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Abstract 8 

This paper investigates the statistics of the pressure coefficients and their peak factors in hyperbolic 9 

paraboloid roofs that are commonly used in tensile structures. The experimental peak factor statistics, 10 

estimated using pressure coefficient time histories experimentally measured in wind tunnel tests, were 11 

compared with the corresponding peak factor statistics estimated through the use of six analytical models 12 

available in the literature, namely the Davenport, classical Hermite, revised Hermite, modified Hermite, 13 

Translated-Peak-Process (TPP), and Liu’s models. The basic assumption of the TPP model, i.e., that the 14 

pressure coefficient local peaks follow a Weibull distribution, was validated and was used to estimate 15 

analytically the peak factors’ quantiles. Different time history durations and different error measures were 16 

also considered. The non-Gaussian properties of the pressure coefficient processes were characterized at 17 

different roof locations for different wind angles of attack. It was found that: (1) the region of non-18 

Gaussianity is significantly affected by the wind angle; (2) as expected, the Davenport model 19 

underestimates the peak factor mean and standard deviation in regions of high non-Gaussianity; (3) the 20 

modified Hermite model provides the best estimates overall of the peak factor mean; and (4) the TPP 21 

model provides the best estimates overall of the peak factor standard deviation. In addition, the modified 22 

root mean squared error was found to provide the most reliable assessment of the analytical models’ 23 

accuracy among the different error measures considered in this study. 24 
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1 Introduction 28 

Tensile structures are widely used for hyperbolic paraboloid roofs (HPRs). This structural typology is 29 

frequently used for multi-functional buildings that require large interior open spaces [1], since they allow 30 

covering extremely large spans (up to 150 m, as for example The Khan Shatyr Entertainment Centre in 31 

Kazakhstan, completed in 2010) without intermediate pillars in a cost-effective manner. In addition, they 32 

are lighter than other structural typologies for similar spans and, thus, permits a wider selection of design 33 

solutions.  34 

These structures present the unique feature that their load-bearing elements (i.e., cables and membranes) 35 

sustain pure tension and, thus, resist very efficiently external loads [2], [3], [4]). These load-bearing 36 

elements are very flexible and generally experience large deflections. Thus, the initial structural 37 

equilibrium configuration needs to be optimized through the appropriate distribution of permanent loads 38 

and a careful selection of the geometric shape. The most commonly used shape for tensile structures is 39 

the hyperbolic paraboloid, which has been employed in many structures around the world, e.g., the 40 

Olympiastadion in Munich, Germany (designed by Otto Frei and completed in 1968) and the Denver 41 

Union Station roof in Denver, CO (USA) (completed in 2013). The hyperbolic paraboloid is an 42 

elementary double curvature surface, nowadays usually realized by means of two series of parallel cables, 43 

one series oriented upward and the other downward. For load combinations controlled by gravity loads 44 

(e.g., self-weight, dead and snow loads), the upward cables act as load-bearing cables, whereas the 45 

downward cables are stabilizing cables. However, under suction due to wind loads, the upward cables 46 

provide the stabilizing action, whereas the downward cables resist the wind loads.  47 

Because of their lightness and deformability, the stability of tensile structures and in particular of 48 

hyperbolic paraboloid cable nets is extremely sensitive to their aerodynamic and aeroelastic response 49 

under wind actions. However, knowledge of these aerodynamic and aeroelastic behaviors is limited [2]. 50 

In addition, existing technical codes provide design guidelines only for static loading conditions and/or 51 
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temporary structures [5], [6], [7]. These code prescriptions are backed up by several manuals of practice, 52 

which examine in depth several aspects related to the design of tensioned fabric roofs [8], [9]. In this 53 

context, the European Network for Membrane Structures “TensiNet” developed the TensiNet Design 54 

Guide [10], which is widely considered the state-of-the-art guide for the design of tensile structures and 55 

also provides a few examples of aerodynamic wind actions on tensile structures [4].  56 

It is noted here that HPRs have been used in the past also for low-flexibility shell structures made of light 57 

reinforced concrete (e.g., the Olympic Saddledome in Calgary and several buildings designed by Mexican 58 

architect Felix Candela [11]), and for medium-flexibility lattice structures constructed with plywood [12]. 59 

For these stiffer structural typologies, the aerodynamic behavior is predominant, whereas the aeroelastic 60 

behavior has a smaller influence on the structural design. For flexible HPRs consisting of tensile 61 

structures, both aerodynamic and aeroelastic behaviors are equally important and their characterization 62 

for design purposes requires an iterative two-phase approach in which the results of two separate analyses 63 

(performed numerically or experimentally in wind tunnels) are interdependent [13]. However, the 64 

pressure coefficients can be estimated accurately using rigid models in wind tunnel tests even for flexible 65 

HPRs, since the deflections of well-designed structures need to satisfy code requirements and are 66 

generally too small to affect the pressure coefficients [14].  67 

The importance of the aerodynamic behavior of HPRs has been recognized in a few recent studies that 68 

investigated the dynamic behavior [14], [15], [16], [17] and the distribution of pressure coefficients on 69 

different geometries [18], [19], [20], [21], [22], [23], [24], [25], [26]. It is noteworthy that peak pressure 70 

coefficients (usually expressed in terms of peak factors) are crucial to estimate peak loads [27], which for 71 

this type of structure could be related to local and global critical conditions. In addition, modern 72 

performance-based reliability design approaches require the accurate estimation of extreme wind loads 73 

and their distribution [28], [29], [30].  74 
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In principle, the peak factor’s distribution can be obtained based on the classical extreme value theory 75 

[31]. If the process is Gaussian, the Davenport equations provide satisfactory estimates of the mean and 76 

standard deviation of the peak factor [32], [33]. If the process is non-Gaussian, no exact solution exists 77 

to predict mean and standard deviation of the peak factors. In general, using a Gaussian approximation 78 

yields non-conservative peak factor values when applied to non-Gaussian processes [34]. 79 

Several analytical models have been proposed in the scientific literature to predict non-Gaussian load 80 

effects. Kareem and Zhao [34] proposed an analytical expression for the mean of non-Gaussian peak 81 

factors using a moment-based model [31] based on the concept of non-Gaussian translation process [36] 82 

with a cubic Hermite polynomial transformation. Winterstein et al. [37] proposed a modification of the 83 

Davenport equation for the non-Gaussian peak factor mean by including the effects of clustering. Sadek 84 

and Simiu [38] proposed an automated mapping procedure to estimate the peak distribution of wind-85 

induced non-Gaussian internal forces on low-rise buildings by using a database-assisted design software. 86 

This mapping procedure requires identifying an analytical marginal probability distribution for the time 87 

series of interest through numerical fitting of the distribution parameters. However, the Sadek–Simiu 88 

method has been applied only to non-Gaussian processes with an underlying marginal gamma distribution 89 

[39], [40], [41], [42], [43].  90 

Kwon and Kareem [27] derived an analytical solution for the non-Gaussian peak factor standard deviation 91 

based on the Hermite model and proposed a revised Hermite model and a modified Hermite model for 92 

estimating the mean and standard deviation of non-Gaussian peak factors. The revised Hermite model is 93 

based on the optimal parameters of a four-moment cubic Hermite polynomial transformation [44]; 94 

however, this model has some validity limitation regarding the specific ranges of the skewness and 95 

kurtosis of the process. The modified Hermite model is based on an equivalent statistical cubicization 96 

procedure [45], [33] and requires solving of a system of coupled nonlinear equations that depend on the 97 

skewness and kurtosis of the process. Huang et al. [42] proposed the Translated-Peak-Process (TPP) 98 
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model to estimate the local peak distribution, peak factors, and quantiles of peak extremes. The TPP 99 

model is a modification of the Sadek-Simiu point-to-point mapping procedure, which assumes a Weibull 100 

distribution for the local peaks of non-Gaussian process’ time histories. The TPP model was validated by 101 

comparing the analytical estimates with wind-tunnel pressure experimental results for a tall building. Ma 102 

and Xu [46] proposed a moment-based Johnson transformation method in conjunction with a Gumbel 103 

distribution assumption to estimate the statistics of wind pressure peak factors. The results of this method 104 

were validated through a comparison with the peak factors obtained from long-duration pressure records 105 

measured in wind-tunnel tests on the model surfaces of a high-rise building. It is noted here that, while 106 

there is an agreement in the literature that the Davenport model tends to underestimate (sometimes 107 

significantly) the mean value of the peak factors, there is no agreement on a single best model for all 108 

structures, with different versions of the Hermite model that seem to perform better for roof of low-rise 109 

buildings [27], [42], [47], and other approaches that seem to be preferable for the vertical sides of tall 110 

buildings [42], [46]. 111 

Validation of the peak statistics’ estimation models available in the literature is extremely limited for 112 

HPRs. Ding and Chen [21] compared the accuracy of various methods for extreme value analysis, (i.e., 113 

the peaks-over-threshold method, the average conditional exceedance rate method, and the translation 114 

process method with various translation models, including the Hermite model) for select pressure taps’ 115 

recordings obtained from a wind tunnel test on a saddle-type HPR. Liu et al. [23] investigated different 116 

statistics of dynamic pressures on a saddle-type HPR, as well as the dependence of these statistics on 117 

different turbulence profiles. They observed that the peak factors in the flow separation regions presented 118 

a significant non-Gaussian behavior and that moment-based Hermite estimates were accurate only for 119 

mild non-Gaussianity. Liu et al. [24] proposed a new version of the Hermite model, in which modified 120 

moments of the original process are used to estimate separately the means of positive and negative peak 121 

factors. This model (referred to as the Liu’s model hereafter) was verified through a comparison with the 122 
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peak factors of wind pressures measured in wind tunnel tests on a large-span saddle-type roof. It is 123 

noteworthy that the roof considered in [23], [24] is representative only of HPRs with linear edges (i.e., 124 

inclined at 45º with respect to the sagging and hogging directions of the roof). The extreme values of the 125 

pressure coefficients on HPRs are significantly affected by turbulence [23] and roof shape [19], [20]. 126 

