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Presenter
Presentation Notes
In this talk, I will first overview the steps and procedures of our method. Then, I will discuss 3 key aspects in our methodology.  These includes the reference wind speed, the effects of surface roughness and topography, and the variable power law exponent in use for profiling the speed in the vertical.  Finally, questions and comments are welcome after the talk.
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ECCC Process Overview - 1 

1. The requested tower site is located to the nearest 
second of latitude and longitude on Toporama - 
NRCan’s topographic map web service 
(http://atlas.nrcan.gc.ca/toporama/en/index.html) 

2. The wind speed corresponding to the regional 50-year 
return period design wind pressure (QNBC) value is 
determined for the site by comparison with the values 
listed in Table C-2 of the National Building Code of 
Canada (NBCC), and using other climatological wind 
information at hand. 

Presenter
Presentation Notes
So let’s review ECCC’s process of making recommendations for site-specific wind pressures.  Step 1, the requested..

http://atlas.nrcan.gc.ca/toporama/en/index.html
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ECCC Process Overview - 2 

3. An assessment is made of the tower site considering: 
1. Roughness (open, forest, urban, etc.) 
2. Terrain features (3D hill, ridge, escarpment, etc.) 

4. The wind direction that will produce the greatest speed-
up is chosen.  (Note: there are a very few exceptions to 
this case.  In the foothills due to Chinooks and on Cape 
Breton near Grand Étang due to Suete winds.) 

5. The NBCC regional wind speed is adjusted for both 
roughness and terrain effects for wind direction that 
produces the greatest increase relative to QNBC.  
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ECCC Process Overview - 3 

6. The Qh is calculated and its profile, along with those 
of QNBC and QMIN are plotted.  The exponent used for 
QNBC and QMIN  is 0.2 whilst the exponent for Qh 
depends on the roughness.  The determination of the 
exponent will be discussed later in the presentation.  

7. Notes: 
1. A wind pressure value lower than QMIN is never 

recommended by ECCC. 
2. The ECCC 10-metre wind pressures are generally 

conservative because the direction of maximum wind very 
often does not line up with the direction of maximum speed-
up. 
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ECCC Process Overview - 4 

6. Notes (con’d): 
3. New recommendations are compared with previous, nearby 

recommendations, including the QNBC values in the NBC 
Table C-2, to ensure consistency over time. 

4. Temporal consistency is not always maintained.  If the 
NBCC change with the publication of a new edition (as 
happened with the 2010 NBCC) or provisions in S37 
change, then any new site-specific Q recommendations will 
change accordingly. 
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How NBCC Wind Values are Determined - 1 

• The NBCC winds were completely recalculated for the 
2010 NBCC. 

• A comprehensive review was made of all available wind 
data and site information.  In some cases anemometers 
had been placed on roofs or were of heights other than 10 
metres.  (One case, long since dealt with, the anemometer 
was on top of a lighthouse.) 

• Annual maxima were then used to calculate the return 
period values using Gumbel.   

• Gumbel is widely used (in the NBCC, various other CSA 
standards, and our IDF curves).  
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How NBCC Wind Values are Determined - 2 

• Other distributions have been considered but, on balance, Gumbel  
has been found to give reasonable results.  

• ECCC does not use monthly maxima because they do not meet our 
criteria that they be independent and identically distributed. 

• In both cases below the August average wind speed was only ~70~ 
of the January Average.   

 
 
 
 

• There is a variation in the monthly extreme values too. 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
St. 

John's 26 25 24.2 21.3 19.7 19.6 19.2 18.3 19.5 21.5 22.9 25.2 

Ottawa 14.6 14.3 14.4 15 13.1 11.4 10.7 10.2 11.1 12.7 13.8 14.2 
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Effects of roughness and topography - 1 

• Gradient wind, Vg, is the speed of 
the free atmosphere 

• When winds flow over a flat surface, 
the speed at the ground must be 
zero due to boundary condition 

• The wind speed increases in the 
vertical until reaching Vg 

• The boundary layer wind field can 
be approximated by  

– the log law 
– the power law 

• Power law used by ECCC, 
Static Procedures in NBC and 
S37 
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Effects of roughness and topography - 2 

• Consider winds from location 1 to location 
2, i.e. from SMOOTH to ROUGH terrains 

• Due to increased surface drag, winds at 
location 2 must be SLOWER than location 
1, resulting in the rise of streamlines 

• The expansion of streamlines causes 
– an increase in the boundary layer 

height from δ1 to δ2 
– an increase in the power law exponent 

so that the wind speed can rise faster 
in the vertical; otherwise, it cannot 
catch up the gradient wind at the top 
of the boundary layer. 

