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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://www.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 last page of this report.

R.K.S. Chan

Head, Geotechnical Engineering Office
January 2005
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FOREWORD

Since the publication of GEO Report No. 56
“Application of Prescriptive Measures to Soil Cut Slopes” in
October 1996, there have been continuous development to
improve the guidelines and to extend the scope of application of
prescriptive measures. This Report presents guidelines on the
use of different items of prescriptive measures for rock slopes.

This Report was prepared by DrY.F.Yu and
Mr C. K. Siu under my direction and supervision.  The
guidelines presented in this Report are based on the findings of
Atkins China Limited’s consultancy study on prescriptive
measures design methods for rock cut slopes, which was
overseen by Mr Y. K. Shiu and Mr H. C. Chan. Colleagues in
the GEO and slope maintenance departments reviewed the draft
Report and offered valuable comments and suggestions. All
contributions are gratefully acknowledged.

e

W K Pun
Chief Geotechnical Engineer/Special Projects
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ABSTRACT

Prescriptive measures have been widely used in rock
slope stabilisation works in Hong Kong for many years. The
guidelines given in this report aim at rationalising the current
practice and achieving consistency in the designs between
different designers.

Prescriptive measures for use in rock cut slopes can be
classified into four types according to their design objectives
and can be applied for preventive maintenance, urgent repair and
upgrading of existing slopes. The qualifying criteria for
applying prescriptive measure item of rock dowels as upgrading
works for treating potentially unstable blocks are given in this
Report. There are no qualifying criteria for the application of
other items of prescriptive measures to rock cut slopes.

This Report presents a recommended standard of good
practice for applying prescriptive measures to rock cut slopes.
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1. GENERAL

Prescriptive measures for rock cut slopes is not a new concept and has been widely
applied in local practice for many years (e.g. Brand, 1983; Dubin et al, 1986). These
Guidelines rationalise the current practice and provide technical guidance on the functions
and use of different items of prescriptive measures (Figure 1) recommended for rock cut
slopes.

Useful advice on the design of rock cut slopes can be found in the TGN 10 -
Enhancement of Rock Slope Engineering Practice Based on Findings of Landslide Studies
(GEO, 2002).

Some items of prescriptive measures may need to extend into adjoining land. The
designer should check the land status and where necessary seek the agreement of the land
owner before specifying the items.

2. SCOPE OF APPLICATION

Prescriptive measures for use in rock cut slopes can be classified into four types
according to their design objectives, i.e. Types 1, 2, 3 and 4 (refer to Section 4 for details),

and can be applied for preventive maintenance, urgent repair and upgrading of existing slopes.

There are no qualifying criteria for the application of the recommended measures, except
when rock dowels (Item 3.1, Table 1) are used as upgrading works. For the treatment of
rock blocks with a potential for sliding instability using the prescriptive measure item of rock
dowels (Item 3.1, Table 1), the following qualifying criteria should be met:

(a) the rock type is granitic or volcanic and of decomposition
grades I to III and with no clay- or silt-infilled joints,

(b) the volume of the rock block is not more than 5 m® and the
rock block is not supporting any foundations of structures or
other surcharge, and

(c) the angle between the slope at the rock face and the
potential sliding surface should be equal to or greater than
10°; the dip angle of the rock block basal sliding surface
should be smaller than 60°.

Items of Type 1 and 2 prescriptive measures should be considered in all cases for
improving slope stability. Where structural support is needed for stabilising unstable rock
blocks, rock dowels and/or concrete buttresses (i.e. Type 3 prescriptive measures) can be used
as appropriate. Since rock trap ditch (Type 4 prescriptive measure) is very effective in
retaining rockfalls, it may be adopted to reduce rockfall hazard if there is sufficient room at
the toe of the slope to accommodate the ditch. The designer should adopt appropriate
measures, generally a combination of items, based on a consideration of the nature and extent
of the potential instability problem, the likely scale of failure, the consequence of failure, site
constraints, cost and aesthetics.
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3. SPECIFICATIONS

The works should comply with the General Specification for Civil Engineering Works
Hong Kong Government (1992). Where necessary, Particular Specification clauses should
be included in the contract under which the works are to be carried out.

