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Abstract.  This paper presents recent research on the experimental evaluation of wind loads o
buildings and the recommendations provided in the form of traditional codification. These mainly in
the wind loads on buildings with geometries different from those examined in previous studies. T
followed by the evaluation of simulated wind loads on low building roofs. The overall application 
recently proposed simulation methodology for codification purposes is discussed in detail. The trad
codification provides for a group of roof geometries a single peak design pressure coefficient for ea
zone considering a nominal worst-case scenario; this may often lead to uneconomical loads. Alternativ
presented methodology is capable of providing peak pressure coefficients corresponding to speci
geometries and according to risk levels; this can generate risk consistent and more economical
wind loads for specific roof configurations taking into account, for instance, directional design cond
and upstream roughnesses. 

Key words:  codification; design loads; low buildings; pressure; wind.

1. Introduction

Wind loads on low buildings have received recently more attention than in the past, partly beca
of the large investment associated with these structures and partly because of the disastrou
imposed on them by recent hurricanes on various locations. The latter have cost insurance in
unprecedented amounts due to the highly increased number of buildings built near the coastal areas
severely hit by the intense storms whose frequency seems also to be increasing. Consequently
renewed interest in the evaluation of wind loads has already generated additional knowledge in
comparison to that produced in the previous couple of decades. 

Recent studies on the evaluation of wind pressure coefficients have led or will lead to the updatin
of the North-American wind codes and standards. Such updates relate with the re-examina
wind-induced pressures on gable-roof low buildings with intermediate roof angles (10o-30o), the
introduction of pressure coefficient provisions for hip roofs etc. The National Building Cod

† Senior Engineer
‡ Professor



456 K. Suresh Kumar and Ted Stathopoulos

slope
arying

roof but
y

 roof
three
ble
s are
ss of

 may
nges.

bjected

4 :12,
tire
g and

ds. The
ressure
ce, the
was
reas

ated.
ental

an

tion of

n
 Suresh
es
(risk).
n low

ability
ations
 At the
Canada (NBCC 1995) currently includes provisions for stepped, multi-gabled (folded), mono
and sawtooth roof shapes whereas guidelines are provided for hip roofs with roof angles v
from 10o to 30o. The latter are based on a study by Meecham et al. (1991) which found that the
worst peak pressure on the hip roof was reduced by as much as 50% from that on the gable 
the study was based on a single roof pitch of 18.4o. Furthermore, a more recent wind tunnel stud
by Xu and Reardon (1998) examined three hip-roofed building models of 15o, 20o and 30o roof
angle (α) and found that the roof pitch does affect both the magnitude and distribution of hip
pressures. The 30o hip roof experiences the highest peak suction at roof corner among the 
tested hip roofs but the worst peak suctions were much smaller on the hip roofs than on the ga
roofs for 15o and 20o roof angles; however, the worst peak suctions on the hip and gable roof
almost the same for 30o roof angle. Questions have been raised regarding the appropriatene
having a single set of provisions for gable roofs with intermediate slopes for roof angles 10o to 30o.
This is due to the fact that over this roof angle range, the wind flow over the building roof
change drastically in comparison to the much more well-defined low and high roof slope ra
For instance, depending upon the exact value of roof slope, a given roof region could be su
to either positive or negative pressure. Furthermore, the current provisions for this intermediate roof
range have originated from extensive wind tunnel tests on only one roof slope, namely 
corresponding to a roof angle of 18.4o and therefore, they may not be appropriate for the en
range. In view of these concerns, a recent wind tunnel study was undertaken by Wu, Wan
Stathopoulos (1998), who performed extensive tests on both local and area-averaged loa
detailed analysis of the data did not demonstrate the need to specify different design p
coefficients for each roof angle, as it happens in the Australian Standard (1989). For instan
data for α = 15o, 20o and 25o can be expressed by a single set of specifications. However, it 
clear that the α = 10o case data would fit better in the intermediate roof slope provisions, whe
the α = 30o case data would be much better represented by the 30o to 45o range. In addition, a
somewhat different set of codal provisions in terms of design pressure coefficients (CpCg) for roofs
with 10o�α <30o reflecting more accurately the new experimental findings has been formul
This is presented in Fig. 1 along with the current provisions and critical values of the experim
data. It has been estimated that the new provisions increase the design pressure coefficients by 
overall average of about 15%.

