Hong Kong 2022

> . .

International S AN RREE
Urban Forestry gog - S’ Development Bureau
Gonference i

« Our Commu| ty o

Engineering a safer urban forest
under extreme storms

5% o] i AR JE R A R S TR

Prof. Anthony Leung (HKUST), #5181+ i

Associate Professor in Civil and Environmental Engineering, HKUST - !!J

HAERORNE RIS TR B 2 BI20%
2 March 2022




Research Grants Council

Collaborative Research Fund (CRF) orronson

&5 WEEHRE
Title: Engineering a safer urban forest under extreme storms
Project coordinator: Prof. Anthony Leung (ceanthony@ust.hk)

Coordinating institution: HKUST
Participating institutions:HKU; CityU

Start date: 30 June 2021
End date: 29 June 2024 (three years)
Total RGC funding: HK$ 6,263,998 (excluding overheads)

To create a safer, greener and more sustainable urban forest


mailto:ceanthony@ust.hk

The ferocious strike of Super Typhoon Mangkhut on 16 Sep 2018 ’

No. 10 Typhoon signal for 10 hours;

4 ‘ Sustained max. wind speed at 250 km/h

B 'Most powerful since records began in 1946;

» > 60 000 reports of fallen trees

> Direct economic loss: HK$ 4.6 billion

» Storage area of 9k-ton tree waste = 12 football pitch

Source : SCMP

Reports of interruption of power and water supply

("https://www.hko.gov.hk/en/cwsrc/index_mangkhut.html, https://www.hko.gov.hk/en/informtc/mangkhut18/report.htm, https://www.hko.gov.hk/en/research_forum/files/RF2019 CLP.pdf )



https://www.hko.gov.hk/en/cwsrc/index_mangkhut.html
https://www.hko.gov.hk/en/informtc/mangkhut18/report.htm
https://www.hko.gov.hk/en/research_forum/files/RF2019_CLP.pdf

Tree risk is a global problem

Jebi (2018); MOSt powerful storm in 25 years Florence (2018) Category IV major hurricane

s Wlhm‘ngton,
NorthCarollna us'
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Source: alamy.com

Amphan (2020); Max.
wind speed = 260 km/h

Source: thenationalnews.com



Climate change will fuel the future storms
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Summary distributions of projected changes
for the western North Pacific based on the 2°C warming.
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(Source: Dan Lindsey, NOAA)

Reduce in tropical cyclone (TC)
frequency, but Increase in TC
intensity, TC related rainfall rates
and proportion of very intense TCs in
a warming climate

(Cha, E J, T. R. Knutson, T.C. Lee, M. Ying, T. Nakaegawa, 2020 : Third Assessment on Impacts of Climate Change on Tropical Cyclones in the
Typhoon Committee Region — Part Il: Future Projections, Tropical Cyclone Research and Review, https.//doi.org/10.1016/].tcrr.2020.04.005 )



https://doi.org/10.1016/j.tcrr.2020.04.005

Major problem 1: Poor urban soil quality

= #=® Current approaches and limitations:
i Heavily compacted fill soil in tree pits
 Discourage root growth and anchorage

o Structural soil

« Gap-graded gravel and mineral soil

Beame. * Lack of available water and nutrient due to
& limited volume of mineral soil

 Amendment by hydrogel, yet unstable —
long-term efficiency

Source: C.Y. Jim 2019




Major problem 2: Tree risk assessment method 7

ISR Basic Tree Risk Assessment Form Current approaches and limitations:

me
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e s = e o \fjsyal assessment of tree “health”

Tree Defects and Conditions Affecting the Likelihood of Failure

/_ — Crown and Branches — ™ "
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James et al. 2006 _ampars

1 « rap  Existing theoretical approaches:
TV s [ 152 tree dynamic models

5_[[ o » Ignoring interaction with wind
1% Ik » Ignoring soil-root interaction

main frunk  Lranches * Ignoring uncertainties and variabilities

(a) Tree (b) MDOF model



Demanding multi-disciplinary research approach

Problem

Scientific issues New opportunities

Wind-structure |
__(tree) interaction
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Soil-structure

(root) interaction

Variabilities

Tree stability
can be assessed by

Engineering
methods
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Cross-

disciplinary
research

Novel
approaches




Multi-disciplinary project team
* Core prOJect team (HKUST / HKU / CltyU) * Local collaborators

 Anthony Leung T|m Tse Sergio Lourenco Billy Hau I Yu Wang Jon Picker TC Lee

| Geotechnical Structural/wind | Soil scientist Ecologist " Risk engineer Experienced Senior Scientific
I engineer engineer | “_ 1 _ Arborist _ OfficerHKO !