4. TYPES AND DETAILS FOR PRESCRITPIVE MEASURES

(a) Type 1 - surface protection, local trimming and surface
drainage,

(b) Type 2 - subsurface drainage,
(c) Type 3 - structural support, and
(d) Type 4 - protection zone.
Nine items of prescriptive measures, including five items for Type 1, one item for

Type 2, two items for Type 3 and one item for Type 4 are recommended (Table 1). Typical
details of the items for prescriptive measures are given in Figures 2 to 9.

5. TYPE 1 PRESCRIPTIVE MEASURES - SURFACE PROTECTION, LOCAL
TRIMMING AND SURFACE DRAINAGE

5.1 Wire Mesh/Face Netting

Wire mesh (or called face netting) (Item 1.1, Table 1) may be fixed to the rock face to
prevent rock from falling, or hung loosely over a slope to guide rocks to a rock trap ditch
(Item 4.1, Table 1) at the slope toe. When there is no rock trap ditch at the slope toe, the
lower end of the mesh should be no more than about 0.6 m above the toe to prevent rocks
from falling and bouncing onto the road or facility at the slope toe. These methods are
generally effective for retaining rock fragments of dimensions up to about 0.6 - 1 m.

Two critical factors govern the choice of mesh:
(a) The likely volume/extent of material to be retained.
(b) The minimum typical block size of the rock face.

In general the material to be retained will comprise a blocky, moderately to highly
fractured rock mass. More particulate, weathered materials are not well suited to this
approach.

Twisted wire PVC covered netting or 200 mm opening cable nets are suitable on steep
faces for controlling rockfalls with dimensions less than about 0.6 m, and woven wire rope
may be suitable for rock blocks with dimensions up to about 1 m. For larger blocks, ring
nets (200 mm opening gauge and smaller gauge twisted wire PVC covered netting) can be
utilised. In all cases, the upper edge of the mesh should be placed close to the potential
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source of the rockfall so that the blocks will have little momentum when they strike the mesh.
The mesh should be anchored at intermediate points by U-hooks at a spacing of about 3 m.
This spacing permits rocks to work their way down to the toe rather than accumulating behind
the mesh. For the same reason of avoiding accumulation of debris, the mesh is not usually
used on slopes flatter than %:1 (37°). At the bottom of the slope, U-hooks with an extension
connector are recommended at the lowest row so that they can be loosened and removed from
the anchored end and the mesh can be lifted for removal of fallen loose rock blocks.

The use of netting systems requires the use of specialised retainer units commonly
termed cable anchors. These comprise a looped cable grouted into a borehole that provides
an eye at the rock surface. The eye is used to secure main hawsers (horizontal, vertical or
diagonal) to which the cable netting and twisted wire netting systems are securely attached
(refer to Figure 2).

5.2 Local Trimming and Removal

Local areas may be trimmed (Item 1.2, Table 1) in order to avoid local instability from
developing. In particular, failure of a portion of a rock slope may form an overhang on the
face which may be a hazard if it were to fail.

Loose rock can also be removed by hand-held scaling bars. However, removal
should only be used where it is certain that the new face will be stable and there is no risk of
undermining the upper part of the rock slope. The designer should re-examine and re-assess
the stability of the rock face following local trimming and scaling of specified loose rock.
Removal of loose rock on the face of a slope is not effective when the rock is highly
fragmented. Other measures such as wire mesh may be considered in such case.

5.3 Dentition

Dentition (Item 1.3, Table 1) can be used to backfill slots resulting from trimming of
bands of soft materials or to support an overhang formed in the rock face.

Typical details of dentition works are shown in Figure 3. A grout pipe may be

provided for subsequent grouting to ensure good contact between the overhang and the
supporting concrete.

5.4 Surface Drainage

U-channels (Item 1.4, Table 1) can be provided to drain away any water coming out of
the weepholes in the rock slope surface. Upstands can be provided to crest channels
(Item 1.5, Table 1) to minimise possible spillage of surface water onto the slope.

Special attention should be given to the layout and detailing of the surface drainage
system to ensure adequate flow capacity and containment of flow within the channels and
adequate discharge capacity at the downstream side. Catchpits should be provided at the
junctions of channels.
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Typical details of U-channels and crest channels with upstands are given in Figures 4
and 5 respectively. Excavation in rock for the construction of drainage channels may be
difficult. An alternative typical details of crest channel is shown in Figure 5. Half-round
channels may be used on berms to minimise excavation in rock.

