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Objective of this session:

« Geographical location and topography of
Hong Kong

* Geology, solls and rocks

e Rainfall
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Topography - steepandhilly terrain

« Developments and facilities
built on hillside areas

_+ Large nos. of fill and cut
4 slopes formed
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Hong Kong in the Past




c. 1865
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Natural Terrain Covers ~60% of the Land Area

1 Developed Area

] Natural Terrain
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Shaded Relief Map




Geology of Hong Kong

* Rock identification, structure, weathering,
erosion, superficial deposits

* GIS Geological Maps
e e-Memoirs and Sheet Reports




Applied Geology

* Collect/record/archive data/specimens

e Archive/database specimens/data

* Interpret geology (maps/reports)

* Develop geological models (slopes/tunnels)

Aerial N Geological
Photographs maps/notes
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Awareness of what 1s known and what 1s
avallable - Issues to Consider

 ldentifying main rocks and superficial
deposits

 ldentifying adverse geological materials
and conditions (marble, soft materials,
deep weathering, permeable materials
etc.)

e Understanding varied rock types and
materials and complex relationships/
structures




HKGS/CEDD
Existing geological information sources

Geological Maps: scales 1:100K, 1:20K, 1:5K
Geological Memoirs 1-6 & SAR-wide memoirs

Geological Sheet Reports 1-6

Specialist Geological Study reports
e 2 - Guic

Geoguid

Geoguid

e 3-Gulo

e to Site Investigation
e to Rock & Soll Descriptions

Note: HKGS = Hong Kong Geological Survey




Geological maps
reflect information
avallable at time
they are produced

2004-09 revision

BEvih SRS - iital publication
1984-96 In GIS format




1:20,000 Maps 2-16
and Memoirs 1-6

FHANG BONGD GEOLOGHEAL SURVET MEMOHE Mo 4
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20,000-scale
geological maps
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i HKGS retrieval based on geographic location §
W (grld coordinates) uses GIS: The Geological
I\/Iodelllng System
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Key HKGS 1:5,000 Maps & 6 Sheet Reports

(Download at www.cedd.gov.hk)

e cover Scheduled
and Designated
Areas containing
marble and
marble-bearing
rocks etc.

e more site-specific

 but maps reflect

state of knowledge
at time of
publication




Recent Geological Mapping

Increasing detail

More data (e.g. boreholes)

*New survey techniques (e.g. geophysics)
*New analytical techniques (e.g. age dating)

Digital data storage and.transfer

Improved maps (accuracy and precision) with
Improved distribution of units, and

refinements of classification
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1:100,000-scale Geological Map (published 2000)



The Quaternary Geology of Hong Kong with
1:100,000-scale geological maps

* Presents a comprehensive ‘Engineering Soil’*
overview of the Quaternary
Geology of Hong Kong, including
Its superficial deposits, both
onshore and offshore,
geomorphology, and weathering
of insitu rock. The superficial
deposits are described In terms
of their age, stratigraphy,
composition, engineering
characteristics, and resource
significance.

* Not engineering geology manuals




The Pre-Quaternary Geology of Hong Kong with
1:100,000-scale geological maps

* Presents a comprehensive ‘Engineering Rock’*
overview of the Pre-Quaternary

Geology of Hong Kong, including
Its stratigraphy and structure.
The classification and description
of the rocks are discussed in
detail and their ages and
distributions are described and
Interpreted. Hong Kong rocks are
also considered In relation to
regional stratigraphy and
tectonics.