• Vg, δ specified in ECCC’s method to 
be discussed later. 
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Effects of roughness and topography - 3 

• Two causes for the wind speed to increase at the hilltop 
– Hills restrict the passage of wind, causing the streamlines to rise and 

converge on the windward slope. 
– The height of hills brings gradient wind closer to surface, resulting in a 

reduction of δ, and an increase in the velocity within the boundary layer 
• The amplification factors employed by ECCC’s method are based on 

research results of Taylor and Lee (1984).  These factors are similar to the 
parameters proposed in the Static Procedure of NBCC 2010 (Commentary 
I). 
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ECCC’s implementation of variable exponents – 1 

• S37-13: 

 
 
 

• ECCC Variable Exponent Method: 

 

Exposure: Open Rough 
Gradient wind pressure 

Qg 

2QNBC 

Power law exponent, α 0.2 0.3 

Gradient wind height 
δ  (m) 

320 397 

Z01  (m) 0.05 0.2 0.4 0.6 0.8 
Qg 2QNBC 

α 0.2 0.242 0.274 0.298 0.319 

δ  (m) 320 356 378 396 408 

Surface Reference 
Rural 

Wooded 
Country 

Towns Cities 

BC Forests 
Boreal Forests 

Presenter
Presentation Notes
We can therefore express the wind pressure profile by a power law with 3 input parameters, the gradient wind pressure, the gradient wind height and the exponent.  Equations in S37-13 when cast in this form of expression, the gradient wind pressure is a constant TWICE of Qnbc while the exponent is 0.2 or 0.3 and gradient wind height at 320 m or near 400 m depending on the type of exposure considered. The EC method uses surface roughness length to quantify the roughness characteristics.  The power law exponent GRADUALLY increases from 0.2 to near 0.32 and the gradient wind height from 320 m to slightly above 400 m for increasing surface roughness represented by open country to heavy forests, respectively.  
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ECCC’s implementation of variable exponents – 2 
Q(z) = QNBC Ce 
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ECCC’s implementation of variable exponents 
- 3 

• The ECCC’s basic wind profile is adjusted to the surface roughness 
in a continuous manner according to the roughness length, z01.   

• In contrast, S37-13 has only 2 discrete classes for representing the 
surface roughness, resulting in 2 basic wind profiles for open and 
rough exposures. 

• The ECCC’s basic wind profile corresponds to the open exposure 
when z01=0.05 m, to the rough exposure when z01=0.62 m, at the 
high end of the possible range of z01. 

• The power law exponents (0.2 to 0.32) are appropriate choices for 
WIND-GUST pressures.  The wind gust referred to lasts about 3 to 5 
seconds and represents a parcel of wind, which is assumed to have 
an effect over the whole structure of a typical tower. 
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Future work 

• Evaluation of other statistical methods. 
• Revisit the application of the gust factor.  The gust factor 

should only be applied to the mean wind not the sped-up 
wind.  The current implementation could result in higher 
wind pressure values. 

• Incorporation of climate change effects. 
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Comments / Questions 

• ?? 
 

• For additional comments or questions, 
contact Ka-Hing Yau at 
kahing.yau@canada.ca 

mailto:kahing.yau@canada.ca

	ECCC’s Site-Specific Wind Pressure Analysis Methodology
	Contents
	ECCC Process Overview - 1
	ECCC Process Overview - 2
	ECCC Process Overview - 3
	ECCC Process Overview - 4
	How NBCC Wind Values are Determined - 1
	How NBCC Wind Values are Determined - 2
	Effects of roughness and topography - 1
	Effects of roughness and topography - 2
	Effects of roughness and topography - 3
	ECCC’s implementation of variable exponents – 1
	ECCC’s implementation of variable exponents – 2�Q(z) = QNBC Ce
	ECCC’s implementation of variable exponents - 3
	Future work
	Comments / Questions

