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PREFACE

In keeping with our policy of releasing information
which may be of general interest to the geotechnical
profession and the public, we make available selected internal
reports in a series of publications termed the GEO Report
series. The GEO Reports can be downloaded from the
website of the Civil Engineering and Development Department
(http://lwww.cedd.gov.hk) on the Internet. Printed copies are
also available for some GEO Reports. For printed copies, a
charge is made to cover the cost of printing.

The Geotechnical Engineering Office also produces
documents specifically for publication. These include
guidance documents and results of comprehensive reviews.
These publications and the printed GEO Reports may be
obtained from the Government’s Information Services
Department. Information on how to purchase these documents
is given on the second last page of this report.

R.K.S. Chan
Head, Geotechnical Engineering Office
January 2011
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EXECUTIVE SUMMARY

C.M. Wong & Associates Ltd (CMWAL) was appointed by the Geotechnical
Engineering Office (GEO) of the Civil Engineering and Development Department (CEDD) to
conduct a study on masonry walls. The task is part of Agreement No. CE 11/2004 (GE),
10-year Extended LPM Project, Phase 5, Package E, Tai Po, Landslip Preventive Works on
Government Slopes and Related Studies - Investigation, Design and Construction.

The Brief for the Special Task requires CMWAL, with the support of a tree specialist,
to conduct a study on the methods of upgrading masonry walls with the objective of
preserving the masonry blocks and existing trees thereon as far as possible.

This study of this special task commenced in November 2004. Professor C.Y. Jim of
the Department of Geography, HKU, was appointed as the tree specialist.

This study aims to assess the effects of wall trees on masonry walls. The stability of
wall trees was not studied. This study included literature review, site inspections and
information search. Based on the study, if trees grow on masonry walls, tree roots have
minimal harmful effect and some beneficial effect on the stability of masonry walls. Due to
the difficulty in quantifying the effect of roots, it may be ignored during stability analysis of
masonry walls with trees. Surcharge of wall trees were found to have adverse effect on the
stability of masonry walls. Wind forces on wall trees may cause additional sliding forces
and overturning moments to act on the masonry walls. In the assessment of stability of
retaining wall with trees, professional judgement should be exercised regarding whether the
root anchorage is strong enough to sustain the design wind forces. If not, the effects of wind
forces on wall trees could be ignored as far as the consequential effect on masonry walls is
concerned.

In order to upgrade substandard masonry walls with the existing trees preserved and
existing masonry patterns retained, installation of soil nails, construction of hand-dug caissons,
flying buttresses (where space permits) or a combination of the methods is recommended
under different site conditions. Safety standards for checking the stability of masonry walls
with trees are also recommended in this report.

Special measures should be carried out during the upgrading of masonry walls that
deserve preservation of the existing trees and the existing masonry patterns. The
recommended special measures are presented in this report.
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1. INTRODUCTION

1.1 Summary of the Brief Requirements

C.M. Wong & Associates Ltd (CMWAL) was appointed by the Geotechnical
Engineering Office (GEO) of the Civil Engineering and Development Department (CEDD) to
conduct a study on masonry walls. The task is part of Agreement No. CE 11/2004 (GE),
10-year Extended LPM Project, Phase 5, Package E, Tai Po, Landslip Preventive Works on
Government Slopes and Related Studies - Investigation, Design and Construction.

The Brief for the Special Task requires CMWAL, with the support of a tree specialist,
to conduct a study on the methods of upgrading masonry walls with the objective of
preserving the masonry blocks and existing trees thereon as far as possible.

The study of this special task commenced in November 2004. Professor C.Y. Jim of
the Department of Geography, HKU, was appointed as the tree specialist.

1.2 Main Tasks of the Study

The main tasks of the study are to:

(i) propose methodology to assess the following effects of
existing trees growing on a masonry wall on the stability
and structural integrity of the wall:

(@) the wind effect on wall trees and thus on masonry walls;
(b) the surcharge of trees on masonry walls; and
(c) the effect of tree roots;

(if) propose methods of upgrading masonry walls under various
scenarios taking into account the following aspects:

(@) stability of the wall with due account of the effect of the
existing trees thereon;

(b) preservation of existing trees on the walls; and

(c) preservation of the existing masonry pattern (or fagade).

1.3 Outline of the Study

In order to study the effects of existing trees growing on a masonry wall on the
stability and structural integrity of masonry walls, the species of existing trees was first
studied. Detailed discussion is included in Section 2.

Based on the tree species found on masonry walls in Hong Kong, the effects of the
trees were classified based on the following tree portions:
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(i) tree roots; and
(ii) tree stem.
The effects of tree roots can be further classified into the following aspects:
(i) effect of tree roots on masonry block integrity; and
(i) effect of tree roots on soil behind retaining walls.
The details are discussed in Sections 3.1.1 and 3.1.2.
In addition to the theory of effects of tree roots on the stability of masonry walls, wall
failures related to wall trees were collected and assessed. Detailed discussion is included in

Section 3.1.3.

The effects of aboveground portion of wall trees are further classified into the
following aspects:

(i) surcharge of trees on masonry walls; and
(if) wind effect on wall trees and thus on masonry walls.
The details are discussed in Section 3.2.1 and 3.2.2.
In order to review upgrading methods for masonry walls, examples were collected and
are presented in Section 4. The proposed upgrading methods are presented in Section 5.
During the upgrading of masonry walls, special measures should be carried out and these
measures are presented in Section 6.
The existing stability of masonry walls and the adequacy of upgrading works should

be checked against the safety standard. The proposed safety standard for checking masonry
walls with trees is presented in Section 7.

2. EXISTING TREES GROWING ON MASONRY WALLS IN HONG KONG
2.1 Wall Trees in Hong Kong

Hong Kong’s territory consists of mainly hilly areas. During the urban development
of Hong Kong in early days, slopes were cut and masonry retaining walls were built for
constructing houses and roads. Frequently, trees were found growing spontaneously on
these old masonry walls. The majority of these old masonry walls with trees are found in
northern part of Hong Kong Island, especially in the Mid-Levels.

The walls-cum-vegetation, many exceeding 100 years old, furnish a precious
natural-cum-cultural heritage and decorate some otherwise drab neighbourhoods. As
masonry walls with trees constitute an important and beautiful landscape element of urban
Hong Kong, efforts should be made on preserving the existing trees and the existing masonry
pattern on masonry walls.
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In this report, the effects of a tree growing on a masonry wall, wall tree, were assessed.
According to Jim (1998), a wall tree was defined as “one with most of its roots spreading on
or penetrating through the wall face, and with the trunk base situated within the confines of a
wall. A tree overhanging above a wall but not physically attached to it, and a tree with trunk
base and most roots located outside a wall’s boundaries, did not qualify.”

Figure 2 - A Chinese Banyan Clinging on a Masonry Wall at Bonham Road
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2.2 Wall Tree Species

The most common wall tree species found in Hong Kong is Ficus microcarpa,
commonly known as Chinese Banyan.

According to Jim (1998), “Some 505 walls with 1275 trees (>1 m tall) were found mainly
in residential areas”. Among these wall trees, there were 30 wall tree species, which are
dominated by Moraceae (Mulberry family). Eight of which contribute 88% of the population
and Chinese Banyan, the dominant wall tree species, contributes about half the population.

The following table shows the frequency of trees growing on masonry walls in urban

Hong Kong. The Chinese names of the 30 tree species are included in Appendix A.

Table 1 - Species Composition and Frequency of Trees Growing on Stone Retaining Walls in
Urban Hong Kong (Jim, 1998)
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Scientific Name Common Name Family Tree Frequency

Count %
Ficus microcarpa Chinese banyan Moraceae 637 49.96
Ficus superba Superb fig Moraceae 184 14.43
Ficus hispida Rough-leaf stem fig Moraceae 105 8.24
Ficus virens Big-leaved fig Moraceae 74 5.80
Celtis sinensis Chinese hackberry Ulmaceae 59 4.63
Broussonetia papyrifera Paper mulberry Moraceae 54 4.24
Ficus variegata Red-stem fig Moraceae 50 3.92
Ligustrum sinense Chinese privet Oleacae 18 1.41
Maesa perlarius (nil) Myrsinaceae 15 1.18
Ficus religiosa Peepul tree Moraceae 13 1.02
Bridelia monoica Pop-gun seed Euphorbiaceae 12 0.94
Litsea glutinosa Pond spice Lauraceae 11 0.86
Macaranga tanarius Elephant’s ear Euphorbiacae 8 0.63
Cassia surattensis Sunshine tree Caesalpiniaceae 6 0.47
Mallotus paniculatus Turn-in-the-wind Euphorbiaceae 6 0.47
Cratoxylum ligustrinum Yellow-cow wood Hypericaceae 5 0.39
Dalbergia balansae South China rosewood Papilionaceae 3 0.24
Alangium chinense Chinese alangium Alangiaceae 2 0.16
Delonix regia Flame of the forest Caesalpiniaceae 2 0.16
Albizia lebbeck Lebbeck tree Mimosaceae 1 0.08
Aporusa chinensis Aporusa Euphorbiaceae 1 0.08
Bauhinia blakeana Hong Kong orchid tree Caesalpiniaceae 1 0.08
Carica papaya Papaya Cariaceae 1 0.08
Liquidambar formosana Sweet gum Hamelidaceae 1 0.08
Litsea monopetala Persimmon-leaf litsea Lauraceae 1 0.08
Nerium indicum Oleander Apocynaceae 1 0.08
Punica granatum Pomegranate Punicaceae 1 0.08
Sapium sebiferum Tallow tree Euphorbiaceae 1 0.08
Schefflera octophylla Ivy tree Avraliaceae 1 0.08
Thevetia peruviana Yellow oleander Apocynaceae 1 0.08




- 13 -
Chinese Banyan is a large evergreen tree with simple ovate leaf. It can easily be
recognised by an abundance of aerial roots.
To facilitate field assessments and calculations, the effects of wall trees are determined

based on the dominant wall tree species, Chinese Banyan. Detailed discussions on the
effects of wall trees are included in Sections 3 and 4.

3. EFFECTS OF EXISTING TREES GROWING ON A MASONRY WALL

One of the main tasks of this study is assessing the effects of wall trees on the stability
and structural integrity of masonry walls. Literature review, information search and site
inspections were carried out and the effects were classified based on the following tree
portions:

(i) tree roots; and
(ii) tree stem.

Detailed discussions are included in Sections 3 and 4.

A
Tree
Tree Stem
Masonry Wall
N\
k S v

A
Tree
Roots

v

AR
L1 1 11 1 1 1 1 1 1 1 1@ | 13 1 1 1 1 1 1 1 1 1 1 | 1 1 ||
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3.1 Effects of Tree Roots

The effects of tree roots can be further classified into the following aspects:
(i) effect of tree roots on masonry block integrity; and
(i) effect of tree roots on soil behind retaining walls.
The details are discussed in Sections 3.1.1 and 3.1.2.
In order to review the effects of tree roots on the stability of masonry walls, past wall

failures related to wall trees were collected and assessed. Detailed discussion is included in
Section 3.1.3.

3.1.1 Effect of Tree Roots on Masonry Block Inteqgrity

In order to review the effect of tree roots on the stability of masonry blocks integrity
and the walls as a whole, the following characteristics of ecological association between walls
and trees were studied:

(i) strangler rooting habit of Banyans;
(ii) Banyans as pre-adapted wall trees;

(iii) co-existence between Banyan roots and walls; and

(iv) Banyan roots as a wall stabilizing force.

3.1.1.1 Strangler Rooting Habit of Banyans

Wall trees, especially the Ficus species (Banyan or Fig Strangler
trees in general), tend to develop an exceptionally strong and STanger
extensive root system in comparison with other tropical tree | A strangler is a woody plant,
speci ; usually a vine or a tree, that
pecies. Other tree species could seldom grow on walls s on 3 host tree b
because their root growth habit does not permit them to hold gevelopmg aerial  1oots tg
onto the vertical face and explore the soil behind it. This iS | extend down the trunk of the
closely related to the natural strangler habit of some Ficus | host, coalesce around it, and
trees which have evolved a life strategy to suppress and | eventually killing it by
eventually kill existing forest trees literally by strangulation | Stangling.

using its highly versatile and vigorous roots.

Many Banyan trees have the natural ability to divert a good proportion of their energy
and resources to develop a profusion of aerial roots to hang down from the host trees in the
natural tropical forest, aiming at reaching the soil eventually. Originally the aerial roots are
soft and flexible like ropes. Upon striking the soil, numerous “normal” soil-dwelling roots
will permeate the soil to extract water and nutrients. The increase in food supply could be
diverted to support even more new aerial root growths.  The survival strategy is to extend the
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aerial roots to reach the soil so that it could gain a
strong foothold and acquire the sustenance for the | HostTree

tree to expand and flourish. The host tree will | A host tree is a tree that has a strangler tree,
soon be wrapped around by masses of lignified | usually a Banyan, growing on it. The
(become woody) Banyan roots. strangler will gradually grow bigger and wrap

around the branches and trunk of the host
tree. The aerial roots of the strangler will
thicken, become woody, and fuse together to
form a tight basket-like enclosure around the
host. Eventually the host tree may be killed
literally by strangulation.

Sustenance

Sustenance is the means whereby an
organism lives; for plants, it refers to water
and nutrients from the soil, carbon dioxide
and oxygen from the atmosphere, and energy
from sunshine.

With continued secondary thickening
of the host trunk and that of the encircling
Banyan roots’ the host tree’s Vascular System Niche is the location and functional role played by
for the transport of food, which is the phloem | 2" organism in an ecosystem.
layer situated below the bark, is squeezed and | ppjoem
eventually cut off. The strangled tree will

raduallv decline and finallv die. The niche Phloem is the inner bark, a thin layer of tissues of a
9 y y ) plant's wvascular system, responsible for the

originally occupied by the host tree is thus | transport of food in solution form produced by
taken over by the strangler Banyan. photosynthesis to different parts of a plant.

Niche

Vascular

Vascular describes the thin tube-like channels that
conduct and circulate fluids inside higher forms of
plants such as trees, shrubs and herbs.

3.1.1.2 Banyans as Pre-adapted Wall Trees

Growing on a stone retaining wall, the Banyans could be
considered as pre-adapted to the cliff-like and inherently stressful
habitat. The wall face is equivalent to the body of the host, and | To ramify means to
the soil behind the stone facade is the ultimate destination of its | divide into two or more

. . L . branches or roots.
probing aerial roots. The joints between the masonry blocks will
be probed and penetrated by the aerial roots, whereupon they will extend into the soil lying
behind the stone structure to search for water, nutrients and anchorage. Upon striking the
soil, the aerial roots will ramify and develop a normal soil-dwelling root system. The water
and nutrients thus captured will be sent to the leaves for photosynthesis to manufacture food,

Ramif

some of which will be sent back to the roots to permit their continual extension and expansion.
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With a reinforced supply of food, the originally soft aerial roots will gradually thicken
and become lignified. This secondary thickening process would seldom cause displacement
of masonry blocks, because the stones are tightly packed together in a wall and the resultant
mechanical resistance to root expansion is so great that no plant roots could exert enough
pressure to overcome it. Thus the secondary thickening takes a rather unique mode by
spreading laterally to fill the narrow gap afforded by the joint. The root in the joint therefore
adapts itself into a sheet-like configuration, moulding itself to fit snugly the shape and size of
the gap. It is likened to a mutual accommodation between wall and tree, allowing both to
continue to exist.

This is consistent with Biddle (1998). Biddle (1998) stated that “roots are not
capable of picking the mortar out from between the bricks to create a gap and are quite
incapable of damaging normal brickwork by their increase in diameter. They are merely
exploiting existing gaps in the mortar, to obtain the water and nutrients contained in the
brickwork.”

3.1.1.3 Co-existence between Banyan Roots and Walls

Thus the common notion that roots will thicken into a cylindrical or rod-like feature
that could wedge open joints in a stone wall, based on field assessment of Banyan root growth
habit on walls, is not substantiated by empirical evidence. That the wall surface roots are
largely cylindrical before they enter the joints might have given the wrong impression or
interpretation. The chance of Banyan roots in the joints pushing masonry blocks apart is
very rare. The few cases of such stone displacements occur mainly at the end or the top of a
wall where the mechanical resistance to stone movement is relatively low. Where they occur,
they affect usually at the most a few blocks restricted to the end-most or top-most positions.
A thorough inspection of the old stone walls with trees will lend testimony to this observation.

At the wall top, occasionally the stones (the capping or coping stone) are slightly lifted
because of the lower overburden pressure. Due to the largely horizontal placement of the
slab-like blocks, the risk of them falling down is not high.

Failure of walls due to root action of trees is rare. However, special attention should still
be paid on any masonry block displacement during site inspection of masonry walls with trees.

3.1.1.4 Banyan Roots As a Wall Stabilizing Force

Living roots have strong tensile strength, and as long as they live and are not damaged
or weakened, the strength remains. A Banyan tree could send from a few to hundreds of
roots through the joints to reach the soil. Before they enter the joints, the surface roots
sometimes form a dense network covering the stone facade, and provide support not only to
the tree but also to the stone face. Additionally, the surface roots have a tendency to fuse
together by spontaneous self-grafting, thus forming a basket-like network of interconnected
woody strands that collectively could supply a lot of mechanical strength. The effect is
analogous to laying a net made of high strength synthetic materials on the wall face.
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Figure 3 - The Surface Roots of Chinese Banyan Form a Dense Network Covering the
Stone Facade at Hospital Road

3.1.2 Effect of Tree Roots on Soil behind Retaining Walls

In order to review the effect of tree roots on soil behind retaining walls and the method
of quantifying the effect, a literature review was carried out.

3.1.2.1 Root Strengthening

Tree roots can strengthen soil. In
masonry walls with trees, the roots of wall
trees that penetrate the joints would move
into the soil situated behind the stones, and
there they will ramify and anchor the tree.
Therefore, the soil behind tree walls is likely
to be strengthened by tree roots. This is
consistent with Chan (1996) and Lee (1985).

Chan (1996) thought that “if the tree
root system penetrates a wall into the
retained soil, it will reinforce the soil locally
and increase the friction between the soil
and the wall.  This reinforcement effect should be more prominent for dense soils. Again,
the amount of this effect is not known and it is unlikely that it can be found analytically.”

Lee (1985) stated that “the root system of vegetation also serves the function of slope
stabilisation by providing reinforcement and additional resistance to the soil mass.”

3.1.2.2 Tree Root Decay

Decay of tree roots will create voids in soil. However, all soils contain porosity to
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permit the transfer of air and water and for the storage of moisture, a part of which is available
to plant growth. Some porosity is due to natural grain packing, some to natural soil structural
formation, and some to biological activities such as the channels left by burrowing worms or
after the death of roots. The smaller roots grow and die continually, and the pores formed after
the decay of such roots are small and can be considered a part of natural soil forming processes.
They do not concentrate subsurface water flows and will not threaten wall stability.

Decay of larger roots may increase the permeability of soil and the stability of soil
behind masonry walls may be affected. Most trees will keep most of the larger roots, just
like they will keep most of the branches. However, being living creatures, some branches
and some large roots will occasionally die usually due to the invasion of wood-decay fungus
or to diseases induced by other pathogenic organisms. Special attention should be paid on
decay of large tree roots to ascertain that the strength of soil is not affected.

3.1.2.3 Quantifying Root Strengthening Effect

Based on literature review, the following simplified equation was found in Gray &
Sotir (1995), Greenway (1987) and Lee (1985) for determining the effect of root
reinforcement and strength on soil.

As =1.2Tgr (AR/A)

where As is the shear strength increase
Tr is the tensile strength of root
Ar/A is the root area ratio

Based on Gray & Sotir (1995), this model assumes that the roots are well anchored and
do not pull out under tension. The root fibers must be long enough and/or subjected to
sufficient interface friction for this assumption to be satisfied.

Greenway (1987) also reported that the tensile strength of root for Chinese Banyan was
16 MPa.

3.1.3 Relevant Wall Failures
3.1.3.1 Search for Relevant Wall Failures

In order to review the effects of tree roots on the stability of masonry walls, wall failures
that are possibly related to wall trees were collected from the following sources and assessed:

(1) a list provided by LPM Division 1, Geotechnical
Engineering Office (GEO);

(ii) records from Leisure and Cultural Services Department
(LCSD);

(iii)records from Agriculture, Fisheries & Conservation
Department (AFCD);
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(iv) record provided by GEO in a meeting;
(v) Chan (1996) - GEO Report No. 31; and

(vi) newspapers.

A list provided by LPM Division 1, Geotechnical Engineering Office (GEQO)

A list of features in Central and Western District and Wan Chai District were received
from LPM Division 1, GEO in Nov 2004. There were totally 2642 features in the list.
These features are all retaining walls (CR, FR and R types) of masonry or unknown wall
types. Out of these 2642 features, there were 55 features with landslide incident reports and
two of them had past instability related to trees.

Records from Leisure and Cultural Services Department (LCSD)

Letters were sent to 18 Districts of LCSD in Dec 2004 and Jan 2005 to retrieve records
of cases involving tree collapse on masonry walls. 13 Districts replied and only two
Districts had records. A summary table showing the replies from LCSD is included in
Appendix B, Page B1.

Records from Agriculture, Fisheries & Conservation Department (AFCD)

A Letter was sent to AFCD in Dec 2004 to retrieve records of cases involving tree
collapse on masonry walls. No records of tree collapse on masonry walls were under the
maintenance responsibility of AFCD.

