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10.1. Introduction
B&l OEA , Ei EOAA EAO AAAT AT i1 EOOET 1 A Micréclimaté /| OAT 4/
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proposed extent andlocation of the site.

Figure10.1:Extents andlocation of the site

The wind desktop studyhasidentified the possible wind patterns around the areaf the proposed
development, under mean and peaks wind conditions typically occurring in Dublin.

The assessmenhas identified areas of potential downwash/funneling/downdraft/critical flow
accelerations that may occur around the proposed development.

The results of the wind desktopstudy have been utilized by Oval Target Ltd. design team to
configure the optimal layout forthe proposed3 08 4 AHDAV@tAtTe @im of achieving a high
quality environment for the scope of use intended of each areas/building and not to introduce any
critical wind impact on the surrounding areas and on the existing buildings.

This chapter of tre EIARdescribes the wind desktop study performed and the rational of the
methodology and assumptions that B-luid Ltd. has adopted for this analysis. In summary, s&t
out below, the wind desktop study carried outlemonstratesthat the proposed development has
beendesignedasa highquality environment for the scope of use intended of each areas/building
(i.e. comfortable and pleasant for potential pedestrignanddoes not introduce any critical impact
on the surrounding areas and on the existing buildjs. In particular:

1  The wind profile was built using the annual average of meteorology data collected at
Dublin Airport Weather Station. In particular, the local wind climate was determined
from historical meteorological data recorded 10 m abowvground level at Dublin
Airport.

1  The site is well surrounded by landscaping. This has a beneficial effect in mitigating
the impact of the incoming wind. The prevailing wind directions for the site are
identified in the West, West SouttWest and SouthEast with magnitude of
approximately 6m/s. In all of these directions the development presents a good

2
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shielding through landscaping. The trees are beneficial in calming the incoming wind
and deviating it.

1 The buildings of the development also are all designad have a larger base in
relation to the top roof area. This type of design is well capable of mitigating
potential funnelling effect.

1  Given the position of the development, the major wind directions and the landscaping
implemented, issues on the TempleilHexisting footpath (on the Northeast side of
the development) are not expected.

Wind microclimate studies identify the possible wind patterns around the existing environment and
proposed development under mean and peak wind conditiorigpically occurring in Dublin.

This assessment is performed through advanced Computational Fluid Dynart@sD) which is a
numerical method used to simulate wind conditions and its impact on the development and to
identify areas of concern in terms oflownwash/funnelling/downdraft/critical flow accelerations

that may likely occur. The Advanced CFD numerical algorithms applied here are solved using high
performance computing cluster.

These resultsare utilized by the design team to configure the optimalayout for the proposed
development, with the aim of achieving a higlguality environment for the scope of use intended

of each areas/building and not to introduce any critical wind impact on the surrounding areas and

on the existing buildings.

The next OAAOET 1T O AAOAOEAA ET AAOAEI O OEA xET A AT A
methodology and assumptions which #luid Ltd. has adopted for this study, together with

impacts of the proposed development on the existing environment.

Objective of Wind ard Microclimate Modelling

CFD wind modelling is adopted to identify critical flows and areas where pedestrian safety and
comfort could potentially be compromised. Pedestrian Wind Comfort and Safety Studies are
conducted to predict, assess and, where necesga mitigate the impact of the residential
development on pedestrian level wind conditions. The objective is to maintain comfortable and
safe pedestrian level wind conditions that are appropriate for the season and the intended use of
pedestrian areas. Peesstrian areas include sidevalks, street frontages, pathways, building
entrance areas, open spaces, amenity areas, outdoor sitting areas, and accessible roof top areas
among others.

For this purpose, 18 different wind scenarios and directions have bestadied as shown in Table
10.1 in order to take into consideration all the different relevant wind directions. In particular, a total
of 18 compass directions on the wind rose are selected. For each direction, the reference wind
speed is set to the 5% exceadce wind speed for that direction, i.e. the wind speed that is exceeded
for over 5% of the time whenever that wind direction occurs.

Chapter D -Wind and Microclimate
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Dublin Wind Scenarios And Directions
Velocity (m/s) Direction (deg) Frequency
5.601 225 11.233
4.626 135 6.849
5.847 236.25 6.792
6.049 258.75 6.747
6.034 2475 6.689
5.888 270 5.662
4,994 315 4.338
5.503 281.25 3.904
4974 292.5 3.436
5.357 213.75 3.288
4.736 123.75 3.105
4.406 146.25 2.751
5.101 303.75 2.648
5.246 112.5 2.500
4121 157.5 2.386
4581 101.25 2.340
4.169 45 2.180
3.558 90 2.135

Table D.1: Summary of The most critical wind speeds in Dublin

(EITh

-1TTEOOI

This modelling study focuses on reporting &o0. worst cases and most relevant wind speeds
frequently occurringin Dublin,which are the speeds and directions showing the most critical wind
speeds relevant to the development. The 80. modelled scenarios reported in this study are

presented in FigurelD.2.
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Velocity (m/s) Direction () Frequency
5.601 225 11.233
4626 135 6.849
5.847 236.25 6.792
6.049 258.75 6.747
6.034 2475 6.689
5.888 270 5.662
4.994 315 4338

; 503 281.25 3.904

Figure 0.2: Summary of 8 Wind Scenarios Reported
National Policies

Good wind microclimate conditions are necessary for creating outstanding public spaces. Adverse
wind effects can reduce the quality and usability of outdoor areas, and lead to safety concerns in
extreme cases.

According to the'Q Urban Development and Builing Heights, Guidelines for Planninguthorities
(Government of Ireland, December 2020)specific impact assessmenbf the micro-climatic
effects should be performed forQ buildings taller than prevailingouilding heights in urban areag
(In the same guidance, standard buildings height is considereeB &toreys. Above this height,
buildings are considered talleri for Dublin standards)

Usually, the recommended approach to wind microclimate studies is based on the building height,
aspresentedfor examplein Figure 0.3.