For steeply inclined rock face, the size of catchment on the rock face itself is generally
small. If the amount of surface runoff on the rock slope face is not large, berm channel
which requires excavation in rock may be omitted. However, the berm should still be paved
by concrete to avoid infiltration of water into rock joints from the berm.

The use of stepped channels on steep rock slopes may result in spillage of water.
Site-specific designed downpipes are alternatives to stepped channels for transferring water
down to the slope toe.

6. TYPE 2 PRESCRIPTIVE MEASURES - SUBSURFACE DRAINAGE
6.1 Relief Drains

Where there are signs of potential seepage sources (e.g. rock joints with signs of
seepage) behind an existing shotcreted rock slope face or a concrete cover, relief drains
should be provided (Item 2.1, Table 1) as shown in Figure 6. Relief drains should likewise
be provided at the locations of water seepage for newly shotcreted slopes. It is important to
avoid sliding instability at the interface between the rock and the geosynthetic material by
providing proper anchorage by the use of nails or plaster (Figure 6). The drainage material
should be covered by an impermeable fabric with a hole cut through to insert a PVC flange
and pipe for drainage.

7. TYPE 3 PRESCRIPTIVE MEASURES - STRUCTURAL SUPPORT
7.1 Rock Dowels

Loosening and failure of small blocks of rock on the slope face can be prevented by
the installation of passive rock dowels (Item 3.1, Table 1) which are composed of lengths of
reinforcing steel grouted into holes drilled in the underlying stable rock. The typical
arrangement of a rock dowel is illustrated in Figure 7.

From the review of previous cases of LPM works, rock dowels used to stabilise sliding
blocks/wedges typically have a length of between 3 m to 6 m. The slope angle typically
varies from 50 to 80 degrees and the volume of loose rock blocks is generally less than or
equal to 5 m’.

Based on the findings of the study by Atkins (2002), standard rock dowel design is
presented in Table 2 for prescriptive application. The rock block sliding angle and rock
block volume should be estimated prior to using the design table to determine the number of
dowels required. By reading off from the design table with the appropriate rock block
volume sizes, the required number of dowels can be estimated.
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7.2 Concrete Buttress

When a rockfall has occurred that forms a cavity in the slope face, it may be necessary
to construct a concrete buttress (Item 3.2, Table 1) in the cavity to prevent further rock falls.
The buttress serves two functions, viz. to retain and protect areas of weak rock and to support
the overhang. It may also be used to prevent local toppling failure of the rock face. Rock
dowels are commonly used in conjunction with buttresses to stabilise and tie the rocks
together (Figure 8).

The size of a concrete buttress is generally governed by geometrical considerations
such that it is large enough to provide physical support to a rock block. The stability of its
foundation should be considered. It should be founded on a level, clean and sound rock
surface. If this surface is not at right angles to the direction of resultant force acting on the
buttress, the buttress should be anchored to a solid base using dowels to prevent sliding. In
addition, the top of the buttress should be set at a higher elevation than the top of the
overhang to ensure good contact (Figure 8).

8. TYPE 4 PRESCRIPTIVE MEASURES - PROTECTION ZONE
8.1 Rock Trap Ditch

A rock trap ditch (Item 4.1, Table 1) at the toe of a rock slope can keep rockfalls from
reaching the roadway, residential area or other facilities in front of the slope.

The proposed prescriptive dimensions of the rock trap ditch (Figure 9) are based on the
study carried out by Ritchie (1963). Where the rock slope surface is irregular with
protrusions on the face or where the slope is higher than 16m, the ditch dimensions should be
assigned based on full engineering design to account for less predictable bounces by falling
rocks. It is recommended that the base of the ditch should be covered by a layer of gravel
not less than 0.3 m to absorb the impact energy of the falling rocks.

9. STATUS OF THE SLOPE AFTER IMPLEMENTATION OF PRESCRIPTIVE
MEASURES

In addition to the failure modes to be treated by the prescriptive measures
recommended in this guideline, the designer should assess other modes of instability
including:

(a) potential for global instability (e.g. the presence of extensive
unfavourably orientated and persistent discontinuities and/or
adverse groundwater conditions), and

(b) rock mass failure mechanisms not treated by the prescriptive
measures given in this document, such as toppling.

A rock slope can be considered as upgraded only when all potential failure
mechanisms have been adequately dealt with using the prescriptive measures items
recommended in this document and by the implementation of additional designed engineering
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measures as needed, which are designed using the analytical approach.

