APPENDIX H:

WIND MICROCLIMATE
REPORT

S
!



arcaer

St Michaels

For

Relentless and S
Central Limited

Wind Microclimate Report

0560413repbv2
07 July 2023

Architectural Aerodynamics Ltd.
Kemp House

160 City Road

London

United Kingdom

EC1V 2NX




arcaero

Issue History

Page 1

Previous Issue

Current Issue

Comment

Issue 1 2

Date 21 June 2023 07 July 2023
Prepared by L. Arif L. Arif / H. Hashim

Signature {; g1 ' ) 3
Checked by R. Stanfield R. Stanfield
sgnatre A AR | d 1+
Report

Number 0560413repbvl 0560413rep6bv2
St Michaels

Relentless and Salboy Central Limited

0560413rep6bv2

Architectural Aerodynamics

07 July 2023



arcaero

Table of Contents

1 INErOAUCTION ... e e e e e e e e e nnnneeeees 4
D 1 =3 o (o 1= ot 5
3 Assessment Methodology ..o 7
B RESUILS ettt e e s et r e e e e nees 9
5 Mitigation Recommendations .......ccooeeiiiiieeeiiiiiiiiieeiiiieeeeecceee e 11
B CONCIUSIONS .....eeeiiiiiiitieee ettt e e s e e s e anee e e s e e nneeeas 12
7 REFEIENCES ...t e s s ee s 13
8 FIGUIES ettt e e e e e et earaa e aaas 14

St Michaels
Relentless and Salboy Central Limited Architectural Aerodynamics
0560413rep6v2 07 July 2023



arcaero

Executive Summary

Background

A study has been carried out by Architectural Aerodynamics Ltd. (ArcAero) to assess the wind
microclimate for the proposed St Michaels development in Manchester, United Kingdom.

The study has employed computational modelling (CFD) to predict the strength of wind speeds
that will occur following the introduction of the proposed development.

This suitability of wind conditions is determined using the widely accepted industry standard
Lawson criteria to determine the suitability of wind conditions on site and the impact of the
proposed development on the surrounding area.

Conclusions

The following conclusions have been drawn:

° Upon the introduction of proposed development, wind conditions remain safe for all
pedestrians and substantially comfortable for intended uses within and around the
site.

. With the introduction of cumulative developments, wind conditions within and

around the site are materially similar to the existing surrounds scenario.

. The wind conditions for the proposed development within existing surrounds and the
proposed development within the cumulative surrounds are consistent with the
findings in wind tunnel testing report, and are suitable their intended uses.

St Michaels
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1 Introduction

Page 4

A microclimate is defined as the distinctive climate of a small-scale area. The weather variables
in a microclimate, such as wind, may be different to the conditions prevailing over the area as a
whole. Wind microclimate assessments consider the wind conditions that would result upon the
introduction of a new development into an existing space.

Such assessments predict the proportion of time an area will experience wind speeds in excess
of threshold values associated with safe and comfortable use by pedestrians and occupants once
the development is introduced. It can therefore be shown within the various parts of a new
proposal and neighbouring properties whether wind conditions are suitable or unsuitable, and
whether design adjustment or mitigation measures are required. It is for this purpose that wind
microclimate assessments are undertaken.

This report summarises the results of a CFD study, commissioned by Relentless and Salboy Central
Limited, to assess the wind microclimate for the proposed St Michaels development in
Manchester, United Kingdom.

St Michaels
Relentless and Salboy Central Limited Architectural Aerodynamics
0560413repbv2 07 July 2023



arcaero

2 The Project
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2.1 Site Location and Surrounding Area

The St Michaels development is bounded by Jackson’s Row to the north, No. 1 St Michaels to
the east, Bootle Street to the south and Deansgate to the west.

Currently the site is occupied by Manchester Reform Synagogue and concrete hardstanding
used as a private car park. The ‘Sir Ralph Abercromby’ pub is located on Bootle Street and is
proposed to be retained.

The No. 1 St Michaels that is currently under construction comprises the retention of the
Portland Stone building of the former Police Station which fronts on to Southmill Street, and a
new build development which will be 10 storeys high, with a partial 11th floor and plant level.

The immediate surroundings of the proposed development are fairly built up and consist of mid-
rise developments. Further afield, the wider surrounding area largely consists of mid-to high-
rise residential and office buildings as well as low-rise developments.