Building Height

Similar or lower than the average
height of surrounding buildings

Up to 25m

Up to double the average height of
surrounding buildings

25m to 50m

Up to 4 times the average height of
surrounding buildings

&50m to 100m

High Rise

Above 100m

Recommended Approach to Wind Microclimate Studies

Wind studies are not required, unless sensitive pedestrian
activities are intended (e.g. around hospitals, transport hubs,
etc.) or the project is located on an exposed location

Computational (CFD) Simulations OR Wind Tunnel Testing

Computational (CFD) Simulations AND Wind Tunnel Testing

Early Stage Massing Optimization: Wind Tunnel Testing OR
Computational (CFD) Simulations

Detailed Design: Wind Tunnel Testing AND Computational
(CFD) Simulations to demonstrate the performance of the final
building design

Figure 0.3.: Recommended Approach to Wind Microclimate Studies based on Building Height, as prescribed by the Wind

Microclimate Guidelines for Developments in the City of London (August 2019)
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Computational fluid dynamics (CFD) tools can create high quality outphiat provide a good
understanding of fundamental flow features. The CFD models must include a detailed three
dimensional representation of the proposed development.

Maximum cell sizes near critical locations (e.g. entrances, corners, etc.) musOf@m or smaller.
Sufficient cells should be also used between buildings with a minimum of 10 across a street canyon.
However, the cell size of buildings away from the target can be larger to allow for modelling
efficiency. The CFD models should represent surrounding buildings that are within 400m from

the centre of the site. Other taller buildings outside of this zone that could have an influence on
wind conditions within the project site should be included for wind directions where they are
upwind of the project site. The models must contain at least 3 prism layers below 1.5m height, to
capture nearground effects.

CFD analysis also reports conditions in areas away from the site where cumulative effects of a
cluster of tall buildings could lead to aduse wind conditions.

Chapter D -Wind and Microclimate
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10.2. Study Methodology

Acceptance Criteria

Pedestrian Comfort Pedestrian Wind Comfort is measured in function of the frequency of wind
speed threshold exceeded based on the pedestrian activity. The assessment of pedestrian level
wind conditions requires a standard against which measured or expected wind velocities can be
compared.

Only gust winds are considered in the safety criterion. These are usually rare events but deserve

special attention in city planning and building design due their potential impact on pedestrian

safety. Gusts cause the majority of cases of annoyance and distress and are assessed in addition to
AOAOACA xET A OPAAAOG8S ' OO0 OPAAAOG OEI OI A AA AEOE/
(GEM) speeds are comparetd the same criteria as for the mean hourly wind speeds. This avoids

the need for different criteria for mean and gust wind speeds.

The following criteria are widely accepted bipcal authorities as well as the internationabuilding
design and city planing community:

1  Discomfort Criteria:Relates to the activity of the individual.
Onset of discomfort:
0 Depends on the activity in which the individual is engaged and is defined in terms
of a mean hourly wind speed (or GEM) which is exceeded for 5% oftitime.

1 Distress CriteriaRelates to the physical welbeing of the individual.

Onset of distress:

o O&OAEI O0AOOI1T /1 O #UAI EOO8d ANOEOAI AT O OI
speed of 28 m/s (62 mph) to be exceeded less often than once a year. Tis
intended to identify wind conditions which less able individuals or cyclists may
find physically difficult. Conditions in excess of this limit may be acceptable for
optional routes and routes which less physically able individuals are unlikely to
use.

o O' AT AOAT O0OATEAGd ! 1T AAT OPAAA T &£ TP 170
be exceeded less often than once a year. Beyond this gust speed, aerodynamic
forces approach body weight and it rapidly becomes impossible for anyone to
remain standing. Wherewind speeds exceed these values, pedestrian access
should be discouraged.

The above criteria set out six pedestrian activities and reflect the fact that calm activity requires
calm wind conditions, which are summarised by the Lawson scale, showtrigure 0.4. Lawson
scale assesses pedestrian wind comfort in absolute terms and defines the reaction of an average
person to the wind. Each wind type is associated to a number, corresponding to the Beaufort scale,
which is represented in Figure015. Beaufortscale is an empirical measure that relates wind speed
to observed conditions at sea or on land. 20% exceedance is used in these criteria to determine
the comfort category, which suggests that wind speeds would be comfortable for the
corresponding activily at least 80% of the time or four out of five days.

These criteria for wind forces represent average wind tolerances. They are subjective and variable
AAPAT AET ¢ 11 OEAOI Al ATTAEOEI T Oh ACAh EAAI OEh A
perception of a local microclimate. Moreover, pedestrian activity alters between winter and

summer months. The criteria assume that people will be suitably dressed for the time of year and

individual activity. It is reasonable to assume, for instance, that areas idested for outdoor

seating will not be used on the windiest days of the year.

Weather data measured are used to calculate how often a given wind speed will occur each year

over a specified areaPedestrian comfort criteria are assessed at 1.5m above gnd level. Unless
7
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in extremely unusual circumstances, velocities at pedestrian level increase as you go higher from
ground level.

A breach of the distress criteria requires a consideration of:

1  whether the location is on a major route through the complex,
1  whether there are suitable alternate routes which are not distressful.

If the predicted wind conditions exceed the threshold, then conditions are unacceptable for the
type of pedestrian activiy and mitigation measure should be implemented into the design.

Wind Type Mean Hourly Acceplance Level Based on Activity-Lawson Criteria
Wind Speed