Progress has also been made in the evaluation of wind loads by utilizing computer simula
wind pressures. This contributes to the recent development towards the new generation of standards
(Suresh Kumar and Stathopoulos 1997, 2000, Gioffre et al. 1999). The recently proposed simulatio
methodology in generating Gaussian and non-Gaussian wind pressure on roofs developed by
Kumar and Stathopoulos (1997) can generate numerous samples of similar pressure time seri
leading to the appropriate selection of peaks with a prespecified probability of exceedance 
A systematic wind tunnel study consisting of measurements of wind-induced pressures o
building roofs under various conditions has been utilized to demonstrate the effectiveness of this
method. This paper attempts to generalize the simulation methodology by showing the applic
of this approach to derive suitable design pressure coefficients on specific roof configur
taking into account, for instance, directional design conditions and upstream roughnesses.
same time, current difficulties and areas in which much more research is required are also
discussed. 
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2. Computer simulation of wind pressures: Background

Wind tunnel and field experimentation are the traditional approach for the investigation of w
induced pressure fluctuations and time histories. However, the collection of long time histor
wind and pressure data might be time consuming and laborious, considering the inherent var
in such time histories affected by building geometry, measurement location, surroundings and
factors. Alternatively, this can be efficiently handled by computer simulation using probabilistic/stati
models. Gaussian wind pressure fluctuations can be simulated using (1) methods based on
Series (wave superposition), and (2) methods based on the application of an appropriate (an
filter subjected to simulated white noise process (linear filtering). A detailed description o
above mentioned simulation techniques has been presented by Grigoriu (1995). Though thFast
Fourier Transform (FFT) algorithm improves the computational efficiency of the wave superposition
method, computer memory requirements may be excessive depending on the size of the p
(Kareem 1993). A typical pertinent application of linear filtering techniques is the simulation of 

Fig. 1 Most critical pressure coefficients, current NBCC and proposed codal provisions
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pressure fluctuations on monoslope roofs by using an Auto-Regressive (AR) model of order one
(Stathopoulos and Mohammadian 1991). Despite the advantages of ARMA-based simulatio
FFT-based simulation, the difficulty remains in the selection of proper model. Moreover this meth
provides stationarity based on time increment while the FFT-based approach provides uncon
stationarity (Brockwell and Davis 1991).

Non-Gaussian wind pressure fluctuations can be simply generated using Auto-Regressive Moving
Average (ARMA) models but replacing Gaussian with non-Gaussian white noise residuals. A
model of order one with lognormal residuals has also been applied to overcome the underest
of peak pressure coefficients on corners of monoslope roofs caused by the Gaussian assu
however, the improvement over the prediction of peak values was only marginal (Mohamm
1989, Stathopoulos and Mohammadian 1991). One of the widely recommended methods of sim
non-Gaussian time series is to generate Gaussian time series using either ARMA or FFT 
followed by a nonlinear static transformation from Gaussian to non-Gaussian. In a recent paper by
Gurley et al. (1996), correlation distortion method based on a given target spectrum or autocorrelation as
well as modified direct transformation method based on a given sample time history have been
presented; both methods used Hermite polynomial transformation. However, these methods are no
only complex and iterative in nature but also have difficulty in converging the solution as well 
retaining the original characteristics of spectra due to forward and backward transformation
promising approach for simulating wind pressure fluctuations of non-Gaussian nature with th
of FFT and AR models has also been introduced (Seong and Peterka 1993, Seong 1993
recently, several classes of non-Gaussian processes and their simulation procedures ha
described by Grigoriu (1995). 

