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ABSTRACT

The construction of an acoustic echo presented indicating that sound scat-
sounding unit composed of a shielded tered from temperature fluctuations
parabolic reflector type of antenna in the atmosphere up to 350 m above
and a suitable receiving system is de- the antenna site can be detected, even
scribed. Echo soundings obtained at during the high background noise
the antenna site at the University of levels associated with rush hour
Toronto in downtown Toronto are traffic.

1 Introduction

Techniques have been developed in the past fours years for investigating the
turbulence structure within the planetary boundary layer through the scattering
of acoustic waves (McAllister et al., 1969; Reynolds and Gething, 1970;
Wescott, et al., 1970). If the atmosphere is illuminated with acoustic pulses the
resulting echoes produced by scattering from the small scale turbulence indicate
the location and relative intensity of the turbulent regions.

Since acoustic waves are used to probe the atmosphere any acoustic noise
from the environment will limit the range of the echo soundings by decreasing
the signal to noise ratio. Therefore the work done up to now and cited above
was carried out in rural areas relatively free from man made noise. The promise
of this new technique prompted the investigation of the operation of an
acoustic radar within a densely populated urban area in order to study prob-
lems related to urban atmospheric pollution. This paper gives the preliminary
results of experiments with an acoustic radar developed at the University of
Toronto. All data reported here were obtained with a unit located 58 m above
ground level on the top of the McLennan Physical Laboratories (University
of Toronto).

2 Theory

Acoustic waves propagating through a turbulent atmosphere are scattered
by temperature fluctuations and by fluctuations in the motion of the air.
Fluctuations of the absolute air temperature T cause variations in the refractive
index by inducing fluctuations in the speed of sound c since ¢ « T*. The
refractive index variations scatter a portion of the incident acoustic energy. A
plane acoustic wave propagating in a turbulent atmosphere will be distorted by
the turbulent motion along the wave front resulting in radiation of scattered
waves from the region of the disturbance.
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Fig. 1 The basic components of the three sections which comprise an acoustic radar.

A detailed analysis (McAllister et al., 1969) indicates that the cross-section

per unit volume per unit solid angle for backscattering is
nk* ¢(2k) _
Go = (b—z [m™1]
2T

where k = 27/\ is the acoustic wave number, A is the acoustic wavelength,
T is the mean temperature in the scattering volume and ¢r(2k) [deg? m?]
is the spectral density of the temperature fluctuations at a wave number for the
turbulence corresponding to twice the acoustic wave number k. The received

back-scattered power from a scattering volume at height Z above the receiver
of area 4 is

Pct 4
Pr=0o= 72 P
where P is the power radiated by the transducer, T is the pulse length, c is the

speed of sound in the scattering volume and B is the attenuation due to atmos-
pheric absorption and antenna-transducer efficiencies.

3 Apparatus

An acoustic radar consists of three basic systems (see Fig. 1): i) the trans-
mitting system generates and transmits short, high power pulses of sound at
a single frequency to illuminate the regions of the atmosphere to be investi-
gated; ii) the receiving system detects and amplifies the small fraction of the
incident pulse that is scattered by atmospheric turbulence; iii) the analyzing
system records, processes and displays the received signal. For effective oper-
ation of an acoustic radar it is necessary that the scattered signal be greater
than the portion of the environmental background noise reaching the receiving
system since the variation in successive echo trains precludes use of wave-
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fcrm averaging or the computing of correlation function-Fourier transform
pairs to extract the signal from the noise.

The acoustic radar that was developed for this project operated in the
monostatic mode with a single antenna and transducer serving the transmitting
and receiving systems. The antenna was a modified microwave antenna con-
sisting of a parabolic reflector whose surface area was approximately 1.45 m?
fed by a square cross-section horn which was terminated at the focus with a
0.20-m exponential section. The antenna was mounted so that the beam axis
was vertical and the horn axis was horizontal. Shielding, lined with sound
absorbing material, was constructed around the antenna aperture to a height
of approximately 1 m above it. The focus of the horn was also shielded. The
transducer employed was a standard loudspeaker driver capable of handling
70 W of electrical power. As a receiver, the transducer sensitivity at 2.0 kHz
was 1.0mVm2N-1%10%.

