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--Greenhouse Gases
--Climate Change

--Alr pollution

--Intensive sporadic rainstorms (HKO: annual total rainfall
IS on a rising trend at a rate of 56mm/decade)
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Motivations
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[t is not a slogan. It is an action.

Advocate Greening
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Greening
Wan Chai
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Regular ancrete Roqf

Dirt and pollutant washed = bad runoff quality
M TR AR KT

No Water storage capacity

G /KRETD

Rely on large drainage system {{¢H8 8 A HEKESftE
or cause flooding 28¢5 [E7KiZ

Clean the air and provide habitat for wildlife

Better runoff quality
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Relieve dramave system stress JECHE/K R B8
Cleaner water c3#E7kK'88




Stormwater Benefits (the Canadian Study)

Annual average stormwater flow reduction of 12 million cubic meter
Capital cost from infrastructure reduction of $504 million
Capital cost from erosion control measures of $25 million

CSO Benefits (the Canadian Study)

e One overflow reduction per year

e Three additional beach open days per year

e (Capital cost from infrastructure reduction of $45 million
e Dollar value of beach openings is $752,000 per year
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Introduction — Green Roof and Structure

o Intensive and extensive green roof due to different thickness
of substrate layer

o Green roof consists of

* \egetation layer
* Substrate layer
* Filter layer

* Drainage layer
* Root barrier

» Water proofing

o Benefits: stormwater management, air pollution abatement,
heat island effect mitigation, noise reduction. etc.
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Runoff Studies in Various Regions

O Different regions achieve
different result of storm
water retention percentage

due to climate and green

roof configuration
differences, ranging

Retention Pecentage (%)

Substrate Layer Thickness (mm)

from 23~78%.

O Thicker substrate

layer, more storm
water retention.

Experiment Site
W Average Runoff Reduction Pencentage (%) W Substrate Layer Thicknes (mm)
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= |ntroduction — Factors Affecting Runoff Results

o Substrate Layer Thickness
Intensive green roof reduced annual runoff as 85-86% of normal
precipitation while the extensive achieved 27-81% [4.

o Rainfall Intensity

For small storms (<25.4mm)
88% retained, for medium
storms (25.4—76.2mm) more
than 54% retained and for
large storms (>76.2mm)
48% retained [13] Example runoff from a green roof (dashed line) generated by a

given rain event (black line) (16l
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o Slope
2° slope double the retention capacity as compared to 14° slope [1°],

O SeaSO N sRlzi::IIug]etention by Sedum extensive green roof under different
For the SUbStrate thICkness Rain Duration Total precipitation, Rain to start Total Retention
between 50 and 150 mm’ ;::;ne/::ln) (min) P(mm) runoff (mm) runoff (mm)
season-wise runoff reductions [ o = S2im) Baie)
were: 70% for the warm Shopa : S AR
season, 49% for the in-between RN 16701097330
seasons, and 33% for the cold [ o Mol sauem.

1.3 60 70.0 (90%) 8.0 (10%)

season [4],
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- Introductlon Factors Affectlng Runoff Results

o Vegetation
Vegetated roofs retained 60.6% rainfall; the media-only roofs
retained 50.4% rainfall and the gravel ballast roof

retained 27.2% rainfall (111

- -
L

Vegetation is likely to have the
greatest impact on stormwater
management (about 40% better 2

s S

than medium-only roofs) under ,:f._f.v-'.

conditions characterized by g Sl
frequent relatively small rain —" T
events 7] R R a——
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(I) To carry out a review based on overseas design guidelines and
published literature on the benefits of green roofs in runoff water
quality improvement and peak runoff mitigation;

(i) To design green roof trials at Sludge Thickening House and its
Extension at STSTW,

(i11) To supply data collection equipment for the green roof trials;

(Iv) To collect wind tunnel test data and develop wind suction numerical
models for evaluating the wind damage to green roofs and the
danger of lifting a green roof system;

(v) To establish a guideline for planning requirements and design and
maintenance criteria of Hong Kong green roof systems
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=Key Issues in Design and Planning

Structural loading capacity

Wind suction forces

Setback distance

Legal considerations

Growing medium and substrate

Vegetation replacement and weeding frequency/maintenance
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1. To carry out a review based on oversea design guidelines and
published literature on the benefits of green roofs in runoff water
quality improvement and peak runoff mitigation

2. To provide design inputs for 2 trial green roofs at the Sludge
Thickening House and its Extension of Sha Tin Sewage Treatment
Works for the purposes of demonstration, testing and monitoring

3. To carry out field measurements to obtain the data of soil moisture
and rainfall-runoff and making use of their relationship to calibrate
and verify stormwater numerical models

4. To carry out laboratory experiments to investigate the stormwater
retention performance of different green roof systems under different
growing medium depths, roof slopes, antecedent moisture conditions
and number of layers by using hydrology apparatus
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*Major Tasks (cotinued

5. To use a soil moisture transport model to estimate the soil hydraulic

properties and stormwater runoff based on the data obtained from the
field measurements and laboratory experiments

6. To conduct field measurements and laboratory experiments to
Investigate the benefit of green roofs in insulation properties and
runoff water quality improvement , and evaluate the performance of
green roofs in relation to some key water quality parameters such as

O iy
i ..;58“‘;? - &
{ TRine e ‘ Y\

I3 1'% d . I i < " ’
:‘|,\-. "O‘ w, _‘\ . - .
A/ RD Drainage Services Department

gy ; L FORUM Research & Development Forum 2082 SSSaa s



" e » e e | ‘
»3 R T PO e

o 0 BF ‘Q_ %ﬁt‘?bl. et e 1T

S % "'7“"‘?" e an S R . ¥

- 5 W) b é';ﬂ'--‘f;“*" vl o -~
- o e TR o Lro— —

- ~. o o

»