* Not engineering geology manuals




Engineering Geological Practice in Hong Kong
- GEO Publication No 1/2007

* Introduce the principles of
engineering geology as
applicable to Hong Kong

e |llustrate the application
of these principles to civil
engineering works




Geoguide 3 —
Guide to Rock and Soil Descriptions

e Presents a GUIDE TO
recommended standard ggggﬂ‘?ﬁ'ﬁgﬁs"'
of good practice for the
description of Hong
Kong rocks and solls for

engineering purposes

GEOTECHNICAL ENGINEERING OFFICE
Civil Engineering Department

The Government of the Hong Kong

Special Administrative Region




Some Common Rock Types
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.A: Fine-g.ruinéd Gmni.te. B: Mediurﬁ—gfuined Grunfte C: Cnurse-gfuined Granite




Some Common Rock Types

= &

: Aplite o E: Pegmatite | F: Grunudiul;ite
(intruding granodiorite )




Some Common Rock Types

I : Dacite




Some Common Rock Types
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S: Fine Ash Tuff T: Coarse Ash Tuff U Lapilli Tuff
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Some Common Rock Types

Y: Conglomerate Z: Sedimentary Breccia AA: Chert




Classification and Distribution of Rocks
and Superficial Deposits

e Sedimentary rocks

e \/olcanic rocks
e Granitic rocks

 Metamorphic rocks and fault-related
rocks

e Onshore and Offshore Superficial
deposits




3 main groupings of rocks

 Older, localised sedimentary rocks, including
marble, mainly in NW/NE New Territories

» Extensive volcanic and granitic rocks, some
sedimentary rocks

 Younger sedimentary rocks, including those
offshore




Sedimentary Rocks

Grain-size and Compositional Classification, eg
e Conglomerate >2 - <60mm

e Sandstone >0.06 - <2mm

e Siltstone > 0.002 - <0.06mm

e Claystone <0.002mm

Detrital - Mudstone, siltstone, sandstone,
conglomerate, and breccia

Chemical and Biological - Limestone and chert




Key Older Sedimentary Rocks (c.340Ma)

Lok Ma Chau Formation

Tal Shek Mo Member - Metasandstone with
metaconglomerate

Mai Po Member - Metasiltstone with graphite
schist

e Yuen Long and Ma On Shan Formations

Marble (>50% carbonate). + cavity/cavity-infill
Pure and Impure (up to 17% impurities)




Tin Shuit Wal & Ma On Shan

Yuen Long Scheduled
Scheduled Area e g Area No. 4

No. 2

R\

Mew Territories

gk
’Q
LATE PALAECZOIC
SEDIMENTARY ROCKS

-

Parmian . Toko Harbouwr Formation
. Lok Ma Chau Formation

Ma On Shan Formation
Carbonderous { subcrop }

| Yuen Long Formation
( subcrap )

Tu ng Chung - Devenian .Eh.lHHua.d Formation
Designated Area of
Nortghshore L antau Areas of Marble Subcrop




Scheduled Area No.2

- Major intrusive rocks
- Volcanic rocks
- Sedimentary rocks

I Tai Shek Mo Member | |, Ma Chau
- Mai Pe Member Formation

- Ma Tin Member Yuen Long
- Long Ping Member Formation

CARBONIFEROUS

—_— — Fault
A A Thrustfault

0 1 2 km
1

Deep Bay

Yuen Long Formation
Ma Tin Member

LLong Ping Member




Boundary of mottled
(S 3]

~ ré;F pale grey marble with
dark grey marble
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<10% boreholes in Tin Shui Wal

(yellow) report ‘marble’ — largely
marble clast-bearing breccia

-

Marble clast-
bearing breccia lies
within younger
volcanic rocks

typically -20 to
-60mPD




Geology of
Yuen Long
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Figure 2 - The Redefined Designated Area in the Northwest New Terrttories (Sched HONG KEONG



gn;lmm - S C h e d u I e d -1 :;: Es \ Ma On Shan Formation
maa Area No. 4 |

=} -130m

Creamy white to light bluish grey, fine- to
medium-grained marble; massive o weakly
bedded

| £3 1800 N

-140 m

c-150m

SHA TIN HOI

i -160 m
530600 N SN > Grey to dark grey fine-grained marble
" £ Ma On Sha
1 =25
)7 IR n -170'm
A 2t 175 m /

HONG KONG GEOLOGICAL SURVEY SHEET REPORT NO. 5

WKS23
Om
E0m - Ma On Shan
Formation
100 m =
150 m -
-175m




Cavity development in marble ekttt
NW New Territories RUCTIONLTD.