Record provided by GEO in a meeting

A case related to tree was provided by GEO in a meeting for this special task on
14 Dec 2004.

Chan (1996) - GEO Report No. 31

Chan (1996) studied 10 case histories of instability of masonry retaining walls in Hong
Kong. None of them were related to trees.

Newspapers

A wall tree failure was reported on 9 Aug 2005 at 67 Wyndham Street, Central.
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Table 2 - Summary of Landslide Incident Records Related to Trees

. Incident No. ) Possible Contributing Source of
Feature No. Location (Date of Incident) Type of Failure Scale Causes of Failure Information
Behind Hillview HK97/5/2 Non landslip case | Two masonry
11SW-A/FR24 | Garden, Hill Road, 09/05/1997 (tree fall and blocks Tree fall LPM1/GEO
Pokfulam ( ) masonry blocks fall) involved
(9/2003) i i i
11SW-A/R120 | K& Wal Man Road Non landslip case LCSD
Garden HK99/8/3 (tree uprooted with 24 mP Tree uprooted under
(22/08/1999) 6mx4mx1msoil typhoon
mass on slope)
South of 450-456, Retaining wall hit by
Queen’s Road HK1999/8/4 fallen tree which N/A N/A LPM1/GEO
(23/08/1999)
11SW-A/RT5L West, Hong Kong grew above the wall
Clarence Terrace i
Children’s - - - LCSD
Playground (06/2003)
Tree uprooted by
. Tree fall and :
11SE-A/C897 Front of L.a' Sing HK?2003/9/0180 adjacent stone 1 m* volume strong vv_md pull down Meeting on
(old no. Court, Tai Hang T . the adjacent stone
. (04/09/2003) pitching blocks on of slip scar L 14 Dec 04
11SE-A/R51) Road, Tai Hang pitching block near
wall pulled down
the crest of wall
Lei Cheng Uk -
LINW-B/C321 | o\ imming Pool (09/2004) ) ) ) LCSD
Behind and below i
11SW-B/R735 61-67 Wyndham (09/08/2005) - - - Newspapers

Street, Central

0¢
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3.1.3.2 Records of Relevant Wall Failures

From the records collected, the following five features were found to have wall failures
related to trees:

(i) Feature No. 11SW-A/FR24;
(ii) Feature No. 11SW-A/R120;
(iii) Feature No. 11SW-A/R751;
(iv) Feature No. 11SE-A/C897 (old no. 11SE-A/R51); and
(v) Feature No. 11INW-B/C321.
The details of the above features were summarized in Table 2.  The basic information

and detailed information, photographs, plans, SIFT report and landslide incident reports were
included in Appendix B.

Feature No. 11SW-A/FR24

Based on the landslide incident report (HK97/5/2), Feature No. 11SW-A/FR24 was a
dry-packed random rubble wall. A tree was located on the wall face near the crest of the
feature. The incident recorded was a non landslip case. (See Appendix B, Pages B2-B12) A
tree fell down and caused localized damage to the masonry wall (two masonry blocks fell
down). No signs of past instability could be found on the feature during the site inspection
carried out in Nov 2004.

Figure 4 - Feature No. 11SW-A/FR24
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Feature No. 11SW-A/R120

Photographs about the incident in Ka Wai Man Road Garden on Sep 2003 were
received from LCSD. (See Appendix B, Pages B13-B29) From site inspection in Feb 2005,
the fallen tree was located at Feature No. 11SW-A/R120. Minor repair works were noted on
the wall.  The joints between masonry blocks at the location of the fallen tree were repaired
by cement mortar.

Figure 5 - Feature No. 11SW-A/R120

Figure 6 - Joints between Masonry Blocks at the Location of Fallen Tree were Repaired

An incident report (HK99/8/3) was found in GEO on this feature. However, the incident
happened in 1999, but not 2003. The incident report indicated that the failure in 1999 involved
failure in soil cut slope portion only and the fallen tree was located at the crest of a slope.
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As the photographs from LCSD did not indicate any wall failure and no landslide
incident report of the wall were found in GEO about this incident, it appears that the wall was
not failed. Small blocks might have fallen down or only cracks appeared in the pointing.

Feature No. 11SW-A/R751

Based on the landslide incident report (HK1999/8/4) of Feature No. 11SW-A/R751,
the incident recorded involved a fallen tree only. (See Appendix B, Pages B30-B38) The
masonry retaining wall was not failed. Although trees were found on the wall face of the
feature, the incident report indicated that the tree fallen was located behind the crest of the
feature. Therefore, this incident did not involve any wall trees. No signs of past instability

could be found on the feature during the site inspection carried out in Nov 2004 and Feb 2005.

Photographs about the incident in Clarence Terrace Children’s Playground were
received from LCSD. (See Appendix B, Pages B39-B40) From the photos and site inspection
carried on Feb 2005, the fallen tree was likely to be located at the children’s playground
behind the crest of Feature No. 11SW-A/R751, not on the wall. No incident records in 1999
at Feature No. 11SW-A/R751 could be found in GEO. As the photographs did not indicate
any wall failure and no landslide incident report of the wall were found in GEO, it appears
that this incident involved fallen tree only. The masonry wall did not fail.

Figure 7 - Feature No. 11SW-A/R751 Figure 8 - Crest of Feature No. 11SW-A/R751

Feature No. 11SE-A/C897 (old no. 11SE-A/R51)

Based on the landslide incident report (HK2003/9/0180) of Feature No. 11SE-A/C897,
stone pitching blocks near the crest of wall were pulled down by a tree uprooted by strong
wind. However, the tree causing the failure was located behind the crest of the feature (See
Appendix B, Pages B41-B50) and the feature was a cut slope, not a retaining wall. The
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stone pitching blocks were a facing only. Therefore, this incident did not involve any wall
trees and wall failures. The stone blocks were pulled down by a tree uprooted by strong
wind not associated with the growth of the tree roots.

Masonry
block
facing

Figure 10 - Photo Extracted from Landslide Incident Report (HK2003/9/0180)

Feature No. 11NW-B/C321

Based on LCSD’s records, a tree fell from a cut slope Feature No. 11NW-B/C321, but
it was not a retaining wall. (See Appendix B, Pages B51-B60) The incident involved a fallen
tree only and did not involve any wall trees and wall failures.

Feature No. 11SW-B/R735

Based on the newspapers, a wall tree on Feature No. 11SW-B/R735 failed on 9 Aug 2005.
Site inspection was carried out on 10 Aug 2005. The masonry wall was not damaged.

SJUaUO0D JO BjgeL SJUaUO0D JO el

SjuUaU0D JO 3|geL

SjUaU0D JO 3|geL




- 25 -

The incidents in Feature Nos. 11SW-A/FR24 and
11SW-A/R120, although involved or might involve
falling down of masonry blocks caused by wall trees, the
failures were localized and the scales were small. They 3
were caused by failure of a tree due to its own weight or
wind load, not related to the growth of tree roots.

The failure of the wall tree on Feature
No. 11SW-B/R735 did not cause any wall failure. The
trees that failed near Feature No. 11SW-A/R751 were not
actually wall trees perse. The incidents in Feature
Nos. 11SE-A/C897 and 11NW-B/C321 did not involve
masonry walls and thus are not related to this study.

Based on the above past instability records, there |
is no direct evidence to show that the roots of wall trees
resulted in instability of masonry walls.

Figure 11 - Tree failure on
Feature No. 11SW-B/R735

3.1.4 Recommendations

Based on the above studies, tree roots seldom cause displacement of masonry blocks.
The few cases of such stone displacements occur mainly at the end or the top of a masonry
wall. The tree roots may even strengthen the wall face by forming a dense network on it.
However, attention should still be paid to masonry block displacement, if any, during
inspections to ascertain that such displacement is not due to tree roots.

The soil behind masonry walls is likely to be strengthened by tree roots. However,
attention should still be paid to possible decay of large tree roots, if any, during inspections to
ascertain that the strength of the soil vulnerability to water ingress is not adversely affected.
A simplified equation, presented in Section 3.1.2.3, was found for quantifying the root
strengthening effect. However, it is difficult to determine the root area ratio, the extent of
tree roots and thus the extent of soil that might be strengthened. The root strengthening
effect may also vary greatly from place to place.

As the potential beneficial effects of the tree roots on the stability of masonry walls are

difficult to quantify in a reliable manner, these beneficial effects may be conservatively
ignored during stability analysis of masonry walls with trees.

3.2 Effects of Tree Stem

The effects of aboveground portion of wall trees are further classified into the
following aspects:

(i) surcharge of trees on masonry walls; and
(if) wind effect on wall trees and thus on masonry walls.

The details are discussed in Section 3.2.1 and 3.2.2.
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Final Tree Dimensions

As trees are living beings, they will grow up until reaching the final dimensions.
Therefore, instead of the current tree dimensions, the estimated final dimensions should be
used during the stability of the wall analysis.

Different individual trees have different genetic constitution (the genotype) that could
determine its biological potential dimensions (BPD). However, not every tree could attain
its BPD. For trees growing normally on the ground, various abiotic and biotic factors
interacting with or impinging on a tree will reduce the final dimensions that could be reached.
This is generally known as phenotypic plasticity which is very much a function of the
multivariate and changeable tree-environment interactions. In other words, the phenotype
can only express itself within the boundaries circumscribed by the genotype.

Trees living on stone walls are subject to a lot more stresses than ground-growing ones,
and hence they normally may not be able to attain their BPD. The amount of discount will
be estimated by assessing the opportunities or stresses to tree growth on individual walls, and
by evaluating the vigour of the trees in question.

In order to estimate the final dimension of each wall tree, site inspection by a tree
expert should be carried out. The final dimension should be based on the expert judgment
by evaluating selected ecological information of the wall tree on its past growth regime and its
associated wall conditions in detail.

3.2.1 Surcharge of Trees on Masonry Walls

Aboveground biomass of wall trees furnishes additional surcharges on masonry walls.
Since all wall trees are located on the front face of the walls, it causes additional overturning
moments to act on the walls.

Tree

Masonry

Wall \
] Aboveground biomass of wall tree
Soil causes additional overturning
v moments
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3.2.1.1 Regression Method

Based on literature  review,
aboveground biomass of trees was
commonly determined by regression method
using diameter at breast height (DBH) as the
main parameter. The published equations
and coefficients were found to be different
with different tree species and in different
literature. No studies on tree species of
Chinese Banyan could be found.

Among the literature using regression
method, Jenkins et al. (2003) developed

more generalizable biomass regression
equations for use. They “compiled all
available diameter-based allometric

regression equations for estimating total
aboveground and component biomass,
defined in dry weight terms, for trees in the
United States”. They then “implemented a
modified meta-analysis based on the
published equations to develop a set of
consistent,  national-scale  aboveground
biomass regression equations for U.S.
species”.  Therefore, in this report, the
equations developed by Jenkins et al. (2003)
were recommended.

27

Diameter at breast height (DBH)

T DBH
ree «—>
Trunk\S
1.3m
AN A

Diameter at breast height (DBH) is an important
tree measurement for estimating the tree’s biomass.
In the United States, DBH is measured at a height
4%ft (1.37 m) above ground. In some other
countries using metric system, DBH is measured at
either 1.3 m or 1.4 m above ground. In this report,
DBH was taken to be at 1.3 m above ground,
following the practice of Agriculture, Fisheries and
Conservation Department (AFCD). The
measurement of DBH should follow the guidance
provided in AFCD (2003) - Nature Conservation
Practice Note No. 02/2003.

The trunk of a Chinese Banyan and some related
Ficus species is often irregularly shaped mainly due
to:
(1) the self-grafting of lignified aerial roots
(LAR) onto the surface of the trunk, and as
a result the tissues of the previously
disparate units have fused together; and
(2) LAR that are hanging closely around the
trunk but remain detached from it with a
gap in between, that is showing no sign of
fusion.

In measuring the DBH, for case (1) the fused LAR
should be considered for all intents and purposes as
part of the trunk and be included in the
measurement. For case (2), the detached LAR
should be excluded from the measurement.

For a tree growing on a stone wall, the position of
the trunk base may not be so clear-cut because the
contact face between trunk and wall is often vertical
or nearly vertical. In such a case, the lower and an
upper edges of the trunk base could be identified
and a mid-point could be taken as the trunk base to
reckon the 1.3 m height for DBH measurement.
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The biomass regression equations and coefficients developed by Jenkins et al. (2003)
are as follows:

(i) Total aboveground biomass equation

bm = EXp (a0 + a1INDBH)

where bm = total aboveground biomass (kg) for trees 2.4 cm DBH
and larger
DBH = diameter at breast height (cm)
Exp = exponential function
In = natural log base “e” (2.718282)

o, o = coefficients (see Table 3)

Table 3 - Coefficients ay, a4 for Estimating Total Aboveground Biomass

Species Class Species Group o o
Hardwood | Aspen / alder / cottonwood / willow | -2.2094 | 2.3867
Soft maple / birch -1.9123 | 2.3651
Mixed hardwood -2.4800 | 2.4835
Hard maple / oak / hickory / beech | -2.0127 | 2.4342
Softwood Cedar / larch -2.0336 | 2.2592
Douglas-fir -2.2304 | 2.4435
True fir / hemlock -2.5384 | 2.4814
Pine -2.5356 | 2.4349
Spruce -2.0773 | 2.3323
Woodland Juniper / oak / mesquite -0.7152 | 1.7029

(if) Biomass ratio equation
ratio = Exp (Bo + B/ DBH)
where ratio = ratio of component to total aboveground biomass for
trees

Bo, B1 = coefficients (see Table 4)

Table 4 - Coefficients By, B; for Estimating Component Ratios of
Total Aboveground Biomass

Species Class Biomass Component Bo B1

Hardwood Foliage -4.0813 | 5.8816
Coarse roots -1.6911 | 0.8160

Stem bark -2.0129 | -1.6805

Stem wood -0.3065 | -5.4240

Softwood Foliage -2.9584 | 4.4766
Coarse roots -1.5619 | 0.6614

Stem bark -2.0980 | -1.1432

Stem wood -0.3737 | -1.8055
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Branch biomass can be obtained by subtracting total above ground biomass by other
components (foliage, stem bark and stem wood).

The Chinese name of the species group is included in Appendix C, Page C1.

3.2.1.2 Species Group Adopted

The equations published by Jenkins et al. (2003) were developed for U.S. species and
these species are temperate latitude tree species. However, wall trees in Hong Kong are
tropical tree species. They do not belong to any species groups in Table 3. In order to use
the equations published by Jenkins et al. (2003), a suitable species group should be chosen.

Species Group Based on Chinese Banyan

Surcharge of trees on masonry walls depends on its aboveground biomass. Trunk and
branches (the woody parts) rather than foliage are the principal contributor of aboveground
biomass of trees.

Among the 30 tree species found on masonry walls in Hong Kong, the Ficus species
and Celtis sinensis species tend to develop heavy trunk and branches. For the same
diameter at breast height (DBH), tree height and crown spread, they should have similar
weight.  As discussed in Section 2.2, Chinese Banyan is the dominant wall tree species in
Hong Kong. Therefore, the aboveground biomass of wall trees is determined based on
Chinese Banyan trees.

Chinese Banyan

Chinese Banyan is an evergreen broadleaf tree with a )
decurrent tree architecture, meaning that it has no clear Ty
central leader and the main (scaffold) branches are quite | A twig is the smallest division of
thick and they tend to be more or less similar in diameter to | a branch, usually composed of
share the co-dominance. Branches tend to bifurcate at | rather new branches of the current
many levels until they reach the smallest twigs at the outer | °F Preceding year.
rim of the crown. The leaves are flat blades which have a relatively higher specific surface
area and higher wind resistance than conifer needle-shaped leaves. The overall tree form of
a Banyan is a broad crown with a rounded top with dense foliage.

Species Group Adopted

Based on the above characteristics, to estimate the surcharge of a Chinese Banyan tree,
the best choice is “hard maple / oak / hickory /beech” under Hardwood category although
equations adopted for tropical trees may over-estimate the bark weight in tropical trees.

Moreover, among the species group in Jenkins et at. (2003), “hard maple / oak /
hickory /beech”, the total aboveground biomass of “Hard maple/oak/hickory/beech” is
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generally the largest (See Appendix C, Page C2).
maple / oak / hickory /beech” was recommended.

3.2.1.3 Moisture in Wall Trees

Biomass of trees with moisture should be
considered during stability analysis. However, the
regression equation recommended in Section
3.2.1.1 estimates total aboveground and component
biomass, defined in dry weight terms. Therefore
weight of water should further be allowed for.

The weight of water in living trees can vary
according to species, tree age, tree size, tree health,
soil moisture, wind speed, air temperature, relative
humidity and stomatal conductance. Therefore,
literature review has been conducted on the
moisture content of trees.

The amount of wood moisture varies by the
position above the ground, with a tendency to have
more moisture in the heartwood at the base of the
trunk and a gradual decrease with height. Therefore,
an average value of 50% of the dry weight of the
wood is recommended to denote the water content
in living trees during the stability analysis.

3.2.1.4 Recommendation

Therefore, the species group of “hard

Moisture content

Moisture content of wood is defined as the
weight of water in wood expressed as a
fraction, usually a percentage, of the weight
of oven-dry wood.

Stomatal conductance

Stomatal conductance is the rate of passage
of water vapour and air through the stomata
which are tiny pores on leaf surfaces.

Heartwood

As a tree increases in age and diameter, an
inner portion of the sapwood becomes
inactive and finally ceases to function, as the
cells die. This inert or dead portion is called
heartwood.

Sapwood

Sapwood is comparatively new wood,
comprising living cells in the growing tree,
situated in the outer part of a trunk or branch.

All wood in a tree is first formed as sapwood.

The equations developed by Jenkins et al. (2003) may over-estimate the bark weight in

determining aboveground biomass of Chinese Banyan.
comparatively more consistent and national-scale and no publications could be found for

Chinese Banyan. Therefore, in this report, the equations developed by Jenkins et al. (2003)

were recommended to determine the dry weight of wall trees and the species group of “hard

maple / oak / hickory /beech” was recommended.

The surcharge of the tree trunk should be increased by 50% to allow for the moisture

content of wall trees.

3.2.2 The Wind Effect on Trees and Thus on Masonry Walls

Wind forces on wall trees may cause additional sliding forces and overturning
moments to act on the masonry walls. As a wall tree is not a temporary structure, according

to Building (Construction) Regulations, the wind load shall be based on the velocity and gust
effect of winds from any direction suitably determined from a return period of not less than

50 years.

However, these equations were
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Wind forces on wall trees may cause
additional sliding forces and
overturning moments to act on the

Tree
masonry wall

Masonry

Wall \

Soil

When the tree stem and anchorage between the tree roots and the masonry wall are
strong enough to resist stem failure and uprooting, the wind load acting on wall trees will be
transmitted to the masonry wall and cause additional sliding forces and overturning moments.
Details of calculation of wind loading on masonry walls are included in Sections 3.2.2.3 to
3.2.2.7.

However, wall trees, which are different to buildings or structures, grow naturally and
are not designed to provide supports. Wall trees may therefore fail before sustaining a
significant wind pressure. Therefore, whether wind load should be checked or not will
principally depend on the resistive bending moment of the tree that can be developed at
failure.

There are two potential modes of failure for wall tree: stem failure and uprooting.
Uprooting is more prevalent in tree failures. If the root anchorage is strong enough to
prevent a tree from uprooting, the force will be transferred to the tree stem and could result in
stem breakage. Details of stem failure and uprooting are included in Sections 3.2.2.1 and
3.2.2.2.

3.2.2.1 Stem Failure

Maximum resistive bending moment of tree

Based on Moore (2000) and Peltola et al. (2000), the theoretical maximum resistive
bending moment for stem failure can be calculated as follows:
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BMr =7 x MOR x DBH®/ 32

where BM+
MOR = modulus of rupture of tree stem (MPa)
DBH = diameter at breast height (m)

Based on Lei et al. (2005) and Wang et al. (2005), the modulus of rupture (MOR) for

theoretical maximum resistive bending moment (MNm)

the tested black spruce and young Taiwania trees ranges from 29.33 MPa to 65.48 MPa.

As the modulus of rupture of tree stem varies greatly for different trees, a literature
review was carried out on the wind speed for stem failure and compared with the design wind

speed.

Wind speed for tree failure

Johnson et al. (1982) summarized the calculated and
recorded wind speeds at stem failure of several loblolly
pines in the area of Mobile County, Alabama. From the
table, the failure wind speeds ranged from 75 to 129 mph
with diameter of tree bole ranging from 0.8 to 1.1 feet, i.e.
the failure wind speeds ranged from 34 m/s to 58 m/s with
diameter of tree bole ranging from 0.24 m to 0.34 m (1 mph
=1.61 km/h, 1 ft = 0.305 m).