\ETMENE (cotinued

7. Todevelop awind suction numerical model to address the wind
damages to the green roofs as well as the danger of lifting green
roofs

8.  Toestablish a design guideline for Hong Kong green roof systems
to address some key issues including but limited to structural
loading capacity, wind suction forces, set back distance, legal
consideration, selection of growing medium and substrate as well
as vegetation replacement and substrate as well as vegetation

7..‘
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m Task 1 — Literature Review e

Related Publications in Hong Kong
e (ASD, Urbis) Study on Green Roof Application
In Hong Kong

« (DSD) Application of Green Roof in Wan Chal East
and West Preliminary Treatment Works

« (CEDD) Objective of Greening Master Plan (GMP)
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Task 1 therature Rewew
Overseas Green Roof Guidelines

Name Organization Year Published
(Country)

Guidelines for the Planning, Construction and Maintenance of FLL (Germany) 1982 (first published);
Green Roofing 2008 (newest edition)

A Guide to Rooftop Gardening Chicago Department of 2008
Environment (US)

Design Guidelines for Green Roofs Ontario Asso. Of 2009
Architects and etc.
(Canada)

Handbook on Skyrise Greening in Singapore Nparks and NUS
(Singapore)

Extensive Green (Living) Roofs for Stormwater Mitigation Auckland Regional
Council (New Zealand)

The GRO Green Roof Code The Green Roof
Organisation (UK)

Design Guidelines and Maintenance Manual for Green Roofs in ~ EPA and etc. (US)
the Semi-Arid and Arid West

Ecoroof Hand Book 2009 City of Portland,
Environmental Services
(US)
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Technical Type:

-Experiment data and methods

-Codes and legal references

-Target: Government, Research, Construction

General Public Type:
-Definitions, concepts and benefits
-Case examples, costs estimates
-Target: General Public, Construction and Design

N ESIGN GUITMELINES
el FOR GREEN ROOFS

R
CHICAGO"s
=YY
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HANDBOOK
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: SEPA = g
Green Roofs in the New York Green Roofs for Stormwater

Metropolitan Region Runoff Control
(NASA, US) ammonosamaee | (EPA, US)

Runalf Contral

Guidelines for Monitoring
The Hydrologic and Water
Quality Performance of

Green Roofs

in the Greater Seattle,
Washington Region

(Seattle Office of Sustainabilit
and Environment and Seattle
Public Utilities, US)

Wind Design Standard for
Vegetative Roofing Systems
(ANSI/SPRI, US)

GALEN 800

And of course,
many other green roof and eco-roof related studies and journal papers
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Quu:k Introductl‘on of Germany FLL Gwdelme

- Longest development history (since 1980s)

- Strong interaction with Deutsche Industry Norm “DIN” and DIN EN
(German edition of European standards)

- In Germany, 180 km? built, additional 11 km? every year (2008 data)

- Widely accepted in many other countries
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Structural loading Consider dead load, live load and, static liquid
capacity pressure (e.g. rainwater ponding)

Roof slope

Wind suction pressure

Legal considerations Fire safety
(For people access) exits, lighting, guardrails,
and barrier free access

Growing medium Lightweight aggregates (LWA)
Low organic content to reduce shrinking

Maintenance Irrigation, even for extensive green roofs
Fertilization using slow-release fertilizers
Inspection of waterproofing and blocking in
drains
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. Task 2 — STH .* STHE Green Roof De5|gn
Sludge Thickening House (STH)

. Original roof 3. Pavmg green roof Iayers

5. Completed green roof
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-2 Staircase
STHE

Roof Area: 840m?
Plants: 12 species
Soil Thickness: 150mm
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1. Wall tiles and stairs
construction

Roof Area; 602m?

Area of each lot: 108 to 113m?
Plants: 2 species

Soil Thickness: 100mm, 150mm
and Omm (control)

Drainage Services Department
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nt.) Lot 1, 3:
AX0oNnopus comperssus
(Carpet Grass)

Lot 5: Control Lot
(original roof unchanged)

Lot 2, 4:
Nephrolepis exaltata
(Boston Fern)
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Sludge Thu:kenmg H'du Extensmn (STHE) (cont.)
Photos of the sensors and equipments

Weather station sensor
suite

Runoff experiment setup (left) and

V-notch weir chamber ultrasonic flow meter (right)
(runoff measurement)

Soil temperature and rh(;isture sensor “
(right) and data logger (left)

3D anemometer Thermocouple and data logger
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Roof Temperature Comparison: Soil vs. Control Roof

Temperature (°C)

Soil Temp Controi
Roof

— Soil Temp Lotl

— Soi! Temp Lot2
—— Soi1l Temp Lot3
—Soi1l Temp Lot4

Temp (Weather Station

STH)

« Temp (Weather Station
STHE)
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Diagram 1: Temp Comparison between Substrates and Control Roof Surf

(cont.) Highlight - Heating of the roofs during sunny days

Roof Temperature Comparison: Soil vs. Control Roof

Soil Temp
Control Roof

===So0il Temp Lotl

N
o

===S50il Temp Lot2

w
ol

perature (C)

===S0il Temp Lot3

Tem
w
o

===S0il Temp Lot4

N
(S}

= Temp (Weather
Station STH)

= Temp (Weather
20 | ] Station STHE)

15 - —- ) —
14-Oct-12 14-Oct-12 15-Oct-12 15-Oct-12 16-Oct-12 16-Oct-12
Time

L il

17-Oct-12 17-Oct-12 18-Oct-12
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—Lotl(l)
Lotl(2)
Lot2(1)
Lot2(2)
Lot3(1)
=—Lot3(2)
Lotd(1)
Lotd(2)

Lot3-control(1)