PR 200 WESTERN SECTION,
' PHASE 3 GROUND INVESTIGATION

i HOLE NO. TS200/DHPZ/164 BOX 3 OF 3
DEPTH: 51.81m.T0 54.76 m.




Partial infill
In stained
cavity

Cavity-fill
syndeposition
fault at 104m
bgl, Tung
Chung

after clast
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White ma'zrbl-e Wlfh
ey DFOWN Clay cavity
?"_ infill, Ma On Shan
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Designated Area of Northshore Lantau

Boundary of Designated —
Area of Morthshore Lantau

Marble (typically banded)
(Tung Chung)




Volcanic & Granitic Rocks
(% land surface of Hong Kong)

 Granitic Rocks 2090
e Dyke Rocks 5%

e \Volcanic Rocks 50%0




LEGEND :
Guangdong Province

High tsland Formaton
Clear Water Bay Formation
Undifterentated

Kau Sai Chau
Volcanic Group

Pan Long Wan Formafion
Mang Kung Lk Formation
Cha Kwu Shan Fomation
Ap Lai Chau Formation
Mgo Mal Chau Formation
Meunt Davis Formation
Long Hosbcur Formation

Raputs e Bay
Volcanic Group

Lai Chi Chong Formation
Undifferentated

Lantau
Wobcanic Group

Sal Lau Kang Formation
Tai Mo Shan Formaton
Shing Mun Formation
¥im Tin Tsai Formation

2
:
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:
!
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Tusn Mun Fomation

Volcanic Rocks Sewell et al., 2000



VOLCANIC ROCKS

TUFF - Dominant (fragmental exploded from volcano)
classified on grain size and components

LAVA - Subordinate (molten rock extruded from volcano)
classified on grain size and composition




PYROCLASTIC ROCK COMPOSITION

Pumice, glass

VITRIC TUFF

CRYSTAL TUFF LITHIC TUFF

Crystals, Rock

crystal fragments
fragments




PYROCLASTIC ROCK NAMES

Blocks and bombs
Over 60mm

PYROCLASTIC
/ BRECCIA, \

AGGLOMERATE, 25.75

TUFF-BRECCIA,
TUFF-AGGLOMERATE

APILLNASH-LAPILLI TUFF

TUFF

Lapilli

2-60mm 25
75

Adapled trom Fisher and Schmincke (1084)

Coarse ash 0.06-2mm
Fine ash under 0.06mm




Fine Ash Vitric Tuff (eutaxite) Coarse Ash Crystal Tuff




LAVA

 Mainly
rnyolitic

 Mainly very
fine-grained




Volcanic Rocks

All very quartz rich (except in Tuen Mun area)

Mainly - coarse ash crystal tuff, or fine ash
vitric tuff

* Four groups of ‘rhyolitic’ formations (same
age /chemistry) each of similar characteristics —
may be equivalent to formations in Guangdong
= suitable level of classification for engineering

Tsuen Wan, Lantau, Repulse Bay and Kau Sal
Chau volcanic groups




DYKE ROCKS - Classified on basis of
composition, grain size, dominant crystals

* Feldsparphyric Rhyolite
e Quartzphyric Rhyolite
e Aplite

e Pegmatite
e Basalt/Lamprophyre
 Can significantly influence local hydrogeology

o especially basaltic dykes
* have Influenced some significant landslides




GEO, CED 1986

-Irep resented on Maps
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Sitvermine s T L /
Bay M / Y 5\
[ AR XS
9 Peng Chau

Volcanic rock }\;

Rhyolite dykes 22, ;"3

Granite

&

v " DYKE ROCK
NE Lantau Feldsparphyric Rhyolite




Classification Scheme for Granitic Rocks

Based on measurable grain size and mineral
(chemical) composition

e Grain size
» Coarse-grained >6mm
e Medium-grained >2mm - <6mm
* Fine-grained <2mm