10. GUIDANCE FOR APPLICATION
10.1 General

Designers should aim at achieving a safe and cost-effective design in selecting the
appropriate items of prescriptive measures to be used, and take due account of the type and
level of improvement required, the nature of the rock slope, the geological and groundwater
conditions of the site, the nature and locations of adjacent utilities and water-carrying services,
surface water pathways, the performance history of the slope, the consequence of failure and
site constraints.

Designers should review the overall stability of their slopes before concentrating on
securing small blocks of unstable rock by prescriptive measures. Desk study, collection of
relevant rock joint data and assessment of the stability of the existing rock slope through
visual inspection in the field should be carried out as needed.

For unprotected steep rock faces of Consequence-to-life Category 1 in accordance with
Works Bureau Technical Circular No. 13/99 “Geotechnical Manual for Slopes - Guidance to
Interpretation and Updating” and Section 4.2 of Highway Slope Manual (GEO, 2000), the
provision of wire mesh (Item 1.1, Table 1) is strongly recommended for protection against
minor rockfall. Nevertheless, judgement should be exercised to identify cases where wire
mesh is not warranted, e.g. presence of massive, very tightly- and not adversely jointed rock
where there is no credible minor rockfall potential, near the tapering ends of big rock cuts
where reduced height and setback from the carriageway would prevent any minor falls from
reaching the road, mixed rock/soil slopes where mesh is only warranted on the ‘hard-rock’
part with credible rockfall potential.

The recommended procedures for application of prescriptive measures are described in
the following Sections.

10.2 Step 1 - Desk Study

A desk study is for collecting relevant data and information to form a preliminary
ground model of the slope. It should cover the regional and local geology, the extent and
details of existing stabilisation measures, records of slope maintenance, history of past
instability, and existing relevant site investigation data.

The data collected should be reviewed by the designer. If the desk study reveals that
the slope has undergone stabilisation previously, then the designer should assess whether the
existing measures are adequate and appropriate; and whether stabilisation measures are
required for other parts of the slope. The designer should conduct a field inspection for the
purpose of this assessment.

SJUa0Y JO B|geL

SJULU0D JO el SJUB0D JO B|qeL

SJULUOD JO B|geL



10.3 Step 2 - Discontinuity Data Collection

Stability in rock is controlled principally by discontinuities in the rock mass. The
role of discontinuity data collection is primarily to aid identifying the possible modes of
failure. Rock outcrop mapping is the best field way to obtain discontinuity data.
Geoguide 2 - Guide to Site Investigation (GEO, 1993) and Geoguide 3 - Guide to Rock and
Soil Descriptions (GEO, 1994) describe the requirements for rock discontinuity mapping for
rocks in Hong Kong; Section 26 of Geoguide 2 and Section 2.3 of Geoguide 3 are particularly
relevant.

Rock joint discontinuity data should be recorded in a proforma similar to Figure 1 of
Geoguide 3.

The degree of rock exposure is usually the controlling factor in determining the
accuracy of the data collected. In the event that the rock slope face is fully exposed, all data
is usable. If little or no exposure is available on the slope, knowledge of the local geology
may permit extrapolation from outside the slope. The key to this lies in the recognition of
discontinuity patterns. Where extrapolation is necessary, the designer should determine
whether the rock mass and discontinuity pattern in the area of data collection is akin to those
of the rock slope by consideration of the local geological conditions. Where there is doubt
on this, discontinuity data should be collected from the covered rock slope direct.
Techniques for investigating partially and fully covered surfaces include surface cover
stripping, window opening, coring and drillhole inspection. Where stripping is used, a
scanline survey may be undertaken as opposed to stripping the whole slope.

10.4 Step 3 - Assessment

A qualitative assessment is required to determine the potential instability problem and
the likely scale of failure. If local zones of instability are observed, the prescriptive measure
items given in this guideline can be applied. However, if there are potential global
instability or large zones of potentially unstable rock block with a volume greater than 5 m’,
the use of these prescriptive measure items alone is not considered adequate, and provision of
measures based on analytical design should be undertaken.

