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AN INVESTIGATION INTO THE POTENTIAL OF REDUCGING THE IMPACT OF PLUVIAL FLOODING IN DUBLIN USING BLUE-GREEN ROOFS WITH SMART CONTROL DEVICGES

Blue Roofs
Roofs that increase
volume of water stored
and control the release

of water
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When Drought Predicted
« Closes to store water

« Cools the Building

- Irrigates the green layers

- Connects to a Weather App

« Has forecast Prediction

« Flow rate can be controlled
remotely

CASE STUDY

When Storm Predicted

- Releases standing water
- Optimises capacity

- Releases water at set rate

Case Study: ESB Sportsco

Location: S Lotts Rd, Ringsend, Dublin 4

Building Type: Leisure Centre
Site Area: 1.52 Hectares
Roof Area: 2500m?

Concrete Parapet
Capping

Masonry Block Outer

Leaf

50mm Rigid Insulation in

Cavity

Masonry Block Inner

iy

Leaf

External Render

DESIGN CRITERIA

© What is being Measured?

19mm Ashphalt
Waterproofing System

Sand and Cement
Screed

Vapour Control Layer

50mm Fibre Glass
Insulation

Concrete Deck

No. of Outlets: 6
Outley Diametre: 110mm
Roof Slope: 1:80
Live Load: 1.6KN/m?

Max Imposed Load: 0.9KN/m?

@ Under What Conditions?

Peak Run-off Rate Run-off Volume
(L/min) (m?3)

Storm Information

Date: 24th October 2011

Time: 14:00 - 20:00

Weather Station: Pheonix Park
Rainfall Amount: 60mm
Return Period: 1-in-75 Years

Typical Flat Roof
Peak Run-off rate:
0.29L/min

Green Roof
Peak Run-off rate:

0.19L/min

¢ Whats the Comparison?

Storm Simulation
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OBIECTIVES

Literature Review

Existing System Integration
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Compare with Other Systems

O 1 investigate if blue-green roofs with smart control devices are an effective
option for stormwater management in Dublin and determine how effective
they are at reducing pluvial flooding and water pollution.
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Concrete Parapet
Capping (Existing)

20mm Weatherboard

Masonry Block Outer
Leaf (Existing)

50mm Rigid Insulation in
Cavity (Existing)

Smart Flow Control Outlet
Connected to Weather forecast

30mm Sedum Blanket

Proposed

Masonry Block Inner
Leaf (Existing)

External Render

(Existing)

110Dia. UPVC Pipe with
Smart Outlet Fitted

Over

PROTOTYPE DESIGN

Blue-Green Roof Prototype

Water collection unit

Weighing Scales

Camera

30mm Sedum

Blanket

60mm Extensive

Growing Medium

VLF 150

Filtration Fleece

DiaDrain 120-

WM Blue-Roof
Drainage Layer

VLU500 Protection

and Water Storage
Fleece

120mm Blue Roof
Drainage Layer with
Capillary Tubes

Protection and Water
Storage Membrane

2 Layer Reinforced
Bitumen Waterproofing
System

Sand and Cement
Screed (Existing)

Vapour Control Layer
(Existing)

50mm Fibre Glass
Insulation (Existing)

Concrete Deck (Existing)
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Potential on Bigger Scale

Geotextile Filtration
Layer

Aluminium Edge Trim
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PLUVIAL FLOODING HISTORY IN DUBLIN

Blue-green
infrastructure at macro ® .
_ level )_g_l!'
August 1986 June 1993 November 2009 August 2020 .
Worst flooding in “The Great Flood™ 1-in-100 Year Storm Francis o 0
Dublin in 100 £8m in Damage €244m In Damage Pluvial Flooding in Smart devices in blue o . W
Years Cork green roofs  —
@ @ o—@ @-0—@ @ @
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February 1990 August 2008 October 2011
Pluvial Flooding 1-in-100 Year 1-in-50 to 1-in-100 Year
and Strong Winds €96m In Damage 2 Fatalities
: . | *, €130m In Damage

MOTIVATION
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FLOOD MAGNITUDES HAVE

BEEN INCREASING BY5 %

PER DEDADE SINCE THE 19605 IN
IRELAND AND BRITIAN

METHODOLOGY

Literature Review

79474

URBAN DENSITY IS PREVALENT

N DUBLIN MEANING BLUE-GREEN
ROOFS COULD BE A BETTER OPTION
WHEN SPACE 1S UNAVAILABLE

PRELIMINARY RESULTS

THE RaTionAL METHOD

Q = (C)(i)(A)
HR Wallingford

Where Q = Peak run-off rate (L/s)
C = Runoff Co-efficient

Blue-green roofs to

manage stormwater

Other potential

benefits of Blue-Green

Digital Simulation with Case Study

HEAVY PRECIPITATION EVENTS
WILL INCREASE BY 20%

INAUTUMN ano WINTER
accoroiNGTO MET EIREANN

| ACK OF LEADERSHIP S EVIDENT
N [RELAND WITH NO POLICYTO
PROMOTE SUDS RETROFIT
RELAND |5 BEHIND OTHER
EUROPEAN COUNTRIES REGARDING
NEW SUDS TECHNOLOGIES

SIMULATION RESULTS

FSR Analysis

Peak Run-off Rate
- Blue-Green roof with smart control significantly

Investigate if these systems can be
integrated into drainage systems in Dublin

Perform analysis using accurate analysis
tools on InfoDrainage (Autodesk)

See if the roof system can prevent flooding
in a flood prone site

Test its effectiveness during different
design storms and historical storms

roofs

O% 4 The challenges regarding
[l blue-green roofs

Physical Simulation with Prototype

Compare the effectiveness of the roof
system with other flat roofing systems.