During transmission of the output sound pulse and for approximately 100
ms after the pulse termination the receiving section of the system was dis-
connected from the transducer. The 100-ms delay in the turning on of the
receiver was to allow for decay of ringing in the antenna. With the receiving
section turned on, the echo signal detected by the transducer passed through
a 100:1 step up transformer and was fed into a filtering and amplifying section.
A 1-kHz high pass filter was located after the first stage of amplification to
reduce the low frequency portion of the background noise. The signal then
passed through a narrow (46 dB per octave) band filter centered at 2.0 kHz,
another amplifying stage and finally, a very sharp band filter with a passband
of 100 Hz centered at 2.0 kHz. The two amplification stages, the high pass
filter and the first band filter were contained within a single frequency analyzer
(Briiel and Kjaer, model 2107). A high speed level recorder (Briiel and Kjaer,
model 2307) received the filtered signal and plotted the true rms value as a
function of time. The amplitude of the echo train plotted by the level recorder
was not corrected for the 1/R attenuation caused by the spherical divergence
of the scattered signal.

4 Results

To ascertain the time dependence of the background noise at the antenna
site, the noise passing through the high pass filter and the 46 dB per octave
band filter at 2.0 kHz was measured for a period of four days (October 1418,
1971) with a calibrated microphone (Briiel and Kjaer, model 4145) located
at the antenna focus. The results of these measurements are contained in
Fig. 2.

The variation of the noise level can be directly correlated with the auto-
mobile traffic. The quietest periods — 3:00 a.m. to 5:00 a.m. — corresponded
to the period of least human activity. The sharp increases between 6:00 a.m.
and 10:00 a.m. on Friday, October 15 and Monday, October 18 can be attri-
buted to the morning rush hour. Saturday, October 16 and Sunday, October 17
were not as noisy during midday as weekdays. During weekdays the diurnal
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Fig. 2 Background noise at 2.0 kHz (in dB relative to 2 X 10~5 m—2 N) measured by
a calibrated microphone at the focus of the antenna which was located on the
top of the McLennan Physical Laboratories, University of Toronto. The mea-
surements run from Thursday, October 14 to Monday, October 18, 1971.
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Fig. 3 Echo signal level received after illuminating the atmosphere with a 100-ms
acoustic pulse of frequency 2.0 kHz at 7:50 p.m. January 10, 1972,

variation of the noise level at 2.0 kHz was approximately 15 dB. These results

indicated that the maximum acoustic radar range would be obtained in the
early morning hours during the period of minimum background noise.
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Fig. 4 Sequential acoustic radar echoes obtained at 5-sec intervals at 4:00 a.m. Novem-
ber 16, 1971. Time increases from top to bottom.

Using the equipment described above, measurements of echoes were made
with the radar operated at a frequency of 2.0 kHz. The duration of the trans-
mitted pulses varied from 50 to 100 ms with each pulse feeding 56 watts of
electrical power to the driver.

A single echo train obtained at 7:50 p.m. January 10, 1972 is shown in
Fig. 3. The signal levels refer to the voltage at the output side of the step
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up transformer. Despite the reduction in echo strength with height, echoes
originating from at least 340 m above the radar site can easily be distinguished.
This sounding was obtained while there was low level fog moving in over the
city of Toronto from Lake Ontario. The antenna was situated above the fog
bank and was illuminating a clear region of the atmosphere.

A sequence of echo trains that were produced by sending out pulses every 5
seconds at 4:00 a.m. Tuesday, November 16, 1971 is shown in Fig 4.
These €choes obtained during the quietest period of the day from a relatively
calm (0-5 mi/hr winds at antenna level) clear atmosphere, illustrate the
rapid variation of the turbulent scattering regions and the complexity of the
turbulence distribution with height. A persistent echo originating from a height
of approximately 300 m above the antenna site is evident.

S Summary and comments

This paper has described an acoustic radar which filters the background noise
sufficiently to allow operation within an urban environment. The amplitude
of the echo trains was shown to be greater than the amplitude of the peak
background noise for signals originating from scattering sources at heights up
to 350 m above the radar site. The echoes indicate rapid variations in the
distribution with respect to height of the turbulence at a wave number cor-
responding to the backscattering of 2.0 kHz acoustic waves.

The noise reduction was accomplished by both direct and indirect methods.
The direct method entailed shielding the antenna with an acoustically insulated
structure. The indirect method involved the use of a low cut filter to attenuate
the dominant low frequency portion of the background noise and a pair of
narrow bandpass filters in series to discriminate against all frequencies except
2000 = 50 Hz.