In summary, the methods for simulating stationary Gaussian as well as non-Gaussian time
can be broadly classified as following either ARMA or FFT methodologies. The ARMA appro
is based on the simple and well-known theory of linear difference equations and is computat
efficient. However, ARMA models cannot represent data exhibiting sudden spikes of very 
amplitude at irregular intervals and having negligible probability of very high level crossings (
1990); therefore, these are not suitable to represent non-Gaussian time series. On the other h
FFT-based approach is the most wide-spread methodology in engineering applications due
ease in understanding, simplicity and interaction between time and frequency domains. Althou
FFT method is not as efficient as ARMA in computational aspects, recent applications o
method for the simulation of non-Gaussian pressure fluctuations as well as perpetual advan
in high-speed computers provide considerable amount of optimism to continue research in this

Recently, wind tunnel measurements focusing on stochastic characteristics of the roof p
fluctuations were carried out in the boundary layer wind tunnel of the Centre for Building St
(CBS) of Concordia University (Suresh Kumar 1997). Models of flat, gable (roof angle = 19o) and
monoslope roof (roof angle = 15o) buildings 12-15 m high in full scale were tested for several w
angles in open and suburban terrain conditions. Based on these measurements, research wor
out subsequently by the authors has led to the computer simulation of wind pressure fluctu
acting on roofs of rectangular low buildings exposed to various upstream terrain roughnesses
(Suresh Kumar and Stathopoulos 1997). The simulation can generate numerous samples of
pressure time series leading to the appropriate selection of peaks with a pre-specified probab
exceedance (risk). Such records can also be very useful for fatigue design purposes (Suresh
and Stathopoulos 1998b). Both Gaussian and non-Gaussian pressure coefficients have been coered.
For the case of Gaussian pressure coefficients, normalized spectra as well as mean and var
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pressures are required. The standard shapes of spectra for various zones of low buildin
geometries (flat, gable and monoslope) have been established and can be used to generate 
spectra with the help of variance of pressure fluctuations (Suresh Kumar and Stathopoulos 1
For the case of non-Gaussian wind pressure coefficients, in addition to the previous sta
characteristics, a single parameter b depending on both skewness and kurtosis is required. If 
mean, variance, skewness and kurtosis of pressure fluctuations acting on a particular roof locat
are known, time series at specific locations can be generated using standard spectral shap
success of computer simulation in generating limitless amounts of data and the present cap
storage and access to these data provides a new challenge and potential benefit to design profe

3. Representation of wind pressure time series

Gaussian and non-Gaussian loads have significantly different implications in the design p
(Grigoriu 1995). In this study, a particular region is considered non-Gaussian if the absolute 
of skewness and kurtosis of pressure fluctuations at various taps are greater than 0.5 a
respectively. In order to show concisely the distinct characteristics of pressures at variou
regions and, most importantly, to model the roof pressure characteristics efficiently, typica
geometries have been classified into zones of Gaussian and non-Gaussian pressure fluctua
ranges of wind direction by utilizing the large amounts of measured data (Suresh Kumar and
Stathopoulos 1998a). The approximate Gaussian and non-Gaussian regions of flat, gable and mo

Fig. 2 Gaussian and non-Gaussian roof zones
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roofs are provided in Fig. 2; variable z is assumed to be 10% of least horizontal dimension or 4
of lower eave height whichever is less (NBCC 1995). In general, windward edges of roof
subjected to non-Gaussian fluctuations. 

A general approach based on Fast Fourier Transform (FFT) algorithm has been develo
represent Gaussian and non-Gaussian local roof pressure characteristics (Suresh Kumar 1997
Kumar and Stathopoulos 1997). This method is set to preserve the second order charac
(variance, spectral density function) through the amplitude part of the Fourier transform an
spike features by properly tailoring the phase part of the pressure fluctuations. The particula
features inducing the non-Gaussian character to the pressure fluctuations have been achi
preserving the target skewness and kurtosis. The development and full details of this method
found in Suresh Kumar and Stathopoulos (1999). The simulation procedure requires the kno
of both Fourier amplitude and phase in order to generate pressure time series. The 
amplitude is constructed from power spectra of the pressure fluctuations. In case of non-Ga
wind pressures, a simple stochastic model with a single parameter b, inducing non-normality in time
series has been suggested for the simulation of phase; whilst, phase part of Gaussian wind p
has been represented by independent identically distributed uniform random numbers ranging froπ to
π. Many successful simulations have been performed at various locations of the roof (Suresh 
1997). 