* Mineralogy — proportions of quartz (Q)
alkali feldspar (A) and plagioclase (P)




Mineralogical Classification

Q = quartz

A = alkali feldspar,
including albite
(AnO - Anb)

P = plagioclase feldspar,
(An5 - An100)

ALKALI FELDSPAR
GRANITE
GRANO-

DIORITE MG K6t

rocks

(SYENO- | (MONZO-

GRANITE) } GRANITE)
f

3\

QUARTZ QUARTZ DIORITE, GABBRO

SYENITE MONZONITE

5/ / SYENITE / MONZONITE

A

10 35




Granodiorite B,
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PLUTONIC ROCKS

Classified on grain
size and mineralogy
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Granitic Rocks

* As with volcanic rocks, many individual
Intrusions (units)

e Granitic rocks are grouped (chemistry/age)

INnto four suites, each with their own similar
characteristics

e _amma, Kwal Chung, Cheung Chau and
Lion Rock suites




Coarse ash
crystal tuff |

.Distribution of Granodiorites in Relation to Phase | Volcanics

Tal Mo Shan Area




Kwal Chung Suite

Ve,

-~
i

A

MNew Territories

Sewell et al., 2000



ANHong Kong
(3 slan

d
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Kowloon
<

Stoneculters
Island

Kowloon Granite

Mount Butler
Granite

Other rocks

Granitic rock — weathers
more than volcanic rocks




Ping Chau Formation

Cretaceous-“Tertiary’ gV \ SRR A

Sewell et al., 2000 R =
AN

Kat O Formation

Port Island Formation
Kat O Chau

§ q’
Q:% Ping Chau
Double Isfand
? Port Island

. {} Dark grey thinly

Pat Sin Leng Formation

bedded siltstone,
dolomitic siltstone

| _

Red sandstone, Red conglomerate,
siltstone, . coarse sandstone,
conglomerate iy siltstone

T T N T . Y E— T E—




METAMORPHIC ROCKS

* mainly dynamic (thrust-fault-related)
foliated (schist, mylonite)

e contact — hornfels, recrystallization: also
skarns where carbonates affected (calc-
silicates, iron-rich rocks)

FAULTS

e thrust, normal, strike slip: resulting in
foliation, brecciation, gouge etc.




HONG KONG STRUCTURES

e FAULTS
 FOLDS

e BEDDING

e CONTACTS

e FOLIATIONS
e LINEATIONS
e JOINTS

* FRACTURES

normal, thrust, strike-slip

granites, dykes, veins
volcanic, metamorphic

columnar, tectonic,
sheeting, stress relief




HONG KONG STRUCTURES
Importance to engineers

* Define areas/zones of contrasting material
type (lithology, strength)

e Control material weathering %rades,
C

rock mass weathering characteristics (PW
zones) and rockhead depth and form

* Influence hydrogeology
 Influence Instability etc.

Maybe structures more important to the
engineer than rock type? - in rock? - in soil?