Tenperature ("C)

Lot3-control{2)

Time

v
.
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Dralnage Inspectlon
Chamber

Each green roof lot is connected to
the corresponding V-notch chamber
through an individual downpipe
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_ ===~ _Subsurface runoff ;

Drainage layer runoff
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V-notch calibration: Lot 1

o S

Discharge expression of a V-notch weir:

Q = discharge

C, = coefficient of discharge of the V-notch
e = angle of the V-notch (30 in this case)

h = water level from vertex of the V-notch

By measuring Q and h, g = standard gravity (9.8m/s?)
C, can be calculated through a calibration plot of log Q against log h
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V-notch callbratlon Lot l

V-notch Weir Calibration (Lot 1)
log h

-0.8

y =2.4573x - 0.4534
R2=10.9954

V-notch calibration setup
in Hydraulics Laboratory

v
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Rainfall (mm/hr)

Lotl (100mm

soil)

= Lot2 (100mm

soil)

Lot3 (150mm

soil)

——Lot4 (150mm
soil)

= = Lot5 (control)

------ Rainfall(STHE)

...... Rainfall (STH)
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1.000 130

H - 110
0.800

= Lot1 (100mm soil)

= Lot2 (100mm soil)

o
=
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& 0.600 < .
@ g ———Lot3 (150mm soil)
3 £
o —_
é g Lot4 (150mm soil)
QO 0.400 =
= @ = = Lot5 (Control)
c
]
| . A v\ \ 9y v v e STH rainfall (mm/hr)

0.200 -

------ STHE rainfall
(mm/hr)
0.000
11:31
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0.500

0.400

o
w
o
S

Runoff Discharge Rate (L/s)
o
2

0.100 -

Rainfall (mm/hr)
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= Lot1 (100mm soil)
= Lot2 (100mm soil)
——L0t3 (150mm soil)
— Lot4 (150mm soil)

= = Lot5 (Control)

------ STH rainfall (mm/hr)
----- STHE rainfall (mm/hr)

Peak discharge:
Lot5 = 0.481L/s
Lotl = 0.384L/s (20% reduction)
Lot2 = 0.384L/s (20% reduction)
Lot3 = 0.178L/s (63% reduction)
Lot4 = 0.168L/s (65% reduction)




Runoff Measurement - Preliminary Observations:

i)

Noticeable difference between green roofs and control roof on peak
runoff reduction

Noticeable difference between 150mm soil and 100mm soil on peak
runoff reduction and retention

The effect of the two plant types (carpet grass and Boston fern) on
runoff do not show significant differences even under heavy rains

.. Drainage Services Department
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Diagram 5 Thermo-camera Images
(9 May 2012, 12:39pm, Ambient temp 32.3°C)

Sludge Thickening House Green Roof

1'45,9°C SCRECETTIE

€=0.98 -~

emissivity (€): a value between
0 (reflect) and 1 (absorb / black body)
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Diagram 5: Thermo-camera Images
(9 May 2012, 12:39pm, Ambient temp 32.3°C)

Sludge Thickening House Extension Green Roof

Lot 1 Lot 2 Lot 3 Lot 4 Lot 5
(100mm soil) (100mm soil) (150mm soil) (150mm soil) (control)

"41..8°C LR SgFLIR ["4,8,..1.2c.‘..ﬂbd& 53.0°C $FLIR
£=098 _S™ i s=0.98' . £=0.98)

pellm— | 42-'1

(Lotl during

irri

gation)

>

AL 8T | i _ -
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|. Laboratory runoff experiments

- 36 test plots (0.6m x 0.45m x 0.4m plastic container)

- Test parameters:
- 2 types of soil substrate
- 3 types of vegetations
- Rainfall rate (10, 30, 50, 70, 100 mm/hr)
- Gradient (1°, 3°, 6°)
- Antecedent soil moisture content (1, 3, 7days after watering)

.. Drainage Services Department
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Soil A: Soil B:
50% sand Commercial
50% peat Moss potting soil

~ (Taiwan brand)

P
Test Plot 13-24: Test Plot 25-36:
Zoysia matrella Sedum lineare Veronica serpyllifolia
(manila grass, & 1L5L) (needle stonecrop, {# FH &) (Thyme-leaf speedwell, /KEZ &)

Drainage Services Department
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Soil A Soil B Soil A Soil B Soil A Soil B

2nd month

4th month

6th month

8th month

10th month

12th month

Actual setup on the roof of
PolyU, building-P
8 October 2012

Configuration of the
soil/plant combinations
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- Physical Characteristics of Soil
- Dry bulk density
- Saturated weight
-Water holding capacity
- Water permeability
- Particle size distribution

- Chemical Characteristics of Soil

- Organic content

- pH (in CaCl,)

- Nutrient content (nitrogen, phosphorus,
potassium, magnesium)

- C:N ratio (nitrogen availability to plants)

Drainage Services Department
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sample compaction:
soil sample core and metal cover (left); 4.5kg
standard hammer (right)

A soil sample.t_mdergoing permeability
test (FLL guideline method)
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Physical Analysis of Soil — Preliminary Results

Soil A:
50% sand + 50% peat
moss

1045.97 173.1

Soil B:
commercial potting soil

Dry Bulk Density (kg/m?3)

Particle Size Distribution (>2000um) 5.49%
(1180um range) 8.66%
(600um range) 22.55%
(300um range) 43.37%
(150um range) 17.83%
(63um range) 1.97%

(<63um) 0.13%
68.7%

(>2000um) 38.83%
(1180um range) 13.96%
(600um range) 26.23%
(300um range) 13.99%

(150um range) 5.72%

(63um range) 1.25%

(<63um) 0.02%

\Volume Remained after 62.1%

Compaction

Organic Content Wt.% 9.1%
(% mass loss due to ignition)

58.5%

Water Permeability (cm/s) 0.009 (FLL method)

54.9%

0.028 (FLL method)

Max Water Retention 54.3%77?
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noff samples (cont.)