However, information on appropriate ranges and/or models for HPRs is lacking in current technical 127 

standards and design codes [48], [49], [50], [51], [52], [53], [54], [55], [56]. In addition, there is a need 128 

for a detailed comparison of the different analytical models available in the literature in terms of their 129 

accuracy in estimating the statistics of wind pressure peak factors for HPRs. It is also noted that, while 130 

many studies available in the literature investigate the accuracy of analytical models for individual wind 131 

pressure recordings (i.e., single pressure tap and single duration), only few of them investigate the overall 132 

accuracy of these models for a given surface, e.g., [42], [46] for the vertical sides of tall buildings, and 133 

[47] for the roof of low-rise buildings. Moreover, in these investigations different types of errors have 134 

been used to quantify the accuracy of different models, and it is not immediately apparent how the results 135 

obtained using different error definitions can be compared. Finally, the authors of the present paper were 136 

not able to identify studies that take into consideration the effects of different durations of the wind 137 

pressure recordings. 138 

Based on an extensive wind-tunnel experimental campaign, the research presented in this paper 139 

investigates in detail the statistics of the peak factors in HPRs, as well as the non-Gaussian properties of 140 

the peak factors as functions of the position on a square HPR and the relative direction of the wind. This 141 

study also investigates the overall relative accuracy of different analytical models for the estimation of 142 

peak factor statistics when compared with experimental wind tunnel measurements on a scaled model of 143 

a building with a square HPR. This accuracy is investigated for different lengths of the pressure time 144 

histories and for different definitions of error.  145 
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2 Research relevance 146 

This study provides several new contributions to the field of Structural Wind Engineering. In particular, 147 

it provides a better understanding of the Gaussian and non-Gaussian behavior of the local pressure 148 

coefficient processes on HPRs, as well as the effect of non-Gaussianity on the peak factor’s statistical 149 

moments for this structural geometry. This understanding is a necessary step toward the development of 150 

modern design guidelines for tensile structures using hyperbolic paraboloid shapes. This study also 151 

develops a better understanding of the effects of different time durations with respect to the accuracy of 152 

different analytical models for the estimation of the peak factor’s statistics. The knowledge of the different 153 

models’ performance over different time durations allow the identification of which models can be 154 

reliably used to extrapolate the peak factor’s statistics beyond the time durations that are compatible with 155 

specific wind tunnel tests. Finally, to the best of the authors’ knowledge, this study presents the first 156 

careful comparison of different error measures used to compare the performance of different analytical 157 

models. The identification of an appropriate error measure, particularly when considering average errors 158 

over an entire surface equipped with numerous pressure taps in wind tunnel tests, can provide important 159 

guidance for future experimental and numerical studies to investigate the statistics of pressure coefficients 160 

and peak factors for different surface geometries.  161 

3 Description of the model geometry and wind tunnel tests 162 

Wind tunnel testing was carried out in the CRIACIV’s open circuit boundary layer wind tunnel in Prato, 163 

Italy [19], with a test chamber size 2.3 m x 1.6 m. The test used in this research was performed on a 164 

square wood model of HPR with the following geometric parameters:  L1 = L2 = 80 cm = model lengths 165 

in the sagging (upward curvature) and hogging (downward curvature) directions, respectively 166 

(corresponding to the cable spans of the roof); f1 = 2.67 cm = model sag in the sagging direction; f2 = 5.33 167 

cm = model sag in the hogging direction; H1 = 13.33 cm = height of the lowest roof point in the sagging 168 

direction; and H2 = 21.33 cm =  height of the highest roof point in the hogging direction (Figure 1). It is 169 
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observed that this model is different from that considered in [23], [24], because it has curved edges instead 170 

of linear edges, i.e., the sides of the square plan coincide with the roof’s sagging and hogging directions. 171 

The wind directions considered in the wind tunnel tests are indicated in Figure 1. The direction 172 

corresponding to a wind angle of attack θ = 0° is parallel to the hogging direction, whereas the direction 173 

corresponding to θ = 90° is parallel to the sagging direction of the roof.  174 

 
Figure 1. Geometry of the hyperbolic paraboloid model. 

A picture of the rigid wood model tested in the wind tunnel is shown in Figure 2. The wood model was 175 

fitted with 181 pressure taps on the lateral surfaces and 89 pressure taps on the roof. All pressure taps 176 

were connected to pressure scanners through polytetrafluoroethylene tubes, calibrated to obtain a flat 177 

frequency response in the range of interest (from 0 to 100 Hz).   178 

  
Figure 2. In-scale wind tunnel physical model. 

The roof pressure taps were distributed according to the map shown in Figure 3, which also shows five 179 

different significant roof portions, referred to as zone A through zone E. Zone A is the edge detachment 180 

zone for θ = 0°, zone B is the edge detachment zone for θ = 90°, zone C represents the roof edge parallel 181 

to zone B, zone D represents the roof edge parallel to zone A, and zone E corresponds to the central 182 
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portion of the roof. The wind tunnel tests were performed with an average wind speed of 16.7 m/s at a 183 

height of 10 cm, a sampling frequency equal to 252 Hz and an acquisition time T0 = 30 s. The recording 184 

duration corresponds to an equivalent-time duration of approximately 30 minutes when considering a 185 

scale 1/100 for the physical model with respect to a full-scale structure. Additional information on the 186 

test setup and results can be found in [19], where the average pressure coefficients on the roof and walls 187 

were presented for several geometrical models of HPRs. The experimental results of relevance for the 188 

present study are reported in the following section of this paper. 189 

 

 
 

Figure 3. Pressure taps’ location and zone identification on the HPR. 190 

4 Experimental results 191 

Figure 5 through Figure 7 report relevant statistics of the wind tunnel experimental results for θ = 0°, 45°, 192 

and 90°, respectively, based on the experimental campaign described in [19], [22], calculated over the 193 

entire duration of the recorded time-histories, i.e., for T0 = 30 s, by assuming that the underlying process 194 

is stationary. In particular, the different subfigures present the mapping for all pressure taps of the 195 

following pressure coefficient’s statistics: (a) mean, 𝜇!! (previously reported in Rizzo et al. (2011) [19] 196 
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but repeated here for the sake of completeness); (b) standard deviation, 𝜎!!; (c) skewness coefficient, 𝛾!!; 197 

(d) excess kurtosis, 𝜅!!; (e) mean zero-crossing rate, 𝜈" (obtained as the average between the total up-198 

crossings and down-crossings of the zero level divided by the record duration, e.g., see [21], [57]); and 199 

(f) peak factor, 𝑔#". Standard deviation, skewness coefficient, and excess kurtosis are scaled up by a factor 200 

equal to 10 for the sake of presentation clarity.  201 

In this study, positive values of the pressure coefficients correspond to suction (i.e., to a pressure lower 202 

than the static pressure of the undisturbed wind flow, 𝑝"). Thus, the time variant pressure coefficient at 203 

the i-th pressure tap (i = 1, …, 89) is given by: 204 

𝑐$,&(𝑡) =
𝑝" − 𝑝&(𝑡)
1
2 𝜌 ∙ 𝑉'

(
 

(1) 

where  𝑝&(𝑡) denotes the wind pressure measured at time t for pressure tap i on the roof surface, 𝜌  denotes 205 

the air density, and 𝑉' denotes the mean speed of the undisturbed wind flow. It is noted here that higher-206 

order statistical moments (i.e., skewness and excess kurtosis) have higher variability than lower-order 207 

statistical moments (i.e., mean and standard deviation), particularly for non-Gaussian processes [58]. This 208 

phenomenon is related to the need to achieve approximate stationarity of the underlying process in order 209 

to obtain reliable estimates of the statistical moments. In order to identify potential inaccuracies in the 210 

estimates of higher-order moments, the variability of these statistical moments was investigated as a 211 

function of the duration of the time interval over which they were estimated. For all pressure taps and all 212 

directions considered in this investigation, it was found that in almost all cases: (1) the pressure 213 

coefficient’s means and standard deviations converged before 5 s of recorded time histories, (2) the 214 

pressure coefficient’s skewness converged before 22 s of recorded time histories, and (3) the pressure 215 

coefficient’s excess kurtosis converged before 27 s of recorded time histories. Figure 4 shows the values 216 

of the pressure coefficient’s mean, standard deviation, skewness, and excess kurtosis as functions of the 217 

experimental record’s time duration for two representative pressure taps (i.e., pressure taps 11 and 5 for 218 



11 
 

wind angles θ = 0° and 90°, respectively). Based on these results, it is concluded that the values of the 219 

pressure coefficient’s statistical moments (in particular, skewness and excess kurtosis) correspond to the 220 

converged constant values for the underlying stationary processes.   221 

It is observed that the mean pressure coefficients assume positive values at all locations for all three wind 222 

angles of attack, i.e., the wind action on the roof overall correspond to a suction force. However, for a 223 

few pressure taps, negative values of the pressure coefficients (i.e., pressures that are higher than 𝑝") were 224 

recorded for short portions of the time histories. With the exceptions of mean and standard deviations of 225 

the pressure coefficients, all calculations were performed after the signals were subtracted from their 226 

corresponding mean values and normalized by their corresponding standard deviations (to obtain a zero-227 

mean process with unit standard deviation, see, e.g., [27]). The experimental results are presented in the 228 

following subsections for each of the considered wind angles of attack. 229 

4.1 Statistics of pressure coefficients for wind angle of attack θ = 0° 230 

For θ = 0°, the mean pressure coefficients vary significantly with the location of the pressure tap, with 231 

values ranging from 1.332 to 0.192 (Figure 5a). The values of the mean pressure coefficients are highest 232 

along the edge detachment zone A, after which they drop immediately to low values, slightly increase 233 

toward the middle of the roof and then decrease again to the lowest values in zone D. The standard 234 

deviations of the pressure coefficients assume their highest values in zone A with the maximum value 235 

equal to 0.367, their intermediate values in zones B and C, and their lowest values in zones D and E, with 236 

the minimum value equal to 0.040 (Figure 5b).  237 

 238 

 239 

 240 

 241 
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(a)  (b) 

Figure 4. Values of the pressure coefficient’s mean, standard deviation, skewness, and excess kurtosis as functions of the 
experimental record’s time duration: (a) pressure tap #11 for θ = 0°, and (b) pressure tap #5 for θ =90°. 