(m/s) Sitting Standing/ Leisure Business
Enfrances Walking Walking

Light Air 0-1.55
2 Light Breeze 1.55 -3.35
3 Genlle Breeze 3.35-545 e
o]
4 Moderate 5.45-7.95 s
0
5 Fresh Breeze 7.95-10.75 0
é Strong Breeze 10.75-13.85
7 Near Gale 1385-17.15
8 Gale 17.15 -20.75
DISTRESS
? S'rong Gale 2075 2445 _
[}
B
|1}
Legend 3 "\
= NS R—
Figure D.4.: Lawson Scale
WIND SYMBOL SPEED  FORCE EFFECT WIND SYMBOL SPEED  FORCE EFFECT
. i N . . MODERAT} St 2 ,
CALM O > MPH 0 SMOKE RISES VERTICALLY GALE A 32-38 MPH 7 WHOLE TREES IN MOTION
LIGHT ; S FRESH % TWIGS BROKEN OFF TREES:
AIR (\ 1-3 MPH 1 SMOKE DRIFTS SLIGHTLY GALE {@ 39-46 MPH 8 DIFFICULT TO DRIVE A CAR
LIGHT - LEAVES RUSTLE: STRONG = SLIGHT STRUCTURAL
47 MP 2 > 47-5¢ 9
BREEZE (\ ETMRH. | 2 WIND VANE MOVES GALE 6@ ATS4MPH |29 DAMAGE OCCURES
GENTLE 3 % LEAVES IN CONSTANT MOTION:| ~ WHOLE < TREES UPROOTED: SEVERE
BREEZE (\ & LI MEHRYES LIGHT FLAG EXTENDED GALE (‘ STOGMEH (10 STRUCTURAL DAMAGE
MODERATE 3 RAISES DUST AND PAPERS: : S " ;
S (% 13-18MPH 4 O PR R S STORM (“ 6473MeH 11 WIDESPREAD DAMAGE
FRESH o o o s ABOVE
BREEZE (Q 1924mpH 5 SMALL TREES SWAY HURRICANE (Q 75 MPH 12 DEVASTATION
STRONG 53 M 6 LARGE BRANCHES MOVE: THE BEAUFORT SCALE HAS UNOFFICIALLY BEEN EXTENDED TO FORCE 17
BREEZE R USE OF UMBRELLA DIFFICULT TO DESCRIBE TROPICAL STORMS EXCEEDING 126 MILES PER HOUR.

Figure 0.5.: Beaufort Scale
Modelling Method

Computational Fluid Dynamics (CFD) is a numerical technique to simulate fluid flow, heat and mass
transfer, chemical reaction and combustion, multiphase flow, and other phenomena related to
fluid flows. CFD modelling includes three main stagepreprocessing, simulation and post
processing as described in Figur®.6. The NavieiStokes equations, usedvithin CFD analysis, are

Chapter D -Wind and Microclimate
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based entirely on the application of fundamental laws of physics and therefore produce extremely
accurate results providing that the scenario modelled is a good representation of reality.

PRE-PROCESSING

This is the construction of a representative geometric
model to be utilized within a flow domain of interest
and the subsequent division of this domaininto small
control volumes (cells), a process often called
“meshing." After setting up the model and mesh, the
model is completed by setting appropriate boundary
and initial conditions.

SIMULATION

The equations goveming the behaviour of fluid particles
(Navier-Stokes equations) are solved iteratively over
each control volume within the computational domain,
until the results change no more;i.e. a converged
solutionis reached. In a transient simulation this process

isrepeated and convergence verified at each time
step, whereasin a steady-state simulation, thisis only
done at one time step, since it is assumed conditions do
not vary over time. The field solutions of pressure,
velocity, airtemperature, and other properties are
obtained for each control volume, at cell centre, nodall
point, or face centre in order to render the flow field.

POST-PROCESSIONG

Thisis the plotting and viewing of the predicted flow
field from the CFD model simulations at selected
locations, surfaces, or planes of interest.

Figure 0.6.: CFD Modelling Process Expéion

OpenFOAM Numerical Solver Details

This report employs OpenFoamCode, which is based on a volume averaging method of
discretization and uses the posprocessing visualisation toolkit Paraview version 5.5. OpenFoam is

a CFD software code released and developed primarily by OpenCFD Ltd, since 2004. It has a large
user base across most areas of engineering and science, from both commercial and academic
organisations.

OpenFOAM CFD code has capabilities of utilizing a Reynolds Averaged N8takes (RANS)
approach, Unsteady Reynolds Averaged NawStokes (URANS) approachDetached Eddy

9
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Simulation (DES) approach, Large Eddy Simulation (LES) approach or the Direct Numerical
Simulation (DNS) approach, which are all used to solve anything from complex fluid flows involving
chemical reactions, turbulence and heat transfer, toacoustics, solid mechanics and
electromagnetics. Quality assurance is based on rigorous testing. The process of code evaluation,
verification and validation includes several hundred daily unit tests, a medisined test battery run

on a weekly basis, andgtge industrybased test battery run prior to new version releases. Tests are
designed to assess regression behaviour, memory usage, code performance and scalability.

The OpenFOAM solver algorithm directly solves the mass and momentum equations for thgda
AAAEAO OEAO AT i POEOA 1100 1T /&# OEA &1 OEA3O0 A1 AOCU:
introduced into the calculation.

To reduce computational time and associated costs the small eddies within the flow have been
solved using the widely usé and recognised Smagorinsky Subrid Scale (SGS) model. The small
eddies only comprise a small proportion of the fluids energy therefore the errors introduced

through the modelling of this component are minimal.

The error introduced by modelling the smbleddies can be considered of an acceptable level.
Computational time will be reduced by modelling the small eddies (compared to directly solving).

10.3. The Existing Receiving Environment (Baseline)

In this chapter, wind impact has been assessed on the exigtireceiving environment considered

as the existing buildings and the topography of the site prior to construction of the proposed
development. A statistical analysis of 30 years historical weather wind data has been carried out to
assess the most criticalvind speeds, directions and frequency of occurrence of the same. The aim
of this assessment has been to identify the wind microclimate of the area that may cause critical

1C
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Figure D.7.: Builtin Environment around Construction Site at Lands3a® 8 4 Bra)ektGdogl©Map Imagday 202D

Site Location and Surrounding Area

The proposed development site is located on zoned lands within the boundary of the Blackrock
LAP 2015, approximately 1.5 Km of Blackrock Village Centre, withinftimetional area of Dun
Laoghaire Rathdown County Council. The sitis delimited from the south side by Rokfield Public
Park. Access to the site is via the N31 directly in front to a gate lodge, a protected structure.

The area surrounding the site can be characterised as urban environment. Some shelter effect can

be expected for wind approaching fromdirections within this sector. All for the study considered

main wind directions of west to souttx AOO AT A 31 OOEAAOGOG AOA ET OEEO
and no distinction will be made between them. The site is located near a coastal area however,
between the sea and the site, there is an urban environmerso the effect of the sea is expected

to be mitigated. Figure 0.8 shows the model of the Proposed Development and View of the Built

in Environment.The highest block is above 30m.

Figure 0.8: Model ofthe Proposed Development and View of the BuiitEnvironmen

Chapter D -Wind and Microclimate
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Figure D.9: Model of the Proposed Development and View of the Buiih Environment.
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Figure D.10shows the model of the Proposed Development and View of the Beiiit Environment.