FAULTS - typically deeper weathering and
poor ground conditions




Tal Lam Fault




x P’
Shaded relief - Digital Elevation Model



Superficial Deposits




Classification of Rock Materia

Decomposition Grades

- _— General Characteristics for Granitic & Additional Typical Choracterstics for Specific Rock Types
riptive Grade Volconic Rocks & Other Rocks of - — - — ]
Term Symbol ivolent Strength in the Fresh Staot
Equivalent Strength in resh State Granite Granodisrite Coarse Ash CrystalfLithie Tuff Fine Ash Vitric Tuff
Origingl rack texture completely destroyed Reddish Brown ark reddish brown Grown or reddish Brown vellowish brown
Can be crumbled by hard and finger pressure inte | Feidspore complelely desiioyed Feldspars completely destroyed Guartz enly remainmg primary
Regidual caratituent graing Quartz (5 only réemainifg primary Quwriz gnly remgining primaory maneral
Sail o minersl; usually dull, etched or pitted | mnerad; groms reduced in site
and seduced in size compared wilh compored with fresh condition
fresh condition
Qriginal reck texiure preserved vellowish brown o reddish brown Yellowish brown o reddish brown Brown to reddith Brown Wellowish Brown
Con Be crumbled by hand and finger pressure inta Feldspars pawdery to soft Plagieclase feldspars pawdery to soft, | Siokes slowly in water Slakes readily i water
Completehy constituent grains Hond penetrometer Shear streogth odex| very easily grooved by pn Malic minerals sofi, dull, dork green
Decomposed T Eosily indented by poini of geclogicol pick < 250 kPa Orthoclase leldsgars grivty, (¢S5 eosily| 1o brown, difficult o distmguish
Slokss when immersed in waler Zero rebound frem N Schmidl hommer groowed
Completely disoploured compared with fresh rack Fero rehound from N Schimidl harmmer
Can be broken by hand irta smaler pieces Yellowish brown to yellewnsh srangef Wallgwish brown to yeliowish arenge) Yellawish Brown Yellowesh grey
Mokes o cdull sound wihen _sl.fucl: by gedlogeeal hammer brown brown sobic minerals soft, dull, dark green Surfoce con be serobched by knfe
Haghly w Mot easily indented by point of geological peck Feldspars powdery Flaginciase feldzpnrs powdery to grity
Cecomposed Does rot slake wher immersed in water Wand penetrometer shear strength index | N Senemidt rebound volue 18- 30
Cempletely discoloured compored with fresh rock = 250 kFn
Posilive B Sthomdt rebound wolee =25
Cannot ugually be broken by hand; eosdy brohen by ¥eligwish brown Wellpwisn browe Yeliowish grey White o lLight grey
grolngical  Ramemer Feldspars graity > feidspars party decompoted | Mafic manerals generally rat shing, Surface conpot ke scratched by bnafe
Moderately o wMakes & dudl of slight ringing scund when struck by Bictite not Shiny 0 gritly Small pieced =aft, hlack of stamed dark brown
Decompesed gealogical hammer N Semedt retound wotee 15 - 65 N Sehmict rebound velus I5-50
Completely sloimed {hroughout
Man broker easily by geslegical nammer Feldspars hord fo slighty gritry Flagisclase feigspars slghny grinty Light grey of greenish grey Bray. Lghi grey of greenish grey
Mokes o ring'ng sound when struck by g:nlng-ir.-nl Owihoclase feldspars often pink Biotre ond hornblende !.l;?llh‘ stained | mafe minerals 3hir|,-_ hard, block, Cloudy appeorunce
Shightly 0 hammer Betite slighlily staned ond dull eround ond  dull moy be slightly staned ond dull
Decompoted Freak tock enlours generally retained but Stamed near edges M Sehrmidt febound walue £5-70 around tdges
jwint gurfoies N Schmudt rebound volug =45
Mat broken easdy by geslegical nammes rverall rock colour greylwhite overall rock colour grey reerall rock enlowr ranges from lignt | Owverall rock codowr Black
Maokes a regeng sound when struck by geolegical Feidspars hord and shiny Feldspars hard ard shioy greenish grey [JSM) to grey (I5M, | Glossy oppeorance
Eresh 1 Rammern Biotite Shey net Shoined Batite and hornblende shiny, not Stoned|  JVT]
Ho visible figns of decomposition [Le no discolourabion] | Guortz colourless of grey. glassy Quortz colourless or grey, glossy Feldspars hard and shiny
N Schmaddt renound volse =G0 Malw rinerals shiny, rd. black
Gueriz celourless or grey, olassy
General  Motes 11} Mot off these qenersl choracleristics are applicoble | [3) Based on Moye (19551, Hencher & {5] Based on Irfan 8 Powell 19859,1]

bo rocks whose ‘l'rqnglh in the fresh ctote s
moderalely sirang or less (see Toble 2], Allernatve
classdications moy be more oppreprate for such
matermls (see Sectian 2.3.40

I3} Use of geclogicol haommer applicoble mainiy 1o
materals confoned in o feld exgosure.