The skewness coefficient (Figure 5c) and excess kurtosis (Figure 5d) exhibit a very similar trend, i.e., 242 

they are generally highly correlated. In fact, they assume their highest positive values toward the middle 243 

of zones B and C (1.486 for the skewness coefficient and 7.236 for the excess kurtosis, respectively), 244 

intermediate positive values in the reminder of zones B and C as well as in zone A, and low magnitude 245 

positive or negative values in zones D and E (with the minimum values equal to -0.098 for the skewness 246 

coefficient and -0.374 for the excess kurtosis, respectively). According to [58], the roof regions where 247 

the pressure coefficient process is non–Gaussian are identified by 3𝛾!!3 > 0.5 and/or 3𝜅!!3 > 0.5. Based 248 

on this criterion and the results reported in Figure 5c and Figure 5d, the considered process is non-249 

Gaussian in most of the pressure taps located in zones A, B, and C.  250 

The mean zero-crossing rate presents a smaller variability than other statistics, with the maximum and 251 

minimum values equal to 15.989 Hz and 8.364 Hz, respectively (Figure 5e). The largest values for 𝜈" are 252 

observed in zones A, B, and C. The peak factors show a trend similar to that of the mean zero-crossing 253 

rate. In this case, the largest values for the peak factors (i.e. the maximum is equal to 10.298) are observed 254 

near the middle of zones B and C, i.e., near the highest portions of the roof (Figure 5f), which correspond 255 

also to the zones with the largest values of the skewness coefficient and excess kurtosis. Relatively large 256 
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values of the peak factors (in the range 4.0 to 6.5) are observed in the remainders of zones B and C, in 257 

zone A and in the portion of zone E immediately near to zone A. The peak factors assume values close to 258 

3.5 in most of zone E and in zone D, i.e., in the roof region where the process describing the pressure 259 

coefficient can be considered Gaussian. It is noteworthy that a value of 3.4 to 3.5 for the peak factor is 260 

often used in design applications [52], based on the assumption that the underlying process is Gaussian. 261 

The observed maximum and minimum values of the peak factor are equal to 10.298 and 2.987, 262 

respectively.  263 
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 264 

 
Figure 5. Statistics of wind pressure coefficients for θ = 0°: (a) mean, 𝜇#!; (b) standard deviation (scaled up by 10), 𝜎#!;  

(c) skewness coefficient (scaled up by 10), 𝛾#!;  (d) excess kurtosis (scaled up by 10), 𝜅#!;  
(e) mean zero-crossing rate, 𝜈$ (Hz); and (f) peak factor, 𝑔%". 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 
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As expected from the geometry of the roof and the wind flow, the trends for all the considered statistics 265 

are almost symmetric with respect to the centerline of the roof that is parallel to the hogging direction. It 266 

is also observed that non-Gaussianity appears to be not necessarily correlated with the magnitude of the 267 

pressure coefficients’ mean and standard deviation. 268 

4.2 Statistics of pressure coefficients for wind angle of attack θ = 45° 269 

For θ = 45°, the mean pressure coefficients are slightly higher than those for θ = 0° and vary between 270 

1.607 and 0.161 (Figure 6a). The highest values of the mean pressure coefficients are observed near the 271 

detachment zone along the hogging direction (zone B and part of zone E). The maximum value is reached 272 

at the highest point of the roof in zone B. Zone A contains the intermediate values of the mean pressure 273 

coefficients, whereas zones C, D, and E have smaller values.  274 

The standard deviations of the pressure coefficients assume their highest values also in zone B and part 275 

of zone E, with the maximum value equal to 0.491 observed at pressure tap #64, i.e., in zone E next to 276 

the pressure tap located at the highest point of the roof (Figure 6b). The standard deviations of the pressure 277 

coefficients assume intermediate values in zone A and smaller values in the remainder of the roof, with 278 

the minimum value equal to 0.035.  279 

The skewness coefficient assumes its highest values near the lowest point of the roof from the side of 280 

attack for the wind, i.e., toward the middle of zone A and the neighboring portion of zone E, as well as at 281 

the far corner of zone B (Figure 6c). The maximum value is equal to 1.299 and is observed at pressure 282 

tap #50. Several pressure taps in zone D and E have negative skewness coefficients, with values as low 283 

as -0.529. The excess kurtosis assumes large values in zone B with the exclusion of the corners and in the 284 

middle of zones A and (in minor measure) D (Figure 6d). The maximum value is 4.744 and is observed 285 

at pressure tap #27. Lower values are generally observed in zone D, where negative values are measured 286 

at a few pressure taps. However, the lowest value of -0.601 is achieved at pressure tap #64, in zone E next 287 

to zone B. It is also observed that a significant portion of the pressure taps of the roof have excess kurtosis 288 
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values larger than 0.50, which is the conventional value suggested in [58] above which the pressure 289 

coefficient process can be considered non-Gaussian. 290 

The mean zero-crossing rate presents larger values around the edges defined by zones A, B, and C, with 291 

values as high as 18.038 Hz, and smaller values elsewhere, with values as low as 10.278 Hz (Figure 6e). 292 

The peak factors assume values higher than 4.0 in most of the pressure taps, with the highest values 293 

observed in zone C and the maximum value equal to 10.570 achieved at pressure tap #27 (Figure 6f). The 294 

minimum value of the peak factor is equal to 3.319 and is measured at pressure tap #64 in zone E. For 295 

this wind angle of attack, the relatively high values of the peak factors seem to confirm the previous 296 

observation, based only on the values of skewness coefficient and excess kurtosis, that the pressure 297 

coefficient process is non-Gaussian on most of the roof. 298 

4.3 Statistics of pressure coefficients for wind angle of attack θ = 90° 299 

For θ = 90°, the mean pressure coefficients are lower than for θ = 45° and have a slightly higher variability 300 

than those for θ = 0°. The highest values are achieved in zone B, with the maximum value equal to 1.426 301 

at pressure tap #1 (i.e., at the corner near zone A, see Figure 7a). The mean pressure coefficients decrease 302 

slowly moving from zone B through zone E, where the minimum value of 0.090 is achieved, and then 303 

increase again in zone C. The standard deviations of the pressure coefficients follow a trend similar to 304 

that of the mean pressure coefficients (Figure 7b). In fact, they assume their largest values overall in zone 305 

B, even though the maximum value equal to 0.397 is observed in pressure tap #64 (i.e. zone E). The 306 

standard deviations then gradually decrease moving from the detachment edge to the other side of the 307 

roof, with the lowest values overall in zone E. 308 

 309 
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Figure 6. Statistics of wind pressure coefficients for θ = 45°: (a) mean, 𝜇#!; (b) standard deviation (scaled up by 10), 

𝜎#!; (c) skewness coefficient (scaled up by 10), 𝛾#!;  (d) excess kurtosis (scaled up by 10), 𝜅#!;  
(e) mean zero-crossing rate, 𝜈$ (Hz); and (f) peak factor, 𝑔%". 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 
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The skewness coefficient assumes its highest positive values near the detachment edge in zone B, with 310 

the maximum value equal to 1.454 at pressure tap #15 and all values above the Gaussianity threshold of 311 

0.5 (Figure 7c). The skewness coefficient assumes intermediate positive values, only few of which are 312 

above the Gaussianity threshold of 0.5, along the two edges that are parallel to the wind flow (i.e., zones 313 

A and D). It reaches the lowest values in zones C and E, with the minimum equal to -0.249 at pressure 314 

tap #83. It is also observed that, in zones C and E, the skewness coefficient is negative only at a few of 315 

the pressure taps and is higher in absolute value than the Gaussianity threshold of 0.5 only at two pressure 316 

taps. The excess kurtosis follows a trend similar to that of the skewness coefficient, with the highest 317 

values in zone B and the maximum value of 5.345 at pressure tap #15, intermediate values in zones A 318 

and D, and lowest values in zones C and E (Figure 7d). The minimum value is equal to -0.143 and is 319 

reached at pressure tap #27. Only three pressure taps, all located in zone C, have negative values of excess 320 

kurtosis. More than half of the pressure taps present an excess kurtosis higher in absolute value than the 321 

Gaussianity threshold of 0.5, i.e., in most of the roof the pressure coefficient process can be considered 322 

non-Gaussian. 323 

The mean zero-crossing rate presents larger values in zones A, D, and E and lower values at the two edges 324 

orthogonal to the wind flow (Figure 7e), with the maximum value equal to 16.997 Hz and the minimum 325 

value equal to 8.632 Hz. The peak factors assume values higher than 4.0 in almost all the pressure taps, 326 

with the exception of 13 pressure taps, of which eight are located in zone C and 5 in zone E (Figure 7f). 327 