During the assessment, kinematic analysis could be used to facilitate judgement to be
made on the stability of the slope. Where stereoplots are used, their limitations should be
recognised (Hoek & Bray, 1981; Hencher, 1985). It is important that engineers exercise care
when interpreting stereoplots and that correct judgement is applied. It should also be noted
that assessment of discontinuity data only provides a reference to the designer. The stability
of an existing rock slope, particularly local stability of individual rock block, should always
be assessed based on field inspection. Indeed, the step of discontinuity data collection may
be omitted if the rock face to be treated is fully exposed, such that detailed examination of the
rock face is carried out to identify all instability problems.

10.5 Step 4 - Selection of Prescriptive Measures

Where local instability problems are observed, the designer should adopt appropriate
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prescriptive measures items to address the problems. Referring to the typical details of the
relevant items of prescriptive measures (Table 1), one can specify the key dimensions for
each item and the extent of application to the rock slope to suit the actual site conditions.

10.6 Step 5 - Complete Part A of Record Sheet

The designer should document the rationale for application of rock slope prescriptive
measures and the details of the measures, e.g. sizes and dimensions of rock blocks and the
number, length and spacing of dowels.

Part A of the Record Sheet to be completed is presented in Figure 10.

10.7 Step 6 - Construction Review

Rock slope stabilisation works for dealing with potential local instability problems are
commonly prescribed in the construction stage when safe access for inspection is made
available. Where prescriptive measures are specified without a close inspection of all the
rock blocks to be treated, the actual rock block size and the measures needed should be
reviewed once the conditions and dimensions of the block can be examined on site more
accurately during the construction phase. The review during construction should also
determine whether other parts of the rock slope face need to be stabilised.

10.8 Step 7 - Complete Part B of Record Sheet

Part B of the Record Sheet to be completed is presented in Figure 11.

11. PERSONNEL

The prescriptive measures should be specified by a professionally qualified
geotechnical engineer (such as Registered Professional Engineer (Geotechnical)) or
engineering geologist (such as Chartered Geologist) with experience in rock slope
stabilisation works.
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Table 1 - Prescriptive Measures for Rock Slopes

Type | Prescriptive Primary Design Item No. and Details
Measures Objectives Description of Works
1 Surface Improve surface 1.1  Fix wire mesh/netting Figure 2
protection protection to rock face
Local Remove local 1.2 Carry out local
trimming instability trimming and removal
of loose blocks
1.3 Apply dentition to rock | Figure 3
face
Surface Improve surface 1.4 Provide toe or berm Figure 4
drainage drainage channel
1.5 Provide crest channel Figure 5
with upstand
2 Subsurface Improve 2.1  Provide relief drains Figure 6
drainage subsurface
drainage
3 | Structural Provide support | 3.1 Provide rock dowels Figure 7
support to 1mpr01\1/e 11 ocal 3.2 Provide concrete Figure 8
or overall slope buttress
stability
4 Protection Provide 4.1 Provide rock trap ditch | Figure 9
zone protection zone
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Table 2 - Prescriptive Design for Rock Dowel

Volume of Potentially

Unstable Rock Block, V (m?) Vel I<V<212<V<3]3<V<44<Vss

Number of Rock Dowels

Required ! 2 3 4 >

Notes: (1) The following qualifying criteria should be satisfied in using the above
prescriptive design:
(a) the rock type is granitic or
volcanic and of decomposition
grades I to III and with no
daylighting clay- or silt-infilled
joints, V<5 m?
(b) the volume of the rock block is
not more than 5 m® and the rock
block is not supporting any
foundations of structures or = Al
surcharge, and Decomposition grades I to IIT
(c) angle between the slope at the
rock face and the potential
sliding surface should be equal
to or greater than 10°; angle of
the rock block basal sliding
surface should be smaller than
60°.

(2) Dowel bars shall be 32 mm diameter, hot dip galvanised type 2 high yield
steel bars to be used.

(3) Angle of dowels to be approximately perpendicular to potential sliding
surface of the rock block.

(4) Dowel length = 3 x thickness of potentially unstable rock block subject to a
minimum length of 3 m and a maximum length of 6 m.

(5) The layout of the rock dowels applied to a sliding rock block/wedge to be
at least 0.3 m from the identified periphery of the rock block/wedge to
provide effective stabilisation.

(6) The vertical/horizontal spacing of the rock dowels to be from a minimum

of 0.3 m to an effective spacing evenly distributed to cover the sliding area
of the block.

