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EXECUTIVE SUMMARY 

At the request of Ms. Maya Girlando of SOLOLOFT, a pedestrian wind study for the 

proposed 8-storey high residential building development located on 1 Hillside Street 

in Westmount, Quebec was carried out. 

The study was conducted by numerical method (CFD) using a 1:400 model of the 

building and its surroundings. Wind environmental conditions on the sidewalks 

around the proposed building were assessed in terms of peak (gust) and mean wind 

speeds. The following configurations were considered in the study: 

  1. Current conditions 

2. Proposed development 

The model was placed in the middle of the computational domain and wind speeds 

were recorded at 16 ground-level locations. Simulations were performed for 5 wind 

directions in the northeast and southwest quadrants, which are associated with the 

highest wind speeds in the Montreal region. The numerical simulation results were 

subsequently combined with meteorological data from Trudeau Airport in order to 

predict wind speeds statistically expected to be exceeded once per month, on average. 

The wind climate around the complex was assessed for both summer and winter 

conditions. 

Wind Conditions on Adjacent Walkways 

Results indicate that the new complex will not significantly alter the current wind 

conditions at locations accessible to the public. The application of Melbourne’s 

pedestrian comfort criteria indicates generally acceptable conditions for the majority 

of the points surrounding the proposed building of 1 Hillside Street.  

The wind environmental conditions around the proposed development meet, in 
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general, the acceptability criteria of the City of Montreal on the streets and public 

spaces in their vicinity. The Montreal wind bylaw specifies that the mean wind speed 

on main streets should not exceed 14.4 kph more than 15% of the time during the 

winter months. The probability of exceeding the summer wind limit is less than that 

for the winter criterion at each location, due to the larger acceptable wind speed (21.6 

kph) and the reduction in the frequency of high winds for summer months. In 

conclusion, both winter and summer wind environmental conditions around the 

proposed development will be met at all locations. 
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INTRODUCTION 

At the request of Ms. Maya Girlando of SOLOLOFT, a pedestrian wind study for the 

proposed 8-storey high residential building development located on 1 Hillside Street 

in Westmount, Quebec was carried out. A plan view of the development located at the 

corner of Hillside Avenue and Hillside along with its surroundings is shown in Figure 

1. The proposed building will be built in the place where the currently located 

4-storey building is planned to be demolished. At the request of the developer, the 

study was conducted by numerical method (CFD) using a 1:400 model of the building 

and its surroundings. Wind environmental conditions on the sidewalks around the 

complex were assessed in terms of peak (gust) and mean wind speeds.  

The following configurations were considered in the study: 

  1. Current conditions 

2. Proposed development 

The model of the complex was located in the middle of the computational domain 

with a full-scale equivalent radius of 360 m. Environmental wind conditions on 

sidewalks around the building were assessed for five wind directions with the most 

critical being the west-southwesterly and westerly. Selected measurement locations 

are also shown in Figure 1. The numerical simulation model with its surroundings is 

shown schematically in Figure 2. 

GENERAL ASSESSMENT 

In general, buildings will only induce high wind speeds at ground level if a significant 

part of them is exposed to direct wind flows. It is actually the direct exposure to wind 

rather than the building height along that causes the problem. Buildings obstruct the 

high wind speeds occurring at upper levels and deflect them down to the pedestrian 

level. Gaps between buildings are another possible source of high winds at the 
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pedestrian level, since they cause acceleration of the wind for certain wind direction. 

With the state-of-the-art, using numerical simulation to obtain the pedestrian wind 

environment is the most advanced means for the assessment of wind conditions, 

which could provide both various data and velocity counters of any location. 

NUMERICAL WORK AND ANALYSIS 

Peak wind velocities were measured at a total of sixteen ground-level locations in the 

vicinity of the integrated complex as shown in Figure 1. These locations include main 

and secondary streets and open areas that are three building blocks from the proposed 

development. Pedestrian wind data were obtained at a full-scale height of 2 m above 

ground. The reference mean velocity in the wind tunnel at a full-scale equivalent 

height of 300 m, U300, was also considered. The ratio (Ulocal /U300) was determined for 

each wind direction, where Ulocal, is the gust velocity at ground level. The numerical 

results were then combined with meteorological data recorded at Trudeau 

International Airport for a 10-year period in order to predict wind speeds with a 

particular return period for each test location. 