Martin (1582) and unpublished work
by the GLO
14 Assessiments of minerals applicobie

to medium and coarse-groined granite;

may be difficult or impossible to
assess in fine-gramed gramtes,

(6] Based on wnpublished =gk by
the GCO

(7} 19Tz ¥im Tin Tsai Formoton
J5M= Shing Mua Formation
{see HKGS maps and memoirs|

{81 Mafic mmerals referred 1o are
teatite and hornblerde

19| Besed on unpublished work by
the GLO

Motes on Index Tests

110)
LALY

Sloke test: somples olrepdy close to sobturabicn mosiure comtent ore less likely 1o siake.
Felgspar alleration test: Hard = cannat B& sul by kaile or grosved by pin: Gritty = can be cut by Knife or grooved By pin with pressure; Pawdery = easSdy grooved by pin, ean be Srushes to silt

fragments in fingers, Soft= easily grooved by pin, con be moulded w»ery sosdy fo clay in fingers,

HES

wnpacts, igRsring uausuelly tow rendngs
113§
&}

N Schmidt hammer test rebound wvalues ore for hommer held perpendicular to rock face: boke mital 'seating” blows o ensure good contoct and record averoge value from o minisum of five consecufive

Hasd penetromater Besis press nsfrument head slowly and smaoothly pfe sample. foke on avarage af fen wvoluss and disde hy lwae to giu\o shear shrng'lh index; dest moy he impractcal oo overy small somples
Test results in general maoy be allecied by sample mosture conlent apd degree of microfrocturng




Descriptive Term
&
Grade Symbol

Residual
Soil v
Completely v
Decomposed
Highly
Decomposed ¥

Moderately m
Decomposed

Slightly
Decomposed

Fresh 1

Coarse-grained
Granite

Medium-grained
Granite

Fine-grained
Granite




Dascriptive Term Coarse Ash

& Granodiorite
Grade Symbol Tuft

Residual
Soil v

Completely 7
Decomposed

Highly
Decomposed K

Moderately o
Decomposed

Slightly
Decomposed

Fresh I




Classification of Solid Rocks and

Superficial Deposits in Hong Konc

o : Solid Rocks
Superficial Grain . _
Deposits Size Sedimentary Pyroclastic Igneous Metamorphic
(mm) Rocks Rocks Rocks Rocks
. Chemical &
Detrital Biochemical % Acid  [intermediate| Basic | Foliated | hime
o
-
Boulders - 2
o 7] -
§ 3 b=
0 o ¢ = :
Cobbles 3 = o &
:u. o
Eﬂ— a 3’
Coarse T o
20— E.E‘
Gravel Medium 6 | EE N Lapilli Tutf Gﬂdﬂl'!ﬂi“’q | w _,‘E = - 2
Fine v o = i i o 5 B = g
i ) E Hﬂllum-gn'.lrntdl £ | ] —i ] i 5 §3
Coarse T 2 g E - o “He
Sand Medium | . | Scndstone Coarse Ash Tuft  [Fine-grained | = 2| £ | § E  ° Schist | 385
Fine 0.2 — B - 5 -Eu £3=
0.06 5 4 = v
1 I E
w
Silt Siltstone E E £
v = = E H
- g E £S5 e |22 =| 8 =
E 0.002 5 o Fine Ash Tuff T € 5 |88 | 3 =
b- 3 g T g- o o - [
= r= = =] - - g o o .
T = [ 4 N M E.'E o -
Clay Claystone s T i § K™ )
o 3 3 g © £
O 0= d o
Legend :
* Equivalent to Dolerite in Allen & Stephens {1371)
Note ; This table is based on the classification scheme used by the Hong Koeng Geological Survey.