Design wind speed

A wall tree generally cannot reach a final dimension
of 30 m high. Therefore, only the design wind speed of
height up to 30 m above site-ground level are considered in
this report. Based on BD (2004b) (hereinafter referred to

as “Explanatory Material to The Wind Code”), the corresponding gust velocities for trees with

Height and Crown Spread of
Chinese Banyan

According to Jim (1988), Chinese
Banyan trees growing healthily on
the ground “can reach a final
dimension of 30m height, and a
rounded-spreading crown 1%
times wider than tall in
uncluttered environments.” On a
stone retaining wall, the biological
potential dimensions (BPD, see
Section 3.2) cannot be attained.
Based on empirical assessment,
the maximum height of Chinese
Banyan on wall is 20 m.

heights ranging from <5 m - 30 m are summarized in the following table:

Table 5 - Design Wind Speed

Tree Height Design Wind Speed (m/s)
<5m 55.1
10 m 57.9
20m 61.0
30m 62.8
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Conclusion

Based on Johnson et al. (1982), the wind speed for stem failure ranged from 34 m/s to
58 m/s. The design wind speed adopted in Hong Kong ranged from 55.1 m/s to 62.8 m/s for
trees of up to 30 m high. These values are close to the maximum failure wind speed in the
literature (58 m/s). Therefore, the maximum resistive bending moment for stem failure is
generally in the same order as the moment that can be induced by design wind load.

3.2.2.2 Uprooting

Based on the literature review, uprooting is more prevalent than stem failure for
ground-growing trees (more than 70% of the tested trees in Moore (2000), Peltola et al. (2000)
and Cucchi et al. (2004) failed by uprooting). The maximum resistive bending moments
under uprooting are related to the root architecture, root depth, root plates, soil type, etc,
which vary from place to place and from tree to tree. This makes the maximum resistive
bending moments under uprooting very difficult to estimate reliably.

Figure 12 - Wall Tree with Weak Anchorage Figure 13 - Wall Tree with Strong
between Roots and Wall Anchorage between
Roots and Wall

For wall trees, it is likely that uprooting is also more common as compared with stem
failure. In Section 3.1.3, records of more than 2600 retaining walls were checked and past
instability between 1984 and 2005 were found on more than 55 features. Only three of the
records were related to masonry wall with trees.  Two incidents (Feature Nos.
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11SW A/FR24 and 11SW-A/R120) involved or might have involved localized failures of
masonry blocks caused by wall tree failures. The third incident (Feature No. 11SW-B/R735)
involved failure of a wall tree only and the masonry wall itself was not damaged. In these
three incidents, all the wall trees failed probably at the root anchorage and caused little or no
damage to the walls. Therefore, in these three cases, the maximum resistive bending
moments under uprooting limited the wind load that could be transmitted to the walls.

Conclusion

Uprooting may be more common than stem failure in wall tree failure for commonly
encountered wall trees in Hong Kong. However, owing to the limited number of records
(only three incidents related to masonry walls with trees), it cannot be concluded that all wall
trees will fail in uprooting before transferring significant wind load to the wall. If the root
anchorage is strong enough to prevent uprooting, the wind load will be transferred to the
stems and the walls. In the assessment of the stability of masonry walls with trees,
professional judgement should be exercised regarding whether the root anchorage is strong
enough to sustain the design wind forces. If not, the wind forces on wall trees could be
ignored as far as the consequential effect on masonry walls is concerned.

3.2.2.3 Static Effect

Based on literature review, classical formula was commonly used to determine wind
load induced on a tree (Mayhead (1973); Johnson et al. (1982); Stathers et al. (1994); Spatz &
Bruechert (2000); Rudnicki et al. (2004)). Therefore, the classical formula was adopted in
this report.

Using the classical formula, the wind force in the direction of wind flow on an object
placed in a steady airstream is calculated as:

F= 1/2 p Cp AV?

T CD A (7 ettt eq.1
where F = the wind force (newtons, N)
p = the density of air (kg/m°)
Cp = the drag coefficient (dimensionless)

A = the frontal area (m?)
V = the wind velocity (m/s)
gz = basic wind pressure at height z (N/m?) = (1/2pV?)

Discussion on basic wind pressure (gz), drag coefficient (Cp) and frontal area (A) is
provided in Sections 3.2.2.1, 3.2.2.2 and 3.2.2.3 respectively.

3.2.2.4 Basic Wind Pressure

The pressures extracted from BD (2004a), (hereinafter referred to as “Wind Code”) are
listed in the following table:
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Table 6 - Design Wind Pressure Extracted from the Wind Code

Height above Site-ground Level Design Wind Pressure (kPa)
<55m 1.82
10m 2.01
20m 2.23
30m 2.37

For assessing wind loads on trees, the site-ground level should be taken as the level at
which the most adverse effect would be caused to the stability of the wall. Where
topography is considered significant, topography factor should be determined based on the
Wind Code.

3.2.2.5 Drag Coefficient

In order to determine the drag coefficient, a literature review was carried out. Based
on the literature review, the drag coefficients have been found to depend on the porosity of
tree crown, degree of permeability for air movements and flexibility of tree crown and these
parameters vary considerably between tree species. Drag coefficients used in some literature
were summarized. In order to determine the suitable drag coefficients for wall trees in Hong
Kong, testing wind speed and tree species used in literature were studied.

Porosity and Permeability of Tree Crown

Porosity and permeability of tree crown would affect the drag coefficient. Spatz &
Bruechert (2000) stated that “since the secondary branches never fully overlap and the actual
silhouette is not that of a solid cone, some degree of permeability of the crown for air
movements has to be taken into account” for the drag coefficient.

Flexibility of Tree Crown

Based on the following literature, the drag coefficient was found to decrease when
wind speed increases. As tree crowns are flexible, they tend to bend and become more
streamlined when wind speed increases. The frontal area will thus decrease. As a fixed
frontal area is assumed in calculating critical wind speeds, the drag coefficient will thus
decrease to take into account of streamlining effect. However, the rate of reduction in drag
coefficient is low for high wind speeds.

Johnson et al. (1982) stated that “Result of Mayhead’s 1973 research ‘indicated a
reduction of the drag coefficient with increased windspeed and a large variation in drag
coefficients both between and within a species’ ™.
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Rudnicki et al. (2004) stated that “As wind force increases, branches and foliage move
into alignment with the wind direction, reducing the crown frontal area (streamlining) and
therefore the pressure component of drag. Thus, streamlining depends on the mechanical
and aerodynamic properties of stems, branches, and foliage. A number of authors have used
eq.1l for calculating critical wind speeds assuming a fixed frontal area, ...” and “with the
assumption that 26 m/s is close to the critical wind speed for tree failure and that the rate of
reduction in drag coefficient with increasing wind speed is low for wind speeds above 26 m/s”.

Stathers et al. (1994) stated that when “wind speed increases, the canopy tends to bend
and deflect and become more streamlined”.

Tree Trunk

Based on the following literature, tree trunks, different from crowns, are not porous
and relatively not flexible. Therefore, no reduction in drag is considered and the drag
coefficient is assumed to approximate those of a smooth cylinder (1.2).

Johnson et al. (1982) stated that “Wind pressure coefficients for the bole will be
assumed to approximate those of a thin smooth cylinder (1.2) even though the bark roughness
and high windspeeds would both increase these coefficients (Note, wind forces on the bole are
minor relative to those on the canopy).”

Spatz & Bruechert (2000) stated that “Calculating the wind loads on the trunk
followed essentially the same route except that the reduction of drag due to the flexibility of
the top parts of the crown were found small and were therefore not explicitly taken into
account”.

Drag Coefficient from Literature Review

A number of researchers have conducted studies on tree drag. The following tables
summarized drag coefficient of tree trunk and tree crown in literature:

Table 7 - Drag Coefficient of Trunk Suggested in Literature

Literature Co
Sun et al. (2003) 1.2
Johnson et al. (1982) 1.2
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Table 8 - Drag Coefficient of Tree Crown Obtained from Wind Tunnel Test in Literature

Literature Tree Species Wind Speed Co
Johnson et al. (1982) Dwarf white pines (f2) High 0.5
(dwarf conifers) (average)
(assumed for high solidities)
Cryptomeria (f2) High 0.3
(dwarf conifers)
(assumed for low solidities)
Mayhead (1973) Lodgepole pine (f2) 30 m/s 0.20
Western hemlock (§5£2) 30 m/s 0.14
Lodgepole pine (f2) 26 m/s 0.35
Rudnicki et al. (2004) Redcedar (21{H[fH) 20 m/s 0.22
Lodgepole pine (f2) 20 m/s 0.47
Hemlock (§542) 20 m/s 0.47"
Spatz & Bruechert (2000) Norway spruce tree (3542) Very low 0.5
Stathers et al. (1994) Engelmann spruce (Z££2) 25 m/s 05
& subalpine fir (212) 10 m/s 08
(stiff branches and needles)
Lodgepole pine (f2) 25m/s 0.3
& Douglas-fir (%17) 10 m/s 0.6
(more flexible branches)
Western hemlock (§f2) 25 ml/s 0.2
(very spindly branches and crowns) 10 m/s 0.3
Notes: (1) ' 0.4 was recommended in the literature.
(2) ? recommended value only, not from wind tunnel test.

Drag coefficients for tree crown showed in Table 8 were obtained from wind tunnel
tests using artificial trees or real trees as the testing samples. Therefore, the porosity of tree
crowns, degree of permeability of the crown for air movements has been already taken into
account in determining drag coefficient.

Testing Wind Speed

Based on the literature review, the rate of reduction in drag coefficient is low for high
wind speeds and the design wind speed during analysis is close to the wind speed for tree failure,
the drag coefficient at high wind speed should be considered. Based on critical wind speed
(26 m/s) mentioned by Rudnicki et al. (2004), only those drag coefficients in Table 8 with
testing wind speed above 26 m/s were considered and the maximum value was found to be 0.5.
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Tree Species

All the testing samples in the above literature were
conifers. However, the wall tree species found in Hong
Kong are not conifers (See Section 2.1.1). Leaf area index (LAI) is the total
of single-side leaf surface area in

As wind load on wall trees partially depends on the | relation to the projection of the
density of tree crown. Leaf area index (LAI), a | Crownareaonto ”f‘efglr.oundd Itis
measurement for plant density and growth, was compared to anza;zlﬁm ent of Tollage density
review the drag coefficient.

Leaf area index (LAI)

Among the 30 wall tree species in Hong Kong, Ficus microcarpa (Chinese Banyan)
has the highest leaf area index (LAI), although several species have values close to it, such as
Ficus superba (Superb Fig) and Celtis sinensis (Chinese Hackberry). The dominant wall
tree species, Chinese Banyan, is therefore taken as the maximum-value scenario in the
calculation of wind load. Drag coefficient of wall trees is thus based on Chinese Banyan
trees.

A healthy conifer tree may have an average LAI of around 5:1. The LAI for the
optimal case of Chinese Banyan is 8:1. However, this value is for trees growing healthily on
the ground, with little obstacle to the spread of its roots and crown. In this report, the trees
studied are growing on stone retaining walls. The highly restrictive environment for root
penetration and extension, and the stresses on stem (trunk, branches, foliage) development,
would curtail growth quite substantially. The LAI could be reduced to about 5:1 for trees on
the least stressful wall sites. On the most stressful sites it could be suppressed further.
Therefore LAI for wall trees in Hong Kong is similar to that of the species tested.

Recommendation

For tree trunk, as only 1.2 was suggested in the reviewed literature, a drag coefficient
of 1.2 is recommended for the tree trunk.

Since no study on the drag coefficient of Chinese Banyan could be found and the LAI
is similar for the species in Table 8 and Chinese Banyan trees growing on masonry walls, a
drag coefficient of 0.5 is recommended for the tree crown.

3.2.2.6 Frontal Area
The frontal area of tree crown is usually difficult to be determined on site. For

simplicity, the frontal area of crown for wall trees in Hong Kong may be assumed to be
elliptical in shape.
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Figure 14 - Frontal Area of the Crown of Wall Trees in Hong Kong is Similar to an Ellipse

3.2.2.7 Dynamic Effects

The dynamic effects due to resonant motion of tree should also be considered during
stability analysis. Reference can be made to the Wind Code.

According to the Wind Code, the wind force allowing for dynamic effect is given by:
F=GZX CD qz Az
where F = the wind force (kN)
G = the dynamic magnification factor
Cp = the drag coefficient (dimensionless)
qz = design hourly mean wind pressure at height z (kPa)
A = the frontal area of that part corresponding to gz (m?)

The derivations of the above parameters are described below:

Drag Coefficient, Cp

The drag coefficient would be the same for the case of static response, that is, Cp = 1.2
for tree trunk and Cp = 0.5 for tree crown are recommended.

Frontal Area, Az

The frontal area, Az, would be the same for the case of static response, as described in
Section 3.2.2.3.
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Design Hourly Mean Wind Pressure, g-

The design hourly mean wind pressures, qz, is stipulated in the Wind Code and are
extracted below:

Table 9 - Design Hourly Wind Pressure Extracted from the Wind Code

Height above Site-ground Level Design Wind Pressure (kPa)
<5m 0.77
10m 0.90
20 m 1.05
30 m 1.15

Dynamic Magnification Factor, G

The dynamic magnification factor, G, is a function of the turbulence intensity and
hourly mean velocity at the roof level, the height and breadth of the building, the natural
frequency and damping ratio of the fundamental mode of vibration and the other descriptors
of the wind energy parameters. Appendix F of the Wind Code provides the equation for
calculating the dynamic magnification factor.

Most of the parameters mentioned above are not dependent on the properties of the
structure and therefore would equally apply to the estimation of dynamic magnification factor
for trees. The parameters that are related to the structural properties are the natural
frequency and damping ratio of the structure. Since the Wind Code has not covered the
structural properties of trees, literature review has been conducted and recommendations are
given below:

o Natural Frequency

Based on Explanatory Material to The Wind Code, the natural frequency of the
structure, n,, can be estimated from the height of the structure, h, by using the an empirical
expression: n, = 46/h. However, this empirical expression is not applicable to wall trees.
Based on Moore & Maguire (2003), the following equation is recommended for the
determination of natural frequency of trees:

na = 0.0948 + 3.4317 DBH / H?

where DBH = diameter at breast height (cm) (See Section 3.2.1.1)
H = total tree height (m)

Based on the above, the natural frequency of a tree depends on the ratio DBH / H?.
Therefore, a tree, which is short and has a large trunk diameter, would have a large natural
frequency and give a lower dynamic magnification factor.

o Damping Ratio

SjUaU0D JO 3|geL SjULUO0D JO 3|geL

SJUaUO0D JO BeL

SJUBIUOD JO B|0eL



- 41 -

The dynamic motion of a tree is attenuated by damping which acts to dissipate energy.
The damping ratio, &, is the ratio of actual damping to critical damping (the minimum
damping that will prevent or stop oscillation in the shortest amount of time). According to
Explanatory Material to The Wind Code, the damping ratio includes both structural damping
and aerodynamic damping.

Based on Moore & Maguire (2003), structural damping of trees is due to the friction of
the root-soil connection, movement of branches and the internal friction of wood.
Aerodynamic damping is an external damping due to the aerodynamic drag of the crown and
also to collisions between crowns of neighbouring trees. Moore & Maguire (2003) stated
that it was not usually possible to determine the amount of damping by using physical
considerations because the basic energy-loss mechanisms are seldom fully understood and
stated that the damping ratios were not related to tree diameter. However, it suggested that
the structural damping ratio were typically less than 5%.

The Wind Code recommended 1.5% for steel structures, 2% for reinforced concrete
structure and suggested that stocky buildings may have higher damping values. As wall
trees are relatively short and with small height/breath ratio compared with normal structure, a
damping ratio of 2% is considered to be acceptable for wall trees.

3.2.2.8 Recommendation

In the assessment of stability of retaining wall with trees, professional judgement
should be exercised regarding whether the root anchorage is strong enough to sustain the
design wind forces. If not, the effects of wind forces on wall trees could be ignored as far as
the consequential effect on masonry walls is concerned.

In the determination of the wind forces, both static and dynamic response should be
considered.

The wind force on wall trees, F, may be calculated as follows:

Static response: F=2XCpqzAz
Dynamic response: F=GXCp qz Az

where F = the wind force (kN)
Cp = the drag coefficient (dimensionless) (0.5 for tree crown & 1.2 for tree trunk)
Az = the frontal area of that part corresponding to qz or qz (m?)
gz = basic wind pressure at height z (kPa) (See Table 6)
qz = design hourly mean wind pressure at height z (kN) (See Table 9)
G = the dynamic magnification factor (See Section 3.2.2.4)

G should be determined based on Appendix F of the Wind Code. The damping ratio
of wall trees is recommended to be 2% and the following equation is recommended to
determine the natural frequency of wall trees:

n, = 0.0948 + 3.4317 DBH / H?
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where Na natural frequency
DBH = diameter at breast height (cm) (See Section 3.2.1.1)
H = total tree height (m)

3.2.3 Recommendation

Based on the above discussion, the effects of tree roots may be ignored and the effects
of wind load and surcharge of wall trees can be calculated as follows using the final
dimensions of wall trees:

Elevation of Wall Tree

Tree
Masonry Wall Tree Roots
\ IIIIIIIIIIIIIIIII
L, dss ¢ . > PV
7 |< ? >I S
I Das |

Section of Wall Tree

Lwc
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Calculation of Surcharge of Wall Tree

Total dry biomass of wall tree, by, = Exp (-2.0127 + 2.4342InDBH)
Ratiogoliagey = EXp (-4.0813 + 5.8816 / DBH)
Ratio(stem bark) = EXp (-2.0129 - 1.6805 / DBH)
Ratio(stem wood) = EXp (-0.3065 - 5.4240 / DBH)

RZ"-ti(-)(branch) =1- Ratio(foliage) - Ra-tio(stem bark) = Ratio(stem wood)

Rat!o(crown) = Ra-t!()(foliage) + RatiOgbranch)

Ratlo(truck) = Ra-t|0(stem bark) + Ratlo(stem wood)

where DBH = Diameter at breast height (measured at 1.3 m above the trunk base)

Surcharge of tree crown on wall per m width, Fsc = bm X Ratio(crown) / S
Surcharge of tree trunk on wall per m width, Fst = b X Ratiogruny X 1.5/S

where br = root spread (extent of roots that hold firmly on wall face)

bss = 45° spreading from trunk base to wall toe

B = base width of wall

s = spread of loading = greater of [ (br +2B) or bys ]
Overturning moment cause by surcharge of tree = Fsc X Lsc + Fst X Lst
where Lsc = Lever arm of surcharge of tree crown against overturning

Lst = Lever arm of surcharge of tree trunk against overturning

Calculation of Wind Force (if required)

Force on crown per mwidth, Fwc=05X(ZAcqz)/s
Force on trunk per m width, Fwr=12x(ZArQq2) /s

or
Force on crown per mwidth, Fwc=05GX (X Ac qz)/5s
Force on trunk per m width, Fwr=12GX(EAT q» /s

whichever Fyc and Fy are the greater

where gz = Design wind pressures at height z (Table 6)
qz = design hourly mean wind pressure at height z (See Table 9)
G = the dynamic magnification factor (See Section 3.2.2.4)

Ac = Area of crown frontal area
At = Area of trunk frontal area
Overturning moment caused by wind force on tree = Fwc X Lwe + Fwr X Lwr

where Lwc = Lever arm of wind load on tree crown against overturning
Lwr = Lever arm of wind load on tree trunk against overturning
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4. EXAMPLES OF UPGRADING WORKS

When a masonry wall is found to have an inadequate factor of safety, upgrading works
should be carried out. Information search was carried out on examples of upgrading works
on masonry retaining walls on the following aspects:

(i) preservation of existing trees on the walls; and

(i) preservation of the existing masonry pattern (or facade).

4.1 Search for Examples of Upgrading Works

Letters were sent to professors of some universities in UK, Australia and Italy.
However, they did not have any experiences on upgrading the stability of masonry retaining
wall by preserving the existing facing and any trees growing on it.

In order to review the existing methods on upgrading masonry walls in Hong Kong,
records were collected from the following organisations:

(i) LPM Division 2, Geotechnical Engineering Office (GEO);
(i) CMWAL;
(iii) other consultants; and

(iv) Architectural Services Department (ArchSD).

LPM Division 2, Geotechnical Engineering Office (GEQ)

A list of project related to the study on masonry wall carried out by LPM Division 2,

GEO was received in Dec 2004. (See Appendix D, Page D1) There were 10 features in the list.

Two of them were not related to this study. One of them contained a masonry wall of
1.83 m high only and the upgrading works were carried out on the slope above the wall.
Upgrading works of four of the features were not completed yet. The remaining three
examples on upgrading of masonry walls preserved the existing trees.

CMWAL

Past upgrading works on masonry walls carried out by CMWAL were reviewed.
Four examples were found on upgrading of masonry walls with masonry pattern retained.
One example was found on both cases with masonry pattern partially retained and with
existing trees preserved. No examples on upgrading masonry walls with both masonry
pattern retained and existing trees preserved were found.
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Other Consultants

Letters were sent to 30 consultants by GEO in Dec 2004 requesting for records of
methods on upgrading masonry walls with existing masonry pattern retained and/or existing
trees preserved. Out of these 30 consultants, eight consultants replied and five of them
provided relevant records. Three examples were found on both cases with masonry pattern
retained and partially retained. One example on upgrading masonry walls with both
masonry pattern partially retained and existing trees preserved was found. A summary of the
replies from the consultants is included in Appendix D, Page D2.

Architectural Services Department

During the meeting for special task in 14 Dec 2004 between GEO and CMWAL, an
example of upgrading of masonry wall with existing trees preserved was provided by GEO.
Relevant records were collected in Architectural Services Department (ArchSD).

4.2 Preservation of the Existing Masonry Pattern (or Facade)

Past methods of upgrading masonry works with existing masonry pattern retained were
mainly using hand-dug caissons, mass concrete backfill and soil nails.