No clay- or
silt-infilled joints

Granitic/volcanic rock
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Sliding 4
rock 4
block

Improved surface
drainage (U-channel
at crest, toe or berm)

SJualu0) JO a|ge |

Improved surface protection
- wire mesh (Figure 2)

Relief drain
(Figure 6)

Concrete buttress

(Figure 8)

Relief drain
(Figure 6)

N\

(Figures 4 & 5)

Rock dowel to stabilise
rock block with a potential
for sliding instability
(Figure 7)

Surface stabilization measures
e.g. scaling or dentition
(Figure 3)

Discontinuity with seepage

—

//—//_,—J Discontinuity with seepage

\ Rock trap ditch (Figure 9)

Figure 1 - Typical Prescriptive Measures for Rock Slopes
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o

Bend down
and lace

See hawser details

Minimum 15° to the horizontal
or normal to slope surface

16 dia. galvanized whichever is steeper

wire rope (minimum
breaking load 15 tonnes)

25 dia. hot dip galvanized
Type 2 high yield steel hook
grouted into rock at 3000 c/c

Loop around
thimble

Swage or use 3 nos.
bulldog grips

16 dia. galvanized
wire rope (minimum
breaking load 15 tonnes)

Hawser Details Fixing at Top

Minimum 15° to the
=#=horizontal or normal
to slope surface

whichever is steeper

16 dia. hot dip galvanized
Type 2 high yield steel hook
grouted into rock at 3000 c/c
or equivalent anchor bolts

8 dia. galvanized
wire rope along

the slope toe 2.2 dia. nominal

galvanized and PVC
coated binding wire

16 dia. hot dip galvanized
Type 2 high yield steel hook
with extension connector

grouted into rock at 3000 c/c
or equivalent anchor bolts

Fixing Mesh to Face Lacing of Adjacent
and at Bottom of Face Mesh Sheets
Notes: (1)  All dimensions are in millimetres.

(2) PVC thickness shall be 0.4 minimum.
(3) Based on Civil Engineering Department drawing no. C2205B.

Figure 2 - Fixing of Wire Mesh to Rock Face
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_ Depth
- \
v 4 . \ ° Grade 20/20 concrete or
L 20 MPa sprayed concrete or
ne A no-fines concrete or shotcrete
\ or 1:2 dry packed cement/sand
\ mortar
\
\
Weak material — N “ Surface finish to concrete
_—— — — a
e e ' \
. ‘ 4 ‘ ° . 'A N ‘
s a A252 mesh 100 cover
\
\
\
\
e , \\ 50 dia. PVC pipe
B ¥ —— — —
4 7 N
PO BN
Relief drain > ~
(see Figure 6)
Dowel bars

) as specified
Rock

C Rock slope face

Notes:

(€]
(@)

(©)]
(C)

All dimensions are in millimetres.
The engineer is to provide the following information:
a) Dimensions and extent of dentition
b) Depth of dentition
c) Dowel requirement
d) Relief drain requirement
e) Reinforcement requirement
f) Concrete finish requirement
Minimise protruding surfaces, so that concrete surface is as flush with surrounding rock faces as possible.
Based on Civil Engineering Department drawing no. C2204C.

Figure 3 - Typical Rock Face Dentition
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Finished
slope profile

Non-biodegradable

erosion control mat

(for soil upslope only) r— Brushed finish or as
otherwise directed

75 thick
concrete slab

Polythene
sheet

25x 25
chamfer

NOmmI_I;l Size T B Reinforcement

300 100 | 100 | A252 mesh placed centrally
375 - 675 150 150 | when E>750

750 - 900 175 175 | A252 mesh placed centrally

Notes:

(€]
@]
(©)]
(C))

(6]
(6)
)]
®)

All dimensions are in millimetres.

All concrete to be grade 20/20.

Concrete surface finish shall be Class U2, F2 or brushed finish as directed.

Spacing of expansion joint in channels, berm slabs and aprons to be 10 m maximum, see CED drawing
no. C2413C for details.

Joints for channels, berm slabs, aprons and walls, etc. to be on the same alignment.

Half-round channels may be used on berms to minimise excavation into rock.

Geotextile to be fixed in accordance with manufacturer’s instructions.

Based on Civil Engineering Department drawing no. C2410E.

