly performs unilateral local deformations of the roof. The frequency 
distribution of the first 20th modes varies significantly while those of the following 30th modes are relatively 
sensitive. For different parts, the contributions of vibration modes on the vibration response are different. For the part 
far from the roof ridge, only considering the first 5th modes can reflect the wind-induced vibration response. For the 
part near the ridge, at least the first 12 modes should be considered, due to complex vibration response. The wind 
vibration coefficients of the upwind side are slightly higher than that of the leeward side. Finally, the corresponding 
wind vibration coefficient for the purlin-sheet roof is proposed. 
 

Keywords:    purlin sheet roof; random vibration theory; dynamic characteristic; wind-induced vibration 
coefficient 
 
 
1. Introduction 
 

Compared with traditional roof structures, the thin-walled purlin-sheet roof is more sensitive to 
the wind loads, due to large-span, low slope, low natural frequency and uneven stiffness and mass 
(Zhu et al. 2014, Zhang and Tong 2016). Those low structures always locate in the regions with 
high turbulence degree and wind velocity variations (Habte et al. 2015, Lovisa et al. 2013). The 
destruction of lower houses always starts from the surface cladding system, especially the roof. 
The wind field of roof structures has significant three-dimensional characteristics and the flow 
field characteristic is quite complicated. It is easy to observe the flow separation, reattachment, and 
the vortex shedding phenomenon of tail structures. There are many researches on the static 
behaviors of suspension roof, flat roof, sloping roof and spherical roof (Cai et al. 2013a, b, Yuan et 
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al. 2014, Krentowski 2014). The geometry of the roof system has great effects on the distribution 
of wind pressure on the roof. Even if the shape of the roof is similar, the differences of local 
structures for example, cornice, parapet and roof slope, will lead to the differences of local or 
overall pressure distributions. Therefore, it is necessary to study the dynamic characteristics and 
wind vibration coefficient of thin-walled purlin-sheet roof structures. 

Flat roofs or small curvature roofs are the most common forms of lightweight steel roof (Cai et 
al. 2013c, d). Uematsu et al. (1997, 1999) studied the design wind loads of circular flat roof and 
proposed a simplified formula to evaluate the design wind load of long-span flat roofs, based on 
the dynamic response of the turbulence wind load. The sloping roof is a typical low-rise and large-
span structural form, of which the pressure distribution is related with slope angle and wind 
orientation angle. For common low-slope roofs, the forming of the wind suction in the roof is 
because of flow separation near the cornice, ridge and edge of the roofs. With roof slope and wind 
direction changing, the status of airflow separation and the distribution & size of the roof suction 
changes. When the roof angle increases from 15° to 20°, the wind pressure coefficient on the 
windward side decreases significantly, and the distribution tends to be uniform. When the roof 
angle increases from 20° to 30°, the positive pressure appears in the windward side, and no 
significant changing appears in the leeward of the roof (Martins et al. 2016, Liu et al. 2016). 

There are some researches on the wind pressure characteristics of flat roofs, especially for the 
corners of the roofs with high wind pressure distribution (Zhu 2014, Cai et al. 2015). Tieleman et 
al. (1994) proposed a formula of wind pressure coefficient to describe the distributions of mean 
pressure, fluctuating pressure and the critical pressure. Lin et al. (1995) found that the distribution 
of wind pressure in the surface can be described by the dimensionless coordinate and proposed the 
critical pressure regarding to different wind directions. Lou et al. (2002) proposed that the wind 
can produce the separation and re-attachment of complex flows in the large-span roof and used the 
partition method to describe the wind pressure coefficient. 

Now, there are three main methods of wind loads research include field measurement, wind 
tunnel model test and computational fluid dynamics (CFD). The field measurement is always to 
obtain the first-hand wind characteristics and structural response by the sensors of wind velocity, 
and accelerometer instruments, etc. It is an effective way to study the structural response, but huge 
cost and various uncontrolled factors limit its applications in practical engineering (Robertson et al. 
1998, Tamura 1999, Xu et al. 2010). 

