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ABSTRACT 
 

Based on the wind tunnel results of the low-rise building conducted by the 
University of Western Ontario (UWO), the wind pressure characteristics on the roofs 
under the different roof slopes, building heights and exposures are discussed. The taps 
perpendicular to the ridge at mid-span are taken as a reference. Firstly, mean pressure 
coefficients for the taps are compared. Then the change of skewness and kurtosis of 
pressure coefficients are considered. Meanwhile, according to skewness and kurtosis of 
the time history for all taps, the roof surfaces are divided into the Gaussian and 
non-Gaussian zones approximately. The variation trend of the zones is taken into 
consideration. At last the change rule of peak values of wind pressure coefficients is 
involved.  

Key words: Wind tunnel test of UWO; Low-rise buildings; Mean value; Skewness; 
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1. INTRODUCTION 
 

The survey of wind damage demonstrates that the loss is mainly caused by the 
destruction or collapse of low-rise buildings. At the same time, most of the destruction of 
low-rise buildings results from failure of the roof structure (Mehta K.C 1984, Sparks 
1994, Uematsu Y 1998). Therefore, it is of significance to study wind pressure 
characteristics on the roof of low-rise building. Large numbers of tests are carried out in 
academia for the purpose, mainly including field measurements and wind tunnel tests. 
The former was mainly focused on Texas Tech University (TTU) building in America 
(Levitan M.L 1992a, Levitan M.L 1992b), while the latter was primarily centralized in 
Colorado State University (CSU) of America (Cochran L.S 1992) and UWO of Canada 
(Ho T.C.E 2003a, Ho T.C.E 2003b). Based on these works, scholars studied wind 
pressure characteristics on the roof. For example, Holmes (1994) explored wind 
pressure characteristics on gable roofs of tropical houses. Xu and Rearson (1998) 
investigated the effect of roof pitch on wind pressure of hip roofs and compared the 
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pressures measured on the hip roofs with those on the gable roofs of otherwise similar 
geometry. Based on skewness and kurtosis of wind pressure coefficients on the roof, 
Kumar and Stathopoulos (2000) gave some suggestion about the division of Gaussian 
and non-Gaussian zones. T.C.E. Ho et al. (2003) studied the variation of wind pressure 
on gable roofs under different building heights, roof slopes, and plan dimensions. Based 
on full scale measurement of low-rise building, Dai et al. (2008) analyzed the change 
rule of statistics of wind pressure coefficient on the roof, involving mean value, standard 
deviation, and peak value. Zhao et al. (2010) discussed the variation of wind pressure 
under different wind directions for typical gable roofs through wind tunnel test. Tao et al. 
(2011) analyzed probability distribution of wind pressure time history, mean wind 
pressure, and the worst wind pressure on low-rise building roof with L-shape plan. 
Based on the simultaneous measured data about the typhoon wind speed near surface 
and wind pressure on the roof gained from a full-scale movable instrumented low-rise 
building, Li et al. (2012) studied mean wind pressure, local peak suctions, and power 
spectra of fluctuating pressure. 

Since the wind tunnel test of the low-rise building conducted by UWO is systematic, 
it provides a possibility for studying the wind pressure characteristics on gable roofs of 
low-rise building with different heights, roof slopes and exposures. Hence variation of 
statistical properties of wind pressure on the roof under different roof slopes, building 
heights and exposures are discussed on the basis of the wind tunnel test results in this 
paper. The properties contain mean value, skewness, kurtosis, the Gaussian and 
non-Gaussian zones divided by skewness and kurtosis, and peak value of wind 
pressure. 
 