Installation of soil nails normally retained the existing masonry pattern partially. ~ Soil
nail heads were noted in all of the examples except Feature No. 11SW-A/R1086. Soil nail
heads were hidden behind the masonry blocks in Feature No. 11SW-A/R1086. However,
some grout was noted on the wall face.

The method using mass concrete backfill is similar to that using caissons. The main

differences are that caissons are circular in plan and concrete rings are used during excavation.

It appears that caissons are better in preserving trees because of less contact area to the back
of walls.

Figure 15 - Feature No. 11SW-A/R1086 before and after Upgrading Works Using Soil Nails
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4.3 Preservation of Existing Trees on the Walls

Past methods of upgrading masonry walls with trees preserved mainly used soil nails
or dowel bars together with skin walls with recesses or planters. Feature No. 11SW-C/R38
was upgraded by constructing a mass concrete wall. Feature No. 11SW-A/R346 was
upgraded by installation of soil nails only.

Except Feature No. 11SW-A/R346, all the masonry wall facings could not be
preserved in these examples. For Feature No. 11SW-A/R346, concrete beams tying up some
of the soil nail heads were noted on the wall facing.

The works were carried out one to three years ago. As the trees can usually survive

for several years after severe damage, the actual effect of these upgrading works on wall trees
cannot be determined as yet.

Figure 16 - Feature No. 11SW-C/R476 Upgraded Using Soil Nails, L-shaped Wall and Planter
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Figure 17 - Feature No. 11SW-C/R38 Upgraded Using Mass Concrete Wall and
Finished with the Old Granite Blocks

Figure 18 - Feature No. 11SW-A//R346 Upgraded Using Soil Nails

The past examples on methods of upgrading masonry walls are summarized in the
following table:
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Table 10 - Past Example of Upgrading Works on Masonry Walls with or without Trees Growing on Them (Sheet 1 of 2)

. Upgrading Tree W?” Year of .
Feature No. Location Facing . Designed by Remark
Method Preserved Completion
Preserved
11SW-A/R22 |Fuk On Lane Soil nails and Y N 2004 GEO Recesses were provided to protect and preserve the
skin wall trees.
11SW-C/CR120 | Pokfulam Training Centre | Skin wall Y N 2004 GEO Tree preserved by tree rings.
Complex, Wah Fu, HK
Island
11SW-C/R38 |Bethanie, 139 Pokfulam [ mass concrete Y N 2003 GEO Existing masonry wall was removed and a new
Road wall reinforced concrete wall with a green face was
constructed. The exposed surface of the new wall
would be finished with the salvaged old granite
blocks.
1INW-D/R50 |No. 6 Knutsford Terrace | Caisson NA Y 1997 CMW Active pressure assumed to be taken by the caisson
(part) only.
11SW-A/R147 |No.2-4B Ying Fai Terrace |Caisson NA Y 1999 CMW Existing wall thickened by caissons.
11SW-A/R634 [No. 109-109B Robinson | Caisson NA Y 1993 CMW Existing wall thickened by caissons.
(part) Road
11SW-A/R679 [Piccadily Mansion, Nos. | Mass concrete NA Y 2003 CMW
4-6A, Po Shan Road, backfill
Hong Kong
11SW-A/R1086 [ 250 m North West from | Soil nails NA Y 2004 CMW Soil nail heads hidden behind the masonry wall
No. 63 Victoria Road HK facing.
11SW-C/R476 | The University of Hong | Soil nails, Y N 2003 CMW
Kong, 5-7 Sassoon Road | L-shaped wall
and planter
11SW-A/R298 | Merry Terrace, 4A-4P, Soil nails, Y N 2001 BBV
Seymour Road skin wall and
planter
11SW-A/R109 |North-west of Merry Dowel bars Y N 1998 BCL Recesses were provided to protect and preserve the
Terrace, Sheung Wan and skin wall trees.

Granite facing constructed at the wall facing.

1%
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Table 10 - Past Example of Upgrading Works on Masonry Walls with or without Trees Growing on Them (Sheet 2 of 2)

. Upgrading Tree W?” Year of .
Feature No. Location Facing . Designed by Remark
Method Preserved Completion
Preserved
11SW-A/R346 |North of Pok Fu Lam Soil nails Y P 2003 Fugro Architectural pattern made by concrete beam tying
Service Reservoir, along up part of soil nail heads were constructed on the
Pok Fu Lam Road wall surface.
11SW-A/R374 |No. 101 Robinson Road, | Soil nails NA P 2003 James Lau | Continuous concrete beams tying up soil nail heads
Hong Kong Lot No. were constructed.
1.L.7195.C.R.P.
11SW-A/R802 | Masonry Wall Portion, La | Soil nails NA P 2003 James Lau | Some masonry blocks removed and replaced by soil
Clare Mansion, No. 92 nail head.
Pokfulam Road, Hong
Kong
11SW-B/R548 | No. 15 Bowen Road, Soil nails NA P 2003 James Lau | Continuous concrete beams tying up soil nail heads
(Portion) Hong Kong were constructed.
11SW-A/R563 | 65A & 65B Bonham Road | Soil nails and Y N 2004 Scott Soil nails were offset from tree root locations. The
and 2 Hing Hong Road skin wall Wilson  [skin wall was span across. Random pattern stone
facing finish were constructed at the wall facing.
11SW-A/R466, | King George V Memorial | Soil nails and Y N 1996 ASD Dressed block facing constructed on RC skin wall.
R467, R469, |Garden RC skin wall
R470. R471,
R472
Legend:
BCL Binnie Consultants Limited Y Yes
BBV Binnie Black & Veatch Hong Kong Limited N No
CMW C M Wong & Associates Ltd. P Partial
Fugro Fugro (Hong Kong) Limited NA Not Applicable
James Lau James Lau & Associates Ltd.
Scott Wilson Scott Wilson (Hong Kong) Ltd.
GEO Geotechnical Engineering Office
ASD Acrchitectural Service Department

6v
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5. PROPOSED METHODS OF UPGRADING MASONRY WALLS

Various geotechnical methods could be used to stabilize masonry retaining walls.
There is a need to preserve the integrity of the stone facade and the wall trees, especially for
walls with high heritage value and wall trees of high amenity and landscape value. In this
study, the following aspects were taken into account in reviewing the methods of upgrading
masonry walls:

(i) preservation of existing trees on the walls; and
(i) preservation of the existing masonry pattern (or facade).

Based on the examples in Section 4, methods on upgrading masonry walls with trees
using soil nails and caissons may preserve both existing trees and existing masonry pattern.
The method using buttresses is also recommended.

5.1 Soil Nails

Soil nail consists of a tensile reinforcing
element (usually steel bar) and grout. It is
constructed by drilling into the slope or wall
followed by the installation of tensile
reinforcing element and grouting. In order to
upgrade masonry walls, soil nails are installed
on the facing of the walls.

Masonry pattern can be retained using
soil nails. However, soil nail heads are
usually seen on masonry wall faces. If
masonry blocks are temporarily removable,
soil nail heads can be hidden behind masonry
blocks. No soil nails will be seen on facing, but special measures should be carried out to
ensure the original pointing retained.

Wall trees are usually adversely affected by grout which leaks out to the surrounding
soil during the installation of soil nails. The threats of grout to tree growth are as follows:

(i) the chemical damage to roots due to high alkalinity;

(i1) the disruption in the balance of nutrient supply due to the
decreased solubility of some trace elements leading to
nutrient deficiency symptoms; and

(iii) the physical filling of soil pores thus reducing the ability of
the soil to drain excess water and to store plant-available
water.

However, wall trees are usually located within the free length of soil nails designed, as
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they are located close to the wall faces. Therefore, left-in casing could be used within the
free length of soil nails to seal-off the grout and reduce the threats.

Behind masonry walls, there should be enough area within boundary for the
construction of soil nails.

Masonry wall

Front face of

masonry wall
Soil nail

Tree roots

Soil nail head

5.2 Buttresses
5.2.1 Conventional Buttresses

Buttress is a structure, usually brick, stone or concrete, built against a wall for support
or reinforcement. In order to upgrade masonry walls with trees, buttresses are built with
spacing adjusted to minimize impacts on wall trees.

Since buttresses are built in front of walls, soil and tree roots behind the walls are not
disturbed or damaged. The bulk of the masonry wall facing can be retained.

For conventional buttresses, there should be enough area in front of the walls for
construction. This area will be occupied by buttresses and thus cannot be used for other
purposes. The masonry facing will be slightly modified, as part of it will be blocked by the
buttresses.
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Figure 19 - Conventional Buttresses in the University of Hong Kong

Conventional
buttress

Masonry wall

Front face of
masonry wall

5.2.2 Flying Buttresses

Besides conventional buttresses, flying buttresses can also be used. Flying buttresses
may be in the form of as half or semi-arches. The elevated end of the arch supports the wall
and the lower end of the arch is mounted on foundations, or on pillars or other flying
buttresses. If necessary, beams could be built as extensions from the flying buttresses to
provide additional support to the wall.
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Flying buttresses have the same advantages as conventional buttresses. However,
flying buttresses have fewer disadvantages than conventional buttresses.

Construction of flying buttresses requires area in front of the walls. However, as
flying buttresses stand apart from masonry walls and connect to them in semi-arch shape, the
area between the toe of walls and flying buttresses will not be occupied. This area can be
used for other purposes (e.g. footpath). The masonry facing will still be slightly modified
using flying buttresses.

Dimensions

Figure 20 - A Flying Buittress in the University of Hong Kong

Masonry wall/

Front face of
masonry wall
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5.3 Hand-dug Caissons

Caisson is an earth-retaining structure, or part thereof, the construction of which
includes the excavation of a shaft in the ground by means of digging carried out by any person
inside the shaft with or without the aid of machine tools. In order to upgrade masonry walls
with trees, caissons are built behind the walls. The spacing between caissons should be
adjusted as far as practicable to minimize damaging tree roots.

As caissons are built behind masonry walls, masonry pattern can thus be fully retained.
Caissons are excavated by hands. The disturbance to the surrounding soil and damages to
masonry blocks are small.  Cutting of large tree roots could also be avoided.

According to ETWB Circular No. 09/1994, the use of hand-dug caissons requires
approval from the Director of CEDD. For private project, under the jurisdiction of the
Buildings Ordinance, hand-dug caisson of depth greater than 3 m would not be approved
unless there is no alternative. Therefore, for caisson proposed to be more than 3 m depth, it
must be demonstrated that there is no other practical alternative in preserving the masonry
facing and the trees thereon.

Caisson proposal is not effective to upgrade walls with large wall trees having an
extensive spread of roots, as the spacing between caissons cannot be too large. Area should
also be available behind the walls for the construction of caissons.

\ / Caisson
Front face of

masonry wall Masonry wall 4é

<

Tree
roots

/

The following table summarized the comparisons between the above methods:
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Table 11 - Advantages and Disadvantages / Limitations of Upgrading Methods on

Masonry Walls with Tree

Method

Advantages

Disadvantages / Limitations

Soil Nail

1. Masonry pattern largely
retained.

. To reduce potential adverse effect on

wall trees due to grouting, left-in
casing need to be provided.

. Masonry wall facings slightly

modified.

. Boundary constraint behind walls.

Conventional
buttress

1. Soil and tree roots behind
walls are not disturbed or
damaged.

2. Masonry pattern largely
retained.

. Masonry wall facings slightly

modified.

. Area in front of walls required.
. Area occupied by buttresses cannot

be used for other purposes.

Flying buttress

1. Soil and tree roots behind
walls are not disturbed or
damaged.

2. Masonry pattern largely
retained.

. Masonry wall facings slightly

modified.

. Area in front of walls required.

Caisson

1. Masonry pattern can be fully
retained.

2. Damage to masonry block
and large tree roots and
disturbance to surrounding
soil are small.

3. No leakage of grout to soil.

. Spacing between caissons cannot be

too large.

. Special approval from relevant

authority required.

. Boundary constraint behind walls.

5.4 Recommendation

In conclusion, in order to upgrade masonry walls with trees preserved and masonry
pattern retained, installation of soil nails, construction of conventional buttresses, flying
buttresses and caissons are recommended and the selection of upgrading method to be used

should be based on the actual site conditions.

6. SPECIAL MEASURES ON UPGRADING MASONRY WALLS WITH TREES

For the walls designated for special protection, specific precautionary measures could
be adopted in the course of upgrading works and wall maintenance to ensure that the wall

facade is not unduly modified, and the wall trees are not damaged.

The guiding principles are discussed in Section 6.1.

Details of the preservation
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principles are discussed in Sections 6.2 - 6.4. The pertinent issues and their recommended
precautionary measures for the proposed upgrading methods are included in Appendix E.

6.1 Guiding Principles

It is pertinent to protect not only the visible tree parts, namely the stems and wall-
surface roots, but also the hidden tree roots that have grown into the soil situated behind the
wall and below the ground at the wall base. The overarching principles of wall protection in
relation to stabilization works are:

(i) The integrity and appearance of the stone facade, including
the masonry blocks and associated mortar and pointing, are
preserved.

(if) The tree stems (branches and foliage) and roots, including
aerial roots, on the wall face are not unduly damaged.

(iii) The tree roots that have penetrated into the soil behind the
stone wall are not unduly damaged.

(iv) The tree roots that have entered the soil situated on the slope
adjacent to the top of the wall are not unduly damaged.

(v) The tree roots that have penetrated into the soil below the
ground at or near the wall base are not unduly damaged.

(vi) The stabilized wall will continue to support the growth of
existing trees.

Details of the preservation of existing masonry pattern (or facade), the protection of

tree roots from damage and the continued growth of existing trees are discussed in the
following sections.

6.2 Preserving the Existing Masonry Pattern (or Facade)

Walls to be preserved should have their facade kept intact and the pointing should not
be modified. Any cement mix used in re-pointing, if deemed absolutely necessary, should
match as far as possible the original material in terms of composition, colour and
workmanship. Dry walls should remain undisturbed, and their joints should not be filled
with mortar.  Walls without original pointing should not be given new pointing, or above all
they should not have the joints buttered over by cement. Any stones that need to be
temporarily removed for soil nailing work and other maintenance tasks should be very
carefully extracted so as not to damage them, and they should be replaced with due respect to
the full restoration of the facade appearance. The use of plaster to emulate the stone in
covering up the soil-nail opening should not be accepted. To ensure full restoration of the
facade, photographs of the fagcade can be taken, and number or reference can be marked on
every masonry stones before their removal for any works.
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6.3 Protecting Tree Roots and Stems From Damage

6.3.1 Importance of Protecting Tree Roots from Damage

Trees have developed through evolution two different strategies to support its
aboveground masses and to react to mechanical forces that may disturb its balance and
stability. Mechanical stresses on trees could be imposed by wind or tilting (gravity).
Coniferous trees develop new compression wood on the downwind or falling side to support
or push up the tree against failure. On the contrary, broadleaf trees react by developing new
tension wood on the upwind or opposite side to pull up the tree against failure. Whether
pushing (compression) or pulling (tension), the effect is an attempt to correct the imbalance
by shifting the tree towards the upright or equilibrium position.

Banyan is a broadleaf tree that adopts the pulling or
tension wood strategy. A wall tree has an inherently | Perch
unst_able perch. _Its stem attempts to grow largely | A perch is a branch that serves as
vertically upwards in response to negative geotropism. In | 5 resting place for birds, or an
doing so, it must develop adequate anchorage to support | attachment surface for epiphytes
itself against gravity pull. Additional reserve strength | (plants that grow on the surface of
must be made available to cater to the exigencies of the | Other plants).
pressure imposed by strong wind. The trunk and roots of a wall tree would have to develop
tension wood to pull the tree weight like ropes to counteract the force of collapse. The larger
the root, the more role it plays in securing the tree on the vertical habitat. Any attempt to
damage or cut the roots, especially the main roots, may bring serious consequences on tree
stability. The weakened tree may collapse without warning on pedestrians, vehicles or
properties. It will induce the formation of hazard trees in our compact city, and substantially
trim the life span and ecological value of the damaged tree. Some examples of root
severance of wall trees in recent years had resulted in loss of poise and tree collapse.

6.3.2 Tree Root Pruning

Where stones are shifted at the wall ends to such an extent that a potential hazard of
stone fall or wall destabilization may be induced, only the specific roots in question could be
pruned to stop the displacement. Detailed field assessment could judge whether appropriate
management intervention is necessary to abate the hazard. There is little field evidence to
support the need for pre-emptive pruning of tree roots to prevent stone displacement. Where
root pruning is found necessary, an overall evaluation of wall-tree relationship is
recommended to judge the extent position and method of root pruning. The cardinal
principle is to minimize the amount of root removal so as to forestall tree decline and possible
tree destabilization.

The following general principles of pruning the roots of wall trees are recommended:
(1) Prune only if it is absolutely necessary, that is to prune only
if non-action will permit the wall instability problem to

aggravate such that it may degenerate into a hazard;

(if) Root pruning should bear in mind that it could destabilize
the tree and hence in solving one “perceived” problem,

SjUaU0D JO 3|geL SjULUO0D JO 3|geL

SJUaUO0D JO BeL

SJUBIUOD JO B|0eL



- B8 -
another problem (hazard) and a long-term management
worry and burden could be generated; and
(iii) Prune the minimal amount of roots that is sufficient to
alleviate the wall instability hazard, and take care not to
remove roots unnecessarily.
Concerning the specifics, the actual location, amount and method of root removal have

to rely on expert judgment in the field, to be assessed on an individual-tree basis.

6.3.3 Trimming of Branches, Leaves or Roots of Wall Trees

Trimming a tree’s foliage and branches could reduce its capability to produce food and
hence weaken the tree and make it susceptible to attack by pests and pathogens. Therefore,
wall trees should only be pruned if it is absolutely necessary. When the following conditions
are found, pruning may found necessary:

(i) there is unequivocal evidence that they have damaged a wall
by displacing masonry blocks;

(ii) they have a very high probability of destabilizing wall,
(iii) they obstruct vehicular traffic; and

(iv) they have been weakened by wind, pest or pathogens and as
a result have become potentially hazardous.

If pruning is found to be necessary, it should be confined to the abatement of the
specific problem in question to minimize the amount of tissue removal. As different trees
and different problem cases require different pruning approaches, the actual pruning extent
has to be decided on the basis of individual trees in the field and the pruning should be carried

out only by knowledgeable and experienced landscape contractors using clean and sharp tools.

Care should be taken on the position and angle of cuts in the case of branch removal to
minimize the chance of wound invasion by wood-decay fungi.

6.4 Continued Growth of Existing Trees

As it is the case for normal ground-growing trees, some roots may decline or die due to
various reasons, such as disease, pest, injury, decay, drought, waterlogging, soil
contamination, sealing and compaction. For a healthy tree, new roots would continually be
formed to expand the root catchment and to compensate for the loss roots. Wall growth
conditions must remain continually suitable for root growth in order that the wall tree can
continue to thrive. Keeping joints of masonry walls unsealed, which is usually ignored, is
one of the important measures for the continued growth of existing wall trees.
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6.4.1 Keeping Joints Unsealed

The tendency of aerial roots of Banyans to grow into the crevices between stones is
tied to their natural negative phototropism. In other words, they tend to grow away from
light and into the dark joints. It is largely the presence of joints in the older generation of
walls that has permitted the unique ecological phenomenon of stone wall trees to flourish in
Hong Kong.

Recently, some old stone walls with trees have been too assiduously maintained,
resulting in extensive sealing and even buttering over of joints with new cement mixtures.
Some walls have virtually all the joints effectively sealed by cement. The sealing is so
thorough that even living roots in the joints were embedded in cement. Such sealing will
deprive the wall trees of a pertinent raison d’étre for their survival. New roots will no
longer be able to enter the joints to obtain sustenance in the soil lying behind the wall.
Existing roots will suffer from inadequate aeration as the joints are essential in allowing the
entry of air into the soil and carbon dioxide from root respiration to dissipate through the
joints. Where the cement covers the existing roots, their continued growth which requires
secondary thickening will be curtailed. Any root thickening would result in self-girdling
damage that could lead to root decay and possible root death. The long-term effect of such
overzealous wall maintenance is to suppress tree growth, induce decline and eventually
leading to premature tree death.

In order to let the wall growth conditions continually suitable for root growth, any
unsealed joints of masonry walls should be kept unsealed. For deteriorated mortar joints, the
mortar may be removed and replaced by new one and no significant alteration should be made
on the wall condition.

The pertinent issues and their recommended precautionary measures for the proposed
upgrading methods are included in Appendix E.

6.5 Conclusion

In conclusion, any measure that could impose injuries or harms on trees should be
reviewed and modified to make them tree friendly. Contractors should be coached about the
reasons for adopting the new wall maintenance techniques, and their performance should be
monitored to prevent overzealous work. Significant historical walls and trees should receive
special attention, and any maintenance work should be custom-designed based on scientific
and filed study of the real-world situation.

7. SAFETY STANDARD FOR CHECKING MASONRY RETAINING WALLS WITH
TREES

Based on the above study, stability of masonry walls with trees can be assessed and the
existing and upgraded conditions of the walls should be checked against safety standards.
GEO (1984) (hereinafter referred to as “Geotechnical Manual for Slopes”), GEO (1982)
(hereinafter referred to as “GEOGUIDE 1 (1982)”) and GEO (1993) (hereinafter referred to
as “GEOGUIDE 1 (1993)”) are the current guides used in Hong Kong providing standards of
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practice that should be adopted for the design, construction and maintenance of masonry walls.

