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2 Victoria Transport Interchange 2: Wind Environment

Executive Summary

This report describes a study of the environmental winds around the proposed Victoria Transport
Interchange 2 (VTI2) development in London. This study was commissioned by Land Securities. The
objective of this work was to assess the pedestrian level wind conditions around four phases of the
proposed VTI2 scheme, and the existing baseline site.

The VTI2 scheme is subject to three separate detailed planning applications. Despite the submission of
three separate planning applications, the Applicant is only seeking permission for one of four possible
6Devel opment Scenariosé6, which will be Iinked by
combination of both, as follows:

Scenario 1 comprises Buildings 5, 6a, 6b, 7a, 7b and 7c; Building 6a removed to create Scenario 2;
Buildings 7b and 7c removed to create Scenario 3; Buildings 6a, 7b and 7c removed to create Scenario 4.
Note that for scenarios 3 and 4, existing buildings 3-7 Bressenden Place and 120 to 124 Victoria Street
were retained.

A 1:250" scale wind tunnel model of the proposed development and its surroundings was manufactured for
the purposes of this study. An atmospheric boundary layer was simulated at the appropriate scale in the
upstream fetch of the wind tunnel. Measurements of mean and gust wind speed were made around the
existing site and the four scenarios of the proposed VIT2 development scheme.

This report describes the methodology used, and the findings of the BRE wind tunnel environmental wind
investigation. The study produced the following findings:

e For the baseline scheme, the majority of the VTI2 site and the surrounding areas have wind
conditions that are suitable for any intended pedestrian activity. There are a few locations around
Bressenden Place and Portland House that have wind conditions that are not suitable for Long-
Term Sitting or Entrance Doors, but these locations are suitable for Pedestrian Walking and
Business Walking.

e For Scenarios 1-4, the wind conditions around the VTI2 site and its surroundings were found to be
suitable everywhere for Pedestrian Walking and Business Walking. There are a few locations
around Bressenden Place and Portland House that have ground level wind conditions that are not
suitable for Long-Term Sitting or Entrance Doors.

e For Scenarios 1-4, the wind conditions at the balconies and roof terraces tested are suitable or any
intended pedestrian activity, including Long-Term Sitting and Entrance Doors.
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Victoria Transport Interchange 2: Wind Environment

Comparing the VTI2 Scenarios 1-4 results with the existing baseline wind conditions, the majority of
the VTI2 site and surroundings have similar conditions. Therefore the wind impact at these
locations is likely to be negligible.

For all scenarios there are a few ground level locations where the VTI2 scheme is likely to increase
the wind. These locations include location 31, a few locations to the North-East of the site, and
locations 77 and 79 next to Portland House.

Taking into account the intended pedestrian usage, the wind conditions at all of the locations
around the proposed VTI2 scheme are suitable for their intended purpose. However the testing has
shown that for all scenarios the VTI2 scheme is likely to have an adverse wind impact at

locations 77 and 79.

For Scenarios 1-4, the perceived wind conditions everywhere around the site and surroundings are
practically the same. However, the results show that the Scenario 3 scheme tends to increase the
wind slightly in the area around Bressenden Place and Portland House.
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5 Victoria Transport Interchange 2: Wind Environment

Introduction

A proposal (Ref[1]) was sent by Gordon Breeze to Nigel Earp at Land Securities to study the environmental
winds at particular locations of interest around the proposed Victoria Transport Interchange (VTI2)
development in London. The proposal was revised to incorporate testing of a baseline (existing site)
scheme including Abford House, as described in Ref[2]. The redevelopment of Abford House is located
approximately 50m south of the Development Site, and at the time of undertaking this assessment it was
largely constructed. Therefore, the new Abford House scheme was included within the baseline conditions
surrounding the Site. In response to this revised proposal, Land Securities commissioned BRE to undertake
a wind tunnel investigation of the environmental wind conditions.

Four phases of the VTI 2 devel opment4d@e,r ead ewdleld g etf te
configuration. The four Scenarios are shown in Figure 1, with the proposed building massing shown in grey.