2. STATISTICAL PARAMETERS OF WIND PRESSURE FOR LOW-RISE BUILDING  
 

When wind pressure is subject to Gaussian distribution approximately, its 
characteristics can be completely described by the first and second order statistics. 
However, the researches show that wind pressure on the local region of the building 
roof presents obvious non-Gaussianity because of the effect of the separation, 
reattachment of the flow and the shedding of the vortex on the roof. At this time it is 
necessary to introduce the third and fourth order statistics for further description, i.e., 
skewness and kurtosis. As for wind pressure coefficient time history of a tap, which is 
expressed by ( )pC t , the calculation of skewness and kurtosis is as follows: 

 

3

1

1
{[ ( ) C ] / }

N

sk p i pmean p
i

C C t
N




                      (1) 

            4

1

1
{[ ( ) C ] / }

N

ku p i pmean p
i

C C t
N




                      (2) 

In the equations, ( )p iC t (i=1,2,…,N) stands for wind pressure coefficient of the tap at 

time point i. pmeanC  and p  represent the mean value and standard deviation of wind 

pressure coefficient, respectively. Values of skewness and kurtosis are equal to zero 
and three when wind pressure satisfies Gaussian distribution. When skewness is not 



 

 

equal to zero or kurtosis is not equal to three, non-Gaussianity exists to some extent for 
wind pressure. 

The wind tunnel results of the low-rise building conducted by UWO [7-8] were 
adopted to discuss wind pressure characteristics on the roof under different situations. 
The full-scale plan dimensions of the selected buildings are all 38.1 m×24.4 m (125 
ft×80 ft) for a wind direction of 270°, including different roof slopes, building heights and 
exposures. The models have a length scale of 1:100, with 335 taps located on the gable 
roof. The specific locations of the taps and the wind direction are depicted in Figure 1. 
The tests were sampled at 500Hz for 100s. It was assumed that the full-scale wind 
speed is 30 m/s at the height of 10 m. According to the similar condition of 

0 model 0( / ) ( / ) fulln B V n B V , the frequency and duration time are equivalent to about 17 to 

22 Hz and 0.6 to 0.8 h in full scale, respectively. 
The taps at mid-span perpendicular to the ridge were mainly studied to discuss 

variation of their mean value, skewness and kurtosis under different roof slopes and 
building heights for the convenience of the expression. The locations of the taps are 
marked in Figure 1. At the same time, based on the results in Kumar K.S (2000), it is 
assumed that the region of the roof will belong to the non-Gaussian zones if skewness 
and kurtosis of the time history are more than 0.5 and 3.5, respectively. Otherwise, the 
region will be considered Gaussian. After the roof was divided into the Gaussian and 
non-Gaussian zones, their variation was investigated. At last variation of peak values of 
the reference taps was analyzed. Each peak value was a mean value of peak values of 
six segments, which were nearly uniformly divided from the time history. The duration 
time of each segment is about 6 to 8 min in full scale. 

 
Fig. 1 Layout of taps on the roof and wind directions 

 
3. WIND PRESSURE CHARACTERISTICS ON GABLE ROOFS OF LOW-RISE 
BUILDING 

 
3.1 Different roof slopes 

The buildings heights of 7.32 m with four different roof slopes (1/4:12, 1:12, 3:12 
and 6:12), and 9.75 m with three different roof slopes (1/4:12, 1:12 and 3:12) under the 
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suburban terrain were chosen to investigate the effect of the roof slope on the wind 
pressure characteristics of the roof of low-rise building. Only the situation of the height of 
7.32 m is presented due to limited space. The situation of the other height is similar. 
Mean pressure coefficients for the reference taps are depicted in Figure 2. Skewnesses 
and kurtosises of pressure coefficients can be seen in Figure 3. The Gaussian and 
non-Gaussian zones of the roof are shown in Figure 4. Different closed regions 
surrounded by the lines with short marks are the Gaussian zones for different slopes. 

 
Fig. 2 Mean values of pressure coefficients for the taps at mid-span (height 7.32 m) 

  
(a) Skewnesses                      (b) Kurtosises 

Fig. 3 Skewnesses (a) and kurtosises (b) of pressure coefficients for the taps 
 at mid-span (height 7.32 m) 

 
Fig. 4 Gaussian and non-Gaussian zones on the roof (height 7.32 m) 
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1) At the slopes of 1/4:12 and 1:12, as is shown in Figure 2, the mean value 
curves are similar. The absolute values of mean values are about 1.2 at the leading 
edge and drop further, except for a slight rise near the ridge. In Figure 3 differences 
between skewness of the taps for the two slopes are small. Taps with smaller absolute 
values for skewness and kurtosis are located in the leeward. These cases show that 
wind pressure characteristics for the low slopes are similar. Besides, the reattachment 
of the flow happened at the leeward with a weak secondary separation at the 
neighborhood of the ridge. Therefore the Gaussian zones of the two slopes are similar 
and both located on the leeward. 