In the following sections, the approaches for checking the stability of masonry walls,
the current safety standards for masonry walls and the recommended safety standards for
masonry walls with trees are discussed.

7.1 Approaches

There are two approaches for checking the stability of retaining walls in Hong Kong:
(i) limit state approach; and
(i) factor of safety approach.

Geotechnical Manual for Slopes and GEOGUIDE 1 (1982) used factor of safety
approach. The latest Geoguide, GEOGUIDE 1 (1993), recommended limit state approach.
However, the geotechnical standards set out in the latest Geoguide are for new permanent
earth retaining walls on land. Assessments of existing retaining walls are beyond its scope.
As masonry walls with trees are existing retaining walls, the geotechnical standards set out in
Geotechnical Manual for Slopes and GEOGUIDE 1 (1982) should be followed. Therefore
the factor of safety approach is recommended for masonry walls with trees.

7.2 Existing Walls, New Walls and Remedial Works

Geotechnical Manual for Slopes recommended minimum values on factor of safety for
the following two separate cases:

(i) the design of a new wall where design parameters are
derived from geological and geotechnical investigation; and

(if) the analysis of an existing wall and for the design of
remedial and preventive works.

According to the Geotechnical Manual for Slopes, when analysing an existing gravity
retaining wall to determine the extent of any remedial or preventive works required, the
factors of safety for case (ii) may be used as long as rigorous structural, geological and
geotechnical investigation are conducted (which include a thorough examination of wall
maintenance history, groundwater records, rainfall records and any wall monitoring records)
and the loading remain substantially the same as those of the existing wall.

In checking the stability of masonry wall with trees, if the generalized parameters in
the preceding sections are adopted and without specific test being conducted, then such
analysis cannot satisfy the criteria for rigorous structural investigation, not to mention
whether the geological and geotechnical investigation are considered rigorous or not.
Therefore, the recommended minimum factors of safety for the design of a new wall, i.e. case
(i), should be used for both the stability analysis and the design of upgrading works for
masonry wall with trees.
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7.3 Factor of Safety for Masonry Walls

According to Geotechnical Manual for Slopes, a retaining wall can fail by sliding, by
rotation or as a result of bearing capacity failure. Failure can also result from the structural
failure of the wall itself particularly in the case of masonry wall. The minimum factors of
safety against these failures for normal masonry walls are discussed in the following sections.

7.3.1 Structural Failure

There are major uncertainties in structural stability assessment, and it is difficult to
carry out reliable calculations for walls without tie members. GEO (2003) - GEO Circular
No. 33 suggested that it would be more practicable to make an engineering appraisal of the
wall condition through visual inspection.  According to Morgenstern & GEO (1994), slender
walls, with a slenderness ratio greater than 5 are liable to fail in a brittle manner. The
absence of prior warning makes the failure of slender walls particularly dangerous.
Definition of a slender wall is included in GEO Circular No. 33.

7.3.2 Sliding, Overturning and Bearing Capacity

The minimum factors of safety for new walls against sliding, overturning and bearing
capacity recommended by Geotechnical Manual for Slopes are summarized in the following
table:

Table 12 - Recommended Factors of Safety for Masonry Retaining Walls for a
Ten-year Return Period Rainfall

Mode of Failure New Walls
Sliding 1.5
2.0
Overturning (For a masonry wall, the resultant force should lie within the
middle-third)
Bearing 3.0

These minimum factors of safety are the same as those recommended by
GEOGUIDE 1 (1982).

7.4 Recommended Factor of Safety for Walls with Trees

When checking the stability of masonry walls with trees against failures, surcharge
from trees on masonry walls and wind load on trees should be considered.

Geotechnical Manual for Slopes and GEOGUIDE 1 (1982), however, did not mention
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the wind effect when recommending safety standards. Reference has therefore been made to
the Building (Construction) Regulations and BD (2004c) (hereinafter referred to as “Code of
Practice for Foundations”) to study the minimum factor of safety if the increased in disturbing
force is solely due to wind.

7.4.1 Structural Failure

As discussed in Section 3, tree roots do not have adverse effect on the structural
integrity of masonry walls and it is difficult to carry out reliable stability analysis on the
structural integrity. Therefore, the usual practice may be followed and an engineering
appraisal of structural integrity of masonry walls with trees may be made. A detailed study
on the structural stability of masonry retaining walls is available in Chan (1996).

7.4.2 Sliding, Overturning and Bearing Capacity
7.4.2.1 Sliding

Building (Construction) Regulations and Code of Practice for Foundations both
recommended a minimum factor of 1.5 on sliding force due to loads with and without wind
loads:

(i) Building (Construction) Regulations stated that “the
resistance to the sliding force acting thereon shall be not less
than 1.5 times the sliding force due to any loads”.

(if) Code of Practice for Foundations stated that “the sliding
resistance shall be at least 1.5 times the sliding force due to
any loads.”

Therefore, the minimum factor on sliding force for masonry walls with trees is
recommended to be the same as the normal one (1.5 due to wind load and other loads for the
design of new wall).

7.4.2.2 Qverturning

In checking the stability against overturning, Building (Construction) Regulations and
Code of Practice for Foundations both recommended factors of 1.5 and 2 on overturning
moment due to wind loads and loads other than wind loads respectively:

(iii) Building (Construction) Regulations stated that “the
resistance to the overturning moment acting thereon shall be
not less than 1.5 times the overturning moment due to wind
loads and 2 times the overturning moment due to loads other
than wind loads.”

(iv) Code of Practice for Foundations stated that “the
overturning moment resistance shall be at least 1.5 times
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the overturning moment due to wind loads” and “2 times
the overturning moment due to loads other than wind loads
and floatation, with the overturning moment resistance
taken as the sum of the stabilizing moment due to the
minimum dead loads plus that due to any permitted
anchoring resistance.”

The above recommended factor of 2 on overturning moment due to loads other than
wind loads is the same as the required factor of safety against overturning for the design of
new walls as stated in Geotechnical Manual for Slopes and GEOGUIDE 1 (1982).
Therefore, a factor of 1.5 is recommended on overturning moment due to wind loads for the
design of new walls.

7.4.2.3 Bearing

Building (Construction) Regulations and Code of Practice for Foundations both
recommended that the bearing capacity might be increased by 25% when such an increase is
solely due to wind effects:

(i) Building (Construction) Regulations stated that “the
allowable capacity of foundations for bearing, bond or
friction resisting the combined effects of dead, imposed and
wind loads may be increased by not more than 25% where
such increase is solely due to wind loads.”

(if) Code of Practice for Foundations stated that “the allowable
capacity of the soil/rock under working loads where any
foundation is founded “may be increased by 25% when such
increase is solely due to wind effects.”

Based on the Building (Construction) Regulations and Code of Practice for
Foundations, a factor of 2.4 (= 3 / 1.25) is recommended on bearing force due to combined
effects of dead, imposed and wind loads for the design of new walls.

7.5 Conclusion

A retaining wall with trees can fail by structural failure, sliding, overturning and
bearing failure. Surcharge from trees on masonry walls and wind loads on trees should be
considered.

For structural integrity of masonry walls with trees, an engineering appraisal may be
made. A detailed study on the structural stability of masonry retaining walls is available in
Chan (1996).

In checking the stability of masonry walls with trees against sliding and overturning
failures, factor of safety approach with local factors of safety is recommended. The total
forces or moments resisting failure should not be less than the total forces or moments
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causing failure with factors of safety applied. That is,

R = v1F10ads other than wind * Y2Fwind 1oad only

where R = resistance force or moment
Floads other than wind = forces or moments causing failure due to loads other than wind
Fuwind load only = forces or moments causing failure due to wind load only

v1 = factor of safety applied on Figads other than wind (See Table 13)
. = factor of safety applied on Fyind i0ad only (See Table 13)

The resistance should be taken as the sum of the stabilizing force or moment due to the
minimum dead loads plus that due to any permitted anchoring resistance.

In checking the bearing, factor of safety approach with global factors of safety is
recommended. That is,

Oc = T10G10ads other than wind
Oc = T20combined effects

where gc = bearing capacity
loads other than wind = D€aring due to loads other than wind
Ocombined effects = bearing due to combined effects of dead, imposed and wind
loads

11 = factor of safety applied 0N Qjoads other than wind (S€€ Table 14)
1, = factor of safety applied 0N Qcombined effects (S€€ Table 14)

Since the criteria discussed in Section 7.2 cannot be satisfied for a wall with trees, the
recommended factors of safety for new walls should be adopted for the analysis of existing
masonry walls and the design of upgrading works. The factors of safety applied to the loads
causing failure are recommended and summarized in Tables 13 and 14.

Table 13 - The Recommended Factors of Safety Applied to Loads Causing Failure
for Masonry Walls with Trees

Recommended Factors of Safety
Type of Loads Other Than Wind .
Loads (Earth Pressure) Wind Load Only
(1) ()
Sliding 1.5 1.5
_ 2 1.5
Overturning —— - -
(For a masonry wall, the resultant force should lie within the middle-third)
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Table 14 - The Recommended Factors of Safety for Bearing

Recommended Factors of Safety
Type of Loads Other Than Wind Combined Effects of Dead, Imposed and
Loads (Earth Pressure) Wind Loads
(T1) (T2)
Bearing 3 2.4

An example of stability checking of a masonry wall is included in Appendix F.

8. CONCLUSION

Tree Root Effect

In conclusion, tree roots generally have potential beneficial effect on the stability of
masonry walls. Due to the possible significant variability of the potential beneficial effect
and the extreme difficulty in fully characterizing the tree roots and quantifying the effects of
tree roots, it may be conservatively ignored during stability analysis of masonry walls with
trees. However, attention should still be paid to possible decay of large tree roots, if any,
during inspections to ascertain that the strength of the soil vulnerability to water ingress is not
affected, and masonry block displacement, if any, to ascertain that such displacement is not
due to tree roots.

Effects of Tree Stem

Surcharge of wall trees and wind load on trees were found to have adverse effect on
the stability of masonry walls and may be calculated as follows:

o Surcharge of Trees on Masonry Walls
The dry biomass of wall tree, by, = Exp (-2.0127 + 2.4342InDBH)

where bm = total aboveground biomass (kg)
DBH = diameter at breast height (cm)

The biomass ratio equation is calculated as:  ratio = Exp (Bo + B1 / DBH)

where ratio = ratio of component to total aboveground biomass for trees
Bo, P1 = coefficients (refer to hardwood of Table 4)

The total dry biomass of tree trunk should be increased by 50% to allow for the
moisture content of wall trees.

o Wind Effect on Trees and Thus on Masonry Walls
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In the assessment of stability of retaining wall with trees, professional judgement
should be exercised regarding whether the root anchorage is strong enough to sustain the
design wind forces. If not, the effects of wind forces on wall trees could be ignored as far as
the consequential effect on masonry walls is concerned.

The wind force induced on trees,
Static response: F=XCpAzqQz
or Dynamic response: F=GZXCp qzAz whichever is greater

where F = the wind force (kN)
Cp = the drag coefficient
= 0.5 for tree crown and 1.2 for tree trunk
Az = the frontal area of that part corresponding to gz or gz (m?)
gz = design wind pressure at height z (kPa) (refer to Table 6)
qz = design hourly mean wind pressure at height z (kN) (See Table 9)
G = the dynamic magnification factor (See Section 3.2.2.4)

Proposed Methods of Upgrading Masonry Walls

In order to upgrade masonry walls with the existing trees preserved and the existing
masonry pattern retained, installation of soil nails, construction of caissons, flying buttresses
or a combination of the methods are recommended for different site conditions.

Special Measures on Upgrading Masonry Walls with Trees

Special measures should be implemented during upgrading of masonry walls which
deserve preservation of existing trees and existing masonry pattern. Any measures that
could impose injuries or harm on trees should be reviewed and modified to make them tree-
friendly. The joints between masonry blocks should not be sealed. Besides masonry
blocks, pointing should not be modified.

Safety Standard for Checking Masonry Retaining Walls with Trees

A retaining wall with trees can fail by structural failure, sliding, overturning and
bearing failure. Surcharge from trees on masonry walls and wind loads on trees should be
considered.

For structural integrity of masonry walls with trees, an engineering appraisal may be
made. A detailed study on the structural stability of masonry retaining walls is available in
Chan (1996). In checking the stability of masonry walls with trees against sliding,
overturning and bearing failures, the resistance should not be less than the forces or moments
causing failure with factors of safety applied. The factors of safety applied to the forces or
moments causing failure are recommended in Table 13. The factors of safety for bearing are
recommended in Table 14,
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Chinese Name of the 30 Species of Trees Growing on Masonry Walls in Hong Kong

Scientific Name Common Name Family
Ficus microcarpa Chinese banyan ﬁ}%ﬁ (' ﬁl’) Moraceae XE|
Ficus superba Superb fig A F‘ﬁ% Moraceae 2R
Ficus hispida Rough-leaf stem fig ‘;Ejﬂ;%‘?\l (4 78 Moraceae 2E|
Ficus virens Big-leaved fig f[[ A ol #‘ﬁ’) Moraceae R
Celtis sinensis Chinese hackberry A ST Ulmaceae Eﬁjﬁ[
Broussonetia papyrifera Paper mulberry ﬁéjﬁﬁ Moraceae XE|
Ficus variegata Red-stem fig ?‘J A ﬁkl Moraceae 2R
Ligustrum sinense Chinese privet | lfF',F' l Oleacae B
Maesa perlarius (nil) e Myrsinaceae | %5 & &|
Ficus religiosa Peepul tree %I HifST Moraceae K|
Bridelia monoica Pop-gun seed + ET (E3E57) | Euphorbiaceae | A
Litsea glutinosa Pond spice 3@;@?@? Lauraceae FEE|
Macaranga tanarius Elephant’s ear i Euphorbiacae B E
Cassia surattensis Sunshine tree :FE[[ AR FF| (:FF[[ fd) | Caesalpiniaceae | k74 %E]
Mallotus paniculatus Turn-in-the-wind F I Euphorbiaceae | ““fiy%|
Cratoxylum ligustrinum |  Yellow-cow wood :FEHL #+ Hypericaceae | [I[T= %]
Dalbergia balansae South China rosewood &Jﬁﬁﬁ[ﬁ' Papilionaceae | @) fLE|
Alangium chinense Chinese alangium IR Alangiaceae TR
Delonix regia Flame of the forest TR A Caesalpiniaceae | #r4E|
Albizia lebbeck Lebbeck tree i F’—‘I [y Mimosaceae FAI =R
Aporusa chinensis Aporusa HES (NPED Euphorbiaceae | ““{i5%|
Bauhinia blakeana Hong Kong orchid tree ¥ ZH Caesalpiniaceae | #x#E|
Carica papaya Papaya fgﬁ X Cariaceae IR
Liquidambar formosana Sweet gum ,WFE Hamelidaceae | &EIfER|
Litsea monopetala Persimmon-leaf litsea iﬁiﬁ?ﬁ B Lauraceae x|
Ei)
Nerium indicum Oleander e T Apocynaceae | 7k TTHYE|
Punica granatum Pomegranate BT lﬁ.’f Punicaceae VT ,ﬁﬂ[%j[
Sapium sebiferum Tallow tree FUAA Euphorbiaceae | ““{i5%|
Schefflera octophylla Ivy tree Pl A+ Araliaceae TR
Thevetia peruviana Yellow oleander ‘Fﬁi[ (Lrfe Tpf Apocynaceae | 7k TR

Al
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Status of reply from LCSD

District

Reply

Central and Western District

Two records of incident case

(Clarence Terrace Children’s Playground and
Ka Wai Man Road Garden)

Eastern District No records

Istands District Not yet received

Kowloon City District No records

Kwal Tsing District No records

Kwun Tong District No records

North District

Not yet received

Sai Kung District

No records

Sha Tin District

Not yet received

Sham Shui Po District

One records of incident case
{Lei Cheng Uk Swimming Pool)

Southern District

No records

Tai Po District

No records

Tsuen Wan District

Not yet received

Tuen Mun District No records
Wan Chai District No records
Wong Tai Sin District Not yet received
Yau Tsim Mong District No records
Yuen Long District No records
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{Attach a [:100G survey plan to show locamm of failure, and Slope Reference Number if poss;hle)

3., Bate of Inspection , 7 ...!199 ........... lnslpccuo:;g WLk FGK‘ .........
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Fill slope

[} soil cut stope {3 soikrock cut stope [ Others
(Circle 1] to indicate principal fenture type if more than one type Is invalved)

...............

7.  Material and Mass Description of the Feature (The Geoguide 3 classification sysism should be adopted)

2 ety Ed Coluvium e i cmriens [0 Residual Soll coovvverrerverenns S
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[ Bare slope surface (poorly maintained vcgcmuun}, IOCRHDN \uiiivirirecmtinrims s s TN Vaetharbarabeataresiasnres esasrareriaesiaes
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printed on: 01-11-2004 10:38

BASIC INFORMATION Feature Ref.No.:  |1SW-A/FR 24

Location: Behind Hillview Garden, Hill Road, Pokfulam.

Approximate Coordinates Northing 816190 Easting 831961
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Max. Height(m): © Length(m): 70 Avg. Angle(dég): 55

Max. Height(m): ¢ Length(m): 70
_|
&
(]
§Q
0
) o
Facility at Crest : Flyover z
-}
7]
Distance of Facility from Crest(m): 0
Facility at Toe : Residential
Distance of Facility fromToe(m})}: 4
Consequence-to-life Categcry 1
Sift Class : B2 g
)
S
Maintenance Responsibility : Sub Div. No; 1 Main. Parties : Lands D g
‘ . : z
. =]
SubDiv.No: 2 Main. Parties : 1L.7578 o
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printed on; 01-11-2004 10.39

Slope / Wall Detail Data Feature Ref. No. : 11SW-A/FR 24

Material Description : Material Type: Soil Geology:

_|
QD
Dimensions : Max. Height(m): ¢ Length (m): 70 >
o
Average Angle (deg): 55 Q
=)
No. of Berms: 1 Min. Berm Width (m): .5 2
2}
Surface Protection : % Bare: 0o . % Shotcrete: -0
% Vegetated: 0 % Other Cover: 0
%'Chunam: 100
Weepholes : Size (mm): 65- Spacing {m): 20
' ainage : Type Size (mm) g
)
Crest 201 e
g
Berm - 151 =]
3
Toe _ 201 @
On slope ' 325

Wall ID : 1 4

: &

Type of Wall : wall Material: Wall Location: o

. S

J)Imensions : Max. Height (m): 9 Length (m): 70 Face Angle (deg): 85 g

No. of Berms: 0 Min. Berm Width (m): 0 5

72}
Weepholes:  Size(mm): 65 Spacing (m): 1.2

Drainage : Size (mm) Type

Crest 225

Utilities Type Size L.ocation
NULL NULL NULL
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1 ISW-A/F R 24 ‘ Date Taken
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Geotechnical Engineering Office

Slope Location Plan

Slope No:11SW-A/FR 24 Date Print:01/11/2004
Easting: 831961 Northing: 816190

Scale:1: 1000
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PHASE 11 SYSTEMATIC INSPECTION OF FEATURES IN THE TERRITORY (SIFT II Version 3.0

IFT No: _1ISW-7C/S{¢ _ GEO Reg. No: HSLJ-'/%’/F-KZVGrid Ref.: _$1hige N _Fi2ees E
r{"Locationi QIQ}M 'ﬁ, -ﬁ(_,_ B2 e //\ ';"}(L kfa-_'jiuh_..) éﬁ—y—rﬁ_‘. CaSo, ‘?; Hf-gf ol

PR

.”I. Registration Criteria from GEQ circular 7/93:

D retaining wall greater than 3m high. m/ﬁli slope or FR greater than 5m high.
D fill slope or FR less than 5m high which pose a direct risk to life in the event of failure.

D cut slope or CR grca;:er than 3m high. Aerial Photograph Year and Number

E] does not meet GEO slope registration criteria

2. SIFT Classification of Fill features:

E] Clags A Fiil feature considered to have similar circumstances to the Baguio landslide site.

Class B Fill feature considered to meet (GEO criteria for slope registration but does not meet criteria A.

D B(i)-7 g Unregistered or Misregistered, formed pre-1978 or illegal tipped fill and may not have been checked by GEO.
D B(ii)-  Registered and not studied to Stage I equivalent.

D B(iiiy - Unregistered or Misregistered, formed post-1977.

dCIass C All other features.

3. Medified B & P Risk Assessment: Sor 4, B(Y), B(ii) only. See Section 6 on page 2 Jor details.
D Low D Low to moderate D Moderate D Moderate to High D High D Very High

4. Remarks : S%d:{/» 2 ‘S'I“MC? /‘,«Wﬂ«f il ﬂe’{n'ﬂ_'{;-\.\./ AT s e e of

5. Photograph : Mandatorv for A. B(i) only

.