Now that it has been shown that an acoustic radar can be operated success-
fully in an urban environment the techniques can be improved so that it can be
used to study the urban atmospheric boundary layer. In particular it could be
used to study the formation, vertical motion and break up of inversion layers.
In its present location the University of Toronto unit could provide information
on the behavior of the land-lake breezes associated with Toronto’s proximity
to Lake Ontario. Acoustic radar could also be used to monitor the low level
turbulence created by large aircraft at airports.

Subsequent requirements to make the acoustic radar a working instrument
include development of a timing network to automate the sounding operation,
development of better display systems (such as the facsimile recorder tech-
niques employed by McAllister ez al., 1969), and addition of instrumentation
to allow digital data sampling and utilization of techniques based on doppler
frequency shifting that occurs when the small scale turbulent eddies which
scatter the sound are carried by larger scale turbulent systems or the mean
wind. The vertical range of the instrument could also be increased by using a
larger parabolic reflector to increase the antenna gain and better shielding to
further decrease the background noise.
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An Approach to the Mapping of the Statistical Properties of
Gradient Winds (Over Canada)

A. G. Davenport and C. J. Baynes
Faculty of Engineering Science, The University of Western Ontario,
London, Canada
[Manuscript received 27 March 1972]

ABSTRACT

This paper describes the preparation
of a preliminary set of maps of gra-
dient-level wind climate over Canada
and some neighbouring regions of the
United States. The data for this study
were drawn from twice-daily records
of radiosonde ascents at a network of
ten Canadian upper air stations. The
period covered by the data was
1960-69, and this was supplemented
by statistical information on upper
level winds at fourteen points in the

The analysis and subsequent map-
ping were carried out for 300 and 500 m
above ground level and were based on
a number of statistical models: the
bivariate Gaussian distribution of
wind velocities characterized by the
vector mean and standard vector
deviation, monthly Weibull distribu-
tions of wind speed and a new model
of extreme annual wind occurrences
developed from a consideration of
wind as a stochastic process.

United States.

1 Introduction

Improved information on mean wind behaviour at or near ground level is
needed in a growing number of important areas of application, including opera-
tional and environmental planning, aviation, and structural engineering. In the
latter case, for example, the prediction of wind loading is often made more
difficult by a lack of observational data representative of the wind climate at the
site of a proposed structure and reflecting the interference of local topographical
features.

Hitherto, it has been the general practice to derive the required statistical
descriptions from surface observations at nearby points, such as airports and
harbours. Unfortunately, the quality and consistency of these observations
may be affected by the local and directional character of the terrain, the siting
and possible relocation of the anemometer and the encroachment of urban
development. Occasionally, adjustments can be made for terrain influences
using wind tunnel tests on scale topographic models or anemometer/site
correlations, but this cannot be done regularly. These difficulties in establishing
wind climate at a particular location have been discussed more fully in earlier
papers (Davenport, 1960, 1968).

An alternative approach is to describe wind climate in terms of winds at
gradient height. These occur at the top of the atmospheric boundary layer and
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are relatively independent of terrain effects. Winds at lower levels can be deduced
using theoretical and empirical wind profiles appropriate to the terrain condi-
tions. Furthermore, the wind climate at gradient height is applicable to broad
geographic regions and so can be determined from observations at points
relatively remote from the site in question, or more usefully, from maps of
gradient wind characteristics. The initial development of these maps is described
in this paper.

2 Statistical descriptions of gradient wind climate
Several interrelated statistical models are employed in the description of the
gradient wind climate presented here. These comprise:
a) The distribution of wind velocities having regard for direction; because of
the cyclic seasonal variations, these are broken down into monthly periods.
b) The distribution of scalar wind speeds.
¢) The distribution of the extreme annual wind speeds.
The theoretical background is summarized below.

a The Bivariate Normal Distribution of Wind Velocities

Earlier work by Brooks et al. (1946) showed that the statistical distribution of
upper level winds above the immediate frictional influence of the earth can be
approximated by an isotropic, two-dimensional Gaussian distribution with
equal standard deviations in the zonal (east-west) and meridional (north-
south) directions and no correlation between the fluctuating components.
This is written:

PVer V) = g ewp| = (= EE L= BN T

where V, and V, are the zonal and meridional velocity components, ¥V, and V,
are their respective means, o is the standard vector deviation and the quantity
V= (V2 + V2! denotes the vector mean wind. The form of this distribution
is shown in Fig. 1.