The highest block is above 30m.

Figure D.10.: Site and Proposed development
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Wind and Microclimate Conditions

This analysis considsithe whole development being exposed to the typical wid condition of the
site. The building is oriented as shown in the previous sections. The wind profile is built using the
annual average of meteorology data collected at Dublin Airport Weather StatioRigure 10.11.
shows on the map the position oProposed developmentand the position of Dublin Airport.

Dublin

Site Location

Figure D.11.: Map showing the position of Proposed development and Dublin Airport

Regarding the transferability of the available wind climate data folving considerations have
been made:

1  Terrain: The meteorological station is located in the flat open terrain of the airport,
whereas the development site is located in urban area with dense buitstructure
with buildings of at least 15m heighand above.

1 Mean Wind Speeds: Due to the different terrain environment, the grouadkar wind
speeds (at pedestrian level) will be lower at the construction site compared to the
meteorological station at the airport.

1  Wind Directions: The landscape around th@evelopment site can in principle be
characterized as flat terrain. Isolated elevations in the near area of the development
should have no influence on the wind speed and wind directions. With respect to the
general wind climate no significant influence igxpected. Based on the above
considerations it can be concluded that the data from the meteorological station at
Dublin Airport are applicable for the desktop assessment of the wind comfort at the
development site.

Chapter D -Wind and Microclimate
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Wind Conditions

The assessment of the wind comfort conditions at theroposed development will be based on
the dominating wind directions throughout a year (annual wind statistic).

As stated above, the local wind climate is determined from historical meteorological da¢gorded
at Dublin Airport. Two different data sets are analysed for this assessment as follows:

1  The meteorological data associated with the maximum daily wind speeds recorded
over a 30 year period between 1990 and 2020 and,

1  The mean hourly windspeeds recorded over a 10 year period between 1990 and 2020.
The data is recorded at a weather station at the airport, which is located 10m above
ground or 71mOD.

30m/s

Wl e L
L \f IR f Wil 1}!., y “’“ il I
V[ h Y I M\j * 5;,?; ;, J &i W (,,w;» (‘\,\ m W‘M !~,; ik ,'n‘““"’ / WM" M i \f

ot
Jan Feb Mar Apr May Jun Jul Aug Sep o Nov Dec

Figure 0.13.: Local Wind Cditions - Wind Gust 19962020

Figure 0.14., presenting the wind speed diagram for Dublin, shows the days per month, during
which the wind reaches a certain speed. In Figui@.15., thewind rose for Dublin shows how many
hours per year the wind blows from the indicated direction, confirming how the predominant
directions are WSW, W, and SW.
30 days
25 days
20 days
15 days

10 days

5 days

0 days - - [ o re—
0.0 >0.3 >16 ® >34 @>55 @>80 @ >108 »>13.9
®>172m/s

Figure 0.14.: Dublin Wind Speed Diagram

1<
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Figure 0.15.: Dublin Wind Rose

Based on the criterion of occurrence frequengythe main wind directions to be considered in
pedestrian wind comfort assessment are presented in Figul@.16.and listed below in descending
order of dominance:

1. SouthWest with most frequent wind speeds around 6m/s (all year).
2. South-East
3.  WestSouth-Wed.

The analysis will mainly focus on the large sector of prevailing wind directions of winds from above.
Other wind directions will be discussed if deemed necessary for the study.

Chapter D -Wind and Microclimate
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Velocity (m/s)
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6.049
6.034
5.888
4.994
5.503
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5.357
4736
4.406
5.101
5.246
4.121
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Selected Conditions : 32

Direction (°)
225
135
236.25
258.75
2475
270
315
28125
2925
213.75
12375
146.25
303.75
1125
1575
101.25

45

2025
78.75
168.75
67.5
56.25
19125
326.25
11.25
3375
348.75
225
180
3375

0

Ao
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Frequency
11.233
6.849
6.792
6.747
6.689
5.662
4.338
3.904
3.436
3.288
3.105
2.751
2648
2.500
2.386
2.340
2.180
2.135
2.021
1.963
1.495
1.370
1.279
1.199
1.164
1.142
1.062
0.982
0.959
0.879
0.845

0.011

Total Coverage - 95.35 %

Figure 0.16.: Main Wind Directions Occurrence Frequency
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Mean andMaximum Wind Conditions

Examination of the daily wind data reveals that the wind predominantly blows from West and
Southwest directions, however, there is a secondary wind from the Southeast. It is apparent that
winds from other directions are rareMaximum daily wind speeds of nearly 30 m/s were recorded
in the past 30 years, however, the maximum daily winds are commonly found between 6 m/s and
15 m/s. the strongest winds arise from the West and Southwest.

NW 30 % NE

S
Oto5m/s Stolom/s @ 10to15m/s @ 15t020m/s
20t025m/s @ 25t030m/s @ 30to35m/s

15 m/s

125 m/s

1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

— Wind Gust
800
600
<
=R
c
o
w
400
I III 200
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Figure 0.17.: Maximum Wind Conditions
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Figure 0.18.: Mean Wind Conditions

Open Area Functions
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The assessment of pedestrian wind comfort in urban areas focuses on activities people are likely to
perform in the open space between buildings, which are in turn related to a specific function. For
example,the activity sitting for a long period of time $ typically associated with the location of a
street café or similar. Such combinations of activity and area can be groupetbifour main

categories:
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10.4.

A Sitting for a long period of time; laying steady position; pedestrian sitting;
Terrace; streetcafe or restaurant; open field theatre; pool

B Pedestrian standing; standing/sitting over a short period of time; short
steady positions;Public Park playing field; shopping street; mall

C Pedestrian walking; leisurely walking; normal walking; rambletral
Walkway; shopping street; mall

D Objective business walking; brisk or fast walkingCar Park avenue;
sidewalk; belvedere

Table 0.2: Main Categories for Pedestrian Activities

Existing Receiving Environment Summary
The wind desktopstudy of the existing receiving environment showed that:

1  The wind profile was built using the annual average of meteorology data collected at
Dublin Airport Weather Station. In particular, the local wind climate was determined
from historical meteorologial data recorded 10 m above ground level at Dublin
Airport.