Negative Number

Compiled by _Jerry Ho ... GE/_EG3 dated fgg;j‘ 199@
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Incident Report for Incident

Printed on 24.FEB-05 14:36:51

HK99/8/3

!
URGENT BY HAND . JAmended May, 1899 .
GEO IVC[DEVT REPORT {to be Tlled in by Distriet Division). '
To: tr COE IHMES MW fleNo. S0 %, HEr(
ﬂ,\r-' fucident No. .. B¥_ o5y,
¥ bé('g { Feature Ne. ... “ Sl o *f‘Z rw___““

‘FILL IN DR TICK OR:DELETE (FOR FTEM MARKED % AS APPROPRIAHE

(Ciitcts the prineips) feature type [ more than ope type I nvolved)

7. Mamnal and Masy. Descngnon of the Peatuite (The Geogiride: 3-ciassificarion sysfem shiodkd be; sdopted)

2 Fa BV Collivitm oenmmeees rsreeraenssenses B resiitSoil A G0 ..o,
[} le We'il}'ze'red Rtk (PR30, PW 30D, PV S0, PVSUT00, _ iocleary
O oer ..

(Cirtle the domm matcml lf merc than one mawrial jy involved)

8. Scale of Failure ...... .00 2c ST fiy (Voswmurshpswﬂmm
¥or boulder-fall from naturd slope (Apprhx_ m}ccmry u be shown in Ttem 15)

Numiber of baulders i_gvdhod it e ey b A 4 R LER R FER S P YA Dimension and shapeaf s T, [P P eenerins .
9. Featre Condition i
E.vi‘deﬂce-dfpoor state of maintenance: C}  pamaged e fshos TP PHEBEIES, KAEON &1 rovasrees e ereevntnsvestsesonersreiessasons
O Bae stopeé sirface (poorly maintsined YEEERBOn), 105alION .o irrionsermsesens eunest eeseasenranses e S Yb AR S nes sen s eases .
I Blockedibroken eaing, KON oo rssvoemresoessemsestrsmires o] OthETE N R
Capacity of surface drainage system 0 atequie [ mdcqum B} nse present {‘3’ Ao kngw
Coverage of hard protection surfive against infiitration & asen [l imdequae T1 pocpresem
) T Surface Protection Maerial c‘“&’;\"“
Field evidence of past tnstability at or adjoining the failure logation ) yes ¥ o 7
Groundwarer Seepage ohserved at the failure location in] yet fioczion o beshown iniem 19 L] o (e b 1)
0. Possibie Contributing Causes of Failure (tick one or more) O iafitravion [ wishoout
| sespage Dehind ar impermeable surfice 3 proundwater (maiey perchediumelasyified)” m fupaure of watgrmains
(O Insufficicnt maifitenaimee contriButsd € FHHEE 1. er e vome s mrane s & otwrs %‘vuupvc-ﬂhlwd‘”
(Citcle the primary cause i more b one cause is volved) Hypleoan
L. Consequence.of Failure T persossy villed DLl personts) imured 0 squaner tuss arfeced {3 Carpars affecust
O lane(s} of road Mocked 0 Ruildiag lot atfected 0 cConsmuction sive affected i Pedeairian pavermear affecred
0 Cuurﬁry park affected [ open space alfecied 1 Buddiog secess affested Cﬁ/..,.\!}‘@ _____ Fork, .o £{€ cted
GRO BCC-7 151159 : -1

L Inident Répored: Date FE /... 8., 1999 Time ... 1.
L1 eheo' poger No. 554576780+ @ o ETCMr ..
{Z] trom Mt irsiMs . Haid TR e e e ez
o O agksp o aw. I3 8o
1 Mt T poie SO
2. Locationof Failure ;M.
Co-ordinaes ot £enter of: !aﬂure
rAGYCh b ;ooo survoy plan o showe !ucation of fillu(e; aet-Slope Referénge Numbér' i pessible: ‘
i L . Inspection by . Rege (“ M ‘r:'i,‘,:',

VT TS g 2o Tel. No. Fiia. L4¥a. N hes
Mr/Mes/Ms ., ; : Tel, \E hies .
MieikesfMls | b ]
Mr/Mrs/Ms .. NG, ..o . !
M/ Mrs/ S . Tél, No. k

4. Time apd Date of Faitvire .. ” S ) 9.0 Weather Condition-at H
{1t mporiant to give eXadt tme 1fp0$51blc :sk res:dcms or others) ‘tme:of inspection ..., &"m‘w_ﬁ‘ . ;

5. Type of Bailuge [} signifiesntsizn of disteets with no Riflire muss [} ashout:
{1 Lanastice L3 Bouider faltrom mﬁqﬂ.slope B O rewiving wallfaure 1] Rogk Eall
T Hon Yindstip Ease (1ree foltt Butidimg-antinpae®] W firatiach . 858%. i w2 dn, 0 emnaraeen
{Circle the principal typeiof Hllire nfmoraﬂmncnetypem:m\'olwd) "&"( et D 5"?"

6. Feawre Type I3 Manirarsiepy £ Rockestope T v¢ Ressining watt 3 Masonry wali

- 1 et stoge T2 seit corsiope [ Seitssect cit siope e S

Geotechnical Engineering Office - Civil Engineering Department
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Incident Report for Incident

Printed on 24.FEB-05 14:36:51]

HK99/8/3

‘ iw;r.ﬁ..;;-&.-t 159 A Pdce, Amended May 1999 . ﬂ
3, Imemedidte Advise Gilven To: MradmiMs A Lo, sof Fhwilig. Y7 SR {
L ity evici “Mis h vaen surface rurotf from ¢ euh:ng fane arca )
Em:/., I(;gve! r:.;[urc *c;rdmm u;p:;;!-; y:npe;‘ly slecurccl ag;:fl w{w { ﬁ* H
— ence Gffdred i dinger 5 [N Fwipa @ H
(| U] Tomobuck ficesurface &5 frbd baeu .L kém:] il i
£, Provide. suilace proweuon (with wergholes) 10 wimmed Riture suctace
G_ Provide/retonsirust draihge: system ‘
;] E] Tewbite waler-cartying services
L] Creckting stus
. D Sumesing
&0 ¢ oo ons e AAOEES) GF Fodd O wi,m nan'by occupanis.of poxsible dafger during hedvy ralfstorm
B Cose podesman mvemcm O :
13. Is Eurther Action by District GE Re uired? EBf Yes 0 %
¥ Yes, Reason G, ARlie a8, M I N X )..-"“‘*]“ St B —M\m‘:‘}t\i
w ¥ W&M ’f’é.:.. ?’MEQ g{» erlm‘?v gqf’g R ol
t4. I3 Landship Record Card Requxrcd ' [0 Yehfor debiis w61, > 50.in" or invalving death} )

15, Perails of Faiture docition Bz & section wilh spprox. dimensions of sioge heigi, wradienss, depth of failize, Hebrivrun out ety

e St U EcklE

Ltnaﬂ" wnwd'a. :Nu
ed A dvam\ wilapsed

thubian Lhvered

Rogan T Loga~ Coon- Ting B, 9
Inspevtion Officer's Signstuxe NAME IN BLOCK LETTER, POST ‘ DATE

s> GR thro' District SGE (Lﬂamu e l/\yam I € Af‘P CQZ’/ZW)

District GE ,’,('_,_(w s Wit M (@a/z:s_w‘)

e.c. STOLGY - please prepare checklist {GCDIST 44

PM/LIC (Fax : 2894 5780)

CGL/LL (Fax : 2624 4135)

LCBSiSS BB (For cases affecting private buildings)
Note:
1/ Gne uncKient repost shouid be (led m for cach incident. Report o be continued ah suppl y sheets i ¥
2. Section |t LS 10 de Afied in By Inspecting GE. On remrning w© the office, tie Incident Report should be despatched 1o CGE/Disoict 212D, Top-tos 1o be

compleret by Disgrict GE and the Incident Repart distributed accordingly.

31, Useful abservation which supplettient informadon given i te [ngident Repor to be made on sepacue sheers,

= Detete 4y approprase
GEQ ECC.7 (/1999

[*]

Geotechnical Engineering Office - Civil Engineering Department
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Incident Report for Incident e s e

HK99/8/3 | E

ST O )/
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SCALE 11000 £
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210 ojgel
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Photo for Incident | brinted on 24-FEB-05 1437:19

[ HK99/8/3

~

T PHOTOGRAPHS | Fite Ref. No. Gex ;}/’é’. 5 y {}“7)’; 3 | vep ron : ;ﬁ/gﬁ%uf%/ﬂ p
Dazﬂ:?‘aken: :3”5«P "Ef 7?7 ‘ J‘?w uf fédﬂ/ |

i R
Location /(.\% ey W

ey

{ Where appropriate, please attach a lecation plan showing
direction of shooting and provide caption to the photographs )

Geotechnical Engineering Office District Division

GCDIST 45 (Apr 98)

SjuLuU0D JO a|qe.l

Geotechnical Engineering Office - Civil Engineering Department
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prinfed on: 24-02-2005 14:.34

BASIC INFORMATION : Feature Ref. No. : 11S¥-A/R 120

Location: Ka Wai man Road Open Space, Kennedy Town

Approximate Coordinates Northing 815855 Easting 830950

_|
@
=2
)
o
e.

Max. Height (m): 7 Length(m): 50

1

o
Facility at Crest: Road with low traffic =
-}
Distance of Facility from Crest {m}: 1 e
Facility at Toe :  Others occupied buildings
Distance of Facility fromToe (m): 5
Consequence-to-life Category : 1
Sift Class : B1 =
&
(0]
- - agw 9"
Maintenance Responsibility : Sub Div.No: 0 Main. Parties : Arch SD Q
3
=
wm
_|
&
()
o
0
o
=
)
=
[T

Page 1 of 1
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printed on: 24-02-2005 14:34

Slope / Wall Detail Data Feature Ref. No. : 11SW-A/R 120

Type of Wall :  wall Material: Square rubble  Wall Location:

Dimensions : Max, Height (m): 7 Length (m): 50 Face Angle (deg): 80
_ No. of Berms: O Min. Berm Width (m):
Weepholes :  size (mm): Spacing (m):

I o : S S e R i o ‘aw* P e :
Utilities Type Size ' Location Remark
NULL NULL NULL NULL

AR

SjUaUOD JO 3|geL SJUBUO0D JO

SJUSU0D JO djge L
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Photo Record Sheet bredon  20FEBOS 143d.1s

11 SW*A/ R 120 . Date Taken

Geotechnical Engineering Office ~ Civil Engineering and Development Depa
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24-FEB-05 14:34:15

Printed on

Photo Record Sheet

Table of Contents

Table of Contents

Table of Contents

Table of Contents

TISW-A/R 120

Date Taken
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W
i.sw AZCRIDYTTSw-

34
AVR314 |,

11SW-A/FRM

y ) | /
//l ..... //7\/

| //xﬁ«/

Geotechnical Engineering Office

Slope Location Plan

Slope No:11SW-A/R 120 Date Print:24/ 2/2005
Easting: 830950 Northing: 815855

Scale:1: 1000
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‘ . merded 7,12,
PHASE 2 SYSTEMATIC INSPECTION OF FEATURES IN THE TERRITORY (STFT 2 Version 4.3) e

SIFT No: __11SW-6D/S [It, __ GEO Reg. No: I{Sw-AJRIZO Grid Ref. : 815855 N_830948 E
Location: L& 1 NORTHWEST OF WORTH TRERACE, SA| WAN ESTATE |

1. Registration Criteria from GEO Circular 7/93:
@ greater than 3m high, F or FR greater than Sm high, } Part of Larger
F or FR less than 5m high which pose a direct risk to life in the event of fajlure. Fill Body (Y
C or CR greater than 3m high.
WIP work in progress, registerable features may be present
NR does not meet GEO slope regisiration criteria | ’ NE no longer exists

2, SIFT Classification: from Guidelines for Phase 2 SIFT Version 3

Aerial Photograph Year and Number (263 - 2200/,

D Class A Fill feature considered to have similar circumstances to the Baguio iandslide site.

Class B Fill feature considered to meet GEO criteria for slope registration but does not meet criteria A,
Bl Assumed not to have been checked by GEO (assumed formed pre-1978 or illegally tipped fill).
D B2 Assumed to have been checked by GEO (assumed formed post 1977) or Housing Department or studied to Stage 2 or equivalent,

Class C Cut feature considered to meet GEO criteria for slope registration.
D Cl  Assumed formed pre-1978 or illegally formed.
D C2 Assumed formed post 1977.

3. De_gree of Risk: {Modified B&P Assessment of Risk for A, Bl only. See Section 6 on page 2 for details.)

D Low D Low to moderate Moderate D Moderate to High D High D Very High

4. Remarks :  Ssvercd robble mesrtes packed  edovaing coall £ oo Lig 4,
f = pra 7 =

Mﬁ-”lxc.ml,\ wvall o omet CW-‘% viseble, fa alsr plodas tF 2 e fo Wave
oo coulrvcked pros 4o (946 , ot O @brired  bi ol o e
- ~ 1 f £
B gpatlad o R A% 9% pgﬁykf‘g(,j

5. Photograph : Mandatory i Ry
Negative Number ' '
TEAs 142/

Compiled by N. ABRAHAM API CONSULTANT/ 9 dated c”@ 1995

TEISNSIFTFM.VID ' Page I -~ 2

B27

SjUaU0D JO 3|geL SJUaUO0D JO 3|geL

Sjualuo) Jo ||ge L

Sjusiuo) Jo 3|qeL



Version 4.3 fGZ.N)

‘6. Modified B&P Assessment of Risk : (For Class 4, BI only) SIFT No. 11SW-6D/S U

6.1 Feature Dimenslons
Estimated Slope Height

—_

m. Estimated Slope Length 53 m Estimaled Slope Gradient -~ °,
Estimated Retaining Wall Height __6______'___ . Estimated Max. Fill Width __ ¢ __m. Estimated Fill Thickness __ 2:§  m

Total Height of Feature 6 | Part of Larger Fill Body 7 (Y /(8)
Volume Calculation : e XS5K3 7% Estimated Fill Volume  4-77% pp,
2 . el

6.2 Estimated critical section profile: circle the appropriate model below or draw others as appropriate.
A ¢ E]

Fitt. - i

= LN L R

6.3 Topographic Situation Adjacent / Traversed : Drainage Line / Topographic Depression or Spurline I@

Catchment area : {1=<100m?, 2=100-500m?, 3=500-1000m%, 4=1000-10000m?, 5= >10000m?) -
To Fill Body G~ To Drainage Line (if At Risk Structure located downstream) o
Intervening Ground, feature to facility: / Slope / Drainage Line ., Natural !@/ Hil . Vegetation (Y /Q)
Debris Trail :  Channelisation ; ; Erosion and Eatrainment ; Assumed to occur along debris trail
6.4 Facilities
Facility(ies) below feature. Bus Shelter (Y /)

Facility o, Wary M Read $ iy | Distance, Plan ¢ ___m, Vertical — o mAngle_ (¢l ©

Facility Qv %"&@ : Distance, Plan m, Vertical m, Angle a
Facility(ies) on slope/@of featurer road / building / other Lot medl, ~ Lo pedeidara, Bceaty

6.5 Consequences of Slope Failure :

SMM o dabrrn  ole S(;’th &l area

7. Aerial Photograph Interpretation / Site Observations : (For Class A and Class BI with VH, H, and MH risk classes only)
7.1 Site History '

Year of initial fill placement: Years of subsequent major filling:

Modification / history:

Years and numbers of significant aerial photos used:

7.2 Instability
Pasf landslips: (Y / N ) detaiis:

. Signs of distress: ( Y/ N ) details:

7.3 Hydrology

Surface cover: Slope Platform

Estimated area of fill body: m® Estimate permeable infiltration area : m* Cover

Surface drainage channeis observed: ('Y /N ) Potential for toe erosion loose material / undercutting

Bvidence for groundwater seepage :

TEISASIFTPM.VID Page 2 of J_
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Location : weern regance (i waw g3ma7=  |[SIFT No.:

Date :  9[bJas

=4 D
by N, AsRanms AP (18w —¢ /.Sf/é

~Legend :

1 4 ! - ‘ :
nﬂ‘&‘ﬁu”

s
5115\ ¥

C E
Assumed Debris Trail >»”> Assumed Channelisation s, Assumed Entrainment s

— =
Fill Body f:“"j; At Risk Facility EAMAj Assumed Spread ‘és

Rdw‘m',,,s L.,'.”)/,)' Catchment Boundary ¢

¥

Note :Delete boundary lines
—C~ if spread is unconfined

FPhase Il SiFT Study

"FEATURE LOCATION PLAN | scale 11000
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' InCident Report fOI' Incident Printedon  01-NOV-04 16:12:08

HK99/8/4

L RﬁE\IT BY HAND
| GEO INCIDENT REPORT
Ton B Comr e

FileNe.
| meiaeneNo.

Wcathe? G t.‘mdl tigs; m

Hime of] msp;ctmn ¥
3. .

6.

A

-

) % [FeatweCondition . _
" Eyiderice. of poor state of malnibnincs; O  pufeagedichur

TF saresopesurfeoe (poorly maintainod vEEEWHORN AT vy _
!..: Hlockedbreiken diatei, JOEHHN st msrmmmiarprspivompirse
uf sur{aoe dmxmgr,sysmm ;

' adaus O e i :

B }-n(!ocmon w&; chow iniREr-15) Q/ 6 H
A e, fiCK dRemrmorey T
| prdiE o perSheluclas

Tl .. tanets¥fron, biptiied o Bmiusngm Ttscred.
a Coupyrviparkaiffected ' Opeaspaceaflosed

,-',. s ‘."—& W‘
rru&".,_‘![nu e Jr““"

W R e vl

Geotechnical Engineering Office - Civil Engineering Department
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Incident Report for Incident Printedon  O1-NOV-04 16:12:08

HK99/8/4

Hl
:;!
]
g

Yo O He
! Vi (Jor debiia ol S0 -dr iival Vi gsdeasny E( '!f:fo N
¥ b it

Etbpe:hétghl. gradibsits, Wm0 ikt shabido.fvh Gy mted)

e GR thro’  District SGE.

Hisitict:GE

§tathe, ufﬁi:r.. the Ezmd:m ot shcuid|l_
arad il | pust dumbuued uccordln;jy.
ulul ‘plisarvation’ whmlrr supp%cmm onglven m«:hetnmd.cm Repact 1o e midson sepnm: fheéis,.

~Tifure a.suppmpnnc

Geotechnical Engineering Office - Civil Engineering Department
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Incident RQPOI’t fOP*InCident © prvedon  01-NOV-04 16:12:08

HK99/8/4
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printed on; 01-11-2004 10:28

BASIC INFORMATION Feature Ref. No. : 11SW-A/R 751

Location: SOUTH OF 450-456,QUEEN'S ROAD WEST,HONG KONG

Approximate Coordinates Northing 816257 | Easting 832106

SIUBIU0D 10 B|qe L

SjusuoD Jo 3|qel

Facility at Crest: Road with low traffic

Distance of Facility from Crest (m }: 1

Facility at Toe : Residential

Distance of Facility from Toe (m): 25

Consequence-to-life Category : 1

Sift Class : B2 o'

: )

e

‘Maintenance Responsibility : . SubDiv.No: 0 Main. Parties : 1.834 g
=
wm
_|
&
()
e
Q)
o
=
)
=
w.

B34 Page 1 of |



printed on; 01-11-2004 10:28

Slope / Wall Detail Data

Feature Ref. No., :

HISW-A/R 751

Wall 1D 1

Type of Wall : Wall Material: Square rubble

Dimensions : Max. Height (m):

No. of Berms:

Weepholes :  Size (mm):

Drainage: Size (mm)

3 . Toe

Utilities Type
NULL

6
0

Wall Location: Retaining wall with level platform

Length (m): &5
Min, Berm Width{m): (-

Spacing (m):

Face Angle (deg):

Location ' Remark
NULL " NULL

B35
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Photo Record Sheet Printed on

01-NOV-04 10:28:20

Date Ta}cen

11SW-A/R 751

SJUaUOD JO J|qe.L

Geotechnical Engineering Office - Civil Engineering and Development Department
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SluajuoD Jo 9|gel

SJUBIUDD 4O J|qeL

Slope No:11SW-A/R 751
Easting: 832106

Northing: 816257

S
w £
]
4
W 2
s 4
H 2
- )
@ =}
2 Q
B . Bneti} “‘ o . - “
el o o |ﬁm'bimw“hm‘mwwwm\mw”V _|
W_W—A/F 37 o
SG-100 i o
o
Geotechnical Engineering Office Slope Location Plan ||
Date Print:01/11/2004 Scale:1: 1000 g

c\local\work.dgn 01/11/2004 10:28:46

B37



]

PHASE II SYSTEMATIC INSPECTION OF FEATURES IN THE TERRITORY (SIFT II Version 3.8}

SIFT No: _11SW-7A/S sL GEO Reg. No: HS-w~A_/R7:>’I Grid Ref.: 8/625% N §£32 00
Location: Bemrwd Mog 456 - usSh oueons Rl (o &5V . '

1. Registration Criteria from GEO circular 7/93:

Msaining wall greater than 3m high. D fill slope or FR greater than 5m high.
D fill siope or FR less than Sm high which pose a direct risk to life in the event of failure.
D cut siope or CR greater than 3m high. Aerial Photégraph Year and Number

D does not meet GEO slope registration eriteria

2. SIFT Classification of Fill features:

EI Class A Fill feature considered to have similar circumstances to the Baguio landslide site.

Class B Fill feamre considered to meet GEO criteria for stope registration but does not meet criteria A,
D B Unregistered or Misregistered, formed pre-1978 or illegal tipped fill and may not have been checked by GEO.
D B(3i) Registered and not studied to Stag;,e 1l equivalent,
D B(i) Unregistered or Misregistered, formed post-1977.