The model implies that the mean flow at a point can be treated as a horizon-
tally isotropic turbulent flow. Although more sophisticated models can be
suggested in which the distribution is not assumed isotropic, the simpler model
proposed appears more appropriate from the viewpoint of statistical confidence
and the preliminary nature of the study.

Maps of ¢ and ¥ over Canada for isobaric surfaces above 850 mb (about
1300 m above ms/) have already been obtained by Henry (1957); they are,
however, above the altitudes of interest here.

b Distribution of Scalar Wind Speeds
It is found straightforwardly that if the vector mean wind is zero (V¥ = 0), the
probability density function of the scalar wind speed V = (V,2 + V,»)'"* is
given by:

p(V) = (Vo?e ~ V712 2
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Fig. 1 Bivariate Gaussian distribution of wind velocity.

This is the Rayleigh distribution, It has the cumulative distribution:
P(> V)= V2 3

If Vis non-zero the form of the distribution is more complicated and closed
form solutions do not appear to exist. An alternative is to express the wind
speed probability in terms of the Weibull distribution:

P(> V)= e " 4

in which ¢ and k are constants. If k = 2, (4) reduces to the Rayleigh distribution.
The additional flexibility of the variable exponent k enables most wind speed
data to be fitted successfully. As an example, Fig. 2 shows the Weibull distribu-
tion for January winds at 300 m over Churchill, Manitoba. Not unexpectedly,
k in this case, as in most others, is close to 2.

¢ Distribution of Extreme Annual Wind Speeds

Considering first a somewhat simplified approach, it can be shown that the
extremes of a Weibull or Rayleigh distribution, which are of the exponentiai
type, have an asymptotic distribution of the Fisher-Tippett Type 1. This is
written:

P(< V) = exp{— [e™""" D]} )

in which U is the mode and 1/a is the dispersion. If we assume that the record
of wind speeds consists of N independent samples, it can be shown that:

U= c(logeN).l/" (6)
1_¢ (1/k)=-1
a - k (logeN) (7)
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Fig. 2 Weibull distribution of wind speed (Churchill, Man., January, alt: 300 m).
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Unfortunately, the requirement that the samples be independent makes this
approach inappropriate where wind speeds over consecutive intervals are
correlated. Crude estimates of the extremes can be made, however, if a reduced
number of effective independent samples is substituted for N.

A more satisfactory approach considers the wind as a continuous process as
follows. Let N(V)T be the expected number of times the wind speed ¥V is crossed
during the period T under consideration. It can be shown that these crossings
become independent rare events for the higher values of ¥ from which, it is
expected, the extremes will be drawn. The distribution of the crossings can then
be treated as Poisson and the probability of there being no crossings, i.e., no
wind speed greater than ¥, is given by:

P(< V)= exp(— N(V)T) ®

Owing to the seasonal character of the wind, the expected crossing rate N(V)
varies through the year. If the crossing rate during a specified period of the year
is written N/(¥), we can express the probability distribution for an entire year of
m periods as:

P< 1) =exo( - £ N(n)T) ©®
i=1
N(V) can be calculated from Rice’s (1954) expression:
N V)=f VoV, V)dV (10)
0

where p(V, V)is the joint probability density function of the wind speed ¥ and
its derivative V.

If it is assumed that the wind process is stationary, ¥ and ¥ are uncorrelated
and p(V, V) = p(V) p(V). Then,

NV) = Cp(V) ()
in which
C-= f Vp(V)d V 12)
0
If the distribution of ¥ is assumed normal, it can be shown that;
C=./2nov (13)
in which
® ) +
f n*Sy(n) dn (14)

v= ¥
f Sy (n) dn
0

is the average rate at which the mean value of ¥ is crossed. S, (n) is the spectral
density of the process at frequency n and ¢ is the standard deviation of V.
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Now, if the parent probability distribution is that of Weibull for each period i:

pd(V) = % (CK)k - exp[— (CK)k] (15)

and
o, ~ 0.93 Ii— for the range (1.5 < k; < 2.2) (16)
Thus, from Equations (9), (11), and (13) the extreme value distribution becomes:
m V ki—1
P(<V) = exp{— BY (c—) e —(V/c:)h} amn
=1 \Ci
in which
B=./2nvT x 0.93 (18)

If the summation in (17) refers to twelve monthly intervals, then T ~ 720 h.
Examination of several long duration atmospheric spectra suggest that v =~ 0.1
cycles/h. Typically, therefore, B is taken as 170.