2.2 Drawing Information Describing the Proposed Development

Assessment models have been constructed on the basis of the following updated drawings of
additional two storey of proposed building received from Hodder+Partners on 1%t June 2023:

- 0643-HOD-ZZ-ZZ-M3-A-0002_WIP.dwg

The existing surrounding area was based upon information supplied design team and
supplemented by Ordnance Survey details for the area. Cumulative surrounds were based upon
information contained within the Manchester City Council open access system.

2.3 Soft Landscaping

The wind microclimate has been assessed for the proposed development in the absence of soft
landscaping proposals and surrounding landscaping.

2.4  Cumulative Schemes

A number of cumulative schemes have been considered in the assessment. These schemes are
presented in tabular format in Table 2-1.

Table 2-1 — Cumulative Schemes

Development Name \ Planning Reference

10-12 Whitworth Street West 111003/FO/2016/C1
3 St John Street 115233/F0/2017
St Johns Place 109660/F0O/2015/C1
3 St John Street 120062/FO/2018
274 Deansgate 132376/F0/2021
Kendal & Fraser 129251/F0/2021
John Dalton Street 130553/F0/2021
St Michaels
Relentless and Salboy Central Limited Architectural Aerodynamics

0560413repbv2 07 July 2023



arcaero

Development Name \ Planning Reference
50 Fountain Street 131859/F0/2021
Travelodge Deansgate Locks 126308/F0/2020
325 Deansgate 125804/F0O/2019
125805/L0/2019
Viadux 115871/F0/2017

Following the submission of our assessment, planning permission has been granted for The
Great Northern Warehouse scheme (135565/F0O/2022). The scheme is located approximately
200m south of the site and comprises three residential buildings above the retained car park,
with heights of 16, 27, and 34 storeys. Given its position relative to the prevailing wind and the
Beetham Tower to the south, it is anticipated that the wind conditions in and around the St
Michael development would remain similar or slightly improved due to shielding effect
provided by this scheme in the cumulative configuration.
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Overview

CFD modelling has employed a steady-state RANS approach This method employs turbulence
models to approximate the magnitude of velocity fluctuations about the average wind speeds
predicted, in order to derive an estimation of the effect of gusts.

Full details on this approach are provided in Appendix A of this report - salient highlights of this
approach are:

- the Shear Stress Transport k-w turbulence model has been employed.

- Architectural features of 0.5 metres or more have been captured within the
geometry modelled.

- Cell sizes of as small as 0.2 metres were utilised to capture flow behaviour in
critical locations.

- The region of interest closest to the ground (1.5 metres) incorporated 5 layers of
cells.

Modelling has derived mean and gust equivalent mean wind speeds, in accordance with best
industry practice. In doing so 16 wind directions were assessed, in 22.5° increments.

The industry standard criteria for wind microclimate assessments, the LDDC variant of the
Lawson criteria (1), has been employed for the study.

Computational Model

A digital model of the site and surrounds was used for the study. The surrounding area was
modelled up to a distance of 450 m and all features which are likely to impact the wind flow to
and through the site have been replicated. Details of the model, including the configurations
tested, are presented within Appendix B of this report.

Wind Climate Analysis

Wind microclimate studies require that meteorological data is transposed from a nearby
weather station with sufficient wind data to produce accurate wind frequency statistics. The
current study uses data from Manchester Airport weather station.

Full details of the wind climate relevant to the site, the wind properties approaching the site
and the modelling of those wind properties in the CFD models are provided in Appendix C of
this report. All analysis of wind data and the atmospheric boundary layer has employed the
methods of ESDU item 01008 (2), in accordance with best industry practice.

The LDDC Lawson Criteria

The industry standard criteria for such assessments are commonly referred to as the Lawson
criteria. Architectural Aerodynamics use the London Docklands Development Corporation
(LDDC) variant of the Lawson Criteria (1).

St Michaels
Relentless and Salboy Central Limited Architectural Aerodynamics
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The LDDC variant of the Lawson criteria applies a single percentage probability of exceedance
of a range of wind speeds related to different pedestrian uses.

Page 8

3.4.1  Safety

A wind speed of 15 metres-per-second occurring once per year is rated as unsafe, with the
potential to de-stabilise the less able members of the public including the elderly, cyclists and
children.

3.4.2  Comfort

The LDDC variant of the Lawson criteria (1) dictates that wind conditions are suitable for a given
activity when the threshold is exceeded no more than 5% of the time in seasons relevant to the
activities that will take place in a given area. The value of 5% has been established as giving a
reasonable allowance for extreme and relatively infrequent winds that are tolerable within each
category. These threshold wind speed values are presented in Table 3-1.