The airport data, consisting of mean hourly wind speeds obtained in open country 

terrain at a height of 10 m, have been used to derive probability distributions of wind 

speed and direction for Montreal. These wind speeds were adjusted to an urban 

exposure at a height of 300 m using the following formulas: 

𝑈!"",!"#$ !"#$%&' = 𝑈!",!"#$%&# !"#$%#&×
300
10

!.!"

 

and  

𝑈!"",!"#$% = 𝑈!"",!"#$ !"#$%&'×
300
450

!.!"

 

since U450,urban = U300,open country. Note that the exposure category refers to the terrain 

several kilometers upwind of the site. 

Probability distributions of wind speed and direction for a suburban exposure at 

height of 300 m are presented in Figure 3 and Figure 4 for summer and winter, 
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respectively. These distributions, which are based on data for daylight hours (0700 - 

1900), indicate that strong winds occur most often from W, WSW and SW directions 

and occur more frequently during the winter than in the summer. The figures also 

show that the probability of strong winds from the NE is relatively high. The 

probability of exceedance [P (>)] corresponding to once per month and once per year 

are approximately 10-2 and 10-3, respectively. Thus, from Figure 4, a westerly wind at 

a height of 300 m is expected to exceed 48 kph approximately once per month during 

the winter. 

Melbourne’s criteria (Ref. 1), shown in Table 1 have been used for the 

characterization of wind comfort conditions at the pedestrian level. The peak wind 

speed acceptable for walking was reduced to 32 kph for the winter months to take into 

account the effect of temperature on pedestrian comfort. As suggested in Ref. 2, the 

summer wind speed should be reduced by one Beaufort number for every 20 deg. C 

reduction in temperature. The second criterion indicates that wind conditions arc 

hazardous if the gust velocity exceeds 83 kph more than once per year. At this wind 

speed, people can be blown over. 
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NUMERICAL RESULTS 

Summary of Pedestrian Wind Climate Data 

Data obtained at selected locations under the current conditions and with the proposed 

development are plotted in polar form in Figures 5 to 8. As suggested in Ref. 1, the 

data are plotted in terms of the velocity pressure ratio (Ulocal /U300)2, where Ulocal is the 

local gust velocity and U300 is the mean wind speed measured at the reference 

full-scale height of 300 m. Melbourne's wind environment criteria for walking 

comfort and extreme hazard in winter conditions have been included in the diagrams. 

These curves were derived from the wind probability distributions shown in Figure 4. 

The velocity pressure ratio and hazardous and walking comfort criteria of different 

locations are shown in Figures 5 to 8. The corresponding velocity contour graph of 

wind direction is shown in Figures 9 to 13. The figures indicate that for all the 

locations, the pressure ratios for all wind directions are below the hazardous criteria. 

However, at certain wind directions of some locations, the measured conditions are 

very close, or even exceed, the walking comfort criteria.  

It should also be noted that the proposed development will improve wind conditions 

at some locations. For example, for winds from the north-easterly quadrant, wind 

speeds at locations 7, 8, 12 and 13 will be reduced after the complex is constructed. 

For the south-westerly quadrant, the building presence will result in lower wind 

speeds at location 2 and 9 among others. 

Tables 2 and 3 summarize the most critical gust wind speeds measured at all locations 

with the present surroundings and with the proposed development for summer and 

winter wind conditions, respectively. The speeds presented are expected to be 

exceeded approximately once per month. The critical wind direction for each location 

is also shown. 

The results indicate that the proposed building will have relatively little effect on the 

pedestrian wind environment. The maximum wind gust expected to occur once per 

month in the winter is approximately 41.85 kph at the northeast of Rue 
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Saint-Catherine. This wind speed is reduced compared with the value of 46.44 kph 

obtained with the current conditions. Other critical locations with significant wind 

speeds seem not to be affected by the proposed development. In fact, as already 

mentioned, the new building may reduce some of these critical wind gusts (e.g. 

locations 2, 7, 8, 9, 12 and 13). 

COMPARISON WITH MONTREAL'S WIND CRITERIA 

The city's wind comfort criteria, specified in Article 39 of the Reglements refondus de 

la ville de Montreal, refer to mean wind speeds rather than gust speeds. The critical 

mean wind speeds, Ulocal, for winter and summer are 14.4 kph (4 m/s) and 21.6 kph (6 

m/s), respectively, and the maximum acceptable probabilities of exceeding these 

values are as follows: 

              Location       Probability of exceedance of Ulocal 

Main Streets 15% 

Secondary Streets 25% 

Parks 10% 

As previously mentioned, the wind tunnel data are expressed in terms or the local 

peak velocity pressure ratio, which is given as (Ulocal /U300)2, where Ulocal is the local 

gust velocity and U300 is the mean wind speed measured at the reference full-scale 

height of 300 m for an urban exposure. Using these data, the local mean velocity 

pressure ratio (Ulocal /U300)2 is obtained by assuming that the peak velocity is two 

times the mean value. Ulocal (see Art. 38.5). Given the probability of exceedance of 

U300, the probability of exceedance of any local mean wind speed - in this case, 14.4 

kph (4 m/s) for winter conditions - can be determined for each wind direction. The 

total probability of exceedance is obtained by simply adding the probabilities 

determined for each wind direction. 

