Determining Wind Loads on Towers in Canada

Wind loads are a significant component of loading on slender structures such as communication towers.
Assessing the wind for a tower site is made complicated since it is highly variable geographically, and
the vertical profile of wind is a function of terrain and topographic influences at the site which need to
be taken into account.

S37-18 Section 5.3.2.2 references site-specific winds as follows:

Site specific wind velocity pressure profiles shall be obtained from Environment and Climate
Change Canada (ECCC) or other qualified atmospheric scientists or wind engineers using
appropriate wind historical data.

Appendix E.2.1 then lists the available sources of the meteorological data:

The reference wind speed is obtained by thorough assessment of the wind climatology of the
region. It is provided by reference to Table E.1 of this Standard or Table C-2 in Appendix C,
Division B of the National Building Code of Canada. Alternatively, historical wind data for
extended periods in nearby locations, and onsite wind measurements whenever available, may
be processed for the determination of reference wind speed using an appropriate extreme
statistical method. The extended wind data must be quality controlled for wvalidity and
completeness and adjusted for averaging time, anemometer height, and terrain exposure of the
anemometer.

Section 5.3 provides methods for the calculation of the reference pressure Qh for the case where there
is no topographic influence, but does not specify how to calculate the height factor Qe and hence Qh in
cases where the tower is close to a large body of water or where there are topographic influences. This
then requires a site specific assessment.

Main issues with the ECCC “site-specific” analysis

1 Using a mapped wind as provided by S37 Appendix E does not provide a site specific Reference
Wind, because the maps are based on a limited number of stations covering all of Canada, and are
smoothed out by contouring and generalized so they wash out local anomalies. Additionally, the
statistics used for determining the 50 yr return wind assume constant shape and variance of the tail of
the wind distribution across the entire country, which has been shown to be a poor assumption.

For example the Kelowna reference wind in S37 App E is 55 mph whereas the hourly data over 45
years of record at the Kelowna airport shows a maximum observation of the sustained wind of 43 mph
and a 50 yr return Reference Wind of 41 mph. In this case the mapped wind is a 34% over-statement in
wind speed, or an 80% over-statement of pressure.

2 The Environment Canada site-specific analysis uses an equation based on the Taylor & Lee Simple
Guidelines to calculate the speedup by hills and ridges. The form of the equation they are using is not
correct since it was derived from a log profile formulation (as seen in the Qh equation of Table 1
below) but substitutes a power law form for the profile part, which can cause physically impossible
profiles with height in cases where the terrain on the hill slope is significantly smoother than the terrain
on approach to the hill. It also distorts the analysis because the power law exponent is specified for
only 3 terrain categories rather that the continuous roughness assumed in the derivation of the equation.



The effect of this is to produce wind profiles which decrease with height from the ground up. If the
equation can lead to such physically impossible values, then it can’t be trusted for other situations
either.

Users of the ECCC site specific report generally assume that the report is not subject to error and
cannot be challenged. This is in fact an incorrect assumption as indicated by the disclaimer included
within every report:

Environment Canada has not made and does not make any representations or warranties, either
expressed or implied, arising by law or otherwise, respecting the accuracy of recommended climatic
information. In no event will Environment Canada be responsible for any prejudice, loss or damages
which may occur as a result of the use of design wind pressure recommendations

3 The Environment Canada site specific report references the 50 yr return ice accumulation value at the
nearest location from Appendix E, and states that this value is valid for open terrain conditions
unaffected by proximity to lakes or mountains. For elevated terrain in cold regions the EC report will
indicate that the user should obtain the help of consultants such as ICE Inc to calculate the potential for
enhanced glaze icing or for rime icing or get the help of knowledgeable local Tower operators.

S37 provides a map of expected glaze ice accumulation and provides a power law factor for calculating
the icing variation with height. It identifies some geographic areas where icing values would exceed the
mapped values and where the presence of hills and ridges would produce greater accumulations than
the mapped values but it does not provide procedures to calculate the icing under these conditions. S37
also identifies the potential for extreme rime icing but does not provide procedures to quantify rime
icing.

4 The ECCC report provides no explanation for the specific parameter values which it determines as
input for the local wind equation to represent the conditions at the site, which can hide
misrepresentation of the actual situation. This can take the form of failing to account for presence of a
hill, or ignoring the influence of a large lake, which can produce very low velocity pressure return
values compared to the actual situation.

If the user of such a report has no means of reassuring himself that the correct situation is being
represented then he is left in the situation of bearing responsibility for erroneous design decisions.

What steps should you consider to address these issues?

Issue 1 can only be solved by using hourly weather observations at the nearest airport with a long
record of data and performing the extreme event statistics to obtain the 50 yr return projection for the
site. This is the approach adopted by ICE Inc. for its standard Site Specific assessment.

In this approach the worst case wind speed is then applied to the worst case topographic and terrain
condition for the site to produce the expected 50 yr return wind profile, which in some cases produces
significant over-estimate of the pressure. In such cases ICE Inc can provide a directional assessment
where wind statistics are carried out for each of eight sectors at the tower site and used with the sector
specific terrain and topographic conditions to produce the wind profile by sector. This avoids the over-
estimate produced when applying the worst case wind to the worst case topographic condition.