The distribution described in (17) can be approximated by a Fisher-Tippett
Type 1 distribution fitted at its mode; this is illustrated in Fig. 3. In this case,
the mode U is given by the solution to:

£ l-@) -5 @)

and the dispersion factor (denoting the left-hand side of (19) by ) is

g = d0og. )
dv

(20)
v=uU

Generally speaking, the Fisher-Tippett approximation obtained in this way is
reasonably satisfactory, except near the tails of the distribution.

3 Data and treatment

Twenty-four upper air stations in Canada and the United States were selected to
provide radiosonde data for this study (Map 1). The selection was intended to
provide coverage of Canada south of 60°N and neighbouring regions of the
United States, particularly the northeastern states. A greater density of points
was chosen in the populous areas of Ontario and Quebec, so as to obtain more
definitive results in this region.

The wind observations, taken twice daily at all stations (0000 and 1200 GMT),
were analyzed at 300 and 500 m above ground level, corresponding roughly to
the lower and upper limits of gradient height, that is, over very smooth and
heavily built-up terrains respectively. In the case of the u.s. locations, statistical
analyses were already available for these levels, generally for the period 1960-64.
For Canada, however, histograms and statistical parameters had to be reduced
from the punched card records of the individual balloon ascents during the
decade 1960-1969. Simple linear interpolation was used to estimate conditions at
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Fig. 3 Extreme annual wind distributions (Churchill, Man., January, alt: 300 m).

the desired levels from the observations at the standard isobaric surfaces
(ground level and at 50-mb intervals above 1000 mb).

The monthly values of vector mean winds and standard vector deviations
were computed for each station and a smoothing function applied to the annual
cycle. Fig. 4 illustrates the smoothing process and the presence of clear seasonal
trends in both o and V. The examples shown are for the 300-m level at Churchill,
Manitoba.

Maps of smoothed monthly values of o and V were then developed. The
contours were drawn by a systematic procedure involving a digital computer
and plotter and a standard mapping program (uwo, 1969). The results for the
months of January, April, July, and October at 300 m are presented here
(Maps 2-9). Directions of the mean vector winds are not shown. In general these
were found to be within a few degrees of west except near the Rocky Mountains
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Map 1: Radiosonde stations.

where southerly and northerly components also were found west and east of the
mountains, respectively.

Weibull distributions were fitted to the observations of wind speed for each
month by the method of maximum likelihood. The method consists of maxi-
mizing the likelihood function of the observations, M=, p(¥,, ¢, k), with
respect to the Weibull parameters ¢ and k, where V, are the sample values of
wind speed.

The distributions of extreme wind speeds were established from the monthly
Weibull parameters at each station and level in the manner outlined above in
Equation (17). The modes, U, and dispersions, 1/a, of the corresponding fitted
Fisher-Tippett Type I distributions were found from Equations (19) and (20)
and mapped together with the 30-year return winds, that is, wind speeds which
have a probability of being exceeded once in 30 years (Maps 10-15).

4 Discussion of results

a Vector Mean Winds and Standard Vector Deviations
The general west to east circulation over Canada was confirmed for the 300- and
500-m levels considered in this study, although the prevailing winds exhibited
strong southerly components on the Pacific seaboard throughout the annual
cycle. The magnitudes of the vector mean winds are comparatively high to the
southwest of the Great Lakes and extending northwest into southern Alberta
and southeastern British Columbia, particularly in the winter and autumn
months. Elsewhere, areas of high vector means are to be found along the
Atlantic coast during most of the year and over Hudson Bay in winter.
Generally, the strongest circulation occurs in the winter. In the spring and
summer, the pattern is more uniform but with a noticeable area of high vector
means moving progressively northward along the east coast. There appears to be
a year-round region of low means over southern Manitoba and Saskatchewan.
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Fig. 4 Annual cycles of vector mean winds and standard vector deviations (Churchill.
Man., alt: 300 m).