Figure 4 - U-channel on Berm
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Width of apron to be determined
by the designer to suit site condition

A252 mesh reinforcemet « 150 .

placed centrally at upstand R

Rock slope

face Y32 dowel bars at 3000 c/c

Alternative Flat Channel Details
for Minimising Excavation in Rock

Crest channel with upstand

A252 mesh reinforcemet

placed centrally at upstand
\ .. S-H
4 but to

N\ 500

maximum

S

U “lo
Slope crest 4 .
p 1. 75 thick
v concrete apron
®
N a
a a < <
®. o0 e -
% B
a . 4
Rock slope 2
face
T H T
| |

U-channel Details

Notes: (1) Dimensions in millimetres unless stated otherwise.
(2) For dimensions of U-channels (i.e. H, T & B), see Figure 4.
(3) Dimension U to be determined by the designer to suit site conditions.
(4)  The slope crest channel with upstand should have a minimum gradient of 1:10.
(5) Concrete channel should be cast against insitu ground to avoid the use of external formwork.

Figure 5 - Crest Channel with Upstand
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Concrete/shotcrete

Rock face

> v
v
.
Impermeable fabric
& =3
I ~
ey L
4
x PVC flange
Multi-layer of porous U | (see detail)
fabric wrapped in M
filter fabric drain matﬁ

75

=|

To take 50 dia.
PVC pipe

l
Potential seepage ‘ ‘ |
area/plane ‘ ‘ |
Mg
N
o
N
- Cut hole through
« impermeable fabric \
C to insert flange
< . ) . . R . \
Nails or plaster to fix : \
relief drain on rock face \
- \
E \
- i \
v
Notes: (1) All dimensions are in millimetres.

(2) Specifications of filter fabric:

a) Material = Polyethylene

b) Width = 200 mm

c) Thickness = 30 mm

d) Minimum coefficient of permeability at 200 kPa = 5 x 103 m/s
(3) Based on Civil Engineering Department drawing no. C2404B.

Figure 6 - Relief Drain Details
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1:2 cement/sand
mortar

Type 2 high yield deformed bar
hot-dip galvanised and fixed into
position with centralisers at

1/3 dowel length or at 1500 c/c
whichever is less

Dowel diameter
plus 20 minimum

Angle as \
specified \

Grout as specified

Notes: (1)  All dimensions are in millimetres.

(2) Based on Civil Engineering Department drawing no. C2202A.

Figure 7 - Typical Arrangement of Rock Dowel
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Rock face
200 min.

Fall
—

3 150 mm to ensure that the underside
of the overhang is filled up with
the buttress concrete

Surface finish to concrete

[}
Relief drain at potential ‘)‘\
seepage source
(see Figure 6)

500 minimum or x/2
whichever the larger 50 dia. half round groove

at the outlet of relief drain

\

o
30°
Hot-dip galvanised

T25 L-shaped dowel
at 1000 c/c =Sy

A252 mesh 100 cover

Concrete Grade 20/20 or
20 MPa sprayed concrete

S

Relief drain at potential s
seepage source P
(see Figure 6)

1000

Hot-dip galvanised Hot-dip galvanised
T25 L-shaped dowel | T25 dowel at 1000 c/c
at 1000 c/c |
a4 a0
i s Ground or
o ~
' berm level
: Y

1500

Notes: (1) All dimensions are in millimetres.
(2) The engineer is to provide the following information:
a) Dimensions or outline of buttress on rock face
b) Concrete surface finish requirement
c) Dowel requirement
d) Relief drain requirement
(3) For smooth surface finish, a groove should be formed from the relief drain pipe to lead the water down to the
bottom of the buttress.
(4) Minimise protruding surfaces, so that surface of buttress is as flush with surrounding rock faces as possible.
(5) Buttress should be founded on sound rock, otherwise it should be formed 300 minimum below ground or berm
level to provide adequate bearing capacity.
(6) General details of dowel are shown on this drawing. Engincer should make any necessary changes to suit site
conditions.
(7) Based on Civil Engineering Department drawing no. C2203/1D.

Figure 8 - Typical Details of Concrete Buttress
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w / Position of

guardrail

1.25

0 080095080007

0.3 m thick gravel layer

Rock Face Gradient H W D
(B (m) (m | (m

>0.3:1 to near vertical :g(;) :g% §f6 4?5 1.12
>0.75:1 & <03:1 | 208 §f6 s 8
>1:1 & <0.75:1 :gg‘j& s "

Notes: (D
2)
3)

Based on the guidelines of Ritchie (1963).
Proper drainage measures should be provided to avoid flooding of the ditch.