Soil C:
sample from STHE roof

1012.2

(>2000um range) 31.75%
(1180um range) 15.37%
(600um range) 19.49%
(300um range) 15.85%

(150um range) 9.25%
(63um range) 7.02%
(<63um range) 1.27%

(in progress)

(in progress)

(in progress)

(in progress)
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Physical Analysis of Soil — Prelimiary Results
Soil Sample — Particle Size Distribution (PSD) Plots

Particle Size Distribution Plots
100

— 90

/ 80
i
/

70

//I‘ 60
/ /,/.A'/ 50 =0=—S0il A (50% sand 50% peat moss)

/ 40 == Soil B (TW commercial potting soil)
/ // a0 —#—STHE Soil Sample
20
10
0

300
Sieve Size (um)
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» Task 5 — Soll I\/Imsture Transport I\/Iodel (HYDRUS 1D)

-To simulate STHE green roofs performance under rainstorm up to 200mm/hr
(to simulate infiltration process and water content profile)

Important parameters:

Main Process Water flow, root water uptake
Soil hydraulic model Van Genuchten-Mualem model

Soil hydraulic parameters Measured values

Water flow boundary conditions Upper boundary: atmospheric BC with surface runoff
Lower boundary: horizontal drainage

Root water uptake model Water uptake reduction model: Feddes
Root water uptake parameters: Grass type

Time variable boundary conditions Precipitation (10, 30, 50, 70, 100, 150, 200mm/hr) for 1hr

\ /X m Drainage Services Department g =
3 :f . e
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C,,(h) = soil water retention
o oh OK (h K = hydraulic conductivity
= K(h)— |+ L —S(h) h = pressure head
0Z Oz z = elevation above datum
t =time

which means water flux into this volume during time interval, ot, equals
changes of water capillarity movement (first term on right hand side)
plus changes of water gravity movement (second term)
minus a sink function of root water uptake (last term)

- Soil water retention function, C,(h), is solved using the van Genuchten equation:

n n—1 o = inverse of air entry suction
C (h) _ 04 (93 B Hr )m n(_h) o, = saturated water content

w e, = residual water content
n = pore-size distribution
m=1-n!

[1+(—0[h)n]m+l

- Soil hydraulic parameters (e.g. a, e, 6,) can be predicted in HYDRUS-1D given the soil textural
characteristics, such as the sand/silt/clay fractions, and bulk density
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Hydrus-1D Preliminary Results

Appearance of Surface Runoff under 1-hour Constant Rainfall (runoff experiment

scenario)
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Surface Runoff under Different Rates of Rainfall (100mm vs.
150mm soil)

e 1 00mmM S0,

e 1 00mMmM S0,

e 1 00mmM oIl

Time (hr)

i
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e 1 00mmM S0,
e 100mm soil,
150mm soil,
150mm soil,
150mm soil,
150mm soil,
150mm soil,
150mm soil,
150mm soil,

100mm soil,

100mm soil,

10mm/hr rainfall
30mm/hr rainfall
50mm/hr rainfall
70mm/hr rainfall
100mm/hr rainfall
150mm/hr rainfall
200mm/hr rainfall
10mm/hr rainfall
30mm/hr rainfall
50mm/hr rainfall
70mm/hr rainfall
100mm/hr rainfall
150mm/hr rainfall
200mm/hr rainfall
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-To compare the difference
between the runoffs from the
green roofs and the
conventional roof

- Also, to examine the chemical
characteristics of the runoff as
effluent (purifying or
polluting)

Groups

Hydrocarbons

Others

Research & Development Forum

lity Anal

Summary of Parameters

Drainage Services Department 4

is

Items

Poly-nuclear aromatic hydrocarbons
Total petroleum hydrocarbon

Total and dissolved copper
Total and dissolved lead
Total and dissolved zinc

Total suspended solid
Total dissolved carbon
Biochemical oxygen demand
E-coli

Total phosphorous
Dissolved phosphorous
Total nitrogen

Nitrate

Nitrite

pH

Residual chlorine




Parameter Inflow Effluent
(Irrigation (Runoff)
water)

Total Suspended Solid
(mg/L)

BOD (mg/L) 0.41 0.42

V-notch chamber receiving runoff
pH s from a green roof

7 7.19
Total Chlorine Residual 1.36 0.02
(mg/L)

Ammonia Nitrogen
(mg/L)

Nitrite Nitrogen (mg/L) 0.006

9

Nitrate Nitrogen (mg/L) 1.6

V-notch chamber receiving runoff
from the control roof

R@ Drainage Services Department g8 & 4
Yy Research & Development Forum o



- A numerical model (FLUENT) is constructed
to simulate the wind field of the STH and
STHE green roofs from 8 wind directions

- Wind flow at height up to 40m above ground
level is simulated

- Designed hourly-mean wind velocity (m/s) at
different height is assumed to follow:

38.7 x (z/10)°,
where z is the elevation above ground

-»\ iV - 4
D .. Drainage Services Department
FORUM Research & Development Forum 20:

Model mesh of STSTW and |ts i3
surrounding

Suction pressure acting on a green roof
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Wlnd Speed Fleld Measurements (22 May 2012)

22 May 2012
Wind Magnitude Plot (STH, middle of Southern edge) Wind (HKO): force 5 to 6 (E)

6 No. of sample: 2156
Mean speed: 1.31 m/s
Max speed: 5.58 m/s

ol

SN

——STH (edge)

l | |

w
e

N
|

Wind Speed Magnitude (m/s)

-
I

0 T T T T T T

14:21:07 14:28:19 14:35:31 14:42:43 14:49:55 14:57:07 15:04:19 15:11:31

Time

Middle of Southern edge of the
STH roof, 0.5m above soil level

v
.
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Boundary condition of the model

\elocity vectors on Line 1 to Line 6, at
various locations of STH roof

! .Drainage Services Department
. Research & Development Forum Z




Wind loading calculation
Pressure Equation

P=PO+%CPpU2

P — suction pressure (Pa)

P, —ambient pressure = atmospheric pressure = 0 gage pressure.