In summary: Scenario 1 comprises Buildings 5, 6a, 6b, 7a, 7b and 7c; Building 6a removed to create

Scenario 2; Buildings 7b and 7c removed to create Scenario 3 (note that existing buildings 3-7 Bressenden

Place and 120 to 124 Victoria Street were retained); Buildings 6a, 7b and 7c removed to create Scenario 4

(note that existing buildings 3-7 Bressenden Place and 120 to 124 Victoria Street were retained).

The objectives of this work were:
e To assess the pedestrian level wind conditions around the baseline site
A For Scenarios 1-4, to assess the pedestrian level wind conditions around the proposed VTI2 site.
A To investigate balcony and roof terrace wind conditions.

This report describes the methodology used, and the findings of the BRE wind tunnel environmental wind
investigation.
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6 Victoria Transport Interchange 2: Wind Environment

The model

The linear scale of the wind tunnel model was 1:250. The model was constructed on a circular baseboard
of diameter 1.75m, with the development located near to the centre of the baseboard. Thus, the
surrounding area was represented up to a distance of 220m from the centre of the development. A
photograph of the model of the baseline model mounted in the BRE wind tunnel is shown in Figure 2, and
the proposed VTI2 scheme (Scenario 1) model is shown in Figure 3. Note that for the Scenario 3 and
Scenario 4 test configurations, the existing buildings at 3-7 Bressenden Place and 120-124 Victoria Street
were modelled.

The model did not include any trees or planting (as can be seen on Figures 2 and 3). This means that the
results presented are likely to be slightly conservative.

The terrain roughness immediately surrounding the site was taken to correspond to the Town category as
defined in the British Standard BS6399: Part 2 (Ref [3]). An atmospheric boundary layer was simulated at
the appropriate scale in the upstream fetch of the wind tunnel using roughness elements. This simulation
creates mean velocity profiles, turbulence profiles and turbulence spectra appropriate to the area
surrounding the site.
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7 Victoria Transport Interchange 2: Wind Environment

Method of testing and analysis

General

The windiness of a given location can be determined by combining measured results from an appropriate

wind tunnel test with full-scale meteorological data. This combination is only possible when both sets of

readings refer to the same conditions. It is standard practice to use the Meteorological Standard Windspeed

(MSW) as the reference condition. This is the standard measurement condition used by the Meteorological

Office for measuring the wind speed, and MSW values are typically used for weather forecasts. For winds

blowing over flat level ground at sea level, the MSW is the wind speed 10m above open level ground with a

mean recurrence interval of 50 years, i.e. an annual probability of exceedence of 0.02. This wind speed is
commonly (but erroneouscéy)nred®eyead wiondsspedadd,onand
used for design purposes in the UK.

Combining long-term meteorological statistics with wind tunnel measurements enables the probability of a
given wind speed occurring at a measurement location to be determined. However, this information does
not, by itself, provide any information about how people perceive that wind speed. This is because such
perception depends not only upon the magnitude of the wind, but upon what the person is doing at the time,

and that personds expectations of the wind environmen
criteriad have been devel oped over a period of years.

Wind conditions are usually described in terms of the Beaufort Wind Scale. Wind speeds associated with
this scale, and a description of observable events that occur at such wind speeds are presented in Table 1.
However, the Beaufort Wind Scale is found to be too coarse for environmental wind studies.

Comfort criteria have been developed for the assessment of pedestrian wind comfort that can be used in
conjunction with the results from wind tunnel investigations. The criteria are based on the percentage of
time that the wind speed at a location exceeds the Beaufort values shown in Table 2. As shown in Table 2,
there are different threshold wind levels (or comfort criteria) associated with a given activity. These comfort
criteria can be used to assess whether the wind environment is 'unacceptable’, 'tolerable' or 'acceptable’, for
a given activity, where:

1) Unacceptable Unpleasant conditions for the given activity which should not normally be allowed to
occur.
2) Tolerable Conditions, which would be described as o6w

the given activity.

3) Acceptable Conditions that will elicit no adverse comments about the wind.
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8 Victoria Transport Interchange 2: Wind Environment

Beaufort Description Mean wind speed Effects
Scale range
(m/s) at 10m

BO Calm 0-0.2
B1 Light air 0.3-15 No noticeable wind.
B2 Light breeze 1.6-33 Wind felt on face.
B3 Gentle breeze 3471 54 Wind extends light flag.
B4 Moderate breeze 55179 Raises dust and loose paper. Hair

disarranged, clothing flaps.