The wind tunnel test, also known as “physical wind tunnel test”, is to simulate actual wind 
environment and actual buildings in the atmosphere boundary layer (Ahmad and Kumar 2002, 
Ginger 2004, Habte et al. 2015). Cope (Cope et al. 2005) studied the effects of distributions and 
probability characteristics of wind pressure of the roof sheets in typical low-rise hyperboloid 
buildings and compared with the ASCE codes 7-98 and the experiment data. Farquhar and Kopp 

(2005) carried the uniform static loading and wind tunnel tests of 1:25 scaled roofs with slippable 
clips and compared with the loading capacity of full size models of the Mississippi State 
University, in which the relationship between the static and dynamic loading bearing capacities of 
roof sheets were discussed. Surry et al. (2007) carried out the full-size tests to simulate the wind 
loads on the roof with slippable clips in the Mississippi State University and found that the 
response surface method is an effective way to calculate the wind pressure. 

With rapid development of computer hardware and computational fluid dynamics, the 
numerical wind tunnel method is more popular in the wind-induced response analysis (Sun et al. 
2008, Zhou et al. 2014, 2015). It is to apply the computational fluid dynamics to simulate the 
changing of surrounding wind field and obtain the distributions of the surface wind loads. 
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Compared with traditional wind tunnel methods, the numerical method is more popular for many 
advantages, including high calculation efficiency, parametric analysis and low cost, et al. 

In the wind-induces response analysis, there are three analysis methods, including the analytical 
method, the discrete frequency domain method, and the discrete time domain method (Lovisa et al. 
2013, Jacklin et al. 2014, Jubayer and Hangan 2014). For simple structures whose first mode is the 
dominant, the wind loads can be approximately equivalent to the definite static load. Meanwhile, 
the fluctuating wind is random and its vibration response can be solved by the random vibration 
theory (Huang and Wang 2008). However, the analytical method is only limited to some specific 
structural forms, which cannot meet the increasing requirements of complex practical engineering 
problems. 

The time domain method is to calculate the dynamic response of the structures by the 
progressive integral method, based on the time history of wind loads. It can be used for the 
analysis of linear and nonlinear structures with high accuracy. Until now, there are not enough 
records about the field measurement of the time history of wind velocity (Li and Dong 2001). 
Relatively, the time history diagrams of wind velocity based on the numerical simulation method is 
a very effective method to study the wind-induced vibration response, widely used in the practical 
engineering. 

The frequency domain method is proposed based on the random vibration theory, in which the 
relationship between the power spectrum of displacement response and fluctuating wind load is 
built. Its higher computational efficiency can directly obtain the basic characteristics of wind-
induced structural response. Nakayama et al. (1998) pointed out that the some high-order modes 
are always ignored in the analysis of large-span roof structures and it should be implemented to 
calculate the static displacement. Lu et al. (2002) found that the vertical vibration response of 
large-span flat roofs is mainly dominated by the first order mode, and the effects of higher order 
modes on the vertical vibration response of roof sheets are very small. The roof stiffness and the 
wind velocity have significant effects on the vertical vibration response of large span flat roof, but 
slight effects on the wind vibration coefficient of structural displacement. Fu et al. (2010) studied 
the wind-induced displacement response of roof structures in Guangzhou International Convention 
and Exhibition Center and proposed the method to identify the natural vertical frequency of large-
span roof structures. 

There are two main numerical simulation method for wind velocity time history, including the 
spectrum method and the linear filtering method. Shu and Zhou (2003) used the Auto-Regressive 
(AR) model to simulate the time history of randomly fluctuating winds, and found that the AR 
model can effectively simulate the time history of fluctuating wind by considering time correlation 
and space correlation. Kasperski (2009) proposed that the resonance effect should be considered in 
the design due to high strength building envelope and nonlinear analysis. Generally, for the large 
span roof structures whose natural vibration period is higher than 0.25 s, the wind-induced 
vibration is obvious and it increases with the natural vibration period increasing (Huang and Wang 
2008). 

This paper aims to present the dynamic characteristics analysis and wind-induced vibration 
coefficients of purlin-sheet roofs by the random vibration theories. First, the research methods and 
analysis theories/models for the wind-induced vibration response of the purlin-sheet roofs are 
discussed. Then, the dynamic response of purlin-sheet roofs are studied by the random vibration 
theories. Finally, the wind vibration coefficients of the purlin-sheet roofs are proposed. This paper 
can be references for the wind-induced response analysis of purlin-sheet roofs. 
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2. Materials and methology 
 

The typical single-span purlin-sheet roof is taken as the research object. The dimensions of the 
roof structures are shown in Table 1 and Fig. 1. The mass of the wall beam and the panels are 
applied as uniform loads and the distances between the wall beams are 1.5 m. The wind vibration 
response of the structure are not only related to the fluctuation characteristics of the wind, but also 
to the natural characteristics of the structure. Therefore, the natural vibration characteristics of roof 
structures should be studied, including natural vibration frequency and modes. The modal analysis 
of the purlin-sheet roof is carried out and the first 50 order modes and natural frequencies are 
obtained. 

