Determining Wind Loads on Towers in USA

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.

ASCE7-22 Section 26.5.1 Basic Wind Speed and Section 26.5.2 Special Wind Regions reference the
ASCE7 Hazard Map available online for determining the Basic Wind for a selected site.

ASCE7-22 Section 26.5.3 Estimation of Basic Wind Speed from Regional Climatic Data provides for
the option of using local meteorological observations in order to derive a Basic Wind in areas outside
of hurricane-prone regions.

Sections 26.7 to 26.10 provide methods to adjust the Basic Wind for terrain and topography (hills,
ridges, escarpments) in order to determine the expected wind velocity pressure at the site of interest.

Issues that the Code does not address

1 Using a mapped wind as provided by the Hazard Map does not provide a site specific Basic Wind,
because the map is based on a limited number of stations covering the country, and the projected values
are smoothed out and contoured so they wash out local anomalies.

This is why the map designates special wind regions (mostly mountainous terrain) where the map
values may not adequately reflect the magnitude of the Basic Wind. There are also many regions where
the local winds are much lower than indicated on the map, but the map does not specifically designate
these regions.

Performing site specific wind analysis also permits the generation of directional statistics for winds
within 45 degree sectors. These directional Basic winds can then be used with the directional terrain
and topography determination to calculate adjusted winds for the site for each sector, which avoids the
problem of over-stating impacts by the Code prescription that the worst wind must be assumed to occur
for any direction.

2 The 2022 revision of ASCE 7 made a long-overdue change to the criteria for considering terrain
speed-up of wind. The 2016 revision in Section 26 8 set out 5 criteria for determining whether an
abrupt change in topography would be considered in calculating the speed-up factor Kz.. Effectively
these criteria were interpreted to mean that an engineer was not required to calculate a speed-up factor
for non-isolated hills.

This requirement for dealing only with isolated hills was not supported by experimental measurements.
In fact, the Simple Guidelines on which the ASCE 7 speed-up equations in Section 26.8 were based
provides the methodology for accounting for speed-up on non-isolated hills or ridges, so called
undulating or rolling terrain. Physically, wind flowing over a shadowed hill downwind of a similar
sized hill will experience a speed-up, but the magnitude of the speed-up will be reduced from that
experienced by the upwind hill due to the loss of energy in the flow field.



By dropping the isolated hill criterion without changing the equations for the rolling hill condition, the
2022 revision of ASCE7 will over-state the effect in rolling terrain situations.

3 The terrain and topography calculations in ASCE7 as well as TTA 222 use 3 categories for terrain
classification and a power law form for the wind profiling. This severely limits their ability to
accommodate to complex situations, and forces the user to make inappropriate decisions.

As a simple example, a client requested the extreme wind profile for a 300’ tower located in a
residential area of Chicago at a distance of less than 3000 ft from the Lake Michigan shoreline. The
Code classifies this site as D category, requiring the analysis to use winds appropriate for over-lake
conditions.

As there are no observing sites at or on the lake with long term hourly records with complete
observational data, the analysis must use airport data from the nearest airport which is 7 miles inland
from the shore. But the airport winds reflect the adjustment over the 7 mile fetch before being
registered at the 33 ft level at the airport, so it does not represent the conditions at the shoreline. or at a
distance of 3000’ from the shoreline. However, at the 300’ foot height, the wind profile will reflect the
conditions over the lake.

It is of course possible to use the D category winds for the tower in order to be on the conservative side.
But if the tower were of 150’ height then it is entirely in the modified flow region having a profile
representative of Category B, meaning that the over-lake wind would over-state the wind at the site.

4 The ASCE7 Hazard map provides the 500 yr return ice accumulation value and states that this value
is valid for open terrain conditions unaffected by proximity to lakes or elevated terrain. For elevated
terrain in cold regions the accumulation can be 2 or 3 times the value referenced in the map.

The ASCE?7 recognizes that there are regions within the US where the icing accumulation is highly
variable, meaning that the map has averaged out any local weather variations and may not represent the
best estimate of icing.

The Hazard map does not provide any guidance for rime icing which can become a problem for
mountainous regions and for very tall towers.

ASCE?7 provides a prescription for calculating the increase in ice accumulation with height whereby the
wind profile escalation profile with height is used to the 0.35 power as the escalation factor to be
applied to the Hazard map 500 yr return ice value.

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 as well as 500 yr and 700
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 used for the ASCE7 formulation
of speedup but includes the rolling terrain specification. This allows it to deal with the cases now
required by ASCE7 22 but with correct parameters for the second hill or ridge in a range, thus avoiding
the over-estimation of the speed-up, which can amount to a 15% difference in the speed. The 15%
reduction in wind speed translates to a 35% reduction in wind pressure.

An alternative available at present to the telecommunications industry is to use the TIA 222 I version
which explicitly uses the rolling terrain parameters and still uses the 3 categories of terrain. The
ProfCode application available from Sophware can also be used to calculate the profile using the TIA
222-1 method in order to avoid the large over-statement of speed up.

For Issue 3 there is a need to recognize that a change in surface roughness on the fetch to the tower site
necessarily results in a wind profile which is a composite of two or more layers each described by a
different power law exponent. For short structures this is not an issue since they are subject to winds in
the lowest layer which reflects the fetch roughness for the closest half mile to one mile of the site.
However, for 200 ft and taller structures the engineer is forced to determine the winds for two different
descriptions and then choose the worst one. The alternative, as used for example in the ICE site specific
assessment, is to create the profile by allowing for changes in the roughness on the fetch to the site.
This requires the use of the continuous roughness and the logarithmic wind profile description of the
lower atmospheric layer.

For Issue 4 the use of local meteorological data on an hourly basis over a 50 year period is the best way
to ensure that representative glaze icing and rime icing accumulation and companion wind are
calculated.

The ICE Inc assessment of glaze icing uses the hourly observations at the nearest Airport or other full
observing site for a 40 to 50 year period. The data is used to perform a statistical analysis of the wind
record to produce 50 yr, 500 yr and 700 yr and higher return wind profile including terrain and
topographic effects.

The precipitation and weather observations are then used for each hour to detect freezing rain events
and perform the same calculations as used for the Hazard Icing Map to calculate the icing amount
potential for each hour of the event and perform the accumulation over the duration of the event up to
the melting time as well as the hourly wind for the same hour.

A statistical analysis is then used to determine the 500 yr return accumulation over the events, and the
statistics of the maximum wind as the companion wind. The statistics is performed separately for up to
5 or 6 heights depending on the height of the tower to provide the profile of icing.

A separate process uses the hourly weather and cloud base observations to determine the potential for
rime ice accumulation at a number of heights on the tower for identified events of in-cloud icing using
the ISO 12494 recommendation to calculate the amount of rime ice accumulation.



For more in depth 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

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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