Where the rock slope surface is irregular with protrusions on the face or where the slope
is higher than 16 m, the ditch dimensions should be assigned based on full engineering
design to account for less predictable bounces by falling rocks.

Figure 9 - Rock Trap Ditch
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PART A - Prescriptive Measures for Rock Cut Slope

Slope Reference No. Location
Slope Geometry and Qualifying Criteria
Consequence Category (for Item 3.1 - rock dowels only)
Slope Gradient (degrees) 1. Rock type granitic or volcanic [1Yes
Slope Height: (m) 2. Rock decomposition grade I to 111 [1Yes
Facility Group of Facilities Affected: 1/2/3/4/5* 3. Slope not supporting foundations or other
Consequence-to-life Category: 1/2/3%* surcharge [1Yes
Available Engineer Inspection Records:Yes/No* 4. Max. volume of unstable blocks
If yes, date of inspection less than 5m® 7 Yes
HKGS Geology Map Sheet No.:
Records of Rock Fall
Date of Failure Failure Volume (m) Mode of Failure GEO Incident No.
1.
3.
Type of Improvement Works
[l Preventive Maintenance [1  Urgent Repair [l Upgrading Works
Design Objective Prescriptive Measures Recommended Figure No.
1 Improve surface protection [1 1.1 Fix wire mesh to rock face 2
1 Improve local stability [11.2 Carry out local trimming and removal | -
[1 1.3 Apply dentition to rock face 3
) Improve surface drainage [1 1.4 Provide toe or berm channel 4
[] 1.5 Provide crest channel with upstand 5
) Improve subsurface drainage | [J2.1 Provide relief drains 6
[ Provide support to improve [J 3.1 Provide rock dowels 7
local/overall slope stability [J 3.2 Provide concrete buttress 8
[ Provide protection zone [14.1 Provide rock trap ditch 9
1 Others (please specify) [ Other measures (please specify)

Attachments:

[ Site location plan
(1 Rock joint discontinuity data

[J Photographs

71 Plans, sketches/drawings showing the potential unstable rock blocks (including volume, geometry, rock
type, weathering, etc) and other potential instability problems
(1 Plan, sketches/drawings showing locations/layout/key dimensions of the proposed prescriptive measures

Designed by: Signature: Checked by:

Post: Date: Date:

Signature:

Date:

* Delete where appropriate

Figure 10 - Indicative Record Sheets for Prescriptive Measures Application to Rock Slopes

(Sheet 1 of 2)
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PART B - Design Amendments and Site Inspection Records

Design Amendments'"

Reasons for Amendments

Designed Initial Checked Initial
by (name (& Date) by (name (& Date)
& post) and post)

Post-construction Design Review Recommended:
If yes, give actions to be taken (e.g. site inspection after heavy rainstorms to check adequacy of surface or
subsurface drainage measures installed for a period covering an intense rainstorm)

[l Yes 1 No

Notes: (1)  Sketches/drawings showing the design amendments should be attached.

(2)  Sketches, notes and photographs which record the observations made at site inspections
prior to and during construction of prescriptive measures, as well as documentary evidence
on verifying that the slope satisfied the qualifying criteria, should also be attached. They
should be clearly marked as ‘Site Inspection Records”.

Works commenced on

Works completed on

Works certified by (name and post)

Figure 11 - Indicative Record Sheets for Prescriptive Measures Application to Rock Slopes
(Sheet 2 of 2)
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GEO PUBLICATIONS AND ORDERING INFORMATION
EINTRERTIY RETRER

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 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://bookstore.esdlife.com

- Downloading the order form from the ISD website at
http://www.isd.gov.hk and submit 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 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: 2231 3187

Fax: (852) 2116 0774

Requests for copies of Geological Survey Sheet Reports,
publications and maps which are free of charge should be sent
to:

For Geological Survey Sheet Reports and maps 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: sdcampbell@cedd.gov.hk

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

Civil Engineering and Development Department,
Civil Engineering and Development Building,

101 Princess Margaret Road,

Homantin, Kowloon, Hong Kong.

Tel: (852) 2762 5345

Fax: (852) 2714 0275

E-mail: ykhui@cedd.gov.hk
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		Lbl 和 LBody		已略過		Lbl 和 LBody 必須為 LI 子元素



		標題





		規則名稱		狀態		描述



		適當的嵌套		已略過		適當的嵌套
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