Table 3-1 — LLDC Wind Comfort Thresholds

Threshold Wind Speed [m/s] Comfort Rating / Activity
4 Ca Long-term sitting
6 c3 Standing / short-term sitting
8 C2 Strolling
10 c1 Walking
>10 co Uncomfortable
St Michaels
Relentless and Salboy Central Limited Architectural Aerodynamics
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4.1 Existing Site Conditions
4.1.1  Safety
Wind conditions within and around the existing site satisfy the criteria for pedestrian safety.
4.1.2 Comfort
Within the existing site and immediate surrounds, wind conditions remain suitable for existing
pedestrian uses including leisurely strolling for thoroughfares and short periods of standing at
entrances.

4.2 Proposed Development within Existing Surrounds
The results for the proposed development within existing surrounding conditions are presented
graphically within Figure 4.1 and Figure 4.2 for safety, Figure 4.3 and Figure 4.4 for worst-
seasonal comfort and Figure 4.5 and Figure 4.6 for summer comfort respectively.
4.2.1  Safety
Upon the introduction of proposed development, wind conditions in and around the site satisfy
the safety criteria.
4.2.2  Comfort
4.2.2.1 Thoroughfares
Wind conditions on thoroughfares within the site are suitable for pedestrian strolling or better,
and are thus comfortable for pedestrian access to and passage through the site.
4.2.2.2 Entrances
Wind conditions at all entrances to the proposed development are suitable for short-term
standing or better and thus comfortable for pedestrian ingress / egress.
4.2.2.3 Outdoor Seating
At ground level, wind conditions to the outdoor seating area along the eastern facade are
suitable for long periods of sitting and thus comfortable for intended uses.
Wind conditions to the outdoor seating area on Level 6 remain substantially suitable for short-
term sitting in summer, meaning the area is too windy for comfortable dining use. Towards the
northern end of the Level 6 terrace, wind conditions remain suitable for long-term sitting in
summer and thus are comfortable for their intended uses.
4.2.2.4 Balconies
The better performing balconies with regards to wind conditions are the balconies located
towards the east, west and north of proposed development, and generally are more shielded
from south-westerly prevailing winds. The wind conditions on these balconies are substantially
suitable for long-term sitting during summer.
Balconies to the south of proposed development are more exposed to south-westerly prevailing
winds and tend to be windier, being substantially suitable for short-term sitting conditions in
summer.

St Michaels
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4.2.2.5 Surrounding Area

Within the surrounding areas, wind conditions remain suitable for strolling or better and thus
for pedestrian access and passage through the area. At the surrounding entrances, wind
conditions also still suitable for short-term standing or better and hence suitable for
comfortable ingress / egress.

4.2.2.6  Surrounding Area — No 1. St Michaels

Within No 1 St Michaels, following the introduction of the proposed development, wind
conditions to the outdoor seating area on the ground floor remain generally suitable for long-
term sitting in summer and thus for the outdoor seating areas. Wind conditions to the bar area
underneath the bridge link between Phase 1 and the proposed development are windier,
suitable for short-term sitting during summer and suitable for strolling or better in autumn to
spring. This area is too windy for comfortable dining areas.

On ground level, the recreational areas on the ground floor within Phase 1 remain suitable for
short-term sitting or better outside winter and thus suitable for general recreation.

On Level 10 terrace of Phase 1, wind conditions in the west outdoor seating area are only
suitable for short-term sitting in summer, and thus this area is too windy for dining purposes.

The recreational spaces on Level 10 terrace of Phase 1 are substantially suitable for short-term
sitting from spring to autumn and thus for general recreation. Exception to this exists to the
southwest of the terrace where conditions are marginally windy in spring, suitable for short-
term sitting approximately 94% of the time during spring, rather than the 95% criteria. However,
this area would still be considered suitable for the intended use.

The entrances at the ground level within Phase 1 remain suitable for at least short-term sitting
or better and thus comfortable for pedestrian ingress / egress. On the terrace of Level 10 terrace
of Phase 1, conditions improve to southeast entrance and suitable for short-term standing
throughout the year and thus comfortable for pedestrian ingress / egress. However, at the
southwest entrance, conditions remain marginally windy during winter, suitable for strolling in
winter. The remaining entrances on this level remain suitable for at least short-term standing
or better and thus for their intended uses. Furthermore, the wind conditions at the western
entrance are only suitable for strolling during winter and spring and thus too windy for
comfortable ingress / egress.