The frequency domain method is conduced to describe the dynamic displacement by the linear 
combinations of the generalized coordinates in different modes and the fundamental modes in the 
modal space. The approximate analysis method of Davenport spectrum is always conducted in the 
analysis. The random vibration theories are used to analyze the power spectrum density of wind 
loads. For large-span purlin-sheet roof, the first order mode may not be the dominant mode and the 
effects of multi-modes should be considered in the wind-induced vibration analysis. Considering 
that not all the modes have the same effects on the structural dynamic response, so it is not 
necessary to include all the generalized coordinates in all modes. Therefore, some important and 
necessary modes should be chosen for the wind-induced vibration analysis. The participation 
contributions of the modes can be evaluated by the proportions of strain energy in the total strain 
energy. The detailed calculation model can be seen in Section 3.2.2, in which the effect of 
vibration mode on the structural response and the mode combinations are analyzed. 

The wind-induced vibration coefficients of the purlin-sheet roofs are obtained based on the 
random vibration theories. The first 20 vibration modes are chosen to analyze the participation 
 
 

Fig. 1 Dimensions of single-span purlin-sheet roof 
 
 

Table 1 Single span cold-formed purlins plate roof structure parameters 

Corrugated 
sheet type 

Purlin type
Connection 

type 
Roof slope

i 
Purlin span

L (m) 
Frame span

B (m) 
Eaves height 

H (m) 
Purlin spacing

S (m) 

YW25-1000 Z180×2.5
Self-drilling 

screws 
5% 7.5 24 10 1.5 
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ratio and the wind-induced vibration coefficient. The wind-induced vibration force can be obtained 
based on the displacement of nodes. The wind-induced vibration coefficient of the roof structure 
can be calculated according to the current design codes (Huang and Wang 2008). 
 
 
3. Results and discussions 
 

3.1 Dynamic characteristics of cold-formed purlin-sheet roof 
 
Due to the limited layout, part of the vibration modes and natural vibration frequencies of 

YW25-1000 roof structure are presented in Fig. 2. 
From Fig. 2, the participation contribution of portal frame is significant in the first 3nd modes 

of the roof structure. As shown in Fig. 3(a)-(c), anti-symmetric deformations of two trusses can be 
observed in the 1st mode, while the symmetrical deformations are observed in the 2nd modes. In 
the 3rd mode, symmetrical deformations appear in the ridge frame but the deformations of steel 
beams are anti-symmetric. In the rest modes, the participation of rigid frame is not significant. In 
the first 20 vibration modes, the main performance is the deformations of purlins, while the overall 
deformation of the roof is the dominant. In the next 30 vibration modes, local deformation is the 

 
 

1st mode (f1 = 4.548 Hz) 2nd mode (f2 = 4.569 Hz) 
  

3rd mode (f3 = 5.196 Hz) 4th mode (f4 = 7.969 Hz) 

Fig. 2 Vibration modes of YW25-1000 roof 
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dominant. 
The distributions of the first 50th modal frequencies of the roof structure are shown in Fig. 4. 

The frequencies of the first 20th modes (overall mode) are different, while the following 30th 
modes (local mode) are similar. 

 
 

5th mode (f5 = 8.741 Hz) 6th mode (f6 = 9.131 Hz) 
  

7th mode (f7 = 9.794 Hz) 8th mode (f8 = 10.088 Hz) 
  

20th mode (f20 = 18.815 Hz) 30th mode (f30 = 20.703 Hz) 

Fig. 2 Continued 
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40th mode (f40 = 21.509 Hz) 50th mode (f50 = 22.183 Hz) 

Fig. 2 Continued 
 
 

 
(a) 1st order vibration mode (b) 2nd order vibration mode (c) 3rd order vibration mode 

Fig. 3 First three modes of frame vibrations 
 
 

Fig. 4 Frequencies of first 50th orders modes 
 
 
The dynamic characteristics analysis shows that the fundamental natural vibration period T1 of 

the roof structure is 0.22 s. According to the GB50009-2012 (2002), for the high-rise buildings 
whose fundamental natural period is less than 0.25 s, the wind vibration effect is generally slight 
and can be ignored in the approximate analysis of wind-induced effects. However, different from 
high-rise buildings, the purlin-sheet roofs perform light weight, large flexibility and small damping. 
It determines that the natural vibration frequency is low and the frequencies and mode 
distributions are very intensive. Then, the wind vibration response of the roof structure is very 
complex. Therefore, the random vibration theory should be employed to analyze the effect of 
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fluctuating winds on the dynamic characteristics of the roof structures. 
 