The schematic of the simulation of Gaussian time series using power spectra is shown in 
where, Sm( fk) corresponds to mathematical spectrum, fk corresponds to frequency, ∆f corresponds to
frequency resolution, n corresponds to time series length,  corresponds to Fourier amplitudφkI k

Fig. 3 Schematic of the generation of Gaussian wind pressure time series
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corresponds to Fourier phase, Zt corresponds to time series and the term 2πk/n is the integer
multiple of the fundamental frequency 2π/n known as Fourier frequency. Mean (µ), variance (σ2)
and normalized physical spectrum (S( fk)/σ2) of the pressure fluctuations are the required inputs 
the simulation. Using this procedure, a number of samples of time series having the same s
density function, variance and mean can be generated. The simulation methodology fo
Gaussian fluctuations emphasizes the generation of phase part, which induces the non-norm
time series. Fig. 4 shows a schematic of the simulation of non-Gaussian time series; Yt corresponds
to skeleton time series, b is the probability parameter which controls the frequency of spikes in
skeleton time series and the intensity of spikes in the synthetic time series, and et is the exponential
random number. Mean (µ), variance (σ2), normalized physical spectrum (S( fk)/σ2) and parameter b
of the pressure fluctuations are the inputs required for this simulation. The parameter b induces the
target skewness as well as kurtosis in a time series through phase tailoring. The details 
estimation of parameter b as well as simulation of non-Gaussian time series have been desc
elsewhere (Suresh Kumar 1997, Suresh Kumar and Stathopoulos 1999). It is sufficient here 
that the computation of parameter b is accomplished by minimizing the sum of the squared error
higher-order statistics such as skewness and kurtosis. The stationarity of the simulated time
has also been justified for b� 0.9; fortunately, values of b> 0.9 are not obtained even whe
modeling highly non-Gaussian pressure fluctuations (Suresh Kumar and Stathopoulos 1999). 

4. Input 

In the present study, the statistics (mean and variance) of the pressure time series obtain

Fig. 4 Schematic of the generation of non-Gaussian wind pressure time series
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wind tunnel experiments have been used for the simulations. However, in practice these st
can be obtained from literature; the values of mean and variance of pressure fluctuations on dferent
locations of common roof geometries for various conditions can be obtained from past studies.

The required Fourier amplitude part in the simulation can be constructed from correspo
spectra. Recent wind tunnel studies have shown that it is possible to categorize normalized spectra
on a roof based on their similarities (Suresh Kumar and Stathopoulos 1998a). On this basis
suitable empirical form has been derived for the synthetic generation of normalized spectra. F
after classifying the zones of Gaussian and non-Gaussian pressures due to the difference in si
methodologies, normalized spectra are categorized and the standard spectral shapes associ
various zones of each roof and their parameters are established. Two spectra were suggested for t
non-Gaussian zones of each of the flat, gable and monoslope roof; while one spectrum
suggested for the Gaussian zones of each of the flat and gable roofs and two spectra 
Gaussian zones of the monoslope roof. Each spectrum is assigned a name where the seco
stands for the roof type (F - Flat roof, M - Monoslope roof, G - gable roof), the third stands fo
type of region (G - Gaussian, NG - non-Gaussian) and the number (1 or 2) stands for the t
spectra in that zone. Further details of this investigation can be found in Suresh Kumar (
Suresh Kumar and Stathopoulos (1998a). For practical purposes, from the knowledge of varia
pressure fluctuations at a specific roof location, spectra of pressure fluctuations can be synth
generated for the same location using the developed standard spectral shapes.