1 Different scenarios were selected in order to take into consideration all the different
relevant wind directions. In particular, a total of 18 compass directions on the wind
rose are selected. Foeach direction, the reference wind speed is set to the 5%
exceedance wind speed for that direction, i.e. the wind speed that is exceeded for
over 5% of the time whenever that wind direction occurs.

1  The prevailing wind directions for the site ariglentified in the West, West SoutiWest
and SouthEast with magnitude of approximately 6m/s.

Characteristics of the Proposed Development

Description of the Proposed Development

This technical report presents a wind desktop study carried out ftire site of the proposed St.
4 A O Adbdie@i©housing development [SHDIThe image ifFigure D.19shows a 3D View of Lands
atthe proposed3 08 4 AHDA OA S O
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Figure 0.19: 3D View of Lands ptoposed3 08 4 8HDAOA B8 O
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The following paragraphs detail all theroject information used throughout the study, together

with

The

results of the assessment carried out.

proposed development comprises 493 residential units delivered in a combination of new

apartment buildings (ranging in height from 310 storeys overdlin height) and a relocated St.
4RAOAOAGO0 , 1T ACAs

308 4A0A0AGO

new

build element of 487 units is set out in 11 no. residential development blocks (Blocks22dnd

D1z E2) ranging in height from 3.0 storeys over basement comprising:

f
f

=

Block Al (5 storeys) comprising 37 no. apartments (33 no. 1 bed units and 4 no. 2 bed units)
Block B1 (10 storeys) comprising 55 no. apartments (37 no. 1 bed units, 10 no. 2 bedunuahits
8no. 3 bed units)

Block B2 (8 storeys) comprising 42 no. apartments (28 no. 1 beds, 9 no. 2 beds and 5 no. 3
beds)

Block B3 (8 storeys) comprising 42 no. apartments (28 no. 1 beds, 9 no. 2 beds and 5 no. 3
beds)

Block B4 (5 storeys) comprising 41 ngpartments (4 no. studio units, 4 no. 1 bed units, 27 no.

2 bed units and 6 no. 3 bed units).

Block C1 (3 storeys) comprising 10 no. apartments (1 no. studio unit, 3 no. 1 bed units and 6 no.
2 bed units).

Block C2 (3 storeys) comprisingno. apartments(2no. 1 bed units4 no. 2 bed units,)
together with a creche facility 0f392sq. m at ground floor leveland outdoor play area space

of 302sg.m

Block C3 (1 storey plus basement level) comprising residential amenity space of 451 sg. m.
Block D1 (&toreys) comprising 134 no. apartments (12 no. studio units, 22 no. 1 bed units, 90
no. 2 bed units and 10 no. 3 bed units).

Block E1 (6 storeys) comprising 70 apartment units (34 no. 1 bed units, 26 no. 2 bed units and
10 no. 3 bed units).

Block E2 (6 steeys) comprising 50 units (1 no. studio unit, 29 no. 1 bed units, 18 no. 2 bed units
and 2 no. 3 bed units).

Each residential unit has associated private open space in the form of a terrace/balcony.

Resident amenity space c. 451 sg. m. accommodating eng@nd studio space at basement level;

(1T OOA DPOI OEAA O-beElinds aktdl 1 AdBeddit. ok OO h

Al

OAOCEAAT 6068 11 O01T CATAAE h x1 OE AiI T OEOFYI AAGET ¢ OI T
floor.
Creche facility of 392. sq. m.

252 no. residential car parking spaces (161 no. at basement level and 91 no. ateslefad) and 20
motorcycle spaces at basement level are proposed. 8 no. car parking spaces for creche use are
proposed at surface level.

1056 no. bicycle parking spaces (656 no. at basement level and 400 no. at surface level).

15,099.7 sg. m. public opespace in the form of a central parkland, garden link, woodland parkland
(incorporating an existing folly), a tree belt, entrance gardens, plazas, terraces, gardens, and roof
terraces for Blocks B2 and B3.

2C
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10.5. Potential Impact of the ProposedDevelopment

Construction Phase

The effects on wind microclimate at thesite during the construction phase have been assessed
using professional judgement. As construction of theroposed development progressesthe wind
conditions at thesite will gradually adjust to those of the completed development, and mitigation
measureswill need to be implemented before completion and operation.

Operational Phase

The construction of the development can potentially calm the existing wind condition in the area

AU bDPOiI OEAET ¢ AZOOOCEAO OOOAAT Al 1T OA@0O06 ardad catDEA A QGE
become more critical from a wind acceleration and +&rculation point of view and phenomena

such as downwash, funnelling and downdraft can be experienced as well. The development, in

principle, offersmore drag to the incoming wind profile as d&iled in the sections that follow (see

@1 AT AOAOU AT O1 AAOU 1 AUAO AT A OAOOAET OI OGCET ADOO6
reduce and modify its flow path directions. However, zones of 4@rculations caused by the re

direction of the wind can ao be expected, especially in the WeSbuthwestdirection where some

funnelling can potentially occur. The potential impact of the development on the local wind
microclimate hasbeenassessedhrough the modelling of different wind scenarios and where ags

of critical wind conditionshave been detected, appropriate mitigation has been implemented and

modelled to verify the reduction of thecritical wind conditionsand the suitability of the specific

area to the designated pedestrian activity.

Planetary Boundary Layer and Terrain roughness

Due to aerodynamic drag, there is a wind gradient in the wind flow just a few hundred meters above

OEA %AOOEOOQEDOOETAAAAA 1 AUAO 1T &£ OEA bPiI AT AOGAOU Al Oi
Wind speed increases with increasing height above the ground, starting from zero, due to the no

slip condition. In particular, the wind velocity profile is parabolic. Flow near the surface encounters

obstacles that reduce the wind speed and introduce rando vertical and horizontal velocity

components. This turbulence causes vertical mixing between the air moving horizontally at one

level, and the air at those levels immediately above and below it. For this reason, the velocity profile

is given by a fluctuaihg velocity along a mean velocity value. Figui8.21 shows the wind velocity

profile, asdescribed above.

L

T

Figure 0.20.: Wind Velocity Profile
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Two effects influence the shape of the wind speed profile:

1 Contours of the terrain: a rising terrain such an escarpment will produce a fuller
profile at the top of the slope compared with the profile of the wind approaching the
slope.