C, — pressure coefficient = -1.2 (based on Table E1, Flat roof away from edge zones.)

p — air density = 1.2 kg/m3.

U — wind velocity = 35.8 m/s (based on Table F3, maximum design wind velocity if
building under 5 m high without sheltering effect.)

P=0+0.5X-1.2X1.2X(35.8)? =-922.78 N/m?.

Thus, maximum suction pressure calculated is -922.78 N/m? (or -0.9228 kPa). This
suction pressure is larger than the green roof loading of 0.75 kPa (non-accessible roofs).
The wind reduction due to sheltering effect will be investigated in this project.

Drainage Services Department g &
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STH Green Roof

Vegetation experiences the strongest wind
speed and suction pressure under Southerly
Wind

\elocity vectors at Z=17m (2m
above the roof)

At 0.5m above roof level, within a small
region maximum suction pressure can
reach 930Pa, above the design standard for
green roof with 150mm solil thickness (i.e.
750Pa)

Visualization of max. suction pressure
showing region over design limit (in red)

AN 4
VA R@ .. Drainage Services Department
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Vegetation experiences the strongest wind
speed and suction pressure under Northerly §..
Wind "

\elocity vectors at Z=17m (2m

above the roof)
At 0.5m above roof level, the average

suction pressure is 16.94Pa and the 1B ‘
maximum Is 133.16Pa. This pressure Is = |
even lower than the one in STH roof R
because there is concrete structure %3: ‘\
surrounding the STHE roof -
VisQaIization of max. suction pressure (in

blue)

(‘ ‘\* . \ 3
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76.62
67.05
57.47
47.89
38.32
28.74
19.16
9.59

0.01
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Task8 GreenRoof De3|gnGU|deI|ne

Hong Kong Green Roof Survey

Gain insights into the technology, trends, advantages and challenges
Existing green roofs in places including universities and schools, government
buildings, private residential and public recreational areas

Inventory items include:

Aspect Items

General Name, Location, Type of Green Roof
Structural Concerns Building Age, Roof Height, Weight of Green Roof, Slope%, Contractor Info
Vegetation Species, Quantity, Soil, Irrigation, Fertilization, Pest & Weed Control
Surrounding Environment Land Use, Animals and Plants, Air Quality

Achievements and Challenges Safety and Maintenance, Studies Involved, Design Process, Experiences

(Visits and interviews are in progress)

Drainage Services Department @ &
H)RUM Research & Development Forum e




Hong Kog Geen Roof Survey

Part 1: General Information FAEHE

Part 2: Structural Concerns fSREFHRE
Part 2a - Construction Phase S

Facility Name:

AR

Construction Contractor Info
(if applicable):
A POR A )

Address:
Hahk::

Structural Consultant Info
(if applicable):
AR A):

Website:
AU

Roof Height:
KATHIE:

Contact
Info Tel.:
Be& ik i

Age of the Building:
SN

Email:

Wi 5

Designed Structural Loading:
axat G

Contact Person:

LN

Expected Weight of the Green
Roof:

TG LR A T

Type of Facility:
axHERUH:

Commercial #3 / Industrial T / Residential {35 / Recreational {AfH] /
Other FiAt

Slope of the Green Roof
(% or degree):
HAEREREYE:

Type of Green Roof:
ERCRE R

Extensive £ / Intensive #2475 / Other H.f

Wind Safety Measures:
B3 ie:

(e.g. walls, set-back distance, etc. {551, 4 R HHES)

Survey Conducted:
A

Site visit {-["J#%3 / By email {HE R

Fire Safety:

B K HiE:

(e.g. fire-proof material choices, fire alarms, fire extinguisher,

ete. BB PR, B8, WK AR

Sign of Degradation (e.g.
cracks, peeling):
EACHR TR R )

Legal Considerations (e.g.
handrail, lighting, exits, etc.):
SRR (G, R,
A1EE):

Drainage Services Department

FORUM

Research & Development Forum




Part 2b - Maintenance Phase (3 #5010

Maintenance Contractor Info
(if applicable)
RN SOFL LA N

Annual Cost

1S ERR

< $5,000 / $5,000 < $10,000
$10,000 - $50,000 / = $50,000

Irrigation
L]

Auto [0/ Manual 0

Recycling rain water? [N 8501 i )? Yes Jit / No
Method 175 (e.g. spray, subsurtace, etc. 41: WM, P09 A%
o

)

Frequency and Quantity 00 0% 1|

(Summer W ¥ time(s) per day 1) 2000,
L per time S HTRD

(Winter 2§ time(s) per day 13 A0,
L por time f5 041 0E)

Storm Runoff
FRing 2z

Performance on drainage 137k 200

Surface runoff Bl Yes It/ No &

Ferulizing
AL

Type BN organic 41 / inorganic (I / both J8
Frequency ¢ time(s) a year IEI0

Quantity per time $E5001] i

Pest Control

[id 484

Fype of Pest(s) 214V
Type of Pest Control [ /5 0 Chemical 5539/ Physical i)
A28/ Other 1L

tme(s) a year B3l
per time A

Freq. Al
Quantity '] 1

Weed Control
i iy

Type of Weed(s) 1%
Damage PN W (Scale 1-5 82

(170 harm MR, S=seriously affecting plants $28 10D

Type of Weed Control i 45 /)4
Freq, A8 time(s) a year B0y

Pruning Frequency
607 411681

Freq. 2 time(s) o year Iy M
Purpose | | appearance 28I / reduce wind drag [ 1| il
enhance growth K14 1%/ other JLAL

Frequency of
Replanting/Repairing
vegetation

O/ N

Fregq. A times) o year [EATY

Part 3: Basic Components of the Green Roof #{V K&

Part 3a - Vegetation Related fif{#7/42

Types of Vegetation (scientific
names if possible):

W SHERCRES WA):

(e.g. mosses 73 #%, sedums 2514, grasses #%, shrubs A, trees
£, etc.)