Rapid: Identification & Description of Solls

Paorticle ;
Bosic Soit Type | Siz - Particte Strength
" L g . -
= Visual [dentification Shape and lHCm‘msrie Soil Types | [Comaociress & Consislency Structure and Weathering
Flasticity intures of Bosss Soil TypeshStrengih e Ty S
& ¥ Field Tesl Structurol | . Colour
BOLLOERS ol FarTele o ol gield Identification | Quontitative Scales
gg o am ¥ seen complete (o phs & sxposeres Shope "um g::lwdurr Lormiituent s Leas
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Classification of Rock Mass Weathering Zones

(a] ldealised [ b} Example of a Complex le) Exomple of @ Zonol Moss Weathering Classification

Weathering weathering Profile Applied to o0 Rock Mass Exposure
Profile

Lagiend
uw Unweathered Rock PWE0/S0  Portiolly 'Weathersd S0/80%. Rock FWO/30 Partially Wealhered D/30%. Reeh

PWE0/00  Partially Weathered S0/100% Rochk Ewi0 s Portially Weathered 30/80% Rock RS Rasidual Sod

Mot Eor definitions of terms, gsee Toble 10,

Figure 5 - Mass Weathering Profiles and Zonal Weathering Classification of a Mass Exposure




Classification of
Rock Mass
Weathering Zones

Zone Zone s
L Zo C
Description | Symbol W Characteristics
Residual soil derived from insitu weathering;
Residual -
Soil RS mass structure and material texture / fabric
completely destroyed : 100%. soil
Less than 30 % rock
Soil retains original mass structure and
material texture / fabric (i. e. saprolite)
0/30% P
Rack 0430 Rock content does not offect shear behovigur of
mass, but relict discontinuities in soil may do so
Rock cortent may be significant for investigation
and construction
==
]
@&
= -]
> 30 % to 50 % rock
@ | 30/50% Pw
E Rock a0/ 50 Both reck content and relict discontinuities may
= affect sheor behaviour cf mass
=
o
g .
so/90% | pw | 207 to 90% rock
Rock 50490
ee Interlocked structure
Greater then 90 °% rock
90 /100 % P
Rock 0130 | Small amount of the materiol converted to soil
glong discontinuities
Unweatherad 100 % rock
LW
Rock

May show slight discolouration along discontinuities




Soil Groups (i Subgroups and Laboratory Identification
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Application of
Engineering Geology

IN Landslide and Slope Studies




 Development of the geological model with focus
on the key factors contributing to the failure of
large cut slopes in Hong Kong

* The role of discontinuities in the stability of

weathered rock slopes (including saprolite)




The Geological Model for Slope Engineering

Engineering geology Is the application of the
science of geology to ground engineering.

It involves the formation of geological models that
are specifically targeted towards the needs of

the engineering project.

The geological model in slope and landslide
studies Is targeted towards facilitating
geotechnical risk assessments, slope designs
and investigations into the causes of landslides.




Questions?







Rainfall in 2008




Rainfall in 1997
(highest annual rainfall
recorded since 1884)

Mean rainfall 2382.7 mm
(1971-2000)

T by 168.4 mm

(1961-1990) - (~8%)

Rainfall in 1963
(lowest annual rainfall
recorded since 1884)
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Monthly
Rainfall
(mm)

No. of Warnings Issued

Tropical
Cyclone

Landslip
Warning

Amber
Rainstorm

Red
Rainstorm

Black
Rainstorm

33.3

2D

57.2

255.0

1900

1,346.1

471.1

314.0

1582

144.6

54.3

3,057.2

Note:

* denotes Tropical Cyclone Signal No. 8 or above hoisted




Rainfall and Landslides
for the Past 15 Years

M Total no. of genuine landslides
Total no. of major landslides

(o))
o
(@)

No. of Genuine Landslides

193
138
83
27

1994 1995 1996 1997 1998 1999 2002 2003 2004 2005 2006 2007 2008




Cumulative Difference from 50-Year Average
Annual Rainfall
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Rainstorms in 2008




a FlIve rainstorms in 2008 triggered the issue of the
Landslip Warnings

a The Landslide Potential Index (LPI) for these
rainstorms are :

Rainstorm LPI
19 April 2008 2.0
7/ June 2008 128
13 June 2008 1.4
25 June 2008 i 74
10 July 2008 1.0

o The LPI depicts the relative severity of a rainstorm with respect to
Its potential to cause landslides. For comparison, the LPI of the

rainstorm in late July 1994, which led to 5 deaths at Kwun Lung
Lau, is set to be 10.