T Aerodynamic®i OCET AOOS 1 £ OEA OPOOOAAI OAOOAET 4
woods or manmade roughness in the form ofbuildings. Obstructions near the
ground create turbulence and friction, lowering the average wind speed. The higher
the obstructions, the greater the turbulence and the lower the windspeed. As a
general rule, windspeed increases with height.

Figure 0.21: Wind Velocity Profile for different terrains

In order to assess the wind conditions in a particular area, it is important to know (Figl®e23):

1  Weather conditions in the area

9  Location and orientation of the site
1  Buildings distribution in the area

1  Flow patterns at the building

Weather Conditions Location and orientation

Buildings distribution in the area Flow patterns at Buildings

Jtal

Figure 0.22: Parameters to know for Wind Conditions Assessment

—_——t
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Moreover, it is important to understand key flow features (FiguréD.24):

T "Oi AA "OEI AET C &AAA AOAAOGAO O$/7.713(5d
1 Low Building Upwind Increases Wind Effects

1  Gaps Between Buildings Increases Wind Velocity

1  Low Building Upwind Increases Wind Effects

Broad Building Face Low Building Upwind Gaps Between Buildings Low Building Upwind
creates "DOWNWASH" Increases Effect Increases Wind Velocity Increases Effect

-—

o/

Figure 0.23.: Parameters to know for Wind Conditions Assessment

10.6. Mitigation Measures

Construction Phase

The effects on wind microclimate at the Site during the construction phase have been assessed
using professional judgement.

As construction of the proposed development progressesthe wind conditions at the site will

gradually adjust to those of the completed development, and mitigation measuresihneed to be
implemented before completionof the construction phase

Operational Phase

As stated above, if the wind conditions exceed the threshold, these conditions become
unacceptable for favourable pedestrian activities and mitigation measure should &ecounted for.

Mitigation measures include:

Landscaping: the usef vegetation to protect buildings from wind

Sculptural screening (solid or porous): to either deflect the wind or bleed the wind by
removing its energy.

1 Canopies and Wind gutters: horizdal canopies are used to deflect the wind and
redirect the wind around the building and above the canopy.

f
il

In particular, it is possible to summarise the different flow features and the corresponding
mitigation option as follows (Figuresl0.24and 10.25):

1 Downwash Effects:when wind hits the windward face of a tall building, the building
tends to deflect the wind downwards, causing accelerated wind speeds at pedestrian
level and around the windward corners of the building. This can occur when Tall and
wide building facades face the prevailing winds.

Chapter D -Wind and Microclimate
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1 Downdraft Effects: When the leeward face of a low building faces the windward face
of a tall building, it causes an increase in the downward flow of wind on the windward
face of the tall building. This resultén accelerated winds at pedestrian level in the
space between the two buildings and around the windward corners of the tall
building.

Mitigation Measures

0 To mitigate unwanted wind effects, it is recommended to introduce a base
building or podium with astep back and setting back a tower relative to the base
building, the downward wind flow can be deflected, resulting in reduced wind
speed at pedestrian level.

0 Landscaping the base building roof and tower step back, wind speeds at grade
can be further rediced, and wind conditions on the base building roof can

improve.
.
Effects Mitigation Options

_—
. Y

Figure 0.24.: Mitigation Measures for Downwash and Downdraft Effects

1  Funnelling Effects Wind speed is accelerated when wind is funnelled between two
buildings. This is referred to aOEA OxET A AAT UI 1T AZEEAAOG S
acceleration is influenced by the building heights, size of the facades, building
separation distance and building orientation. Similar effect can be noticed when a
bridge is connecting two buildings, the wingbassing below the bridge is accelerated,
therefore pedestrians can experience high uncomfortable velocities of wind.

Mitigation Measures

0 A horizontal canopy on the windward face of a base building can improve
pedestrian level wind conditions. Parapet alls around a canopy can make the
canopy more effective.

0 Sloped canopies only provide partial deflection of downward wind flow.

24
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0 A colonnade on the windward face of the base building provides the pedestrian
with a calm area where to walk while being proteed or a breeze walking space
outside the colonnade zone.

Funneling Effects Mitigation Options

Figure 0.25: Mitigation Measures for Funnelling Effects

Landscape Trees Modelling (Using Porous Media)

Through CFD Modelling, it is possible to implement the effects of landscaping trees on the wind
flowing through an urban environment. Urban landscape managers, loaaithorities and architects

can now observe and assess the effects of landscaping treeshiair urban landscape models. The
landscape trees are simulated as comprising effects of porous zones within the urban
environments. This is an essential tool for accurately assessing the actual wind speed and pattern
at a pedestrian level when landscapis available. FigurelD.27.shows the modelling approach of
utilizing porous media within the CFD numeric code to implement the effect of landscape within
the Proposed development

Figure 108d, / OEAT OAOGEIT 1T &£ , ATAO AO 308 4A0AOCABO0 001 EA
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Modelled Porous Zones (Landscape Trees)

Figure 0.27.: Modelling Landscape Tre@sPorous Zones

10.7. Potential Impacts of the Proposed Development

This sectionsets out theassessent of the potential impact of the proposed development on the
already existing environment, and the suitability of theroposed development to create and
maintain a suitable and comfortable environment for different pedestrian activities.

In order to conduct the wind comfort assessment, FigureO28 and Figure A.29 shows the
orientation of the development.

Figure 0.28:Orientation of Lands a8 08 4 BArjektOA & O

26
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Figure 0.29: Orientation of Lands &8 08 4 RrgjgstOA 8 O

Wind From SouthWest

The different flow features are indicated in Figurd0.30 by letters and discussed in the following
text. It should be kept in mind that the presented flow pattern is only indicativend based on
experience and fundamental fluid mechanical principles and does not reflect the real flow vector
in magnitude and direction.

The wind will flow through the West buildings, that provide a good shielding for the entire
development and the centrd park land. The landscape implemented seem to guarantee a good
shielding of the areas around the units. No issues are found to be critical in terms of safety.