The highest values are reached along the detachment edge in zone B, where the maximum value is equal 328 

to 9.093 at pressure tap #19 (i.e., at the highest point of the roof), and along the two sides parallel to the 329 

wind flow (i.e., zones A and D). The minimum value is equal to 3.573 and is achieved at pressure tap #27 330 

in zone C. For this wind angle of attack, the overall high values of the peak factors are consistent with the 331 

high values of skewness coefficient and excess kurtosis and indicate that the pressure coefficient process 332 

is non-Gaussian on most of the roof. 333 
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Figure 7. Statistics of wind pressure coefficients for θ = 90°: (a) mean, 𝜇#!; (b) standard deviation (scaled up by 10), 

𝜎#!; (c) skewness coefficient (scaled up by 10), 𝛾#!;  (d) excess kurtosis (scaled up by 10), 𝜅#!;  
(e) mean zero-crossing rate, 𝜈$ (Hz); and (f) peak factor, 𝑔%". 
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(e) (f) 
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5 Analytical estimates of peak factor statistics 334 

This section briefly describes six different analytical models for the statistics of the peak factor, which 335 

have been proposed in the literature, namely the Davenport, classical Hermite, revised Hermite, modified 336 

Hermite, TPP, and Liu’s models. The peak factor statistics considered in this study are: (1) the mean 337 

value, 𝜇),*(𝑇); (2) the standard deviation, 𝜎),*(𝑇); and (3) the a-quantile, 𝑋),*+ (𝑇); in which a denotes 338 

the quantile rank, i.e., 𝛼 = 𝑃8𝑔# ≤ 𝑋),*+ (𝑇):, where 𝑃[⋯ ] denotes the probability of the event defined 339 

in the square brackets; M = D (for Davenport model), H (for classical Hermite model), rH (for revised 340 

Hermite model), mH (for modified Hermite model), TPP (for TPP model), or L (for Liu’s model); and T 341 

denotes the time interval of reference.    342 

5.1 Davenport model 343 

The Davenport peak factor statistics are based on the assumption that the underlying process is Gaussian 344 

[32]. The distribution of the local peaks (i.e., local maxima in time) of a standardized Gaussian process 345 

reduces to the Rayleigh distribution for narrow-band processes [60]. Davenport peak factor is often 346 

employed in wind engineering practice [52] to estimate the mean extreme value (i.e., the mean value of 347 

the global maximum in time) of wind-induced responses. The statistics of the Davenport peak factor are 348 

given by [32]: 349 

𝜇),,(𝑇) = 𝛽 +
𝛾
𝛽 (2) 

𝜎),,(𝑇) =
𝜋
𝛽√6

 (3)  

𝑋),,+ (𝑇) = C2 ln(𝜈" ∙ 𝑇) − 2 ln(− ln 𝛼) (4)  

in which 𝛾 ≈ 0.5772 is the Euler’s  constant, and 𝛽 = C2ln(𝜈" ∙ 𝑇). Eq. (4) is derived here directly from 350 

the distribution of the largest peak value presented in [32].  351 
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5.2 Hermite models 352 

The classical, revised, and modified Hermite models belong to the same family of analytical models based 353 

on a translation model using a third-order Hermite polynomial. The analytical expression of the classical 354 

Hermite model’s mean peak factor was proposed in [34] to account for non-Gaussianity of wind 355 

processes. The model was further extended to provide an analytical estimate of the standard deviation of 356 

the peak factor in [27]. In order to estimate the quantiles, it is assumed here that the distribution of the 357 

largest peak values is a Gumbel distribution, which implies a Weibull distribution for the local peaks of 358 

the pressure coefficients, as suggested in [42]. 359 

𝜇),-(𝑇) = 𝑘 ∙
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⎪
⎨
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𝛾
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⎢
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+ 5.32Q + 6.58
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𝛽

+6ℎ/ ∙ P
2.66
𝛽( + 1.64Q + 12ℎ.ℎ/ ∙ P1.64𝛽 +
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𝛽 Q ⎦

⎥
⎥
⎥
⎤
0
(

	    (6)  

𝑋),-+ (𝑇) = 𝜇),-(𝑇) −
√6
𝜋 ∙ [𝛾 +ln(− ln 𝛼)] ∙ 𝜎),-(𝑇)	    (7)  

in which 360 

ℎ. =
𝛾!!

4 + 2e1 + 1.5𝜅!!
	 , ℎ/ =

e1 + 1.5𝜅!! − 1

18 	, 𝑘 =
1

C1 + 2ℎ.( + 6ℎ/(
	   (8)  

For Gaussian processes, 𝛾!! = 𝜅!! = ℎ. = ℎ/ = 0 and 𝑘 = 1; thus Eqs. (5) and (6) reduce to Eqs. (2) 361 

and (3), respectively.  362 

The revised Hermite model is a modification of the classical Hermite model, in which the expressions for 363 

parameters ℎ. and ℎ/ given in Eq. (8) are substituted by the values ℎg. and ℎg/ that minimize the lack-of-364 

fit errors in skewness and kurtosis of the Hermite model [37], [44], which are given by: 365 
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ℎg. =
𝛾!!
6 ∙ h

1 − 0.015 3𝛾!!3 + 0.3𝛾!!
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i	 (9)  
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⎣
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⎦
⎥
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𝜅!!
Z
102".04&!
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The analytical solutions for the mean, 𝜇),6-(𝑇), and standard deviation, 𝜎),6-(𝑇), of the peak factor using 366 

the revised Hermite model are given by Eqs. (5) and (6), respectively, by substituting  ℎ. with ℎg. and ℎ/ 367 

with ℎg/, respectively. The expression for the quantile of the revised Hermite model, 𝑋),6-+ (𝑇), is given by 368 

Eq. (7) by substituting 𝜇),-(𝑇) with 𝜇),6-(𝑇) and 𝜎),-(𝑇) with 𝜎),6-(𝑇), respectively. It is noteworthy 369 

that the revised Hermite model is valid only for the ranges 0 < 𝛾!! < 12 and 0 ≤ 𝜅!!
( < 2𝛾!!/3. In the 370 

case in which these conditions on skewness coefficient and excess kurtosis are not satisfied, the revised 371 

Hermite model reverts to the classical Hermite model.  372 

The modified Hermite model [45], [61] is a modification of the classical Hermite model, in which the 373 

shape parameters �̂�. and �̂�/ that define the third-order Hermite polynomial of the translation model are 374 

related to 𝛾!! and 𝜅!! by 375 

𝛾!! = 𝑘. ∙ (8�̂�.. + 108�̂�. ∙ �̂�/( + 36�̂�. ∙ 𝑐/̂ + 6�̂�.)	 (11) 

𝜅!! + 3 = 𝑘/ ∙ W60�̂�.
/ + 3348�̂�// + 2232�̂�.( ∙ �̂�/( + 60�̂�.( + 252�̂�/(

+1296�̂�/. + 576�̂�.( ∙ 𝑐/̂ + 24�̂�/ + 3
X	 (12) 

Eqs. (11) and (12) cannot be inverted analytically and need to be solved numerically; however Yang et 376 

al. [61] presented an approximate polynomial solution for �̂�. and �̂�/ as functions of to 𝛾!! and 𝜅!!. The 377 

analytical solutions for the mean, 𝜇),7-(𝑇), and standard deviation, 𝜎),7-(𝑇), of the peak factor 378 

corresponding to the modified Hermite model are given by Eqs. (5) and (6), respectively, by substituting  379 

ℎ. with �̂�. and ℎ/ with �̂�/, respectively. Similar to the case of the revised Hermite model, the expression 380 
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for the quantile of the modified Hermite model, 𝑋),6-+ (𝑇), is given by Eq. (7) by substituting 𝜇),-(𝑇) with 381 

𝜇),7-(𝑇) and 𝜎),-(𝑇) with 𝜎),7-(𝑇), respectively. The region of applicability of the modified Hermite 382 

model is defined by �̂�.( + 3�̂�/ ∙ (3�̂�/ − 1) < 0 [41], which can be approximated in terms of skewness 383 

coefficient and excess kurtosis as −𝛾!! + j1.25𝜅!!k
(
≤ 0 [62]. If these conditions on �̂�. and �̂�/ or on 𝛾!! 384 

and 𝜅!! are not satisfied, the modified Hermite model reverts to the classical Hermite model.  385 

5.3 Translated-Peak-Process (TPP) model 386 

The TPP model assumes that the pressure coefficient’s local peaks follow a Weibull distribution and, 387 

thus, that the distribution of the largest peak value is a Gumbel distribution [42]. The TPP model uses a 388 

point-to-point mapping between the cumulative distribution function (CDF) of the local peaks for a 389 

Gaussian process, which corresponds to a Rayleigh distribution, and the CDF of the local peaks of the 390 

considered non-Gaussian process, which corresponds to the assumed Weibull distribution. This mapping 391 

procedure is used to estimate the scale and shape parameters, 𝜌 and 𝜅, respectively, of the underlying 392 

Weibull distribution, knowing which the statistics of the peak factor can be determined in closed-form as 393 

follows: 394 

𝜇),899(𝑇) = [𝜌 ∙ ln(𝜈" ∙ 𝑇)]
0
4 +

𝛾 ∙ o𝜌 ∙ ln(𝜈" ∙ 𝑇)
0
4p

	 κ ∙ ln(𝜈" ∙ 𝑇)
	 (13) 

𝜎),899(𝑇) =
𝜋
√6

[𝜌 ∙ ln(𝜈" ∙ 𝑇)]
0
4

	 κ ∙ ln(𝜈" ∙ 𝑇)
	 (14) 