2) At the slope of 3:12, the absolute values of the mean values for the taps at the 
leading edge of the windward have some reduction compared with those of the lower 
slopes. It illustrates wind pressure characteristics have some changes. The suction 
decreases considerably. And the secondary separation of the flow near the ridge 
becomes obvious. Therefore the absolute values of mean values firstly ascend clearly 
before the ridge and then decline on the other side of the ridge. The absolute values of 
mean values for the taps are bigger than these of the lower slopes at the leeward. 
Meanwhile, skewnesses and kurtosises of the taps also have notable changes. The 
taps with smaller absolute values of skewness and kurtosis are located on the 
windward side near the ridge. It shows the position of the reattachment for the flow has 
moved from the leeward to the windward near the ridge. The position of the Gaussian 
zones in Figure 4 also shows this variation.  

3) At the slope of 6:12, obvious change happens compared with the 
aforementioned slopes. As is shown in Figure 2, mean pressure coefficients are mainly 
positive at the windward side. That is to say, the wind action on the windward becomes 
the pressure. Besides, skewnesses of pressure coefficient are almost positive and 
kurtosises have a clear decline at the windward. These observations demonstrate 
there is a critical slope between the slope of 3:12 and 6:12. If the slope is steeper than 
the critical slope, the force property of the flow on the windward will change from the 
suction to the pressure. Meanwhile, the phenomena demonstrate the separation of the 
flow does not occur immediately at the leading edge of the roof which can be observed 
in Figure 4. 

Peak values of pressure coefficients for the reference taps on the roof are shown 
in Figure 5. For the slopes of 1/4:12 and 1:12, the peak value curves are similar. The 
windward belongs to the non-Gaussian zones. At the windward side the absolute 
values of peak values at the leading edge are large and present a decline trend further. 
After the weak secondary separation near the ridge, the flow reattaches at the leeward. 
Hence at the leeward side the roof pressure presents weak Gaussianity and the peak 
value curves remain almost stable. For the slope of 3:12, the position for the 
reattachment of the flow moves to the windward side near the ridge from the leeward 
side. Therefore, the non-Gaussianity becomes weak at the windward. And the absolute 
values of peak values for the taps at the windward decline as a whole compared with 
those of the lower slopes except for the taps near the ridge. This is due to the increase 
of the non-Gaussianity caused by the obvious secondary separation of the flow near 
the ridge. The leeward belongs to the non-Gaussian zones. And the absolute values of 
peak values at the leeward are larger than the lower slopes. For the slope of 6:12, the 
leading edge of the windward belongs to the Gaussian zones. And mean pressure 



 

 

coefficients at the windward are almost positive. As is shown in Figure 5, the absolute 
values of peak values decrease obviously under the circumstances. Though the 
leeward belongs to the non-Gaussian zone, its non-Gaussianity is weak. Therefore, 
peak values are close to the values for the slopes of 1/4:12 and 1:12. 

In conclusion, when the roof slopes are small like 1/4:12 and 1:12, the pressure 
characteristics are similar. The Gaussian zones are almost the same. They are both 
located on the leeward since the reattachment of the flow is on the leeward. The 
absolute values of peak values decline continuously at the windward and stay stable at 
the leeward. For the slope of 3:12, the wind pressure characteristics have notable 
changes because of the obvious separation of the flow at the neighborhood of the ridge. 
The Gaussian zones change form the leeward to the windward near the ridge. The 
absolute values of peak values at the windward have a decline at first and then ascend. 
At the leeward the absolute values decline constantly. For the slope of 6:12, mean 
pressure coefficients at the windward are almost positive. And the leading edge of the 
windward is nearly Gaussian. The cases show that the force at the windward changes 
from the suction to the pressure and the separation of the flow does not happen at once 
at the leading edge of the windward. The absolute values of peak values at the 
windward reduce significantly compared with the counterparts at the aforementioned 
slopes. Since the flow belongs to the wake at the leeward, the non-Gaussianity is weak. 
The peak values are approximately the same to those at the slopes of 1/4:12 and 1:12. 