An area of low standard vector deviations is indicated over the mountainous
region in the Canadian west, although this observation must be qualified on
account of the relative scarcity of data for that region. Other notable features
are the high deviations in the east during winter and spring, and to the west of
the Great Lakes in the spring; in the summer the pattern is again more uniform.

The patterns of both vector mean winds and standard vector deviations are
broadly similar to those found by Henry (1957) at the lowest level of his analysis,
850 mb (about 1300 m). However, where the distribution of the variate is fairly
uniform, such as the standard vector deviation during the summer months, the
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Maps 6-9: Smoothed standard vector deviations of winds (mph). Alt.: 300 m.

similarity may not be so marked. But, as Henry himself has pointed out, in these
circumstances the contours are sensitive to small changes in the variate, such as
might be obtained if a different period of record were used.

b Extreme Wind Speeds

The maps of the modes and dispersions (U and 1/a) of the fitted Fisher-Tippett
Type I distributions may be used to estimate the maximum wind speed expected
at a given location in a given period. Although these estimates will provide only
a close approximation to those derived from the original distributions, itis seen
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Maps 10-15: Extreme wind statistics.

from Fig. 3 that any errors will tend to be on the conservative side from the
design point of view.

Areas of both high modal winds and dispersions will experience the greatest
probabilities of high extreme winds, for example, along the Atlantic coast. In
fact, in this region a check of U and 1/a values may be made against Davenport’s
(1968) estimates for these parameters at gradient height, based on surface wind
records and considerations of terrain roughness. There is close agreement
for values of U over the Canadian maritime provinces but a significant difference
in values of 1/a. Davenport estimated a mode of 79 mph and dispersion of
7.9 mph, averaged over twelve stations. The contours for 500 m suggest modes
between 70 and 85 mph, but dispersions ranging from about 4.5 to 6.5 mph.
Davenport’s figures for points along the east coast of the United States are
considerably higher for both U and 1/a, since they were based on observed
“fastest miles of wind”.

The 30-year return wind contours provide a comparison with the map of
30-year return winds at ground level prepared for the National Building Code
of Canada (Nrc, 1970) (Map 16). Although the contour patterns are quite
similar, the Building Code predicts wind speeds approximately 20 mph lower
over large areas of Canada, as might be expected with surface winds.
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Map 16: Hourly wind mileage, annual probability 1/30 (from National Building Code
of Canada (NRc, 1970)).

¢ Limitations of This Study
It should be emphasized that the results presented in this paper represent only
a first attempt to define the climate of winds at gradient height over Canada.
The validity of the maps is necessarily limited by the extent of the data, in par-
ticular the relatively short periods of wind records and the sparsity of radiosonde
stations in the north and west. Moreover, the balloon observations at mountain-
ous locations, such as Port Hardy, will have been influenced by local topography,
even at 300 and 500 m above ground level. These influences would be reflected
in the map contours for the surrounding region.
It is also necessary to point out some characteristics of the radiosonde
measurements which should be considered when interpreting the maps:
i) wind velocities are essentially two-minute mean values and, therefore, do
not reflect the occurrence of strong gusts,
ii) balloon ascents are twice daily at set times, hence introducing small biases
into the results due to the diurnal cycle.
The utility of the preliminary maps will also depend on the estimates of
gradient height at a chosen location and then appropriate interpolation between
the 300 and 500-m contours.

5 Concluding remarks
A preliminary set of maps of wind climate at gradient height has been developed
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from radiosonde observations at some twenty-four Canadian and U.S. stations.
Statistical analysis of the data was carried out to determine the parameters of the
bivariate Gaussian distributions of wind velocities and the parameters of
extreme wind speed distributions at 300 and 500 m above ground level. These
parameters were systematically mapped for much of Canada and the northern
United States.

Some confirmation of the results of the study are given by the following:

a) the patterns of vector mean winds and standard vector deviations are
broadly similar to those given by Henry (1957) for the 850-mb level;

b) maps of the modes of the extreme wind speed distributions agree closely
with estimates made previously by Davenport (1968) for the Canadian
maritime provinces; there is, however, a significant difference in estimates
of the dispersions;

c) the contours of 30-year return winds are of similar pattern but with values
about 20 mph higher than those given for ground level in the National
Building Code of Canada (NRC, 1970).
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