B5 Fresh breeze 8.01 10.7 Limit of agreeable wind on land.

B6 Strong breeze 10.87 13.8 Umbrellas used with difficulty. Force of
the wind felt on the body. Wind noisy,
frequent blinking.

B7 Near gale 13917 171 Inconvenience felt when walking; difficult
to walk steadily. Hair blown straight.

B8 Gale 17.27 20.7 Generally impedes progress; walking
difficult to control. Great difficulty with
balance in gusts.

B9 Strong gale 2081 24.4 People blown over by gusts.

B10 Storm 245171 28.4 Seldom experienced inland.

Table 1. Beaufort Wind Scale

A location that is rated as unacceptable for a given activity, such as long-term sitting, could well be tolerable
or even acceptable for another activity such as pedestrian walking. Table 2 presents the thresholds of
unacceptable and tolerable wind conditions for people undertaking generic prescribed activities. Acceptable
conditions are those which fall below the tolerable threshold.

These comfort criteria give a physical description of how the average person will react to the wind
conditions present at that location. Different groups of people will have different tolerance levels, for
example the very young or very old will be more susceptible to the effects of the wind. The criteria used in
this report are appropriate for southern UK conurbation environments, and these values have been shown
to represent good standards of environmental practice.
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9 Victoria Transport Interchange 2: Wind Environment

Standard BRE Comfort Criteria

UNACCEPTABLE TOLERABLE
ACTIVITY Beaufort Scale Beaufort Scale
Business B5 exceeded more than B5 exceeded more than
walking 6% of the time 2% of the time
Pedestrian B4 exceeded more than B3 exceeded more than
walking 4% of the time 6% of the time
Long-term* B3 exceeded more than B2 exceeded more than

sitting (includes
roof terraces)

6% of the time

6% of the time

Entrance doors

B3 exceeded more than
6% of the time

B2 exceeded more than
4% of the time

Table 2. Generic Comfort Criteria

Meteorological Data

Tables of wind speed and direction for the Meteorological Office measurement station at London Heathrow
were used for this particular investigation.

It is known that the probability distribution of UK wind speeds, averaged over periods of between about one

second to one hour are well represented by the Weibull probability distribution. The Weibull cumulative

distribution function (CDF), P is given by:
P=1-exp(-(Vlc)) é. (1)

where c is the scale parameter, k is the shape parameter and V is the wind speed.

The data for each wind direction were fitted to this Weibull distribution using equation (1). Visual
impressions of these results as polar plots are given in Annex A along with the Weibull parameters.

! 'Long-term' refers to a time period of 10 minutes or greater, i.e. the time that it typically takes to drink a
cup of tea/coffee.
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10 Victoria Transport Interchange 2: Wind Environment

Wind Tunnel Measurements

Measurements of mean and gust wind speed were made around the site using hotwire anemometers and
instruments known as Irwin probes. Hotwire anemometers were used for balcony and roof terrace locations
which were unsuitable for Irwin probes.

For the baseline study, measurements of mean and gust wind speed were made at 101 locations around
the proposed VTI2 site and surrounding areas. The test locations are marked a plan of the site shown in
Figure 4.

For Scenario 1, 134 ground level test locations were investigated, as shown on Figure 5a. In addition, 24
balcony and roof terrace locations were tested on Buildings 7b/7¢c, and 26 balcony and roof terrace
locations were tested on Building 5; these locations are shown on Figures 5b-5e. Note that Building 5 and
Building 7b/7c are indicted on Figure 1.

For Scenario 2, there were 138 ground level test locations, and 7 balcony and roof terrace locations on
Building 7b and 7c (shown on Figures 6a and 6b).

For Scenario 3, there were 135 ground level test locations (shown on Figure 7). Note that Buildings 7b and

7c were removed from the model for this test configuration. Note that for the Scenario 3 and Scenario 4 test
configurations, the existing buildings at 3-7 Bressenden Place and 120-124 Victoria Street were present on

the model.

For Scenario 4, there were 138 ground level test locations (shown on Figure 8). Note that Buildings 7b and
7c were removed from the model for this test configuration. Note that for the Scenario 3 and Scenario 4 test
configurations, the existing buildings at 3-7 Bressenden Place and 120-124 Victoria Street were present on
the model.