𝑋),899+ (𝑇) = [𝜌 ∙ ln(𝜈" ∙ 𝑇)]
0
4 −

[𝜌 ∙ ln(𝜈" ∙ 𝑇)]
0
4

	 κ ∙ ln(𝜈" ∙ 𝑇)
∙ ln(−ln𝛼)	 (15) 

5.4 Liu’s model 395 

Liu et al. [24] derived a new moment-based translation model by defining a modified probability density 396 

function (PDF) that is symmetric around the median of the original non-Gaussian process. By ordering 397 
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the experimental data at different instants of time in increasing values 𝑥& 	(𝑖 = 1,… ,𝑚,𝑚 + 1,… ,𝑁), 398 

where N is the total number of recorded values and 𝑖 ≥ 𝑚	corresponds to values 𝑥& > 𝑚:, in which 𝑚: 399 

denotes the median of the recorded values, the first four statistical moments of the modified PDF are 400 

obtained as follows:  401 

𝜇0 = 𝑚: (16) 

𝜇( = yP
2

𝑁 − 1Q ∙ z
(𝑥& − 𝜇0)(

;

&<'

{

0
(

 (17) 

𝜇. = 0 (18) 

𝜇/ = P
2

𝑁 − 1Q ∙ z P
𝑥& − 𝜇0
𝜇(

Q
/;

&<'

 (19) 

Using this new PDF, the parameters 𝜇),=>?(𝑇) and 𝜎),=>?(𝑇) are calculated using Eqs. (5) and (6), 402 

respectively, with ℎ., ℎ/ and 𝑘 given by Eq. (8), where 𝛾!! and 𝜅!! are substituted with 𝜇. and 𝜇/ − 3, 403 

respectively. Finally, the peak factor mean and standard deviation can be obtained as: 404 

𝜇),@(𝑇) =
1
𝜎!!

∙ j𝜇( ∙ 𝜇),=>?(𝑇) + 𝜇0 − 𝜇!!k (20) 

𝜎),@(𝑇) =
𝜇(
𝜎!!

∙ 𝜎),=>?(𝑇) (21) 

It is noted here that Eqs. (17) and (19) are different from those given in the original paper [24], which 405 

contain a typographical error; and that Eqs. (20) and (21) were newly derived in order to allow for a direct 406 

comparison of peak factor means and standard deviations obtained from different models. 407 

6 Comparison of experimental and analytical peak factor statistics 408 

This section presents a comparison between experimentally measured and analytically estimated statistics 409 

of the peak factor for the square HPR considered in this study. First, a comparison of the different 410 

analytical models is made by evaluating the percentages of experimental peak factors that have smaller 411 
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values than different analytical quantiles for an interval of time 𝑇 = 𝑇" (i.e., for the entire duration of the 412 

recorded signals) at different locations on the roof. Second, the different analytical models are compared 413 

in terms of estimates of the mean and standard deviation of the peak factors for shorter time intervals. 414 

Different error measures are considered and the implications of using these different error measures are 415 

discussed. The goal of this section is to identify advantages and limitations of the different analytical 416 

models for estimating peak factors for HPRs with respect to location on the roof, wind direction relative 417 

to the roof, and duration of the signal. All results are presented only for the Davenport, modified Hermite, 418 

TPP, and Liu’s models out of the six models described before, i.e., due to space constraints, only the 419 

results corresponding to the modified Hermite model are presented among those of the Hermite models. 420 

This selection was made because the three Hermite models provided very similar results in all cases and 421 

the modified Hermite model was consistently the most accurate of the three Hermite models considered 422 

here when compared to the experimental peak factors.  423 

6.1 Comparison of peak factor statistics for T = T0 424 

The comparison of the experimental and analytical peak factor statistics for 𝑇 = 𝑇" = 30	s  425 

(corresponding approximately to a duration of 30 min in full-scale) is performed first for the three wind 426 

angles of attack one at the time, after which some synoptic considerations are provided.  427 

6.1.1 Wind angle of attack θ = 0° 428 

Figure 8 shows the analytical estimates of the peak factor mean for a time interval 𝑇 = 𝑇" and wind angle 429 

θ = 0°. These analytical results can be directly compared to the experimental results for the peak factor 430 

𝑔#" reported in Figure 5f. 431 

The results reported in Figure 8a show that the Davenport estimate of the peak factor mean changes very 432 

little with the location of the pressure tap, with slightly higher values at the highest point of the roof along 433 

the edges parallel to the wind flow (i.e., in zones B and C). The maximum and minimum values are equal 434 
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to 3.653 and 3.470, respectively. By comparing Figure 8a and Figure 5f, it is observed that the Davenport 435 

peak factor means significantly underestimate the experimental peak factors in zones A, B, and C, and 436 

fail to capture the large peak factor values at the highest points of the roof in zones B and C. 437 

The analytical estimates of the peak factor mean for the modified Hermite models are presented in Figure 438 

8b. The results of the modified Hermite model are able to reproduce the large values of the experimental 439 

peak factors that were observed in the regions where the pressure coefficient process is non-Gaussian, 440 

i.e., in zones A, B, and C. The maximum value of the peak factor mean is equal to 8.750; the minimum 441 

value of the peak factor mean is equal to 3.014. 442 

The TPP estimates of the peak factor mean are shown in Figure 8c. The peak factor means have a trend 443 

similar to those of the experimental values, with higher values in zones A, B, and C, and the highest 444 

values near the highest points of the roof in zones B and C. The maximum and minimum values of the 445 

peak factor mean are equal to 6.840 and 3.292, respectively. It is observed that, even though the TPP 446 

model is able to identify the regions of non-Gaussianity that are characterized by higher values of the 447 

peak factor, it often underestimates the non-Gaussian peak factors, sometimes even significantly. 448 

The Liu’s model estimates of the peak factor mean are shown in Figure 8d. These analytical results present 449 

a good agreement with the experimental peak factors shown in Figure 5f. Similar to the modified Hermite 450 

and TPP models, the highest values are obtained in zones A, B, and C. The maximum and minimum 451 

values of the peak factor mean are equal to 9.948 and 2.787, respectively. In the non-Gaussian regions, it 452 

is observed that these results are very close to those obtained using the modified Hermite model. 453 

It is qualitatively observed that, for 𝑇 = 𝑇" and θ = 0°, the modified Hermite model provides the best 454 

estimates of the experimental peak factors among all models considered here, closely followed by the 455 

Liu’s model. The TPP model identifies the regions of non-Gaussianity but generally underestimate the 456 

peak factors, whereas the Davenport model severely underestimates the peak factors in the non-Gaussian 457 

regions of the roof. All models provide very similar results that are close to the experimentally measured 458 
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peak factors in the middle and in the leeward edge of the roof (i.e., in zones D and E), where the pressure 459 

coefficient process can be approximately considered Gaussian. 460 

 
Figure 8. Analytical estimates of peak factor mean for 𝑇 = 𝑇$ and θ = 0°: (a) Davenport model, 	𝜇),+;  

(b) modified Hermite model, 𝜇),,-; (c) TPP model, 𝜇),.//; and (d) Liu’s model, 𝜇),0 

Figure 9 shows the analytical estimates of the peak factor standard deviation (scaled up by a factor equal 461 

to 10) corresponding to the Davenport, modified Hermite, TPP, and Liu’s models for a time interval 𝑇 =462 

𝑇" and wind angle θ = 0°. The Davenport estimates of the peak factor standard deviation at the different 463 

pressure taps are shown in Figure 9a. The standard deviation values change very little with the position 464 
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(c) (d) 
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on the roof. The maximum and minimum values are equal to 0.389 and 0.367, respectively, which 465 

correspond to coefficients of variation that are relatively small and slightly higher than 10%. 466 

Figure 9b reports the peak factor standard deviation estimates obtained using the modified Hermite model. 467 

Higher values for the standard deviation are observed near the highest points of the roof in zones B and 468 

C (where also the peak factor mean is highest and the pressure coefficient process is strongly non-469 

Gaussian), whereas intermediate values are observed in zone A and the remainder of zones B and C, and 470 

lower values are observed in most of zones D and E. The maximum value is equal to 2.121, with 471 

coefficients of variation higher than 18% in highly non-Gaussian regions. The minimum value is equal 472 

to 0.155. 473 

The TPP estimates of the peak factor standard deviation are shown in Figure 9c. The peak factor standard 474 

deviations have a trend similar to those of the modified Hermite model, but with a significantly smaller 475 

range, i.e., with higher values in zones A, B, and C and lower values in zones D and E. The maximum 476 

and minimum values of the peak factor standard deviations are equal to 1.107 and 0.338, respectively, 477 

with coefficients of variation close to about 15% in highly non-Gaussian regions. 478 

The Liu’s estimates of the peak factor standard deviation are shown in Figure 9d. The peak factor standard 479 

deviations have a trend similar to those of the modified Hermite and TPP models, but with larger 480 

maximum values. The maximum and minimum values of the peak factor standard deviations are equal to 481 

2.810 and 0.083, respectively. 482 

Figure 10 compares the experimental values of the peak factors at each pressure tap with the 483 

corresponding analytical estimates of the 90%-confidence intervals (defined as the interval between the 484 

5% and 95% quantiles) of the peak factors for the Davenport, modified Hermite, TPP, and Liu’s models. 485 