Higher velocities and funnelling effects could be experienced in areas A and B. However, plessib
solutions for this could be horizontal canopies on the windward face of a base building, which
improve pedestrian level wind conditions. Parapet walls around a canopy can make the canopy
more effective. Sloped canopies only provide partial deflection dbwnward wind flow. The use of
rows of trees on either sides of the roadscorresponding to these three areas have been
implemented to contrast the above effects. It must be considered also that tH&outhwest wind

will be mitigated at the entrance by flowing through the large courtyard, this area is provided with
trees, and it is enveloped by buildings of similar heights. The flow will lose speed once entering the
courtyard from the SouthWest direction.

27
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Figure 0.30: Flow around the Buildings & 08 4 Bdhgke @AVGiM@ from Southwest
Wind From West

The wind will flow through the avenue, which is well shielded by the vegetation. The landscape
implemented seem to guarantee a good shielding of the areas around the unit$ere are no
critical issues arising

4EA AQGEOOET C 30 4 A ShOWS, B thé rab Gehtral pArklabdiill AdviAt©theA
airflow along its west and east facades towards the buildings that are at the back (C and D). An air
circulation zone is expected in E that can cause downwash effect. Howevelis seens to be
mitigated by the presence of the trees.

Wind From SouthEast

28
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The wind will flow through the avenue, which is well shielded by the vegetation. The landscape
implemented seem to guarantee a good shielding of the areas around the unithere are no
critical issues arisingAn air circulation zone is expected in F. In this area as it can be dbere is
different height between Buildings number B3 and B4 which can cause Downdraft effect in this
area. Howeverthis seensto be mitigated by the presence of the trees.

CFED Model Details of The Proposed Development

This subsection describes all features included in the geometrical and physical representation of
Proposed developmentCFD model. Any object which may have significant impact on wind
movement and ciculation are represented within the model. To be accurate, the structural layout
of the building being modelled should include only the obstacles, blockages, openings and closures
which can impact the wind around the building. It is important to remembehat a CFD simulation
approximates reality, so providing more details of the geometry within the model will not
necessarily increase the understanding of the bulk flows in the real environment.

Modelled Geometry
The modelled layout and dimensions of the surrounding environment are outlined in the table
below (Table10.3).

In order to represent reality and consider the actual wind impacting on the site, the modelled area
for the wind modelling study comprises a wider urban area of 2km2 around tiroposed
development.

Modelled CGFDEnvironment Dimensions

Width Length Height

CFD Mesh Domain 1500m approx. 1500m approx. 60m approx.

Table D.3: ModelledEnvironment Dimensions

Boundary Conditions
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A rectangular computational domain was used for the analysis. The wind directions were altered

without changing the computational mesh. For each simulation scenario, an initial wind velocity

was set according to the statistical weather data collected in order to consider the worsise

OAAT AOET 8 " OEI AET ¢ OOOZAAARAO xEOEET OEids. ThisAAT AOA
condition ensures that flow moving parallel to a surface is brought to rest at the point where it

i AAROO OEA OOOZAAA8 ' EO ££iTx ETTAO Al O1 AAOEAO DI
boundary condition with its appropriate inflow turbuence intensity and dissipation rates. Air exits

OEA AT i AElT AO OEA ODOAOOOOA 1 OO1I AOGS AT O1T AAOU AT T .

The wind velocity data provided by the historical data collection and by the local data measuring
are used in the formula below for the logarithmic wid profile to specify the wind velocity profile
(wind velocity at different heights) to be applied within the CFD model:

1)2 = ],3] .

Figure 0.33.: Equation of logarithmic wind profile

where:

vi= wind speed measured at the reference height

h,= reference height to measure:

h,= height of the wind speed,, calculated for the wind profile

0= 0.4 [m] roughness length selected (see table in Figu@32. below)

=2 =4 -4 =

LEEE

L

Figure 0.34.:Roughness length and class to be used for the logarithmic wind profile
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Computational Mesh

The level of accuracy of the CFD results are determined by the level of refinement of the
computational mesh. Details of parameters used to calculate the computat@nmesh are
presented in Tablel0.4. Figure10.35.shows the mesh utilised in the simulations.

4EA COEA AEiI111x0 OEA DPOEIT AEPI AO 1T £ OEA O&ET EOA
the model equations is calculated at discrete poin{®odes) on a threedimensional grid, which

includes all the flow volume of interest. The mathematical solution for the flow is calculated at the

centre of each of these cells and then an interpolation function is used by the software to provide

the resultsin the entire domain.

Parameters To Calculate Computational Mesh

Air Density 12kg/m®
Ambient Temperature (T) 288K (approx.15°¢
Gravity Acceleration (g) 9.8m/s

0.5m at the building
dx 1m in the surroundings
2m elsewhere

Mesh Cells Size 0.1 m(ratio 1:1)

Total Mesh Size Approx. cells number = 26 million

Table 0.4: Parameterdo Calculate Computational Mesh

Figure 0.35.: Computational Mesh Utilized
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Construction Phase

The possible effects on wind micralimate at the site during the construction phase dProposed
development has not been directly assessed but was evaluated based on professional judgement.
Satistical Dublin historical wind data have been used to carry out this analysis based on the fact
that the dominant wind direction is from South/Vest.

As the finalization of the development proceeds, the wind setting at the site would progressively
conform to those of the completed development. It is possible that in the final stages of
construction, implementation of the mitigation measures would be needed in eas that are
expected to be windier than others should in case some areas of the site are expected to be
functional before the construction is finalized.

Due to the fact that windier conditions are acceptable within a construction area (natcessible
to the public), and the proposed development would not be the reason for critical wind conditions
on-Site (and are slightly calmer when the development is in site), the impacts evaluateeSite are
considered to be insignificant. Thus, the précted impacts during construction phase are identified
as not significant or negligible.

In summary, as construction of théroposed developmentprogresses, the wind conditions at the
site would gradually adjust to those of the completed development. Dug the construction
phase, predicted impacts are classified as negligible.

Operational Phase

Thissection shows CFD results of wind and microclimate assessment carried out conside@ingA 6
Operational 0 E A O ARropdsefE development.In this case the assasnent has considered the
impact of wind on the existing area including theProposed development. For this scenario,
Proposed developmenthas been simulated. Wind simulations have been carried out on all the
various directions for which the development codl show critical areas in terms of pedestrian
comfort and safety. For this, the Lawson and Distress Maps have been presented to identify the
suitability of eachareato its prescribed level of usage and activity. The results present parameters
outlined within the acceptance criteria previously described.