The mean and gust wind speeds were measured at a height representative of head height at full-scale
(1.5m) and converted to non-dimensional wind speed ratios by dividing by a reference wind speed. This
reference wind speed was measured at a reference height of 300mm (75m full-scale) above the ground in
the undisturbed free air stream immediately upwind of the model. These ratios are then factored so they are
consistent with the meteorological data described earlier.
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11 Victoria Transport Interchange 2: Wind Environment

Results

The wind conditions at each location were assessed according to the comfort criteria given in Table 2. As
noted above, the comfort criteria enable the perceived wind conditions to be established for given activities.
The perceived wind conditions are presented in Annex B for the year as a whole.

The results given in AnnexBar e presented in terms of the three foll
and é&mtcabl ed. I f a location is judged 6acceptabled, t
I f a |l ocation is 6tolerabled, then a typical person i
occasions when the wind is blowing stron g | vy . However, if a location is &6un

is likely to think that it is often unpleasantly windy at that location.

Using the above criteria, if a wind tunnel stuaeg i den
likely to be noticeably windy, but they will not prevent the use of the area for the purpose for which it was

designed. Changes of the design to improve the wind conditions would be welcomed, but if for economic,

aesthetic or practical reasons changes cannot be made, then the areas can be accepted for their stated

purposes. It is recognised that there are sometimes specific locations where there has to be a compromise

between (often conflicting) priorities, and that one of these priorities is to create pleasant wind conditions.
However, iif a location is shown to be 6unacceptabl ed,
incorporated, the intended use of that location be restricted to activities for which the conditions are more

suited, or access to that location be restricted.

For the baseline and the four Scenarios tested, Figures 4-8 show a summary of the acceptability of the
wind conditions at each of the site measurement locations. These figures show the most sedentary activity
for which each location is suitable. A location has been taken as suitable for a given activity when it has
been assessed as either tolerable or acceptable (see Tables in Annex B). The results presented in these
figures are discussed in the following section.
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12 Victoria Transport Interchange 2: Wind Environment

Discussion

Baseline Scheme

The baseline scheme wind conditions are summarised in Figure 4. This figure shows that the majority of the
VTI2 site and the surrounding areas have wind conditions that are suitable for any intended pedestrian
activity. As can be seen on Figure 4, there are a few locations around Bressenden Place and Portland
House that have wind conditions that are not suitable for Long-Term Sitting or Entrance Doors, but these
locations are suitable for Pedestrian Walking and Business Walking. As noted earlier, the canopy above
Cardinal Place was omitted from the model. Therefore under this canopy the wind conditions summarised
in Figure 4 are not necessarily representative of the present-day wind conditions.

Scenario 1

The Scenario 1 ground level wind conditions are summarised in Figure 5a. This figure is very similar to the
baseline summary shown in Figure 4, and it shows that the majority of the VTI2 site and the surrounding
areas have wind conditions that are suitable for any intended pedestrian activity. As can be seen on
Figures 5b-5e, all of the balcony and roof terrace locations are also suitable for any intended pedestrian
activity.

As shown on Figure 5a, there are locations around Bressenden Place and Portland House that have wind
conditions that are not suitable for Long-Term Sitting or Entrance Doors, but these locations are suitable for
Pedestrian Walking and Business Walking.

Comparing the Scenario 1 wind conditions with the baseline, the VTI2 scheme makes the wind conditions
slightly better at locations 57, 62, 69 and 89, and slightly worse at locations 26, 31, 58, 77 and 79.

Location 31 is in the middle of Allington Street, and Building 6a has no doorways or sitting areas at
location 58. Therefore these locations are likely to be suitable for their intended pedestrian activity (e.g.
Pedestrian Walking and Business Walking).

Location 26 is sufficiently far away from the VTI2 site that the wind conditions at this location are unlikely to
be affected significantly by the proposed development. It is judged that the change in wind conditions is
likely to be the result of experimental variation, which is an inevitable feature associated with measuring
random wind signalsz. Taking this into account, it is judged that the wind conditions at location 26 are likely
to be unchanged from the baseline situation, and therefore this location is likely to be suitable for any
intended pedestrian usage.