The numbering of the pressure taps reported on the horizontal axis of Figure 10 corresponds to the 486 

numbering shown in Figure 3. Vertical dashed lines are used to separate the pressure taps in the five 487 

different zones identified as A, B, C, D, and E. The experimental peak factors are identified by red circular 488 
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markers for pressure taps corresponding to (approximately) Gaussian processes and by green square 489 

markers for pressure taps corresponding to non-Gaussian processes. 490 

 
Figure 9. Analytical estimates of peak factor standard deviation, scaled up by 10, for 𝑇 = 𝑇$ and θ = 0°: (a) Davenport 

model, 	𝜎),+; (b) modified Hermite model, 𝜎),,-; (c) TPP model, 𝜎),.//; and (d) Liu’s model, 𝜎),0 

It is observed that the upper and lower bounds of the 90%-confidence intervals based on the Davenport 491 

model are almost constant, with the average value of the 5% quantiles equal to 3.088 and the average 492 

value of the 95% quantiles equal to 4.281. The modified Hermite model presents confidence intervals 493 

that are significantly wider than those obtained using the Davenport model in zones A, B, C, and a few 494 

pressure taps in zone E. These locations correspond to strongly non-Gaussian pressure coefficient 495 
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processes. In zone D and most of zone E (i.e., where the pressure coefficient processes are approximately 496 

Gaussian), the 90%-confidence intervals become very close to those estimated using the Davenport 497 

model. Similar observations are made for the TPP and Liu’s models when compared to the Davenport 498 

model’s results. The estimated quantiles are generally lower (particularly the 95% quantile) and the 499 

confidence intervals are generally narrower than those obtained from the modified Hermite model for the 500 

TPP model. By contrast, the Liu’s model provides quantiles that are generally very close to those of the 501 

modified Hermite model, except for a few pressure taps where the pressure coefficient process is highly 502 

non-Gaussian, where the 95% quantile obtained from the Liu’s model is significantly higher than those 503 

obtained from the modified Hermite model. 504 

 

Figure 10. Comparison between experimental peak factors, 𝑔%", and analytical peak factor 90%-confidence intervals  
for 𝑇 = 𝑇$ and θ = 0°. 

6.1.2 Wind angle of attack θ = 45° 505 

Similar to the case for θ = 0°, the analytical peak factor means and standard deviations were investigated 506 

also for 𝑇 = 𝑇" and θ = 45°. The corresponding maps are not presented here due to space constraints. 507 

From these analytical estimates, it is observed that: (1) the Davenport model severely underestimates the 508 

peak factors in the non-Gaussian regions of the roof with very small differences of means and standard 509 

deviations in Gaussian and non-Gaussian regions; (2) the analytical peak factor means obtained using the 510 
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modified Hermite model provide the best estimates of the experimental peak factors; (3) the TPP model 511 

can identify the regions of non-Gaussianity but generally underestimate the peak factors and have a 512 

smaller range of variability of the standard deviations when compared to the Hermite models; (4) the 513 

Liu’s model gives a satisfactory identification of non-Gaussian regions but generally overestimate the 514 

peak factors and presents the largest range of standard deviations. It is noteworthy that, while non-515 

Gaussianity is observed in most of the roof for θ = 45°, the values of the peak factors in these non-516 

Gaussian regions are generally lower than those for θ = 0°, which suggests a lower level of non-517 

Gaussianity.  518 

Figure 11 compares the experimental peak factors for 𝑇 = 𝑇" and θ = 45° with the corresponding 519 

analytical estimates of the 90%-confidence intervals of the peak factor at each pressure tap. Also in this 520 

case, the 90%-confidence intervals based on the Davenport model are almost constant, significantly lower 521 

than the experimental values in non-Gaussian regions, and close to those for θ = 0°. The Liu’s model 522 

generally presents wider 90%-confidence intervals when compared to other models, followed by the 523 

modified Hermite and the TPP models. The modified Hermite, TPP, and Liu’s models have significantly 524 

wider 90%-confidence intervals than the Davenport model in zones A, B, C, and some parts of zone E 525 

(i.e., where the pressure coefficient processes are non-Gaussian); whereas the 90%-confidence intervals 526 

for all four models tend to similar values in zone D and the remainder of zone E (i.e., where the pressure 527 

coefficient processes are approximately Gaussian). It is also observed that almost all experimental peak 528 

factors are contained within the 90%-confidence intervals obtained using the modified Hermite and Liu’s 529 

models, whereas the TPP 90%-confidence intervals do not include a significant number of experimental 530 

peak factors. 531 
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Figure 11. Comparison between experimental peak factors, 𝑔%", and analytical peak factor 90%-confidence intervals  
for 𝑇 = 𝑇$ and θ = 45°. 

6.1.3 Wind angle of attack θ = 90° 532 

The analytical peak factor means and standard deviations obtained for 𝑇 = 𝑇" and θ = 90° lead to 533 

observations that are qualitatively similar to those made for θ = 0° and θ = 45°. Also in this case, the 534 

corresponding maps are not presented here due to space constraints. As for the previous cases, the 535 

Davenport estimates of the peak factor mean are almost constant for all the pressure taps, with the 536 

maximum and minimum values that are equal to 3.679 and 3.486, respectively. The modified Hermite 537 

estimates of the peak factor mean are close to the experimentally measured peak factors, particularly in 538 

zone B, where the pressure coefficient processes are highly non-Gaussian, with a maximum value equal 539 

to 7.653 and a minimum value equal to 3.018. The TPP estimates of the peak factor mean are overall in 540 

good-to-fair agreement with the experimentally measured peak factors, with the exception of the highest 541 

peak factors, which are significantly underestimated by the TPP model. The maximum and minimum 542 

values of the peak factor mean based on the TPP model are equal to 6.397 and 3.140, respectively. The 543 

Liu’s model gives estimates of the peak factor mean that are very close to and generally slightly higher 544 

than those of the modified Hermite model, with values ranging between 8.349 and 3.054.  545 
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Figure 12 compares the peak factor experimental values and the analytical estimates of the  546 

90%-confidence intervals of the peak factor at each pressure tap. Also in this case, the 90%-confidence 547 

intervals based on the Davenport model are almost constant and close to those for the other wind angles. 548 

As observed for other wind angles, the widths of the 90%-confidence intervals in non-Gaussian regions 549 

are generally largest for the Liu’s model, followed by the modified Hermite model and the TPP model, 550 

whereas they are smallest for the Davenport models, for which they are almost constant and close to those 551 

observed in Gaussian regions (i.e., most of region C). Almost all experimental peak factors are contained 552 

within the 90%-confidence intervals obtained using the modified Hermite and Liu’s models, whereas the 553 

90%-confidence intervals obtained using the TPP model fail to capture the largest values of the peak 554 

factors. 555 

 

Figure 12. Comparison between experimental peak factors, 𝑔%", and analytical peak factor 90%-confidence intervals  
for 𝑇 = 𝑇$ and θ = 90°. 

6.1.4 Synoptic considerations for all wind angles 556 

The empirical distributions of the pressure coefficient local peaks were investigated at all pressure taps 557 

for all wind angles in order to verify the assumptions made in the calculation of the confidence intervals 558 

for the peak factor, i.e., that the pressure coefficient local peaks follow a Rayleigh distribution in the 559 

Davenport model and that they follow a Weibull distribution in all other models. In all cases, a Rayleigh 560 
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and a Weibull distribution were fitted to the experimental data and a two-sided Kolmogorov-Smirnov test 561 

was performed [63].  562 

It was found that the Weibull distribution could not be rejected with a 5% confidence level in 251 cases 563 

out of 267 (i.e., in 94.0% of the cases), whereas the Rayleigh distribution was rejected with a 5% 564 

confidence level in all cases. Figure 13 plots the comparison between the empirical CDF and the fitted 565 

Rayleigh and Weibull distributions relative to the pressure coefficient local peaks for the case of pressure 566 

tap #19 and θ = 90°. This case corresponds to highly non-Gaussian conditions. It is observed that the 567 

Weibull distribution follows very well the empirical CDF, whereas the Rayleigh distribution shows 568 

significant differences with the empirical CDF.  569 

These observations confirm that the assumption that the pressure coefficient local peaks follow a Weibull 570 

distribution is reasonable. In addition, the Rayleigh distribution was found to differ significantly from the 571 

empirical CDF even for cases in which the pressure coefficient process could be considered 572 

approximately Gaussian. 573 

 
Figure 13. Cumulative distribution function (CDF) of pressure coefficient peaks at pressure tap #19 for q = 90° 

(highly non-Gaussian case). 