Skewness and kurtosis of non-Gaussian roof pressures and the associated parameter b values vary
depending on the tap location and wind direction. It appears that further classifying these n
roof zones to assign constant parameter b values is counter-productive. Instead, it may be better
generate the expected variation of skewness and kurtosis with respect to b for each spectrum; this
helps to select the value of parameter b satisfying the target skewness and kurtosis of the press
(Suresh Kumar and Stathopoulos 2000). Such an exercise has been carried out and the
showed similarities in the variation of skewness and kurtosis with respect to parameter b corresponding
to different spectra. This indicates the possibility of reducing the number of spectra establish
simulations; this is elaborated in the next section. In the present study, the statistics (skewne
kurtosis) of the time series was known from wind tunnel experiments. In practice, the skewne
kurtosis values of pressure fluctuations are seldom known; however, these values can be est
by analyzing some limited existing databases of time histories and by carrying out wind t
measurements for unavailable configurations. 

5. Towards generalization

Many simulations have been carried out using the standard spectral shapes associated 
corresponding tap locations. Details about the evolution of these standard spectral shapes as
with different roof regions are available in Suresh Kumar and Stathopoulos (1998a). R
indicated the capability of the proposed methodology to represent the most pertinent statisti
simple manner (Suresh Kumar 1997, Suresh Kumar and Stathopoulos 1997).

Based on the similarities found in curves of skewness and kurtosis versus the parameteb for
various conditions, it may be appropriate to use a single pressure spectrum in non-Gaussia
for all roof geometries. Within this context, the simulated skewness and kurtosis values bas
previously established spectra for non-Gaussian zones have been shown in Fig. 5 along w
measurements for all roof geometries. For this computation, the b value has been varied from 0 t
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0.9 at an increment of 0.01; the values of the other parameters used in simulations are n = 8192 and
sampling frequency, fs = 500 Hz. The upper limit of b is fixed to satisfy the stationarity requiremen
(Suresh Kumar and Stathopoulos 1999); while, the increment of 0.01 is set based on the se
of parameter b on simulation results. For each b value, 100 time series have been simulated us
the method depicted in Fig. 4 and thereafter, the skewness and kurtosis values have been ca
based on 100 records with an objective to reduce the sensitivity of the different random numb
in repetitive simulations. Note the influence of the types of spectra on the simulated skewne
kurtosis values. Note that irrespective of the different spectra used in simulations, the variati
the curves are negligible especially where the measured data are clustered. Moreover, the measurements
show that single pressure spectra can represent the statistics. Note also that the high va
skewness and kurtosis of simulated time series are rarely obtained in the measurements. A
extensive investigation, the spectrum SMNG1 was chosen to represent the spectrum of non-G
fluctuations from all roof configurations. A similar investigation led to the selection of a si
spectrum SMG1 for representing Gaussian fluctuations (Suresh Kumar and Stathopoulos 2
The proposed spectra SMG1 and SMNG1 are shown in Fig. 6 along with their equatio
associated parameters; the abscissa represents the reduced frequency, F = fh/V, f is the frequency, h
is the mean roof height and V is the mean velocity at mean roof height.

Fig. 7 provides the variation of skewness and kurtosis with respect to b, estimated based on the
spectrum SMNG1 as previously mentioned; analytical expressions relating the parameter b with
skewness (Sk) and kurtosis (Ku) can also be derived. This diagram can be used to select
parameter b based on the known skewness or kurtosis value of the time series. The two valueb
corresponding to skewness and kurtosis are, in most cases, close to each other. In case of d
in b values, select the b value from this range which satisfies the target skewness and kurtosis i
least square sense. The Sum of the Squared Errors (SSE) in skewness and kurtosis (i.e
(simulated skewness from Fig. 7 - target skewness)2 + (simulated kurtosis from Fig. 7 - targe
kurtosis)2) are calculated for each value of b in this range and the value which gives the least SSE
chosen as the optimum one. This procedure can be easily incorporated in the program. Note
per Fig. 7, the minimum and maximum absolute skewness values that can be achieved in simulat
0.6 and 2.05 respectively, whereas the corresponding minimum and maximum kurtosis valu
3.9 and 11.8 respectively. Considering the measured values of skewness and kurtosis - see