Taking the wind direction W of location 5 as an example, the probability calculation 

process is demonstrated. The gust velocity pressure ratio obtained at location 5 with 
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the proposed development for westerly wind is 0.7433, taking the square root of 

pressure ratio and dividing by 2 gives the local mean velocity ratio of Ulocal /U300 = 

0.4311. Setting Ulocal equal to 14.4 kph gives the critical reference velocity of U300 
= 

33.403 kph for this wind direction. Based on wind speed data from Trudeau Airport, 

the probability of exceedance of this wind speed during daylight hours (0700-1900) in 

the winter months (November-April) is approximately 0.04923 (4.92%). Following 

this procedure for the other evaluated wind directions gives a total probability of 

occurrence of 0.0544 (5.44%). For the wind directions not directly evaluated, the 

probability of Ulocal >14.4 kph is expected to be very small — of the order of 1%. 

Thus, the total probability of Ulocal >14.4 kph at location 5 is approximately 6.44%, as 

shown in Table 4. Consequently, the Montreal winter criterion for wind comfort on 

main streets （Ulocal >14.4 kph less than 15 % of the time) is satisfied at location 5. 

Table 5 summarizes the total probabilities of exceedance for the rest of the examined 

locations. Considering the Montreal City criteria (winter conditions), there is no 

case exceeding the “Main Streets” 15% criterion and no case exceeding even the 

“Parks” stricter criterion of 10%. As can be seen from Table 5, the pedestrian wind 

condition of the most unfavorable location 7 has actually improved after the proposed 

development.  

The preceding example illustrates that strong winds at ground level are not likely to 

occur for a given wind direction unless (Ulocal /U300)2 is large and the probability of 

strong winds from that direction is also large. 

Regarding the wind comfort criterion for the summer months, the analysis of the data 

shows that this criterion will also be met at all locations. Due to the larger acceptable 

wind speed (21.6 kph) and the reduction in the frequency of high winds for the 

summer months, the probability of exceeding the summer criterion is less than that for 

the winter criterion at each location. 

Regarding the city's criterion concerning hazardous wind conditions (Art. 40. 

Reglements refondus de la ville de Montreal), the wind conditions around the 

proposed development were found to be fully acceptable. The wind tunnel results 
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show that predicted gust speeds with a probability of exceedance of 0.01 (once per 

month) are well below the criterion of 72 kph (20 m/s) at all measurement locations 

— see Tables 2 and 3. 

Finally, it should be recalled that the anticipated wind speeds are based on statistical 

expectations and actual wind conditions during a particular storm may be different. 

Future building developments in the surrounding area may also affect the pedestrian 

wind environment, but this has not been considered in the present study. 
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Figure 1 Plan view of proposed development location showing measurement locations 
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Figure 2 Model in numerical simulation
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Figure 3 Probability distributions of hourly mean wind speed at 300m over Montreal 
for daylight hours during the summer (derived from a 10-year record of wind data 

obtained at a height of 10m at Trudeau International Airport) 
 
 

 
Figure 4 Probability distributions of hourly mean wind speed at 300m over Montreal 

for daylight hours during the winter (derived from a 10-year record of wind data 
obtained at a height of 10m at Trudeau International Airport)
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Figure 5 Velocity pressure ratios measured for critical wind directions at locations 1, 
2, 3, 4.
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Figure 6 Velocity pressure ratios measured for critical wind directions at locations 5, 
6, 7, 8.
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Figure 7 Velocity pressure ratios measured for critical wind directions at locations 9, 
10, 11, 12.