When considering the entire duration of the records (i.e., for 𝑇 = 𝑇"), the experimental peak factors 574 

represent single realizations of random variables and cannot be directly compared with the peak factor 575 
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statistics (i.e., mean and standard deviation) obtained using the different analytical models considered in 576 

this study. Thus, in order to provide a quantitative measure of the overall accuracy of the different 577 

analytical models for the different wind angles, the analytical estimates of different quantiles 𝑋*+ (𝑇) were 578 

compared with the recorded experimental values of the peak factors at each pressure tap. Table 1 reports 579 

the ratios 𝑅*+ (𝑇) (expressed in percentage) of experimental peak factors (over all pressure taps for any 580 

given wind angle) that are lower than the analytical quantiles 𝑋*+(𝑇) for 𝑇 = 𝑇", M = D, mH, TPP, and 581 

L, and 𝛼 = 95%, 75%, 50%, and 25%. The differences between these quantities and the corresponding 𝛼 582 

values can be used as a proxy of the overall accuracy of each model in estimating the statistics of the peak 583 

factors. In fact, the closer this ratio is to the corresponding value of 𝛼, the more accurate the corresponding 584 

model can be considered in describing the actual distribution of the peak factors over the entire roof. 585 

As expected, the Davenport model is the least accurate among the models investigated in this study. In 586 

fact, the values of 𝑅,+(𝑇") are always significantly lower than 𝛼 and decrease with increasing wind angle.  587 

The modified Hermite and Liu’s models are the most accurate models, even though they tend to 588 

overestimate the peak factor values, as indicated by the fact that the values of 𝑅7-+ (𝑇") and 𝑅@+(𝑇") are 589 

systematically higher than the corresponding 𝛼, with the only exception of the case for 𝛼 = 25% and θ =590 

90° for the modified Hermite model. The TPP model tends to underestimate the peak factor values, as 591 

indicated by the fact that 𝑅899+ (𝑇") < 	𝛼 for all values of 𝛼 and all wind angles. 592 

Table 1. Ratios 𝑅12 (𝑇$) (in percentage) of experimental peak factors lower than 𝑋12(𝑇$).  593 
q D mH TPP L 

95% 75% 50% 25% 95% 75% 50% 25% 95% 75% 50% 25% 95% 75% 50% 25% 
0° 57.3 39.3 15.7 2.2 100.0 85.4 74.2 57.3 87.6 61.8 32.6 6.7 100.0 93.3 68.5 27.0 
45° 37.1 15.7 2.2 0.0 94.4 69.7 50.6 29.2 66.3 39.3 16.9 4.5 93.3 82.0 59.6 29.2 
90° 28.1 4.5 0.0 0.0 98.9 75.3 39.3 12.4 70.8 32.6 10.1 1.1 100.0 94.4 66.3 25.8 

 594 



36 
 

6.2 Comparison of peak factor statistics for T < T0 595 

A comparison of the experimental and analytical peak factor statistics for time intervals that are shorter 596 

than the entire pressure coefficients’ records was performed to further investigate the relative accuracy of 597 

the analytical models considered in this study. This additional comparison allows a direct comparison of 598 

the peak factor’s statistics evaluated using analytical models and experimental data.  599 

Three smaller time interval lengths were considered, namely 𝑇0 = 𝑇" 6 = 5	s⁄  (corresponding to 600 

approximately 300 s of equivalent-time duration for a full-scale structure), 𝑇( = 𝑇" 30 = 1	s⁄  601 

(corresponding to approximately 60 s of equivalent-time duration for a full-scale structure) and 𝑇. =602 

𝑇" 60 = 0.5	s⁄  (corresponding to approximately 30 s of equivalent-time duration for a full-scale 603 

structure). The lengths of the shorter intervals were selected so that the entire signal records could be 604 

easily divided into a sufficient number of shorter signals of equal length (i.e., into sub-intervals), which 605 

could provide reliable estimates of the experimental peak factor means and standard deviations. The 606 

experimental peak factors were recorded for each sub-interval and were used to estimate at each pressure 607 

tap the sample mean and standard deviation of the peak factor corresponding to the shorter signal duration, 608 

based on six, 30, and 60 samples for 𝑇0, 𝑇(, and 𝑇., respectively. It is noted here that the time intervals 609 

considered in this study are shorter than those conventionally used to evaluate maximum wind pressures 610 

in wind engineering practice (which are often 10-minute or 1-hour durations). However, the goal of the 611 

present investigation is to investigate the relative accuracy of different analytical approximations for peak 612 

factor statistics when considering different time durations, which can be achieved independently from the 613 

specific values of the time durations considered. In fact, once the accuracy of a given analytical method 614 

is verified over a range of different time durations, this analytical method can be used to estimate the 615 

pressure coefficients corresponding to any time duration of interest with the same accuracy.  616 

By comparing the analytical peak factor statistics of different models for different time durations, it is 617 

observed that the peak factor mean increases monotonically for increasing time durations. The peak factor 618 
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standard deviation strictly decreases for increasing time durations everywhere for the Davenport model 619 

and in Gaussian regions for all other models, whereas the peak factor standard deviation does not have a 620 

monotonic behavior as a function of the time duration in regions of high non-Gaussianity for all models 621 

other than the Davenport model.  622 

The overall accuracy of the different analytical models for the different wind angles was evaluated by 623 

estimating the following four different errors for the peak factor means and standard deviations: 624 

(1) the average difference over all the pressure taps between the analytical and experimental estimates of 625 

means (𝜀0) and standard deviations (𝛿0), hereafter referred to as “average error”: 626 
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1
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(2) the root mean squared difference over all the pressure taps between the analytical and experimental 627 

estimates of means (𝜀() and standard deviations (𝛿(), hereafter referred to as “root mean squared 628 

error” (RMSE): 629 
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(3) the square root of the variation of the mean squared error proposed in [47] for means (𝜀.) and standard 630 

deviations (𝛿.), hereafter referred to as “modified root mean squared error” (mRMSE): 631 

𝜀. = �
1
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EF

&<0
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and 𝑆𝐸G
(&) and 𝑆𝐸H

(&) denote the standard errors for the mean and standard deviation, respectively, at 633 

pressure tap i; 634 

(4) the percentage average error ratio over all the pressure taps used in [46] for means (𝜀/) and standard 635 

deviations (𝛿/), hereafter referred to as “percentage average error ratio” (PAER): 636 
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These errors were derived from the literature as they are representative of different selections made by 637 

different authors. It is noted here that: (1) only few studies in the literature consider the errors on the peak 638 
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factor standard deviations [42]; (2) only few studies investigate the overall accuracy of different models 639 

on an entire roof [46], [47]; and (3) the authors were not able to identify any study in the literature that 640 

compared the results obtained from different error definitions. The average errors and RMSE are those 641 

more commonly used in the literature; however, they present some limitations. In particular, average 642 

errors are intuitive and clearly indicate if a model tends to underestimate or overestimate the peak factor 643 

statistics; however, they tend to cancel out large errors in opposite directions (i.e., underestimations and 644 

overestimations) that are averaged out over many different pressure taps. RMSEs provide an average 645 

difference between experimental and analytical results, which provide a better information on how 646 

different are analytical and experimental results on the single pressure tap, but loses the information 647 

regarding underestimations or overestimations. Both types of errors are affected by the quality of the 648 

experimental data, i.e., by the number of samples available to estimate the sample mean and sample 649 

standard deviations. The mRMSE was defined here by taking the square root of the error proposed in [47] 650 

in order to obtain a quantity with the same dimensions of the average errors and the RMSEs. This error 651 

measure minimizes the effects of small sampling size in the experimental data and, thus, can be considered 652 

a more reliable error measure than average errors and RMSEs over different time durations. It is noted 653 

here that the RMSEs tend to the mRMSEs when the experimental sampling size is sufficiently large. 654 

Finally, the PAERs provide information on the relative errors, which is very intuitive but may be 655 

misleading when the peak factor values vary over a wide range, e.g., in the case of roofs with both 656 

approximately Gaussian and highly non-Gaussian regions such as those considered in this study.  657 

Table 2 reports the peak factor mean’s error statistics averaged over all pressure taps for the different time 658 

intervals, wind angles, and models considered in this study. For each case, the smallest error in absolute 659 

value is highlighted in bold fonts. It is observed that all methods tend to underestimate the overall peak 660 

factor means (as indicated by the negative values of the average errors for all time intervals and wind 661 

angles), and this underestimation is most severe in the case of the Davenport model, as expected. The 662 
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modified Hermite and Liu’s models appear to be similarly accurate when considering the average error; 663 

however, when other error measures are considered, these errors for the Liu’s model are significantly 664 

larger than those for the modified Hermite model and are comparable to or slightly higher than those 665 

obtained using the TPP model. The PAER are contained between 5.0% and 9.2% for the modified 666 

Hermite, TPP, and Liu’s models, indicating an accuracy generally acceptable for engineering 667 

applications; whereas they are larger for the Davenport model, with values contained between 12.8% and 668 

20.5%. Overall, the modified Hermite model is observed to provide the best estimates of the peak factor 669 

means in almost all cases according to all error measures. However, different error measures appear to 670 

provide different indications on the relative accuracy of the different models for different time durations, 671 

e.g., by looking at average errors alone, it would be difficult to identify which model between the modified 672 

Hermite and Liu’s ones is most accurate. It also appears that the mRMSE is the most consistent, among 673 

the error measures considered in this study, in identifying the modified Hermite model as the most 674 

accurate model overall. Finally, the errors for θ = 45° are consistently higher than those for other angles 675 

for each error measure considered here. 676 

Table 2. Peak factor mean’s error statistics averaged over all pressure taps for T = T1, T2, and T3. 677 
 𝑇 θ D mH TPP L 