Fig. 5 Simulated and measured skewness and kurtosis values for all roof geometries
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the upper bounds of the achievable skewness and kurtosis in the simulations are satis
However, the lower bounds are slightly above the criterion previously set to distinguish 
Gaussian roof zones, i.e.� absolute skewness = 0.5 and kurtosis = 3.5. The value zero is sugg
for the parameter b when the absolute value of the target skewness lies between 0.5 and 0.6
the target kurtosis lies between 3.5 and 3.9; the simulated results may not be very different fr
measured data in such cases.

Figs. 8 and 9 show typical results in the form of measured and simulated peak pressure coe
(Cppeak) versus probability of exceedance for two non-Gaussian cases. All simulations have
carried out using the SMNG1 spectrum and the value of b from Fig. 7. The comparison shows tha
the simulated suction peaks are close to the measured values; however, differences up to� 15%
have been found in some cases at individual points. Although the change in spectrum did 

Fig. 6 Proposed synthetic spectra for Gaussian and non-Gaussian simulations

Fig. 7 Variation of skewness and kurtosis based on spectra SMNG1
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the values of b required for the simulations, clearly, the double change, both in spectrum and b
value did not influence the peak values or statistics substantially. Similar results were found in
cases. Therefore, it appears that a single spectrum can indeed represent the pressure fluctu
non-Gaussian zones of all roof geometries. Similar results prevail in case of Gaussian simu
using SMG1 (Suresh Kumar and Stathopoulos 2000). The statistics (mean, variance, skewn
kurtosis) of the simulated and target time series based on 16 records shown in Table 1 are close to
each other. Diagrams such as those of Figs. 8-9 can be used to establish design pressure co
according to any desirable risk level, presumably consistent with reliability-based design.

In summary, the generalized synthesis of the pressure coefficients is presented in Fig. 10. Th
initial input is mean and variance of the pressure fluctuations and the corresponding roof geo
tap location and wind direction. With these inputs and the roof zones presented in Fig. 
Gaussian or non-Gaussian character of the time history to be simulated can be decided. 
Gaussian, the corresponding spectra SMG1 (Fig. 6) will be selected for the generation of F
amplitude and the Fourier phase will be generated from uniform random numbers. On the
hand, if the zone is non-Gaussian, the corresponding spectrum SMNG1 (Fig. 6) will be selec
the generation of Fourier amplitude and the parameter b will be required for the generation o
Fourier phase. In order to estimate b, the target skewness and kurtosis of the pressure fluctuat
has to be provided and Fig. 7 can then be utilized. Note that numerous samples having th
statistics and spectrum, which are required to carry out extreme value and fatigue analys
easily be generated using this procedure. The complete procedure is programmed in MA
environment. 

Fig. 8 Extreme pressure coefficients (Flat roof) Fig. 9 Extreme pressure coefficients (Monoslope 

Table 1 Statistics of time series corresponding to Figs. 8 and 9

Sanple Mean Variance Skewness Kurtosis

T56
Simulation -1.22 0.13 -0.86 4.64
Measurement -1.22 0.13 -0.93 4.69

T1
Simulation -1.11 0.14 -1.40 7.20
Measurement -1.11 0.14 -1.40 7.12
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Table 2 compares alternative codification with the traditional codification for specific cases
the cases refer to the taps on the gable roof shown in Fig. 2. The information such as roof ty
location and wind direction provided in the second column of the table is used in conjunction
Fig. 2 to decide whether the time series to be simulated is Gaussian or non-Gaussian. In 

Fig. 10 Generalized synthesis procedure

Table 2 Comparison between alternate and traditional codifications

Alternate Codification Traditional
Codification

Input Selection of variables Output Zone CpCg CpCg/0.8

Roof geometry
l = 60.8 m
b = 39.2 m
h1 = 12 m
α = 19o

Mean
Variance

Skewness
Kurtosis

Gaussian?
(Fig. 2)