Proposed Development within Cumulative Surrounds

The results for the proposed development within cumulative surrounds are presented
graphically within and Figure 4.7 and Figure 4.8 for safety, Figure 4.9 and Figure 4.10 for worst-
seasonal, Figure 4.11 and Figure 4.12 for summer comfort respectively.

Upon the introduction of cumulative surrounds, wind conditions are materially similar to the
existing surrounds scenario. Thus, all conclusions drawn from the proposed development within
existing surrounds are equally applicable to the cumulative surrounds scenario.

St Michaels
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5 Mitigation Recommendations

Exceedances of the comfort criteria across the study area are not excessive but they may benefit

from the
be effecti

introduction of mitigation measures in some form. Examples of mitigation that may
ve would include, but would not be limited to the followings:

Introduction of the following mitigations to the entrances on Level 10 of Phase 1
terrace:

o ~400mm planter and ~1200mm shrubs
o ~1200mm to ~1600mm tall solid screens
o ~1600mm to ~2000mm tall porous screens

Further improvement can be made on ground level at the outdoor seating area
underneath the bridge link between Phase 1 and the proposed development:

o ~1600m to ~2000mm tall porous screens
o ~5m tall trees

Further improvement can be made to the outdoor seating areas of Level 6 of the
proposed development and the recreational areas at Level 10 of Phase 1 terrace:

o ~400mm tall planter + 1200mm tall shrub
o ~1600mm tall solid screen

o ~1600mm tall porous screen

o ~1200mm tall solid screen

o ~2000mm tall porous screen

St Michaels
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6 Conclusions

The following conclusions have been drawn:

° Upon the introduction of proposed development, wind conditions remain safe for all
pedestrians and substantially comfortable for intended uses within and around the
site.

° With the introduction of cumulative developments, wind conditions within and

around the site are materially similar to the existing surrounds scenario.

. The wind conditions for the proposed development within existing surrounds and the
proposed development within the cumulative surrounds are consistent with the
findings in wind tunnel testing report, and are suitable their intended uses.

St Michaels
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8 Figures

Figure 4.1 — Pedestrian wind conditions, proposed development within existing surrounds, annual safety — ground level
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Figure 4.2 - Pedestrian wind conditions, proposed development within existing surrounds, annual safety — terrace / balcony level
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Figure 4.3 — Pedestrian wind conditions, proposed development within existing surrounds, worst case season — ground level
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Figure 4.4 — Pedestrian wind conditions, proposed development within existing surrounds, worst case season — terrace / balcony level
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Figure 4.5 — Pedestrian wind conditions, proposed development within existing surrounds, summer season — ground level
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Figure 4.6 — Pedestrian wind conditions, proposed development within existing surrounds, summer season — terrace / balcony level
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Figure 4.7 — Pedestrian wind conditions, proposed development within cumulative surrounds, annual safety — ground level
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Figure 4.8 — Pedestrian wind conditions, proposed development within cumulative surrounds, annual safety — terrace / balcony level
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Figure 4.9 — Pedestrian wind conditions, proposed development within cumulative surrounds, worst case season — ground level
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Figure 4.10 — Pedestrian wind conditions, proposed development within cumulative surrounds, worst case season — terrace / balcony level
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Figure 4.11 — Pedestrian wind conditions, proposed development within cumulative surrounds, summer season — ground level
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Figure 4.12 — Pedestrian wind conditions, proposed development within cumulative surrounds, summer season — terrace / balcony level
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Appendix A CFD Modelling

A.1 Spatial discretization

The computational domain was discretised using polyhedral cells for the core mesh, and low
aspect-ratio prism cells adjacent to walls and the ground. Computational meshes were

constructed for each of the three different study configurations.

The computational domain includes the proposed development site, with surrounding buildings
and topographical features within a 450m radius represented explicitly. The full computational
domain extends to 1500m in the along-wind direction, 1100m in the across-wind direction, and

450m vertically.

The proposed development and immediate vicinity were meshed down to a cell size of 0.2m in
order to capture the detailed geometric features and resulting flow artefacts. The pedestrian
ground level surfaces were meshed with a prism layer mesh of 5 layers, which, in the vicinity of

the building rise up to a total height of 1.5m above the ground.

Figure A.1 — Computational Domain
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A.2 Solution Method

The modelling of an incompressible fluid flow was completed with combinations of semi-
implicit method for pressure-linked equations (SIMPLE) algorithms. The resulting flow turbulent
features were modelled with introduction of the Shear Stress Transport (SST) k-w turbulence
model. This model was suggested by Menter (3) and is based on a two-equation eddy-viscosity
approach, where the SST model formulation combines the use of a k-w in the inner parts of the
boundary layer, but also switches to a k-€ behaviour in the free-stream regions of the solutions.