3.2 Analysis of the participation contributions of vibration modes 

based on the random vibration theories 
 
3.2.1 Dynamic spectrum of fluctuating winds 
There are many types of wind spectrums based on the experiment data. In most of wind 

spectrums, the wind velocity varies along the height, such as Karman turbulent wind velocity 
spectrum, Simiu fluctuating wind velocity spectrum, and Hino fluctuating wind velocity spectrum. 
In some wind spectrums, the wind velocity remains unchanged along the height, such as 
Davenport fluctuating wind velocity spectrum (Davenport 1967) and Harris fluctuating wind 
velocity spectrum. 

Davenport proposed the empirical expressions according to more than 90 measurements in 
different locations and heights in the world. The turbulence integral length scale L in the horizontal 
gust spectrum is assumed as a constant. The fluctuating wind spectrum is considered as the mean 
measured values of different heights (Huang and Wang 2008) 

 
2

2 2 4/3
10

( ) 4

(1 )
vnS n kx

xv



 (1)

 

where, ,1200
10v

n
x   10v  is the mean wind velocity at the standard height of 10 m（m/s）, n is 

the frequency of fluctuating wind (Hz), and k is the surface roughness coefficient. 
Although the velocity spectrum varied along the height seems more reasonable, its calculated 

structural response is very close to the results by Davenport spectrum. The deviations are less than 
5%, and most of them are between 1-3% (Zhang 2006). Therefore, the Davenport spectrum is 
widely conducted as the approximate analysis method, just as shown in many specifications. On 
the other hand, the Davenport spectrum contains the spectral data of more than 90 areas around the 
world. Finally, after comprehensive consideration, the Davenport spectrum is employed in this 
analysis. 

 
3.2.2 The random vibration theories on the wind-induced structural response 
The motion equation of the structures with N degrees of freedom is as follow. 

 

( ) ( ) ( ) ( )fMy t Cy t Ky t P t     (2)
 

where, M is the mass of the structure, C is the damping coefficient, and K is the stiffness matrices. 
)( ),( ),( tytyty   are the wind acceleration, wind velocity and displacement vector, respectively. Pf (t) 

is the vector of fluctuating wind. 

1

( ) ( )
n

i ji j
j

y t q t


  (3)

 
where, ϕji is the vibration coefficient of mode j for node i and qj(t) is the generalized coordinate of 
mode j. Based on the assumption that Rayleigh Damping meets the orthogonally, the motion 
equations can be got by incorporating the Eq. (3) into Eq. (2), as follows 
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where, ωj and ζj are the natural frequency and damping ratio of vibration mode j, Fj(t) × M*

j is the 
generalized force of mode j corresponding to the fluctuating wind. After separating the time 
component, P*

fj is the generalized force of mode j corresponding to the static wind load. wft is the 
fluctuating surface force of node i, Ai is the related area of node i, f(t) is the time function of 
fluctuating wind, and M*

j is the generalized mass of mode j. 
Because the time function f(t) of the fluctuating wind is random, the equation (4) should be 

solved based on the random vibration theory. The power spectrum density Sf(z, ω) is the 
representative input data, where z is the height and ω is the circular frequency of the fluctuating 
wind. The spatial correlation coefficient ρi,i′(ω) should be considered because of the spatial 
correlation of fluctuating winds. Meanwhile, the power spectral density SY(zi, ω) is the 
representative output data. Therefore, the root variance σyi of the dynamic displacement response 
in node i is as follows. 

 

 

 

(5)

 
where, SFjFj(zi, ω) is the power spectrum density of mode j for node i due to the fluctuating wind, 
and Hj(iω) is the frequency response function of mode j. 