 
Fig. 5 Peak values of pressure coefficients for the taps at mid-span (height 7.32 m) 

 
3.2 Different building heights 

The roof slopes of 1:12 and 3:12 with four different building heights (4.88 m, 7.32 
m, 9.75 m and 12.19 m) under the suburban terrain were chosen to investigate the 
effect of the building height on the wind pressure characteristics of the roof of low-rise 
building. Only the case of the slope of 1:12 is presented due to limited space. The case 
of the slope of 3:12 is similar. The difference is that the Gaussian zones are all located 
on the windward for the slope of 3:12. Mean pressure coefficients for the reference taps 
are shown in Figure 6. Skewnesses and kurtosises of pressure coefficients are shown in 
Figure 7. The Gaussian and non-Gaussian zones of the roof are shown in Figure 8. 
Different closed regions surrounded by the lines with short marks are the Gaussian 
zones for different heights. 
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Fig. 6 Mean pressure coefficients for the taps at mid-span (slope 1:12) 

 

  
(a) Skewnesses                      (b) Kurtosises 

Fig. 7 Skewnesses (a) and kurtosises (b) of pressure coefficients for the taps  
at mid-span (slope 1:12) 

 

 

Fig. 8 Gaussian and non-Gaussian zones on the roof (slope 1:12) 
 
1) As is shown in Figure 6, the variation trends of the mean curves for different 

building heights are basically similar. The difference is that as the height increases, the 
peak values of mean values are larger. It illustrates the effect of the height on the wind 
pressure characteristics of the roof is less compared with that of the roof slope. 
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2) As is seen in Figure 7, for the heights of 4.88 m (16 ft) and 7.32 m (24 ft), the 
absolute values of skewnesses and kurtosises at the windward have a decline trend. 
For the heights of 9.75 m (32 ft) and 12.19 m (40 ft), the corresponding absolute values 
at the windward ascend at first and start declining nearby the ridge. It shows that the 
position of the separation of the flow moves towards the ridge from the leading edge. 

3) The absolute values of skewnesses and kurtosis at the leeward are smaller. As 
is shown in Figure 8, the Gaussian zones for different heights are all located on the 
leeward. The observations show that the flow reattached at the leeward. The absolute 
values of skewnesses at the leeward are larger for larger heights. The case of 
kurtosises at the leeward is similar as a whole. The changes of skewnesses and 
kurtosises show that the non-Gaussianity at the leeward becomes stronger with the 
increase of the height. The Gaussian zones decrease accordingly as the height 
increases. It shows the location of the reattachment of flow moves backward. It confirms 
with the assumption that the distance of the reattachment is proportional to the building 
height approximately (Ho T.C.E 2005).  

Peak values of pressure coefficients for the reference taps are shown in Figure 9. 
As is seen in Figure 7, the non-Gaussianity enhances slightly with the increase of the 
height. At this point the absolute values of peak values for the taps also increase slowly 
generally. Since the wind speed increases with the increase of the height, the changes 
of the peak values for wind pressure between different heights are larger. It 
demonstrates that the low-rise building with the larger height is vulnerable to the wind 
action.  