It is also of interest at this point to underline once more the objectives of simulations performed.
In particular:

1  Pedestrian Wind Comfort and Safety Studies are conducted to predict, assess and,
where necessary, mitigate the impact of the development on pedestrian level wind
conditions.

1 To assess comfortable and safe pedestrian level wind conditions that are appropriate
for the intended use of pedestrian areas. Pedestrian areas include sidewalks and
street frontages, pathways, building entrance areas, open spaces, public spaces,
amenity areas, outdoor sitting areas, etc.

Results of simulations carried out are detailed in the following sections. These results present
parameters as outlined in the acceptance criteria section described previously féroposed
development. Results of wind flow speeds are collected throughouhé simulation and analysed
based on the Lawson Discomfort Criteria.
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Figure10.37.shows an example of wind data mapped on surface, located at 1.5m above the ground.
The scale used for all flow velocity results is set out in Figufe36. Red colours indicate critical
values while blue colours indicate tenable conditions.
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Figure 0.36.: Velocity Colour Map

Figure 0.37.: An example of wind data mapped on surface at 1.5m above the ground

Flow Velocity Results Ground Floor Level

Resultsof wind speeds and their circulations at pedestrian level of 1.5m above the development
ground are presented in Figure$.38. to 10.51.in order to assess wind flows at ground floor level
of the Proposeddevelopment.

Wind flow speeds are shown to be whin tenable conditions. Some higher velocity indicating minor
funnelling effects are found near the SoutiWest side of the development. However, as it can be
seen, both areas were mitigated with landscaping and the flow velocities shown in the Lawson map
indicate that the areas can be utilised for the intended ugsuch as entrances and pedestrian
walking area)

Therefore, it can be concluded that the wind speeds do not attain critical levels around the

development. The courtyard area between the blocks iwell protected. According to the Lawson
Criteria (described in the next sections), this area is suitable for all different pedestrian activities.
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Wind 135° Direction

Figure 0.38: Ground Floor LeveFlow Velocity Results at Z=1.5m above tfreund - Wind Direction: 135°

Figure 0.39: Isometric ViewFlow Velocity Results at Z=1.5m above the groukidind Direction: 135°
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Wind 225° Direction

Figure 0.40: Ground Floor LeveFlow Velocity Results at Z=1.5m above the groukdind Direction: 225°

Figure 0.41: Isometric ViewFlow Velocity Results at Z=1.5m above the groulidind Direction: 225°
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Wind 236° Direction

Figure 0.42: Ground Floor LeveFlow Velocity Results at Z=1.5m above the grouldind Direction: 236°

Figure 0.43: Isometric Viewflow Velocity Results at Z=1.5m above the groukidind Direction: 236°
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Wind 247° Direction

Figure 0.44: Ground Floor LeveFlow Velocity Results at Z=1.5m above the groukdind Direction: 247°

Figure 0.45:Isometric View Flow Velocity Results at Z=1.5m above the groukidind Direction: 247°
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Wind 258° Direction

Figure 0.46: Ground Floor LeveFlow Velocity Results at Z=1.5m above the groukidind Direction: 258°

Figure 0.47: Isometric ViewFlow Velocity Results at Z=1.5m above the groukidind Direction: 258°
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Wind 270° Direction

Figure 0.48: Ground Floor LeveFlow Velocity Results at Z=1.5m above the grouklind Direction: 270°

Figure 0.49: Isometric ViewFlow Velocity Results at Z=1.5m above the groumdind Direction: 270°
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Wind 315° Direction

Figure 0.50: Ground Floor LeveFlow Velocity Results at Z=1.5m above the grotind Direction: 315°

Figure 0.51: Isometric ViewFlow Velocity Results aZ=1.5m above the groundVind Direction: 315°

Flow Velocity Results Terraces

Velocity at 1.5m above the terraces for development are presented in Figur@$2 to 10.72, for
wind assessment of the Terraces of the Proposed development (Block B3 ancdtBIB4).

The analysis show that the areas are well protected. The terraam Block B3 and B4 are suitable
for every activity, including longerm sitting. Some small area that is suitable for sharm sitting
instead of longterm sitting are noticeable. However, this analysis has been performed considering
the worst-case sceario conditions, considering the whole year. Terraces are not areas that are
used all year around and lontgrm sitting is an activity performed during spring/summer months,
when the frequency of such high wind is below 5%.
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Figure10.52.: Rooflerraces Velocity Results across the terrace Wind Direction: 135°

Figure 0.54.: Roof TerracesVelocity Results at Z=1.5m above the terrace tMbirection: 18°
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Figure 0.55.: Roof TerracesV/elocity Results across the terrace Wind Direction: 225°

Figure 0.57.: Roof TerracesVelocity Results aZ=1.5m above the terrace Wind Direction: 225°
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Figure 0.58.: Roof TerracesVelocity Results across the terrace Wind Direction: 236°

Figure 0.59.: Roof TerracesVelocity Resultscross theterrace Wind Direction: 236°

Figure 0.60.: RoofTerraces Velocity Results at Z=1.5m above the terrace Wind Direction: 236°
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Figure 0.61.: Roof Terraces/elocity Results across the terrace Wind Direction: 247°

Figure 0.63.: Roof TerracesVelocity Results at Z=1.5m above the terrace Wind Direction: 247°

44
Chapter D -Wind and Microclimate



Environmental Impact Assessment Report, AT AO AO O3084A0A0A806 4AiPIA (EiTh -TTEOOIxIAh

Figure 0.64.: Roof TerracesVelocity Results across the terrace Wind Direction: 258°

Figure 0.65.: Roof TerracesVelocity Results @oss the terrace Wind Direction: 258°

Figure 0.66.: Roof TerracesVelocity Results at Z=1.5m above the terrace Wind Direction: 258°
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Figure 0.67.: Roof TerracesVelocity Results across the terrace Wind Direction: 270°

Figure 0.68.: RoofTerraces Velocity Results across the terrace Wind Direction: 270°

Figure 0.69.: Roof TerracesVelocity Results at Z=1.5m above the terrace Wind Direction: 270°
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