Total Quantity of Plants:
iR

no. of shoot per area (herbs) %3 F{e7 T RTPIAR B (S2500):
total number (trees) FE#E% (F5H5):

others JLAh:

Vegetation Height (each type):
e (GSAR):

Spacing:
Fli 2 A 2 lg:

Part 3b - Substrate Related - HiiAH{EH

Area of the Soil Cover:

#Abmiht:

Total Area of the Roof:
KRN

Substrate Depth:
A

Substrate Type and the
Components:

e RRA R e

e.g. soil mix (Yclay, %sand, etc.), artificial, etc. or brand
name {i: g 4-(%ife, %ith, 5F), ATAiE, HAl, (1-4)

Drainage Services Department
Research & Development Forum
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Macro Environment and Ecology [fj

Part 3¢ - Accessories and Hardware Related |7 ELEEETAH B

Type of Root Barrier:
[ IR AT

Type of Waterproof Layer:
[ 7K AR

Type of Boundaries/Fences:

[ R AT

Other Hardware / Additional
Elements

(e.g.: decoration, furniture,
sensors & data acquisition
devices, maintenance tools,
pets, ete.):
T4 s T AL E
Eeas/ T HAYE)

FORUM

Type of Land Use:
I HY BRI

Commercial 3%/ Industrial 13 / Residential {55

/Recreational {A[H}/
Other H.Affi:

Building Density:
e

Ambient Temperature:

(B RRIGYER

Humidity:
BT AR

Air Quality:
BT SR T

(Scale: 1 -5 %)

(1=very bad {{4if%7%: smog F5, dust Hit;

S=natural environment []5%)

Influences from Nearby Buildings
(e.g. shading, wind shield):
BT iR, BUHE):

Faunal (animal) Attraction:

F A W:

Floral Density:
WHEh:

Drainage Services Department _g
Research & Development Forum 20
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Hong Kong Green Roof Survey

Part 6: History, Health and Innovation of the Green Roof ¥ % 5 5 508

Starting Date of Construction
BIHEW

Compiletion Date of Construction

cro Ecology of the Green Rool #E{F A 754 18 = T

Animal Attraction Name of the Project
Loy HZW

Plant Attraction Theme of the Project
Koy IN+E

Relationship with Adjacent Green Design of the Groen Roof
Rool/Vegetations (mspiration & processes )

DR AT MY 2 IHERR LIt AaN)

(Scale | - 580
Air Quality: | (1=very bad (AR smog MV, dust 14 Expecied Duration of the Program,
and Reason

PRI B

shd V4K, Senatural environment || #)

Ambient Temperature
Koyl g Prior Expericoces on

Gardening and Greening
H .2 e HETe

Hurmidity:
L8, "“ I‘J

Health of Green Roof
(e.g. growth rase, diversity )

Fde EIANER

(M5 25, NN

Studies Conducted and Key

Findings

Drainage Services Department
Research & Development Forum 28




T b s et
v&';mu%wmnrs:.vn : — ‘
=

p—— R

Education F4'¥ / Roscarch 1181 / Exhibition J¢'%
Water (drought & flood, leakage): Primary Goal of this Project: | Energy saving Wi #5fiE%/ Other JL {8
AKAHIH (325, 7K, BN IET . 1

Pest:

Major Achievements
i

(Scale | -5 80)
Satixfaction to the Green Rooft | (1= very disappointed 3R 250, Severy satisfied JEJ
PGB | )

Safety Issues:
LAz

Received Funding
W

Maintenance Problems: Main Users of the Green Roof

HMEMSHHERRE: M A XLt A

Resources Problems

(e.g.: man power, technical support,
financial, management):

TG Competitions/Contests Events and

AT, $ki, B, 5 8): the Resuits
Ltanglan JUSS R

Encrgy Saved

B At &
MITHN

Environmental Aspects
(climate, neighborhood):
BRUEINRE (s, FEAER )

Drainage Services Department
P Research & Development Forum 20




Hong Kong Green Roof Survey
List of Interviewees for the survey:

___ Nameof facilits
TW.GHs Mes We Yok Ya
Memoral College
Po Leung Kuk Lxas Foundaton
College
HIKCWC Fumg Yiu King Memorial
Secendary School
Yan Ot Hospatl No 2 Socondary
School

Leoe Kau Yan Memwwwal Schoal
The Hong Rong Taomt Association
Ching Chng Secombury Scheo)
Po Lovag Kok Ngaa Po Ling

} College
St. Bosaventure Cathobe Primany
School

Sing Yin Secondary School
Lok Sin Teng Leung Kas Koi

Ho Dae €

The Jockey Club Eduyoung Collep
HKTA Tang Hn Memonal
Socondar \.?:,‘ |
Cumberbnd P storaa Church
Yao Dao Priovary School
Haly Famuly Canossan School

Kowls

Sha Ten Methodist Pr

Locatien
Kwai Chung
Tssuag Kwan O
Mz on Shan

Twen Mun
San Po Koog
Sou Moy Ping
Kowloon Cuy
Dramcnd Hill
k:aur. l"“E
Sa4 Ying Pon