For Issue 2 the ICE Inc site specific uses the same Simple Guidelines referenced by ECCC but does not
adopt a single equation and a power law profile as done by Environment Canada, allowing for separate
adjustments for terrain changes, with several changes in terrain, and adjustment for topographic speed-
up. Using continuous roughness and the logarithmic law there is no need to determine the power law
exponent by interpolating from the three ASCE7 terrain category exponents.

ASCEY7 and TIA also use the power law for 3 terrain categories, but then allow for interpolation for
terrain between 2 categories. ECCC site specific does this by interpolating the exponents rather than the
resultant profiles.

For Issue 3 the S37 Appendix E states that the mapped ice loading can be greater than indicated on the
mabp, and lists some areas and conditions where much higher icing can occur. In such situations it is
necessary to use the hourly meteorological data at the nearest Airport in order to model the glaze and
rime icing on an hourly basis when the observations indicate the conditions for occurrence and the
weather reports indicate icing observed.

The procedure determines the duration of the event and performs accumulation of the ice on structures
over the period of the event and until the melting conditions have completed. The accumulated ice and
maximum wind over the entire event are then analyzed statistically over the 40 year or longer period to
produce 50 year return icing values and the companion wind value to be used in design.

Issue 4 can be solved by complete reporting of the site location, site terrain and topographic conditions,
the data used in the derivations, and the results so that the user can verify that the situation was
properly handled and so that the regulators can validate the data sources and approach where
warranted.

As an example of how such verification can be accomplished, the EC report for a tower in BC
presented the analysis shown in Table 1. This produces a 50 yr return pressure of 537 Pa at 10 m height
on the tower.

Table 1 ECCC Site Specific equation
Wind Pressure Formula (for z in metres and result in Pa):

Q n=0.12919 {[0.4856 e (%222 1 1.0000 In(z/0.7000) / In(z/0.7000)] 43.72} 2 (2/10) °>3%°

Profile Formula General Form:

Q1n=0.12919 {Jaze (¥ ? + asin(z/z n) / In(z/z 01)] v 01} ? (2/10) ®3%°

Site Values of Coefficients:
a1=0.4856, a 2= 0.0023, a 3= 1.0000, z n=0.7000, z 01 = 0.7000, v 01 = 43.72 mph

Ice Inc. also performed a site specific analysis for the site and determined that the maximum slope hill
is 230 m in height with a half-width of 360 m, the basic wind from the nearest airport is much lower
than the map wind of the ECCC analysis, and the roughness is 0.35 rather than the full forest value.
This produces a pressure for 50 yr return at 10m height of 320 Pa.



Using the ProfCode application provided by Sophware to decipher the topographic situation being
modelled by Environment Canada in the report, it turns out that the above equation represents most
likely a 530 m hill with a hill length of 1740 m at the half height (this assumes that the tower is on the
crest of the hill). This can’t be right because there is no hill higher than 250 m for any direction at this
site. If the engineer were given this information he could quickly determine that the situation is
misrepresented by the equation (i.e. one or more parameters are wrong).

The ProfCode application can also be used to perform the calculation of Qh according to the ECCC
equation as well as a corrected equation which retains the logarithmic profile as provided in the Simple
Guidelines. It should be noted that the ECCC equation is not referenced in the S37, but was created by
ECCC to allow them to provide “site specific” assessment. The ECCC determines the roughness
lengths required and the topographic type, H and L that are input to the equation. ProfCode provides a
program which determines the roughness length from Land Use/Land Cover mapping of North
America at 30m resolution. Google Earth Pro provides elevation data surrounding the site which can be
used to determine the H and L parameters for the hill, ridge or escarpment.

In the ICE Inc standard reports the location of the site and tower is shown in maps and photos, the data
sources and situation being modelled are presented, the wind and velocity pressure as well as icing
profiles are provided graphically and as tabulations, and spreadsheet readable csv files of the profiles
are also provided for use in tower design programs.

For the directional reporting, a much more detailed report is required in order to justify the approach
and data for the user. This includes a sector based analysis of the airport roughness and necessary
adjustment of the wind profile at the airport. Detailed analysis of the roughness using land use/land
cover data at 30 meter resolution to establish the profile of wind at the tower site for each sector, and
Google Earth Pro elevation data analysis to establish the best topographic characterization of the Tower
site for each sector.

For more discussion on the issues listed above please consult the www.ice-inc.co web site and the links
below:

https://www.ice-inc.c0/2020/02/05/what-is-a-site-specific-wind-assessment/

https://www.ice-inc.co/wp-content/uploads/2020/02/ICE-Site-Specific-vs-EC.pdf

https://www.ice-inc.c0/2024/05/29/evaluation-of-the-checkwind-application-methods-for-wind-profile-
determination/

https://www.ice-inc.co/wp-content/uploads/2024/05/checkwind review-1.pdf

https://www.ice-inc.c0/2024/03/12/environment-canada-site-specific-equation-results-are-a-black-box-
to-the-user/

If you have any questions or comments about the above please contact

Boris Weisman, PhD
Vice President-Meteorology, Ice Inc.
e: boris@ice-inc.co
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