Dr Alexia Stokes (left): world-renowned
plant biophysicist in tree biomechanics
and tree root anchorage under wind

Academic

7 N\

Dr Barry Gardiner (right): leader in
European forest tree research and
management
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Task A: New urban soil: hydrochar-amended soil

- Key objectives: to test the properties of hydrochar-amended structural soil
(HASS) to facilitate root anchorage, while not compromising road design

requirement

Hydrochar

Upcycling tree waste and
yard waste to new resources

Environmentally-frlendly, sustamable’.
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Physiochemical
properties

Favourable to root growth
and root water uptake?

Geotechnical
properties

Bearing capacity, stiffness,

: support urban road design?:



Task B: In-situ tree characterisation & testing

» Key objectives: (i) field mapping of tree characteristics; (ii) in-situ tree tests;
and (iii) tree biomechanical tests under complex loading conditions

15 llex rotunda have been

Newly-designed Iaborétory setup

for tree biomechanical tests

: -----------------------------------------------------------------------: Laser Scanning

Outputs

transplanted in HKUST campus

Cyclic tree mechanical properties

Effects of new urban soil ([N
on tree anchorage behaviour

3-D coordinates of
tree branch and root architecture
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Task B: In-situ tree characterisation & testing

Déstructive quasi-static._ , =
,pull-over tests e

Jon Picker

ATP Ltd.

HRUST hau.é,j: &ruu

S ]
Chek 'Sp)Kok
ST Eh 3
Hong Kong

Island
HER

Experitgental site

Cheung S -
Pui O
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]

Non-destructive cyclic tests

Acacia confuse =& E &
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Task B: In-situ tree characterisation & testing

x H: Tree height

h1: tree pulling height

h2: height of top inclination sensorI2 (resolution =+ 0.001°)

h3: height of bottom inclination sensorll (resolution ==+ 0.001°)

Thick rope
for grip

| Real-tme data I

Test setup




Task C: Modelling soil-root interaction Collaboration
Dundes Unt.
UK

Modelling plant roots realistically by 3-D printing

Modelling

19 years-old P. Pinaster Idealising the root model for 3-D printed root model
(Danjon & Reubens 2006) manufacturing using ABS plastic

(b)

Burying root models in soil Centrifuge modelling Controlled push-over tests

with Prof. J. A.
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Task C: Modelling soil-root interaction

In-depth interpretation of root anchorage mechanisms

Normalized moment: M/M

""\'::_--_;.Q_Wind direction

Examination of root failure mode
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Collaboration
with Prof. J. A.
Knappett from
Dundee Uni.,
UK

Field tests data in UK (n=1960, Nicoll ef a/., 2006a)
* Subset of all pines, podzols only (n=95, Nicoll et al., 2006a)

3 B Prediction by Achim & Nicoll (2009) model
= I'icld tests dala of pines in I'rance (Délosscz et al., 2021)
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Moment capacity: kNm

Comparison of field measurements
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Task C: Modelling soil-root interaction

3-D computer modelling and analysis of root anchorage

arer

* Model calibration and validation against
physical and field tests.

» Model prediction for advancing the
understanding of soil-root interaction and
root failure mode

loa

16
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Task D: Modelling wind-tree interaction

» Key objectives: to carry out novel multi-scale wind tunnel modelling to
investigate wind-tree-soil interaction and stress distribution in deformed trees

City-scale Tree survey results from Task B
3L © |
)y Spot where |

NEEExT) : tree exists

Tree-scale .

3-D printed
> tree model
Pressure sensor

Il 6-component

load cell
i Outputs , ;
[ Effects of soil and roots on | | Amplitude-dependent wind- P(z,1) = EPU D[Cy(z,1) + Cu(z,1)]
tree drag behaviour loading time functions Developed by Co-PI (Tse); Chen et al. (2017)
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Task E: Reliability-based wind-tree-soil (WTSI)
interaction models

* Key objectives: to integrate the new knowledge from Tasks A — D in order to
develop new reliability-based WTSI models for use in predicting tree stability

{ Theoretical and J Integrating material variabilities
JETT BT : Soil properties

Tree properties [R{JUBERCIZEND)

i Wind charac. [JRRAETL

Provide loading :
info. at tree base |

:

:

:

: .
: /\M(t)

: [

:

:

Feedback
loop

H ()

. o‘

Quantitative and objective
assessment of tree stability
and tree tilting

Verified by the field tests in Task B

] Cy
Nonlinear rotation spring

'IIE::::E ,(KR)&damper(CR)

. ¢ Provide tree rotation
* - -/ and reaction forces




Thank you very much for listening