Because the root variance σyi only present the mean square amplitude, a certain factor (peak 
factor) μ is introduced to calculate the response amplitude in the condition of certain guaranteed 
rate, as follows 
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3.2.3 Effect of vibration mode on the structural response and the mode combinations 
The natural vibration frequencies of the purlin-sheet roof are very intensive and the shapes of 

the vibration modes are complex. The 1st mode may not be the dominant, and the effects of multi-
modes in the analysis of wind-induced vibrations should be considered. The participation 
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contributions of the modes can be evaluated by the proportions of strain energy in the total strain 
energy. However, due to complex vibration response, it is difficult to get the accurate structural 
response and structural strain energy by considering finite vibration modes. Therefore, the 
proportion of strain energy of vibration modes should be obtained in order to justify the mode 
contributions and choose the necessary modes. 

As shown in Fig. 2, all the next 30 modes (21st-50th) of the purlin-sheet roof are local 
deformation modes in a small region of the roof. Therefore, after consideration, the first 20th 
modes are chosen to analyze the participation ratio and the wind-induced vibration coefficient. The 
participation ratio of various vibration modes can be obtained according to the strain energy of 
various modes by the random vibration theory, in order to choose the main vibration modes. 

According to the theory of linear random vibration, the generalized force spectrum of i th and j 
th vibration mode can be obtained as follows. 

 
3 3

* * *

1 1

( ) ( ) ( ) ( ) / ( )
N N

ij km i j i j
k m

S n S n k m M M 
 

  (7)

 

where, ϕi(k) is mode i of node k, ϕj(m) is mode j of node m; M*
i and M*

j are the generalized mass of 
mode i and mode j; Skm(n) is the value of line k column m in the load spectrum matrix. 

The generalized displacement covariance of i th mode and j th mode are as follows 
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where, Hi(in) is the transfer function of mode i, i is the unit of imaginary number, ξei is the 
damping ratio of mode i, and ni is the frequency of mode i. 

The contribution of vibration modes is related with mode displacement and mode energy. In 
order to analyze the participation ratio of vibration modes on the wind-induced displacement, the 
covariance matrix of generalized displacement should be calculated. Then, the average strain 
energy of the fluctuating wind loads for mode j can be obtained as follows. 

 

2 2 21 1

2 2j j jj j j jjE k m     (11)

 

where, kj, mj, ωj are the generalized stiffness, the generalized mass and circular frequency of mode 
j, and σ2

jj is generalized displacement variance of mode j. 
The sum of strain energy of the first 20th modes is 
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The total energy contribution ratio of mode j is 
 

20

j
Ej

E
R

E
  (13)

 
The total energy contribution ratio of the first j th modes is 

 

1

20

j

k
k

j

E

E
 


 (14)

 
In order to analyze the participation contributions, 10 nodes are chosen in the cornice, the 

middle and the ridge of the roof, respectively as shown in Fig. 5. The relationship between mode 
energy and vibration modes are shown in Fig. 6. 

As shown in Fig. 6, the effects of vibration modes on the wind-induced response are different 
in different positions of the roof structure. For node 1 and node 10 in the cornice of the roof, the 
important vibration modes are 5th, 9th, 12th and 18th modes and the corresponding average 
participation ratios are 13.7%, 14.2%, 58.7% and 8.1%, respectively. For the first 12th modes, the 
average value of the total participation ratios of vibration energy can reach 90.1%, and that of the 
first 18th modes can reach 100%. For nodes 5 and 6 in the ridge of the roof, the 2nd mode is the 
dominant mode and the participation ratio of vibration energy is 97.1%. For the first 12th modes, 
the total participation ratio of vibration energy can reach 100%. 

For nodes 3 and 8 in the middle of the cornice and ridge, the 2nd mode is the dominant mode 
and its energy contribution ratio is 95.6%. The total participation ratio of vibration energy can 
reach 99.5%. For nodes 2 and 9 near the cornice of the roof, the 5th mode is the dominant mode, 
and its average energy contribution is 99.6%. For the first 5th modes, the total mode energy can 
achieve 99.8%. For nodes 4 and node 7 near the ridge of the roof, the 2nd mode is the dominant 
mode, and its average energy contribution is 95.3%. For the first 9th modes, the total mode energy 
can achieve 100%. 