Further details for the selected turbulence model are provided in the work of Menter (4).

St Michaels

Relentless and Salboy Central Limited Architectural Aerodynamics
0560413repbv2 07 July 2023



Page 27

A.3 Initial and Boundary Conditions
The atmospheric boundary layer flow was simulated by implementing a logarithmic velocity
profile model presented by Richards and Hoxey (5), with the following main assumptions:
e The vertical velocity component at the domain boundary is negligible
e The pressure gradient and shear stress are constant
The model implies the following equation for the mean inlet velocity at the CFD domain:
) U* zZ+ Zp
U(z)=—-1In ( )
' K Zp
where:
e k-isthevon Karman's constant
e z-isthe distance from the ground surface in vertical direction
e 7, -is the ground surface roughness length in meters
The friction velocity U* is calculated by the following equations:
U* = k- U]"E'f
In (sz + zﬂ)
Zp
where:
e z.—is the reference height in metres
o U - is the reference velocity in m/s measured at zres
The turbulent velocity fluctuations at the domain inlet are induced by the constant shear stress
with height, maintained by the turbulent kinetic energy k equation below:
(U*)?
k(z) = —=
A
where:
e Cu=0.03-is ak-g turbulence model constant
All surface boundary conditions were modelled as smooth walls with a no-slip condition. A no-
slip wall boundary condition with a varying roughness length height based on the terrain
analysis for the site was applied on the ground surface outside the explicit surrounds area of
the domain.
St Michaels
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A.4  Gust Equivalent Mean Calculation

The gusts in the wind flow is a major component that may lead to additional danger and
discomfort to that caused by the mean wind flow. Thus, the gust wind speed is accounted by a
calculation of the equivalent mean wind speed, considering the standard deviation of the mean
wind speed, in particular the turbulent kinetic energy, k:

o= J(k+2/3)

The GEM is them calculated as:

UMean + 350‘
Ugem = k—
g

Where gust factor, k,=1.85

The final speedup used in the Lawson criteria is the worst case from Uggp and Upregn-

St Michaels
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Appendix B Computational Model

Page 29

A digital model of the site and surrounds was used for the study. The surrounding area was
modelled up to a distance of 450m and all features which are likely to impact the wind flow to
and through the site have been replicated. The model was reviewed and approved by the design
team prior to the study.

B.1 Model Images

Images of the computational model are presented as follows:

e Figure B.1 and Figure B.2: Proposed development within existing surrounds
e Figure B.3 and Figure B.4: Proposed development within cumulative surrounds
e Figure B.5 and Figure B.6: Close-ups of the proposed development

Figure B.1 - Proposed development within existing surrounds, viewed from southeast
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Figure B.2 - Proposed development within existing surrounds, viewed from northeast

Figure B.3— Proposed development within cumulative surrounds, viewed from southeast
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Figure B.4 — Proposed development within cumulative surrounds, viewed from northeast

Figure B.5 — Proposed development, close-up from southeast
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Figure B.6 — Proposed development, close-up from northeast
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Appendix C Wind Climate Analysis

C.1 Surrounding Terrain Assessment

A detailed analysis, based on the widely accepted Deaves and Harris model of the atmospheric
boundary layer, as defined in ESDU Item 01008 (2), has been carried out to determine the wind
properties at the site. From this analysis, a representative profile was defined as a target profile
for the CFD simulations.

C.2 Wind Properties at the Site

Upon conducting the ESDU analysis, each angle was replicated within the CFD model. As each
angle exhibited very similar wind profiles, a generic wind profile used in the study is presented
within Figure C.1.

Figure C.1 — Mean wind speed and turbulence intensity profiles
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C.3 Wind Frequency Data

Page 34

Wind microclimate studies require that meteorological data is transposed from a nearby

weather station with sufficient wind data to produce accura

te wind frequency statistics. The

current study uses data from Manchester Airport weather station. The cumulative wind speed
probability distributions, transposed to building height at site are provided in Figure C.2 to

Figure C.6.

Figure C.2 — Cumulative wind speed probability distribution at site, annual
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Figure C.3 — Cumulative wind speed probability distribution at site, spring
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Figure C.4 — Cumulative wind speed probability distribution at site, summer
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Figure C.5 — Cumulative wind speed probability distribution at site, autumn
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Figure C.6 — Cumulative wind speed probability distribution at site, winter
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