Yoen Long
Tin Shai Wa
\"m?i Shen

Ties Shat Wai

WSD. pamping statson shaco shui
WSD. pumping station Tai Po
WSD. pumpmg station Ma Lis Shu
WSD, pumping station, Shek Mun

HK Wethand Park Tourst Center
Hong Kong Housing Socicty - Chun
Seon Mol Chuen

Baptist O\ Kwan Social Service
Yan Os Tong Jeckey Club
Community and Spon Centre
Hoag Koag Chrisun Service Jockey
Club Lodge of Rising Sun
Carnas Chan Chun Ha Fiold Studices
Centre
Jexhey ¢heb beadqeartcr “owt ,;nkm
place”™

Gov
Gov
CGos
Gov
G
Privase
Private
Private
Private

Privaw

Privawe

Shoung Shan
Tailo
Ma Liw Shui
Ma On Shan

Tin St Wai
Kowloon City
Wan Chai
Tocn Mun
Tuen Mun
Cheung Chau

Mappy Valley

Sha T

Kwoag Min

Tak Son School

St Stephen's Garls’ College

Ssa Wisi Commercial Socity Schioal |

1 710 Shum Prismary School (Spossored
By Sik Sik Yuea)
Baptint (Sha Tin Wai) Lui Ming
Chos Primary School
Tio Sha Wai Cathole Primary
School

Hon Wah College

Library Extension of HKL

Transpot Link in T Sha Vsui East

Drasmwond Hill Crematonsm
{ Couscway Bay Community Contre
Aberdoen Tonnin & Squash Contie

DSD Wancha East & Wamchai West
Sewage Scroeming Mlasts

DSD STSTW Awr Blower House
Upper Ngao Tas Kok Exate
Clung Ho Estase (trash coliccton
conter)

Shewng Win Sewags Purpans
Station

Yoen Loag

Tom Sho Ten

Skyline Tower (Sino Estates
Management) - 91 roof "Mission
Groen Top

Privawe

Kowloon Bay

Central

Sheung Wan
Kwai Chung
Sha Tin

Tin Shut Wal
Chai Wan
Pok Fu Lam

Vi Sha Tsai

Abendern
Wan Chai
Sha T
N Tau Kok
\hﬂ‘h‘: Shin

Sheung Wan

Drainage Services Department
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Tai Po Market Radway Station roof
HKPU P core 6/f roof
HKPU VA roof

HKPU Comwrvmal building roof

Privatwe

POLYL

POLYU

POLYL

Tai Po
Hung Hom
Hung Hom

Hung Hom




*Growing medium
Filter layer
«20mm Drainage layer
*40mm concrete cover
«10mm protected screed
*Waterproofing layer
«20mm screed-coat

A AWV TV W W VAW VW VW W VWV VLY,
«30mm Sloping layer 52RO
5505RARNRIHRRKES

Insulation laver 005525255RRRINRNS
y LIRS

\/apor barrier layer (not in figure) / ,
«20mm screed-coat (not in figure) _ A

*Concrete substrate o B SRR U L RS b _“05J909- T i7"

; N/ RD Drainage Services Department gl St
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General -- Minimum imposed load (MIL)

*Buildings constructed in different periods may have
been designed with different design imposed load.

*Relevant statutory requirements have changed over
time.

*\Waterproofing system adopted at different periods may
have been changed.

*The advances in material technology may render the
use of less heavy waterproofing material.

*The use of different systems for thermal insulation, for
green roof, cladding the roof envelop, etc., may lead to
different dead load.

Drainage Services Department g
H)RUM Research & Development Forum 2 0




Minimum imposed load (MIL)
*In general, MIL of a flat roof can be divided into
*Accessible

elnaccessible = No access other than maintenance
Wwork

*Building (Construction) Reg (before Aug 2011):
*MIL for accessible flat roof 1s 1.50 kPa

*MIL for inaccessible flat roof iIs 0.75 kPa
Current Building (Construction) Reg:

*MIL for accessible flat roof i1s 2.00 kPa

MIL for inaccessible flat roof iIs 2.00 kPa
*Wind load acting on the roof could be > MIL

R PN
Drainage Services Department g8
wRUM Research & Development Forum
.*' \



Old Buildings -- (MIL)
Building (Construction) Reg 1975
*MIL for accessible flat roof is 15 Ib/ft2 or 0.79 kPa
*MIL for accessible flat roof is 30 Ib/ft2 or 1.58 kPa

Building (Construction) Reg 1956
*Refers to the Code of Practice in force by then

For buildings constructed before the mid-50s, MIL (by
then as superimposed load) can be referred to London
Country Council (General Power) Act, 1909:

MIL > 56 Ib/ft? or 2.95 kPa

PR
Drainage Services Department g8 &
wRUM Reséarch & Development Forum 2082 %
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Design Stage
axal FE B

Installation Stage

Jiti TF& B

Maintenance Stage

IR BE B

Drainage Services Department
Research & Development Forum
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Flow Chart for Green Roof Application

Design Stage:

Consideration for designated green roof
configurations and functions based on the
objectives.

Installation Stage:
Implementation the installation according to
the practical conditions.

Maintenance Stage:
Ensuring the initial establishment and
continued health of the green roof system.