Spectrum
(Fig. 6)

b
(Fig. 7)

(Fig. 1)

T37
-0.38
0.16

-1.06
6.35

No SMNG1 0.75
Skewness = -1.24
Kurtosis = 6.31
Peak = -3.51

1 -4.1 -5.1

T78
-0.31
0.03

-0.07
3.32

Yes SMG1
Skewness = 0.00
Kurtosis = 3.01
Peak = -0.96

3 -2.0 -2.5

T69
-0.80
0.05

-0.93
5.63

No SMNG1 0.68
Skewness = -1.09
Kurtosis = 5.53
Peak = -2.40

3 -2.0 -2.5

Note: l = length, b = width, h1 = lower eave height, α = roof angle



Generation of local wind pressure coefficients for the design of low building roofs 467

pectrum
s and
n
es

selected
m of
 peak
 to the

 6) was

 to be
thesis

 were
tap is

ficient
 worst

ing this
 to the
ressure
ns and

d loads
ad to
he re-
ngles

ng on
ribed.
tion of

rate and
given
s it is
t four

ditions.
T37, the tap is located on a non-Gaussian zone. Since this is a non-Gaussian case, the s
SMNG1 provided in Fig. 6 is chosen for the simulation of the Fourier amplitude part. Skewnes
kurtosis are also required as inputs for the estimation of b. These are provided in the second colum
of Table 2, whereas the parameter b is selected from Fig. 7 by determining the value that minimiz
the sum of the squared errors from each of the target skewness and kurtosis values. All the 
variables for this simulation are provided in the third column of this table. The output in the for
skewness, kurtosis and peak are provided in the fourth column of this table; the simulated
value is the mean of the 16 simulated peaks. As expected, the simulated values are close
measured values. The second case T78 is Gaussian; therefore, the spectrum SMG1 (Fig.
used for this simulation. Note that the process is not perfectly Gaussian. The output results show
that the simulated time histories are Gaussian, thus avoiding the slight non-normality of the actual
time series. This may result in slight under-prediction of the peaks; the differences are found
still within � 15%. The third case T69 in Table 2 is, once again, non-Gaussian and the syn
procedure is similar to the first. 

A similar exercise has been carried out for other roof geometries and similar results
obtained. Further, the fifth column of Table 2 provides the corresponding zone where this 
located, the associated CpCg value as per NBCC (1995) and the CpCg value divided by 0.8. Note
that the CpCg value provided in the code is a direction-independent worst peak pressure coef
for each zone multiplied by a factor 0.8. In all cases, the simulated peak values are below the
design pressure coefficients used in the traditional codification process (CpCg/0.8). This is encouraging
since instead of having a worst peak value, peak values can be tailored for specific cases us
alternative codification procedure. Moreover, the code provides a single peak value compared
spectrum of risk-consistent peaks that can be obtained with the new procedure. Although, p
coefficient skewness and kurtosis databases are not currently available and even mea
variances of pressure coefficients are still to be organized, the performance of the new codification
procedure is, overall, quite promising.

6. Conclusions

This paper presents the latest developments and the progress made in the evaluation of win
on roofs of low buildings. It refers to some of the most recent studies that have led or will le
the updating of the North-American wind codes and standards. Such updates include t
examination of wind-induced pressures on gable-roof low buildings with intermediate roof a
(10o-30o) and the introduction of pressure coefficient provisions for hip roofs. 

A new approach towards future codification by generating time histories of pressures acti
low building roofs of specific geometries and for any selected wind direction has been desc
The foundation of this approach is the recently proposed general method for the representa
Gaussian and non-Gaussian roof pressure coefficients. This approach leads to more accu
economical design of buildings since the pressure coefficients specified will be tailored to a 
particular case of interest rather than to a generic type of building with enveloped loads, a
currently the case. Further work is necessary to build appropriate databases for the firs
moments (mean, variance, skewness and kurtosis) of the roof pressure fluctuations at various con
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