A simulation must be done due to
timeframe, and the low chance of a real
extreme Event

Lack of such testing carried out in Dublin.

Easy access to Blue-Green roofing
materials.

CompPARE RESULTS

1-in-100 Years: +20%: 15 Minutes: Winter | OUTFLOW COMPARISON
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. . ) . 0 . L. 50.8 L/s
i = Rainfall intensity (mm/h) : reduced peak run-off, which would eliminate 50 4
A = Area (ha) : flooding from the site for these events 0.
| 3 350 L/s
Storm Length: 15 minutes (1-in-100 year) 1 Run-off Volume 5 20
Intensity: 94.8mm/h (as per Met Eireann) ! .« Reduction of run-off decreased for the longer 5 20 -
0 I : storms 10+ —15L/s
Existing Proposed . Blue-Green roof still reduced the volume 0 | | | ‘ | -
I I I significantly compared to the other roofs. 0 5 10 15 20 25 50
Time (mins)
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" 1-in-100 Years: +20%: 15 Minutes: Winter 1-in-100 Years: +20%: 60 Minutes: Winter
1 Phase Rainfall Volume (m3) Discharge Volume (m3®)  Max Outflow (L/s) Run-off Reduction Rate (%) Phase Rainfall Volume (m3) Discharge Volume (m®)  Max Outflow (L/s) Run-off Reduction Rate (%)
ANAIYSIS canEnln : Existing Roof 66.789 56.033 50.8 16 Existing Roof 116.252 98.092 50.8 16
.
| Green 66.789 20.736 30 69 Green 116.252 50.798 29.3 56
Flood Studies Report 1 Roof Roof
I Blue-Green  66.789 1.765 1.5 97 Blue-Green 116.252 0.944 1.6 91
! Roof Roof
Applicable to 15,30, 60,120 1-in-100 year '
Ireland minute storms ' " 1-in-100 Years: +20%: 30 Minutes: Winter 1-in-100 Years: +20%: 120 Minutes: Winter
return period
: Phase Rainfall Volume (m3) Discharge Volume (m3®)  Max Outflow (L/s) Run-off Reduction Rate (%) Phase Rainfall Volume (m3) Discharge Volume (m®)  Max Outflow (L/s) Run-off Reduction Rate (%)
1 Existing Roof 91.051 73.714 50.8 16 Existing Roof 144.802 121.571 40.1 16
15 Minute FSR Storm PROFILE :
| Green 91.051 37.351 33.7 59 Green 144.802 65.225 21.9 55
E 5.5 0 Roof Roof
*;5 3- i Blue-Green  91.051 4.449 1.5 95 Blue-Green  144.802 21.072 1.6 85
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t 2 3 4 5 6 7 & 9 10 11 12 13 14 15 3§  PeakRun-off Rate Historical Storm: 12 Hours: October 24th 2011 | OUTFLOW COMPARISON
o Rainfall rmemes 1 - Blue-Green roof significantly reduced run-off 14 - [13.6 L/s
: rate 17 - 7/ \
TEmmmmsmmsmsmsmsmEmssm s s s s s s s s ===« Greenroof became saturated and became 10- \\
. . ! innefective after 4.5 hours 3 \
Historical Storm | 5 8 \
g 64 \
: Run-off Volume o , N
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24th October _ 12-hour Rainfall:  PheonixPark  1-in-75year B|l:e green roof significantly reduced run-off . - ;/1.8 L/s
2011 Storm 71mm weather station Probability 0 voume , o , 0 e | | | |
1+ Green rf>o.1c only provided 5% more reduction 0 ) 4 6 3 10 17
I than eX|St|ng Time (hours)
12-Hour HisToRICAL STORM PROFILE - o Existing oGreen ¢ Blue-Green
I Roof Roof Roof
£ 3.5- 0
2 34 / [
2 )5 : Historical Storm: 12 Hours: October 24th 2011 Historical Storm: +20%: 12 Hours: October 24th 2011
g 5 : Phase Rainfall Volume (m3) Discharge Volume (m3)  Max Outflow (L/s) Run-off Reduction Rate (%) Phase Rainfall Volume (m°) Discharge Volume (m?®)  Max Outflow (L/s) Run-off Reduction Rate (%)
1.5 I Existing Roof 207.506 184.226 13.6 11 Existing Roof 249.007 221.162 16.3 11
Y | Green 207.506 169.611 13.6 18 Green 249.007 206.550 16.3 17
0.5 T e 0 Roof Roof
0 1 i g 4‘|_ é é % é é 1‘0 1‘1 1‘2 1‘3 1‘4 1‘5 i Blue-Green 207.506 61.958 1.8 70 Blue-Green 249.007 63.545 1.9 74
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e Rainfall
4 Lift bucket to - View recording Add total run-off
° ,.-.v‘ O
Water sedum for 7 release standing Apply required and note change to ﬁnd. % of
days water hourly rainfall in weight reduction
Apply rainfall
from previous day
(23rd Oct 2011) Record over time ,
NN T Dont release Convert units Plot run-off rates
bucket on graph to find
peak run-off
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Physical Simulation Run-off Rate
< 0.20
2 0.16 L/min Full testing of
£ (0.15- —— 'three prototypes
£ for accurate
a4 o
0.10- comparison
0.05-
0 Use high quality
- [ [ [ |
Hour 1 Hour 2 Hour 3 Hour 4 Hour 5 Hour 6 Hour 7 () smart control