_Q/Class C Al other features.

3, Modified B & P Risk Assessment: for A, B(i), B(ii} only. See Section 6 on page 2 for details.
[:l Low [:] Low to moderate I:] Moderate [:I Moderate to High D High D Very High

4, Remarks : _ Sracs - I@“Pcar SR (9/ap -t ‘a'/‘v‘/ 7!

5. Photograph : Mandatory for A, B(i) only

"Negative Number

b

Compiled by _F¥. de Closey API{CONSULTANT)/ § -ated 5:{ 5" 1994
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Alex Cheung
DDLM(C&W)2,.
for DLM(C&

The trees immediately adjacent to the

collapsed tree are in danger of falling.
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URGENT BY HAND Amended Mav 2003
GEO INCIDENT REPORT (to be filled in by District Division)
File No Fcx «L/GZ—/&ﬂaS
Te: 1 CGE/LF/MESNER* A et et ARt SUs SR
(\K Incident No.®.......... 2003../...7..../.e180,
Feature No. ....... HSEBIRSE —
. Q
o
FIL.L IN OR TICK OR DELETE (FOR ITEM MARKED *} AS APPROPRIATE o
: o
1. Incident Reported: Date ... %../..7.../2003. Time ...£2.:.. 8% .. hrs o
(3 thro' Pager No. 4554*/6780% CI from ETC ME oo (ETC Incident No. wvvvovecverroreorseenns e
[ trom Mr/MrsiMs ....... L e Tel. No. . 828 F 2 d Tce refernect tg |
of O Arensp O DLO/nen (1 BD (I~ R O mo case Cro [-2d5gerss
1 ByDh.i. O police - O rsp 1 wsp ™ FE#D ... fo Loads D cwpiod 1o
2. Location of Failure e, Sin, ...‘:‘?.Ef.’.‘ L, 3208 Tak Han Pg’ Rosthe R e GGG ...........
Co-ordinates of center of failure.. .. 234 48 6. . FrS 333 /e (Attach a 1:1000 survey plan to show location of faﬂure)
3. Date of Inspection ........ AT 2003 Inspection by "C"'f”ﬁ””j
with Mr/MesMs ... 55 Y. Ongof szs /..L?.eqf.e. Tel. No. 2231 o837
. MeMrs/Ms . Jee 4 5. i, of BB Tel. No. 2728, 247:3... Time arrived on site ../5.. : .52, hrs
ME/MISIMS ©oovvveevicieiieeieeee 5 T Tel. Now voooviviveienineenns Time left site ... Z6... 1 .,.89 .., hrg
Me/MrsiMs ..o, of o, Tel. No. ..o
Mr/Mrs/Ms ..o of i Tel. No. oo
4. Classification of ingident ; Se&eus—l-Sigmﬁeaa{ { Minor* 4
5.  Time and Date of Failure ..... /2.0 2027 ... .2/ .. l......]..2008.  Weather Condition at . 2
{It ts important to give exact time if ‘possible; as resxéen(s or a&lers) time of inspection-.........! <. ‘r““"‘(j ...................... o)
: o
6. Type of Failure {1 Significant sign of distress with no failure TIASS coinitistiies et ety inae s b a s ssaeae [} washout g 8
E1 - Landstide - 13 Boulder fall from naturai slope £l Retaining wall failure [l Rock fall S
B4 Nox landslip case ( tree fall/ building-sotapse™/ 8ejaceat. . 3"!’”" & pitching, blecks . 8 OSSO §
(Circle the principal type of failure if more than one type s involved) ©7 W&t £ Gtled dovin 7]
7. Feature Type E3 Natural slope [ Rock slope . L1 RC Retaining wali E’Masonry wall
L1 ral siope - i soil cw slope 1 silirock cut siope 3 oters v
{Circle the principal feature type if move than one type is involved)
8. Material and Mass Descrintion of the F g@mgg (The Geoguide 3 classification system should be adopted)
B Fill e, O cottuvium . . B Residual soit ..
&1 Partially Weathered Rock (_ PWO/30,___PW 30/50,__ PW 50/90,__ PW 90/ lOB.m__unclear)
1 Others oo,
(Circle the dominant material if more than one material is involved)
: ~
8.  Scale of Failure ......... QPSR Lo m®  (Voiume of slip scar*/debris*) %!’
+ For boulder fall from natural slope {Approx‘ trajectory te be shown in Item 16} g
Number of boulders InVoIVed ........ovinriiiics . Dimension and shape of boulders ...........ccoeeiivcceenen e e eeae 6"
10. Feature Condition ) 5
. Evidence of poor state of maintenance: 3 Damaged chusany/shotcrete/stone-pitching™, 10TaON ........ve.vererererssosresereenesensensesnsens o
£} Bare slope surface (poorly maintained vegetation), TOCAION ..o.ioiiiit i e r e s s e e ats e s e e s eesesesr s aebreaareasmneneenan remni e eam s v
{1 Biocked/broken drains, 10CAOR .i-.v.vvv.svoresseeemeroes e L OO JOCAON vevverrerrmenraenssnescerenacsreseanes
Capacity of surface drainage system " adequate  [1 inadequate £J notpresent [J  not known
Coverage of hard protection surface against infiliration b4 agequae [0 inadequate 11 not present
' Surface Protection Material ....... SFone prlchAmna o,
Field evidence of past mstabdity at or adjommg the failure location O yes 2 g
Groundwater seepage observed at the failure location  [T1  yes (location to b shown in Tiem 16) &
' . —
11. Possibl ntributing Cau £ Failore {tick one or more) B mBitation ] wash-out %!’
i seepage behind an impermeable surface &3 groundwater {mam/perched/unc]ass:ﬁed)‘ il rupture of watermaing CD
00 Insufficient maintenance contributed (0 FAIUTE .vv..vv.veevoeeesesrssessss s cosssssssssssssessssesesseesseeseone = Oters . Tr28 Kpr cofed l’ Sk "°"3;
{Circle the primary cause if more than one cause is involved) Hnd pull ao"“" Thel O

c‘ad' ‘neent stone pi f’Z‘ﬂMj’ %O‘: £,
eczr He crest of wat{S

i2. n 211 Failur O person(s) kitled [ ... persons) injured [ Squatter huts affected L Carparks affected &3
Lo tanefs) of road blocked [ Building lot affected £ Construction site affected 4" Pedestrian pavement affected
O Country park affected | Open space affected | Building access affected e

GEO ECC-7 (572003} -1-



13. Immediate Advice Given To: Mrfvirs/Ms ... Zog LS Lam e, of ...G88/5C , &b . ...
Squatter huts permanently evacuated Hut No(s) 1 Divert surface runoff from reaching fallure aren :

Cover failure scar with tarpauiln properly secured against wind

Fence off area in danger A,
o O tom back fallure surface —
=g Provide surface protection (with weepholes) to frimmed failure surface %
[l Provide/reconstruct drainage system g
O Flas evacuated/Closure Order Recommended, O 1solate water-carrying services .y
Butiding/Flat Now e N Check land stalus Q
.................................................................... Ll Buttressing ('—:DP
0O cuose s lane(s} of road [ wam nearby occupants of nessible danger during heavy rainstorm . 13
 Close pedestrian pavement L .:“.f.’.h.c.’.".f—:..(&?.%.ﬁ..?ﬁ‘.&...’.‘ff./ blocks. and Frge roots on 1 /;/: .f"lr/m.('_&_‘ @
14. Is Further Action by District GE. Required? Bl Yes [ No
VRS, ROBSOM e
15. Is Landslip Record Card Reguired: L1 Yes (for debris vol. > s m® or involving death} =g No
16. Details of Failure location plan & section with approx. dimensions of slope height, gradieats, depth of failure, debris run out etc.)
* Plower bed
JAnaH‘raP Lq_,{f?’,\j Coprrt, > Q_J|
i Tree. ‘ C‘a_r/aa i e £1(r‘3f'-"nj Wo e %
- ’{ - N . . o
P Q z:../ﬂ Ench ng 250 ue ‘::'il:ft‘ﬂ! / [ ﬁ:;‘ car—fark ;;
_______ tn PATE SR Lal] roof T _.’1,“ o
R USE-AJRET m ™ ,L (%
weY e : y =
’"\_.(-B(éjz'wr‘x/if%ne, LYW ’S"(P Fear %]
|
- odd —
J a— Tac !';G/\j Re P\ E)‘:F*':"‘D 5"‘0;-'{8- pf\“dxfa?
X ’ walt (% Sum high )
~ Ry N."‘d[g Py e
olop soar ) Rl (”I@‘”’/’?D)
Je Crfo NoX X
o
( NT T Seole > g
S
Q)
/’ o
- =
. [¢)
kAL k.mhh"é“‘(:( (.Sé/fé—r) Ty f IR %
Inspection Officer'sSignature /éiAME IN BLOCK LETTER, POST DATE
----- > GR thro' District SGE Signature) . M. Kwhn (Name) " [- »ou 7 (Date)
District G];/ZE' KM -8 (Signature)__ <M. HE G (Name)_ (- ;f * #vp{ (Date)
c.c. STO(G)/ 1€ - please prefidre checklist (GCDIST 44)
PM/LIC(HKI & OI)* (Fax : 2894 5780) =V D
>eva.  CGE/LI ~ (Fax : 2624 4135) T 6.8.83 .
: CBS/SS, BD* : {For cases requiring BD's follow-up action only) )
CGE/SMTLandsP* {For-cases-requiring-CCE/SM-LandsD's follow-up action only) >
-»GE—/.PAW:&IA Hr-SOEL N  (Bar racne Affartin cnnaﬂ'nr‘g) =X
LU N BT ¥ oy o g 7 L= T TSR Ty us.a.uuuub ks R doias - O
Note: o
1/. One incident report should be flled in for each incident. Report to be continued on supplementary sheels if necessary, %
2/. Section 1 10 16 to be filled in by Iaspecting GE, On returning to the office, the Incident Report should be despatched to CGE/District asap. Top box to be 3
completed by District GE and the Incident Report distributed accordingly. “

3/. Usefui observation which supplement information given in the Incident Report to be made on separate sheets.
® - Incident no. is assigned through the Integrated Landslip Information. System.
* Delete as appropriate

GEC ECC-7 (5/2003) ~2-
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File Ref No. » GUL 2/8272003

HOTOGRAPHES ncident No. - 2003/9/0180 File No. : 2003-09-ISDF-113, 114

Date Taken : 04.09.2003 Location : Lai Sing Court, Tai Hang Road, H.K. (11SE-A/R51)

S

s 5.’ei‘l St

" { Where appropriate, please atfach a location plan showing
direction of shooting and provide caption to the photographs )

Geotechnical Engineering Office District Division

GCDIST 45 (Apr 98)
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Geotechnical Engineering Office Easting: 838134 Northing: 815333 Scale:1: 1000
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Photo for Incident

Printed on

24-FEB-05 14:43:29

" HK99/8/4

"

“PHOTOGRAPHS |

Diate Taken : }N;m{fﬂ i

{ Where appropriate, pl
direction of shooting &

Geotechnical Eng

GCDIST 45 (Apr 98)

Geotechnical Engineering Office - Civil Engineering Department
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 printed on: 23-12-2004 10:08

BASIC INFORMATION . " Feature Ref. No. :

11SE-A/C 897

Location: FRONT OF LAl SING COURT, TAI HANG ROAD, TAl HANG

Approximate Coordinates Northing 815313

Max. Height(m): 55 Length{m): 48

Facility at Crest: Open carpark

Distance of Facility from Crest (m}: 1

Facility at Toe : Road with heavy traffic
Distance of Facility fromToe{(m): 2

Consequence-to-life Category: 2

SiftClass: = Ct

Maintenance Responsibility : Sub Div. No: 1

Sub Div.No: 2

B47

Easting 838155

Avg. Angle{(deg): 75

Main. Parties

Main. Parties

M

IL7903&EXT

IL8200RP

Page 1 of !
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printed on; 23-12-2004 16:08

Slope / Wall Detail Data Feature Ref.No.:  11SE-p/C 897

Material Description : Material Type: Soil & Rock  Geology: Decomposed granite

| 3
Dimensions : Max. Height (m): 5.5 Length (m): 48 2
Average Angle (dég): 75 Q
=)
@
No. of Berms: | Min. Berm Width (m): 2
Surface Protection : % Bare: % Shotcrete:
% Vegetated: . % Other Cover:; 100
% Chunam:
Weepholes : Size {mm): 65 Spacing (m): 1.2
. —
Drainage : Type Size (mm) &
. @D
' Crest 300 .,
0
(@]
Toe : 175 z
. ) -}
7]

A

S

Utilities Type Size Location o ) emar

NULL . NULL NULL NULL

SJUUOD JO 3|geL

SJUsIUO0D JO B|0eL

Page 1of |

B48



Photo Record Sheet Printedon  23-DEC-04 10:08:55

T1SE-A/C 897 | Date Taken

Geotechnical Engineering Office - Civil Engineering and Development Depa
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Geotechnical Engineering Office Slope Location Plan

Slope No:11SE-A/C 897 Date Print:23/12/2004 Scale:1: 1000
Easting: 838148 Northing: 815325
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printed on: 24-02-2005 14:27

BASIC INFORMATION Feature Ref. No. : 1INW-B/C 321
Location: Lei Cheng Uk Swimming Pool
Approximate Coordinates Northing 822210 Easting 834770

Facility at Crest : Undeveloped green belt

Distance of Facifity from Crest(m): 0O

Facility at Toe : Heavily used playground
Distance of Facility fromToe{m): 0
Consequence-to-life Category : 2

Sift Class : C1

Maintenance Responsibility : Sub Div.No: 0

B56

Main. Parties : Arch SD
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prinfed on; 24-02-2005 14:27

Slope / Wall Detail Data

Feature Ref. No. :

11INW-B/C 321

Material Description : Material Type:

DPimensions ;

Surface Protection :

Weepholes :

Drainage :

NULL

Max. Height {m): 12
Average Angle (deg): 55

No. of Berms:

% Baré: 0

% Vegetated: 100
% Chunam: 0
Size {(mm):

Type

NULL

Geology:
Length {m);

Min. Berm Width (m):

% Shotcrete:

% Other Cover:

Spacing (m):

Location
NULL

B57
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"Photo Record Sheet

Printed on Z4-FEB-05 14:27:33

1INW-B/C 321

TINW-B/C321

Date Taken

Geotechnical Engineering Office ~ Ci\fi‘l Engineering and Development Depa
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Photo Record Sheet Primedon  4FEB05 142733

TINW-B/C 321 Do Taren

Geotechnical Engineering Office - Civil Engineering and Development Depa
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Geotechnical Eﬁginéering Office

Slope Location Plan

Slope No:1INW-B/C 321
Easting: 834770

Date Print:24/ 2/2005

Northing: 822210

Scale:1: 1000
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Chinese name of the species group classified in Jenkins et al., 2003

Species class

Species group

Chinese Name

Hardwood Aspen / alder / cottonwood / willow | #44 / 7R85 [ = fateks 1 A
Soft maple / birch "R MRS |
Mixed hardwood =
Hard maple / oak/ hickory / beech [‘TE"HEAH / 248 /|1 #EEkRE 113548
Softwood Cedar / larch SEANEE [ETEM
Douglas-fir EME RS
True fir / hemlock sy AR
Pine TN
Spruce =R
Woodland Juniper / oak / mesquite TS 1 R TR

C1
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Comparison of aboveground biomass for different species group and different DBH

Species group DBH | by, [ DBH| by | DBH| by | DBH | by | DBH | by
(cm) | (kg) | (em) | (kg) | (em) | kg | (cm) | (ko) | (em) | (kg) |
Aspen / alder
!/ cottonwood / willow 20 140 40 731 60 1925 80 3824 | 100 6514
Soft maple / birch
20 176 40 909 60 2371 80 4683 | 100 | 7938
Mixed hardwood
20 143 40 797 60 2183 80 4459 | 100 | 7762
Hard maple / oak
[ hickory / beech 20 196 40 1061 60 2846 80 5733 | 100 | 9870
Cedar/ larch
20 114 40 545 60 1362 80 2608 | 100 | 4317
Douglas-fir
20 162 40 883 80 2378 80 4803 | 100 | 8286
True fir / hemlock
20 134 40 748 80 2041 80 4168 | 100 | 7251
Pine
20 117 40 630 60 1692 80 3409 | 100 | 5870
Spruce
20 136 40 683 60 1758 80 3439 | 100 | 5787
Juniper / oak / mesquite
20 80 40 262 60 522 80 851 100 1245
Biomass vs. free species for different DBH (cm)
12000 -
DBH {(cm}
—+—20 i e
e 40 10000 e
- @~ 60 s\
— % — 80 —~ B0DO - e e gV . A
—pn 100 | 2 P ¢ ¢ ) / ™ e .
@ \ ., ~
gsooo--- » Yo s s
ke SN o \
L & ~ 1
4000 - g7 T N J 7 AN
. 4 N \( LY
2000 4 g-= =% " =@ ®"'@--o—-e N\
0"‘"*""""—"""‘ o-—"’*"'“*--—o———@ %
0 ‘_':_ [ ] < T ' ®
O o (00 (o | oo\ o € e ea\’“e
\,@00‘5\ @2 av ot et 00“95 i |
ot 60“ \I{\*e ! ‘\0‘3
o2 N
\'a\de‘ a‘i)\e'l »°
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pe? et tree species group
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A summary of replies from 30 consultants on method of upgrading masonry walls

List Consuftant Result
No.
1 Atkins China Ltd. No reply
2 | Au Posford Consultants Ltd. No reply
3 Babtie Asia Lid. No relevant records
4 | BCL Geotechnics Lid. (1) MSW-A/R109
(2) 1M18W-A/R298
5 | Black & Veatch Hong Kong Ltd.
6 BMMK, Ratcliffe, Hoare & Co. Ltd. No reply
7 ESA Consulting Engineers Ltd. No reply
8 | Fugro (Hong Kong) Ltd. (1) 11SW-A/R346
9 | Greg Wong & Associates Lid. No reply
10 | Halcrow China Ltd. No reply
11 | Ho Tin & Associates Consulting Engineers No reply
Lid.
12 | Hyder Consuiting Ltd. No reply
13 | James Lau & Associates Litd. (1} 118W-A/R374 & 375
(2) 11SW-B/R548 (Portion)
(3) 118W-A/R802
14 | LMM Consuiting Engineers Ltd. No reply
15 | Maunsell Geotechnical Services Ltd. No reply
16 | Maurice Lee and Associates Ltd. No relevant records
17 | Meinhardt (C&S) Ltd. No reply
18 | Mott Conneli Ltd. No relevant records
19 | Ove Arup & Partners HK Ltd. No reply
20 | Parsons Brinckerhoff (Asia) Ltd No reply
21 | Pypun Engineering Consultants Ltd. No reply
22 | Roger Sze & Associates Ltd. No reply
23 | Scott Wilson Ltd. (1) 11SW-A/RE63
24 | Siu Yin Wai & Associates Ltd. No reply
25 | SMEC Asia Lid. No reply
26 | Victor Li & Associates Lid. No reply
27 | W T Chan & Assoclates Ltd. No reply
28 | Wong & Cheng Consuiting Engineers Ltd. No reply
29 | Wong Pak Lam & Associates Consulting No reply
Engineers & Architects Ltd.
30 | WSP Hong Kong Ltd. No reply
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E.l

SOIL NAIL METHOD

The preferred method is to hide the soil nail heads behind masonry blocks, and hence
it is necessary to extract selected blocks, install the soil nails, and then reinstate the
blocks such that little evidence of disturbance is left. The following precautionary
measures are proposed to minimize impacts on walls and trees:

(i)

(ii)

(iii)

(iv)

v)

(vi)

Physical breakage of masonry blocks

Avoid breaking the block in prying it;
Avoid dropping the extracted block;
Avoid physical impact on the wall by construction vehicles and machinery;

Chipping corners off masonry blocks

Avoid chipping the block corners in prying it;
Avoid dropping the extracted block;

Cracking masonry blocks

Avoid cracking the block in prying it;
Avoid dropping the extracted block;
Avoid physical impact on the wall by construction vehicles and machinery;

Staining masonry blocks with cement

Do not permit piling of construction materials against the wall;

Avoid staining the wall face by wet cement;

Shield both the target and adjacent blocks to avoid staining by cement;

Trials could be attempted to coat or spray the wall face with a protective non-
penetrating liquid, plastic, foam or wax that could be easily removed after the
completion of stabilization works;

Excessive cleaning of masonry blocks stained by cement

Avoid rigorous washing of stained blocks that could change its colour and
render it discordant with existing blocks;

If staining occurs, the cement should be washed off immediately with clean
water without any additives, detergents or abrasive materials;

Do not allow cement stain to dry and cure on masonry blocks;

Temporary storage of extracted masonry blocks

All extracted masonry blocks should be properly numbered and temporarily
stored in a compartment sheltered from the elements and from construction
activities and materials;

Avoid staining or physically damage the stored blocks;
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(vii)

(viii)

(ix)

)

(xi)

(xii)

Replacement masonry blocks of a different stone type

If the extracted block is unfortunately damaged, the replacement block should
as far as possible be of the same stone type in terms of mineral composition
and texture, and be of a comparable degree of weathering and surface
finishing;

Consideration should be given to the stockpiling of masonry blocks from
demolished old stone walls to be used for replacement purpose, and this is
especially important for volcanic (dark-coloured) stone blocks as quarrying for
this stone type is now very rare;

Use of plaster to imitate the extracted masonry block

Avoid using plaster to imitate the extracted masonry blocks, as the material and
workmanship cannot reproduce the colour, texture and finishing of the original
stone;

New mortar of a different colour, texture and configuration

Prepare a mortar with a composition, colour and texture that is similar to the
existing one;

Apply the mortar in such a way that it emulates the original design and
workmanship;

New pointing of a different colour and texture

Prepare a pointing mixture with a composition, colour and texture that is similar
to the existing one;

Apply the pointing material in such a way that it emulates the original design
and workmanship;

The original pointing design should be faithfully followed, namely whether it is
recessed, flushed or ribbon, and whether the surface is concave-V, concave-U,
concave-flat, convex-V, convex-U or convex-flat;

Placement of soil nail heads

Instead of a uniform pattern of soil nails, their location and spacing could be
modified to minimize impacts on tree roots;

The centre of a soil nail on the wall surface should be situated at not less than
1000 mm from the edge of a surface root with a diameter larger than 25 mm to
reduce the chance of damaging roots situated on and behind the wall face

Displacement of masonry blocks

In the course of extracting the masonry blocks, take care not to displace the
adjacent blocks;

Where necessary, temporary supports may be needed to avoid displacement of
adjacent blocks in the course of drilling and grouting;
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(xiii)

Injury to tree branches and foliage

Do not damage or cut any branches or roots, including aerial roots, of wall
trees;

Do not damage or remove any foliage of wall trees;

Do not permit drilling and other machines and construction vehicles to damage
the branches, foliage and roots of wall trees;

Do not permit the piling of construction materials against wall trees;

Do not permit any parts of wall trees to be used as a temporary support for
scaffolding and other structures;

Do not hang anything on wall trees;

Do not tie strings or ropes or cables on wall trees;

Do not put up signs on wall trees;

Do not permit covering the crowns of wall trees by plastic sheets or other
materials;

Do not permit wet cement and grouting fluid to spill on wall trees;

Do not permit cement dust to accumulate on wall trees;

Do not permit hot air from machines to drift into the crowns of wall trees;

Do not permit exhaust fume or smoke from machines to drift into the crowns of
wall trees;

Do not light a fire or burn materials under the crowns and within 10 m from the
crown perimeter of wall trees;

Do not permit heavy materials to be lifted and to sail above wall trees;

Injury to tree roots in the soil behind the wall and below the footpath

Avoid spreading of grouting fluid from the drill hole to the surrounding soil
where tree roots occur;

Use left-in casings for the free length of soil nails;

Where tree roots have penetrated into the soil beneath the paving at the wall
base, take care to avoid disturbing the soil and damaging the roots growing in
it;

Where tree roots have penetrated into the soil beneath the paving at the wall
base, avoid spilling cement-laden water into the soil.