	 17	

                      
   

      

      
 
Figure 8 Velocity pressure ratios measured for critical wind directions at locations 13, 
14, 15, 16.
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(a) Present conditions 

 

(b) Proposed development 

Figure 9 Velocity nephogram and vector graph of wind direction NNE
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(a) Present conditions 

 

(b) Proposed development 

Figure 10 Velocity nephogram and vector graph of wind direction NE
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(a) Present conditions 

 

(b) Proposed development 

Figure 11 Velocity nephogram and vector graph of wind direction SW
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(a) Present conditions 

 

(b) Proposed development 

Figure 12 Velocity nephogram and vector graph of wind direction SWW
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 (a) Present conditions 

 

(b) Proposed development 

Figure 13 Velocity nephogram and vector graph of wind direction W



	 23	

Table 1 Melbourne’s pedestrian comfort criteria (Ref. 1) 

Wind Condition Ulocal P(>Ulocal) 

Acceptable for walking 

summer 48 kph 0.01 (once per month) 

winter 32 kph 0.01(once per month) 

Hazardous 83 kph 0.001 (once per year) 

 

 

 

 

 

Table 2 Maximum wind speeds expected in the winter at the various locations with an 
exceedance probability of once per month. 

Location 1 2 3 4 5 6 
Present 

Conditions 
Ulocal (kph) 22.82  14.15  21.28  31.15  43.69  30.54  

Wind Direction W SW NNE WSW W W 
Proposed 

Development 
Ulocal (kph) 26.11  33.79  23.46  33.43  41.38  18.76  

Wind Direction W W NNE WSW W NNE 
 

Location 7 8 9 10 11 12 
Present 

Conditions 
Ulocal (kph) 46.44  23.53  23.41  22.77  31.03  29.60  

Wind Direction W NNE NNE NE W NNE 
Proposed 

Development 
Ulocal (kph) 41.85  25.75  25.24  21.44  20.51  34.49  

Wind Direction W NNE NNE NE SW NNE 
 

Location 13 14 15 16 
Present 

Conditions 
Ulocal (kph) 13.80  19.65  24.29  24.93  

Wind Direction NE NNE NNE NNE 
Proposed 

Development 
Ulocal (kph) 23.99  18.11  26.48  23.29  

Wind Direction NNE NNE NE NNE 
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Table 3 Maximum wind speeds expected in the summer at the various locations with 
an exceedance probability of once per month. 

Location 1 2 3 4 5 6 
Present 

Conditions 
Ulocal (kph) 17.59  13.77  18.84  23.05  33.68  23.54  

Wind Direction W SW NNE WSW W W 
Proposed 

Development 
Ulocal (kph) 20.13  26.04  20.76  24.74  31.90  16.61  

Wind Direction W W NNE WSW W NNE 
 

Location 7 8 9 10 11 12 
Present 

Conditions 
Ulocal (kph) 35.79  20.83  20.72  15.81  23.92  26.21  

Wind Direction W NNE NNE NE W NNE 
Proposed 

Development 
Ulocal (kph) 32.26  22.80  22.34  14.89  19.96  30.53  

Wind Direction W NNE NNE NE SW NNE 
 

Location 13 14 15 16 
Present 

Conditions 
Ulocal (kph) 9.58  17.39  21.51  22.07  

Wind Direction NE NNE NNE NNE 
Proposed 

Development 
Ulocal (kph) 21.24  16.03  18.39  20.62  

Wind Direction NNE NNE NE NNE 
 
 
 
 
 
 

Table 4 Total probabilities of exceedance (Ulocal>14.4 kph) for location 5  

Wind 
Direction 

(Ulocal/U300)2 Ulocal/U300 Ulocal/U300 U300(kph)  

@Ulocal=14.4 
kph 

Probability 
 (Ulocal >14.4 

kph) 
NNE 0.0551 0.2348 0.1174 122.636 9.49E-07 
NE 0.1199 0.3462 0.1731 83.167 0.000139 
SW 0.3083 0.5552 0.2776 51.866 0.003306 

WSW 0.1681 0.4100 0.2050 70.239 0.001727 
W 0.7433 0.8622 0.4311 33.403 0.049232 

Other 
Direction 

 0.01 

 0.0644 
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Table 5 Total probabilities of exceedance (Ulocal >14.4 kph) for present conditions and 
with the proposed development. 

Location 1 2 3 4 5 6 
No Building 0.0125  0.0111  0.0213  0.0274  0.0776  0.0322  

With Building 0.0160  0.0321  0.0310  0.0299  0.0644  0.0140  
 

Location 7 8 9 10 11 12 
No Building 0.0927  0.0193  0.0222  0.0145  0.0258  0.0282  

With Building 0.0701  0.0249  0.0275  0.0140  0.0162  0.0430  
 

Location 13 14 15 16 
No Building 0.0103  0.0168  0.0184  0.0210  

With Building 0.0182  0.0220  0.0280  0.0259  
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