From above, near the cornice of the roof, the participation of vibration modes is relatively 
simple. Only considering the first 5th modes, even the first 2nd modes, can reflect the wind- 

 
 

 

Fig. 5 Distributions of nodes on the roof (Unit: mm) 
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Fig. 6 Relationship between the cumulative energy ratios and the modal orders 
 
 

induced response. In the roof near the cornice, the participation ratios of vibration modes is 
relatively complex, and the accurate wind-induced response cannot obtained by only considering 
the first several modes. Therefore, it may require considering the first 12th even the first 18th 
orders to accurately calculate the wind-induced structural response. 

 
3.3 The wind-induced vibration coefficient based on the random vibration theories 
 
On the basic of the displacement response yji in node i, the wind-induced vibration force of 

mode j for node i can be obtained, called as the equivalent inertia force 
 

2 2
fji i j yji i j jiP M M y     (15)

 
The wind force of node i is 
 

0i i si i si ziw w w     (16)
 

where, ω0 is the basic wind pressure, ωsi is the mean wind pressure of node i, βi is the wind-
induced vibration coefficient of node i, μsi is the shape coefficient of node i, μzi is the height 
coefficient of wind pressure of node i. Therefore, the wind-induced vibration coefficient is 
obtained as follows. 
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2

1 0

1
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    (17)

 
The wind-induced vibration coefficient of the roof structure can be obtained according to Eq. 

17. The ground roughness is type B, and the wind height variation coefficient μst is obtained 
according to GB 50009-2012 (2012). The wind-induced vibration coefficient distribution of the 
roof is shown in Fig. 7. 

Fig. 7 shows the distribution of wind-induced vibration coefficient on the windward side (right 
side) and leeward (left side) of the roof is similar, while the wind-induced vibration coefficient in 
windward side is higher than that of the leeward. The maximum coefficient on the windward side 
appears near the cornice and the ridge, about 1.37. The maximum coefficient in the leeward near 
the ridge and cornice is also high, about 1.28. 

For the general cantilever structure, for example, high-rise building, tower and chimney etc, the 
1st mode is always the dominate mode. Its wind-induced vibration coefficient can be obtained by 
only considering the effects of the 1st mode. 

 
 

 
(a) Plane view 

 

 
(b) Three-dimensional view 

Fig. 7 Distributions of wind vibration coefficient 
 

1051



 
 
 
 
 
 

Yingying Zhang, Xiaoguang Song and Qilin Zhang 

1 z
z

z




   (18)

 
From above, in the part near the ridge, the participation ratio of vibration modes is very 

complex, and only considering the first several modes can not reflect the real vibration response of 
the structures. Then, it is not suitable to use Eq.18 to calculate the wind-induced vibration 
coefficient of purlin-sheet roof. According to Pei (2009), the proposed wind-induced vibration 
coefficient of the airport roof with the span of 72-150m is between 1.426 and 1.535. Finally, after 
comprehensive consideration, the proposed wind-induced vibration coefficient for the general 
purlin-sheet roof is 1.5. 
 
 

4. Conclusions 
 

This paper aims to use the random vibration theory to analyze dynamic characteristics and wind 
vibration coefficients of the purlin-sheet roof. The following conclusions are obtained. 

 

(1) Due to light weight, large flexibility and small damping, the natural vibration frequency of 
purlin-sheet roof is low and the frequencies and mode distributions are very intensive. 
Then, the wind vibration response of the roof structure is very complex and the random 
vibration theory should be employed to analyze the dynamic characteristics of the purlin-
sheet roof. Among the first 20th vibration modes, the 1st mode is the deformations of 
purlins, while all the rest are the overall deformations of the roof. In the following 30th 
modes, the main modes are unilateral local deformations of the roof. The frequency 
distribution of the first 20th modes differs significantly, while those of the following 30th 
modes are relatively similar. 

(2) For different parts, the contributions of vibration modes on the vibration response are 
different. For the part far from the ridge, only considering the first 5th modes, even the 
first 2nd modes, can accurately reflect the wind-induced vibration response of the 
structures. For the part near the ridge, only considering the first several modes can not 
accurately reflect the wind vibration response of the structure. At least the first 12th modes, 
even the first 18th modes should be considered in the analysis. 

(3) For purlin-sheet roof, the distributions of wind vibration coefficient for the upwind and 
leeward sides are similar, while the first is higher than the latter. The wind vibration 
coefficient of the upwind surface near the ridge and cornice is the highest, about 1.37. 
Based on the existing references, the wind vibration coefficient 1.5 is recommended for 
the design of the general purlin-sheet roof. 
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