% Note that this change in wind conditions is not seen on any of the subsequent Scenarios.
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13 Victoria Transport Interchange 2: Wind Environment

Locations 77 and 79 are adjacent to Portland House and are not within the VTI2 site boundary. It is
understood that these location are presently being used as entrance doors, and therefore the Scenario 1
scheme is likely to have an adverse wind impact at locations 77 and 79.

Scenario 2

The Scenario 2 ground level wind conditions are summarised in Figure 6a. This figure is very similar to the
baseline summary shown in Figure 4, and it shows that the majority of the VTI2 site and the surrounding
areas have wind conditions that are suitable for any intended pedestrian activity. As can be seen on

Figure 6b, the balcony and roof terrace locations of Buildings 7b/7c are suitable for any intended pedestrian
activity.

As can be seen on Figure 1, Building 5 is located to the West the VTI2 site, and Scenarios 2-4 incorporate
changes only to the buildings at the East of the site. The distance between Building 5 and these changes is
judged to be sufficiently large that the effect of the changes upon the Building 5 wind conditions is judged to
be negligible. Therefore the balcony and roof terrace locations of Building 5 are likely to be suitable for any
intended pedestrian activity.

As shown on Figure 6a, there are locations around Bressenden Place and Portland House that have wind
conditions that are not suitable for Long-Term Sitting or Entrance Doors, but these locations are suitable for
Pedestrian Walking and Business Walking.

Comparing the Scenario 2 wind conditions with the baseline, the VTI2 scheme makes the wind conditions
slightly better at locations 57, 62, 68 and 89, and slightly worse at locations 31, 79 and 100.

Location 31 is in the middle of Allington Street and therefore this location is likely to be suitable for its
intended pedestrian activity (e.g. Pedestrian Walking and Business Walking).

Location 100 is sufficiently far away from the VTI2 site that the wind conditions at this location are unlikely
to be affected significantly by the proposed development. It is judged that the change in wind conditions is
likely to be the result of experimental variation, which is an inevitable feature associated with measuring
random wind signals.

The proposed VTI2 development is likely to have an effect upon location 79 (next to Portland House), and
the testing shows that Scenario 2 scheme is likely to have an adverse wind impact at location 79.

Scenario 3

The Scenario 3 wind conditions are summarised in Figure 7. This figure is very similar to the baseline
summary shown in Figure 4, and it shows that the majority of the VTI2 site and the surrounding areas have
wind conditions that are suitable for any intended pedestrian activity. Note that buildings 7b and 7c¢ were not
present on this Scenario, and therefore the balcony and roof locations of this building were not tested.

As can be seen on Figure 1, Building 5 is located to the West the VTI2 site, and Scenarios 2-4 incorporate
changes only to the buildings at the East of the site. The distance between Building 5 and these changes is
judged to be sufficiently large that the effect of the changes upon the Building 5 wind conditions is judged to
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be negligible. Therefore the balcony and roof terrace locations of Building 5 are likely to be suitable for any
intended pedestrian activity.

As shown on Figure 7, there are locations around Bressenden Place and Portland House that have wind
conditions that are not suitable for Long-Term Sitting or Entrance Doors, but these locations are suitable for
Pedestrian Walking and Business Walking.

Comparing the Scenario 3 wind conditions with the baseline, the VTI2 scheme makes the wind conditions
slightly better at locations 62, 68, 69 and 89, and slightly worse at locations 31, 56, 58, 59 and 79.

Location 31 is in the middle of Allington Street, and Building 6a has no doorways or sitting areas at
locations 56, 58 and 59. Therefore all of these locations are likely to be suitable for their intended
pedestrian activity (e.g. Pedestrian Walking and Business Walking).

Location 79 is adjacent to Portland House and the Scenario 3 scheme is likely to have an adverse wind
impact at this location.

Scenario 4

The Scenario 4 wind conditions are summarised in Figure 8. This figure is very similar to the baseline
summary shown in Figure 4, and it shows that the majority of the VTI2 site and the surrounding areas have
wind conditions that are suitable for any intended pedestrian activity. Note that buildings 7b and 7c were not
present on this Scenario, and therefore the balcony and roof locations of this building were not tested.