Avoid spilling of petrol oil, bitumen or other materials likely to be injurious to the
trees or cause soil pH change.

Where tree roots have penetrated into the soil beneath the paving at the wall
base, no stockpiling of soil, materials, equipment, machinery and no passage or
parking of vehicles, which cause compaction to the soil;
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E.2

CONVENTIONAL AND FLYING BUTTRESS

The buttress method has the advantage of keeping the masonry work intact and
avoiding disturbing the soil and tree roots situated behind the stone wall. The contact
area between buttresses and walls is relatively small, and hence the chance of the
buttresses damaging the wall faces and wall trees is correspondingly reduced. To
reduce the aesthetic impact, the finishing of the buttress should be designed to be
blended with the preserved wall facade as far as possible. The buttress method is
considered a much less intrusive stabilization technique than soil nail. Its impacts on
walls and wall trees could be minimize by observing the following precautionary
measures:

@

(ii)

(iii)

Physical breakage of masonry blocks

Avoid damaging masonry blocks in constructing the buttresses;
Avoid physical impact on the wall by construction vehicles and machinery;

Staining masonry blocks with cement

Do not permit piling of construction materials against the wall;

Avoid staining the wall face by wet cement or concrete;

Shield both the target and adjacent blocks to avoid staining by cement;

Trials could be attempted to coat or spray the wall face with a protective non-
penetrating liquid, plastic, foam or wax that could be easily removed after the
completion of stabilization works;

Placement of buttresses

Where conditions permit, flying buttress is better than conventional buttress
because of a smaller contact area between buttress and wall face;

Place the buttresses in a flexible manner to avoid damaging tree roots growing
on the wall face;

Instead of a uniform distribution of buttresses, their spacing could be modified
to minimize impacts on tree roots;
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(iv)

v)

Injury to tree branches and foliage

Do not damage or cut any branches or roots, including aerial roots, of wall
trees;

Do not damage or remove any foliage of wall trees;

Do not permit machines or construction vehicles to damage the branches,
foliage and roots of wall trees;

Do not permit the piling of construction materials against wall trees;

Do not permit any parts of wall trees to be used as a temporary support for
scaffolding and other structures;

Do not hang anything on wall trees;

Do not tie strings or ropes or cables on wall trees;

Do not put up signs on wall trees;

Do not permit covering the crowns of wall trees by plastic sheets or other
materials;

Do not permit wet cement or concrete to spill on wall trees;

Do not permit cement dust to accumulate on wall trees;

Do not permit hot air from machines to drift into the crowns of wall trees;

Do not permit exhaust fume or smoke from machines to drift into the crowns of
wall trees;

Do not light a fire or burn materials under the crowns and within 10 m from the
crown perimeter of wall trees;

Do not permit heavy materials to be lifted and to sail above wall trees;

Injury to tree roots in the soil behind the wall and below the footpath

Where tree roots have penetrated into the soil beneath the paving at the wall
base, in installing the buttress foundation take care to minimize disturbing the
soil and damaging the roots growing in it;

Where tree roots have penetrated into the soil beneath the paving at the wall
base, avoid spilling cement-laden water into the soil.

Avoid spilling of petrol oil, bitumen or other materials likely to be injurious to the
trees or cause soil pH change.

Where tree roots have penetrated into the soil beneath the paving at the wall
base, no stockpiling of soil, materials, equipment, machinery and no passage or
parking of vehicles, which cause compaction to the soil;
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E.3

HAND-DUG CAISSON

The caissons are to be installed behind the wall and hence they will impose little
impact on the stone face and roots growing on it. The disturbance to soil and roots,
however, will occur behind the stone wall. The hand-digging approach will facilitate
preservation of relatively large roots. The spacing of caissons could avoid damaging
the major root concentrations and leave gaps for future root growth. The following
precautionary measures could be adopted to reduce impacts on walls and wall trees:

(i)

(ii)

(iii)

(iv)

Physical breakage of masonry blocks

Avoid damaging masonry blocks in the course of constructing the caissons;
Avoid physical impact on the wall by construction vehicles and machinery;

Staining masonry blocks with cement

Do not permit piling of construction materials against the wall;

Avoid staining the wall face by wet cement or concrete;

Shield both the target and adjacent blocks to avoid staining by cement;

Trials could be attempted to coat or spray the wall face with a protective non-
penetrating liquid, plastic, foam or wax that could be easily removed after the
completion of stabilization works;

Placement of caissons

Place the caissons in a flexible manner to minimize damaging tree roots
growing on and behind the wall face;

Instead of a uniform spread of caissons, their spacing could be modified to
minimize impacts on tree roots growing behind the wall;

Injury to tree branches and foliage

Do not damage or cut any branches or roots, including aerial roots, of wall
trees;

Do not damage or remove any foliage of wall trees;

Do not permit machines or construction vehicles to damage the branches,
foliage and roots of wall trees;

Do not permit the piling of construction materials against wall trees;

Do not permit any parts of wall trees to be used as a temporary support for
scaffolding and other structures;

Do not hang anything on wall trees;

Do not tie strings or ropes or cables on wall trees;

Do not put up signs on wall trees;

Do not permit covering the crowns of wall trees by plastic sheets or other
materials;

Do not permit wet cement or concrete to spill on wall trees;

Do not permit cement dust to accumulate on wall trees;

Do not permit hot air from machines to drift into the crowns of wall trees;

Do not permit exhaust fume or smoke from machines to drift into the crowns of
wall trees;

Do not light a fire or burn materials under the crowns and within 10 m from the
crown perimeter of wall trees;

Do not permit heavy materials to be lifted and to sail above wall trees;
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v)

Injury to tree roots in the soil behind the wall and below the footpath

Where tree roots have penetrated into the soil beneath the paving at the wall
base, in installing the caissons take care to minimize unnecessary disturbance
of the soil and damaging the roots growing in it;

Study the root distribution pattern on the wall face including the penetration of
roots through the joints between masonry blocks, make an educated
assessment of possible root concentrations behind the wall, and avoid placing
caissons at such locations;

After taking the above precaution, where roots with a diameter over 20 mm are
encountered in opening the caisson shaft, they should not be cut and should be
wrapped around by expanded vermiculite mineral particles to be contained in a
tube-like and water-proof protective sheath with a diameter at least three times
that of the root's;

Do not place two adjacent caissons without leaving a gap of at least 2000 mm
in between to permit future root growth into the soil behind the wall;

Where tree roots have penetrated into the soil beneath the paving at the wall
base, avoid spilling cement-laden water into the soil.

Avoid spilling of petrol oil, bitumen or other materials likely to be injurious to the
trees or cause soil pH change.

Where tree roots have penetrated into the soil beneath the paving at the wall
base, no stockpiling of soil, materials, equipment, machinery and no passage or
parking of vehicles, which cause compaction to the soil;
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Geotechnical Engineering Office

Slope Location Plan

Slope No:11SW-A/R 684 Date Print:07/ 1/2005
Easting: 832375 Northing: 815664

Scale:1: 1000
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(A) DIMENSION AND PARAMETERS

Wall Dimensions Tree Dimensions
H = Height of masonry wall 7 m DBH* 70 cm
B = Base width at toe 1.1 m h = Overall height of tree 9 m
Br 0.61 m he = Height of tree canopy 5 m
Bs 0.00 m h = Height of tree trunk 5 m
¢r = wall face angle 85 deg hy = Height of trunk base 6.5 m
¢g = wall back angle 20 deg above wall toe
b = Crown spread 12 m
*Base width obtained by weephole probing only by, = root spread 7 m
& = Tilting éngle of frees 30 deg

(* DBH= Diameter at breast height and shall be measured at 1.3m above the frunk base and measurement shali follow the guidance provided in
AFCD (2003) - Nature Conservation Practice Note No. 02/2003)

bys = 45° spreading from trunk base to wall toe = 2xhy = 13 m
s = spread of loading = 3.5 + greater (bg + 2B or bys)/2 = 105 m
(one side constrainad by wall end)

Design Parameters Geomefry

Masonry unit wt. 22 kN/m? Back slope angle {B) 20 °

Soil unif wt. 19 kN/m? Front slope angle (o) 0 °

Water unit wt. 9.81 kN/m® Height of groundwater table 2.3 m
Unfactored Surcharge 0 kPa

&' of soil behind walt 35 °

¢' of soil behind wall 0 kPa

8, friction angle 23.3 °

Ka (base on Coulomb Theory) 0,32

' of base soil 35 °

¢ of base soil 7 kPa

8y, wall base friction angle 233 |°

walt base cohesion, ¢, 0.0 kPa

Forces

Pi, P2, Pa = Agtive force on wall from soil behind wall

Active force on wall from groundwater behind wall

Ps = Active force on wall due to surcharge beyond wall crest
Pu = Uplift force on wall due to groundwater below wall

W, W, Wy = Weight of wall

Fac = Wind force on tree crown

Fwr = Wind force on tree trunk

Fsc = Surcharge from free crown

Fsr = Surcharge from tree trunk

11LPM Special Task F4
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(B) CHECKING THE STABILITY AGAINST SLIDING o

(1) FORCE FROM SOIL AND WATER PRESSURE

SjUaU0D JO 3|geL SjUaU0D JO 3|geL

SjUaUOD JO 3|geL

Force FOH FOV
Type {kN/m) (kN/m} (kN/m)
Py= 0.5 X 0.32 X 4672 X 19.00 = 66.20 60.79 26,22
Py = 0.32 X 4.67 X 2.33 X 198.00 = 66.20 680.79 26,22
P;= 0.5 X 0.32 X 2332 X 9.19 = 8.0t 7.35 317
Ps = 032 X 0.00 X 7.00 = 0.00 0.00 0.00
Pw = 0.5 X 2332 X 9.81 = 26.71 26.71 0.00
Total 165.84 55.62
) WIND FORCE
Coc = drag coefficient of tree crown = 0.5
Coy = drag coefficient of tree trunk = 1.2
Static
Wind force = CpagA
q = wind pressure (1 in 50 years) = kPa
Assume the projected frontal area of crown is elliptical in shape
Projected frontal area of crown, Ag = bghexl4 = 4712 m?
Projected frontal area of trunk, A = DBHhy = 3.5 m?
Force Force
Type {kN) (kN/m)
Fwe = 0.5 X 223 X 47.12 = 52.5 = 5.00
Fyr = 1.2 X 223 X 3.5 = 9.4 = 0.89
Fy = 5.90
" Dynamic
Wind force = GCHzAz
1 = design hourly-mean wind pressure {1 in 50 years) = kPa
natural freguency, n, = 0.0048 + 3.4317 DBH / h* = 239 Hz
effective turbulence length scale, L, = 1000 (h/10)*% = §74.00
design hourly-mean wind speed at height h, Vi, = ms
effect reduced frequency, N = nllp/ W, = 55.81
turbulence intensity at the tope of structure, I;, = 0.1055 (h / 90y %! = 0.14
peak facotr for background response, g, = 37
peak facotr for resonance response, g = J2 Eoge(SBOUn a ) = 426
Jssh 2164b ;2
background factor, B= 1/ 1+? = 0.90
3.5nh 4
size factar, S = 1/{[1 +2°M :|[1 4+ 4nabo } = 0.10
Vh Va
0.47N
wind energy spectrum, E = W = 0.03
+
damping ratlo, § =
{ 2
dynamic magnification factor, G = 1+2I, gVZB + _gf_:__E_ = 2.06
Force Force
Type {kN) (kN/m)
Fwe = 2.08 X 0.5 X 1.05 X 47.12 = 50.8 = 4.84
Fwr = 2.068 X 1.2 X 1.05 X 35 = 9.1 = 0.88
FW = 571
Fwe = 5,00  kN/m {greater of static & dynamic)
Fwr = 0.8  kiN/m {greater of static & dynamic)
Total = 590 kN/m
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(I} VERTICAL FORCE

Surcharge from Wall Tree
According to Jenkins et a. (2003)*,

by, = total aboveground biomass (kg) for trees 2.4cm DBH and larger = Exp(ag + o4inDBH)

ratio = Exp {Bq + B / DBH)

*Jenkins, Jennifer C.; Chojnacky, David C.; Heath, Linda $.; Birdsey, Richard A. (2003). National-Scale Biomass Estimators for United States
Tree Species. Forest Science, v 49, n 1, February, 2003, p 12-35

bm (ag= -2.0127 ,a;= 24342 ) = 4142 kg
= 40.64 kN
Ratio (foliage) (o= -4.0813 ,By= 5.8816 ) = 0.018
Ratio (stem bark)} (Bo= -2.0129 ,p;= -1.6805 ) = 0.130
Ratio (stem wood} Bo= -0.3065 ,By= -5.4240 } = 0.681
Ratio (branches) = 1-0018-0.13-0.681 = 0.170
Weight of wood should be increased by 50% to allow for water content
Force Force
Type {kN) (kN/m)
Fac = 40.64 X ( 0.018 + 0.170 ) = 7.7 = 0.73
Fgr = 40.64 x( 0.130 + 0.681 x15) = 46.8 = 4.46
Fs = 5.19
Self Weight & Upliff Pressure
FORCE
Type {kN/m)
Wi = 7.00 X 0.49 X 22.00 = 75.46
W2 = 0.50 X 7.00 X 0.61 X 22.00 = 46.97
W3 = 0.50 X 7.00 X 0.00 X 22.00 = 0.00
Pu = -0.50 X 2.33 X 1.10 X 9.81 = -12.59
Fy = 109,84
(V) CHECKING
Factor of Safety for Other Loads = 1.5
Factor of Safety for Wind Loads = 1.5
Without Wall Tree
Total Vertical Force (N) = Fov+Fy = 168546 kN/m
Frictional Force (Fg) = N x tan &, + ¢' x wall base = 71.37  KN/m
Sliding Force = 1.50  Fon = 23345 KkN/m
Frictional Force < Sliding Force NOT OK
With Wali Tree
Total Vertical Force (N) = Foy + Fs + Fy = 17084 kN/m
Frictional Force (Fg) = N x tan &, + ¢' x wall base = 73.61 kN/m
Sliding Forca = 15x Foq +15x Fy = 24230 kN/m
Frictional Force < Sliding Force 'NOT OK
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(C} CHECKING THE STABILITY AGAINST OVERTURNING

{[) OVERTURNING MOMENT FROM SOIL AND WATER PRESSURE (about pf. O)

Force Lever Arm Moment
Type {kN/m) {m) (kNm/m)
P4 IORIZONTAL COMRONENT) 60.79 3.80 236.41
P2 (HORIZONTAL COMPONENT) 60.79 1.17 70.92
P2 HORIZONTAL COMPONENT) 7.35 0.78 572
P8 (HORIZONTAL COMPONENT) 0.00 3.50 0.00
PW giorizonTAL comPoNENT) 26.71 0.78 20,77
Pu 12.59 0.73 9.23
- P1 (vERTICAL COMPONENT) 26.22 1.10 -28.84
- P2 (verTicasL componenT) 26.22 1.10 -28.84
- Pz (verTiCAL COMPONENT) 317 1.10 -3.49
- PS (veRTIcAL COMPONENT) 0.00 1.10 0.00
- PW (vERTICAL COMPONENT) 0.00 1.10 0.00
Mo = 281.87

(I} OVERTURNING MOMENT FROM SURCHARGE OF WALL TREE (about pt. O)

Force Lever Arm Moment

Type {kiN/m) (m) {kNm/m}
Fsc 0.73 hrxtanb= 289 2.1
Far 4.46 hpxtan0/2=  1.44 6.44
Mg = B.54

{1} OVERTURNING MOMENT FROM WIND LOAD ON WALL TREE {about pt. O)

Force Lever Arm Moment
Type (kN/m) {m) (kNm/m}
Fwc 5.00 h+H-hs/2=  13.00 65.05
Fwr 0.89 h+hy2= 900 8.03
My = 73.08
(IV) RESTORING MOMENT (about pt. O)
Force Lever Arm Moment
Type {kN/m) {m) {(kNm/m)
W1 75.46 0.86 64.52
w2 46.97 0.41 19.10
W3 0.00 1.10 0.00
- Mg = 83.62
(V) CHECKING
Factor of Safety for Other Loads = 2
Factor of Safety for Wind Loads = 1.5
Without Wall Tree
Overturning Moment = 2xMo 563.74 KNm/m

Restoring Moment
Restoring Moment
With Wall Tree

Overturning Moment
Restoring Moment

Restoring Moment

11LPM Speciai Task
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2x(Mo+Ms)+1.5xMw

Overturning Moment
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83.62 kNm/m

NOTOK

690.44 kNm/m
83.62 kNm/m

1n

NOT OK
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GEO PUBLICATIONS AND ORDERING INFORMATION
THIBRRTYRFTRER

A selected list of major GEO publications is given in the next
page. An up-to-date full list of GEO publications can be found at
the CEDD Website http://www.cedd.gov.hk on the Internet under
“Publications”.  Abstracts for the documents can also be found at
the same website. Technical Guidance Notes are published on
the CEDD Website from time to time to provide updates to GEO
publications prior to their next revision.

Copies of GEO publications (except geological maps and other
publications which are free of charge) can be purchased either
by:

Writing to

Publications Sales Section,

Information Services Department,
Room 402, 4th Floor, Murray Building,
Garden Road, Central, Hong Kong.
Fax: (852) 2598 7482

- Calling the Publications Sales Section of Information Services
Department (ISD) at (852) 2537 1910

- Visiting the online Government Bookstore at
http:// www.bookstore.gov.hk

- Downloading the order form from the ISD website at
http://www.isd.gov.hk and submitting the order online or by
fax to (852) 2523 7195

- Placing order with ISD by e-mail at puborder@isd.gov.hk

1:100 000, 1:20 000 and 1:5 000 geological maps can be
purchased from:

Map Publications Centre/HK,

Survey & Mapping Office, Lands Department,
23th Floor, North Point Government Offices,
333 Java Road, North Point, Hong Kong.

Tel: (852) 2231 3187

Fax: (852) 2116 0774

Requests for copies of Geological Survey Sheet Reports and
other publications which are free of charge should be directed to:

For Geological Survey Sheet Reports which are free of charge:
Chief Geotechnical Engineer/Planning,

(Attn: Hong Kong Geological Survey Section)
Geotechnical Engineering Office,

Civil Engineering and Development Department,
Civil Engineering and Development Building,
101 Princess Margaret Road,

Homantin, Kowloon, Hong Kong.

Tel: (852) 2762 5380

Fax: (852) 2714 0247

E-mail: jsewell@cedd.gov.hk

For other publications which are free of charge:
Chief Geotechnical Engineer/Standards and Testing,
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