Peak Run-off Rate

- Was reduced, but not significantly due to smart control
valve not providing the sufficient flow restriciton.

e The valve didnt decrease peak run-off rate

Run-off Volume
 The smart control valve reduced the volume of run-off
by 6 litres, which was accumulated on the previous day.

e Blue-Green Roof

Physical Simulation Results Summary

Phase
Flat Roof

Green
Roof

Blue-Green
Roof (SCD)

Blue-Green
Roof (No SCD)

Rai
60

60

60

60

nfall Volume (L) Discharge Volume (L) Max Run-off Rate(L/m) Run-off Reduction Rate (%)
Not measured 0.29 Not measured
Not measured 0.21 Not measured
37.6 0.16 36
43.6 0.16 28

valve

Use High spec
recording

‘ equipment eq.

tipping bucket
flow metre

DIGITAL SIMULATION FLOW CHART

Dublin City

Planning Drawings

Existing Roof (Ashphalt)
From DCC

Green Roof

A

AT

N
N
\
\
N
\
0\

Split Into
Phases

S ’\x x ai))““v
v

> A oS

Model Existing Site and Drainage BIl{‘e-Gre:eﬁn ROQf

Base level

Blue Layer Modelled
as Detention tank

Surface Data
from Lidar

THE BIGGER PICTURE

3.4% Covered by

FSR Data Taken

from Infodrainage

Choose Storm
Conditions

Historical Data
from Pheonix Park
Weather station

80% of surfaces

impermeable Available Roofs

MINUTES

Delays Run-off by
11 Minutes

23% of Blue Layer
Filled

1-in-100 Year -12-hours

72 Buildings in
Plot

7613m3 Volume
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Delays Run-off by 4

Blue Layer: 90L or 0.09m?’ Hours

per m? Available

Unsaturated Green Layer:
451 or 0.045m° per m?

KEY FINDINGS

Case Study

‘ FSR Storms (15 - 120min)

Blue-Green Roof

Green Roof

Brought in line with DCC
requirements for new builds

‘ Impact on Bigger Scale

92%

60%

Existing Roof

Very effective at reducing run-off
from short winter storms

‘ Historical Storm (12-Hrs)

Blue-Green Roof

Retrofitting existing roofs in flood
prone areas would cost less
damages from flood event

‘ Physical Simulation

70%

Green Roof

Existing Roof

Difference between green and
blue-green roof more prominent
due to saturation

18%

Reduced run-off by 3.5 hours
however more accurate testing
needed

71% of Blue Layer
Filled

FSR Design Storms
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CONSLUSION
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Pluvial flood (10% AP) extents highlight the damage The blue-green roofs would drain
that flooding can cause to property, infrastructure
and the economy
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Available buildings are in clusters near flood prone
areas, which highlights that retrofitting in groups
of buildings could be effective at mitigating
pluvial flooding.
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Run Simulation
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Sea el

This area accounts for 10% of the
countrys GDP, so flood damage

OLLSCOIL TEICNEOLAIOCHTA
BHAILE ATHA CLIATH

SEAMUS FARRELL DyBLIN

TECHNOLOGICAL
UNIVERSITY DUBLIN

Find Max Outflow

Analyse Report

Find run-off
Volume

Flat Roof with 80%
Available Roof Area

Flat Roof with 60%
Available Roof Area

Flat Roof with 40%
Available Roof Area

ESB SportsCo Case
Study Building

Flood Hotspot

Impervious Green
Space

Waterbody

_

here would have an bigger
impact

0

e HOURS

over 24-hours at least, so the

combined sewer isnt overloaded

*

Blue-green Compared peak :
infrastructure Un-off Source control Retrofit potential

SUDs Regulations Insufficient Valve e In depth study

storms
FUTURE RECOMMENDATIONS
Feasibility
@ Studyin S,
Dublin

| Smart Rainwater
- Harvesting Potential

Storage Tank
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Sump For use
Pump :
S — Environmental Economic Practicality
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Investigate other
Potential Benefits

Air Quality
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