Desig n Configuration of
Stag e a green roof
AXRTPE B l
Root
resistant

material Ve

. ! . retention
Installation . Vegetation layer
Stage |
Growing Drainage
mediur Layer
Filter
layer
Maintenance
Stage b '
Structural
Design

el

Wind Dead  Shear
load force

Waterproofing

4

Drainage

4

Fire

4

Irrigation

4

Safety & Access



Design Stage _ _
Site Preparation

: Protection
& Planning e,
EET R EVEIES
& filter layers
Installation
Stage
System installation
Components
Sedum mat
Maintenance
Stage
_Plant Ia)_/er Plug
Installation of Installation planting
Perimeter &
Penetration
BEIES Hydroplanting
&
seeding

Drainage Services Department
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Design Stage

Installation
Stage
it T P B

Maintenance
Stage

Site Preparation
& Planning Contractors trained in the areas:

-Site preparation prior to
installation;
-Preparation~Logistics;

-Essential system components;

Installation of _Growing medium;

System _
Components -Planting program;
-Installation of support system to \t
the plants;
-Installation of plants;
-Post installation maintenance.
Installation of g
Perimeter &
Penetration
Details Hydroplanting
&
seeding

Drainage Services Department
Research & Development Forum 2€ 4



Design Stage

Site Preparation
& Planning

Protection
sheets,
EET R EVEIES
& filter layers

Installation RS
Stage
B@IB%& Installation of Substrate
System installation
Components
Sedum mat
Maintenance
Stage
_Plant Ia;_/er Plug
Installation of Installation planting
Perimeter &
Penetration
Details Hydroplanting
&
seeding

B ’ .. Drainage Services Department
’ Research & Development Forum 2
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R . HiKE A
IBR B 5 2paration

It is recommended that specific
installation advice is sought from
. the specified system provider to
Installatic . i >

ensure compliance with

Stage manufacturer’s
B@IB%E recommendations.

Design Stage

Components

Maintenance
Stage

Installation of
Perimeter &
Penetration

Details

il i i Y > \ g .
/A -~ ’ Drainage Services Department
g : | Research & Development Forum 2082

Protection
sheets,
EET R EVEIES
& filter layers

Substrate
installation

Sedum mat
_Plant”Iayer Plug
installation planting

Hydroplanting
&
seeding




& N ol

Design Stage

Installation
Stage
it T P B

Maintenance
Stage

Site Preparation
& Planning

| EEYRET

-Bags

Conductive to smaller projects
or large projects with multiple
roof spaces;
-Bulk deliveries

Offer economies of scale on
large projects.

Ferimeter &
Penetration
Detalils

Drainage Services Department
Research & Development Forum 2

Protection
sheets,
EET R EVEIES
& filter layers

Substrate
installation

Sedum mat
_Plant”Iayer Plug
installation planting

Hydroplanting
&
seeding




Design Stage _ _
Site Preparation

. Protection
& Planning sheets,
EET R EVEIES
& filter layers
Installation
Stage

F@Iﬁ%& Installation of Substrate
System installation

Components

Sedum mat
Maintenance
Stage
Optimal periods to install green _Plant Ia;_/er Plug
roof are late September/early Installation planting

October or late March/early
April (cooler and wetter

Hydroplanting

conditions) 2
seeding
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Design Stage _ _
Site Preparation

& Planning

Protection
sheets,
EET R EVEIES
& filter layers

Installation
Stage
it T P B

Installation of RRBER

System
Components Should be thoroughly
watered in and kept

. Sedum mat
Maintenance moist thereafter for
Stage 4~5 week.
Lo ey Plug
Installation of Installation planting
Perimeter &
Penetration
Details Hydroplanting
&
seeding
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Design Stage

Installation
Stage
it T P B

Maintenance
Stage

Site Preparation

_ Protection
& Planning sheets,
drainage layers
& filter layers
Installation of Substrate

Syste on
Compone R

-Substrate layer should be SERILIT) (et
saturated;
-Pre-water the plants before Plug
i removing from their trays; planting
| -Apply slow release fertiliser;
|
-Insert plants and gently water Hydroplanting
them in &
seeding

-Keep moist for 4~5 week.
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Design Stage _ _
Site Preparation

& Planning Prs’oht:gtt;on
EET R EVEIES
& filter layers
Installation
Stage
B@Iﬁ%& Installation of Substrate
System installation
Components
Sedum mat
Maintenance
S 3% K& AR
/N Plug
"; -A minimum of six sedum sletridie
| species;
-At a rate of about 150 g/m?; Hydroplanting
&
-Appropriate organic nutrient seeding
source.
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Design Stage
& Planning

Installation
Stage
B@Iﬁ%& Installation of
System
Components

Maintenance
Stage

Installation of
Perimeter &
Penetration

Details

Site Preparation
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Research & Development Forum 26

Protection
sheets,
EET R EVEIES
& filter layers

REIBI R

BIEA

Details for perimeters, drainage
outlets, fire breaks, fall arrest
system incorporation and
penetrations should be installed
according to manufacturer’s
system.

Hydroplanting
&
seeding




Design Stage

Instaliation
Stage

Maintenance
Stage

1754512
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Irrigation

Plant
management

Extensive

Semi
intensive

Fertilizing

General
clearance or
removal

Biodiverse

Intensive
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Summary
1%
2,

Literature survey of various green roof guidelines has been carried out.
Large-scale green roof in Shatin WWTP has been constructed for in-situ
experiments.

Reduction of roof top temperature fluctuation has been observed using thermal
Sensors.

Preliminary runoff experiments show considerable storm water retention and
detention.

Thermal imagery reveals heat reduction on the roof surface.

Preliminary runoff analysis indicates water runoff quality improvement.
Numerical modeling approach has been applied to wind suction force and

stormwater runoff on green roofs.
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Upcommg Study :

To continue the runoff investigations insituly, experimentally and numerically.

To conduct public survey on the existing green roofs in Hong Kong (the survey
results can be used to verify the applicability of the overseas recommendations).

To continue the runoff water quality analysis.
To write guidelines for extensive green roofs based on the present study results.

To Improve the prediction accuracy of the CFD model with field measurements
and wind tunnel test data.
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