 
Fig. 9 Peak values of pressure coefficients for the taps at mid-span (slope 1:12) 
 

3.3 Different exposures 
The buildings with a roof slope of 1:12 and a building height of 7.32 m with  

different exposures (the open and suburban terrains) were chosen to investigate the 
effect of the exposure on the wind pressure characteristics of the roof. Mean pressure 
coefficients for the reference taps are shown in Figure 10. Skewnesses and kurtosises 
of pressure coefficients are depicted in Figure 11. The Gaussian and non-Gaussian 
zones of the roof are shown in Figure 12. In Figure 12 different closed regions 
surrounded by the lines with short marks are the Gaussian zones for different 
exposures.  
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Fig. 10 Mean pressure coefficients for the taps at mid-span  

 

  
(a) Skewnesses                      (b) Kurtosises 

Fig. 11 Skewnesses (a) and kurtosises (b) of pressure coefficients for the taps  
at mid-span  

 

 
Fig. 12 Gaussian and non-Gaussian zones on the roof  

 
1) As is shown in Figure 10, the absolute values of mean values are larger under 

the open terrain compared with those under the suburban terrain. However, the values 
are approximately close overall. At the same time, the absolute values of skewnesses 
and kurtosises at the windward are less when the building is under the open terrain. At 
the leeward the values of skewnesses and kurtosises for different exposures are similar. 
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The non-Gaussianity at the windward is weaker under the open terrain because of the 
weaker turbulence intensity. At the leeward, due to the separation of the flow near the 
ridge, the non-Gaussianity is alike under different exposures. 

2) As is shown in Figure 11, the taps with smaller absolute values of skewnesses 
and kurtosises for both different exposures are located on the leeward. In Figure 12 the 
Gaussian zones are also located on the leeward for the two terrains and do not differ 
significantly. 

Peak values of pressure coefficients for the taps at mid-span are depicted in 
Figure 13. As is shown in Figure 13, the change rule of the absolute values of peak 
values is similar with variation of skewnesses and kurtosises for the taps. It means that 
the absolute values of peak values at the windward under the open terrain are less than 
the counterparts under the suburban terrain. At the leeward, the peak values between 
the two terrains are similar. In view of the difference of the  mean wind speed profile for 
different exposures, the roof height wind speed gained form the wind tunnel test is 8.53 
m/s under the open terrain and 6.71 m/s under the suburban terrain, respectively. Once 
pressure coefficients are transformed into wind pressure using the wind speed of roof 
height, the absolute values of wind pressure are larger under the open terrain. It 
demonstrates peak values of wind pressure under different exposures are mainly 
relative with the mean wind speed. That is to say, the low-rise building under the open 
terrain suffers from the wind damages more easily than that under the suburban terrain. 

 
Fig. 13 Peak values of pressure coefficients for the taps at mid-span 

 
 

4. CONCLUSIONS 
 
Based on wind pressure characteristics of the gable roof of low-rise building under 

different roof slopes, building heights and exposures, the conclusion were summarized 
as follows. 

1) In the case of buildings with a building height of 7.32 m, the suburban terrain 
and a wind direction of 270°, for the lower slopes (1/4:12 and 1:12), wind pressure 
characteristics on the roof are similar. The non-Gaussian zones located on the leeward 
are almost the same. So are the peak value curves. For the slope of 3:12, wind pressure 
characteristics have notable changes. The Gaussian zones transform to the windward 
near the ridge from the leeward. At the windward the absolute values of peak values of 
pressure coefficients decrease partly as a whole compared with those of the slower 
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slopes. For the slope of 6:12, the force at the windward changes from the suction to the 
pressure. At the same time, the absolute values of peak values at the windward 
decrease obviously. Besides, the leading edge of the windward is Gaussian nearly. The 
observations illustrate the separation of the flow does not happen at once at the leading 
edge for the slope.  

2) In the case of buildings with a roof slope of 1:12, the suburban terrain and a 
wind direction of 270°, the Gaussian zones for different building heights are all located 
on the leeward. As the height increases, the non-Gaussianity is enhanced slightly and 
the absolute values of peak values of pressure coefficients increase slowly. 

3) In the case of buildings with a roof slope of 1:12, building height of 7.32 m and a 
wind direction of 270°, the Gaussian zones which are located on the leeward are similar. 
The absolute values of peak values of pressure coefficients at the windward under the 
open terrain are smaller compared with the counterparts under the suburban terrain. At 
the leeward, peak values are alike for different exposures. 

4) Peak values of pressure coefficients for the taps on the roof are connected with 
the non-Gaussianity. In general, the absolute values of peak values are larger for the 
position with the strong non-Gaussianity.  
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