𝜀3 
Average error 

𝑇3 
0° -0.579 -0.027 -0.186 -0.037 
45° -0.732 -0.015 -0.295 -0.011 
90° -0.858 -0.012 -0.296 0.017 

𝑇4 
0° -0.376 -0.056 -0.140 -0.070 
45° -0.444 -0.046 -0.183 -0.054 
90° -0.509 -0.042 -0.183 -0.040 

𝑇5 
0° -0.342 -0.104 -0.176 -0.115 
45° -0.375 -0.083 -0.191 -0.091 
90° -0.402 -0.061 -0.180 -0.060 

𝜀4 
RMSE 

𝑇3 
0° 0.873 0.236 0.335 0.252 
45° 0.885 0.365 0.475 0.442 
90° 1.024 0.250 0.390 0.317 

𝑇4 
0° 0.444 0.224 0.201 0.247 
45° 0.491 0.253 0.273 0.298 
90° 0.551 0.197 0.229 0.227 

𝑇5 
0° 0.367 0.227 0.217 0.243 
45° 0.391 0.236 0.254 0.265 
90° 0.417 0.196 0.214 0.216 

𝜀5 𝑇3 0° 0.400 0.045 0.039 0.045 
45° 0.326 0.136 0.169 0.151 



41 
 

mRMSE 90° 0.445 0.036 0.082 0.032 

𝑇4 
0° 0.243 0.087 0.092 0.099 
45° 0.275 0.123 0.153 0.150 
90° 0.311 0.056 0.097 0.069 

𝑇5 
0° 0.227 0.125 0.128 0.137 
45° 0.241 0.138 0.163 0.163 
90° 0.256 0.077 0.111 0.092 

𝜀6 
PAER 

𝑇3 
0° 14.2% 5.6% 6.5% 5.6% 
45° 18.0% 6.7% 9.2% 8.3% 
90° 20.5% 5.0% 7.8% 6.2% 

𝑇4 
0° 12.8% 6.7% 6.4% 7.1% 
45° 14.7% 6.7% 7.2% 7.7% 
90° 16.6% 5.4% 6.6% 6.1% 

𝑇5 
0° 13.5% 7.9% 7.9% 8.4% 
45° 14.3% 7.4% 8.0% 8.3% 
90° 15.3% 6.4% 7.3% 7.0% 

Table 3 reports the peak factor standard deviation’s error statistics averaged over all pressure taps for the 678 

different time intervals, wind angles, and models considered in this study. For each case, the smallest 679 

error in absolute value is highlighted in bold fonts.  680 

Table 3. Peak factor standard deviation’s error statistics averaged over all pressure taps for T = T1, T2, and T3. 681 
 𝑇 θ D mH TPP L 

𝛿3 
Average error 
 

𝑇3 
0° -0.087 0.152 0.037 0.188 
45° -0.275 0.075 -0.136 0.114 
90° -0.305 0.109 -0.118 0.179 

𝑇4 
0° -0.017 0.203 0.112 0.234 
45° -0.122 0.192 0.022 0.226 
90° -0.168 0.205 0.025 0.265 

𝑇5 
0° 0.207 0.298 0.217 0.329 
45° 0.189 0.283 0.130 0.317 
90° 0.149 0.301 0.140 0.362 

 
𝛿4 

RMSE 

𝑇3 
0° 0.438 0.257 0.316 0.271 
45° 0.552 0.327 0.448 0.287 
90° 0.545 0.277 0.363 0.297 

𝑇4 
0° 0.311 0.210 0.196 0.254 
45° 0.296 0.230 0.199 0.282 
90° 0.328 0.214 0.144 0.293 

𝑇5 
0° 0.267 0.297 0.236 0.353 
45° 0.225 0.297 0.191 0.361 
90° 0.222 0.302 0.159 0.394 

𝛿5 
mRMSE 

 

𝑇3 
0° 0.095 0.109 0.079 0.113 
45° 0.094 0.140 0.081 0.117 
90° 0.079 0.105 0.054 0.137 

𝑇4 
0° 0.172 0.098 0.075 0.103 
45° 0.140 0.119 0.071 0.115 
90° 0.165 0.091 0.029 0.120 

𝑇5 
0° 0.171 0.194 0.147 0.241 
45° 0.122 0.188 0.102 0.243 
90° 0.120 0.180 0.075 0.267 
0° 55.7% 59.2% 54.5% 56.8% 
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𝛿6 
PAER 

𝑇3 45° 46.0% 56.5% 44.8% 49.7% 
90° 39.7% 47.5% 35.5% 49.2% 

𝑇4 
0° 32.9% 38.5% 31.5% 39.9% 
45° 28.7% 34.2% 24.5% 36.8% 
90° 23.4% 32.3% 17.1% 36.9% 

𝑇5 
0° 35.2% 50.6% 42.1% 52.9% 
45° 28.4% 44.2% 29.2% 46.8% 
90° 18.4% 43.3% 22.9% 48.6% 

It is observed that the Davenport model mostly underestimates the peak factor standard deviations, as 682 

indicated by the predominant negative values of the corresponding average errors, whereas the modified 683 

Hermite and Liu’s models tend to overestimate overall the peak factor standard deviations. By comparing 684 

the results corresponding to all error measures, the TPP model appears to provide the best overall 685 

estimates of the peak factor standard deviations. However, similar to the observations made for the peak 686 

factor mean’s errors, different error measures give somewhat different indications on the relative accuracy 687 

of the different models for different time durations. For example, the PAER indicates that the Davenport 688 

model is the most accurate model overall in estimating the peak factor standard deviation for T = T3, 689 

which is a counterintuitive and potentially misleading conclusion. In fact, after a closer inspection of the 690 

relative absolute errors at each single pressure tap, it was concluded that this result stems from the fact 691 

that the PAER systematically discounts the errors in highly non-Gaussian regions (which are larger for 692 

the Davenport model when compared to the other models) and amplifies the errors in approximately 693 

Gaussian regions (which are similar among different models). Also in this case, the mRSME appears to 694 

provide the most consistent results. Thus, it is suggested that the mRSME should be used when comparing 695 

the results obtained from different models over a large number of pressure taps, particularly when a small 696 

sample size is used to estimate experimentally the statistics of the pressure coefficient peak factors. 697 

7 Conclusions 698 

This paper investigates the statistics of the pressure coefficients and their peak factors in hyperbolic 699 

paraboloid roofs (HPRs), with particular attention to the characterization of the non-Gaussian properties 700 

of the peak factors as functions of the position on a square HPR and the relative direction of the wind. 701 



43 
 

Experimental results for wind tunnel tests on a scaled model of a building with a square HPR are reported 702 

for three different wind angles of attack (i.e., θ = 0°, 45°, and 90°).  703 

The pressure coefficient processes at different locations on the roof were identified as (approximately) 704 

Gaussian or non-Gaussian based on the values of their skewness coefficient and excess kurtosis. For θ = 705 

0° (i.e., for a wind angle of attack parallel to the hogging direction of the roof), the pressure coefficient 706 

processes were identified as non-Gaussian along the detachment edge and the two edges that are parallel 707 

to the direction of the wind, and as approximately Gaussian elsewhere. The largest values of the skewness 708 

coefficients and excess kurtosis were achieved near the highest points of the roof, i.e., near the middle of 709 

the two edges parallel to the direction of the wind. For θ = 45° (i.e., for a wind direction that is incident 710 

to the corner of the roof), the pressure coefficient processes were classified as non-Gaussian along the 711 

two detachment edges (one parallel to the hogging and the other to the sagging direction), along the other 712 

edge parallel to the sagging direction, and in a significant portion of the interior of the roof close to the 713 

two detachment edges. For θ = 90° (i.e., for a wind direction that is parallel to the sagging direction of 714 

the roof), the pressure coefficient processes were highly non-Gaussian along the detachment edge and the 715 

two edges parallel to the wind directions, had a non-negligible level of non-Gaussianity in approximately 716 

half of the interior of the roof (i.e., behind the detachment edge until approximately the middle of the 717 

roof), and were approximately Gaussian elsewhere. These observations were confirmed by the values of 718 

the experimental peak factors obtained from the entire record duration 𝑇 = 𝑇" = 30	s (corresponding to 719 

approximately 30 min of pressure coefficient’s record for a full-scale structure), which were significantly 720 

higher in the regions identified as non-Gaussian than in those identified as approximately Gaussian for 721 

all considered wind angles. 722 

The analytical estimates of peak factors’ statistics were calculated and compared with the corresponding 723 

experimental estimates by using six different analytical models, namely, the Davenport (D), classical 724 

Hermite (H), revised Hermite (rH), modified Hermite (mH), Translated-Peak-Process (TPP), and Liu’s 725 
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(L) models. This investigation directly compared the experimental and analytical estimates of different 726 

quantiles for the entire duration of the experimental records. It was observed that the modified Hermite 727 

and the Liu’s models generally provided the most accurate estimates of the peak factors’ quantiles, 728 

whereas the TPP model generally slightly underestimated the peak factors values and the Davenport 729 

model strongly underestimated the peak factors values. Based on the results of a two-sided Kolmogorov-730 

Smirnov test, it was also shown that that the pressure coefficient local peaks (i.e., the local maxima in 731 

time of the pressure coefficient’s experimental records) generally followed a Weibull distribution, 732 

whereas the Rayleigh distribution was found to differ significantly from the empirical cumulative 733 

distribution function even for cases in which the pressure coefficient process could be considered 734 

approximately Gaussian. 735 

Finally, the experimental and analytical peak factor means and standard deviations were compared for 736 

three different time durations obtained by subdividing the experimental records into smaller subintervals.  737 

The accuracy of the analytical estimates was investigated for three different wind angles of attack and 738 

four different error measures. It was observed that the modified Hermite model provided the most accurate 739 

estimates of the peak factor means overall, whereas the TPP model presented the most accurate estimates 740 

of the peak factor standard deviations overall. It was also observed that different error measures could 741 

lead to different (sometimes conflicting) conclusions when investigating different time durations. Among 742 

the different error measures considered in this study, the modified root mean squared error appeared to 743 

be the most reliable error measure, because it was able to reduce the effects of limited experimental 744 

sample sizes on the accuracy of the experimental estimates of peak factor means and standard deviations. 745 

Thus, it is suggested to use this error measure when assessing the accuracy of analytical models to 746 

estimate the peak factor statistics over different pressure taps. 747 

The study presented in this paper represents a first step toward the definition of appropriate ranges and 748 

calculation methods for peak factors to be employed in the analysis and design of HPRs commonly used 749 
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as cost-effective tensile structures. The present research investigated the peak factor statistics only for a 750 

single geometry (square roof) under a specified turbulence condition. Further research is needed to 751 

generalize the conclusions reported in this paper, e.g., to different geometrical configurations (e.g., roof 752 

curvature and building height), different shapes (e.g., rectangular and circular footprints), and different 753 

turbulence conditions. 754 
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