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1 Introduction 1 

The number of high-rise buildings has increased substantially over the past 5 decades. 2 
Traditionally, high-rise buildings served as commercial office buildings, but residential usage is also 3 
gaining popularity (Ali & Moon, 2007). For better natural ventilation and lighting effects, high-rise 4 
residential buildings are often designed with slab-type shapes, i.e., rectangular sections of large plan 5 
aspect ratios. For example, in a typical high-rise residential area shown in Fig. 1, the buildings are 6 
often about 100 m in height, 10 m to 15 m in width and 20 m to more than 90 m in length, leading to 7 
a large range of plan aspect ratios. For this kind of building, wind loads often govern the structural 8 
design. Even though there may be joints that separate the structural system into several independent 9 
units, from both the architectural and bluff-body aerodynamics perspectives, the wind loads should 10 
be determined based on the shape of the building and the appropriate plan aspect ratio. 11 

 12 

 13 
Fig. 1 A typical slab-type high-rise residential area in China, where the buildings are usually 14 

assembled by 1 to 3 units, leading to plan aspect ratios ranging from 2 up to 8 or 9. 15 
 16 
There have been many studies regarding wind loads on high-rise buildings, following the 17 

pioneering studies of Davenport and Cermak in the mid-1960s. Of particular interest here are the 18 
area-averaged pressure coefficients for the Main Wind Force-Resisting System (MWFRS). Among 19 
the many studies, the topic of effects of the building geometric parameters has been an important 20 
topic. For buildings with a rectangular plan, the height-to-width and the depth-to-breadth (i.e., plan) 21 
ratios, are important parameters. Fig. 2 defines the plan ratio, D/B, which is the focus of this study. 22 

 23 
 24 
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However, as mentioned at the beginning, buildings with plan ratios beyond this range are fairly 1 
common today in many parts of the world. 2 

For codes and standards, ASCE 7-16 (2016) gives external wall pressure coefficients for the 3 
MWFRS of buildings with different plan ratios. However, a detailed look at earlier versions, such as 4 
ASCE 7-93 (1993), indicates that, in the development of the ASCE 7 standard, the values of 5 
MWFRS pressure coefficients are partially based on AS1170.2-1973 (1973), with confirmation by 6 
wind tunnel tests and studies from Colorado State University during 1974 ~ 1978, including the 7 
studies of Akins et al. (1976, 1977, 1980) discussed above. These studies did not include discussions 8 
on buildings with plan ratios beyond the range of 0.25 to 4. This means that, although ASCE 7-16 9 
provides suggested MWFRS pressure coefficients for such buildings, the experimental basis and the 10 
accuracy of the data for such buildings may not be adequate. In addition, ASCE 7-16 uses the gust 11 
effect factor to calculate the peak wind loads on MWFRS. The derivation of the gust effect factor 12 
(Solari, 1993a, 1993b; Solari and Kareem, 1998) for rigid buildings is based on many theoretical and 13 
parametric assumptions rather than direct measurements. Thus, it is also of practical importance to 14 
investigate peak MWFRS wind loads with the focus on the gust effect factor for rigid buildings. 15 

To this end, the boundary layer simulation in wind tunnel experiments also plays a significant 16 
role in determining the resulting wind loads. It is now well known that, not only a correct simulation 17 
of the mean velocity profile, but also accurate simulations of the turbulence intensities and spectra, 18 
are required. However, even though some studies discussed above have similar power law velocity 19 
profiles, the turbulence intensity profiles show large differences. This may lead to differences in peak 20 
pressure coefficients for MWFRS (as well as Components and Cladding) because of changes to both 21 
the intensity and extent of separated flow regions (Bearman and Morel, 1983; Lander et al., 2016; 22 
Akon and Kopp, 2016). As mentioned above, the wind tunnel tests for the current ASCE 7 provisions 23 
were conducted more than 40 years ago, and these particular provisions (i.e., the pressure 24 
coefficients) have not been updated for decades even though there have been many advances in wind 25 
tunnel facilities, data processing techniques, and changes in wind simulation approaches. Given 26 
recent changes to other pressure coefficients in ASCE 7-16, e.g., Kopp and Morrison (2018), it is of 27 
interest to re-visit these coefficients as well. 28 

Thus, the objective of this study is to systematically examine the effects of plan dimensions on 29 
mean and peak wind loads acting on rigid rectangular high-rise buildings, with an additional focus on 30 
the comparison with ASCE 7-16 provisions. In order to achieve this objective, wind tunnel pressure 31 
tests were conducted for rectangular-plan high-rise building models with 21 different plan ratios 32 
ranging from 0.11 to 9. Mean, rms, and peak pressure coefficient distributions, MWFRS 33 
area-averages for the wall loads and the gust effect factors are analyzed in detail, together with 34 
comparisons to the ASCE 7-16 provisions. 35 
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 1 
Fig. 6. Plan view of the model configuration for D/B = 9, including the definition of coordinate 2 

system, wind direction, and the layout of pressure taps on each section. 3 
 4 

 5 
Fig. 7. Side view of the model and layout of pressure taps, which is the same for all 6 

configurations. 7 
 8 
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combination of both the mean pressure coefficients on the leeward wall for all plan ratios and the 1 
gust effect factors, which approach values of 1 for plan ratios between 0.67 to 2 for the rigid 2 
buildings considered in this study. 3 
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