As can be seen on Figure 1, Building 5 is located to the West the VTI2 site, and Scenarios 2-4 incorporate
changes only to the buildings at the East of the site. The distance between Building 5 and these changes is
judged to be sufficiently large that the effect of the changes upon the Building 5 wind conditions is judged to
be negligible. Therefore the balcony and roof terrace locations of Building 5 are likely to be suitable for any
intended pedestrian activity.

As shown on Figure8, there are locations around Bressenden Place and Portland House that have wind
conditions that are not suitable for Long-Term Sitting or Entrance Doors, but these locations are suitable for
Pedestrian Walking and Business Walking.

Comparing the Scenario 4 wind conditions with the baseline, the VTI2 scheme makes the wind conditions
slightly better at locations 57, 62, 89 and 91, and slightly worse at locations 31, 56, 64 and 77. At the
locations where slightly worse wind conditions were measured, with the exception of locations 77 and 79
the remaining locations are within the VTI2 scheme site boundary. For reasons given above there are no
doorways or sitting areas at any of these locations, and therefore the wind conditions are likely to be
suitable for their intended activity.

Locations 77 and 79 are adjacent to Portland House and the Scenario 4 scheme is likely to have an
adverse wind impact at locations 77 and 79.
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15 Victoria Transport Interchange 2: Wind Environment

Summary of VTI2 Wind Impact

Compared with the existing baseline perceived wind conditions, for Scenarios 1-4 the majority of the VTI2
site and surroundings are likely to have similar conditions. However, there are a few locations where the
VTI2 scheme is likely to increase the wind. These locations include location 31, a few locations to the
North-East of the site, and locations 77 and 79 next to Portland House. Taking into account the intended
pedestrian usage, the wind conditions at all of the locations around the proposed VTI2 scheme are suitable
for their intended purpose. However the testing shows that the VTI2 scheme is likely to have an adverse
wind impact at locations 77 and 79.

For Scenarios 1-4, the perceived wind conditions everywhere around the site and surroundings are
practically the same. However the results show that the Scenario 3 scheme (removal of buildings 6a, 7a, 7b
and 7c) tends to increase the wind slightly in the area around Bressenden Place and Portland House.
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Conclusions

e For the baseline scheme, the majority of the VTI2 site and the surrounding areas have wind
conditions that are suitable for any intended pedestrian activity. There are a few locations around
Bressenden Place and Portland House that have wind conditions that are not suitable for Long-
Term Sitting or Entrance Doors, but these locations are suitable for Pedestrian Walking and
Business Walking.

e For Scenarios 1-4, the wind conditions around the VTI2 site and its surroundings were found to be
suitable everywhere for Pedestrian Walking and Business Walking. There are a few locations
around Bressenden Place and Portland House that have ground level wind conditions that are not
suitable for Long-Term Sitting or Entrance Doors.

e For Scenarios 1-4, the wind conditions at the balconies and roof terraces tested are suitable or any
intended pedestrian activity, including Long-Term Sitting and Entrance Doors.

e Comparing the VTI2 Scenarios 1-4 results with the existing baseline wind conditions, the majority of
the VTI2 site and surroundings have similar conditions. Therefore the wind impact at these
locations is likely to be negligible.

e For all scenarios there are a few ground level locations where the VTI2 scheme is likely to increase
the wind. These locations include location 31, a few locations to the North-East of the site, and
locations 77 and 79 next to Portland House.

e Taking into account the intended pedestrian usage, the wind conditions at all of the locations
around the proposed VTI2 scheme are suitable for their intended purpose. However the testing has
shown that for all scenarios the VTI2 scheme is likely to have an adverse wind impact at
locations 77 and 79.

e For Scenarios 1-4, the perceived wind conditions everywhere around the site and surroundings are
practically the same. However, the results show that the Scenario 3 scheme tends to increase the
wind slightly in the area around Bressenden Place and Portland House.
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Figures
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Figure 1. The Four VTI2 Scenarios (Indicated by the Grey Building Massing)
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Figure 2. Wind Tunnel Model of Baseline Scheme (looking Upstream)
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Figure 3. Wind Tunnel Model of VTI2 Scenario 1 Scheme (looking Upstream)
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Key:
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Green' suitable for Pedestrian Walking and Business Walking
Figure 4. Baseline Scheme Measurement Locations and Pedestrian Usage
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