Rainstorm of
19 April 2008




Cumulative Rainfall

Black Rainstorm

Amber

N43 - Kwong Yuen Estate RETEUT Landslip

N44 - Lee On Estate Warning
| ENBE=_Hongsk ok Yo st &, S50 R - S8
=== KO3 - Hong Ning Rd Park

NO9 - Chinese University

[\ VaYe] Dl 11l
INUO = TTKNURN

NO2 - Wo Che Estate

KOl -Ho Man Tin

N45 - Sham Mun Tsai
= NA41 - Tai Po Kau
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Rainstorm of
/ June 2008




Cumulative Rainfall

- _Amber
Ri'%unstorm

[ - —— - = -

N19 - Keung%ﬁ(!ﬂrr]lsm”:n ' Landslip Wa _:
N17 - Tung Chung B s (e PR s S e - = =
N21 - Tung Chung Au | '

= N11 - Tsing Y! South
N38 - Tsuen Wan

I
I
I
1
HO1 - Mt. Daviis :
1
I
I
I

K02 - KowI00||‘1 Tong
N37 - Route Tiwisk
HO2 - Kenned'y Town
= N40 - Shing Mun Reseryoir
|

Cumulative Rainfall (mm)
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Maximum Rolling 4-hour Rainfall




Rainfall Profile at Lantau
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Rainfall Profile at Lantau

——— Record on 7 June 2008
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Rainfall Profile at Lantau

Record on 7 Jun 2008

Keung Shan (N19) — — Record on 24 Aug 1999
— — — Record on 5 Nov 1993
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Rainstorm of
13 June 2008




Cumulative Rainfall

Amber Rainstorm Amber Rainstorm
. _—
Landslug!l \iv_z?r_nln_g_ =
| |

N47 - Ma On Shan Treatment Works
N44 - Lee On Estate
N34 - Sheung Shui Water Treatment Works
N33 - Fairview Park
N43 - Kwong Yuen Estate
NO9 - Chinese University
NO2 - Wo Che Estate
N42 - Sun Tin Wai Estate
K02 - Kowloon Tong
= NO1 - Shatin Treatment Works
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Maximum Rolling 24-hour Rainfall

No. of
reported

landslides

29 minor

7 major



Rainstorm of
25 June 2008




Cumulative Rainfall

Amber Rainstorm Amber Rainstorm

= - = = = —
T T

N21 - Tung Chung Au ____:_____E
N19 - Keung Shan
N37 - Route Twisk
= N17 - Tung Chung
NO7 - Tuen Mun
N22 - Cheung Sha, Lantau
N29 - Nr Siu Hong Estate, Tuen I\fun
N38 - Tsuen Wan I
N36 - Kadoorie Farm :
= NO3 - Tsuen Wan Treatment Works

Landslip Warning
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Cumulative Rainfall (mm)
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Maximum Rolling 24-hour Rainfall

No. of
reported

landslides

24 minor

1 major



Rainstorm of
10 July 2008




Cumulative Rainfall (mm)
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Amber Rainstorm
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N36 - Kadoorie Farm
N35 - Hong Lok Yuen
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Maximum Rolling 24-hour Rainfall

No. of
reported

landslides

28 minor

1 major



Summary

Annual rainfall ~28% above mean and so far
761 landslides reported

Monthly rainfall in June and hourly rainfall
recorded on 7 June at HKQO'’s principal raingauge
broke the records since 1884

5 rainstorms triggered the issue of the Landslip
Warnings

The most severe rainstorm on 7 June 2008
caused >300 reported landslides and > 1,500
landslides on natural hillsides




Questions?
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